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ABSTRACT

Wec report the detection of Cepheid variable starsinthe barred spiral galaxy
NGC 925, using the 11 ubble Spat.c Telescope (11571) Wide ]pl,‘li"cld and Planctary
Camera 2 (WFPC2). Twelve V (I'555W), four 1 (1°814W) and three I3 (1°439W)
epochs of cosmicray split observalions were obtained. Iiighty Cepheids were
discovered, with periods from 6 to ~ 80 days. Light curves of the Cepheids arc
presented, and their corresponding period- luminosily diagrams are discussed.
Using a distance modulus of 18.50 mag and an Js(I3-V)==0.10 for {he Large
Magellanic Cloud Cepheids, the mcasured distance modulus to NGC 925 is 29.84
4 0.16 mag corresponding to a distance of 9.293 0.69 Mpc. A mean reddening

I5( V- 1) = 017 is found for the Cepheidsin this region of NGC 925.



1. Introduction

The main goal of the IIST Key Project on the Fxtragalactic Distance Scale is to
measure accurate distances to 18 ncarby galaxies using Cepheid \7;.1'i4a,blcs.'l‘his will provide
the foundation for calibration of several sccondary distance indicators such as the planetary
nebula luminosity function, the Tully- Fisher relation, surface brightness fluctuations, arid
methods using supernovae (Kennicutt, I'recdman, & Mould 1995). NGC 925 s tile fourth
galaxy to besearched for Cepheids as part of the 1157 Key Project. Previous galaxies were
M81(¥reedmanel el. 1994 b), M101 (Kelson cf al. 1996, Stetson ef al. 1996) and M 100
(Freedman ef al. 1994a, Yerrarese ef al. 1996, hill et ol. 1996).

NGC 925 is classified asanSBcll-111galaxy by Sandage & Tammann (1981) and as an
SABd galaxy by de Vaucouleurs el al. (1976). At Qioso=- 2724'", b1950=33"21" (I = 144.9°,
b-- =25.20), it isa member of the NGC 1023 galaxy group (e.g., Tully 1980, de Vaucouleurs
1975). The NGC 1023 group is a bound association of about 30 galaxies withan estimated
radius of about 0.8 Mpc. Distances toindividual galaxies withinthe group have been
measurcd using a variety of techniquesincluding spectral redshifis,isophotal diameters,
planctary nebula luminosity funclions, expanding photospheres of type 1l supernovae,
surface brightness fluctuations, and the Tul - Fisher relat jon (see Section 7). The favorable
inclination angle of NGC 925 (57°) has made il a popular target for Tully-I'isher application

(see, for example, ~'able 9).

The ST observations and data reduction are described in Sections 2-4, The properties
of the Cepheid sample are discussed inSection b, In Section 6 we present the derived
distance to NGC 925, and compare the result s to previous distances determined to NGC 925

and the NG 1023 group inSection 7.
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2, Observations

A description of the Hubble Space Telescope Wide Field and Planetary Camera 2
(WIPC2) is given in the IIST WI'PC2 Instrument Nandbook (Burrows ef al. 1994). The
instrument consists of four 800x800 pixel CCDs. Three of the CCDs make up the Wide
Field Camera, cach with 0”10 pixels anda1.3x 1.3 arciinule field of view; the fourth chip
composes the Planetary Camera with 0”046 pixels and a 36 x 36 arcsecond field of view.
Fach CCD hasa readout noise of aboul 7 ¢, and can operate al either of {wo gain settings,

7 or 14 ¢ [ADU; the observalions presented hiere were made with a gain setling of 7.

The observing window for NGC 925 was from August to October 1994. The dates of
observalion were selected using a power-law limne series {o iinimize period aliasing and
maximize uniformity of phase coverage for the expected range of Cepheid periods 10 -
60 days (Ireedman ef al. 1994b). Twelve epochs in V (1555W) and four in 1 (IF814W)
wercobtained. Three observations in 13 (1M439W) were also obtained, but due to the low
signal /noise ratio of these data they were not usedinthe analysis presented here. One
V and I epoch (5 September 1994) was lost duc to guide star acquisition problems, and
this observation was retakenon 17 October 1994. Observationsfor two other epochs
were made with the telescope in coarse tracking mode, indicalive of prob lems with the
chosen guide star. New guide stars were used for epochs taken after 5 September, and no
further problems with tracking were reported. I'wo epochs (] 7 August, and17 October)
were acquired al slightly different roll angles (difference of 0.5 degrees)comparedto the
other epochs. 15ach observation consisted of two cosmic-ray split exposures, with typical
integration times of 1300 scconds and 900 scconds. All observations were made with the
canmiera at an operating temperature of - 88° C. table 1 lists the date, filter, and exposure
{ime of cach observation. The position of (lie 11,5/ fieldon NG C 925 is indicaled in Figure

I.The results presentedin 1bis paper are hased entirely on the photometry in V. and 1.



3. Photometric Reductions

All observations were preprocessed through the Space 'J‘elcs%ppc Science institute
(ST1'Scl) Pipeline as described by Holtzman et al.(]995b).'l‘]ld,i.iilages were calibrated
with the most up-to-date version of the routinereference files provided by the Institute at
the time the images were taken. The vignetted edges of the CCD chips were masked out
using masks created by Pl 35.Bad columns and pixels were also masked out using the data

quality files produced by the pipeline.

The NGC 925 images were then multiplicd by a pixel arca map created by PBS. The
cameras in WI'PPC2 produce significant geometric distortion in the images they generate.
Because the flat fields employed in the standard calibration procedure are normalized to
preserve surface brightness, the variation in the arcas of different pixels as projected onto
the sky meanstihal integrated fluxes are not conserved in pipeline-calibrated images. This
is reclified by multiplying the recorded intensity in each pixel by that pixel’s normalized
relative area. Our pixel-area map differs slightly fromthal of Ilollzman et al.,in that
they renormalize each datum to the area of the largest pixel ineach image, whereas we
renormalize Lo the area of tile median pixel in cach image (which is approximately 1.6%
smaller than the largest pixel), thereby preserving the average value of the readout moise
and gainin the recalibrated data.lnafinal step, theimages were mulliplied by four and
converted to short integers to reduce the disk space required and to alow the possibility
of dala compression (in floating-point data al bits appear significant); this leads to an
cffective readout noise of 4.0 ADUanda gainof 1.75 ¢-/ ADUin the new units, so the noise

in the image is still well sampled.

As a double-blind check on our reduction procedures, two of us separately reduced
the N GC 925 data, each using a different profile fitting photometry package. N AS used
D AOPHTOT 1T/ALLIRAMIS (Stetson 1994) and P used a variation of DoPITOT (Schechter



el al. 1993, Saha ef al. 1994). For a detailed description of each photornetry package, the

rcader is referred to those respective publications.
3.1. DAOPIOTII/ALLFRAME Reduttions

The extraction of stellar photometry from C CDimages using the A I LFRAMY package
{irst requires an accurate list of slars inthe images. 11ST images contain a significant
number of cosmic ray hits giving risc to large numbers of spurious “stars” found using
automated star--finding programs. Inorder to conustruct a star list for each I1ST chip that
contained few, if any, cosmic ray hits, all the images for cach WEPC2 chip were median
averaged to produce clean cosmic ray free images; this was done with software (written
by P13S) which corrects for translations, rotations, differential distortion, and diflerent
exposure i{imes among theinput images before median-averaging to generate the output
image. D AOPITOT and AL L STAR (Stetson 1987) were iteratively used to locate all the
stars in cach “clean’’image. Usually 2 or 3 iterations were enoughtio locate all the stars,
witha few remaining stubborn ones having to be added by hand. One more run through
Al, I, STAR then finalized the star lists. These lists were then used by ALLIFRAMIS to
obtain profile-fitting photonmietry of the stars inthe original IIST images. The point spread
functions were derived from public domain ST WIPC2 observations of the globular
clusters PPal 4, and NGC 2419 (Hill el «l. 1996). A family of aperture corrections was
generaled by applying the program HDAOGROW (Stetson 1990) to the NGC 92.5 data in
combination with WI'PC2 observations of N GC 2419, Pal 3, Pal 4, M101, and NGC 4725;
the appropriate member of this family was then determined for cach IIST observation
of NGC 925. The individual aperature corrections were then averaged to obtain amean

aperture correction for cach chip and filter cornbination

The conversion of ALLEFRAMIE instrumental magnitudes to final, standard system



magnitudes is the same as used for M100 (Ilillef al. 1996, Verrarese el al.1996). We present
only a brief outline of the full procedure here. In essence, the instrumental magnitudes were
converted 1o the system of Holtzinan ef al. (1995a) and then his egyuations were used to go
to the standard system. The finalform of the conversion cquatibilé for the A LLI'RAME

instrumental photometry is:

