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Abstract—We have carried out BV RIHa CCD surface photometry of the spiral galaxy with active star
formation NGC 3184 using the 1-m telescope of the Special Astrophysical Observatory. B and Ha data
from the ING Archive (La Palma Observatory) were also used. We consider the structure and radial
brightness distribution of the galaxy. Stellar populations in different regions of the galaxy are analyzed using
two-color diagrams. We have identified and studied star-forming regions in NGC 3184 and estimated their

ages based on evolutionary modeling. © 2002 MAIK “Nauka/Interperiodica”.

1. GENERAL INFORMATION

NGC 3184 is a relatively nearby, late-type barred
spiral galaxy viewed face-on (Fig. 1). Table | presents
the basic parameters of the galaxy taken from the
RC3 Catalog[1].

NGC 3184 has been studied relatively thoroughly,
but its morphology and the photometric properties
of its components in the V RI bands had not been
analyzed in detail. NGC 3184 displays a diffuse
core [2, 3] with signs of activity, e.g., Ha emission [2].
The brightness of the galactic disk falls off expo-
nentially; the characteristic scale for the disk given
by V' photometry is 74” [45], while R photometry
yields 115” [5]. The galaxy possesses a massive bulge
whose brightness decreases in accordance with a
de Vaucouleurs law with effective radius 38" [4]. The
bulge luminosity is 6% of the integrated luminosity of
the galaxy [5]. Two bright symmetrical spiral arms
branch in the outer disk of NGC 3184, forming
several long extended arms [6]. A short (semi-major
axis 0.4"), broad (b/a = 0.95) bar is visible [7—10],
whose brightness also falls off exponentially [9, 10].
According to the calculations of [11], the bar is
relatively young (108 years).

More than 100 HII regions—sites of star form-
ation—have been identified in the galaxy (see the cat-
alog of Hodge[12]). 32 HII regions in NGC 3184 have
been studied in detail spectrophotometrically [13—
15]. UBV RIHa photometry has been carried out for
13 young clusters in the galaxy [16, 17].

According to[18], the mass of gas in the galaxy is
M (HI) = 1.8 x 109 M, and M (Hy) = 8.0 x 10% M,
The IR luminosity of NGC 3184 is rather high:
L(FIR) = 2.1 x 10°Le, and L(FIR)/L(B) = 0.24.
The mass of dust in the galaxy is 1.2 x 105M, [18].

ROSAT 0.1-2.0 keV observations indicated an
excess of radiation by hot gas beyond the optical
boundary of the galaxy, as is especially characteristic
of gas with temperatures T' ~ 10° K [19]. The super-
nova rate in NGC 3184 estimated in [19] (1/30 yr=1)
is consistent with the observations: four supernova

Fig. 1. V CCD image of NGC 3184. The size of the area
is2.4' x 3.5,
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outbursts (1921B, 1921C, 1937F, and 1999gi) have
been detected over the last century [20, 21].

2. OBSERVATIONS AND REDUCTION

NGC 3184 was observed on January 21—22, 1998,
with the 1-m Zeiss-1000 telescope of the Special
Astrophysical Observatory (focal length 13.3 m) us-
ing a permanently mounted CCD photometer [22].
The photometric system of the K585 CCD camera
with V', R, and I broadband filters is close to the
standard V RI Johnson—Cousins system. The size of
the CCD is 530 x 580 pixels, which provides a 143" x
212" field of view for an image scale of 0.28” /pixel x
0.37" /pixel.

Five exposures were made in each filter. Between
exposures, the telescope was shifted by several arc-
seconds to decrease the impact of flaws in the CCD.
The duration of one exposure in each filter was 600 s.
The seeing was 2.5"—3.0".

The photometric calibration was carried out using
standard stars from the list of [23] (PG0220, PG 1407,
RU149, S101429), which were observed on the same
night. We also used the galactic aperture photometry
data of the catalog [24]. The data of [15] were used to
calibrate the Ha image.

