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AI] S’J’RACY1’

Wc report tllc  dctcctio]l  of Ccpl]eid  variable stars in tllc  barred  spiral galaxy
‘,1,

NGC 925, using  tllc 11 ubb]c  Spat.c ‘1’clcscopc  (lIiYgT) Wide l~,i’cld  and l’lancta,ry

GMncla 2 (W14’PC2).  ‘1’wclvc V (KmV), four 1 (1”814W) and tlllc!c }1 (F439W)

cpoclls  of coslllic.  ray split ohcrvaticms  were obtail)cx]. l;i.glity Cep]lcids  were

discovcrcx],  with periods frolll 6 to N 80 days. Ijigllt curves of Lllc Cepl]cicls arc

prcscmtcd,  ZUICI  their corrcspo]ldiIlg  period- lulIlillosity  ~iwaIlls MC dis~Llss~d.

Using  a distmlcc modu lus  o f  18.50 ]Ilag al]d an 1/(11- Vj=-O.10 for tllc  I,arge

Magcllallic  Cloud Ccpheids,  i,llc  ]llca.surcd  distmcc  IIlodulus  to NGC 925 is 29.84

+ 0.16 lnag corrcspolldilg  to a distmlcc of 9.293 0.69 Mpc.  A ll~cal[ r e d d e n i n g

E( V- I) = 0.17 is found  for the Ccpllcids  ill this rcgim of NGC925.



l!) -

1. I n t r o d u c t i o n

‘1’llc IIIaiIl goal of the 11S1’ Key  l’rojcct  on the l!xtragalacti$  IXstancc  Scale  is to
,.

]IIeasurc  ac.cwmtc  (listarlces  to 18 nearby galaxies usi)]g Cep]]cid  &-iablm. ~’llis  will provide

tl]e  fom)datim]  for calibration of several scc.o]]dary distarlcc indicators such as the plarieta,ry

nebula  luIni]losity  functio)l,  the ‘1’ully-  l(’ishcv  rwlation,  surface Lrigl]tmess fluctuations, arid

Inci]lods  usi]]g supernovae (Kcmnic.  utt, IOwdmall, & Mould  1995). NGC 925 is tile fourth

galaxy to h searc.hcd  for Cephcids as part of the 11S7’ l<cy Project. l)rcvious  galaxies were

M81 (h’rccdman  ei al. 1994 b), M101 (Ke]soII c1 al. 1996, StetsoIl  et al. 1996)  and M 1 O O

(Ihxxlma]l  et al. 1994+  lhmrcse  ct al, 1996, h i l l  c1 al. 1996).

NGC 925 is classified as an Sl]c.11-111  galaxy by Sandagc  & ‘1’ammann  (1981) and as an

SAlld  galaxy by de Vaucoulmrs ci al. (1976). At CYIMO =- 2}’24’”, 619S0 = 33”21’ (/= 144.9°,

J =- –25.20), it is a Incmbcr  of tl)e  NGC  1023 galaxy group  (e.g., !l’ully  1980, de Vaucoulcmrs

19’75).  ‘1’lle NGC 1023 group is a bound  associatiwl of about 30 galaxies wit]] a]] est imated

radius of about  0.8 Mpc. Distances to i](diviclual galaxies wit]lin  tile group have been

measured using a variety of kellniqucs  iI]c.ludi]Jg  spectral redshifts,  isophotal  diameters,

plwleta.ry IIebula luminos i ty  func.ticms,  expandillg  photospheres  of type 11 su]mnovae,

surface l)rigllt,lless fluctuatiolls,  and  tllc ‘Ihlly - l“isher  rclat, ion (see %ction 7).  q’l]c  Favorable

il]c.lillatioli allglc  of NGC 925 (57°) has ll]adc  it, a popula,r  t,argct  for ‘lhlly-l~is]lcr  applic.atioll

(see, for exarnplc,  ~’able 9).

‘1’IIc 11S1’ observatio]ls  arid data rcducticnl  arc descril)cd  ill Scc(iolls  2-4, ‘1’lIe properties

of tllc  Ccpl]cid  sm]lplc  arc d i scussed  ill Scctiwl  5. 111 Scctioll  6 wc prescvkt  tl)e d e r i v e d

dist,m)cc to NGC 925, a]ld cml]pare  tl]c result,  s to prwvious disiallcm  dcterlllined  to N’CC 925

and Ll)c h~G(; 1023 group ili Scc{,ior~ 7.



2, O b s e r v a t i o n s

A  dcscriptio)l  of t h e  IIubb]c  Space  ‘Iklcscopc  Wide 11’icld  a]l~l, l’laI]eta.ry  Ca]nera  2

(W1’’I’C2)  i s  given  ill tile  11S2’ W10’C2  IIlstrul]lm]t  IIandbcwk (l~~]rrows et al. 1994). ‘J’llc

illstrun]mlt  c.ollsists  of four  800x800  pixel  CC1)S. ‘1’hrm of tllc  CCIJS lllakc  up tllc  W i d e

h’icld hmcm, cd) with 0’!]0 pixels and  ii 1.3x 1.3 arclllillute  field of view; t})c fourt]l  chip

co)nposes  the Planetary Canlem wit]] 0’!046 pixc]s  aI]cl a 36x 36 arcsccoIld  field of view.

ltacl]  CC]> IIas a readout noise of about  7 c-, and call operate at citller of two gain  settings,

7 or 14 c-/Al)U; the olmrvatiolls  prescwtcd  l]crc  were  l]~adc wit]) a gaiu  scttil~g  of 7.

‘1’lle ol~sw-vi~lg  window for NGC 925 was fro]n August to Octobcr 1994. ‘1’lic dates of

obsmmtion  were selected using  a power-law tilnc scricm  to l]linimizc  period  aliasing  zuld

lllaxilllize  unifor]nity  of phase coverage  for tllc cxpcc.ted  ra.ngc of Ccp}]cid periods 10 -

60 d a y s  (Ihwedman  e{ al. ] W4b). ~’wclve cpocl]s  ill V (1~555W) a n d  foul ill 1 (F814W)

were  Oht!ai  11[!(1  . ‘1’llrcc  olxmmtions  ill 11 (11’439W)  were  also obtai]lcd,  but, due to tllc  l o w

signal  /lloisc  ratio of tllesc  data tl)cy  were  IIot used  i)l tllc  a n a l y s i s  prmclltcd  I)crc, O1lc

V M)CI I epoc]I (5 ScpkI)IIKT 1994) was lost  due to guide star acqu i s i t i on  problcHls,  mld

this observation was retakcm on 17 October 1994. Obscrvatio)ls  for two otllcr epochs

w e r e  IIladc  wit]]  L}lc  te]esc.opc ill COMSC tracking ]llodc,  illdicativc  of pro}) lm]ls wit]] the

cllosc])  guide star. New guide stars WCIW used  fo r  cpoc]ls  ta.kwl after 5 Scq)tcmlbcr, md ]1o

furt}lcr  prol)le]lls  with  t,rackillg  were  repor ted . ‘]’wo cpoc}ls (] 7 August, it~ld  ] 7 &toher)

were acquired at slightly difrmcllt  roll aIipjm  (difrcl~~lc.e of 0.5 dcgrcws) c.onlparcd  to tllc

otl)m cpoc]ls.  lhch obscrvatio~] collsistlcd of two coslnic-ray  split exposures, with typical

illtlcgratiol] tilllcs  of 1300 scco]lds mld 900 seco])ds, A l l  olmrvatiolls  wcm  JIlade witlt tlic

CaIJ lcra at aIi opcrat,i]lg  Ilclllpcraturc  of - 88° C. ‘1’al)lc  1 lists  lltc  date, filter, aIId exposure

til)lc  of cd] ol)smvatioll. ‘1’lIc  posi{ioli  of (lie 11,S’/’ field 01] N(; C 925 is irldicatcd  i]) ltigurc

1. ‘1’llc r e su l t s  prcsc]lflcd irl Ibis  ])apcr  arc })ascxl  c]ltlircly 011 tl)ic  plIotoIIIctJy  ill V aIId 1.
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3. I’hotometric  Reduc t ions

All observations were  prcprcmsscxl  tllrouglI  tllc  Space ‘J’eh+pc  Science institute

(S’1’Scl) }’ipclinc  as described by IIoltzmal] ci al. (1995b).  ‘1’hcJ;I~lagcs  were  ca l ib ra ted

wit]] tllc most  up-to-date version of the routille  rcfcrcllc.c files provided by the Irlstitutc  at

tllc tilnc tJlc i~llagcs  were iakcn. ‘J’}lc  vigllcttcd  edges of tl)c  CC]) chips were masked out

usi]]g ~Ilasks created by PI \S. IIad  columns aud  pixels were also lnaskcd out using tlie data

quality files produced by tllc pipclillc.

The NGC 925 il]iages  were then multip]icd  by a pixel area ~nap created by 1’1]S. Tllc

cxu]mas ill WFI’C2 produce significant geol]lctric  distortion ill the images they generate.

1 ]ccausc the flat  fields employed ill the stal}dard  calibration proccdurc  are nornlalized  to

prcscrvc  sLJrfacc brighlmcss,  the v~riation  in t,hc arms of difrcrcnt  pixels  as projected onb

L}ie sky ]Ilca]ls tJlat integrated fluxes are rJot conserved in ]~i]jclillc-calibrated  ilnages.  This

i s  rcc,t,ificd  by JIlultip]ying  i,]lc recorded ilitc])sity  i]) em]) pixe] b y  t]lzd ])ixcl’s nonlla]izcd

relative area. Our pixel-area Inap  difrcrs  slightly frol]l that of IIoltm]lan  ct al.,  ill that

they rcl]orl]la]izc  each  datum  to the area of t]lc larg’cs~  pixel ill cac]) image, W]lcrcas we

rc~lor]]lalize  to Llle area of tile median  pixc] ill cac.11  il]]agc (whicl] is approximatc]y  1 . 6 %

s]]lallcr  tllall  t,lle ]argcst, pixc]), tl)crcby prcsclvil]g  the average value  of tile  readout noise

w]d gain  i)l the recalibrated data, ] H a final step, t])c in]agcs  were IIlultip]icd  by four and

c.ol)vcrtcd  to snort  inlmgcrs to rcducc  tlic  disk space required and  to allow tllc  pc)ssibility

of data c.olnprcssion  (ill floating-point data all bits appear significant);  this leads to al]

cfrcctivc  readout noise  of 4.0 Al)ll zmd a gain of 1.75 c-/ Al)lJ ill tile  ]]CW units,  so t,lle  lloisc

ill the il]lagc  is still  well salJlplcd,

As  a doul)]c-b]illd  dlcc.k 011 our rcduc.{ioll  pmccdurcs,  two of us scparakly  r e d u c e d

t,l Ic ~ (:(; 925 data, (W]I using  a difkJ’CJ)t  ]dik fittiJJF;  ]hdomtry  package.  N AS used

l) AOI’ll OrJ’ ll/Al,l,l~’lt,AMlt  (Sl,C~tso]i  1<)94) al](l 1’11 USC(I a varial,io]l of 1)01’110’1”  (Scl[cclltcr
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et al. 1 993 ,  Saha et al, 1994). For a detailed  dmc.riptioll  of eac.11 photo]  netry p a c k a g e ,  the

rcaclcr  is rcfmwcl  to those res]mc.tivc  pul)lications.

,.

3.1. l> AOI’ll Orl’ 1 I/Al,lil”Il AMI’; lhxlu~tions

‘1’hc cxtmc.tion of stellar  photometry fmIIl (; Cl) ill]ages  using tllc A I, I,I$RAME  package

first requires an accurate list of stars in tl)e  il]lages. 11S7’ illlagcs  contaixl a siguificallt

])uinlm of cosmic ray hits giving  rise  to large IIul]lbers  of spurious “stars” found  using

auto~llated star--finding programs. ]n order  h colistruct  a star ]ist for each ~]i$~’ c~Jip t~lat

mntaind  few, if any, coslnic  ray hits, all tlIc  ill)agcs  for cacl] WI’’I’C2 chip  wmc  Illcdiml

averaged to produce  clean  c.osl~]ic ray free il]iap;cs; this  was done wit]] software (writtcll

by 1’11S)  wllicll corrects for translat,iolls, roi, at, ions, diffcrmltial  distortion, allcl  diffcrcmt

exposure  times among the input  ilnagcs  before IIlcdiall-avcragillg  to generate tllc  output

i]l)agc.  l) AOI>IIOT a n d  AI, I, Sg’Al{.  (Stctsoll 1987)  were  itcmlivcly  used  to locate all tllc

stars ill  ea.cll  “clean’ ) image. Usually 2 or 3 itcratiolls  were cllough  to locate  all tile  stars,

with a fcw remaining stubborn ones IIavillg  to lJC added  by hzu)d. Onc IIlorc run tllrougll

AI, I, S’1’AR the]] finalized the star lists, ‘1’IIcsc  lists WCJC tllerl used by AI,l,l~ll.AMIt  to

obtain  profile-fitting photon  ]ctry of the stars ill tllc  origillal  11S2’ illlagcs.  Tile ]Ioillt spread

fullctio~ls  were  derived froln public  do]llaill 11S1’ WI$l’C2  observations of tllc  globular

clusters  l]al 4, and NGC 2419 (Ilill  ct al. 1996).  A falllily  of aperture  correc.tiol~s  w a s

gcllcrated  by applying  t}lc progral]l  1 lAOGltOW (Stctsoll  1990)  to tllc  NGC 92 .5  data ill

c.ol]lbillatioll  wi th  Wl~l]C2  olmmwtiwls  of IN GC 2419,  l’al 3, l’al 4, MI()], aIId NGC 4725;

tl]c appropr ia t e  rJ]crnbcr  of tlllis falllily  was lI)CIJ  dctcrlllil]cd  for cac]l 11S7’ olmrvatioli

of NCC 925. ‘1’11(:  individual apcrature  corrcciiolls were tl]c)l  averaged to ol)tai]l a ]Ilca])

aperture  c.orrcc.tioll  for cacll chip  aIId filter coI Ill)illzttioll

‘1’llc conversion  of AI,l,l~l{AMlt  illstrulllcl]lal  lllagllitu(lcs  to final ,  St!alldw”(]  Sysl!cm
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magnitudcx  is the sa)lle  as used  for M1OO (Ilill  ci al. 1996, l+maresc cl al. 1996). Wc present

ol)ly a brief outline  of tllc full prwcxxlure here. III essence,  tl]e instrunlcllta]  Ilmgnituclcx  were

co]lvcrtcxl to tl]c  systmn  of IIoltmnan 14 al. (1995a) and tllcm l)is equations were used to p;o, 1,

to tllc! sta.Ildard  Systcnl. ‘1’l)e fi]]al  form  of tl]e co~lversion  equatit~ls  for the A 1,1,1 ~’RAMIt

il]strulIlcl]tal  pllotollletry  is:

Al=-?u-l  2.510gt-+  Cl -1 C2*(V-- I)+ C3*(V--J)2 (1)

wl)ere  M is t]le  standard  magnitude,  m is the instru~nental  lnagnitude,  i is t]lc  exposure

Lil)]c,  aIIcl C l  -  (U3 arc coI)staIlt,s. ‘J’IIc cmfficicnts  C2 and  C3 wcrw taken d i rec t ly  f rom

IIoltmllan  ci al. (1995a, tllcir  A2 and  A3) and  arc the same for all four chips. ‘1’lle Cl terml

illcluclm tl]c  long exposure  Wl~’PC2  lnagl]itudc  zero point, the AI, I, FR.AM14;  n]agllitudc

zero poil]t, a c.ormctioll  for our II)ultiplying  tllc  il]lagc  data by four Lcforc  collvcrtillg tliem

to illtcgcrs, a gain ratio tmn (sillce  OLIr data were  takeu with a gain  set t ing c)f 7 wllcrcas

Iloltzlllan  c1 al. calibrate 11S!/’ data usi]lg a [;ain scttillg  of 14), a correction for tile pixel

area JIlap llorlnalizecl  differently froln  IIoltmlml  et al. (1 995a),  and all aperture correction to

go frol]l our I’SIJ Illagnituclcs  to 0’!5 apertures, wl]icll  is tile  aperture aclopkxl  by IIo]tzman

c1 Q1.. Each ol]e of tllcm c.orrcctiolls  i s  d i scussed  in detai l  ill Ilill  CL d. (1996).  Tal)lc  2

lists cm]] contribution to tllc  Cl tcr]il, ‘1’al)lc  3 lists tile a.]mrturc  correctiolls  (AC) md zero

poillt  (Z]’), whic]l col]taills  tllc gain  r a t i o  tcrlll ,  u sed  for eac~l c}lip and tllc rcsulti)]g Cl

lml]l;  also listed arc tlie  C2 and C3 tcrllls for cacll chip.

