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Abstract. Accurate surface photometry of five spiral galaxiesval distortion drives the spiral, which then would correspond
(NGC 3223,NGC5085,NGC 5247, NGC 5861 and NGC 7088) the long waved solution of the dispersion relation.

in visual and near-infrared bands is presented. All galaxies

show grand design spiral structure in &though several have Key words: galaxies: kinematics and dynamics — galaxies: pho-
a flocculent appearance on blue images suggesting that stébanetry — galaxies: spiral — galaxies: structure — infrared: galax-
and gaseous disks are decoupled. The decomposition of theds

maps in axisymmetric components suggests that both a spher

ical bulge and a flat exponential disk are required to explain

the light distribution in the bulge regions. The central disk has Introduction

a short scale length and sky projection parameters similar_to | | iral b din disk galaxi .
the main disk. The scale length of the main exponential dig—lbe arge scale spiral arms ObSErved In disk gajaxies may in

measured in the interarm region is consistently smaller than {Rany cases be explained as density waves (Lin & Shu 1964)

value determined from the arms for three of the galaxies. We'&ktheir old stellar population. Near-infrared images of spiral

oval distortions were found in three galaxies while only one wgé/axies (e.g. BI(_)Ck & Wainscoat 1991; Rix & Rieke 1993,
classified as such. The galaxies with oval distortions have 1&£9CK et al. 1994; Block et al. 1996) show smooth, symmetric

concentrated and fainter bulges than those in the two galax@ed's In their disks supporting the existence of density waves.
without such ovals. Several important properties related to the dynamic nature of

Model rotation curves were constructed for each gala ch waves cannot be determined directly and are therefore

based on the axisymmetric decomposition of théirskrface S ill poorly I_mown €.g. their pattern speed,_ excitation_ and life-
brightness maps and observed velocity data. The mass-to-light Density waves could either be relative short lived phe-
ratio estimated in Kfor the disk component was around 0.7 i omena consisting of single wave packages traveling through
solar units for all galaxies using the disk scale length derivg&e d'.Sk (Toomr(_e 1969, 1981) after e.g. an encounter, or .be
from the interarm regions. standing waves in the framework of the modal thgory (Bertin
Pitch angles of the main two-armed spiral estimated in B,\ﬂ ?I' t1_989§1,t1)hW|th at mu;hrllongerllgg.lY\éavr? S excr[legngy ovall d
and K show a systematic trend of arms being tighterin bluercoqls or |(_)r1{s n elcen ?_r (Schwarz » Schempp ) cou
ors which suggests the presence of density waves in the galaﬁé%?o\ex.'s ovfr at ton? t'mde ipan._ h bet diff i
Comparing the extent of the spiral pattern in the galaxies with N important tool to distinguish between ditierent scenar-

their angular velocity curves, the best agreement was obtain®d and estimate Qynamlc pargmeters Is a detailed comparison
l?_,gtween observations of galaxies and models. In the visual, sev-

when the symmetric, two-armed spiral starts just outside IL ) i ) ;
and terminates around the 4:1 resonance. The spirals contﬁFé studies have been made (see e.g. Schweizer 1976; Patsis et

beyond this region but are weaker and more fragmented. e1991) but uncertainties in the correction for dust extinction

pattern speed estimated for the two Sb galaxies was significa lack of accurate kinematic data made the interpretation diffi-
higher than that for the Sc galaxies cult. Radio observations of gas kinematics (see e.g. Visser 1980;

Several galaxies have dust spirals inside the main Ste%nziqn & Allen 1.997) provide impqrta}nt information. on the
spiral. In most cases, the main spiral pattern is more open in amics .Of density waves bu_t are limited by res_olut|on. The
inner region than further out where it is well approximated wijerpretation of suc_h observatpns is complex as it depends on
alogarithmic spiral. This may supporta scenario where a centﬁ%‘? st_ate of the gasin the gaIaX|.es. . .
Direct observations of density perturbations associated to

Send offprint requests to: P.J. Grosbgl,(pgrosbol@eso.org) spiral arms in galaxies are difficult due to strong correlation be-

* Based on observations collected at the European Southern ObB&een dust and population effects in arm regions which cannot
vatory, La Silla, Chile be disentangled reliably using broad band colors (Witt et al.
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Table 1. List of galaxies observed. The morphological type and coebserved for each galaxy depending on their angular size and
rected recession velocity taken from RSC are given in addition to theentation. Each field consisted of a stack of fM@x 2 s
diameter Qs and axis ratio B from RC3. The linear scale adopted isexposures. The target fields were interleaved with similar sky
also listed. exposures taken in different directions approximatelyal@ay

from the galaxy. This gave a total on-target integration time of

Galaxy Type RSSO (km/s) Dy RC:;% (psé:;’,‘;e 900 sfor each field. The individual exposures inastack were off-

set by a few arcsec to allow corrections for bad detector pixels.
NGC 3223  Sb(s)l-lI 2619 4 166 169.3 Dome flat-fields were used to correct for the relative sensitivity
NGC 5085  Sc(n)l-Il 1720 3% 115 1112 while the photometric calibration was done using both stan-
NGC 5247  Sc(s)l-ll 1143 % 115 739 dard stars and galaxies (NGC 3250, NGC 5090, NGC 6221 and
NGC 5861  Sc(s)ll 1725 ® 182 1115 NGC 6744) with known aperture photometry (de Vaucouleurs
NGC 7083  Sh(s)I-ll 2951 ® 166 190.8

& Longo 1988). The standard deviation of the transformation
of instrument magnitudes to K for both stars and galaxies was
0.08 mag where no color term was used. An average of two
1992). The effects of dust extinction decrease with wavelen%?arby sky frames was subtracted from each target exposure
but is still significant in the J and H bands. The attenuaticiffore the flat-flelo_l correction was done. Stellar images in the
of dust first becomes negligible in normal spiral galaxies #KY frames were visually identified and removed by fitting 2D
the K-band at 2,2m. Near-infrared (NIR) bands are also moré&>aussian profiles which then were subtracted. Objects in the
sensitive to the old stellar disk population than to young oBdividual frames were used to derive relative offsets W|th|n_a
jects and will therefore better trace the mass distribution (Rkack. The average of each stack was computed rejecting outliers
1993). Developments of NIR array detectors have made defp9- bad pixels) at 8 noise level.
accurate surface photometry in K possible and thereby opened!mages in BVI were observed with EFOSC2 which had a
for detailed studies of the morphology of density variations RiX€! scale of)’33 on the 1k«1k Thomson THX31156 coated
galactic disks. CCD. Sets of 2-3 exposures in each filter were obtained with an
The current paper presents accurate visual and NIR sgKposure time of 600 s in B and 300 s in the other filters except
face photometry of 5 ordinary spirals and analyzes their spif@l NGC 5861 for which not B frames were observed. Minor
structure. The sample includes both grand design and flocgifferences between sky and dome flat-fields were corrected
lent spirals (Elmegreen & Elmegreen 1982, 1987) allowingRy applying a 2D third order polynomial to dome flats which
comparison of the stellar disks in galaxies with different arffen were used. Photometric calibrations were done using stan-
morphologies in the optical. Rotation curves based on the &ard stars (Landolt 1992) in the SA110 and MARK-A fields.
isymmetric decomposition of K maps are compared with taignificant color terms were found only for B and V filters.