The preliminary reduction of the images was per-
formed at the Special Astrophysical Observatory. To
take into account the electronic bias and the influence
of hot pixels, a dark frame was subtracted from the
frames obtained for the target and standard stars.
This dark frame was averaged from several closed-
shutter exposures made with the same integration
time as for the target. For the flat field, we used
twilight sky integrated in each filter with signal-to-
noise ratio no lower than 60—80. All the images
were divided by a flat field to take into account the
inhomogeneous sensitivity of the detecting elements.

We used B and Ha images of NGC 3184 taken
from the archive of the Isaac Newton Group (Astron-
omy Data Center, University of Cambridge, Great
Britain), obtained using the telescopes of La Palma
Observatory. The B image was obtained on March
5—6, 1999, at the Cassegrain 1 : 25 focus of the 1-m
Jacob Kapteyn Telescope, with the JAC 1124 x 1124
CCD. The field of the CCD was 338" x 338", with an

image scale of 0”33/pixel. The duration of the expo-
sure was 900 s. The Ha image of NGC 3184 (Ao =

6577 A) was acquired on January 15—16, 1998 with
the 4.2-m William Hershel Telescope (Cassegrain
focus), using a TEK-5 CCD array. The size of the
CCD was 1124 x 1124 pixel, with an image scale of

0730/pixel. The duration of the exposure was 900 s.

Further, all images were processed at the Stern-
berg Astronomical Institute using the standard ESO
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Table 1. Basic parameters of NGC 3184

Parameter Value
Type SBc
mp, mag 10.42
MY’ mag —19.81
Vg, km/s 605
R, Mpc (Hg = 75 kms~*Mpc—1) 8.07
Ds5, arcmin 7.85
i, deg 24.2
PA, deg 135

Table 2. Reddening due to Galactic absorption and ab-
sorption due to the inclination of NGC 3184

Color index FE E;
B-V 0.06 0.009
V—-R 0.03 0.004
R-1 0.04 0.006

MIDAS procedures. The basic stages of the image
processing were as follows.

(a) Reducing the images to a single scale
(0.37"/pixel) and bringing the images of the galaxy
into coincidence with an accuracy of up to 0.1 pixel.
Shifting the images between consecutive frames
made it possible to effectively eliminate the influence
of cosmic ray tracks, individual “hot” pixels, and
“bad” columns of the K585 array.

(b) Summing the images of the galaxy made in a
single filter.

(c) Correcting for the air mass.

(d) Determining the sky background and sub-
tracting it.

(e) Translating the readings onto a logarithmic
scale (magnitudes per square arcsecond) in accor-
dance with the photometric calibration (for the Ha
image of the galaxy, relative calibration with a con-
ventional zero point was carried out).

(f) Correcting for differences between the in-
strumental photometric systems and the standard
Johnson—Cousins system (taking into account the
color equations obtained).

(g) Subtracting the images obtained in different
filters, i.e., color-index mapping of the galaxy.

The sky background for the V', R, and I images of
the galaxy was determined from the images of other
galaxies obtained on the same night, with corrections
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for the time of observation and the air mass. The
accuracy of the photometric calibration was 0.07™ in
B, 0.05™ in V and R, and 0.02™ in I. The relative
accuracy for the Ho flux determination was 20%.

All the data (brightness, color indices, Ha lumi-
nosity) were corrected for Galactic absorption, and
the data for the two-color diagrams and the analy-
sis of the color characteristics of site of star forma-
tion in the galaxy were also corrected for absorption
due to the inclination of NGC 3184. The correction
was introduced according to the standard procedure
adopted in the RC3 Catalog [1]. Table 2 presents the
absorption in various filters.

Given the accepted distance to the galaxy, the
image scale is 14.5 pc/pixel.

3. RESULTS

The size of NGC 3184 exceeds the field of our
CCD array. As a result, we are not able to study the
ends of the spiral arms and the outer regions of the
disk of the galaxy here.