3.2. 1)01’ 110’1’ lhluctions

‘1’)Ic  l)ol’ll  OrJ’ reductions  followml  tl)c pJocedurc  dcscril~cd I)Y Salla c1 [/1. (1 9 9 6 )  arid

its app]icat,io]l  t,o tllc  ]1,$!/’ ]{cy ]’rojcc.tl  data l)y l“crraresc  c1 al. (1996) ar)d h i l l  e[ al.
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(1996). A fcw ma]] hIl]MWVW211tJS  to t],c ]mcedu]c  were lllade, irlc]uding  Inorc  accurate

coordi]mtc  tmnsformations  bctwccn cpoclls  mlcl m illlprovcd  proccdurc for dctcrl]lilli]lg

aperture  corlcct!ioIls. l]etails  of tlJcsc illlprovm]mlis  arc givwl ill $,}~pc]ldix A.1.

Calibration of I)oPII  0’1’ IIlqylitudm  follows tlIc  procxdure  i!; IIill cf U(4 (1996). ‘J’l)c

1101111 O’J’  fit lnagl]itudcs  wcm  corrcchl to aIl aperture of radius h pixels  and exposure ti)nc

of 1 scmmd,  and a zcropoint  calibratio]l  was a]jplicd  to bring  t]]cIl]  to tJ)c 0’!5 sysic]n  o f

IIoltz]]la]l  c1 d. (1995a) .  ‘1’llcsc  zeropoillt  co r rec t ions  arc as givcll in }Ioltzlllan  cf. al., but

with  a mall correction applied to account for cliffcrcllccs in star a,]]d sky apertures (Stctsoll

cl al. 1996). ~’he prescription of IIoltzlnan  ci al. (1995a) was t]lell used to coJ]vcrt  to V

and ].

3.3. Compar i son  o f  DAOI’I1O!J’ ancl I>oI>JIOT l>hotometric  S y s t e m s

q’hc indcpcndeni  data rcductio]ls  using  Al, I,lI’lLAMl~;  and  l)ol’IIOrl’  p rov ide  a robust

cxtcrllal  test for tllc accuracy of tl)e  PS1’’-{itti11g  pllotolnctry  of tllcsc crowded fields. A

dctailcxl  discussion and co]uparisori  of these progrwlls  will be prcscl]ted in a future papcl

(Stctsoll  cl al, 1996), IIcrc wc sulnlllarizc  tllc  results of our colnparisolls  for NGC 925.

Wc first colllparcd  tllc plloi,ol~lctry for several relatively isolalmd  stars on cacll of Lllc

ch ips .  ‘1’llc conlpa.risolls  arc shown ill l“igurc 2, which ]110(s  IJlc diflcrcnlcc  ill lnag~litudcs

bctwccl]  the two  data sets  as a function  of AI,l,II’l{AMI’;  IIlagnitudc,  for cacl) cJlip and

for \l al]d 1 separately.  ‘1’hc scatter wllicll  is cvidmt ijl each  cmnparism  is partly  due  to

p]lotolllctric  errors at faint IIIa,gJIjtudcs,  b~lt tlIcrc is all additiolla]  sc.atltcr  for l~rigl)t stars

t}lat rc(lcc.ts difl’cmlccs  ill tllc suhtletics  of tllc  1’S1” f i t t i ng ,  l)aclqyouIld  dctlcrlllillatioll,  and

s])lit(lillg  of stars ill tllcsc crowded arl(l llllcl(.:lsalll]~lc{l  fields. 1 IJ addiiioll  tllcrc are offsets

o f  u p  to 0,10 IIlag ill t,l]c IIlcall  IIla.glliiudcs. ‘1’able L’! ]ists  t,~lc avcrapy  dif~cra)ccs  bctwccn

tllc  two data sct,s, sul)({ividcxl I)y chip  aIld filter. A dctai]cd  co~llparisoll  of tllc  plIotmIIctry
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for NGC 925 and  otl]cr galaxies indicates that nlost of these differences reflect u~lcertaintim

ill tl)c  aperture corrections cletcm]lil]ml  for individual cljips corllbinccl with  systematic

di{rcrcmccs  in L]lc way ill w])ic]l  the two  progpns  iso]atc  stars from,,, the crowded  background

(Stetson Cf al. 1996). 1/ “

W e  pcrfwvned  the sml)c c o m p a r i s o n  for tfhc 80 Ccpllcids  ill our  final sanlp]c (next

scc.tiwl),  a.]ld  c.o]]]parisons of those  data arc shown ill l’igurc 3. Tllc!  Ill~aJl  ofrscts  arc

sl ight ly  clifrcrcnl, tllal] for Ulc otllcr c.oInpa.risoIl  smnplc, but givcu)  the scatter tl]e  difh~llces

arc IIot statistically significant. 1]] both conlparisons  the largest differences ill lnagniiudc

scales  are for tile  I)C chip,  but fo r tuna te ly  this chip  colltains  oIIly a, few Cephcicls.  M o s t

of the variables arc located on chips 3 and 4, where tile  agrccmcnt  ill photometry is quite

good, so i t  i s  llot surprisir]g  that WIIC]I tllc  AI,l,l~lLAMlt  zmcl l)oPIIOg’  d a t a  sets  are

rcduc.cd  ill~lel~t?]l(lc]ltly  tllcy  yield I]carly  idcnltical clistwlc.c l~loduli  to NTGC 925 (Scctioll  6).

Nevertllcless wc arc collt,inuing  to explore tl]e Ilaturc  of tllc  difr~rellces,  and we shall  present

a Illore c.o]Il]}lek  discussion] in Stetson  cl al, (1 996).

4. ldmiification of Variable Stars

ltac.11 of the two data, sets described al)ove was also a]lalyzecl illclcl~c:llclel]t,ly  for

variable stars. ‘1’wo Illetllods  were  used to search for variable stars using tile A 1,1 ,11’ltAM1t

pllotolllctry.  The first  llletllod  was a searcli  for stars wit]) ul]usually  IIigll clispcmiwl  ill tJleir

llICaJl  k’ Jlla~JlitUd  CS. ‘1’IJc sccoJId JIJctl)od  elll])loycd  a variation  WI tile  correlatcx]  va r i ab i l i t y

test sugges t ed  by Welcl)  &, Stctsoll  (1 993). l)c:riods  for tjllc ca.lldiclate varial~lcs were  found
I

using  a ]Jllasc-clis]}c:rsioll  l)lillil]]ixatiol]  rout.illc  as dcscrihcd by St,cllil]gwcrf  ( 1  978). ‘1’}le

resulting liglltl  curves were cllcckcd  by cyc to verify t,ltc best period for cacl) calldi(latc. ‘1’l]c

scare.11 for varial)]es  ill i,llc  ])01’11 () ’1’ rcductiol]s  followed C.loscly  tllc  procedure dcscribml

ill Salla  &  IIocsscd  (IWO) ai]d ill IJcrrarcsc ct al. (1 996). ~~a]ltlidalcs t,llat were  classed  as
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llavil]g  a, > 99% col]fidcncc  of being variables (IXMXI  OJI a rcxluccd clli-squared

tl)cv] C.lleckccl  for pe r iod ic . i ty  usil]g  a varim~t of t})c IIlctl)ocl  of l,aflcr  & l{illllm.11

d) Were

(1965).

‘1’llenull]bcrof  spurious  vdriablcs  wasllli11i111i7cdl  ~yrcClllilillgtl  lat Ll)crcduc.cd  c~li-scluarcd
, j,
,.

s t a t i s t i c  be grm.t,cr  t]lall 2.0 wl]c]) t,llc II]illi)llul]l  and  IIlaxilnuln  vlducs were Ielllovcd  froln

t))c calcu]atio~]. ‘J)]] e]ig]lt  cLlrvcsofcac})  valialj]cca  lldi(laLc:}vc:l`ct]l  cllillslJcc.tcdill  dividllally

w]d ally  altcnlatc  nlinil]]a  in the phase  dispcrsiol]  relatio~l w e r e  cllcckcd  to scc wllicll

produced  t,]lcbcst Ccpheid ligl)t cLIrvc. Gc]lera]ly  tllc  IlliIiiI]luln ill tlie  phase clispcrsion  plot

produced tl)e  best light  curve. ‘l’Ike image of cacl]  Ccplicid  calldida.te  was also  illspectcxl  at

a ]Iu]llbcr  of epocl]s,  q’hose falling  ill scwcrcly crowded rc~;iolls  or ill  area.s dominated  by

CC]] defects W~rC also excluded.

‘1’llc two lists of candidate variables, OI]C fro~n tile AI, I,l~ltAMl~  pllotollmtry  aIid OIIC

from the 1)01’11 Oq’ pllotomchy,  were L}]CII  conlbi)]cd;  those cal]didates  that appcmd  to

be real  variables ill boih tl)e  AI, I,II’lLAMIL and  l)ol’ll  Orl’ dataseis  being retained. As all

indepe]ldellt  cllcc.k  011 t])c comp]ehlcss  of our  variab]e star search,  1’1 IS applied a kst

version of ml autoll)ated  light  curve fittill~,

program il]dcpendcmt]y  rccovcwxl  all of our

10 additional candidates. ‘J’he film] sanlplc

1]) defining  this saI1l]~le, wc have adop ted  a

candidates to ensure a IIigl] quality Ccpllcicl

progra]ll  to our data (Stctso)l  1 9 9 6 ) ,  ‘1’l]is

IIig;l]-qua]ity variables, a]ld drew attciltio]] to

co]llpriscs  80 Cepllcid  variables in NGG 925.

c.ollscrvativc  approacl],  rejcc.ting  questionable

saIIIplc tlla,t is as free as possible froIll selec.tioll

biases or possil.)]c  systm]laiic  errors iIl

SOIIIC C,ol)l])lctmss.

l~ilidcr charts for t})c 80 selcctcd

t]lc  periods 01 IIICWI mqyitudes,  at t]lc cxpmlsc  of

Qpllcids  arc sl]owll  in 1{’igurcs 4 al)d 5. F i g u r e  4

SIIOWS tlIe four 11S2’ chips wit,]) tllc C,cpllcids i]idicatted.  l“igurc

ficl(ls (5’!0 for {IIC wiflc f ield CC1)S aIld a 2’![) for lllc  plallct,ary

mcll  Cjcpllcid.

5 SI1OWS  s]]lall  b] X51 p i x e l

calIlcra WI)) Cx!lltc]c(l 0 1 1
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‘1’l)me  w e r e  a number  of candidate  va.riablcs that for one  reason  or another  did not

rlmkc our final cut as Cepheids. ‘1’htm arc listed  ill Ap]mlclix  A.3 as possil)le  v~rial~lcs.  II]

addition, a nu]]]bcr  of lo]]g period  variables were found.  Siucc  our,,70-day  observing;  window
, .

covers  o])ly a fractioll  of a cycle for tl]csc  stars, we liavc  lIot hcclI &hlc  to detcmnine  accurate

periods,  but tllc stars are identified for f~ltllr~ r~f~r~llc~. A Lab]c in Appendix A.3 lists tllc

location and approximate mean V aHrId I magJlitudc  for tllmc variables,

5. V a r i a b l e  ljigl~t (hrvcs  and Paramchrs

]n this sectio)l  wc discuss tile derived ]miocls  aJId uleall  magllitudcs  of the 80 Cepheicl

variables ill NGC 925. ‘1’o simplify tllc discussion and  to avoid suht]c  biases that  mig}]t  be

illtroduced  by averaging disparate data sets, the data prcsel]ted IICYC am based  solely on the

A 1,1,1’’RAMI;  photometry. We briefly sulnlna.rizc  tllc results of the lJol’110’l’-based  analysis

i]) the llext section, with details givw) i]) Appclldix  A.2.

5.1. ‘1’hc V and 1 P h o t o m e t r y

l,igllt  curves for the Ccpllcids  are show]] ill Fip;ure 6. For tlmc light curves eacl] cos]llic.

ray split pair of olxmwatiol]s  was avcragcxl,  with tile msultillg  nlcan nlagllitude  at each

cpocl] then plot ted,  l~or clarity, tllc error  lmx are IIot showu. ‘1’}lc V  and 1 Al,l,lI’lt.AMlt

p]lo!,O]]lC!~I’y  iS ]iStd ill ‘1’ah]M  ~ a n d  6, l~S]KKtiVdy.  ]JI t]lL!SC  ~ab]cs t]l~ filSt  colullllt  ]iStS

tltc  ]INXM] IIeliocentric  J ulizul  l)aie of cmJI C]WCII at ]Ilid-exposum. ‘1’llc rclllaillillp; colu]]l]ts

l is t  tl]c  V or 1 II]agl)itudc  and  error, as rc])or(ed  by AI, I,l’I{AL41’;,  for each  cpocli.
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wlIdlIcI tllcre w a s  my bias  ill our data, p})asc-wcigl)tcxl  IIICWI  intensity  IMag]litudes < !n >

Wclc! also Calculakxl  usi Ilg

‘,1,

N ~,)

<772 >=- ‘“-2.5 lo~[>~ o.~({)i+ 1- @)i-1)10-”0’4’’”]
i

(2)

wl]mc  # is tl]c  p}lasc, and tllc sulll is over  tlIe clltire light  c.yclc. ‘1’hc average di flcrcn)  cc

betwccll the unweightcd  alId p}lasc-wcigllkxl  illlmlsity  averagccl  lllea]l V  magnitudes  i s

only  —0.014 + 0,023 ]]]ag for tile 80 Cepllcids. ‘J ‘I)is diflcnmlcc is quite  s]nal],  as expected,

siuce  most of tile Cepheids  lla,ve  nearly ulliforlnly  sanlplcd  ligl]t curves.  While we prcsellt

b e t ] ]  il)tcllsity-wcigllted  alld pllasc-weiglltmd  JJICan  V aIId 1 Illagllitudcs  ill ‘J’able 7, we

cll]ploy  only  tlie pllasc-wcigl]ted  IIIWMI AI,l,l’’R. AMlt I]lagllitudcs  to dctcrmil]e  tllc distmlcc

to hTGC925.

Wit]l  only four  1 observdiolls, I]ICW1  1 Inagllitudcs  were calculated as follows. Using

tllc  V w]d 1 )mgllitudcs  at t]lc  four 1 C]JOCIIS, average V aJIcl a v e r a g e  1 Ilmgllitudes  were

calculated (again,  cosmic ray pairs wcm  averaged  first), ‘1’I]c]I, the diffcrcvlcc bctwee)l

tllc  four-epoc]l  V a v e r a g e  ( <  V  >4) a]ld 12-epocli  V mean IIlagllitude  (< V >12) was

c.alc.ula.tcd  for cacll  Ccpllcid. Since  the alll]jlitudc  of Ccpllcids  i)l V is all])ost  exactly twice

tllc  all)p]itudc  ill 1 (V:] = -  1,00:0,51,  lhwcdlllan  1988),  the four-epoc.1]  1 mzqylitude  CM lm

corrcc.tcd  to obtain  tllc full 12-c]JocI1  1 Inagllitudc,  as follows:

< 1  >]2  ~ < 1 > 4 - 1  0.51(<  v >12- <  v  > 4 ) . (3)

OIIly pl]otolIlctry  wit]] cruors  l e s s  tllall  oh IIIap;  ill V aIId 0 .4  IIIag ill 1, as rcportcxl  by

A1,I,I’’1{AM I{; for caclI individual  CC]) illlap;c, were used ill dctcrlllillillg tllc  avcxagc  V or

1 IIlagllitudcs  for lI)c Cc] Jl]cids. Coslllic.-ray  corrupted data were IIot used i]) dctcr]))iI)iIlg

IIICWI ]Ilagl)itudcs. ‘1’IIc typical corrcclioll  f’roIII tlIc 4 to 12-C]JOCII 1 Iliiqylitudcs  was 0.052
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5.2, Ccphcicl  P a r a m e t e r s ‘,)>
#

‘1’able 7 lists derived parmnetcrs for tllc  Cepl)cids. COIUI]IU 1 gives the (ly})]eid

identif icat ion ]Iumber.  COIUJIIII  2 lists  wllic~] chip the varii-hlc  is on. ColumIls  3 and 4 list

tllc right  ascension and declination of each  Ccpllcid.  COIUIIIIIS 5 and 6 list the periods of tltc

Ccpheids,  i]] days  and  log(days),  rcspcctiwly.  COIUIIUK+ 7 all~ ~ list t}lc  ll~~all  v lwlli~udw

dcbwllincd  (a) by aI~ uJ)wcightcd  intensity average and (b) by a phase-weighted average.