extent of the spiral arms and discussed in terms of the densandard deviations of the transformations wete@s, @*002
wave theory. and @002 for B, V and I, respectively. The calibration was

consistent with the aperture photometry of Longo & de Vau-
couleurs (1983). Finally, the average BVI maps were aligned
2. Data and rebinned to the’drames using common stars. The average
Three optically flocculent or partly multi-armed spiral galaxieseeing during the observations wds Eoreground stars were
(NGC 3223, NGC 5085 and NGC 7085) were observed to alld@moved from the intensity maps by subtracting 2D Gaussian
a detailed study of their spiral structure and a possible decdiofiles fitted to them.

pling of their stellar and gaseous disks. Two grand design spi- Spectraof NGC 5085, NGC 5247 and NGC 5861 were taken
rals (NGC 5247 and NGC 5861) were also observed to identtfy estimate their maximum rotational velocity. They were ob-
differences in stellar disks relating to their optical arm classifi@ined with EFOSC-2 using grism #9 which has a dispersion
cation. The galaxies are listed in TaBle 1 with their Hubble tygt 0.11 nm pixet ! at 650 nm. The standard deviation of the
and systemic velocityyfrom the Revised Shapley-Ames Catwavelength calibration was 0.035 nm derived from the Ar-arc.
alog (RSC) (Sandage & Tammann 1981) while diametegs DThe spectra were exposed for 600 s with'a slit width. Rota-

and axis ratios R are taken from the Third Reference Catalofjon curves were derived frommission lines. The night-sky
(RC3) (de Vaucouleurs et al. 1991). The linear scales adoptégs at 630.0 nm, 636.4 nm and 686.4 nm frome@d OH were

are also given as obtained from the systemic velocity assuu$ed as zero velocity reference. Finally, barycentric corrections
ing a Hubble constant §4= 75 km s* Mpc—!. All galaxies Wwere applied.

were classified as ordinary spirals except NGC 5861 which has

a weak bar indicated by a SXT5 type in RC3.

The galaxies were observed in the infrargddand (Wain-
scoat & Cowie 1992) and BVIwiththe 2.2m MPI/ESO telescopg&n accurate determination of sky projection parameters for the
at La Silla. The K exposures were obtained with the IRAC-2/Agalaxies is essential for the study of internal structure such as
instrument using the C-lens which gave a pixel siz€/6fon weak oval distortions and spiral arms. As detailed velocity maps
the256 x 256 NICMOS-3 detector. Mosaics of 2-6 fields weref the galaxies are not available, the two main methods to de-

3. Axisymmetric parameters
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Fig. la—e.Mean radial profiles in K and the color indices (V-K), (I-K) and (B-V) for the galaxies.

Table 2. Sky projection parameters for the galaxies. Position (PA) aifiects are seen around the minor axis. The projection parameters
inclination (1A) angles derived from 2D disk fits afiglphase variations were estimated as the values for which the- In(r) relation

are given together with the radial range used. across the major axis showed a minimum deviation from lin-
earity and are listed in Tadlé 2. Significant differences between
Disk fit 02 phase the two estimates were found for the galaxies NGC 5085 and
Galaxy PA- IA Range PA  IA  Range NGC 5247. They both have open spiral arms for which the ex-
NGC 3223 128 46° 20-50 1289 44°9 25-40' ponential disk fits showed a radial dependency. This suggests
NGC5085 78 46° 15-38° 61°3 485 17-47 that the values based on thephase are less biased. They were
NGC5247 13 20° 818" 293 26°6 20-58 therefore adopted for the sky projection of the galaxies. Typical
NGC5861 152 56° 15-458° 151°8 55°0 20-5% errors are of the order of°2
NGC 7083 § 55 835 122 5004 1528 Radial intensity profiles in K, averaged over circles in the

plane of the disks, are presented in Fig. 1a—e where also color
indices are given. The standard deviation per pixel of the surface
lérightness in Kreaches 0.1 mag at 17.9 mag arcSewhile

rive the projection are a) fitting a 2D exponential disk to th
pro) ) g P éor the visual bands B, V and | first happens at 23.5, 23.0

intensity maps, and b) minimize the radial phase change of th . !
spiral structure across the major axis (Danver 1942). The d 21.5 mag arcsee, respectively. The (V-K) color profiles

maps were used for the estimates since they represent the iff: Nnggacj;ogggg rm?% %é%ssarejw(v;vg i;oESIg' 2.hln S\(jvls ral cases
distribution in the galaxies better than images in visual banég'g' ’ an ). the (V-K) minor

The disk fits were done in an annulus in the middle of the eQXiS profiles display asymmetries around the center suggesting

ponential disk to avoid influence from either a spherical bul%_ additional color gradient perpendicular to the major axis.
or possible warps in the outer disks. Even though the effects IS e_ffect can also be seen on the (V-K) maps of the individual
spiral structures are reduced by the radial average, open t\%l_ames (see e.g. Fig. 43-c).
armed spirals will bias the results significantly. Such errors were The luminosity profiles in Khave smooth appearances of
estimated by subdividing the annulus and determining if a sy&Pe | (Freeman 1970) suggesting a decomposition into a spher-
tematic radial trend existed. The projection parameters derivédl bulge and an exponential disk. The two fitted components
are given in TablE]2 where also the radial ranges used for #igre subtracted from the’Knaps to verify this assumption.
fits are listed. Residuals in the outer parts of the galaxies suggest that the ex-
For all the galaxies, the main two-armed spiral structure penential scale lengths of the disks were too long. To estimate
K’ can be traced over a significant azimuthal angle including tHe effects of young objects inthe arm regions, exponential disks
position angle found by the disk fitting procedure. The pha¥&re fitted to the Kintensities in the arm and interarm regions
0, of the second Fourier component of the azimuthal intensigParately. The arm region was defined as the area less(than
variation along circles in the plane of the galaxy was comput&@m the mean azimuthal angle of the two-armed spiral pattern.
as function of radius for a grid of projection parameters arourdne central intensities and scale lengths for these fits are given
the values given in Tablg 2 for the disk fits. This corresponds Table[3. The zero point for the K band was taken to 636 Jy
to the phase of two-armed spiral pattern for projections close(Bessell & Brett 1988).
the true value and is expected to have a smooth radial variation. Three galaxies (NGC 3223, NGC 5085 and NGC 5247)
Small errors in the projection angles will introduce an significashow significant differences between the arm and interarm esti-
phase change @, across the major axis while only small efmates of the disk scale length. The two remaining galaxies have
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a0 NcC 3223 ' ' ' ' ' " 1 moving the spherical component. This indicates that the central