3.1. Photometric Profiles and Morphology
of the Galaxy

NGC 3184 possesses a large, bright core
(Figs. 2a, 2b). We estimate its diameter to be 0.5 kpc
(13”); however, it is not possible to draw a distinct
line of demarcation between the core and bulge of the
galaxy. The Ha luminosity of the core region within
6.5” of the center is 3.6 x 10° L,

The bulge can be seen out to 0.51 kpc (15”) from
the center. The short, faint bar of NGC 3184 is almost
perpendicular to its major axis (Fig. 2¢). The semi-
major axis of the bar is 0.9 kpc (23”), and its position
angle is PA = 90° &+ 2° (Fig. 3b). The brightness falls
off exponentially along the bar major axis (Fig. 2b);
however, it is difficult to distinguish the short bar
against the bright bulge. The mean V' surface bright-
ness of the bar is 20.8 + 0.1™/arcsec?. At the eastern
edge of the bar, the brightness locally increases to
py = 20.70 £ 0.05™/arcsec? (Figs. 2b—2d).

Two bright, weakly-curved spiral arms emerge
from the edges of the bar (Figs. 1, 2c, 2d). The
arm emerging from the eastern end of the bar (the
southern arm) is, on average, 0.2™/arcsec? brighter
in V' than the northern arm; the surface bright-
nesses of the arms py are 21.2 £0.6 and 21.4 +
0.6™/arcsec?, respectively. Both spiral arms display
numerous bright regions with V' surface brightnesses
up to 19.1™/arcsec? and diameters from 100 to 300 pc
(from 3" to 7" )—sites of active star formation. Some
dust lanes are visible along the spiral arms (Fig. 1).
Apart from the two main spiral arms, the galaxy also
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possesses several fainter arms (Figs. 1, 2c, 2d). The

V surface brightness of the disk of NGC 3184 does

not exceed 22.0™/arcsec?.

A very bright star-like object located 1.7 kpc (44”)
to the east of the core of NGC 3184 (Figs. 1, 2¢, 2d)
is of considerable interest. Its maximum V brightness
reaches 17.0™/arcsec?, and its diameter is 260 pc
(6.5”). Figures 1 and 2c, 2d clearly show a bright
bridge about 250 pc (6.3") in length extending from
the spiral arm towards the galaxy.

The Ha emission is primarily observed in the
core, the circumnuclear region, and the spiral arms
of the galaxy (Fig. 2d). The intensity of the emission
from these regions exceeds 1.5 x 10717 ergs~tem™2,
reaching (3—4) x 10716 ergs~!'ecm~2 in the core and
in the bright region in the spiral arm to the southwest
of the center of NGC 3184.

We were able to study the dependence of the
isophote ellipticity and position angle on distance
from the center of the galaxy with good accuracy
only within 2.3 kpc (60”) of the center. In the central
regions (r < 30"), the isophotes are essentially circu-
lar (e = 0.10 £ 0.05), and the position angle is PA =
87° + 15° (Figs. 3a, 3b). For more distant regions,
the e(r) and PA(r) dependences are appreciably
affected by the bright spiral arms. It is likely that the
difference between the ellipticity of the B isophotes
and of isophotes at longer wavelengths (Fig. 3a) is
related precisely to this. In long-wavelength bands,
the isophote ellipticity increases to 0.51 4+ 0.02 by
r = 45", then decreases slightly (Fig. 3a). The po-
sition angle of the galaxy increases smoothly to
22° +6° (Fig. 3b). We obtained the overall value
e = 0.23 £ 0.07, which corresponds to an inclination
for NGC 3184 of i = 40° + 6°.