ColuJI~IIs  9 and 1(1 list the unwcig]lted  ilitcnsit  y average wld  pllasc-wcigl]ted  average 1

)Ilqylitudes.  l~i)lally,  coluImls  11 a]ld 12 list L}lc illtcllsity-a~’c?~agcd  aIld p l ] a s c - w e i g h t e d

averaged (V — 1 ) colors  for the ~,cpllcids. l~igure 7 SI)OWS a 1 vs (V - 1) color-lnagnitudc

diagra]ll  for the 11,57’ field of NGC 925, IIighlig}lting  the 8(J Cepheids. ‘J’lIc Ccphcids  (plotted

M ]argc~ filled circles)  lic between t,lIc blue a.IId red plu]nm of non-variable stars.

TIIC (kpllcid VI has an lillccrtaill  pe r iod . ‘1’lle automated ]ight  curve fittil~g program

of l)l]S illdic.atm  t,l~a.t it I)lay }tavc  a  pe r iod  M long  as 109 days .  Ccphcids  V2,  V3, a~ld

V4 all IIavc periods C.1OSC to 80 days (wllicJl  is 101 IF;c1 t]lall our 70 day observing  window)

tllougll  it is uIllikcly  tliat all three of thmll  lIavc exactly that saJne  period,  111 Figure  4 aJId

‘1’al)lc  7 wc usc a period of 80 days  for tlIc  light  curves  aJId to calculate pllasc-wcig]ltcd

]Ilca]i  Inagmit  udcs for these four Ccpl]cids  but wc c.autio]l  that  the periods arc uncertain.

6. l’eriod-l,uminosi~y  ILclations  and the IIistanc.c  to NGC92G

‘1’lIe IIldlIod used to dctcrj]lillc L}ic  dis(aJtce  to hTGC 925 is the SaJIIC as ill otlIer  papers

i]] tJ]IC l<cy l’rojcct  scrim (l~mcd]]lall cf al. 19 !341) ,  I{CISOI1  C( (I1. 1996, l“crrarcse  c1 al.

1996). Sillcc t h i s  i s  tlIc four(l) paper to  cIIIploy tll)is  ]I)etllod,  only  a I)ric’f  discussioIl  will
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bc iIIcludcd  here;  for furtller  illformatioI)  tlIc  iI1tcrestcd  reaclcr  i s  eIIcouraged  to read tl]e

detailed  description by Rmmcsc  d al, (1996).

Stal]darcl  ]}crio(l-l~llllillosity (1’1,) relatiwls for l,IIc  l,M C Ccphcicls  arc a d o p t e d  fro~ll
~,J

Madcm & lbecclman  (1991). Tllesc relatiwls assLl]nc a true l,MC ‘distance rIIodulus  of 18.50

mag a,lld total lilje-of-sigllt  I,MC  Cejjllcid  rcdclcnillg  of l’;(l~ – V )  =- 0 .10  Inag:

M v =. - 2.76(  losl’ -- 1.0) - 4.16 (4)

WI (1

M] =- - 3.06(ky; 1’--1 .0) - 4.87 (5)

‘1’]ic })-], re]a,tiorls for NGC 925 were  dctw Illil]cd frcnn tllc  75  IIigll-quality  cwldidatcs

wit]] periods ill tllc range 8-70  days. 111 order to avoid mly illc.olllpleteness  bias ill fittirlg  a

slope  to the NGC 925 data, only tlJc zeropoilll  of tllc  regression was solved  for, with  the

s]ope  of the fit fixed to tllc I,MC  va]ucs  givcll above.

~’lle V and 11’1, relatioI]s  are showII  ill 11’ig,ure 8, Agai]],  tllc  pllase-wcigllted  ]]lagnitudcs

IIavc I)ml Us[!d  . ‘1’l]e sol id  line in cac]) fip;urc  represel)ts  tl)e best fit to each  datasct.

‘1’I]c clashed ]incs drawn at :1 0 , 5 4  lnag for tile  V 1’1, rclatlio~l  w]d +  0 . 3 6  mag for tllc  1

1’1, relation  represent  2-sigllla  dcviatiorls  frolll tile lneall  1’J,  rclatiolls. i n  tllc  absellc.e o f

diflcuwntial r edden ing  tl)c  intrilisic width of LI)C Ccplleid  instihility  strip is cxpec.ted  to

p]acc  tfllc  hTGCW5  Ccpllcids  witllill  tlIcsc  lilllits. ‘J’llc  opc]l circ]cs  ill F igure  8 rcprcse]lt

Ce])l]eitls t]]at fzzll ]~]orc tl)all 4  signla, frolll tllc  ]]lcwl I,MC  1’1, rclatio]ls.  11’roIII  tlImc  fits,

tlllc apparalt  distlallce  Illoduli  to NGC 925 art }lv = 30.26:1 0.04 Illag a?)d /// ~ 30.09:1

0,04 ]I]ii.g.  ‘1’11(: quoted mrols ill tlic  lIICaII q)paIWIItl  distance  Illoduli  are c.alculat,cd  frolll  tlIc

olwcnwd  scatter i]] t,l)c NGC 925 1)1, data  tlIc I]lsclvcs.



17

‘1’0 obtain  the true distallcc  N]o(lulus tllc  apparcni

salllplc of Ccpllcids iIi NGC 925 ]]IUSL be dctcrl!lillcd.

1(0 : pv - -  A V  =. /1] – Al w]lich,  by ddiniiiwl, ]wds to

reddening  toward this part icular

‘1’l)at  is, tl]c  trLle  distance is

,),

1/ ‘

pv - p] =- Av - A, = E(V- 1) (6)

‘1’lIe observed diffcrcncc: in the apparc]lt  distance l~lc}duli for NGC 925 gives 11(V - 1) = 0.1 ‘i’

4 0,03 II)ag. lJsing  LIIC cxtinctio))  law of Cardclli  cl al. (J 989) for Jo]insou  V wld  C o u s i n s

1, wc find A 1/ Av = 0.7712 -- 0.5897/Rv;  and  with R.v =- 3.3 we adopt  A1/Av =- 0 .592 .

Usilkg this ill the above equa.ticm  gives AV = 0.42. ~’lIc true distance lnodulus  to NGC 925

is then }10 L- 30.26 -- 0.42 = 29.84 4 0.06 ma.g, c.orrespolldi]lg  to a linear  distance of 9.29 +

0.26 M])c.

q’llc distallcc  to N(2C 925 was derived illdcpcndcnt]y  usi~lg  the Ccphcid parameters

derived fro]n  tllc llol’IIOrl’ reductions. ‘1’IIc  ploccdures  for cl&mnilling  nlean lIlagllitudcs

were  idcnltica] to that described above, but, a sliglitly  diflereld sample  reject ion cri ter ia

w]d 1’1, fittil]g  proccdums  were  used  (Ap]mldix  A.] ). ‘1’he resulting  distamce  nloduli  arc

/tv =- 30,31 + 0,05 Inag,  pl =- 30.10 + 0.04 lllag,  true modulus pO == 29.80 + 0.10 msg.

‘1’]lese difrer  from tllc A1,I,I’R.AMIJ IIloduli  by +0.05,  -i 0.01, and --0.04 lnag, rcspcctivc]y,

consistmlt  with tile combined errors of tllc two cl~:terlIlillatiolis. Scc Appelidix  A.2 for nlore

details.

‘1’al)lc  8 preseuts  tile error  budget  for t}lis  distallcc to NGC 925 . ‘1’lIcse arc systclnatic

M)d raIIdoI]l errors  that ]na,y af~ect o u r  distm]cc  cstil]late. Adding  these  errors (for V or

1) ill quadra tu re  gives us a total  ul]c.wt,ai]lty of 4 0.16 ll]ag  (:I 0.69 Mpc) ill I,IIc  distwlce

to NGC 925. ‘J’lle  dolnillant  colltributioll  to tile  error ill tl}e  dis tance to NGC 925 is tl)c

ullc.ertaillty  ill distallcc  to t,lie I ,  MC. 1~’igurc  9 SI1OWS  tile  relatioll  I)CLWCCII  tllc V a]ld 1 bmld

1’1, rclatiwl fitting rmiduzds. ‘1’l)c  solid lillc S11OWS  tlllc S1O]JC  mld full width of tllc cxpcc.tcd
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c.ormlaiicm  of data points  due to tlIc  il]hiusic.  widtlt  of the in s t ab i l i t y  ship;  t}Ic dotted  li]]c

SIIOWS  tlJc closely dcgcmcratm  rcddeni])g  trajectory. ‘J’IIC Ccphcids in the figure rcprcscnited

by iJIc open circles lie 4-sigma or mom away fro]]l  tl]c cxpcc.tcd  ridge  line. ltxcludirlg, j,

tlIcsc  out]icrs, tlIcrc i s  ve ry  good  agrccmcmt  bctwccII  tlIc  data A’d both  tJIc ex]mctcd

width and tJIc slope  of LIIC residual comlatioIls. l)iffcrcl]tial  rmddcn]iug would  cxtcvid tlllc

c.orrcla.tio]l but it would  not irlcrcasc  tllc  vertical scatt,cr.  UIIcorrelatcd pllotw]lctric  errors,

of approxin]at,e]y  O . O 5  Img, shared bctwccm tlIC 1~ and 1 plIOtOIHetlY alc tlIC IIIOSt lik~ly

source of tllc renlainillg  sc.attcr  scml irl Figure 9,

7. C o m p a r i s o n  to Previous Ilis~ance.  l)cicrmina~ions

Most prcwious  d i s t a n c e  (lc~tt:rl]lil]atiol]s  to NGC 925 l]a.vc LKXHI Il]adc  using  tile

‘]hlly-l~ishm  relation or radial velocity Nlcasumna[ts  (wllicll tl]cn  require m adoplml  value

of 11 0 LO ol}tai]~  M csti  Ina W distwlcc).  ‘J’IIc rcccIlt  rcdsllift studies of Strauss cd al. (1992),

Gutl]ric &. Napier (1991) ,  ‘1’ifft  (1990) ,  and  IIaiesi-1’illccstrirli  & l’alui]]bo  (1$S6) lIavc

IIIcasurWl tltc heliocc]lhic  radial velocity of N(1C 925 h bc about 555 knl/scc.  SoInc of  t}Ie

IIIorc Iec.cIIt direct distmlcc ]Ileas~llc]]lc:]lts  to NGC 925 arc listed ill ‘ l ’able 9. ‘1’lIe  recent

“I’ul]y - IJisllcr  distarlce  )IIC:asL~rcIIIc]]ts  put NG(; 925 witl]ill  the distmcc  rmlge  of 5--6  Mpc.

l)istallccs  to several galaxies ill tl)c NGC 1023 group  lJavc bcc]i reported, illcludillg

for NGC 1023 itm]f, NGC 891, aIId NGC 1058 (rl’ab]c 10), Wllilc NGC925  is tllougl]t  to

hc in t]lis  group,  i ts  Illcllllmrsllip  lids  bceli qumt,iwlcd  (rl’ul]y 1980, l’icrcc 1 994). O u r

Ccpl]cid  distallcc  for NGC 92[) of 9.294 0.69 Mpc. is within 10% of csti]]latcd distances to

NTGC 891 (9.9 + 0.8 Mpc.) aIId NGC 1 0 2 3  (9.9 3 0.7 Mpc)  as dcl,cr]ni~lcd fro~Il pla]]ctary

IIcl)ulac  ((; ia. r(lullo ~1 al, 1991 ), a.IId a dist,  al)cc to NT(; C 1023 of 9.5 Mpc M lIlmsurcd  using

surF~c.c I)rigl)tncss  iluctuatio])s  (rl’OIIry 1993). App l i ca t ion]  of I,IIC cxpa!ldi]]g  pllotosplwrc

II IC(]ICN] Lo l,]Ic t~~p{’  ]] supcrJ)ova  19691,  ill N(; C ]058  gives a (]is(,  ancc  o f  ] ].2 :1 ] .7 Mpc



(SclIInidt  c1 al. 1992). All of tllcse  distances  tend LO be s l ight ly l]igl]er tl]an  our Cep]lcid

clista]lcc  to NGC 9 2 5 ,  but tl]ey  arc still  collsistwlt  wit]]  NGC 925 beiug a n]e)nbcr  of the

NGC 1023 group.  Our distance is also C.wlsistcllt  with ‘J’ully-l’isllq  dista)ces detm-lnilled  by

l’imcc (1 994) fol  several  otllm spiral  IJ]CIIILCM  of tile  NGC  1023 ~~cm]) (NGC 891, NGC 949,

NGCIO03).

]$igurc 10 builds  upon  tllc Tully-lris}]cr  relation for tllc first 13 of tlw “local  calibrators”

frml ‘J’ah]c  1 of Pierce & TuII y (1992). ‘1’llc ]na.gnitudm  and  velocity widths IIave km

corrected  for extil]ctiou  a]]d illclinatiol]  followi:lg  llml  (1992)  r a the r  than as in Picmc k

‘1’ully.  Solid symbols denote LI]CSC calibrators. opc]l symbols mark four llon-fi~ce-on galaxies

ill LI]C NGC 1023 group (I)icrce 1994), l’icrc.c  has  suggested that NGC 925 is a forcgroul)d

galaxy, however wc note  t]lat NGC 925 (t]lc  ope]] circ]c  wit]l error  bars)  dots lLot lie outside

tlic  sca.ttcr  of the present figure, ‘1’llc solid line  is tlllc least  squares fit to all 17 galaxies. I’l]e

dashed line is equation (3) of Mould  et al. (1991) wllic.11 is a fit to 47 Virgo al)d Ursa Major

ga.laxics wit]} i])clillat,io]l  aIIglcs grater tllaIl 4 5 ° as olmmwd by l’icrcc & ‘J’ully  (19&S) ,

rcxcalcd  to a distance of 16 Mpc for these c]usters  (Ferrarcse  c{ al. ] 9! M). We IIotc t}lat the

field (sol id line)  md cJuster  (da.sllcd line)  c.alibratiol)s  are silllilar. It will bc illtmcstillg  to

revisit tl)is result after Ccp]lcid  distances arc available for all of the N] 8 galaxies in the K cy

Project salIl]Jlc.

‘1’l]e work prcscntcd  in tl]is paper is Imscd  OJI ohscrvatiolls  made by tllc  NASA /1’;SA

11 Ul)l)lc S])w! ‘1’c]mcopc ,  obtained  Ly tlllc S])acc ‘J’clescope  Sciellc.c IIlstjitute)  wllicll i s

o p e r a t e d  by AIJI{A,  IIIC.  ul)dcr  N A S A  collhact  ATO. 5- 265[)5. We gratefully aclmowlcdge

t]]c suppcwt  of tllc N A S A  al]d S’1’SC.I  su])])o]t  sta.fl, wit]]  spmial  tllallks o u r  progrml

c.oordillatlor,  1 bug \ral) Orsow. Support for this work  was provided by N A SA tllroug}l

graIIt  GO-2227-87A frol]l S’J’SCI. ‘1’llc rcscdrc.11 dcscrilwd ill this paper was  pa r t i a l ly

car r i ed  oui by tlIc  Jctl  1 ‘ropulsio]l  IJal)oratory, Califorliid  IIlstitlutc  of ‘J’cclll lology,  ull(lcr
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a ccmtract w; L]) i,])e National  Aerollautics  a)ld f;pacc  Adlllillistra.t  ion. ‘~’]lis rcscarc}l ]ias

]na,dc use  of tl)c  NASA/11’AC  l~xtragalactic.  l)atabasc (Ni t ] ) )  wllicll is operated by t,ltc

Jet l’repulsion laboratory, California IIlstitutc  of ‘1’cc.llllology,  ut~,~cr  a contract with

t]lc  Na.tio~)al Acrollautics  mld Spat.c AdlnillistratioI].
,,

‘lYlis  Iwm&lI has  l]ladc  usc of the

SIMIIA  1) database,  operatcxl  at CI)S, Strasboulg,  l{’UMICC.