L ] parts also contained a disk component with the same projection
L R e parameters as for the outer disk. Two analytical approximations

30| P ~— R
—ra R

Lo el - | wereusedto fit the central regions namely a de Vaucouleurs law

| : | : | : | : | with variable poweid /n plus a flat exponential disk giving the
40 - NGC 5085 - face-on surface brightness:

S(r) = Sy exp(—(r/hn) ™) + T exp(—r/hi) (1)

or a modified Hubble law with an exponeatreplacing the
- | - | - | - | bulge part:

1 B =S/ + (r/hp)) + Ziexp(—r/hy) (2)

whereX,, and; denote the central surface brightness for the
different components whilé;,, and h; give their scale length.
The parameters for the decomposition were estimated by fitting
Eqg. (1) and Eq[{2) to the 2D surface brightness distribution in
K’. Smearing of the central part of the galaxies corresponding
to a seeing ofl” was included in the fitting procedure. The
! ' ! ' ! ' ! ' ! estimated values of the powetando are noted in Tablel4 but
40 NGe 7083 < arerather uncertain due to seeing effects and possible sensitivity
variation within individual pixels. For the final decomposition,
a modified Hubble law (i.eac = 2) was adopted because its
goodness of fit was similar to that of the other models and its
0 analytical form was simpler. The parameters for the components
adopted are given in Tallé 4.
Fig. 2. (V-K) profiles along the major (—) and minor (- —) axes. The Accurate rotation curves for the galaxies are required for
minor axis profiles are shifted 0.5 mag down. The radius is given éndynamic interpretation of the spiral structure. Most rotation
the plane of the galaxies. curves are obtained from emission line spectra and refer to gas
kinematics rather than to motion of the stellar disk. Further,
Table 3. Central surface brightness and scale length for exponentiae detailed shape of the inner rotation curve (i.e. the angu-
disks fitted to the main disk of the galaxies in Ksmg either arm lar Ve|0city Q) is not accurate|y determined due to its Steep
or interarm regions. Sgrface brightn_ess is give_mly arcse_éz. The gradient and seeing effects. These problems make it impos-
average color change in the main diff-K) per interarm disk scale gjpe 1o derive a reliable estimate of the epicyclic frequency
length is listed with the radial range used. K(r) = 29\/1 F1/2 (dIn/dInr) directly from the mea-
sured velocities in the inner region where the Inner Lindblad
Resonance (ILR) is expected. An alternative approach is to es-
timate the rotation curve from the mass distribution obtained

3.0

L
S r—-"
Ll

1
- NGC 5861

(V-K) in mag.

4.0

3.0

-40 -20 0 20

Arm Interarm Range §(V-K)
Galaxy Ya  ha  Za  ha @) (mag)

NGC3223 167 265 215 196 20-35 -0.23 through the K surface brightness maps assuming a constant
NGC5085 85 3% 8l 28’/:5 25-35  -0.22 mass-to-light ratio and a geometry for the components (see e.g.
NGC5247 48 48 70 21’8 20-60 -0.29 Kent 1986). The galaxies were assumed to have four compo-

NGC5861 104 287 90 27/0 2050 -0.17

nents, namely: a) a spherical bulge, b) two flat exponential disks,
NGC 7083 218 173 172 161 15-35 -0.31 y:a)asp 9 ) P

and c) a spherical halo. The mass distribution of the bulge com-
ponentwas derived assuming the modified Hubble profiléEq.(2)
with o = 2 while the halo was modeled by a logarithmic po-

. . : . ntial. The circular velocity,. at radius- is then given by (ref.
only a marginal steeper interarm disk. They have both sligh ey & Tremaine 1987: Abramowitz & Stegun 1965);

asymmetric arms which would decrease the difference base

on the average arm location. The many sharp, bright knots a . hi

longer scale length in the arm regions measured Buggest an v??r) N 27TGUb7(F(LP \7/2) —Elp\7/2)) + 3

additional contribution of light from young objects in this band. 4rGoaihiy? (Io(yi)Ko(y) — 11 (y)Ka (1)) +

Al_though the_mterar_m fit will underestimate the central surfac_e 477G0'dhdy(21(|0(yd)K0(yd) (K (ya)) +

brightness slightly, it was adopted as the better representation 5 9

of the mass distribution of the old stellar disk population. This :H7T2

component was then subtracted from thienkaps before the hig +r

inner regions were analyzed. where b, Ko, I1, Ky are modified Bessel functions with the ar-
Significant bisymmetric residuals aligned with the majagumenty; 4 = r/(2h;,4) ande = \/r?/(hZ + r?) is the am-

axis of the galaxies were found in the inner regions after rplitude of the incomplete elliptic integrals E and F. The halo
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Table 4. Parameters for the decomposition of theriaps into a spherical bulge and two flat disk components including maximum velocity and
scale length for the halo adopted. The best estimate of the pewand « for a free bulge fit are listed. The barycentric systemic velogity

and maximum rotational velocity,, in the plane of the galaxy obtained from the long slit spectra are given together with the position angles
used for the observations. Surface brightness is in mJy aréseelocity is in km s'*, and M/L ratio is in solar units.