M =1+ 25logi4 C14C2%(V —1)4 C3%(V 1) (1)

where M is the standard magnitude, m is the instrunental magnitude, is the exposure
time,and Cl - C3 are constants. The cocflicients C2 and C3 were taken directly from
Holtzman el al. (1995a, their A2 and A3) andarec the same for all four chips. The Clterm
includes the long exposure WI'PC2 inagnitude zero point, the ALL FRAMIS magnitude
zero point, a correction for our multiplying the image data by four before converting them
o integers, a gain ratio term (since our data were taken with a gain setting of 7 whercas
Ioltzmanet a. calibrate 11ST data using a gain setting of 14), a correction for the pixel
area map normalized differently {rom Holtzmanef a. (1995a), and an aperture correction to
go from our PSI magnitudes to 0”5 apertures, which is the aperture adopted by Holtzman
el al.. Tsach one of these correclions is discussed in detail inIlillet al. (1996). Table 2
lists each contribution {othe Clterm. Table 3 lists the aperiure correclions (AC) and zero
point (7P), which contains the gain ratio term, used for each chip and the resulting Cl

term; also listed are the C2 and C3 terms for cach chip.
3.2. 1)01' 110’1’ Reductions

The DoP1 OT reductions followed the procedure described by Saha ¢f al. (1 996) and

ils application to the 1IST Key Project data by Ferrarese ¢f al. (1996) and hill el al.
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(1996). A fewsmallimprovements o the procedure were made, including more accurate
coordinate transformations between epochs and an improved procedure for determining

aperture corrections. Details of these improvements are giV(-,ninAlppcndix Al

¢

Calibration of DoPIl 0'1 magnitudes follows the procedure i?i Hilletal. (1996). The
DoPHOT fit magnitudes were corrected to an aperture of radius § pixels and exposure time
of 1 sccond, and a zcropoint calibration was applied to bring them to the 0”5 systemn of
Hollzman el al. (1995a). Thesc zeropoint corrections are as given in Hollzman et al., but
witha mall correction applied to account for differencesinstarand sky apertures (Stetson

et al. 1996). The prescription of Iollzinan el al. (1995a) was then used to convert to V
and 1.

3.3. Comparison of DAOPHOT and DoPIIOT Photometric Systems

The independent data reductions using AL LFRAMYE and DoP11OT' provide a robust
external test for the accuracy of the PSI-fitting pholometry of these crowded fields. A
detailed discussion and comparison of these programs will be presented ina future paper

(Stetson el al. 1996). lere we summarize the results of our comparisons for NGC 925.

Wc first compared the photometry for several relatively isolated stars on each of the
chips. The comparisons are shown inligure 2, which plots the diflerence in magnitudes
between the two data sets as a function of ALLIFRAMI magnitude, for cach chip and
for Vand I separately. The scatter which is evident in each comparison is partly due to
photometric errors at faint magnitudes, but there is an additional scatter for hright stars
thal reflects differences in the subtleties of the PSI® fitting, background determination, and
splitting of stars in these crowded andundersampled fields. 1 naddition there are offsets
of up 10 0.10 mag in the mean magnitudes. “1'able 4lists the average diflerences between

the two dala sets, subdivided by chip and filter. A detailed comparison of the photometry



11 -

for NGC 925 and other galaxies indicates thal most of these differences reflect uncertainties
inthe aperture corrections determined for individual chips combined with systematic
differences in the way in which the two prograins isolate stars from the crowded background

)
(Stetson el al. 1996). h

We performed the same comparison for the 80 Cephicids in our final sample (next
section), and comparisons of those data are shown inlFigure 3. The mean offsets are
slightly different than for the other comparison sample, but given the scatter the diflerences
arcnol statistically significant. In both comparisons the largest differences inmagnitude
scales are for the PC chip, but fortunately tlis chip contains only a few Cepheids. Most
of the variables arc located on chips 3 and 4, where the agreement in photometry is quile
good, so it is not surprising that when the ALLFRAME and DoPHOT' data sets are
reduced independently they yield nearly identical distance moduli to NGC 925 (Section 6).
Nevertheless we are continuing to explore the nature of the differences, and we shall present

a more complete discussion] inStetsonel al. (1 996).

4. Identification of Variable Stars

Isach of the two data, sets described above was also analyzedindependently for
variable stars. T'wo methods were used to search for variable stars using tile A LI.J'RAMIY
photometry. The first method was a search for stars with unusually high dispersion in their
mean V magnitu des, The second method employed a variation on the correlated variability
test suggested by Welch & Stetson (1 993). Periods for the candidate variables were found
using a phasc-dispersion minimization routine as described by Stellingwerl (1 978). The
resulting light curves were chiecked by eyeto verify the best period for each candidate. The
scare.11 for variablesinthe 1)01'11 () 'L reductions followed closely the procedure described

in Saha & Tocessel (1990) and in Ferrarese e al. (1 996). Candidates that were classed as
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having a > 99% confidence of being variables (based onareduced clli-squared  est) Were
then checked for periodic.ity using a variant of the method of Lafler & Kinman (1965).
The number of spurious variables was minimized by requiring that the reduced chi-squared
statistic be greater than 2.0 when the minimum and snaximum \/cl],u(‘s were removed {rom
the calculation. Th e light curves of cach variable candidate were then inspected individually
and any allernate minima in the phase dispersion relation were checked to sec which
produced the best Cepheid light curve. Generally the minimum in the phase dispersion plot
produced the best light curve. The image of cach Cepheid candidate was also inspected al
a number of epochs. Those falling in severely crowded regions or in area.s dominated by

CCD defects were also excluded.

The two lists of candidate variables, one fromthe AL LI'RAMY phiotometry and one
from the DoPI1 OT photometry, were then combined; those candidates that appcared to
bercal variables inboth the AL LI'RAMI and DoPH O datasels being retained. As an
independent check on the completencss of our variable star search, P13S applied a test
version of anautomatedlight curve fitting program to our data (Stetson 1996), This
program independently recovered al of our high-quality variables, and drew attention to
10 additional candidates. T'he finalsamiple comprises 80 Cepheid variables in NGC 925.
In defining this sample, we have adopted a conservative approach, rejecting questionable
candidates to ensure a high quality Cepheid samplethat isas free as possible from sclection
biases or possible systematic errors in the periods 01 mean inagnitudes, at the expense of

some completeness.

I'inder charts for the 80 selected Cepheids are shown in Figures 4 and 5. Figure 4
shows the four 11ST' chips with the Cepheids indicated. I'igure 5 shows small 51 x51 pixel
fields (5”0 for the wide field CCDs and a 225 for the planetary camera CCD)centered o11

cach Cepheid.



There were a number of candidate variables thatl for one reason or another did not
make our final cut as Cepheids. These are listed in Appendix A.3 as possible variables. In
addition, a number of long period variables were found. Since our"'{U-day observing window
covers only afraction of a cycle for these stars, we have not been able to determine accurate
periods, but the stars are identified for future reference. A tablein Appendix A.3 lists the

location and approximate mean V and ] magnitude for these variables,

5. Variable Light Curves and Parameters

Inthis section we discuss the derived periods and mean magnitudes of the 80 Cepheid
variables mNGC 925.To simplify the discussion and to avoid subtie biases that might be
introduced by averaging disparate data sets, the data presented here are based solely on the
A LLFRAMI: photometry. We briefly sumarize the results of the DoPITOT-based analysis

in the next section, with details givenin Appendix A.2.

5.1. The V and / Photometry

Light curves for the Cepheids are shown inItigure 6. For these light curves each cosmic
ray split pair of observations was averaged, with the resulting mean magnitude al each
cpoch then plotted, Yor clarity, the error bars are not shown. The V and I ALLFRAME
photometry is listed in Tables 5 and 6, respectively. In these tables the first column lists
the mean Heliocentric J ulian Dale of cach epoch at mid-exposure. The remaining columns

list the V or I magnitude and error, as reported by AL LFRAMI, for each epoch.
Mecan V magnitudes for the Cepheids were determined two diflerent ways. 14irst, since

the observations were preselected to evenly sample a typical 1060 day Cepheid light curve,

unweighted intensily averaged mean magnitudes were caleulated. Sccond, Lo determine
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whether there was any bias in our data, phase-weighted mean intensity magnitudes < m >
were also calculated using

‘1,

(4o - @)i-1)10-"04""] @

Z

jaad

<T72>=—2.5 10g[>__: 0.!

~

where ¢ is the phase, and the sum is over the entire light cycle. The average di fleren ce
between the unweighted and phase-weighted intensity averaged mean Vo magnitudes is
only —0.014 4 0,023 mag for the 80 Cepheids. T'his difference is quite sinall,as expected,
since most of the Cepheids have nearly uniforinly sampled light curves. While we present
bet]] intensity-weighted and phase-weighted mean V. oand I magnitudes in Table 7, we
employ only the phasce-weighted mean ALLIFRA ME magnitudes to determine the distance

to NGC925.