Figure 4 presents azimuthally averaged pho-
tometric profiles of NGC 3184 derived using the
obtained b/a and PA values. The local brightness
increase at r=44" is related to the bright star-
like object described above. The profiles indicate
some differences between the characteristics of the
inner and outer regions of the disk. The decrease
in the disk brightness at r = 20”—38" is consistent
with an exponential law with scale 1.14 4+ 0.02 kpc
(29.2+0.4”) and py(0) = 20.12 & 0.15™/arcsec?.
At r = 50"—78", the characteristic scale of the ex-
ponential decrease in the disk brightness is 2.02 +
0.17 kpe (51.77 £4.5”), and the central surface
brightness is uy(0) = 20.77 4 0.13™ /arcsec?. When
the profiles of the central regions are decomposed
into the disk and bulge, it is apparent that the main
contribution to the luminosity at r = 4”—12" is made
by the bulge. The decrease in the bulge brightness
follows a de Vaucouleurs law with effective radius
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Fig. 2. Photometric profiles (a) along the major axis of the galaxy and (b) along the major axis of its bar in B (solid line),
V' (short-dashed line), R (dotted line), I (long-dashed line), and Ha (dash-dot line), and images of the galaxy in (¢) V'
and (d) Ha. We have adopted mp, (0) = 18™ /arcsec? for the Ha photometric profiles. The 19.5, 20.5, 21.5, 22.5, and 23.5
isophotes (¢) and contours of equal flux at 1.5, 3, 10, and 30 x 10~'7 ergs~'em™2 (d) are shown.

0.91 & 0.14 kpe (23.2” £ 3.7”) and py (re) = 25.36 &
0.77™/arcsec?. A King model does not satisfy the
observational data for the bulge of NGC 3184. The
brightness of the outer disk falls off slightly faster
in the I band than in the V' and R bands, while the
B-band brightness remains virtually constant with
distance (Fig. 4). This is due to the presence of a
number of bright, blue star-forming regions in the
outer disk. As will be shown in Section 3.2, generally
speaking, NGC 3184 displays an anomalously large
gradient of B — V along the galactic radius.

ASTRONOMY REPORTS Vol.46 No.9 2002

3.2. Color Distribution

The galaxy as a whole is blue: according to [1,
25], the integrated color indices are B —V = 0.52 +
0.10m, V— R=0.40+0.02", and R — I =0.50 +
0.03™. The core of NGC 3184 is moderately red
(B-—V =0.85+0.10",V — R =0.51 +0.07™, and
R—1=0.59=+0.07"). The bulge and inner parts
of the bar are the reddest regions in NGC 3184
(Figs. ba—be). The color indices of the bulge are
B-V=09+01" V —-R=0.584+0.03", and
R —1 =0.62+0.05™(Fig. 5a). The average colorin-
dices of the barare B—V =0.65 £ 0.15™,V — R =
0.54 £0.04™, and R — I = 0.60 £ 0.03™ (Fig. 5b);
on average, the bar becomes bluer with distance from
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Fig. 3. (a) Isophote ellipticity e = 1 — b/a and (b) posi-
tion angle of the galaxy PA as a function of the distance r
to the center of NGC 3184 in B, V, R, and I.
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Fig. 4. Mean photometric profiles of NGC 3184 in B, V,
R,and I.

the center. The color indices of the disk vary within
fairly broad limits. On average, for the disk, B — V =
03+02"V-R=04+£01"and R—1=0.55+
0.15™ (Figs. bc—be). The spiral arms of the galaxy are
blue: B—V =0.35+0.10™,V — R = 0.35 £ 0.05™,
and R — I = 0.50 £ 0.05™; the northern and southern

GUSEV, KAISIN

spiral arms display the same colors within the errors.
The bluest areas in NGC 3184 are bright regions in
spiral arms that correspond to sites of star formation.
Their photometric characteristics will be considered
in detail in Section 3.4.

The large radial gradient of B —V in NGC 3184 is
noteworthy (Figs. ba, bb). This color index decreases
from 0.9 + 0.1™ in the bulge region (0.3 kpc from the
center) to 0.3 & 0.1™ in the disk region (1.2 kpc from
the center).

In general, the distribution of brightness and color
in the galaxy is symmetric.

3.3. Two-Color Diagrams

Figure 6a, 6¢ presents the positions of various
regions of NGC 3184 in (B — V) — (V — R) and
(B — V)i — (V —I)§ two-color diagrams. The num-
bers on the graph denote: 1—the core within 250 pc
(6.5"”) from the galactic center; 2—the bulge at r =
270—590 pc (7"—15"); 3—the entire galaxy (the in-
tegrated color indices are taken from [1, 25]); 4—the
spiral arms; 5—the disk; 6—8— bar regions at r =
660, 740, and 820 pc (177, 19", and 21”), respectively.