Bulge Inner disk Main disk Halo Bulge
Galaxy PN hb P hi Yda ha VH hu n a PA Vo Um M/L

NGC 3223 4.876 ™83 1.397 218 0.215 196 251 70 |15 1.7 - -
NGC5085 0.442 159 0.153 466 0.081 285 141 58 | 1.8 19| 24°90° 1940 141| 0.6

NGC 5247 0.400 06 0.268 476 0.070 218 149 47 | 4.1 4.4 14°90° 1354 - 0.7
NGC5861 0.085 ‘471 0.482 Y51 0.090 270 158 64 | 2.6 1.6| 149° 1843 158| 0.7
NGC 7083 0.863 ™5 0.288 424 0.172 161 223 73 |37 13 - - - 0.7

component is defined by its maximum circular veloeityand NGC 3223 a
scale lengthuy while G is the gravitational constant. The surfact 300 *
densitiesr, ; 4 for the bulge and disk components were assum

to be proportional to the central Kurface brightnessés, ; 4

after the geometric projection correction was applied to the fITm 200
disk components. The scale length derived from the decomy ¢
sition was used for the different components. =

The rotation curve EqL]3) was fitted to observational da 100 / == _ _
obtained from the long slit spectra and from Rubin et al. (198 L oD DT oo dnnerdisk
for NGC 3223 and NGC 7083. All radial velocities were cor '
rected for projection effect assuming plane circular motions 0
the galactic disks. The halo velocity; was taken to be equal
to the maximum rotational velocity of the galaxy at large radi
The optical determination agreed with tha M/y, line width 7
data (Fisher & Tully 1981; Aaronson et al. 1982) except fc% i
NGC 5861 which displays a slight asymmetry in its outer par 5
The remaining two parameters, mass-to-lightratioM/Land hay 10 |-
scale length, were obtained from the fit to the rotation curveg
for NGC 3223 and NGC 7083 while the uncertainties of th~
kinematic data for the remaining galaxies only allowed the ma
imum rotational velocityv,, to be determined. In these cases
M/L andhy were derived assuming the maximum rotationalve 0
locity of the disk was equal to 63% of the total circular velocity
of the galaxy (Bottema 1997). The parameters for the rotationg. 3a and b.Rotation and angular velocity curves as function of ra-
curves are given in Tab 4 where also the M/L ratio in So|§iUS for NGC 3223atotal rotation velocity curve including curves for
units is given.The rotation curve for NGC 3223 is shown i'ﬁldividual components and velocity points obserdedngular veloci-
Fig.[3aandb, as an example, together with its angular velodif§*?: (2= #/2), (@ — x/4) and(2 + 1/2). The dotted curves show

Q(r) and curves fofQ — r/2), (Q — r/4) and(Q + x/2). zur%c;d\?;l\lljv:ere the M/L for the main disk was reduced to 0.7 of the

Athick exponential disk with a radial to vertical scale length
ratio of 5:1 would yield a 3% larger M/L value. This does not
change the shape of the rotation curve significantly. A highgr
fraction of young object in the main disk compared to the bulge
region would give a much larger effect. Population synthesSgveral corrections were applied to theaps before the shape
models of spiral galaxies (Chiosi & Vallenari 1996) estimatand amplitude of the spiral patterns could be estimated and ana-
that 20-25% of the light in the K-band may come from younlyzed. The spherical bulge component was subtracted from the
stars assuming a constant star formation rate. To estimate thisnsity maps prior to the de-projection. Further, a correction
effect, rotation curves for models with a M/L for the main diskor population effects must be included since star formation in
reduced to 0.7 of the value for the bulge were computed (she arms will introduce significant systematic errors. Although
Fig. 3b). The general behavior remains the same whereas srtralK’ images have a much smoother appearance than bluer im-
changes in the bulge region can be seen due to the increasagafs, there are many well defined knots along the spiral arms.
its mass. Diffusion of stellar orbits would dissolve knots consisting of

20 1

0 50 r(")

Morphology and spiral structure
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Fig. 4a—c.Surface brightness maps of NGC 322X’ intensity mapp de-projected (V-K) color map,c de-projected map of the’Kntensity
relative to the axisymmetric background and with the bulge component subtracted. Foreground stars were removed. Higher intensities and redder
colors are presented darker in the figure. The bar correspondsiotfie sky.

stars in less than 50 Ma (Wielen 1977). The concentration 4fl. NGC 3223

knots in the arm regions suggest that they are younger than the i . i i i
typical time — less than 40 Ma — which it takes the density wa\)—é]e galaxy is clas_S|f|ed asa S_b(s)I—II in RSC while RC3 aIs;S|gns
to pass the given location. This indicates that the knots are HEE type SASS V,V'th _Iumlnosny class 2.3. The qu (V'K),
sociated with very young objects and that a significant fractiSiaPS &re given in Fig. 4a-c where also the relative amplitude
of the K’ light in the arm regions originates from Population Pf "on-axisymmetric features is shown. NGC 3223 has a multi-

objects. The fraction is expected to be larger in the arms wh&@&: flocculent appearance on B images whereas tadp
star formation is higher and emission frontiHegions may be shows a symmetric, two-armed spiral. Interpreting the color

important variations on the (V-K map as mainly due to attenuation by
It is verv difficult to disentanale population effects fro dust, the flocculent spiral structure in blue colors is less related
y g€ pop 0 the mass perturbations in the old stellar disk than to the dis-

attenuation due to dust (Witt et al. 1992) especially since they L2 Ltion of dust and gas in the disk

spatially correlated. Further, ages for stellar populations older . . . . . .

than 2-3 Ga cannot be reliably determined from their (V-K The K/ Iun'1|n03|ty. profile ('.:'g' 1a) is well f'tte(.j with an

colors (Charlot et al. 1996). The strong dust lanes along t%é{))onentlal d'_Sk outside a rad|u§ of’_QWhereas_ the inner part

arms, seen on B images, can hardly be traced on thieakies IS best approximated by a combination of an inner exponential
' ' rpdsk and a spherical bulge. The aspect ratio of the inner disk

which indicates that dust effects are not important in this ba inall ller than that of th ter disk which Id
Without spectroscopic information, it is not possible to deduda Marginally smalfler than tha ,0 € outer disk which cou
ggest it being thicker. The (VZKcolor has a local maximum

the population composition in the arm regions including the! . . e .
knots and thereby derive a reliable correction across arms. aro_und 1_5 Whgreadust ring with (V-K~ 3 7is seen (Fig. 4b).
Inside this radius the color map shows little structure except for

To reduce such population effects, it was assumed tha Yeak one armed spiral feature in the very center. Further, a

major pgrt of th'e luminosity f“".“ sharp knpts originated fro[§ neral color gradient perpendicular to the major axis is noted.
Population | objects and that this contribution therefore sho 3 The radial variation of the amplitude and phasé, of the
2

be significantly reduced in the analysis of the old stellar d'%&/o-armed spiral (Fig. 5b,c) show not significant oval distortion