With only four I observations, meanmagnitudes were calculated as follows. Using
the V and I magnitudes atl the four I epochs, average V and average I magnitudes were
calculated (again, cosmic ray pairs were averaged first), Then, the difference between
the four-cpoch V average (< V >4)and12-epoch V mean magnitude (< V >12) was
calculated for cach Cephieid. Since the amplitude of Cepheids in V is almost exactly twice
the amplitude in 1 (V:1= - 1.00:0.51, Freedman 1988), the four-epoch I magnitude can be

correcled to oblainthe full 12-cpoch I magnitude, as follows:

<1 >12: <1>4-1 0.51(< v >12- < v >4). (3)

Only photometry with errors less than 0.0 mag in V and 0.4 magin 1, as reported by
ALLFRAME for cach individual CCD image, were used indctermining the average Voor
1 magnitudes for the Cepheids. Cosmiic-ray corrupted data were not used indetermining

mean magnitudes. The typical correctionfromihe 4to 12-CJJOCIH 1 magnitudes was 0.052




5.2. Cepheid Parameters ‘P
.

‘1'able 7 lists derived parameters for the Cepheids. Colummn 1 gives the Cepheid
identification number. Column 2 lists which chip the variable is on. Columns 3 and 4 list
theright ascension and declination of each Ceplicid. Columnns & and 6 list the periods of the
Cepheids, in days and log(days), respectively. Columns 7 and 8 list the mean V magnitudes,
determined (a) by an unweighted intensity average and(b)bya phase-weighted average.
Columns 9 and 1(1 list the unweighied intensit y average and phase-weighted average 1
magnitudes. I'inally, columns 11and 12 list the intensily-averaged and pl]asc-weighted
averaged (V. — 1) colors for the Cepheids. Figure 7 shows al vs (V - T) color-magnitude
diagram for the 11ST field of NGC 925, highlighting the 80 Cepheids. The Cepheids (plotted

as large filled circles) lie between the blue and red pluines of non-variable stars.

The Cepheid V1 has an uncertain period. The automated light curve fitting program
of PI3S indicates that it may have a period aslong as 109 days. Cepheids V2, V3, and
V4 allhave periods close o 80 days (which is loniger than our 70 day observing window)
though it is unlikely that all three of themhave exactly that same period. In Figure 4 and
Table 7 we usc a period of 80 days for thelight curves and to calculate phasc-weighted

mean magnit udcs for these four Cepheids but we caution thal the periods are uncertain.

6. Period-Luminosity Relations and the Distance to NGC 925

The method used to determine the distance to NGC 925 is the same as 1n other papers

in the Key Project series (Freedman ¢f al. 191341), Kelson el ¢l.1996, Ferrarese el al.

1996). Since this is the fourth paper to employ this method, only a brief discussion will
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be included here; for further information the interested reader is encouraged to read the

detailed description by Yerrarescet al. (1996).

Standard period-luminosity (P1L) relations for the LM C 301)‘}\0}(13 arc adopted from
N
Madore & Ireedman (1991). These relations assume a true LMC “distance modulus of 18.50

mag and tolal line-of-sight LMC Cepheid reddening of 15(8B — V) = 0.10 mag:

M,= - 2.76(log P’ -- 1.0) - 4.16 (4)

ani (1

M= - 3.06(log I’ —1.0) - 4.87 (9)

The P-1, relations for NGC 925 were deter mined from the 75 high-quality candidates
with periods inthe range 8- 70 days. In order to avoid any incompleteness bias in fitting &
slope to the NGO 925 data, only the zeropoint of the regression was solved for, with the

slope of the fit fixed to the LMC values given above.

The V and I Pl relations are shown in Iipure 8. Again, the phase-weighted magnitudes
have been used . The solid line in each figure represents the best fit to cach dataset.
The dashed lines drawn at -1 0,54 mag for the V PL rclation and + 0.36 mag for the 7
Pl relation represent 2-sigma deviations from the mean Pl relations. in the absence of
diflerential reddening theintrinsic width of the Cepheidinstability strip is expected to
place the NGC 925 Cephicids within these limits, The open circles in Figure 8 represent
Cepheids that fall more than 4 sigma from the mean LMC PL relations. Irom these fits,
the apparent distance moduli to NGC 925 arc jry = 30.26:1 0.04 magand ;- 30.09:1
0.04 mag. The quoted crrors in the mean apparent distance moduli are calculated fromthe

observed scatter inthe NGC 925 'L data the miselves.
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‘1’0 obtainthe true distance modulus the apparent reddening toward this particular
sample of Cepheids in NGC 925 must be determined. That is, the true distance is

ftlo = v -- A v =5 Aj which, by definition, leads to

Hv = [ :.AV - A :]’;(V‘ l) (6)

The observed difference in the apparent. distance moduli for NGC 925 gives 19V - T)= 017
4- 0,03 mag. Using the extinclion law of Cardelli ef al. (1989) for Johnson V and Cousins
I,we find A/ A= 0.7712 -- 0.5897/Ry;and with Rv = 3.3 we adopt A1/Av = 0.592.
Using thisin the above equation gives Av =— 0.42. The true distance modulus to NGC 925
is then fto == 30.26 -- 0.42 =29.844 0.06 mag, corresponding to alinear distance of 9.29 -
0.26 Mpc.

The distance to NGC 925 was derived independently using the Cepheid parameters
derived fromthe DoPHOT reductions. The procedures for determining mean magnitudes
were identical to thal described above, but aslightly different sample rejection criteria
and PL, fitting procedures were used (Appendix Al] ). The resulting distance moduli are
ftv =— 30,31 4 0,05 mag, p¢;=- 30.10 #- 0.04 mag, true modulus pp=29.80 + 0.10 msg.
These difler from the ALLFRAMIS moduliby --0.05,4 0.01, and --0.04 nag, respectively,
consistent with the combined errors of the two determinations. See Appendix A.2 for more

details.

Table 8 presents the error budget for this distance to NGC 925. These are systematic
and random errors that may affect our distance estimate. Adding these errors (for V or
I)in quadrature gives us a total uncertainly of 4 0.16 mag (:10.69 Mpc) inthe distance
to NGC 925. The dominant contribution to the error inthe distance to NGC 925 is the
uncertainly in distance to the I, MC. Figure 9 shows the relation between the Vo and 7 band

Pl relation fitting residuals. The solid line shows the slope and full width of the expected
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correlation of data points due to the intrinsic width of the instability strip;ihe dotied line
shows the closely degenerale reddening trajectory. The Cepheidsin the figure represented
by the open circles lic 4-sigma or more away from the expected ,ljylidg(f line. Excluding
these oulliers, there is very good agreement between the data atid both the expected
width and the slope of the residual correlations. Diflerential reddening would extend the
correlation but it would not increase the vertical scatier. Uncorrelated photometric errors,
of approximately O.05 mag, shared between the Voand 1 photometry are the most likely

source of the remaining scatier scenin Figure 9.
7. Comparison to Previous Distance Determinations

Most previous distance determinations to NGC 925 have been made using the
Tully-Fisher relation or radial velocity measurcinents (which then require an adopied value
of 11,10 obiainanestim aled distance). The recent redshift studies of Strauss ¢f al. (1992),
Guthrie & Napier (1991), Tifft (1990), and Baiesi-Pillcestrini & Palumbo (1986) have
measured the heliocentric radial velocity of NGC 925 to be about 555 km/sec. Some of the
more recent direct distance measurements to NGC 925 are listedin “I’able 9. The recent

Tully - Visher distance measurements put NGC 925 within the distance range of 5--6 Mpc.

Distancesto several galaxies inthe NGC 1023 group have been reported, including,
for NGC 1023 itsell, NGC 891, and NGC 1058 ('T'able 10). While NGC 925 is thought to
be in this group, its membership has been questioned (Tully 1980, Pierce 1 994). Our
Cepheid distance for NGC 925 of 9.294 0.69 Mpc is within 10% of estimated distances to
NGC 891 (9.9 + 0.8 Mpc)and NGC 1023 (9.94 0.7 Mpc) as determined from planctary
nebulae (Ciar dullo ¢f @l 1991), and a dist ance to NG C 1023 of 9.5 Mpc as measured using
surface brightness fluctuations (Tonry 1993). Application] of the expanding photosphere

nicthod to the type 1] supernova 19691 in NG C 1058 gives a dist ance of 11.2:41.7 Mpc
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(Schimidt et al. 1992). All of these distances tend to be slightly higher than our Cephieid
distance to NGC 925, but they are still consistent with NGC 925 being a member of the
NGC 1023 group. Qur distance is also consistent with 'J‘ully—]“ishc'g’distances detlermined by
Picerce (1 994) for several other spiral menibers of the NGC 1023 droup (NGC 891, NGC 949,
NGC1003).

Figure 10 builds upon the Tully-Fisher relation for the first 13 of the “local calibrators”
from Table 1 of Pierce & Tull y (1992). The magnitudes and velocity widths have been
correcled for extinction and inclination following Han (1992) rather than as in Pierce &
Tully. Solid symbols denote these calibrators. Open symbols mark four non-face-on galaxies
inthe NGC 1023 group (Pierce1994). Pierce has suggested that NGC 925 is a foreground
galaxy, however we nole that NGC 925 (1he open circle with error bars) dots not lie outside
thescalter of the present figure. The solid line is theleast squares fit {o al 17 galaxies. The
dashed line is equation (3) of Mouldel al.(1991) which is a fit to 47 Virgo and Ursa Major
galaxics with inclination angles greater than 45° as observed by Pierce & Tully (19& S),
rescaled to a distance of 16 Mpc for these clusters (Ferrarese ef al. 199 6). We note that the
field (solid line)and cluster (dashed line) calibrations are similar. 1t will beinteresting to
revisit this result after Cepheid distances are available for all of the ~18 galaxies inthe K cy

Project sample.