The data in the two-color diagrams have been
corrected for absorption due to the inclination of
NGC 3184; this is why the color indices for various
regions do not coincide with the data presented
in Subsection 3.2. Table 2 presents the differences
between these values, i.e., the reddening due to the
inclination of NGC 3184.

Inthe (B—V){—(V—-R){and (B-V)j—(V —
I) diagrams, the dots corresponding to the color in-
dices of various components of the galaxy are located
primarily along the normal integrated color sequence
(NCS) for galaxies. This testifies to a standard star-
formation history in NGC 3184: exponential damping
of the star-formation rate at some distance from the
center of the galaxy. There is virtually no star forma-
tion in the bulge of NGC 3184: its color indices corre-
spond to an aging, metal-deficient stellar system with
a characteristic age of several million years. Weak star
formation continues in the core of NGC 3184. Active
star formation is observed in the spiral arms, the disk,
and the outer regions of the bar. The deviation of the
color indices of the spiral arms and disk of NGC 3184
to the right of the NCS (points 4 and 5 in Fig. 6a, c)
may be due to recent bursts of star formation in
these regions—an excess young stellar population
compared to the standard population of spiral galaxies
is observed. The bar becomes noticeably bluer with
distance from the center along the NCS (points 6—8),
indicating an increase in the fractional young stellar
population toward the periphery of the bar.

ASTRONOMY REPORTS Vol.46 No.9 2002
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Fig. 5. The B — V (solid line), V' — R (short-dashed line), and R — I (dotted line) color indices (a) along the major axis of the
galaxy and (b) along the major axis of the bar, together with maps of the (¢) B —V,(d) V — R, and (e) R — I color indices.
Contours of equal color indices of 0.4, 0.6, and 0.8 (¢); 0.3, 0.5, and 0.7 (d); and 0.4, 0.6, and 0.8 (e) are indicated; the dark

intervals correspond to larger color indices.

The star-formation rate (SFR) in NGC 3184 is
fairly high: SFR = 1.4 + 0.1M/year according to
IR observations and 0.5 + 0.05M,/year according to
Ha observations [11, 18]. The star-formation effi-
ciency (SFE) in the galaxy is SFE = (5.6 £0.2) x
10719 year—! from IR observations and SFE = (1.4 +
0.1) x 1071% year—! from Ha observations [11, 18].

3.4. Sites of Star Formation in the Galaxy

We have identified 13 modest star-like and diffuse
blue formations in the outer regions of the disk and
in the spiral arms of NGC 3184. Their position in the
(B-=V){—(V—-R)jand (B—V)} — (V —I)§ two-
color diagrams is shown in Figs. 6b, 6d. The columns
of Table 3 present the derived parameters for these
objects: (2) their coordinates relative to the galactic
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center in arcseconds, (3)—(5) (B — V)i, (V — R)§,
and (V — I)§ colorindices, (6) Ha luminosity 103 L,
(7) the diameter of the region in parsecs, and (8) their
age in units of 10° yrs. When deriving the color in-
dices of the regions, we determined their brightnesses
in each filter by subtracting the background radiation
of the surrounding disk from the radiation coming
from the region of the site of star formation. The ages
of the star-forming regions were estimated from their
positions in the two-color diagrams, using evolu-

tionary tracks for aging stellar systems with Z = Z
obtained with the PEGASE2 code [2].

The average size of the star-forming regions
in NGC 3184 is 120—170 pc. Some star-forming
regions in the galaxy display complex hierarchical
structures: two to three brighter regions with di-
ameters of 120—180 pc are visible within regions
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Fig.6.(a,b) (B — V)i — (V — R)} and (¢, d) (B — V)§ — (V — I)§ two-color diagrams for (a, ¢) some regions of NGC 3184
and (b, d) sites of star formation in the galaxy. The straight solid lines represent the normal color sequences (NCS ) for galaxies,
according to[25]. The broken solid lines in the left graphs indicate variations of the color indices along the major axis of the bar.
The dashed curves in the right graphs are evolutionary tracks for a stellar system without star formation and with Z = 0.02
(the age in years is indicated). The errors are indicated. The shift due to selective dust absorption is parallel to the NCS. The
numbers denoting different regions of NGC 3184 are explained in the text.