This was done by computing a residual map between the ac: S . :
/- In'the central region (i.er; < 2%). The main two-armed spiral
tual K’ image and the one represented by the 8 lowest Fourier 1 . ;
. i . ! : ... pattern starts at = 20" just outside the dust ring and can be

components of the azimuthal intensity variations. All intensiti€s

| o .- raced to a radius of almost 4®n the relative intensity K

arger thatso in this map were subtracted from the origindl K : :

f ; : . map (Fig. 4c) where interarm features appear and a small phase

rame. This removed all major knots but retained sharp features . ~ '
s‘?an‘t can be seen. The amplitude of the m=4 component is

in the central regions of the galaxies. The radial amplitude a : ; . : .
- . . wer thanas in the region of the main symmetric spiral out
phase variation of the spiral patterns were then derived from the ” . : ! .
~ 38" where it becomes relative more important. The ratio

Fourier cqmponents of azimuthal |r_1tensmes ofthese cIea|’1edarflo/a2 shows a maximum at #2while it is of order unity in the
maps. This procedure reduced the influence of knots but doesoutter parts

correct for the continuous contribution of young objects in spi-

ral arms. The behavior of the individual galaxies are described The dust ring and the _start of the main spiral pattern qut
in the following sections. outside suggest that a major resonance (i.e. ILR or corotation

(CR)) is located in the radial regiotb” < r < 20” while
the end of the symmetric two-armed spiral and the maximum
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Ll D A N ' T ' ' significantly higher than that suggested by the RC3 value for

R25.
The spiral structure on the B image appears to reach much
closer to the center than thé &piral. This impression is created
‘ : by the very sharp dust lanes as seen on the(Miap (Fig. 6b)
N, Tl which penetrate to an inner radius dfwhile the spiral pattern
. eeeeLll_._______a=/z___ ] inK’onlycanbetracedintoaradiusof1®utside thisradius,
0 P . L | | 1 the main dust lanes are located on the inner side of the spiral
b arms. The axisymmetric Kprofile (Fig. 1b) suggest a shorter
02 7 scale length of the disk outside’&0This may rather be due to
Amp. | | anexcess of light from young objects in the main spiral arms in-
side this radius than to change in the old stellar disk population.
The colors show a smooth radial variation without significant
features. The (V-K map suggests a weak color gradient per-
pendicular to the major axis.
The radial variation of, (Fig. 7c) shows the main two-
180 1= ¢ 7 armed spiral starting around”1dnd reaching almost 4&vhere
62(°) 4 the phase gets constant possibly caused by a warp, a small pro-
ol _| jection error, or a minor residual in the sky background. In the
inner regions an oval distortion with an amplitudeagf= 0.1
can be identified in the radial range 7“1®&hile a tight inner
~180 - NGC 3223 7 spiralis visible inside 5 with a; < 0.1. The main spiral has an
- ) ) ) ) . ) 1 amplitude around 0.1 in the inner parts but increases to almost
o 50 (") 0.2 at a radius of 30 Thea, amplitude increases at the start of
the main spiral and becomes equahtoat 42’. The absolute

—
[=]
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/
| SR N B R B

wn

km s-! arcsec~!

0.1

Fig. 5a—c.Angular velocity curves, and amplitudes and phase of t : . - .
spiral pattern for NGC 3223 as function of radiasingular speeds. r(1:1(JTT1pI|tude of the spiral pattern is not significant compared to

. . . . .
(Q-k/2), (-x/4) and Q+x/2), b relative amplitudes. anda., c phase the.uncertalnty of th.e averaggf K]_tensny outsple 50. At this _
02. The vertical lines indicate likely locations of major resonances (s@d'us’ small errors in the projection become important causing

text). The dotted(Q-x/2) curve shows a model with a M/L of the mainth€ steep incrgase iy . _ _
disk reduced to 0.7 of the bulge value. The transition between the oval distortion and the main two-

armed spiral occurs in the region 10“18nd suggests a major

resonance in this radial range. Similarly, the peak ofith&:»

ratio at 42 and the end of the symmetric spiral pattern just
of the as/a ratio indicate another resonance (e.g. 4:1, CR gitside this radius indicate another resonance. The only pattern
Outer Lindblad Resonance (OLR)) around’42Assuming a speed?,, which locates major resonances close to these radii
single pattern with constant angular spégd only one value s 18.9 km s kpc-with ILR at 12’ and 4:1 at 41. The CR
of Q,, places resonances at the radii suggested above (Fig.R8lild be at a radius o 77" which roughly corresponds to the

namely<, = 26.0 km s! kpc~" with the main spiral located outer limit of the spiral structure seen on the B image.
between ILR and 4:1. The strong, symmetric spiral breaks up

into a weak multi-armed pattern around’42 agreement with
dynamic models of the 4:1 resonance region (Contopoulos‘@' NGC 5247

Grosbgl 1988; Patsis et al. 1991, 1997). Itis a grand design spiral galaxy with arm class 8 and classified
as SAS4 in RC3. The very strong arms in idake the deter-
4.2. NGC 5085 mination of its sky projection difficult. The parameters derived

from the 6, phase variation agrees reasonably well with both
NGC 5085 is also classified as a SAS5 galaxy in RC3 and Hhs value given in RC3 and the one derived from the two long
an arm class of 2 specifying fragmented spiral arms with 1slit spectra considering that NGC 5247 is nearly face-on.
regular pattern (Elmegreen & EImegreen 1982). Contrary to this The axisymmetric Kluminosity profile (Fig. 1c) shows a
description, the Kimage (Fig. 6a) shows an open, grand desigrery slow transition between the inner bulge region and an outer
spiral structure. The strong spiral pattern makes it difficult ®xponential disk. The large difference between the arm and in-
determine the sky projection parameters directly from 2D fit éérarm estimates of the disk scale length suggests that the outer
an exponential disk to its’'Kmage. The orientation of the majorpart of the K profile is dominated by the contribution from the
axis estimated from th#, phase variation and that derived fronspiral arms. The (V-K) color is almost constant at*2 in the
the two long-slit spectra, assuming circular velocities, agregnge 3-14 while it decreases slowly outside this region. The
within 2° but differ by more than 20from the value given in color map (Fig[(8alcb) shows a complex structure inside 18
RC3. This also affects the estimated inclination angle whichpgssible due to an inner dust spiral.
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Fig. 6a—c.K’ surface brightness), (V-K’) color (b) and relative K intensity mapsd) for NGC 5085 as in Fig-Z4aj-c.
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Fig. 7a—c.Angular velocity curvesd), amplitudeszz 4 (b) and phase

05 (c) of the spiral pattern in NGC 5085 as in Hig. 5h—c.