A. Appendix

A l . llol’ll  OrJ’ l’hotomctry

‘1’ltc 1)0} )110~’  rcduct,iol]s  fol lowed tlIc ]jroccduIcx  dcscribcd  ill Sa}la ci al. (1996),

Fcrrarcm ct al. (1 996),  aIId JIill ( 1 9 9 6 ) .  llerc wc briefly  dcscrilx:  nlodifications  aIId

illlprovellmlts  that  wcm  made to t)]c mluc.tioll proc.cdums  applicxl hem.

‘1’he variwlt  of tl]c  1101 ) 110’1’ progmn,  opti]nizccl  for }]S7’ rccluctiolls,  runs ill a fixed

positio]l  mode, where coordinates arc mapped frol])  a master illmgc  to cac}t cpoc]l to c]]sure

col)siskult  p]lotol]lctry;  t]]us accurate coordillak  tl’al)sforlllatiolls  were vital. As ]Imltiollcd

ill tl)c  l]]ain  text,  tl]c  NTGC 925 data w e r e  acquirc?d  o]l sli.glltly  diffwmt  field cclltcrs  and

roll angles due to guide  star acquisition fzzi]ures. ‘J’llis  requiml cubic spatial distortion)

correct ions to be apJJ]ied  to t])c Wl~l]C2  data. ‘1’lIc corrcc.tiolls  were at t]ic ().5 pixel level,

suf~icie]]t  to siglifica]ltly  in]provc  t]lc  pllotolnctryo

‘1’}Ic  i)llagc  used to gcnlcratc  tllc  ]]lastcr  list of ob jec t s  was lI)adc  by co)]lhi]lillg  tllc

20 Cl{  split V555W  il]lagcs observed at tlIc sar]lc roll arl$lc. l“our 1“814\4r ilj)agcs  were

collll)illcd  ill silllilar fashion. ‘1’l]csc illlagcs  w(:rc collll)iIlcd using  tl]c  imclllliquc dcscribcd  by

Salla  ci f~l, (1996) ,  aI)d IIill C( al, (1996) .  ‘1’IIc l)S1” of tlIc col]l})il)cd  il]tagc  was ~ 1.4 pixels

l~\4~llM, o]lly slightly degraded fro]ll  tllc  l“WIIM  011 al I il]dividua]  frar]lc. ‘J’IIc inlprm~enm]]i

i]] sigIlal/]loisc  ill tlIc c.o]]ll)iIlcd  illla.gyx II Iorc tfl IalI coIIIpcIlsatcs  for tltc  slig}lt  d e g r a d a t i o n
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in resolution. ‘1’rallsforlllatiolls  fro~ll  tllclllastcrilllageto  Lllc individual epocis wcrclnadc

via a three step process. l~irst,  cOordillates  fro])] cad) illlagc  (illc.ludillg tllc  mastm ilnage)

were tra]lsfor]l~cxl  froln  raw CC]) coordinates to “undistorted coo@illates”  usi]]g tlm 20,,,.
cocfflcicllts  of tllc  cubic fit given  by IIoltn]lwl  CL al. (l W5b). Swb\Id, a 6--coef1ic.ic11t  linear

trans{orlllation  was then used  to lIIap IIlastcr coordinate to the individual epochs, Finally,

the invcmc  cubic cwefficie]lts were used  to LJaIlsforlll  back  to t]]c raw CC]) coordinates of

caclt epoc]].  ‘1’ypica] residuals Letwccn  t!lc lillcar fit of tllc lnastcr to each  epocl) were +0.09

I’C pixels ill tile  ‘(undistorted coordiI1atc”  syslmll

As with any 1’SF fitting procedure all illlj~ortant  step involves the conversion of the

fi t ted I]lagllitudcs  to total a.pcriurc  Illagmitudcs  via an aperture corrcctioll,  IIill cl al, (1996)

dcrivccl staJldard  1)01) 110’1’ 1’S1”s amcl aperture c.orrcztiolls  for tllc lloPIIO’1’  rcxluctiolls.  On

the crowded  inlagcs  tl]crc arc often  o]]ly a fcw Lrigllt  uncrowded stars suitah]e  fo r  aper tu re

c.orrcctiolls;  ac.c.ordingly  tllcsc  corrections c.wlstitutc  tl)e  most uncertain point in tile

cd ibratioll  process. An illlprovcd  proccxlure  for LIIC aperture corrccticms  was i)]lplcmentcx]

for tllcsc  rcduct,ions.  Aperture corrections WC] c estimated irl a series of eight collcc~ltric

apertures out to cigllt,  pixels radius. g’llc sky value  was t])cn adjusted  iteratively to flattml

tllc  growt}i c u r v e  ill tllc outer 3  apmturcs. ‘1’lIc va]uc  frol)l  a radius of five pixels was

tllml used as the aperture corrcctioll. We tcsttxl  tllc reliability of tllc  aperture corrections

by determining illdcpc]ldcllt  corrections for cacl] epocl). ltpocll  to cpocl) variations were

typically 1- 2% and  JIcvcr ]]iore tliall  5%. ‘J’ltis  suggests tllalj tllcrc were 1)0 large c~langcs  ill

{Il]c l)S1” over I,llc 70--day window of ol)scrvatiolls.

A.2. I)ol’IIO!l’ l)istance  Ana lys i s
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1101’110’1’ rcductio]]s  and M] allxmmte  fittillp;  procwluret

‘J’llc 1)1) fitting  was pcrfonncd  usi]]g  tllc  smllc c.alil)ratiol] lm.sed 01] o b s e r v a t i o n s  of

1 ,M C (kpheids  as desc.rilmil in %ctiwl 5. ‘J’l]c fit to t}lc NGC925.1’1  J relations were  fixed, .

i]] slope to the l,MC values ,  with only tllc mwpoint ofrsct dckr!’llincxl.  III this c.asc 68 of

tllc 80 Gp}leids  in ‘J’able 7 were  used to cstil)latc  tl)e dista]lce. IJive stars were  mjdxxl

kc.ausc  they fell well outside the illstability  strip i~l tllc  c.olor-]~lagllit~idc  diagranl,  Six other

Ccpl]cids  wit]] periods outside the 10- 63 day period rmgc were rejected, aIId OMC otllcr

was rcjcc.kd because  it fell ]Ilorc tlla)l 3 sigl]]a fm]l tllc!  mean }’1~ relat ion i~] both V mlcl 1.

‘1’wo fitting  procedures were used.  g’l]c first  silllply  dctmlnillcd  tile l]lcdiall  fit il] log P

vs ]nagnitudc  plzme. ‘1’he discrctel)css  of this proccdurc  was nlinilllizcd  by fitti])g  a ]inc t o

to tl)c  diflkrencc bctwww t,hc number of Ccplleids  above and  bc]ow the }’1, relation as a

fullc.tio]l  of distance Imdu]i  in tltc region IIC.N tl)c medial). ‘1’l]c second  lllctllod  lninil]lizcd

tl)c  ahsolutc  deviations of tllc Ccpllcids  about  tllc  1)1, rclatioll.

‘J’IIC appam]t  distm]c.e  Inoduli  ohtaillcd fro]]) tllesc  two fittillg proccdurm y i e l d e d

i d e n t i c a l  appamlt  distance Jlloduli in V aIid 1 of i/v  = 30.31 + 0.05 n]ag  alJd /1] ~ 30.09

4 ().()4 IIIag.  ‘1’IIc: t rue distance lnodu!us  is tllell obtaillcd  usi]lg tllc  WM]]C  p rocedure  as

dcscrilml  ill Scctioll  5 for tl)c l) AOl)llorl”  data,  yicldi]lg  Av =-. 0 .54 IIlag m]d true distallcc

II]odulus /10 = 29.80 :{ 0.10 Inag.

A.3. IJong l}eriocl  Variables and Cancliclatc  V a r i a b l e s

,Scvcra] lwtg; period variable star  GAII(I idatcs wow found  ill IIGC~ 925. ‘J’d)lc A 1 lists

{Illc  C.llip, positiwl,  mld intensity  a v e r a g e d  l]lcwl < V > lllagllitude  mid < V - I > colol’ f~l

cac]l  va,rial)]c.  ]Iccausc {Illc  pcrio(]s of  tllcsc  \’dridlJ]cs cxcxwd  our  7 0  day  ol)scl-vi)lg  will~low,

our  ])lcall  lIlaglli{fu(lc  estil]latcs  arc o]lly al)ploxillla(lc. l’ip,urc  A 1 SI1OWS  llcliocx.vltric,  ,Iuliml
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l)atc verses V ]I]agnitude  for tile 9 I, I) V s .

‘1’l]cxc were  ]nw]y  other c a n d i d a t e  vzriables  tlIat for OIIC rcascui or arlotlm did not

JIId<e our find ]ist of  (kpheids,  bui, w]]ic]l  arc ]~ossib]c  varia~)]e  st,h:s.  M o s t  of these arc
!4,’

cases  whmc a star looks variable using  one  clataset (it. A 1,1,1 ~’l LAM It) but CIOCS not  appear

to be varying in tllc  otlm dataset. ‘1’ab]c A2 lists tl]csc  candidates. Columns 1 tllrougll

4 list tile usual il]forllmtioll:  idclltific.ation  l]ulnlmr,  the WI’’]’C2  c.llip  wlicrc  it is found,

a]ld tllc right  asc.cnsion  arid clccli]lation  o f  the cwldidatc. ~O]UJllllS 5 till’ougll 7 list the

il]tensity  weighted average < V >, < 1 >, a.]ld < V -- I > nlagllitudcs  of tllc  candidates.

COIUINII 8 gives a possible period for tlIc mldidatc.  We do not list periods for tlIe  possible

long  period variables. ColuIm]s  9 and 10 indicate wllctllcr t}]c czu]didatc  was fou]ld to be

va.riah]c ill the AI, I,l~’lLAMlt  (Al, ],) or llol’110’I’  (I)o)  datasds. ‘1’IIc mean ~llagnitude  and

color  in fornla,tion  for mcll  czuldidatc  comes  fro]]] tl]e  datasct  in wllicll  it was found.  qlat i s ,

i f  t]le  star appea,red  to be varying ill t]le  ])o}’l]orl”  datasct, t}lc! II]CM < v >, < I >, and

<  \/ - ] > lJJa~JlitUdC!S arc ])o]’ll Or]’ IllfXLJIS, lJOt Al, I,l’’ll,AM1l  IJJCall  S.

A.4. Scconc]ary  Stanclarcls

‘] ’ab]cs A,3 - A,6 c o n t a i n  staIIdard  v a]ld ] p}lotolimhy for a se]ccted  IiuIJIber of fiair]y

isolated  stars i)] cac,l  I cjlip.
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Captions for Figures

FIG.  1 ,  ‘1’llc 11S7’ field i s  indicated  in this picture frolll a pliotmgrap]l  of NGC925  ill

Sandagc  &, IIcxlkc  (1988). ‘,),
~,)”

FIG,  2, C o m p a r i s o n  o f  the AI,l,I~’ltAMlt  m)d I ) o P I 1 O T  pllotolnctric  systellls.  ‘1’he

A 1,1 ,1’’RAM 1; and DoI’ll  0’1’ photolnctry  for scveml  fair] y isolated stars in each  chip  is

c o m p a r e d .  ‘1’hc V colnparison  is il]dicatcd  by tllc  filled circles. ‘J’hc 1 compar i son  i s

il)clicatcd  by tile ope]l circles. ‘1’IIc  best c.ol]]pariso~i  is foulld in chip  3.

Fl{:.  3. Comparison of  tllc A1,I,I’’RAME  and  l)ol’ll  Orl’ photometry for the Cepheicls  in

NGC925. ‘1’he symbo l s  arc the sallle  as fm IPig 2. As expected froln the isolated star

c.oll)parisou,  tl)e  Cephcid photometry in c]lip 3 has  the best agreanent.

1“](;. 4a. 1~’illclcr  cl]art for  tllc NGC 925 Ccl}hcids located ill chip 1 (the l’lallctary  C a m e r a )

of ihc W14’PC2  instrulllcl]t. ‘1’lic field is 36x36  arc.sccollds. ‘J’lle  Ccpllcicls  are ci rclcd  and

]abc]cd  wit]] t]lcir idclltificatioll IluII]lJcrs  as listed ill ‘1’ab]c 7. North zuld ]’;ast  directions  are

indicated ill the top rigl]t  ccm]cr.

1~’lG. 4b. F inder  clla.rt for tllc NGC 925 Ccp]lcids  loca ted  ill  chip 2 of the WII’I)C2

instrument. q’l]c  field is 1,3x 1.3 arclnillutcs. ‘1’]]c  Cep]lcids  arc circles alld lalwlcd  wit]l

tl]cir idcntificatiml  nulnbcrs  as listed ill ‘1’al)lc  7, North and l}ast  directions arc i]ldicated  in

tile  top right  ccmcr.

F]c; , 4c. IJilldcr  chart for tile NGC 925 Cc])llcids  loca ted  ill chip 3 of tllc  Wltl’C2

il]strulllcllt, ‘1’l]c field is 1,3x13. arclnillutcs.  ‘J’lic  Cc:p]lcids are circles and labeled wit])

tl]cir idclltific.ation  uu]]]bcrs  as listed ill ‘1’al)k  7. Nortl)  m]d ltast  directions arc indicated ill

tl]c top right  c.orllcr.

F[(:.  4 d .  l~illdcr c]larl f o r  t]]c NGC 925 (kpllcids  located  ill cliip 4  o f  tlIc  W~l’1’C2

i]lstrull]cl)t,  ‘1’lIc field is 1 .3 X13. arclllillutfw. ‘1’l]c Ccpl]ci(ls  arc c.irclcs alltl lal~clcd  wit]]
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thcir  idmtificatim  numbers as listed ill ‘J’alJlc  7. North  zu)d l’;ast directions are illdicatcd ilI

the top right  conlcr.

FIG. 5. l~il]der charts for tlic  NGC 925 Ccpllcids.  I’laclI pallc]  is ai~~l X51 pixel field of view

ccnltercd  on tl]c  v a r i a b l e .  Ilacll pallcl  IIas bcclt irldepcmdel]tly  scaled  i]) inte]lsity to clearly

SIIOW tl)c  Ccpllcid,

V’](:.  6. V and 1 ligl]t curves for tllc  NGC 925 Cep]lcids.  Cosrllic  ray pairs of obsmmtions

weIc avcragccl  before being plotted. ‘1’lie V olmmmtions  arc reprcmlted  by tllc  filled circles;

the 1 observations are the opc]l circles. ‘]’hc data arc repcatccl  over a second  cycle for clarity.

]~’1~. 7. ‘J’]Ic I - V – 1 co]or-lnag]lit,  uclc diagraln  for 11S’2’  field of NGC 925.  Ccpllcids  arc

indicated by tllc  large filled circles.

]{’l(J.  ~. v ~Ild ~ pe ri o d - ]  L 1 l l li l l os i t ,Y  ~c]a,tiolls for L](e Ccpllcicls  irt NGC 9 2 5 .  OI]ly tl)os~

Ccp]leids  with pcriocls  bctwml  8 and  70 days  aJc p lo t t ed . ‘1’hc solid lilic is tl]c  Lest fit to

tl}c  NGC 925 data.  ‘1’he dotted lilles inclicatc  t]]c cxpcckd  scatter duc to the il]trillsic. width

of t,l Ic Ccpl]cid  instability strip. ~’l Iosc Ccplleids  lying I11OK  tlIa.11  4-sigIna. fro]l] tllc  II ICXNI

rclatiol] arc indicated by opel] circles.

]7](;.  (). \/ v~~fjus  ] ])], ]e]a~joI) fittjllg Icsjdllds. q’hc Ccpllcids  indicated  by tlic  opel]

circ.lcs  lic II)OIC t}lan 4 siglm from tl)c expcc.ted  ridge line. ‘J’}Ic  expected scatter  duc to tllc

intri]lsic  width of the Ccpllcid  illsta.bilit,y strip is indicated  by tl]c  solid lillc. ‘J’llc  dotted  Iille

iIldic.ated  tlm  reddening ridge  lillc. ‘1’IIC das}lcd  li]le is LIIC hcst fit to tl)c IYGC92G data.