The work presentedinthis paper is based on observations made by the NASA [I5SA
11 ubble Space Telescope, oblained by the Space Telescope Science Institule, which is
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coordinator, 1 Joug Van Orsow. Support for this work was provided by N A SA through
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carried oul by the Jet 1 ’ropulsion Laboratory, Califoruia Institute of Tech nology, under
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Jet I'repulsion laboratory, California Institute of Technology, 11;’1]f1(=1‘a contract with

the National Acronautics and Spat.c Administration. Misrescaféh has made use of the

SIMBAD database, opecrated al CDS, Strasbourg, Irance.

A. Appendix
Al. DoPII OT Photometry

The 1)0}’110~" reductions followed the procedures deseribed in Saha ef al. (1996),
Ferrarese ¢f al. (1996), and 11111 (1996). lere we briefly describe modifications and

improvements that were made to the reduction procedures applied here.

The variant of the 1101'110'1" program, optimized for HST reductions, runsin a fixed
position mode, where coordinates are mapped from amasterimage to cach epoch to ensure
consistent photometry; thus accurate coordinate transformations were vital. As mentioned
in the main text, the NGC 925 data were acquired on slightly different field centers and
roll angles due o guide star acquisition failures. Thisrequired cubic spatial distortion)
corrections 1o be applicd to the WI'PC2 data. The corrections were at the 0.5 pixel level,

suflicient to significantly improve the photometry.

Theimage used to generate the master list of objects was made by combining the
20 CR split 1°655W images observed at the same roll angle. Four 18144 images were
combinedinsimilar fashion. These images were combined using the technique described by
Sahaclal. (1996), andHillef al. (1996). The PSIF of the combined hnage was ~ 1.4 pixels
I"WIIM, only slightly degraded from the IFWIIM 011 anindividual frame. The improvement

in signal /noisc in the combined images more thian compensates for the slight degradation
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in resolution. Transformations from the master image to the individual epochs were made
via a three step process. 1irst, coordinates from cach image (including the master image)
were {ransformed fromraw CCI) coordinates to “undistorted coqg;dillates” using the 20
cocflicients of the cubic fit given by Hollzman el al. (1995b).Scc&yld, a 6--cocflicient linear
transformation was then usedto map master coordinate to the individual epochs, Finally,
the inverse cubic cocflicients were used to transform back to the raw CCI coordinates of
cach epoch. Typical residuals between the linear {it of the master to each epoch were 40.09

PC pixels inthe ‘(undistorted coordinate” system

As with any PSI¢ fitting procedure animporiant step involves the conversion of the
fitted magnitudes to tolal aperture magnitudes via an aperture correction. ITill et al. (1996)
derived standard 1)01110'1" 1'S1”s and aperture corrections for the DoOPHOT reductions. On
the crowded images there are often only a few bright uncrowded stars suitable for aperture
correclions; accordingly these corrections constitute the most uncertain point inthe
calibration process. Animproved procedure for the aperture corrections was implemented
for these reductions. Aperture corrections were estimated ina series of eight concentric
apertures out to cight pixels radius. The sky value was thenadjusted iteratively to flatien
the growth curve inthe outer 3 apertures. The value from a radius of five pixels was
then used as the aperture correction. We tested the reliability of the aperture corrections
by determining independent corrections for cach epoch. Epoch to epoch variations were
typically 1- 2% and never more than $%. This suggests that there were no large changes in

the PSI® over the 70--day window of observations.
A.2. DoPHOT Distance Analysis

As an end-to-end check on our reduction procedures, the distance to NGC 925

was derived independently using the Cephieid periods and magnitudes derived from the
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1101'110'1" reductions and analternate fitting procedure.

The PL fitting was performed using the same calibration based on observations of
1 .M C Cepheids as described in Section 5. The fit to the NGC 925 1,’.]) relations were fixed
imslope to the LMC values, with only the zceropoint offset, dcterﬁ‘hincd.]n this case 68 of
the 80 Cephicids in ‘Jable 7 were used to estimate the distance. 1Yive stars were rejected
because they fell well outside theinstability strip inthe color-magnitude diagram. Six other
Cepheids with periods outside the 10- 63 day period range were rejecled, and one other

was rejected because it fell more than 3 sigima from the mean PL relation in both V and /.

Two fitting procedures were used. The first simply determined the median fit inlog P
vs magnitude plane. The discreteness of this procedure was minimized by fitling a line to
to the difference between the number of Cepheids above and below the }'1, relation as a
function of distance moduli in the region neaithe median. The second method minimized

the absolute deviations of the Cepheids about the PL relation.

The apparent distance moduli oblained from these two fitting procedures yielded
identical apparent distance moduliin V and /7 of puy = 30.314- 0.05 magand,= 30.09
4 ().04 mag. The true distance modulus is then obtained using the same procedure as
described in Section 5 for the D AOPHOT data, yielding Av - 0.54 mag and true distance
modulus fip = 29.80 4 0.10 mag.

A.3. LongPeriod Variables and Candidate Variables

Scverallong period variable starcandidates were foundin NGC 925, Table A 1 lists
the chip, position, and intensity averaged mecan < V > magnitude and <V - 1> color for
cach variable. Because the periods of these variables exceed our 70 day observing window,

our mean magnitude estimates are only approximate. Iigure A 1 shows IHeliocentric Julian
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Date verses V magnitude for the 91, I'Vs.

There were many olthier candidate variables that for one reason or another did not
make our final list of Cepheids, but which are possible variable stars. Most of these are
cases where a star looks variable using once datasct (it. A LI {KM 15) but does not appear
to be varying inthe other dataset. Table A2lists these candidates. Columns 1 through
41ist the usual information: identification number, the WIPC2 chip where it is found,
and the right ascension and declination of the candidate. Columnsd till’ougll 7 list the
intensity weighted average < V >, < [ >, and <V -- I > magniludes of the candidates.
Column 8 gives a possible period for the candidate. We do not list periods for ihe possible
long period variables. Columns 9and 10 indicate whether the candidate was found to be
variable in the ALTIRAMI (Al, 1)) or DoPNOT (Do)datasets. The mean magnitude and
color in formation for cach candidale comes from the dataset in which it was found. That is,
if the star appeared to be varying in the DoPIIOT dataset, the mean < V >, < 1 >, and

< V - 1 > magnitudes are DoPIT OT means, not Al LI'RAME means.
A.4. Sccondary Standards

Tables A.3 - A.6 contain standard V and/ photometry for a selected number of fairly

isolated stars in cacly chip.
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Captions for Figures

FiG. 1, The ST field is indicated in this picture from a photograph of NGC925 in

Sandage & Bedke (1988). o

"
F1G.2. Comparison of the ALLFRAMICand 1)oPI110OT photometric systems. The
A LLFRAMI and DoPH 01 photometry for scveral fair]l y isolated stars in each chip is
compared. The V comparison is indicated by the filled circles. The I comparison is

indicated by the open circles. The best comparison is found in chip 3.

F1G. 3. Comparison of the ALLFRAMIS and DoPIIOT photometry for the Cepheids in
NGC925. The symbols are the same as for IYig 2. As expected from the isolated star

comparison, the Cepheid photometry inchip 3 has the best agreement.

I1G. 4a. I'inder chart for the NGC 925 Cepheids located in chip 1 (the Planclary Camera)
of the WFPC2 instrument. The field is 36 %306 arcscconds. The Cepheids are ci rcled and
labeled with their identification nuinbers as listed in Table 7. North and ast directions are

indicated in the top right corner.

FiG. 4b. Finder chart for the NGC 925 Cepheids located in chip 2 of the WI'PC2
instrument. The field is 1,3x 1.3 arcminutes. The Cepheids are circles and labeled with
their identification numbers as listed in Table 7. North and lMast directions arc indicated in

the top right corner.

FIG, 4c. Finder chart for the NGC 925 Cepheids located in chip 3 of the WIPC2
instrument. The field is 1,3x13. arcminutes. The Cepheids are circles and labeled with
their identification nummbers as listed in Table 7. North and 1ast directions are indicated in

the top right corner.

1G. 4d. Pinder chart for the NGC 925 Cepheids located in chip 4 of the WIFPC2

instrumsent. The field is 1.3 X13. arcaminutes. The Cepheids are circles and labeled with
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their identification numbers as listed in Table 7. North and Iast directions are indicated in

the top right corner.

F1G. 5. Finder charts for the NGC 925 Cepheids. Iach panel is d)Sl x51pixel field of view
¥

centered on the variable. Fach panel has been independently scaled in intensity Lo clearly

show the Ceplicid.

F1G. 6. V and I light curves for the NGC 925 Cepheids. Costiic ray pairs of observalions
were averaged before being plotted. The V observations are represented by the filled circles;

the / observations are the open circles. The dala are repeated over a second cycle for clarity.