230 £ 60 pc in size; this is true, for example, of star-
forming regions 8 and 10 (see Table 3). The sizes of
most sites of star formation in NGC 3184 are typical
of stellar associations; the sizes of two regions (3, 5)
indicate that they are stellar aggregates (according to
the hierarchical star-formation scale of Efremov [27]).
In the (B— V)i — (V- R)} and (B —V){ — (V-
I)§ two-color diagrams, a substantial fraction of the
star-forming regions are located along the evolu-
tionary track of a young stellar system with an age
of about (3—7) x 10° yrs. Some clusters are located
appreciably above this track (Figs. 6b, 6d). This may
indicate a significant contribution from non-stellar
radiation associated with these star-forming regions,
such as radiation by hot gas. Clusters 5 and 13 in the
diagrams are situated to the left of the evolutionary
track, possibly due the fact that we have not taken
dust into account in these regions. The luminosity of
most of the objects is L(Ha) = (1—4) x 10* L.
Region 3 is the bright star-like object that is con-
nected to the central regions of the galaxy by a bridge

(see Section 3.1). Judging from its photometric pa-
rameters and intense Ha radiation (Table 3), this
object is a stellar aggregate with a diameter of 260 pc.
The position of region 3 in the two-color diagrams in-
dicates that it may be a young object with very strong
selective absorption, (E(B — V') = 1.5™). Thisis also
supported by the fact that the infrared color indices
of the region obtained from JH K photometry from
the 2MASS survey are J — H = 0.33™ + 0.10™ and
H — K =0.07" £0.10™, which corresponds to an
age of (6.8 £ 1.3) x 10 yrs.

Object 8 (probably the youngest of those stud-
ied) is distinguished by its very intense Ha lumi-
nosity, 1.68 x 10°Le, (46% of the core luminosity of
NGC 3184).

We have not been able to determine the age of
region 2 with confidence, due to the absence of data
on selective absorption in this region. In the absence
of appreciable absorption, the age of the stellar popu-
lation of this region is (6.5—30) x 108 yrs (depending
on the chemical composition). It is possible that we

ASTRONOMY REPORTS Vol.46 No.9 2002
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Table 3. Parameters of sites of star formation in the galaxy
No. | Coordinates, arcsec | (B—=V)§ | (V=R)) | (V=D | L(Ha),103Le | d,pc t,10% yrs
1 59.6N, 4.9E —-0.31 —-0.27 0.07 17 80 4.8+ 1.0
2 70/2N, 43.7E 0.63 0.32 0.72 16 155 7.5—3000
3 10.5N, 31.2E 1.26 0.12 0.32 41 260 6.8 +1.37
4 37.2S, 18.9E 0.01 —0.35 0.18 9 140 55+0.3
5 50.7S, 1.9E 0.10 —0.13 0.01 27 235 50+ 1.0
6 58.4S, 35.5W —0.30 0.00 0.21 11 120 4.8+ 1.0
7 55.1S, 53.8W —-0.17 —0.01 0.39 14 120 53+ 14
8 27/65, 67.7W —0.24 0.22 0.19 168 170 43+1.3
9 14.1S, 78.4W —0.20 0.10 0.35 29 120 4.8+ 1.5
10 1/3N, 56.0W —0.21 0.06 0.12 25 140 4.7+ 1.0
11 79N, 78.4W —0.16 0.35 0.23 32 160 504+ 2.1
12 25.5N, 64.1W —-0.41 0.03 0.23 14 120 48+ 1.1
13 49/3N, 17.5W 0.47 —0.31 —0.02 11 140 <5

are dealing here with a moderately old stellar cluster
or a dwarf galaxy.