The spiral pattern can be traced in to a distance’ob22
the B image while the main two-armed spiral on theriap

50 r()

05 is close td)° which may be caused by a small error in the fit of
the central disk and bulge components due to the oval distortion.
The main two-armed spiral starts arourid and can be traced

to the edge of the Kimage close to a radius 60”. The spiral
changes pitch angle aroumd= 44" where it becomes more
open and again &8” where the pattern starts to be tighter than
its inner part. The amplitude of the spiral cannot be estimated
reliably in the outer parts of the galaxy (i3 < r) due to the

low K’ surface brightness in the interarm regions. This makes
the values ofi; anday approach unity at large radii.

The small inclination angle makes the rotation curve unre-
liable due to the large projection correction. Considering the
uncertainties, the maximum rotational velocity estimated from
the long slit spectra is compatible with the;yWalue by Fisher
& Tully (1981). The latter was used to model the rotation curve.
Due to the lack of a accurate rotation curve, it was assumed that
the maximum rotational velocity of the outer disk was 63% of
the total rotational speed (Bottema 1997).

The start of the main spiral pattern 8" suggests that
the ILR is located just inside this radius. This givlg =
20.3 km s kpctand places 4:1 arourés”. The main spiral
becomes tighter and the arms bifurcate close to this radius as
expected at the 4:1 resonance.

The current rotation curve for NGC 5247 differs from the
one used by Contopoulos & Grosbgl (1986,1988) in several
aspects. Besides differences due to the adopted distance and
sky projection, the form defined by Hd. 3 is more directly based
on a mass model. This shifts the location of the resonances but
does not alter the general dynamic behavior.

first starts around 19(Fig. Ba=¢c). This is due to inner dust, , NGC 5861

lanes as in the case of NGC 5085. A sharp one-armed spiral

feature is also seen in the inner region. Its sharpness sugg&hisclassification SXT5in RC3 indicates the presence of aweak
it to be associated with Population | objects rather than withbar while its grand design spiral pattern has an arm class 12. The
density enhancement in the inner disk. A very blue lane wittvo-armed spiral is also very prominentinéutsider = 12" as

(V-K’) = 27 is located along the one-armed structure.

seenin Fig. 10a. The (V“Kmap (Fig. 10b) shows a filamentary

The radial variation of)» given in Fig. 9c shows an oval structure in the region of the main spiral with many interarm dust
distortion witha, = 0.05 for 6” < r < 15”. Inside this region, spurs. The color gets increasingly red towards the center with
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Fig. 8a—c.K’ surface brightness), (V-K’) color (b) and relative K intensity mapsd) for NGC 5247 as in Fid_4alc.
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Fig. 9a—c.Angular velocity curvesd), amplitudesis 4 (b) and phase
02 (c) of the spiral pattern in NGC 5247 as in Hig. 5h—c.

intensity map (Fig. 10c) suggest a significant contribution of
light from young objects in the arm regions.

The K profile given in Fig. 1d shows a very steep bulge
region and an exponential disk outside a radiusdfwith an
intensity excess in the interval 25-%4@hich corresponds to
the region where the sharp features are seen in the arms. The
average color changes very slowly in the outer parts of the disk.
A weak color gradient perpendicular to the major axis can also
be observed in this galaxy.

The 0, phase is almost constant Hi0° inside a radius of
10" (Fig. 11c). This oval distortion has an amplitudeagf ~
0.07. The two-armed spiral starts arouthd’” and reaches an
amplitude of 14% insid@5” whereas the peak of more than
20% at32” may be due to Population | objects seen on the K
map. Close tal0” the ay/a; ratio increases significantly with
a peak au3”. Further, the main spiral breaks up into several
branches just outside this radius. The increase olutside this
radius is mainly due to the low interarm intensities. Phphase
shows small jumps of 7° around44” and53” while the pitch
angle of the two-armed pattern remains almost constant.

The maximum rotational velocity of 158 knT§ obtained
from the long slit spectrum does not fully agree with the value
from HI Wy line width data (Fisher & Tully 1981). The asym-
metry and patches in the outer parts of NGC 5861 on visual
images could suggest a disturbed velocity field in this region.
Thus, the optical data were used to estimate the maximum ro-
tational speed of the galaxy. The rotation curve shows a very
steep raise in the central part. This cannot be reproduced by a

(V-K”) > 3™7 around the start of the spiral. Patches of spirahodel based on a common M/L ratio for both bulge region and
dust lanes continue inside the stellar spiral. The many knatster disk. A satisfactory fit was achieved for a M/L ratio of the
and sharp ridges along the spiral arms seen on the relativeokiter disk reduced to 0.4 of the value for the bulge components.
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Fig. 10a—c.K’ surface brightness), (V-K’) color (b) and relative K intensity mapsd) for NGC 5861 as in Fid. 4al-c.

10

to these two radii is 17.9 km$ kpc~!. With this value, the
resonances ILR, 4:1 and CR are located’gt43” and 84",
respectively. The model with reduced M/L for the outer disk
would have ILR at 11 while the other resonances would retain
their locations. If CR would be placed close48”, the ILR
would be at” which is inside the oval distortion and therefore
less likely.

km s~! arcsec~!

4.5. NGC 7083

Amp. The galaxy is the most distant in the sample and has the mor-
phological type SAS4 in RC3 with a multiple arm appearance
on the B image. The Kmaps (Fig. 12a,c) show a grand de-
sign two-armed spiral. A double arm structure at the end of the
strong symmetric arms is observed. This is very similar to fea-
B ¢ | turesseenin models (Patsis et al. 1997). The main spiral does
62(°) not fully cross the major axis which makes the determination
o - of sky projection parameters more uncertain. Thus, thefest
phase determination close to the dynamical major axis of PA
= 11° (Rubin et al. 1982) was adopted. The (V}Kolor map
_180 - 4 (Fig. 12b) shows strong dust lanes along the inner side of the
NGC 5861 main spiral pattern but also significant dust patches in the inter-
0 ' ' ' ' 5'0 r('") arm regions. A color gradient perpendicular to the major axis
can be seen clearly.