FIG. 10. ‘J’ully-l’isllcr rclatioll. ‘1’llirtcell  of tlltc local calil}rators  (f i l led circ]cs)  arc frolll

‘j’a,])]c ]  o f  ]’icrcc  &, ‘1’u]]y  ( ]  992). {)pc~) syIII])o]s  IIIaIk f o u r  llo~l-face-ol]  galaxies  of t]lc

N (:C 1023 group. NGC 925 is {IIc opmi circle wit]]  error I)ars. ‘1’lIe solid lillc is ljlle  least

squares  fit, t,o all 17 galaxies. ‘1’llc das}lcd  li]le is cquatio]]  (3) of Mwld c1 ([l. ( 1 9 9 1 )  wllicl]

is a fit, to 47 \~irgo a.]](1 LJIsa Major ga lax ies .
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14’IG. Al. l’lot of IIelioccl)tric  Julian llatc vm scx lnagl]itudc  for tile  long  period va r i ab les  i]]

NGC925.
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2’AIII,II; 1
IIS~’  ObscrvatioIm of NGC 925 ‘

—

lIJD !itxI)osurc
U’]’ Day 2449000.+ Filter ‘1’ilnc  (SCC)

.-—. ..—— ..— .—
08 Aug 1994
08 Au~ 1994
08 Au~ 1994
08 Au~ 1994
17 Aug 1994
17 Aug 1994
17 A ug 1994
17 Aug 1994
18 Aug 1994
18 Aufj 1994
26 Au~ 1994
26 Aug 1994
29 Au~ 1994
30 Aug 1994
01 Scpt 1994
01 Scpt 1994
06 scpt 1994
06 scpt 1994
08 scI>t 1994
08 scpt 1994
13 Scpt 1994
13 Scpt 1994
17 Scpt 1994
17 Scpt 1994
23 scpt 1994
23 Scpt 1994
29 Scpt 1994
29 Scpt 1994
29 scpt 1994
29 Scpt 1994
07 Ott 1994
07 OCL 1994
17 Ocl, 1994
17 Ott 1994
17 Ott 1994
17 Ott 1994
17 CM 1994
17 Ot t 1994

573.3690
573.42?5
573,4357
573.4899
582.0039
582.0684
582.1351
582.1497
582.2025
582.2]71
591.4571
591.4748
594.4904
594.5577
597.3079
597.3579
601.1814
601.1959
604.3481
604.4037
608.5700
608.6352
613.3287
613.38?8
618.8916
618.9451
625.3260
625.3768
625.3920
625.4461
633.3014
633.3556
643.1546
643.2067
643.2740
643.2886
643.3414
643.3560

14’555W(V)
l’555w  (v)
1(’814W  (1)
11’814W (1)
F555W(V)
F555W (v)
1“814W(1)
F814W (I)
F439W (1])
I~439W (11)
F555W (V)
F555W (v)
1’555W  (V)
14’555W (V)
1’555W  (v)
F555W(V)
l~439\v (11)
l~439w (1])
I’555W (v)
1’555W (V)
F’555W (V)
J1’555W7 (V)
1’555W (V)
1’555W (V)
I“555W(V)
l~555w(\~)
l~555w(v)
F555W (v)
I’814W  (1)
F814W (1)
F555W(V)
F555W(V)
I“555W(V)
1’555w  (v)
11’814W (I)
1“814W (1)
I“439W( II)
l~439\v  (11)

13Q0

w“
1300
900

1100
1100
1100
1100
1100
1100
1300
900

“ 1300
900

1300
900

1100
1100
1300
900

1300
900

1300
900

1300
900

1300
900

1300
900

1300
900

1300
900

1100
1100
1100
1100



‘1’AIII,I’; 2
Contrit>utiolls  to tllc Cl Cocflicidt

——.  .—. -—.. .- —

AI, I, FILAMIJ;  m.ro j)oi]lt --25,00
1 Iitcgcr i]nagcs + 2.510g4
l’ixcl Arm Norlnalizatioll -} 0.016
Aperture Corrcdio]l AC ‘,’
\VII’I’C2 Zero Point z]’ \J ‘

“JIAII1,II:  3
‘J’ransforlnatiol)  ltquatioll  Cocflicicnts

_——. —

Chip Filter AC z]’ c1 C2

1 v -0.106 22.510 –1.075 --0.52
2 v --0.042 22.522 –1 .000 –0.52
3V – 0 . 0 4 3  22.:)30  –0.992 --0.52
4 v - 0.006 22.506 --0.979 --0.52
1 1 -0,133  21.616 --1.996 --0.63
2 I -10 .017 21.657 –1.805 --0.63
3 1 +0.005 21.638 --1,836 --0.63
4 1 + 0.024 21.609 –1.846 --0.63

——. — .—. ——...

0.27
0.27
0.27
0.27
0.25
0.25
0.25
0.25

‘1’AIII,E 4
Co]nparison  of AI,l,l~ltAh!l’;/lJol’llOrl’

L. .—.

Chip No. of Stars ‘AV
. . .
A I

1 38 -o,]38  4 0.006 - 0 . 0 8 9 4  0 . 0 0 2
2 36 - 0.0764 0.006 --0.0194 0.001
3 31 --0.017 ~ 0.006 +0.011 4 0.004
4 40 -0.0804 0.004 -0.007 d 0.006

—.—. .——.. ——. — .



TABLE 5
V Photometry for the Cepheids  in SGC 225

4 : 6 7 ~ Y .  .

H.JD 7 2 3 4 d .
.

2,qg)5gL v c v u ~ ~ v u vu~u~u ‘Uvr
v r

- 0.11 24.63 0.20
.572.492 2<.3.5 0.13 23.82 0.19 23.23 O.w 23.55 ~.~~ gs”~l  ~“~2  24” 56 ‘“14 24”78 ‘“25 25”2i 9“17 ;:;;

O.lQ 23.30 0.09 23.32 0.07 23.Z$ 0.13 24.71  ‘“21 23”82 ~“~~ ~“~ ~“~~
O.IS 24.67 2.25

.j$2.f143 2449 Q.12 23.7s
~-13 22.G5  O.OS  23.70 Q.U3  24.45 o.1~ 24.03 .“

24.go P.17 24.30 Q.21
.5s1.472 24.6$ 0 . 1 4  23.8.5 0.10 23.S8

24.57 !3.:4 23.79 0.11 23.47 0.14 22.85 @.1~ 23.74 ~.lb 24”2~ 0.12 23.93 0.17 24138 ~:1~ . . . . . . 24.38 ~~
.524.33!2 24.20 0.13 24.57 0.13 24.99 O.li 24.39 v
.5 G7.332 24.57 g+14 23.~0 o.10 23.42 0.13 23.09 0.07 23”75 0-14 24”10 ‘“1~ 24.43 ~.lg 2482 0.16 25.11

0.11 23.58 0.12 23.04 0.07 23.91  0.16 24.28 0.1/
(?.19 2 4 . 6 1  @.lS

GQ4.3~2 24.Go 0.17 23.90
$Q$.~o; 24.74 (!.17 23.91 0.10 23.55 0.26 23.13 0.07 23.8S ().18 24.52 0.12 24.53 0.13 25.00 0.19 24.35 0.14 24.? 0.20

61; .352 24.,94 (3.2.5 23.97 0.11 23.6.5 0.02 23.0~ O.10 23”~2 0“18 24.70 0.1.5 24.84 O.lT 2~20 0.18 2453 :;;; ~;: ;“;:

~~$c~z.j 24.84 0.1S 24.11 0.11 23.70 0.11 23-1! ~.~~ 23.43 0.23 24.74 0.17 24.63 0.15 24.06 0.15 24.59
. .