Larsen [17] studied 13 other young stellar clusters
in NGC 3184 inthe U, B, V, and I bands. We derived
the ages of these objects from hisU — B, B — V, and
V' — I color indices using model evolutionary tracks
calculated with the PEGASE2 code [26]. Table 4
presents the resulting ages. For at least ten of the
objects studied by Larsen [17], the ages are similar to
those of the sites of star formation considered here.

As was already noted in Section 1, about 100 HII
regions are known in NGC 3184. Here, we were not
able to use the spectrophotometric observations of
HII regions from [13—14], since those regions are sit-
uated near the periphery of the galaxy and lie outside
the field of view of our CCD camera. However, there
are also many HII regions in the inner region of the
galaxy (Fig. 2d). Their sizes are 2”"—8" (80—310 pc),
which correspond to stellar associations and aggre-
gates (according to the classification of Efremov [27]).
[t is possible that the galaxy contains HII regions
smaller than 2”, but we cannot test this due to the
insufficient quality of our Ha images. Several groups
of close HII regions are seen, which form chains
and rings. The characteristic scale for these forma-
tions is 12”—20" (480—800 pc), which corresponds
to the sizes of stellar complexes [27], and is also the
characteristic width of the spiral arms of NGC 3184
(Fig. 2d).

4. DISCUSSION

On the whole, NGC 3184 is a typical late-type
galaxy with ongoing star formation in the disk and
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possibly in the core. The star formation in the galaxy
is of a quiescent (non-burst) type. An appreciable
fraction of young stars are located in compact star-
forming regions. At least three spatial star-formation
scales can be recognized in NGC 3184: (1) chains
and rings with characteristic sizes 500—800 pc,
(2) diffuse and star-like regions with diameters of
200—300 pc, and (3) star-like regions with diameters
of 80—200 pc. These results are consistent with the
hierarchical scale of star-formation suggested by

Table 4. Ages of young stellar clusters in NGC 3184

No. Name (from [17]) t,10% yrs
1 n3184—105 6.6 £0.4
2 353 6.3+£0.9
3 383 6.8 £0.3
4 475 6.3 +£1.07
5 568 59+04
6 788 7.4+0.2
7 870 7.3+0.9
8 878 250 + 60
9 909 6.84+0.9

10 1053 6.5 0.5

11 1070 59+04

12 1137 8.2+0.8

13 1316 6.2+£0.2
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Efremov [27] (complexes—aggregates—associations);
however, no distinct boundary between stellar aggre-
gates and associations can be seen in NGC 3184.
Both star-like aggregates and aggregates containing
several stellar associations are seen in the galaxy;
both types of aggregates display the same color
indices.

The ages of the young star-forming regions in the
galaxy are (4—7) x 10° yrs, possibly due to a selection
effect, if this is the age at which clusters of a given
equal mass display the maximum B luminosity.

Spectrophotometric observations are needed to
clarify the nature of the bright star-like object lo-
cated in the eastern part of the galaxy. Our data do
not provide an unambiguous answer to the question
of whether the object is a field star or belongs to
NGC 3184. The origin of the bridge toward the ob-
ject also remains unclear. Clarification of these issues
requires analyses of the kinematics of the galaxy, and,
most of all, mapping of the velocity field of NGC 3184.
Thus, in spite of the large volume of data already
available for NGC 3184, supplementary studies are
needed.

5. CONCLUSIONS

(1) The disk brightness of NGC 3184 decreases
exponentially with a characteristic scale of 51.7" +
4.5" (2.02 £0.17 kpc); the brightness of the bulge
decreases according to a de Vaucouleurs law with
effective radius 23.2” +3.7” (0.91 + 0.14 kpc).

(2) The galaxy displays active, though quiescent
(non-burst), star formation, i.e., star formation oc-
curing at a constant rate. The only region where star
formation is not currently observed is the bulge.

(3) Three scales of star-formation can be distin-
guished: complexes (characteristic size 500—800 pc),
aggregates (200—300 pc), and associations (80—
200 pc). The ages of the brightest star-formation
regions in the galaxy are (4—7) x 10 yrs.
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