Flg lla—cAnggIar VelOCity-CUrVESEO, amplitu_de312,4 (b) and phase The axisymmetric Kprof"e (F|g 1d) has a smooth disk
02 (c) of the spiral pattern in NGC 5861 as in Fig. Sa—c. The dottehmpnonent with a very short scale length. Also the radial color
(Q-x/2) curve represents a model with a M/L for the outer disk reduc%riation in (V-K') and (I-K) is larger than for the other galaxies.
t0 0.4 of the value of the bulge- The color gradient seemsto steepen at aradius arovhal2&re

the strong two-armed pattern terminates. The (B-V) color shows

The model is shown as the dotted curve on Fig. 11a. The relat®&uch smaller radial change.

small bulge of this galaxy reduces the effects. Thea, amplitude and,, phase diagrams givenin Fig. 13b,c
The end of the oval distortion d0” and the strong two- suggest a weak open spiral insidevéith as ~ 0.03. This inner

armed spiral starting just beyomg” indicate a major resonancespiral goes into an oval ring structure between 9-Which

in this radial interval. The increase of thg/a, ratio together has a relative amplitude of 0.04. The main two-armed spiral

with the termination of the strong spiral on the visual mapgarts just outside this radius witty = 0.13 in the interval

around45” make the location of another resonance at this radiii®” < r < 20”. Its amplitude peaks around’2with a values

likely. From the angular velocity curve in Fig. 11a, the besiose to 0.4 after which it decreases. The signal-to-noise ratio

value for the pattern speed which places major resonances cisseot high enough to trace the spiral outside’ 3vhere a;
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Fig. 12a—c.K’ surface brightness), (V-K’) color (b) and relative K intensity mapsd) for NGC 7083 as in Fid_Zaj-c.

15 N ' o ' T onances near these two radii namely ILR and 4:1. This value

of Q,, locates CR ati4” which corresponds to the outer limit
for strong arm filaments seen on the B image. Weaker arm frag-
ments can be traced to almost'#here OLR would be located.

km s~! arcsec~!

5. Discussion

All five galaxies show clear two-armed, grand design spiral
structure in their disks as seen il Klthough three of them
would be classified as flocculent on blue images. This strongly
suggests that the arm classification by EImegreen & Elmegreen
(1982) relates more to the properties of dust and gas in the disk
than to the underlying density perturbation in the stellar disk.
The Population Il disks in the three optically flocculent galaxies
do not display any significant difference compared to those of
the grand design spirals in the sample. This supports the view
- ¢ 1 that stellar and gaseous disks are decoupled in optically floc-
culent spirals (Block et al. 1994). The morphology of their old
stellar disks covers a significant range as discussed by Block
(1996) including galaxies with prominent spiral density per-
turbations (e.g. NGC 3223), with very weak density arms as in
180 oss < NGC 2841 (Block et al. 1996) or with multi-arm structures (e.g.

. . . . ! NGC 2976).
0 50 (v A standard decomposition of the Kaps into two axisym-

Fig. 13a—c Angular velocity curvesd), amplitudesis s (b) and phase metric components (i.e. a spherical bulge and a flat exponential

0, (©) of the spiral pattern in NGC 7083 (see Fig_Ba—c). disk) was not sgtlsfac_:tory for any of th'e five gaI§X|es. .S|gn|f|-
cant bisymmetric residuals, aligned with the major axis, were

found in the central regions. These residuals can be removed
starts to increase and tifg phase becomes almost constanhy including a central exponential disk component with project
The radialf, variation suggests that the main spiral spans tiparameters equal to those of the main disk. This is consistent
region 12-26 sinceds is almost constant just outside this rangawvith de Jong (1996) and Courteau et al. (1996) who found that
The amplitudes, has a local maximum at 25vhich could be exponential bulge are common in late-type disk galaxies. The
associated to the end of the strong symmetric two-armed pattsteep inner disks are similar to the nuclear disk found in E-SO
(see Fig. 12c). galaxies (van der Bosch et al. 1994; Scorza & Bender 1995;
It is likely that ILR or CR is located around Ydwvhere the Seifert & Scorza 1996). There is weak evidence from the fit of
ring structure and inner limit of the main spiral are placed. Futhe inner diskin NGC 3223 that it has a smaller aspect ratio than
ther, the end of the two-armed pattern and local maximum thie outer disk and therefore may be marginal thicker. Oval dis-
a4 suggest another resonance close t6. Z6pattern speed of tortions seen in several of the galaxies make it very difficult to
26.2 km s kpclis the only solution which places major resestimate reliable aspect ratios. After subtracting all three com-

Amp.
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ponents from the Kmaps, a small point like residual remainec 720 + —

in the center. This may be an artifact due to pixel level errors / S

the stacking and non-uniform sensitivity of individual pixels. - NGC 5247;,,/\/’ Tl T
The mass-to-light ratio of the luminous matter irf I§ 540 k———__ T

around 0.7 in solar units which is compatible with values b o

Héraudeu et al. (1996) but somewhat lower that those found L NGC 5085 i

e.g. Quillen (1996). If a maximum disk solution had be chc [ e T

sen for the decomposition, the M/L would increase and be 360 - ~ .

the range 0.8-1.3. The shape of the inner rotation curve a N B

therefore the location of resonances would not be changed f2(°) - NGe 7083 N T

nificantly. 180 T o _
Three galaxies (NGC 3223,NGC 5085 and NGC 7083) di NGC 5861

play a significant color gradient perpendicular to their majc T T T T T T T .

axes withA(V-K’) ~ 0m2. This alignment makes it appear as ¢
projection effect due to dust. Brightness gradients due to dust:
discussed by Byun et al. (1994). A detailed discussion of (V-k
color gradients across the minor axis of spirals, including du:
are to appear in a forthcoming paper by Elmegreen and Blo —180
(1998) who demonstrate that exponential disks can produ
marked asymmetries. A systematic offset of thick dust lanes r
ative to young objects in the spiral arms would give addition:i
asymmetries in the (V-K) color maps as seen in NGC 50¢
(Fig. 6b), where the dust lanes appear to be more pronount PRI R R N SR S N NN R N R N TR
on one side of the minor axis compared to the other. 1 P 3 @) 4

The main two-armed spiral can be fitted with a logarith- )
mic spiral over a significant radial interval as seen in Fig. 1519 14.Phas#. as function oftn(r)
The absolute value of the pitch andle| or the radial wave-
length increases in the inner part of the pattern i.e. just outsitRble 5. Average pitch anglé; of the main two-armed spiral as mea-
the region where the oval distortions terminate. The increasted in different colors for the five galaxies. Estimated efrarf the
ing wavelength could partly be caused by interference with tRB9les and the radial range used are listed.
weak bar component. The amplitude of the oval distortions is;
in all cases, smaller than that of the main spiral pattern. Further-
more, a phase shift between the end of the oval and the start 582
the spiral is observed in several cases. These points support tkec 3223 -88 994 88 87 5 25-36¢
increase of the radial wavelength in the inner part of the spiraNGC 5085 -174 -130 -1I7 -109 @5 25-40
as being a real effect. NGC 5247 -331 -31°8 -299 -274 @7 30-50