~z.i.~.j$l ‘2~.6$) c,I.; 24.27 0.15 23.84 0.11 23.2( U. 23.48 0.13 24.77 0.16 23.76 0.10 24.08 0.12 24.83 0.14 24.29 0.16- 2~.~4 o.l!) 25.!IO 0.20 24.52 016
~~~.;~.y 24.71 !).15 24.32 !2.13 24.03 0.14 23.36 0.06 23.63 (?.:4 24.71  0.18 24.11 0.1(

0.10 23.54 0.07 23.77 0.13 24.26 0.12 24.38 fl.18 24.95 0.17
24..55 (?.13 24.83 (!.23

543.:87 2<.j~ f),~~ 24.27 0.13 24.21

1.5 16 17 Is IQ 29

H.] D . . 12 13 14.4 VCVUJ7Q
2~~cm0~ V v V u V u  v u Vvvuv u

“.. .
g.35 24.36 c!.13 25.13 0.22 24.65 ~.2~ 24.28 ‘.17 24.84 ;:;: ;:.:;

fi.24
573.4Q2 22.80 ~13 2J.~6 Q.14 24.10 0 . 1 2  24.%3

23.35 P.?2 24.15 G.15 24.53 C.IL3 24.~5 5.lQ 2$5Q
0.22 2A.07 0.16 25.39 9.2S 2s.42 ~.2~ 24.02

ryy_J

.5 S2.W3
. .

nl- 24.35 c.q 2L.G5 n ‘Q 24.(3 Q.2Q 2~.fi~ ~.17 24-52 Q.17
.j~~.L~~ 22.65 ..1A

23.66 2.27 24.5.5 9.14 24.41 ~.~3 2.j.~~  ff~. ..L” 24.66 C.14 ‘24.57  2.12 24.3: ..ll
G.13 24.;7 C.14 =.~~  ~.~~ 24.87 ‘.25 2“~”~Q

();6 24.7P g.16 25.39 0.21
.5y..53Q 2357

23.72 Q.12 24..52 9.14 2<.75 C.IS 24.28 0.21 23..22
0.16 24.54 2.22 24.47 5.18 24.81 9.15 24.75 0.13 24.~2 O..:

.5g7.33f?
- 2J.62 9.17 24.(1 9.2.>

5Q4.3S2 23.$2 (2.12 24.82 0.15 ‘24.12 0.14 25.26 0.24 24.~~ ~.~~ 25”C5 ‘.23 24.88 ‘.15 2?.17 ‘-l!

Ws. m 23.7Q g.1< 24.95 (3.29  24.24 C.15 24.81 o.2~ 24.~~ 0.11 24.00 C.25 24.99 0.15 22.36 O.la 24.05 0.11 24.91 Q.2~

fjI; .352 23.37 0.I.j 24.cg 0.15 24..54 0.14 24.41 o.1~ 24. (.> 014 24.2s o.1~ 2.5.20 0.16 25.13 0.13 24.27 0.11 25.19 0.2.2

. . . . . 24.1Q 0.12 24.95 Q.lQ 24.62 0.16 24.51 ol~ 24.40 ;.;; 25.43 ‘.21 24’4s  ~.~:
24.5Q (3.12 24.S1 :.2Q

5:s.92.5 23.51 017

0.12 24.43 !).12 25.26 ~.23 24.87 0.2~ 25.23 0.17 2:.80 ;.;l
2~.6~ ().14 24.79 0.. 24.57 Q.13 24.63 ~.1~

~z~.z.jg 23.52

~zz.sz.j 23.74 0.12 24.67 0.14 24.02 0.11 25.27 0.22 24.36 0.12 2a.02 . .
24.80 0.11 25.39 0.21 24.39 0.11 24.78 0.27

$g.:g 23.43 0.12 24.34 C.17 24.60 0.14 24.28 0.16 24.69  0.14 24.18 0.13 25.39 0.23 24.50
0.14 .m%2~.2Q  0 . 2 1  2 5 . 3 4  Q.33

24 25 26 27 28 ’29
23

3~
IIJD 2: 22

‘244gp(y3L v u v u v u v u vu~’uv~ “UVV
v u

24.28 0.15 24.32 0.13 25.17 0.18 24.87 0.14 2.5.30 0.16 24.39
0.22 25.% C.30 25.49 0.25 23.75 0.10 25.01 C.24

573.422
.5$2.(J43 2 5 . 2 6  Q.17 24 .84  5.17 25.73 0.25 25.26 0.19 25.25 0.23 24.98 C.25 2~.99 9.1S 25.6C

Q.2G 24.0S 9.12 25.55 5.2.5

0.14 25.72 0.23 24.52 0.13 24.76 0.16 25.02 0.25 23.44 (?.22 2&
0.~~ 2417 0.14 24.51 0.29

.32:.472 2.j.~~ 5.2Q 2.5. IQ
25.17 0.22 24.69 0.14 2.5.02 0.19 24.76 0.20 25.55 0.29 23.2S 0.23 22.70

c?.10 2 4 . 8 1  !2.22
.554..53Q 24.E30 0.12 23.94 0.27

24.7$ 0.15 24.16 C.1O 25.11  0.21 24.83 0.25 25.07
0.18 24.45 0.15 25.19 0.28 25.44 0.3C 22.81 012 2495 921

.j$j.339

3?4.382 25.24 0.18
~.lg 25.61 0.23 23.98 0.12 25.24 C.25

24.6$ 0.13 25.47 0.25 25.23 Q.24 2S.?3 ~.26 2~.~1 0.21 25.38 ~.19 2434 0 ~1 2414 (3.13 25.27
r)~4 24.g5 0.1,2 25.82 0.26 2.5.41 0.21 25.4~ 0.18 25.22 0.27 25.01

C.26
~Q&Gcg - -‘2.3..39
513.362 2.5.60 5.23 2.5.11 0.18 26.18 0.32 25.49 0.17

24.57 0.17 25.58 ~35 2544 022 2@i ‘:16 :$ :::: ~::~ ;::

51$.925 25.36 0.19 24.87 O,IJ 25.64 0.22 24.60 0.~3 25.~A o.20 24.61 0.16 25.97 0.29 2.~.~2 O.ls 23:93 ~ 12 25.32 ~.22

G2.j.3.j2 24.83 Q.lt? 24.37 o.QG 25.34 O.lQ 24.96 o.1~ 2~~2 0.37 2477 ‘.17 25.86 0.28 23.(? ~.~~ ~:13 24:35  ~:1~
0.20 2.5.73 2.23 25.42 0.21 25.54 0.22 25.38 0.25 25.22 9.19 24.4a  . . 24.24

533.33.5 2.j.34 0 . 2 1  24.$35
GA? 1 R7 25.23 0.16 25.% 0.33 24.39 0.11 25.10 0.17 24.44 0.19 25.97 0.23 25.45 0.28 23.78 Q.11 24.9(

- 0.21
2.5.58 G.21



11$?;

114

b



O>ollol-t-wlnloio COON
.4 CNCNCOCWCNCX YJ:qqqs

. . . . . . .
c> c> c> c> c> c> c> c> c> o 0 c

mwlot-wJ*wo>t-  WC9WJ
.+m. iCNCNCNCOti ql-:q*

. . . . . . . .
>c~oc>oc>oo C>c>c>o



Table 6
1 Photometry for the Cepheids  in SGC 925

H.JD 1
J. 2 3 4 .5 6 7 8 g :9

2!;<90m7J- ~. . . . c IUIUIUI UIUIUIU IVIG

.j7z.459 22.;3 (lJrJ 22.85  Q5p7 22.17 ~.gg 22.43 !3.!).5 22.32 0.08 23.43 0.12 23.7.5 !?.13 24.66 0.15 23.52 (?.16 23.51 !I.Y8

.5<S2.149 23.9,3 Q.og  22.13g ~.07 22.11 0.97 22.2G 0.05 22.35 0.10 23.51 CI.11 23.11  0.11 23.25 0.11 23.5? 0.14 23.72 0.18
52.3.42.5 23.37 !).14 23.!)1 0.09 22.35 Q.!16 22.10 0.05 22.38 0.07 23.70 0.14 23.18 @.Ot? 23.29 0.Q8 23.82 0.15 23.31 0.14
543.2s8 23.33 0.12 23.10 0.09 22.71  O.OG 22.31 0.06 22.,5$ 0.09 23.32 0.10 23.56 0.11 23.81 0.13 23.7.5 0.11 2 3 . 6 7  Q.20

H.JD ~~ 12 13 14 15 15 17 Is ~g 29
244 WllrlL I ~ I ry I u I u I ~ I ~ I (y I (y I u I &.“. .”

57s.45!2 23.31 0.13 23.84 0.11 23.24 0.10 24.08 0.18 23.70 0.13 24.05 0.18 23.71 0.10 23.8.5 0.11 23.82 0.14 23.7.5 0.13
.5~2.:49 2~06 0.13 23.48 G.08 23.52 0.16 23.5.5 0.14 23.?0 0.14 23.38 !).12 24.02 0.1S 24.29 0.13 23.49 0.15 24.20 0.19
~2,j42.j 23.18 0.12 23..53 0.02 23.82 0.15 23.S1 0.2$ 24.34 Oll$j 23.75 0.11 23.93 0.14 23.8.j o.13 23.7.5 0.12 23.$)3  2.15
543.2,38 2 3 . 1 2  0.14 23.58 0.24 23.43 0.11 23.52 0.14 23.74 0.11 23.46 0.16 24.07 0.16 23.80 0.1.5 23.49 0.13 24.31 9.19

FLJD 21 22 23 24 25 26 27 ‘2s 29 3Q
24495pgL I c IuIu IuI UI ~ IaIu ImI G

.572.45G 23.93 0.12 23.57 Q.09 24.!.31  0.17 23.89 0.15 24.11 0.13 23.7.5 0.15 24.61 5.2Q 24.33 9.17 22.W Q.27 23.72 t.?7
3c132.14g 2 4 . 2 2  9.13 23.72  0.14 24.63 Q.24  24.22 ().13 24.32  C!.14 24.09 0.1.5 24.11 0.13 24..52 !?.14 22.72 Q.11 24.G5 P.2C!
52.5 .47.5 23.21 2.:6  23..5! . . . . 24.16 Q.?8 23.82 Q.12  24.33 (!.17 23.96 0.15 24.89 0.!7  24.4S C.23 22.56 G.G5 24.12 Q.24nl?

543.2,3s 2<.33 p.:3 24.Q3 g.:2 24.45 c.25 ~~.gg ~.:2  24.32 ~.:~  23.94 p.;.; 24.T5 C.2C 24.24 Q,14 22.55 Q.o$ 23.s2 C.:.8

H.JD 3! 32 33 34 35 36 37 38 ~g ~~
z{~onnpd- ~.  . . ” u IuIu IuI UIUIUIU I@l~

-572.452 2!.!2 ().1’2 24.95  ~.1~ 24.12 0.15 23.28 0.21 24.11 0.14 24.24 0.21 24.39 (!.14 23.93 0.13 2S.45 0.14 23.X3 !2.:5
.5~’2.14g 24.75 ().21 23.58 0.14 23.74 0.13 24.!21 0.1!? 24.35  0.15 24.76 0.30 24.63 0.2.5 24.23 0.12 23.!2.5 (!.15 23.S)8 P.15
52.5.425 24.43 Q.IG 23.71 (7.22 23.73 0.12 24.(?2 G.:.j  24.73 0.23 24.GG 0.27 25.(?6 Q.28 24.24 9.11 23.W 9.1.5  23.72 Q.16
5<3.2~$ 2 4 . 2 4  0.12 23.87 o.1~ 23.S1 o.13 24.07 0.14 24.50  0.17 24.89 o.2~ 25.04 0.30 24.29 ().14 24.Q3  o.1~ 23.S5 Q.1~

H.J D q! 42 43 44 4.5 46 47 48 ‘-’::: 4g .~o

‘2<LgQpgL IuIa IaI CIUI u IaIm IaI c

.373.459 24.,31 fi.:$j 24.9.j  c.21 24.59 0S6 25.og 0.2f3  24.71 0.1$ 24.23 0.13 25.07 0.31 24.54 0.15 25.W3 !2.22 24.72 0.23

.582.:4$ 24.29 0.21 24.3.5 0.13 24.45 ~.~g 24.36 0.24 24..5!9  0.16 24.55 0.15 24.32 0.21 24.97 0.19 24.99 C.2C 24.(?.5 !2.1.5
~z.j.~z~ 24..57 0.2Q 24.80  !3.19  24.63 0.23 25.13 0.27 24.53 0.16 24.38 0.11 2.5.08 0.36 24..56 0.11 24.83 9.18 24.31 !?.22
543.2,9$ 24.7$ O.IS 24..56  0.13 Z1.fjlj  (?.~fj  25.0$  G.28  24,74 0.12 24.:8  9.15 . . . . . . 24.53 0.20 24.64 Q.~?j 24.4.j o.2~





‘1’AII1,l;  7
l’arml~dcm  fm Ltlc NGC 925 Cc])lIcids

. .—— . ..—

ccph

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
5P
[, :j

54
:, [,

clliJ) RA (2000.0) ])CC

3
3
3
1
3
3
3
3
3
4
3
2
3
3
3
2
3
4
3
2
4
4
3
3
2
3
2
3
3
2
2
3
3
3
2
3
3
4
3
4
3
1
4
3
4
3
3
4
1
3
1
4
4
3
1

2:27:09.20
2:27:10.78
2:27:09.00
2;27:05.56
2:27:11.82
2:27:07.97
2:27:08.88
2:27:08.31
2:27:08.94
2:27:09.10
2:27:09.79
2:27:03.36
2:27:09.17
2:27:11.43
2:27:09.03
2:27:04.98
2:27:08.65
2:27:10.36
2:27:08.73
2:27:07.54
2:27:11.34
2:27:06.52
2:27:12.42
2:27:08.17
2:27:05.44
2:27:08.82
2:27:05.26
2;27:09.96
2:27:07.83
2:27:06.73
2:27:05.28
2:27:11.79
2:27:08.27
2:27:09.47
2:27:03.33
2:27:12,06
2:27:11.90
2:27:07.94
2;27:07.64
2:27:10.70
2:27:09.26
2:27:05.84
2:27:09.33
2:27:08.35
2:27:09.64
2:27:08.22
‘2:27:12.61
2:27; 10.58
2:27:05.11
2:27:08.40
2:27:04.32
2:27:10.42
2:27:10.40”
2:27:08.0:{
2:27:05,13

33:35 :14.8
33:36  :05.6
33:36  :14.4
33:34 ;42.8
33;35:05.9
33:35 :34.5
33:35 :59.1
33:35 :27.3
33:35  :32.9
33:34 :48.6
33:36  :08.9
33:35 :32.2
33:35 :21.3
33:34 :56.1
33:35 :54.9
33:35 :13.9
33:35 :23.4
33:34 :06.6
33:36 :11.9
33:36 :08.5
33:34 :27.7
33:34 :31.0
33:35 :01.6
33:35 :23.6
33:35  :22.1
33:35  :28.6
33:35  :14.3
33:35  :33.2
33:35  :36.9
33:35  :52.5
33:35  :16.9
33:35 :02.1
33:35 :30.4
33:35  :31.9
33:35  :49.2
33:35 :08.1
33:35 :07.9
33:34 :29.5
33:35 :09.2
33:34 :53.5
33:35  :17.2
33:34 :52.2
33:34 :32.6
33:35 :31.7
33:34 :11.9
33:35 :51.9
33:35 :13.3
33:34 :33.4
33:34 :51.8
33:35 :36.4
33:35  :10.4
33:34 :19.0
33:34 :24.0
33:35  :2h.8
33:34 :56.6

l ’ c r i e d

Iollg

80.0
80.0
80.0
48.5
43.2
42.1
37.3
35.1
32.7
31.3
31.1
30.4
30.2
30.1
29.8
28.5
27.5
27.3
26.7
26.7
26.5
25.5
25.3
24.0
23.7
23.5
23.3
23.3
22.5
22.3
21.9
21.5
21.1
20,6
20.2
19.3
18.9
18.9
18.7
18.3
18.2
18.0
18.0
17.8
17.3
16.7
16.7
16.7
16.4
16.0
15.7
15.7
15.7
15.L

IJog 1’

. . .
] ()()
] ,()()
] ()()

1.69
1.64
1.62
1.57
1.55
1.51
1.50
1.49
1.48
1.48
1.48
1.47
1.45
1.44
1.44
1.43
1.43
1.42
1,41
1.40
1.38
1.37
1.37
1.37
1.37
1.35
1.35
1.34
1.33
1.32
1.31
1.31
1.29
1.28
1.28
1.27
1.26
1.26
1.26
1.26
1.25
1.24
1.22
1 ,2?
1 .2?
1.21
1.20
1.20
1.20
1,20
1.1{!

v ~f,h 1 ]Ph

24.68 24.65 23.28 23.23
24.00 24.03 22.89 22.91
23.65 23.69 22.33 22.34
2!3.23 23.30 22.17 22.24
23.68 23.69 22.46 22.45
24.53 24.55 23.47 23.47
24.34 24.35 @.ti7 23.50
24.67 24.65 23.65 23.63
24.74 24.79 23.79 23.74
24.53 24.51 23.54 23.55
23.64 23.65 23.20 23.19
24.52 24.53 23.64 23.63
24.66 24.64 23.50 23.55
24.82 24.84 23.86 23.81
24.85 24.89 23.95 23.97
24.64 24.60 23.69 23.73
25.13 25.14 23.97 23.94
24.99 25.01 23.97 23.97
24.48 24.49 23.64 23.63
24.86 24.87 24.03 24.12
25.27 25.27 24.15 24.15
24.78 24.78 23.76 23.80
25.62 25.66 24,38 24.43
25.03 25.11 23.96 23.94
25.25 25.27 24.23 24.29
24.94 25.02 24.07 23.98
25.65 25.60 24.55 24.55
25.29 25.28 24.25 24.41
23.97 24.01 22,65 22.63
25.01 25.04 23.84 23.94
25.39 25.43 24.35 24.44
24.89 24.85 23.94 23.88
24.61 24.54 23.96 23.92
24.96 25.00 23.94 23.78
25.25 25.36 24.38 24.42
25.35 25.34 24.58 24.55
25.50 25.53 24.70 24.68
24.91 24.94 24.15 24.14
24.58 24.62 23.84 23,81
24.66 24.65 23.91 23.89
25.62 25.55 24.69 24.59
25.75 25.70 24.75 24.64
25.74 25.69 24.63 24.55
25.73 25.68 24.89 24.89
25.56 25.61 24.65 24.62
25.26 25.42 24.47 24.39
25.85 25.79 24.87 24.80
25.71 2.5.70 24.70 24.76
26.13 26.26 24.90 24.94
25.01 25.01 24.38 24.41
25.64 25.67 24.70 24.71
26.04 2b.97 24.92 24.91
25.49 25.50 24.64 ?4 .59
25,79 ?5.67 24.72 24,69
25.59 95.58 24.68 24.64

v - 1

1.40
1.11
1.32
1.06
1.22
1.05
0.87
1.01
0.95
0.99
0.44
0.88
1.16
0.96
0.91
0.94
1.16
1.03
0.84
0.83
1.12
1.02
1.25
1.07
1.01
0.86
1.10
1.04
1.32
1.17
1,04
0.95
0.65
1.02
0.87
0.77
0.81
0.76
0.74
0.75
0.93
1.01
1.11
0.84
0.90
0.79
0.98
1.01
1.23
0.63
().94
1.12
0.85
1.08
().91

(v  - I)rh

1.42
1.12
1.35
1,06
1.24
1,08
0.85
1.02
1.05
0.96
0.46
0.90
1.09
1,03
0,92
0.87
1.20
1.03
0.86
0.75
1.12
0.98
1,24
1.17
0.98
1.04
1,05
0.87
1.38
1.10
0.99
0.97
0.61
1.22
0.93
0.79
0.84
0.80
0.80
0.75
0.96
1.06
1.14
0.79
1.00
1.03
0.99
0.94
1.33
0.61
0.96
1.07
00]
(),97
O,g:;
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ccph
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56
57
58
59
60
61
“62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

.- —..—

Cllil) RA (2000.0) ]kC

1
3
3
2
3
3
1
4
3
4
4
1
4
3
4
4
1
1
4
4
4
4
1
4
2

—

2:27:04.72
2:27:07.62
2:27:07.05
2:27:05.$1
2:27:12.95
2:27:09.17
2:27:04.65
2:27:06.08
2:27:09.81
2:27:09.75
2:27:10.58
2:27:04.38
2:27:10.57
2:27:08.86
2:27:07.91
2:27:10.11