F1G. 7. The I - V — I color-magnit ude diagram for J1IST field of NGC 925. Cephceids are

indicated by the large filled circles.

F16.8. Vand I p.i.d-1 ...i,.sit, relations for the Cepheids in NGC 925. Only those
Cepheids with periods between 8 and 70 days are plotted. The solid line is the Lest fit to
the NGC 925 dala. The dotted lines indicale the expected scatter duc to the intrinsic width
of thie Cepheid instability strip. Those Cepheids lying more than 4-sigima from the can

relation are indicated by open circles.

FiG. 9. V versus ] P, relation fitting residuals. The Cepheids indicated 1y the open
circles lie more than 4 sigma from the expected ridge line. The expected scatier dueto the
intrinsic width of the Cepheidinstability strip is indicated by the solid line. The dotied line

indicaled the reddening ridge line. The dashed line is the best fit to the NGC 925 data.

FIG. 10. Tully-I'isher relation. Thirteen of the local calibrators (filled circles) are {rom
Table ] of Picrce & Tully (] 992). Open symbols mark four non-face-on galaxies of the
N GC1023 group. NGC 925 is the open circle with error bars. The solid line is the least
squares fit to all 17 galaxies. The dashed line is equation (3) of Mould ¢f al. (1991) which

is afit 1o 47 Virgo and Ursa Major galaxies.
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I'1G. Al. Plot of Heliocentric Julian Date ver ses magnitude for the long period variables in

NGC 925.
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TABLIL1

HID

2449000.4
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HST Observations of NGC 925 *

Filter

I'555W (V)
F555W (V)
1'814W (1)
1'814W (1)
I'555W (V)
I'555W (V)
1814W (1)
1"814W (1)
F439W (B)
F439W (B)
I'555W (V)
F555W (V)
F'555W (V)
F555W (V)
F555W (V)
1555W (V)
1"M39W (B)
1M439W (1B)
I'555W (V)
I'555W (V)
F555VV§V)
1555W (V)
F555W (V)
I'555W (V)
1'555W (V)
1'555W (V)
1"555W (V)
I'555W (V)
F814W (1)
F814W (1)
F555W (V)
F555W (V)
F555W (V)
F555W (V)
1814W (1)
1“814W (1)
1439W (B)

1'439W (B)

tTxposure
Time (scc)

13Q0

1300
900
1100
1100
1100
1100
1100
1100
1300
900
“ 1300
900
1300
900
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1100
1300
900
1300
900
1300
900
1300
900
1300
900
1300
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1300
900
1300
900
1100
1100
1100
1100




ALLFRAME zero point --25,00
1 uteger imagces +42.5logA
Pixcl Arca Normalization -40.016
Aperture Correction AC
WFPC2 Zero Point oy
TABLYL 3
Transformation Fquation Coeflicients
Chip Filter AC Ak C1 c2 C3
1 % -0.106 22.510 -1.075 --0.52 027
2 % --0.042 22.522 -1 .000 -0.52 0.27
3 \Y —-0.043 22.630 —0.992 --0.52 0.27
4 v - 0.006 22.506 --0.979 --0.52 0.27
! 1 -0.133 21.616 --1.996 --0.63 0.25
2 I -10.017 21.657 -1.805 --0.63 0.25
3 1 +0.005 21.638 --1,836 --0.63 0.25
4 1+ 0.024 21.609 -1.846 --0.63 025

TABLE 2
Contributions to the C1 Cocflicient

TABLE 4
Comparison of ALLIFRAMI/DoPHIOT

Chip No. of Stars ‘AV Al

1 38 --0.13840.006 -0.0894 0.002
2 36 - 0.0764 0.006 --0.0194 0.001
3 3 --0.017 - 0.006 +0.0114 0.004
4 40 -0.0804 0.004 -0.007 4 0.006
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V Photometry for the Cepheids in NGC 9253
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Table 6
1 Photometry for the Cepheids in NGC 925
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TABLLI 7
Parameters for the NGC 925 Cepheids

Ceph  Chip RA (2000.0) Dec I'cried  logl v Vph 1 Iph V-1 (v-Dpm
1 3 2:27:09.20  33:35:14.8 long 2468 2465 2328 23.23 1.40 1.42
2 3 2:27:10.78  33:36:05.6 80.0 1.90 2400 2403 2289 2291 111 1.12
3 3 2:27:09.00  33:36:14.4 80.0 1-90 2365 2369 2233 2234 1.32 1.35
4 ! 2:27:05.56  33:34:42.8 80.0 1.90 23.293 2330 22.17 2224 1.06 1,06
5 3 2:27:11.82  33:35:05.9 485 1.69 23.68 23.60 2246 2245 1.22 1.24
6 3 2:27:07.97  33:35:34.5 432 1.64 2453 2455 2347 2347 1.05 1,08
7 3 2:27:08.88  33:35:59.1 421 1.62 2434 2435 @847 2350 0.87 0.85
8 3 2:27:08.31  33:35:27.3 37.3 1.57 2467 2465 2365 2363 1.01 1.02
9 3 2:27:08.94  33:35:32.9 35.1 1.55 2474 2479 2379 2374 0.95 1.05
10 4 2:27:09.10  33:34:48.6 32.7 151 2453 2451 2354 2355 0.99 0.96
11 3 2:27:09.79  33:36:08.9 31.3 1.50 23.64 2365 2320 2319 0.44 0.46
12 2 2:27:03.36  33:35:32.2 311 1.49 2452 2453 2364 2363 0.88 0.90
13 3 2:27:09.17 3335 :21.3 30.4 1.48 2466 2464 2350 2355 1.16 1.09
14 3 2:27:11.43  33:34:56.1 30.2 1.48 2482 2484 2386 2381 0.96 1.03
15 3 2:27:09.03  33:35:54.9 30.1 1.48 2485 2489 2395 2397 0.91 0,92
16 2 2:27:04.98  33:35:13.9 29.8 1.47 2464 2460 2369 23.73 0.94 0.87
17 3 2:27:08.65  33:35:23.4 285 1.45 2513 2514 2397 2394 1.16 1.20
18 4 2:27:10.36  33:34:06.6 275 1.44 2499 2501 2397 2397 1.03 1.03
19 3 2:27:08.73  33:36:11.9 27.3 1.44 2448 2449 2364 2363 0.84 0.86
20 2 2:27:07.54  33:36:08.5 26.7 1.43 2486 2487 2403 2412 0.83 0.75
21 4 2:27:11.34  33:34:27.7 26.7 1.43 2527 2527 2415 2415 1.12 1.12
22 4 2:27:06.52  33:34:31.0 26.5 1.42 2478 2478 2376  23.80 1.02 0.98
23 3 2:27:12.42  33:35 :01.6 255 1,41 25.62 2566 2438 2443 1.25 1,24
24 3 2:27:08.17  33:35:23.6 25.3 1.40 2503 2511 2396 2394 1.07 1.17
25 2 2:27:05.44  33:35:22.1 24.0 1.38 2525 2527 2423 2429 1.01 0.98
26 3 2:27:08.82  33:35:28.6 23.7 1.37 2494 2502 2407 2398 0.86 1.04
27 2 2:27:05.26  33:35:14.3 23.5 1.37 2565 2560 2455 2455 1.10 1.05
28 3 2:27:09.96  33:35:33.2 23.3 1.37 2529 2528 2425 2441 1.04 0.87
29 3 2:27:07.83  33:35:36.9 23.3 1.37 2397 2401 2265 2263 1.32 1.38
30 2 2:27:06.73  33:35:52.5 225 1.35 2501 2504 2384 2394 1.17 1.10
31 2 2:27:05.28  33:35:16.9 22.3 1.35 2539 2543 2435 2444 1,04 0.99
32 3 2:27:11.79  33:35:02.1 21.9 1.34 2489 2485 2394 2388 0.95 0.97
33 3 2:27:08.27  33:35:30.4 21.5 1.33 2461 2454 2396 23.92 0.65 0.61
34 3 2:27:09.47  33:35:31.9 21.1 1.32 2496 2500 2394 2378 1.02 1.22
35 2 2:27:03.33  33:35:49.2 20,6 131 2525 2536 2438 2442 0.87 0.93
36 3 2:27:12.06  33:35:08.1 20.2 1.31 2535 2534 2458 2455 0.77 0.79
37 3 2:27:11.90  33:35:07.9 19.3 1.29 2550 2553 2470 2468 081 0.84
38 4 2:27:07.94  33:34:20.5 18.9 1.28 2491 2494 2415 2414 0.76 0.80
39 3 2:27:07.64  33:35:09.2 18.9 1.28 2458 2462 2384 2381 0.74 0.80
40 4 2:27:10.70  33:34:53.5 18.7 1.27 2466 2465 2391  23.89 0.75 0.75
41 3 2:27:09.26  33:35:17.2 183 1.26 25.62 2555 2469 2459 0.93 0.96
42 1 2:27:05.84  33:34:52.2 18.2 1.26 2575 2570 2475 2464 1.01 1.06
43 4 2:97:09.33  33:34:32.6 18.0 1.26 2574  25.69 2463 2455 111 1.14
44 3 2:27:08.35  33:35:31.7 18.0 1.26 2573 2568 2489 24.89 0.84 0.79
45 4 2:27:09.64  33:34:11.9 17.8 1.25 25.56 2561 2465 24.62 0.90 1.00
46 3 2:27:08.22  33:35 :51.9 17.3 1.24 2526 2542 2447 24.39 0.79 1.03
47 3 2:27:12.61  33:35:13.3 16.7 1.22 2585 2579 2487 24.80 0.98 0.99
48 4 2:27:10.58  33:31:33.4 16.7 1.22 2571 2570 2470 24.76 1.01 0.94
49 ! 2:27:05.11  33:34:51.8 16.7 1.99 26.13  26.26 2490 24.94 1.23 1.33
50 3 2:27:08.40  33:35:36.4 16.4 1.21 2501 2501 2438 2441 0.63 0.61
51 ] 2:27:04.32  33:35:10.4 16.0 1.20 25.64  25.67 2470 2471 ().94 0.96
5H2 4 2:27:10.42  33:34:19.0 15.7 1.20 26.04 2597 2492 2491 1.12 1.07
53 4 2:27:10.40  33:34:24.0 15.7 1.20 2549 2550  24.64 2459 085 0.91
54 3 2:27:08.03  33:35:25.8 15.7 1,20 9579 25.67 2472 24.69 1.08 0,97
!