The pitch angles derived from the logarithmic part of theNGC 5861 -124  -1I'8  -11'9 - 05 20-3%
two-armed spirals change as function of the color except foplGC 7083 -221 -203 -176 -150 10 11-18
NGC 3223 which has a pattern too tight for an accurate es-
timate. The spirals are systematically more open measured at
longer wavelength (i.e. K than in bluer bands as seen in Ta-
ble[§. The radial variation of, in the V and K bands is shown one cannot use this fact to reliably extrapolate to the location of
in Fig.[I8. This behavior is expected for a trailing density wav@R since the nature and absolute size of the phase offset in the
inside CR due to the increase|6f(r) — ©2,,| towards ILR which different colors are unclear.
causes material to float faster through the arms at smaller radii. It is expected that major dynamic resonances (i.e. ILR, 4:1,
The change of pitch angle with color strongly suggests the pr&R, -4:1 and OLR) will either limit to the extend of the spirals
ence of adensity wave as material arms would not show a simiteirgive raise to morphological changes if the pattern exists for
effect. The trend is likely due to a combined effect of displaceeveral revolutions. A weak density wave perturbation can exist
ments of both dust and young objects where the latter is ldsgween ILR and OLR (see e.g. Bertin et al. 1989a,b) while
important (Yuan & Grosbgl 1981). The two effects cannot beon-linear effects would make it difficult to have a strong wave
separated (e.g. using a reddening free color index for stars likgside the 4:1 resonance (Contopoulos & Groshgl 1988). Com-
Q) since stars and dust are intermixed (Witt et al. 1992). Tparing the extend of the strong, two-armed spirals in the galaxies
radius of CR could be determined if one clearly would observéth their angular rotation curves, the best agreement was in all
the dust lanes change their location relative to the spiral armases achieved assuming thatthe spiral starts just outside the ILR
Such crossing of dust lanes is not seen. Although a systematid terminates around 4:1 while weaker multi-armed spirals ex-
difference of the pitch angles as function of color is observet#nd further. In some cases, it would be marginally possible to

for the galaxies in the Kband.

Pitch anglei,
K | Vv B A range
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ettt T T T amplitudes for NGC 3223 and NGC 7083 are less then 2%. Itis
540 — N -1 noted that the two galaxies without significant oval distortions
have more centrally condensed bulge regions than the galaxies
with weak bars. This agrees with Norman et al. (1996) who
find that bars may be dissolved in models with sufficient central
mass concentration.

NGC 5247

65(°)
360

The amplitudes:, of main two-armed spiral pattern are
given in Tabld B where the values for the inner parts are listed.
The optically flocculent galaxies in the sample hayesalues
similar to those of the grand design spirals. In several cages,
increases significantly just inside the radius wheréas has
a local maximum. This increase is probably due to additional
contribution of light from young objects in the arm regions and
does not reflect a real increase in the amplitude of the underly-
| ing density wave. Some of the galaxies show a decreasg of
in the 4:1 resonance region which is expected for strong spi-
_| ral perturbations (Contopoulos & Grosbgl 1988). The density
| perturbation cannot be estimated reliably without correcting the

surface brightness variation i Kor population effects. Further,

the low surface brightness in the interarm regions makes the es-
Fig. 15.Radial variation of the phask of the spirals for NGC 5085, timated amplitude uncertain at larger radii. Tdyeamplitudes
NGC 5247, and NGC 5861 in V (- -) and (&-). are consistent with a marginal non-linear density perturbation

(Grosbgl 1993) considering that they are overestimated due to

Table 6. Average relative amplitudes of oval distortions and inner paight from young objects in the arms.
of the main two-armed spiral in the galaxies together with the estimated
radii of their main resonances. The pattern sp@gcestimated for a

T
z
(o]
(@]
N
O
@
s,

1

180

-180

1 2

In(r)

The m=1 component in the galaxies is generally less than

density wave is given in kms kpc . 3% with exception of peaks at 10-15% in the outer parts of
NGC 5861 and NGC 7083. The phase of the m=1 component
<as > is not well correlated with that of the main two-armed pattern.
Galaxy bar  spiral iir  Ta1  for Weak spirals in the bulge regions are observed in most of the
NGC 3223 0.01 007 14 39° 64 26.0 galaxies. They are better seen on the (\-laps suggesting
NGC5085 0.10 0.17 12 41”7 777 189 them to be associated to dust and gas. Dust lanes in the nuclear
NGC 5247 0.06 - 19 68 104’ 203 regions of spiral galaxies were first noted by Baade (1958) for
NGC5861 0.07 013 ‘9 43" 84" 179 M 31 (see also Johnson 1961; Johnson & Hanna 1972). Their
NGC7083 002 012 '8 26" 447 262 presence would lead to a wrong estimate of the radial extend of

stellar spirals arms in galaxies observed in visual bands. They
seem to extend the dust lanes of the main spiral inwards across
the ILR however with a different shape. The resolution in the

associate CR and OLR to these location although the appearaRggr regions is unfortunately not good enough to measure the

ofthe arms is not similar to that expected from simulation (Pat§ifase shift predicted by the density wave theory (Lin & Lau
etal. 1997). Pattern speeds and locations of the major resonangegs).

are listed in Tablgl6. It is noted that the two Sb galaxies both have ] ) ) .
a higher pattern speédl, ~26 km s™! kpc! than the three Sc The increasing radial wavelength of the spirals close to ILR

galaxies which all have values around 19 ki &pc—'. The is in agreement with the long waved solution for trailing waves

sample is too small and has other correlation (e.g. linear si¥&)h€ Lin-Shu dispersion relation while a decrease would be
to make this difference significant. exXpected for the short waved branch. If the spiral pattern is

The rotation curves are based on the axisymmetric decofiScciated to the long waved branch, it would have an outgoing

position of the K maps and are therefore not dependent on tHEOUP vel_ocity: A POSSib'e scenario would be a spiral driven by
spiral pattern observed in the galaxies. The agreement betw@B/PVal distortion in the center (Schwarz 1981). The central bar
the location of resonances and the extend of the spiral arms SgRjld be fast rotating with its CR coupled to the ILR of the
gests that the spiral pattern exists long enough for it to respori@l Pattern (Sellwood & Sparke 1988). The outgoing wave
to the axisymmetric gravitational field. This would not nece®ackage would be damped at the 4:1 resonance by non-linear
sarily be the case for a single wave package traveling throu‘?:;%ECtS (Contopoulos & Grosbgl 1988).
the disk.

Three of the galaxies have significant oval distortions with
relative amplitudes of 6-10% in their central regions whereas the
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