2:27:05.84
2:27:04.06
2:27:11.23
2:27:10.31
2:27:10.68
2:27:09.68
2:27:06.01
2;27:09.92
2:27:04.62

33:35 :02.9
33:35 :18.1
33:35 :13.8
33:35 :17.6
33:35 :45.3
33:36 :03.2
33:35 :08.3
33:33  :59.6
33:36  :04.7
33:34 :36.6
33:34 :54.8
33:34 :59.9
33:34 :43.9
33:35  :37.2
33:34 :18.6
33:34 :21.0
33:34 :57,1
33:35  :02.5
33:34 :28.2
33:34 :30.7
33:34 :15.1
33:34 :10.0
33:35  :02.6
33:34 :24.8
33:35 :51.0

I’criocl

14.9
14.8
4.7
4.6
4.4
4.4
4.3
3.6
3.5

l,og 1’

1.17
1.1’7
1.17
1.16
1.16
1.16
1.16
1.13

13.5
13.5
13.3
13.1
12.9
12.7
12.5
12.5
12.2
11.8
11.1
11.0
10.8 1.03
9.9 1.00
9.8 0,99

6.4 0.81

.13

.13

.13

.12

.12

.11

.10

.10

.10

.09
,07
.OL
.04

v

25.82
25.64
25.95
25.19
25.83
25.92
26.47
25.78
25.79
26.06
26.01
25.86
25.98
25.75
25.52
25.63
25.53
25.42
25,94
26.40
25.56
25.90
25.89
25.99
26.43

]$h

25.81
25.68
25,97
25.18
25.87
25.92
26.52
25.79
25.84
26.12
26.03
25.82
26.02
25.82
25.62
25.69
25.64
25.52
25,87
26.44
25.56
25.88
25.96
25.92
26.43

1

24.73
24.77
24.94
24.38
25.06
24.98
25.40
24.98
25.22
25.00
@K37
24.73
24.25
25.22
24.78
23.98
24.56
24.45
24,61
25.32
24.67
24.85
25.04
25.31
25.66

24.66
24.71
24.82
24.39
25.02
24.95
25.50
24.99
25.26
25.08
25.38
24.71
24.26
25.24
24.79
24.05
24.66
24.49
24.54
25.32
24.67
24.79
25.06
25.33
25.66

\/_]

1.09
0.87
1.01
0,81
0.78
0.94
1.08
0.79
0.57
1.07
0.64
1.13
1.73
0.52
0.74
1.64
0.97
0.97
1.33
1.08
0.89
1.05
0.85
0.67
0.77

(v - ~),)h
1.14
0.97
1.15
0.79
0.86
0.96
1.02
0.80
0.58
1.04
0.66
1.11
1.76
0.58
0.83
1.64
0,99
1.03
1.33
1.12
0.89
1.09
0.90
0.59
0.77

VI. ‘1’llrcc stars w 0.5 arcscco~lcls  awav. V 2 .  AnotJIcr  slim  C< 0 .3  arcsccmds  awaY.  V 3 .  AnOthcr  s tar  N 0 .5  arcscccmds
away. V4. Another star w 0.5 arcscconcls  away. V5, Witllill  spiral arm, nlay bc blcncl  with 2 or mm-c stars. V6. On cclgc
of sj)iral arln,  another  star N 0.3 arcsccollds away. V 7 .  1]) s],ital  arm, probab]c  blind with otl~cr stars.  V8. On cxlgc of
spiral arlll,  lnay have fain~ nearby neighbors. V9. ]n spiral ar]~l, 3 ot}lcr stars within  N 0.3 a.rcscccmds.  V1O. ‘1’wo olhcr
siars ~ 0.5 arc.sccolids  away. V11. lsolatcd, Very blLLc colc,r. IIIcIK1  wit])  very blue colllpallioll?  V12. Isolated. V13. In
spiral arl)l. VI 4. Near shadowed edge of clctcctor,  in middle of sj)iral  arill. VI 5. OIL edge of spiral arln,  bright  neighbor
N 0.5 arcscconds  away. VI 6. ~losc  to shadowed edge of detector. V17.  111 spiral arln,  possible Mend wit]) other stars.
VI 8. May k blclid wi!h a faint  colllparlion.  VI 9. N 0.4 arcsconds  fro)ll a Jllultiplc  star COIIWICX. V20. OJI edge of all 1111
region. V21. On edge of spiral arln} possible blcxld of 2 stars. V22. May k blc~ld with ouc or ulorc fainter stars. V23.
It) spiral arjll,  very crowded rcgioll. V24. OJ1 edge of sl)ira] arll], auot}lcr  star ~ 0.3 arcscconds  away V25. ]n spiral  arln.
V26. in spiral arln,  crowded region. V27. ~losc  to slladowcd  cclgc of detector. V28. 1111 region CIOSC by. V29. On edge of
spiral mn, allotllcr  star ~ 0.5 arcscconds  away. V30. OIL edge of s])iral arln, IIlay  IIavc a faint  co~[~pallio]).  V31. Two otl]cr
stars with ~ 0.3 arcsccouds,  solncw]lat  crowded rcgio]l. V32. III spiral arlll,  very crowded rcgio]i.  V33. III spiral arln,  very
crowded region. V34.  On edge of spiral  arm, ll)ay bc b]clId with ~aint ncighhors.  V35.  A fcw faint  ILcigtlbors more than  0.5
arcscco]lds  away. V36. I n spiral arl]l, crowded region. V37. in sl)iral m-l]],  very crowded rcp;io]l.  V38. l’ossiblc b]cnd of 2
or nlorc  stars, odd-sha])cd  liglltcorvc.  V39. Near shaclowcd edge of detector, three faint  ncig]lbors w 0.5 arcscconds away.
V40. IJI a very crowded rc~ion, V41. II] spiral arl[l. V42. ]kirit  ncig]lbor ~ 0.5 arcscconds  away .  V43. ]so]atcd.  V44.
in s])iral arln,  crowded rcgioll, allothcr  star C--J 0.2 arcs cco]lds away. V45. IPailit lkciglil)or  ~ 0.5 arcscconds away. V46. 01]
edge of sl)iral arlll,  briglltcr  ncig}lbor w 0.5 arcsccouds away. V47. ltl spiral ar]n. V48. ~ arcsccollds  frolil a 1111.llti[)lc  star
coJIIplcx. V49. 011 edge of sI)iral arln,  crowded rcgiou. V50. III spiral arlii. V51. )solatcd.  V52. IraiIlt ucig]]bor  w 0 . 5
arcsccollds  away. V53. Several Faint stars  llcarby. V54. On edge of sl,iral  arln,  allotllcr  star --J 0.3 arcscconds away. V55.
IN s])iral  arnl,  very crowded rcgioJ1. V56. Al]othcr star -0.3 arcsccolLds  away, V57. Isolated. V58. Near slladowcd  edge
of detector, allotllcr  star ~ 0.5 a.rcscco)]ds  away. V59. 111 sl)irtLl arl]l, crowded rcgioll. VGO. ~losc  tO IIlultiplc  star  coIIIplcx.
V61. 01~ edge of s[)iral arln, two s t a r s  withir] ~ 0 .3  arcscco)]ds.  V62. lsolatcd.  V63. hlay IIavc a v e r y  fzzi]lt ncighkr.
V64. lsolatcd.  V65.  011 outer fringes of s})iral arl]l. V6G. Near slladowcd edge of dckctor, in a very crowded rc.giou.
V67.  Al]otljcr star w 0.5 arcscconds  away. V68. in a very crwwdcd rcgioll. \Tcry ml color. l’robal)lc  I)lcnd with a red star.
V69.  111 sl)iral arl[),  I)riglltcr  star N 0,3 arcsccolids a{vay. V70. lsolatcd.  V71. lsolatcd.  \lery ml c o l o r .  IIlc]]d  wit]i ml
coIl~l)mlioll’! V 7 2 .  l’ossil~lc  I)lc])d wit]) al~otlicr s t a r . V73. A]~olllcr  star w 0.2 arcsccwllds  away. V74. OJI edge of s])iral
ar)[), i)) il crwwdul  rcgioll. V75. in oukr  frillgc of sl)iral arlll. V7G. llri~lltcr IIciglltwr  w 0.4 arcsccwllds  alvay. V 7 7 .  Paitlt
llcigl)lmr  - 0.5 arcscco~kds away, V78.  Isoldlcd.  \T79. lhitll siat -0.3 ar(:s(co],  (ls atvtiy. V80.  lsolakd.
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Y, ourcc
_-. —.

WFPC2 V Band zero I)oint
WI~PC2  ] Band zero point
Error in the < V > l’lloto~llctry
Itrror  in the <1> }’hotomctry
Aperture Correction Unccrlail)ty
Aperture Correction Uncertainty

tllc l)istance  to NGC 925

l}rror
.—

4 0.04
40.04
3 0.05
+ 0.04

ill V d 0.04

ill 1 Ii 0.05
,,
,1

Unccrlainity  in NCC  925 distance Illodulus  (PI, fitting)
Uncertainly in mctallicity  of I,MC CcI)llcids
Uncertainty in I,MC Distallcc  Modulus

l’otal  Unccrtainity  in q’ruc  l)istance Modulus
———- . .. ——— ——————.

40.16

‘1’AIII,N 9
Previous Distance Dctcriniuations  to NGC 925

_ _._. —._— —. —

Method ])ist  ancc Mod Ullls Rcfcrcrlcc

‘Jlllly-I~ishcr  (B bancl) 28.99 “J’ul]y (1 980)

‘1’ully-l’ishcr  (11 band) 28.683 0.26 Dottinclli  c1 cd. (1 985a)

lsophotal  Diameters 28.094 0.43 l]ottinc]li  CL rd. (1 985a)

11 I lndcx 28.484 0.23 IIottinc]li  et al. (1 985a)

Silni]ar  Galaxies ?8.60, 28.41 IIoi,tirlclli c1 al. (1985b)

‘J’ully-l~ishcr (11 band) 28.69, 28.58 Bottinclli  ct al. (1 988)

‘J’ully-Iris}lcr  (JJ,R)l, & 11 bands) 28.8 + 0.3 l’icrcc (1994)

Ccphcids 29.84 d 0.16 ‘J’his ]’apcr
.-:—.—— —

‘1’Alll,lt 10
]Ju~]is]lcd ])istaIlccs  10 N~C ] 023 ~a]axy c;rouI)  hfcl[lbCrS

_——... —— _  .

Galaxy Method l)istarlcc

NGC 891 PNI,P 29.973 0.16
‘1’1~ 30.44 0.3

NGC 949 ‘J’]P 29.64 0.3

NCC 1023 PNI,lI’ 29.97 d 0.14
Sl]l’ 29.88

NCC 1023
Group ‘J’F 29,98 g 0.24

N(;C 1003 ‘1’lJ 297 + 03

licfcrclIcc

Ciard~illo ct al. (1 991)
Pierce (1 994)

l’icrcc (1994)

Ciardullo  c1 al. (1991)
‘J’onry (1993)

Aaronson AL hfould (1 983)

l’icrcc (1 994)

Scl~]t]idt  et al. (1992)
.—

1;1’ = l}xI)arlding  l’llotos])llcrc of ‘J’ypc 11 Sul)crllovilc
l’N1,l~  = l’lal]ctary  Ncl)ulac I,u]lli]losit,y Futictio[l
!$lll~ = !jurfacc IIrigliilllcss  l“luctuatiolls
‘J’IP  I ‘J’ully  - Fisllcr  Jiclal,io]l



‘J’AIII,E  Al
Paralnctm for the NGC
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11) chip RA (2000,0) ])cx

1 2
2 2
3 2
43
5 3
6 3
7 3
8 3
94

2:27:02.21
2:27:04.07
2:27:03.52
2:27:08.64
2:27:08.56
2:27:08.88
2:27:09.21
2:27:09.73
2:27:07.43

-.
33:36  :10.6
33:36  :12.5
33:36  :24.9
33:36 :00.2
33:35 :52.4
33:35 :47.4
33:35 :42.5
33:35 :21.6
33:34 :07.2

925 l,PVS

< v > < v – I >
.-

26.01 3.30
24.51 ‘,ta2.22
26.02 ~,J’2,74
24.45 ‘ 2.48
24.09 2.29
24.57 2.71
23.72 1.89
24.50 2.65
26.23 2.57
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I’ossiblc Variables ill NGC 925
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11)  c h i p

-.. .—
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4

RA (2000.0) ~CC

2:27:05.92 33:34  :53.1
2:27:04.94  33:34 :55.9
2:27:04.57 33:35 :01.4
2:27:05.15 33:34 :56.9
2:27:06.51 33:35 :13.2
2:27:06.82 33:35 :21.5
2:27:02.64  33:35 :51.1
2:27’:06.59  33:35 :55.3
2:27:03.67  33:36 :03.4
2:27:05.67  33:36 :17.8
2:27:02.70 33:36 :30.0
2:27:07,15 33:35 :14.5
2:27:07.90 33:35 :39.0
2:27:08.49 33:36 :10.5
2:27:08.51 33:35 :59.8
2:27:08.79 33:35 :57.1
2:27:08,43 33:35 :22.4
2:27:08.41 33:35 :10.6
2:27:09.33 33:35 :59.1
2:27:08.74 33:35 :08.6
2:27:09.53 33:35 :46.2
2:27:10.18 33:36 :12,2
2:27:09.41 33:35 :27.6
2:27:10,25 33:36 :11,1
2:27:09.34  33:35 :17.4
2:27:09.73 33:35 :25.6
2:27:09.85 33:35 :06.7
2:27:10.32 33:35 :27.7
2:27:10.50 33:35 :37.7
2:27:10.09 33:35 :11.1
2:27:10.66 33:35 :26.7
2:27:11.11 33:35 :41.8
2:27:10.44  33:34 :57.6
2:27:11.65 33:35 :59.3
2:27:10.99 33:35 :13.8
2:27:12.57  33:35 :43.8
2:27:12.66 33:35 :44.4
2:27:12.90 33:35 :43.9
2:27:11.11 33:34 :49.2
2:27:08.03  33:34 :51.3
2:27:08.53  33:34 :41.7
2:27:09.36  33:34 :38.4
2:27:08.95  33:34  :35.1
2:27:11.39 33:34 :23.7
2:27:08.86  33:34  :30.0
2:27:07.25  33:34 :29.5
2:27:10.26  33:34 :16.5
2:27:10.59 33:34 :02.1
2:27:10.55  :{3:33:48.7

<\/> <j> <\f .1>

25.644 24.682
26.190 25.171
26.554 25.523
25.905 24.820
24.053 21.414
27.207 25.485
24.744 23.409
27.127 25.322
26.150 25.141
27.064 25.577
26.975 25.878
26.042 25.063 0.979
24.400 23.025 1.375
26.117 24.7’83 I .334
25.186 24.7’29 0.457
25,066 22.196 2.870
25.914 25,149 0.765
24.219 23.245 0.974
24.151 23.131 1.021
25.660 24.762 0.898
24.496 22.264 2.232
23.936 21.675 2.261
25.311 24.307 1,004
25.450 22.820 2.630
24.513 24.383 0.130
25.520 24,38’2 1.138
25.473 24.573 0.900
24.488 23.342 1.]46
26.256 25.453 0.803
26.023 25.421 0.602
26.057 25.247 0.810
26.436 25.384 1.052
25.663 24.370 1.293
25.628 24.464 1.164
24.970 24.273 0.697
25.026 24.574 0.452
26.065 25.101 0.963
25.524 24.844 0.680
25.661 25.243 0.418
24.926 23.861 1.066
26.300 25.514 0.787
25.484 . . . . . .
26.471 25.584 0.887
25.696 24.957 0.739
27.053 . . . . . .
25.860 25.119 0.74 I
25.175 24.257 0.918
26.213 25.789 0.424
25.012 25.393 -0.:{82

0.962
1.019
1.032
I .085
2.639

.722

.33b

.805

.009

.487

.079

)’ossib]c Pound  in

Period

15.3
10.7
5.5
14.7

. . .
29.0
60.0

. . .
42.4

. . .
,..

6.2
10.7
11.1

. . .

. . .
15.0
41.7
60.0
14.1

. . .

. . .
15.9

. . .
24.4

. . .
12.2
54.8
60.0
7.6
6.0
. . .

32,2
. . .
.,.
. . .

11.0
14.4
5.74
32.6
5. 0
14.5
7.1
10.4
5.4
10.3
14.4
[).4
18.3

AI, I,?

Yes
Ycs
Ycs
Ycs

Ycs

Yc.s

Ycs

Ycs
YG5
Ycs
Ycs

Ycs

Ycs

Ycs

Ycs

Ycs
Ycs

Ycs

Y(X
Y(W

Y(W
yes
‘1’Cs

I )0?

!,’

Ycs
ycs
Ycs
Ycs
Ycs
Ycs
Ycs
Ycs
Ycs

ycs

Y(X

ycs

Ycs

Ycs

Ycs
Y(X
Ycs
Ycs
Ycs
Ycs
J’cs

Ycs
Yc!s

Ycs

yc!s

Ycs

Y(W

YCS

Commrlts
-.

l’ossiblc Ccpllcid
l’ossiblc CcI)lLcid
Possible Cc])hcid
l’ossiblc CcJ)heid
l)ossiblc I,PV
Possible Ccp}lcid
l)ossil)lc  Ccplleid
I’ossiblc  IjI’V
PossiLlc Ccphcid
l’ossiblc 1,1’V
l’ossible CcJ)hcid  or blue IJPV
Possible Ccphcid
l’ossiblc Ccphcid
Possible Ccp}lcid
l’ossiblc variable,  Llllkllowl~  type
}’ossiblc Ijl’V
}’ossiblc Ccpllci(l
}’ossib]c  Ccpllcid
Possible Ccphcid