hh

2:27:05.13  33:34:56.6 155 119 9559 25568 24.68 2464 ()91 0.93




1A, (0 Uonitnucy

Ceph Chip RA (2000.0) Dec Period  log P v Vh 1 Ipn V-1 (V-1
56 1 2:27:04.72  33:35:02.9 14.9 1.17 2582 2581 2473 2466 1.09 1.14
57 3 2:27:07.62  33:35:18.1 14.8 117 2564 2568 2477 2471 0.87 0.97
58 3 2:27:07.05  33:35:13.8 47 1.17 25.95 2597 2404 2482 1.01 1.15
59 2 2:27:05.81  33:35:17.6 4.6 1.16  25.19 2518 2438 2439 081 0.79
60 3 2:27:12.95  33:35:45.3 4.4 1.16 2583 2587 2506 25.02 0.78 0.86
61 3 2:27:09.17  33:36:03.2 4.4 1.16 2592 2592 2498 24.95 0.94 0.96
“62 1 2:27:04.65  33:35:08.3 43 1.16 2647 2652 2540 2550 1.08 1.02
63 1 2:27:06.08  33:33:59.6 36 1.13 2578 2579 2498  24.99 0.79 0.80
64 3 2:97:09.81  33:36:04.7 35 13 2579 2584 2522 2526 0.57 0.58
65 4 2:27:09.75  33:34:36.6 135 13 26.06 26.12 25.00 2508 1.07 1.04
66 4 2:27:10.58  33:34:54.8 135 13 2601 2603 pb37 2538  0.64 0.66
67 1 2:27:01.38  33:34:59.9 13.3 12 25.86 2582 2473 2471 1.13 111
68 4 2:27:10.57  33:31:43.9 13.1 12 2598 2602 2425 24.26 1.73 1.76
69 3 2:27:08.86  33:35:37.2 12.9 1 2575 2582 2522 2524 0.52 0.58
70 | 2:27:07.91  33:34:18.6 12.7 10 2552 2562 2478 2479  0.74 0.83
71 4 2:27:10.11  33:34:21.0 12.5 10 25.63 2569 2398 24.05 1.64 1.64
72 1 2:27:05.84  33:34:57.1 12.5 10 2553 2564 2456  24.66 0.97 0,99
73 1 2:27:01.06  33:35:02.5 12.2 .09 2542 2552 2445 2449 097 1.03
74 4 2:27:11.93  33:34:98.2 11.8 07 2594 2587 2461 2454 1.33 1.33
75 4 2:27:10.31  33:34:30.7 11.1 .05 2640 2644 2532 2532 1.08 1.12
76 1 2:27:10.68  33:34:15.1 11.0 04 2556 2556  24.67  24.67 0.89 0.89
77 4 2:27:09.68  33:34:10.0 10.8 1.03 2590 25.88 2485 24.79 1.05 1.09
78 1 2:27:06.01  33:35:02.6 9.9 1.00 2589 2596 2504 2506 0.85 0.90
79 1 2:27:09.92  33:34:24.8 9.8 0.99 2599 2592 2531 2533 0.67 0.59

2

80 2:27:04.62  33:35:51.0 6.4 0.81 2643 2643 2566  25.66 0.77 0.77

V1. Three stars ~ 0.5 arcscconds away. V2. Anotherstar.. 0.3 arcscconds away. V3. Another star ~ 0.5 arcscconds
away. V4. Another star ~ 0.5 arcscconds away. V5. Within spiral arm, may be blend with 2 or mm-c stars. V6. On edge
of spiral arin, another star ~ 0.3 arcscconds away. V7. Inspiral arm, probable blind with other stars. V8. On cdge of
spiral arm, may have faini nearby neighbors. V9.In spirad arm, 3 other stars within ~ 0.3 arcscconds. V10. T'wo other
stars ~ 0.5 arcscconds away. V11. Isolated, Very bluc color. Blend with very blue companion? V12, Isolated. V13. In
spiral arm. VI 4. Near shadowed edge of detector,in middle of spiralarm. V15.0n edge of spiral arm,bright neighbor
~ 0.5 arcscconds away. V16. Closc lo shadowed edge of detector. V17.1In spiral ann, possible Mend with other stars.
V1 8. May beblend with afaint companion. V19. ~ 0.4 arcsconds from a multiple star complex. V20. On edge of an HII
region. V21. Onedge of spira arm, possible blend of 2 stars. V22. May beblend with onc or more fainter stars. V23.
In spiral arm, very crowded region. V24. On edge of spiralarin,another star ~ 0.3 arcscconds away V25.Inspiralarm.
V26. in spiral arm, crowded region. V27. Closc to shadowed edge of detector. V28. 1111 region close by. V29.0n edge of
spiral arm,another star ~ 0.5 arcseconds away. V30. On edge of spiral arin, may have a faint companion. V31. Two other
stars with ~ 0.3 arcscconds, somewhat crowded region. V32. In spira arin, very crowded region. V33. In spira arn, very
crowded region. V34.0n edge of spiral arm, may be blend with faint neighbors. V35, A few faint neighbors more than 0.5
arcscconds away. V36. | n spiral arm, crowded region. V37.in spiral arin, very crowded region. V38. Possible blend of 2
or more stars, odd-shaped lightcurve. V39. Near shadowed edge of detector, three faint neighbors ~ 0.5 arcseconds away.
V40. In a very crowded region. V41, In spiral arm. V42.Faint neighbor ~ 0.5 arcscconds away. V43.Isolated. V44.
in spiralari, crowded region, another star ~ 0.2 arcs cconds away. V45, aint ncighbor ~ 0.5 arcseconds away. V46.On
edge of spiralarin, brighter ncighbor ~ 0.5 arcscconds away. V47. In spiral arm. V48, ~ arcscconds from a multiple star
complex. V49. On edge of spiralarm, crowded region. V50.In spiral arm. V51. Isolated. V52. Faint neighbor ~ 0.5
arcscconds away. V53. Several faint stars ncarby. Vb4.On edge of spiral arin, another star ~ 0.3 arcscconds away. V55,
Inspiralarm, very crowded region. V56. Another star ~ 0.3 arcseconds away. V57, Isolated. V58, Near shadowed edge
of detector, another star~ 0.5 arcscconds away. V59.Inspiralarin, crowded region. V60, Close to multiple star complex.
V61.0n edge of spiralarm, two stars within ~ 0.3 arcscconds. V62. Isolated. V63. May have a very faint neighbor.
V64. Isolated. V65. On outer fringes of spiralarm. V66. Near shadowed edge of detector, ina very crowded region.
V67. Another star ~ 0.5 arcscconds away. V68. in a very crowdedregion. Very red color. Probable blend with a red star.
V69. 111 spiral arm, brighter star ~ 0,3 arcscconds away. V70, Isolated. V71, Isolated. Very red color. Blend with red
companion? V72. Possible blend with another star. V73. Another star ~ 0.2 arcscconds away. V74. On edge of spiral
arm, in a crowded region. V75, in outer fringe of spiral arm. V76. Brighter neighbor ~ 0.4 arcscconds away. V77, Faint
neighbor ~ 0.5 arcscconds away. V78, Isolated. V79, Taint star ~ 0.3 arcscconds away. V80. Isolated.




WFPC2V Band zero point
WI'PC2 I Band zero point
Error in the <V > Pholomctry
Tirror in the <1> Photometry

TABLL 8
Yrror Budgel in the Distance to NGC 925

Aperture Correction Uncertainty in V
Aperture Correction Uncertainty 111

Uncertainity in NGC 925 distance modulus (PI, fitting)

Uncertainly in mectallicity of LMC Cepheids
Uncertainty in LMC Distance Modulus

Total Uncertainity in True Distance Modulus

Previous Distance Decterini

TABLY 9

Method

Tully— Fisher (/3 band)
Tully--TFisher (13 band)

Isophotal Diameters

111 Index

Similar Galaxies
Tully—VFisher (/7 band)
Tully—¥isher (B,R,],& 11 bands)

Cepheids

Galaxy Method
NGC 891 PNLF
rJ\]‘\
NGC 949 S0
NGC 1023 PNLF
SBE
NGC 1023
Group T
NGC 1003 TR

NGC 1058 1P

Jirror

0.04
- 0.04
0.05
-0.04
0.04
0.05

SRS Eay S Ny LI, AR

o

- 0.06
-0.08
- 0.10

jEE

4

0.16

nations to NGC 925

Distance Mod ulus

Reference
28.99 Tully (1 980)
28.683 0.26 Bottinelliel cd. (1 9853)
28.094 0.43 Bottinelliet rd. (1 985a)
28.484 0.23 Bottinellielal. (1 985a)
28.60, 28.41 Bottinelli el al. (1985b)
28.69, 28.58 Bottincllictal. (1 988)
28.8 403 Picrce (1994)
This Paper

29.84 4 0.16

TABLYE 10

Distance

29.973 0.16
30.44 0.3

29.64 0.3

29.97 4 0.14
29.88

29,98 40.24

929.7 4 0.3

3024 0.3

EP = Ixpanding Photospliere of Type 11 Supernovac
PNLF : Planctary Nebulae Luminosily Function

SBY = Surface Brightness IMluctuations
TYF - Tully - Fisher Relation

Published Distances o NGC 1023 Galaxy Group Menbers

Reference

Ciardulloctal. (1 991)
Picree (1 994)

Pierce (1994)

Ciardullo cl «f. (1991)
Tonry (1993)

Aaronson & Mould (1 983)
Picree (1 994)

Sclimidt et al. (1992)



TABLIS Al
Paramcters for the NGC 925 1.PVs

11) chip RA (2000,0) Dee <v> <v-1|>

1 2 2:27:02.21  33:36:10.6  26.01 3.30
2 2 2:27:04.07 33:36:12.5 2451 12,22
3 2 2:27:03.52 33:36:24.9  26.02 “‘2.74
4 3 2:27:08.64 33:36:00.2 24.45 ‘248
5 3 2:27:08.56 33:35:52.4  24.09 2.29
6 3 2:27:08.88 33:35:474 24.57 2.71
7 3 2:27:09.21  33:35:42.5 23.72 1.89
8 3 2:27:09.73 33:35:21.6 2450 2.65
9 4 2:27:07.43 33:34:07.2  26.23 2.57
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RA (2000.0) Dec

2:27:05.92 33:34 :53.1
2:27:04.94 33:34 :55.9
2:27:01.57 33:35 :01.4
2:27:06.15 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 :565.3
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 :2b.6
2:27:09.85 33:35 :06.7
2:27:10.32 33:3b :27.7
2:27:10.50 33:3b :37.7
2:27:10.09 33:35 :11.1
2:27:10.66 33:3b :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 :356.1
2:27:11.39 33:34:23.7
2:27:08.86 33:34 :30.0
2:27:07.25 33:34 :20.5
2:27:10.26 33:34 :16.5
2:27:10.59 33:34:02.1
2:27:10.55 33:33:48.7

<V><I> <V

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
24.400 23.025
26.117 24.7'83
25.186 24.7'29
25,066 22.196
25.914 25,149
24.219 23.245
24,151 23.131
25.660 24.762
24.496 22.264
23.936 21.675
25.311 24.307
25.450 22.820
24.513 24.383
25.520 24,38'2
25.473 24.573
24.488 23.342
26.256 25.453
26.023 25.1421
26.057 25.247
26.436 25.384
25.663 24.370
25.628 24.464
24.970 24.273
25.026 24.574
26.065 25.101
25.524 24.844
25.661 25.243
24.926 23.861
26.300 25.514
25.484

26.471 25.584
25.696 24.957
27.053

25.860 25.119
25.175 24.257
26.213 25.789
25.012 25.393

TABLE A2

Possible Variabl&g i,

0.962
1.019
1.032
| .085
2.639
122
335
.805
.009
487
.079
0.979
1.375
| .334
0.457
2.870
0.765
0.974
1.021
0.898
2.232
2.261
1.004
2.630
0.130
1.138
0.900
1.146
0.803
0.602
0.810
1.062
1.293
1.164
0.697
0.452
0.963
0.680
0.418
1.066
0.787
0.887
0.739
0.741
0.918
0.424
-0.382

- 1>

Possible
Period

15.3
10.7
55
14.7
29.0
60.0
424

6.2
10.7
111

15.0
41.7
60.0
141

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
145
7.1
104
54
10.3
14.4
5.4
18.3

nNGC 925- -

Found n

ALL?

Yes
Yes
Ycs
Ycs

Ycs

Yes
Ycs
Ycs
Yes
Ycs
Ycs

Ycs

Ycs

Ycs

Ycs

Ycs
Ycs

Ycs

Yes
Yes

Yes
Yes
Yes

1)0?

Ycs
Yes
Yes
Yes
Ycs
Ycs
Yes
Ycs
Ycs

Yes
Yes

Yes
Yes

Ycs

Yes
Yes
Ycs
Ycs
Yes
Ycs
Yes

Ycs
Yes
Yes
Yes

Ycs

Yes
Yes

Jomiments

Possible Cephieid

Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible LPV

Possible Cepheid

Possible Cepheid

Possible 1PV

Possible Cepheid

Possible LPV

Possible Cepheid or blue LPV
Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible variable, unknown type
Possible LPV

Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible 1.PV

Possible LPV

Possible Cepheid

Possible LPV

Possible Cepheid but very blue
Possible Cepheid or 1PV
Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible LPV

Possible Ccpllcid/Close (o chip edge
Possible Variable, unknown type
Possible variable, unknown type
Possible variable, unknowntype
Possible Cepheid

Possible Cepheid

Possible Cepheid

Possible Cepheid

or P- 16.4. Possible Cepheid
Possible Cepheid. No DoPHOT 1 data
P’ossible Cepheid

Possible Cephad

Possible Cephieid. No DoPHOT 1 data
Possible Cepheid

Possible Cepheid

Possible Cepheid

or P- 7.1d. very bluc. eclipsing binary
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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
2:27:01.93
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
2:27:05.01
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

TABLIS A3
Sccondary Standard Photometry for (hip 1

DEC

33:35:00.2

33:34:50.2
33:34:43.9
33:35:00.8
33:34:40.4
33:34:56.7
33:34:47.1
33:35:01.1

33:34:55.9
33:34:40.8
33:34:58.8
33:34:57.1

33:35:04.9
33:34:56.6

<> o <Il> o

23.209 0.07822.662 0.060

24.700 0.079 22.663 0.038
23.513 0.030 23.257 0.034
23.376 0.038 22.897 0.049
24.332 0.076 21.636 0.071

23.768 0.063 23.484 0.059
22.643 0.033 22.403 0.038

23.676 0.043 23.535 0.043
22.723 0.034 22.393 0.054
24.871 0.069 22.271 0.028
22.903 0.038 22.729 0.031

23.937 0.042 24.001 0.059
24.749 0.049 22.643 0.042
24071  0.016 23.471 0.047

33:35 :01.6 23.495 0.070 23.067 0.070

33:34:55.9
33:34:44.6
33:34:53.9
33:34:54.2

22.826 0.034 22.485 0.040
22.315 0.040 22.217 0.029
23.917 0.069 23.648 0.052
23.983 0.059 23.944 0.075

33:35:07.2 24.032 0.052 23.776 0.057

33:35:02.8
33:31:56.8
33:35:00.9

23.604 0.039 23.383 0.042
22.327 0.044 21.584 0.052
23.740 0.043 23.128 0.051

33:34 :51.9 22.348 0.026 22.495 0.038

33:34:53.0
33:35:08.1
33:34:56.8

23.452 0.055 23.335 0.037
24.662 0.073 22.687 0.032
23.858 0.038 2).641 0.046

33:35 :01.8 23.726 0.044 23.564 0.037

33:34:52.7
33:35:04.8
33:356:05.3
33:35:02.4

24016  0.052 23.937 0.075
23.994 0.054 23.776 0.065
23914 0.069 23.643 0.049
23.939 0.050 23.591 0.027

33:35:03.3 23.792 0.052 23.725 0.043

33:34:54.2
33:31:56.8
33:34:55.9
33:34:52.1

22.653 0.038 22.334 0.028
23.384 0.054 23227 0.059
22.628 0.037 22569 0.048
23.458 0.054 23.279 0.070