]’ossiblc  Ccpl)cid
l’ossiblc I,PV
]’ossiblc  I)PV
}’ossib]c  CcJ)}lcid
l)ossiblc I,PV
l’ossiblc Cfqdlcid butvcrybluc
Possil)lc  Ccl)hcid  or I,PV
Possible Cq)llcid
Possible CcI)llcid
Possible Ccpllcid
l’ossiblc Ccphcid
}’ossit)lc  CcI)l)cid
Possib]c I,I’\T
l’ossiblc Ccpllcid/Close tc) chip cclgc
l’ossiblc Variable,  llllkllo14’11 type
l’ossiblc variahlc,  unknown type
Possible variable, ullknowu tyI)c
l’ossib]c  Cq)llcid
l’ossiblc Cephcid
l’ossiblc Ccj)hcid
l’ossiblc Ccj)llcid
or 1’: 16.4. J’ossiblc (lq)llcid
l’ossil)lc  Ccj)l)ciCl. Nol)oPIIO’ll  1 data
l’ossil)lc  (ll)llcid
l)ossil)lc  Cci)llcid
l’ossil)lc  CcI)l)cid. Nol)ol’110’l’  1 data
l’ossil)lc (k:[)llcid
l’ossil)lc  Cc])llcid
l’ossit)lc  Ccl)tlcid
or 1’: 7.ld. very I)luc. ccli])si]lg t)itlary



‘1’AIII,lI  A3

—.

id

1
2
3
4
ij

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

RA

2:27:06.27
2:27:06.04
2:27:05.81
2:27:06.03
2:27:05.62
2:27:05.92
2:27:05.69
2:27:05.92
2:27:05.76
2:27:05.47
2:27:05.79
2:27:05.53
2:27:05.61
2:27:05.31
2:27:05.32
2:27:05.16
2:27:04.93
2:27:05.06
2:27:05.06
2:27’ :05.22
2:27:05.13
2:27:04.96
2:27:04.98
2:27:04.81
2:27:04.82
2:27:05.04
2:27:04.78
2:27:04.69
2:27:04.30
2:27:04.51
2:27:04.48
2:27:04.43
2:27:04.42
2:27:04.23
2:27:04.21
2:27:04.17
2:27:04.10
2:27:04.22

Scconclary Standard Photometry for (hip 1
- . .

1)1’;(3 <v> u <1> u

33:35 :00.2 2 3 . 2 0 9  0 . 0 7 8- 22:662 0 . 0 6 0
33:34  :50.2 24.700 0.079 22.663 0.038
33:34  :43,9 2 3 . 5 1 3  0 . 0 3 0  2 3 . 2 5 7  0 . 0 3 4
33:35 :00.8 2 3 . 3 7 6  0 . 0 3 8  2 2 . 8 9 7  0 . 0 4 9
33:34  :40.4 2 4 . 3 3 2  0 . 0 7 6  2 1 . 6 3 6  0 . 0 7 1
33:34 :56.7 23.768 0.063 23.484 0.059
33:34 :47.1 2 2 . 6 4 3  0 . 0 3 3  2 2 . 4 0 3  0 . 0 3 8
33:35  :04.4 23.676 0.043 23.535 0.043
33:34 :55.9 2 2 . 7 2 3  0 . 0 3 4  2 2 . 3 9 3  0 . 0 5 4
33:34 :40.8 2 4 . 8 7 1 0.069 22.271 0.028
33:34 :58.8 2 2 . 9 0 3  0 . 0 3 8  2 2 . 7 2 9  0 . 0 3 1
33:34 :57.1 23.937 0.042 24.001 0.059
33:35 :04.9 2 4 . 7 4 9  0 . 0 4 9  2 2 . 6 4 3  0 . 0 4 2
33:34 :56.6 24.071 0.046 2 3 . 4 7 1  0 . 0 4 7
33:35 :01.6 23.495 0.070 23.067 0.070
33:34 :55.9 2 2 . 8 2 6  0 . 0 3 4  2 2 . 4 8 5  0 . 0 4 0
33:34  :44.6 2 2 . 3 1 5  0 . 0 4 0  2 2 . 2 1 7  0 . 0 2 9
33:34  :53.9 2 3 . 9 1 7  0.069 2 3 . 6 4 8  0 . 0 5 2
33:34  :54.2 2 3 . 9 8 3  0 . 0 5 9  2 3 . 9 4 4  0 . 0 7 5
33:35 :07.2 2 4 . 0 3 2  0 . 0 5 2 23.776 0.057
33:35  :02.8 23.604 0.039 23.383 0.042
33:34  :56.8 2 2 . 3 2 7  0 . 0 4 4  2 1 . 5 8 4  0 . 0 5 2
33:35  :00.9 23.740 0.043 23.128 0.051
33:34 :51.9  22.348 0.026 2 2 . 4 9 5 0.038
33:34 :53.0 2 3 . 4 5 2  0 . 0 5 5  2 3 . 3 3 5 0.037
33:35  :08.1 24.662 0.073 22.687 0.032
33:34 :56.8 23.858 0.038 2J{.641 0.046
33:35 :01.8  23.726 0 .044 23.56Il 0 . 0 3 7
33:34 :52.7 24.016 0.052 23.937 0.075
33:35 :04.8 2 3 . 9 9 4 0 . 0 5 4  23.776 0 . 0 6 5
33:35 :05.3 23.914 0.069 23.643 0.049
33:35 :02.4 23.939 0.050 23.591 0.027
33:35 :03.3 2 3 . 7 9 2  0 . 0 5 2  2 3 . 7 2 5 0.043
33:34 :54.2 2 2 . 6 5 3  0 . 0 3 8  2 2 . 3 3 4  0 . 0 2 8
33:34 :56.8 2 3 . 3 8 4 0.054 23,227 0.059
33:34 :55.9 2 2 . 6 2 8  0 . 0 3 7  22.569 0.048
33:34 :52.1 23.458 0.054 23.279 0.070
33:35 :04.8 2 4 . 4 2 0  0 . 0 5 4 2 ? . 1 7 0  0.059

-iv-l>

0.547
2.03,7
o.2,@’
0.4?9
2.696
0.284
0.241
0.140
0.329
2.601
0.174
-0.064
2.106
0.599
0.428
0.341
0.098
0,269
0.039
0.256
0.221
0.743
0.612
-0.148
0.117
1.975
0.216
0.162
0.079
0,218
0.271
0.348
0.068
0.319
0.157
0.059
0.179
2,249
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

—..——

‘1’Al~l,l’; A4
Secondary Standard l’llotolnctrj

. -— . . .

RA I)EC <v> o

2:27:05.02
2:27:03.96
2:27:05.71
2:27:06.53
2:27:05.01
2:27:05.68
2:27:04.21
2:27:05.68
2:27:03.95
2:27:04.92
2:27:05.97
2:27:05.96
2:27:06.71
2:27:04.78
2:27:06.78
2:27:03.49
2:27:03.47
2:27:02.75
2:27:07.17
2:27:03.10
2:27’ :04.23
2:27:02.52
2:27:06.16
2:27:03,47
2:27:02.72
2:27:03.03
2:27:02.26
2:27:02.63
2:27:02.00
2:27:02.71
2:27:02.07
2:27:02.67
2:27:04.31
2:27:06.41
2:27:03.88
2:27:03.40
2:27:04.23

33:35 :13.6
33:35 :17.2
33:35 :14.9
33:35 :15.6
33:35 :20.7
33:35 :19.4
33:35 :25.4
33:35  :22.2
33:35 :28.1
33:35 :29.2
33:35 :29.1
33:35 :29.8
33:35 :33.2
33:35 :40.0
33:35 :35.7
33:35 :44.6
33:35 :46.2
33:35 :49.3
33:35 :38.3
33:35 :49.3
33:35 :47.4
33:35 :53.3
33:35 :44.2
33:35 :53.2
33:35 :55.4
33:35 :54.8
33:35 :59.7
33:36 :01.1
33:36 :03.4
33:36 :05.3
33:36 :09.8
33:36 :08.7
33:36 :05.0
33:36 :05.0
33:36 :12.8
33:36 :25.7
33:36 :26.0

23.239
23.178
23.150
23.252
22.878
23.968
22.699
23.324
23.233
22,534
22.383
22.699
24.088
23.694
23.207
23.749
23.298
23.876
23.074
24.201
23.297
22.640
21.222
24.609
23.717
22.540
23.235
23.934
22.394
23.832
22.738
21.257
23.478
23.608
23.035
23.966
22.375

0.052
0.031
0.035
0.046
0.032
0.043
0.036
0.043
0.054
0.051
0.045
0.038
0,062
0.041
0.046
0.072
0.036
0.049
0.050
0.059
0.055
0.031
0.046
0.067
0.088
0.036
0.038
0.058
0,051
0.047
0.042
0.032
0.046
0.049
0,049
0.059
0.026

J for C]lip 2

< I > u
.

23.222 0.062
22.924 0.046
22.886 0.047
23.153 0.076
20.832 0.029
22,069  0 . 0 4 0
22.596 0 . 0 6 4
23.275 0.042
22.141 0.036
22.337 0.024
22.289 0.040
21.133 0.029
21.908 0.047
21.547 0.031
23.109 0.051
21.523 0.065
23.153 0.052
21.910 0.027
22.660 0.037
22.047 0.048
23.155 0.028
22.393 0.025
20.822 0.027
21.971 0.051
21.556 0.049
22.099 0.023
22.654 0.031
21.823 0.039
22.108 0.034
23.279 0.059
22,338 0.038
19.064 0.024
21.130 0.016
21.518 0 . 0 2 5
22.592 0.032
22.218 0.089
19,809 0.03(i

<V-J>

0.017
0.25A
o.2@
0.098
2.046
1.898
0.102
0.049
1.092
0.197
0.094
1.566
2.180
2.147
0.098
2.226
0.146
1.966
0.414
2.154
0.143
0.247
0.400
2.638
2,161
0.440
0.581
2.112
0.286
0.553
0.400
2.193
2.348
2.089
0.444
1.748
2.566
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1
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7
8
9
10
11
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14
15
16
17
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19
20
21
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29
30
31
32
33
34

‘1’AllI,It  A5
Secondary Standard PtlotoIr~ctry for Ctlip 3

RA DING <v> u <1> u
.—— —. -.. .

2:27:08.15 33:36 :01.5 23.262 0.049 21.028 0.021
2:27:07.82 33:35 :37.8 2 3 . 2 0 0  0 . 0 3 1 23.013 0.044
2:27:08.09 33:35 :49.2 22.461 0.031 22.103 0.038
2:27:07.92 33:35 :38.0 2 2 . 6 0 1 0 . 0 2 0  22.405 0 . 0 3 3
2:27:08.26 33:35 :51.9 23.805 0.074 21.654 0,049
2:27:08.37  33:35 :50.5 2 2 . 7 0 4 0.030 22.574 0.042
2:27:08.78 33:36 :12.0 21.394 0.024 20.782 0.023
2:27:08,40 33:35 :48.9 2 3 . 1 2 3  0 . 0 4 6  2 2 . 7 7 3  0 . 0 3 5
2:27:08.47 33:35 :50.9 22.886 0.036 22.841 0.070
2:27:08.79 33:36 :03.9 2 3 . 4 5 9  0 . 0 4 3 22.884 0.060
2:27:08.78 33:36 :01.9 22.037 0.037 21.509 0.069
2:27:08.36 33:35 :37.6 2 2 . 7 0 9  0 . 0 3 9  2 2 . 4 8 3  0.045
2:27:08.73 33:35 :53.7 2 2 . 8 8 5  0 . 0 3 5  2 2 . 0 1 7  0 . 0 4 4
2:27:08.82 33:35 :55.5 2 2 . 3 0 1 0.028 22.023 0.047
2:27:08.54 33:35  :37.8 23.094 0.026 22.837 0.063
2:27:09.45 33:36 :14.3 2 2 . 7 1 3 0.022 2?.307 0.044
2:27:09.41 33:36 :10.0 2 3 . 2 9 2  0 . 0 3 5  2 2 . 8 8 8  0 . 0 5 3
2:27:08.46 33:35 :14.4 22.050 0.031 21.066 0.066
2:27:08.58 33:35 :19.5 2 2 . 0 5 3  0 . 0 5 8  2 1 . 2 2 6  0 . 0 4 4
2:27:09.69 33:36 :09.7 23.767 0.060 21.332 0.026
2:27:08.75 33:35 :06.3 2 2 . 0 2 8 0.038 21.527 0.031
2:27:08.88  33:35 :08.3 2 2 . 2 5 9 0.030 21.904 0.014
2:27:09.29 33:35 :18.0 22.765 0 . 0 4 2  2?.224 0 . 0 3 2
2:27:09.48 33:35 :27.8 22.790 0.037 22.526 0.038
2:27:09.31 33:35 :13.7 2 1 . 9 2 5  0 . 0 2 7  2 1 . ’ 2 5 9  0 . 0 5 6
2:27:09.74  33:35 :35.0 2 2 . 4 5 8  0 . 0 4 5  2 2 . 0 1 8  0.036
2:27:09.90 33:35 :40.9 2 2 . 2 6 8 0.048 22.132 0.040
2:27:09.97 33:35 :37.1 21.742 0.055 ]9, ]75 0.016
2:27:10,35 33:35 :53.3 2 0 . 8 2 1 0 . 0 5 5  19.906 0 . 0 1 2
2:27:10.30 33:35 :12.2 23.278 0.039 22.132 0.020
2:27:11.89 33:35 :47.2 22.237 0.046 21.899 0.049
2:27:12.01 33:35 :51.9 22.406 0.035 22.087 0.045
2:27:11.87 33:35 :33.3 21.254 0.044 20.321 0.044
2:27:11.64 33:35 :11.6 22.941 0.031 22.493 0.047

1

— - — . . _ — - . — .

< ’ v - - l >

2.234
0,187,
o.3~9 ‘
0.19’7
2.151
0.131
0.612
0.350
0.045
0.575
0.528
0.225
0.868
0.278
0.256
0.406
0.404
0.985
0.827
2.435
0.501
0.356
0.541
0.264
0.666
0.440
0.137
2.567
0.915
1.146
0.337
0.319
0,933
0.448
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id

1
2
3
4
5
G
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Secondary St

RA DI’K3

2:27:09.87  33:34  :57.3
2:27:07.58 33:35 :00.4
2:27:08.42 33;34:56.4
2:27; 09.25 33:34 :53.9
2:27:10.27 33:34  :47.6
2:27:07.22 33:34  :55.8
2:27:08.20 33:34  :52.2
2:27:08.87  33:34  :49.4
2:27:09.10 33:34  :47.9
2:27; 08.78 33:34 :46.9
2:27:10.48 33:34  :39.5
2:27:10.51 33:34  :38.7
2;27:10.19 33:34 :36.6
2:27:12.07 33:34  :27.5
2:27; 07.38 33:34  :40.4
2:27; 06.65 33:34 :41.7
2:27:06.42 33:34 :41.3
2:27:07.84  33:34  :36.4
2:27:10.15 33:34 :29.3
2:27:09.84  33:34  :30.0
2:27:06.35 33:34  :38.3
2:27:10.04  33:34 :25.4
2:27:06.61 33;34:32.6
2:27:06.97 33:34  :30.7
2:27:10.52 33:34  :18.8
2;27;06.20 33:34  :28.9
2:27:08.96 33:34 :20.8
2:27:08.15 33:34  :20.9
2:27:06.53 33:34 :16.4
2:27:07.50 33:34  :11.6
2:27:06.94  33:34  :10.9
2:27:08.20 33:34 :05.1
2:27:07.21 33:34 :07.9
2:27:07.37  33:34  :07.0
2:27:06.84 33:34 :06.5
2:27; 07.27 33:34  :04.2
2:27:06.15 33:34 ;04.6
2:27:06.16  33:34  :03.8
2:27:06.59 33:34 :02.1
2:27:07.35  33:33 :59.6
2:27:06.14  33:34 :01.7
2:27:06.22 33:33 :57.4
2;27:09.79 33:33 :46.9
2:27:07.28 33:33  :53.6
2:27:09.76 33:33 :45.3
2:27:06.44 33:33 :54.0

q’AllI,IO  A6
,andard  J’liotolllchy  for C])ip 4

<v> u <1> u

24.071 0.042 22.164 0.027
23.187 0.049 22.851 0.044
24.051 0.059 21.785 0.050
23.251 0.040 22.521 0.060
23.187 0.042 23.138 0.040
23,751 0.088 21.287 0.045
23.767 0.078 21.204 0.025
22.787 0.034 21.918 0.021
23.355 0.045 23.066 0.066
23.996 0.036 21.647 0.034
23.682 0.050 23,380  0 . 0 6 0
23.351 0 . 0 4 6  22.913 0 . 0 5 3
22.896 0.035 21.055 0.017
23.771 0.073 21.480 0.041
24.227 0.066 22.153 0.025
23.469 0.044 22.619 0.067
22.768 0.046 22.100 0.070
23.551 0.047 2’3.241 0.066
22.092 0.030 21.804 0.039
2 3 . 6 4 6  0 . 0 3 9  23.531 0.052
23.056 0.049 ?2.188 0.063
2 2 . 0 9 0  0 . 0 7 0  ? 1 . 4 0 6  0 . 0 4 9
23.856 0.052 21.761 0.026
2 3 . 5 2 0  0 . 0 3 6  23.615 0 . 0 6 1
23.625 0 . 0 6 3  23.575 0.067
2 3 . 6 3 5  0 . 0 4 9  73.517 0.041
2 2 . 8 3 7  0 . 0 4 6  72.551 0.030
22.966 0.037 22.550 0.030
22.911 0.038 72.887 0.086
23.667 0.049 73.458 0.052
21.584 0.033 ?1 .038 0.021
23.371 0.052 22.487 0.035
21.485 0.028 20.873 0.020
23.518 0 . 0 4 0  22.726 0 . 0 3 6
24.994 0.089 ?1 .589 0.030
23.584 0.039 ?2.254 0.033
2 2 . 6 6 7  0 . 0 3 4  ?2.330 0 . 0 3 2
23.542 0.046 21.560 0.031
23.158 0.031 22.:{68 0.028
22.147 0.022 21.470 ().019
23.436 0.050 22.174 0.043
23.051 0.069 22.683 0.031
23.362 0.031 7.3.145 0.064
23.421 0.057 23.045 0.046
23.431 0.074 91.557 ().055
2 3 . 0 8 0  0 . 0 3 6  ?2.908 0.057

<V--I>

1.908
0.336
2.2@3
0 .7ut)
0.049
2.464
2.563
0.869
0.289
2.349
0.301
o.43h
1.841
2.291
2.075
0.850
0.668
0.310
0.288
0.115
0.868
0.684
2.095
-0.095
0.050
0.117
0.287
0.416
0.024
0.209
0.546
0.885
0.612
0.792
3.405
1.330
0.336
1.981
0.790
0.677
1.262
0.368
0.217
0.376
1.874
0.172
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