33:35:04.8 24.420 0.054 2?.170 0.059

cvV-I>

0.547
2.037
0.2p6"
0.479
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




TABLE A4
Secondary Standard Photometry for Chip 2

id RA DEC <v>

1 2:27:05.02 33:35:13.6  23.239
2 2:27:03.96 33:36:17.2 23.178
3 2:27:05.71  33:35:14.9 23.150
4 2:27:06.63 33:35:15.6 23.252
5  2:27:05.01 33:35:20.7 22.878
6  2:27:05.68 33:36:194  23.968
7 2:27:04.21 33:35:25.4 22.699
8  2:27:05.68 33:35:22.2 23324
9  2:27:03.95 33:35:28.1 23.233
10 2:27:04.92 33:36:29.2 22,534
11 2:27:05.97 33:35:29.1 22.383
12 2:27:05.96 33:35:29.8 22.699
13 2:27:06.71 33:3b6:33.2 24.088
14 2:27:04.78 33:35:40.0 23.694
15 2:27:06.78 33:35:35.7 23.207
16 2:27:03.49 33:35:44.6 23.749
17 2:27:03.47 33:356:46.2 23.298
18  2:27:02.75 33:35:49.3 23.876
19  2:27.07.17 33:35:38.3 23.074
20  2:27:03.10 33:35:49.3 24.201
21 2:27:04.23 33:35:.47.4  23.297
22 2:27:02.52 33:35:53.3 22.640
23 2:27:06.16  33:3b:44.2 21.222
24 2:27:03.47 33:35:53.2  24.609
25 2:27:02.72 33:36:554 23717
26 2:27:03.03 33:35:54.8 22540
27 2:27:02.26  33:35:59.7 23.235
28 2:27.02.63 33:36:01.1 23.934
29  2:27:02.00 33:36:03.4 22.394
30 2:27:02.71 33:36:05.3 23.832
31 2:27:02.07 33:36:09.8 22.738
32 2:27:02.67 33:36:08.7 21.257
33 2:27:04.31  33:36:05.0 23.478
34 2:27:06.41  33:36:05.0 23.608
35  2:27.03.88 33:36:12.8 23.035
36  2:27:03.40 33:36:25.7 23.966
37 2:27:04.23  33:36:26.0 22.375

o

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

<| > o

23.222 0.062
22.924 0.046
22.886  0.047
23.153 0.076
20.832 0.029
22.069 0.040
22.596 0.064
23.275 0.042
22141  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
21971 0051
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
19064  0.024
21.130 0.016
21518 0.025
22592  0.032
22.218 0.089
19.809  0.036

<V -—TI>

0.017
0.254
0.264
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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33
34

TABLE A5
Secondary Standard Photometry for Chip 3

= e !
PR S Bowwvwaoabwn =

RA DIEC <> o <I> o

2:27:08.15 33:36 :01.5 23.262 0.049 21.028 0.021
2:27:07.82 33:35:37.8 23.200 0.031 23.013 0.044
2:27:08.09 33:35 :49.2 22461 0.031 22.103 0.038
2:27:07.92 33:35:38.0 22.601 0.020 22.405 0.033
2:27:08.26 33:35 :51.9 23.805 0.074 21.654 0,049
2:27:08.37 33:35:50.5 22.704 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 23.123 0.046 22.773 0.035
2:27:08.47 33:35 :50.9 22.886 0.036 22.841 0.070
2:27:08.79 33:36 :03.9 23.459 0.043 22.884 0.060
2:27:08.78 33:36 :01.9 22037 0.037 21.509 0.069
2:27:08.36 33:35:37.6 22.709 0.039 22.483 0.045
2:27:08.73 33:35:53.7 22.885 0.035 22.017 0.044
2:27:08.82 33:35:55.,5 22.301 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 22.713 0.022 22.307 0.044
2:27:09.41  33:36:10.0 23.292 0.035 22.888 0.053
2:27:08.46 33:35 :14.4 22.050 0.031 21.066 0.066
2:27:08.58 33:35:19.5 22.053 0.058 21.226 0.044
2:27:09.69 33:36 :09.7 23.767 0.060 21.332 0.026
2:27:08.75 33:35:06.3 22.028 0.038 21.527 0.031
2:27:08.88 33:35:08.3 22.259 0.030 21.904 0.014
2:27:09.29 33:3b :18.0 22765 0.042 22.224 0.032
2:27:09.48 33:35 :27.8 22.790 0.037 22526 0.038
2:27:09.31  33:35:13.7 21.925 0.027 21.°259 0.056
2:27:09.74 33:35 :35.0 22.458 0.045 22.018 0.036
2:27:09.90 33:35:40.9 22.268 0.048 22.132 0.040
2:27:09.97 33:35 :37.1 21.742 0.055 19.175 0.016
2:27:10.35 33:35:53.83 20.821 0.055 19.906 0.012
2:27:10.30 33:35 :12.2 23278 0.039 22.132 0.020
2:27:11.89 33:35 :47.2 22237 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 3335:11.6 22941 0.031 22493 0.047

2.234
0,187,
0.339 "
019'7
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
2435
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




TABLL A6
Secondary Standard Photometry for Chip 4

id RA DIC <V> o <I> o <V-TI>
1 2:27:09.87 33:34 :57.3 24071 0.042 22.164 0.027 1.908
2 2:27:07.58 33:35 :00.4 23.187 0.049 22.851 0.044 0.336
3 2:27:08.42 33:34:56.4 24051 0.059 21.785 0.050 2.266
4 2:27: 09.25 33:34 :53.9 23251 0.040 22.521 0.060 0.760
5  2:27:10.27 33:34 :47.6 23.187 0.042 23.138 0.040 0.049
6 2:27:07.22 33:34 :55.8 23,751 0.088 21.287 0.045 2.464
7 2:27:08.20 33:34 :52.2 23.767 0.078 21.204 0.025 2.563
8  2:27.08.87 33:34 494 22.787 0.034 21.918 0.021 0.869
9  2:27:09.10 33:34 :47.9 23.355 0.045 23.066 0.066 0.289
10 2:27: 08.78 33:34 :46.9 23.996 0.036 21.647 0.034 2.349
11 2:27:10.48 33:34 :39.5 23.682 0.050 23.380 0.060 0.301
12 2:27:10.51 33:34 :38.7 23351 0.046 22913 0.053 0.438
13 2:27:10.19 33:34 :36.6 22.896 0.035 21.055 0.017 1.841
14 2:27:12.07 33:34 275 23771 0.073 21.480 0.041 2.291
15 2:27: 07.38 33:34 :40.4 24.227 0.066 22.153 0.025 2.075
16 2:27:06.65 33:34 :41.7 23.469 0.044 22.619 0.067 0.850
17 2:27:06.42 33:34 :41.3 22.768 0.046 22.100 0.070 0.668
18  2:27:07.84 33:34 :36.4 23551 0.047 2'3.241 0.066 0.310
19  2:27:10.15  33:34:29.3 22.092 0.030 21.804 0.039 0.288
20 2:27:09.84 33:34 :30.0 23.646 0.039 23.531 0.052 0.115
21 2:27:06.35 33:34 :38.3 23.056 0.049 ?2.188 0.063 0.868
22 2:27:10.04 33:34 :254 22.090 0.070 ?1.406 0.049 0.684
23 2:27:06.61 33:34:32.6 23.856 0.052 21.761  0.026 2.095
24 2:27:06.97 33:34 :30.7 23.520 0.036 23.615 0.061 -0.095
25  2:27:10.52 33:34 :188 23625 0.063 23.575 0.067 0.050
26 2:27:.06.20 33:34 :289 23.635 0.049 23517 0.041 0.117
27  2:27:08.96 33:34 :20.8 22.837 0.046 22.551 0.030 0.287
28  2:27:08.15 33:34 :20.9 22.966 0.037 22.550 0.030 0.416
29  2:27:06.53 33:34 :16.4 22911 0.038 72.887 0.086 0.024
30  2:27:07.50 33:34 :11.6 23.667 0.049 23.458 0.052 0.209
31 2:27:06.94 33:34 :10.9 21584 0.033 ?1 .038 0.021 0.546
32 2:27:08.20 33:34 :05.1 23371 0.052 22.487 0.035 0.885
33 2:27:07.21 33:34:07.9 21.485 0.028 20.873 0.020 0.612
34 2:27.07.37 33:34 :07.0 23518 0.040 922.726 0.036 0.792
35  2:27:06.84 33:34:06.5 24994 0.089 21.589 0.030 3.405
36 2:27: 07.27 33:31:04.2 23.584 0.039 22.254 0.033 1.330
37 2:27:06.15 33:34 ;046 22.667 0.034 22.330 0.032 0.336
38  2:27:06.16 33:31 :03.8 23.542 0.046 21560 0.031 1.981
39 2:27:06.59 33:34:02.1 23.158 0.031 22.368 0.028 0.790

40  2:27:07.35 33:33 :59.6 22.147 0.022 21470 ().019 0.677
41 2:27:06.14 33:34 :01.7 23.436 0.050 22174 0.043 1.262
42 2:27:06.22 33:33 :57.4 23051 0.069 22.683 0.031 0.368
43 2:27:09.79 33:33 :46.9 23.362 0.031 73145 0.061 0.217
4 2:27:07.28 33:33:53.6 23421 0.057 23.045 0.046 0.376
45  2:27:09.76  33:33:145.3 23431 0.0v4 91557  0.055 1.874
46  2:27:06.44 33:33:540 23.080 0.036 22.908 0.057 0.172
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