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ABSTRACT 
The CO (J = 1-0) emission in the central 65" (1.7 kpc) region of the nearby late-type spiral galaxy NGC 

6946 has been mapped using the Nobeyama Millimeter Array (NMA). The synthesized beam is 7'.'6 x 4"2 
(HPBW) which corresponds to 200 pc x 110 pc at the distance of 5.5 Mpc. We have found a massive nuclear 
concentration of molecular gas with a scale of 300 pc and a molecular bar structure elongated more than 1.5 
kpc. The velocity structure suggests that the molecular gas in the nuclear concentration has a circular rotation 
and the gas in the molecular bar structure has an infall motion. The total H2 mass in the central 65" region is 
(4 ± 2) x 108 M0, 75% [(3 ± 1.5) x 108 M0] of which was found in the 300 pc scale nuclear concentration. 
The averaged molecular gas density is estimated to be as high as (2 ± 1) x 103 H2 cm-3 in the nuclear con- 
centration. The region of the central concentration coincides with a bright H n region and a radio continuum 
source. It is suggested that the nuclear concentration is a massive nuclear disk of molecular gas which has 
been formed by efficient gas inflow in an oval potential field, and the high H2 density supports active star 
formation in the nuclear region. 
Subject headings: galaxies: individual (NGC 6946) — galaxies: internal motions — 

galaxies : interstellar matter — galaxies : nuclei — galaxies : structure 

I. INTRODUCTION 
Bar structures of molecular gas are found with high spatial 

resolution observations at the central 2-3 kpc regions of the 
late-type spiral galaxies IC 342 (Lo et al 1984), NGC 6946 
(Ball et al 1985), NGC 253 (Canzian, Mundy, and Scoville 
1988), and Maffei 2 (Ishiguro et al 1989). The bar structures 
have been interpreted as a part of shock waves at the leading 
edges in stellar gravitational potential with oval distortion 
(e.g., Sorensen, Matsuda, and Fujimoto 1976; Roberts, 
Huntley, and van Albada 1979). Molecular gas loses its 
angular momentum mainly at the shock regions and falls into 
the nuclear region. These bar structures are suggested to fuel 
nuclear region to cause starburst activities. It is also suggested 
that in starburst galaxies such as M82 and NGC 253 there 
exist stellar bars which would trigger starbursts (Lo et al 1987; 
Scoville et al 1985). 

NGC 6946 is a late-type spiral galaxy classified as Sc(s)II by 
Sandage and Tammann (1981) and as SABcd by de Vaucou- 
leurs, de Vaucouleurs, and Corwin (1976). The distance to 
NGC 6946 is 5.5 Mpc (Tully 1988), and all values quoted in 
this paper from previous works have been scaled to this dis- 
tance. Parameters for NGC 6946 are summarized in Table 1. 

CO in NGC 6946 has been studied by many authors. Young 
and Scoville (1982) observed using the FCRAO 14 m antenna 
and found the exponential CO disk component between radii 
of 2 kpc and 14 kpc. Ball et al (1985) mapped the galaxy using 
the Owens Valley Millimeter-Wave Interferometer with the 
synthesized beam of 7"6 x 5"4 (HPBW) and found a molecular 
bar with a extent of 1500 pc x 300 pc. However, their velocity 
coverage was 83 km s_1 which was only one-third of the full 
velocity width of the CO emission. Weliachew, Casoli, and 
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Combes (1988) made observations using the IRAM 30 m tele- 
scope with a 23" beam and found unresolved nuclear com- 
ponent of H2 mass of 1.7 x 108 M0 within their beam size 600 
pc in diameter. They also suggested the bar structure from the 
elongated shape of a rectified CO intensity map. Using the 
Nobeyama 45 m telescope, Sofue et al (1988) found an unre- 
solved CO molecular gas core in the center and the distortion 
of the velocity field suggesting an oval potential field. 

We have made aperture synthesis observations of CO 
(J = 1-0) emission from the central region [1.7 kpc (65") in 
diameter] of NGC 6946 using the Nobeyama Millimeter 
Array. The beam width is 7"6 x 4"2 at HPBW, and the veloc- 
ity coverage is 830 km s-1 which sufficiently covers the veloc- 
ity width of the CO emission (~220 km s~1). We have found a 
massive nuclear concentration of molecular gas which is inter- 
preted as a nuclear disk inside the molecular bar. In this paper, 
we will present the results and discuss the nature of the nuclear 
molecular disk and the molecular bar, their formation mecha- 
nisms, and star formation in the disk. 

II. OBSERVATIONS 

The central region (1.7 kpc in diameter) of NGC 6946 was 
observed in the J = 1-0 line of CO (115.271 GHz) using the 
Nobeyama Millimeter Array (NMA) (Ishiguro et al 1984, 
1990) on 1988 May 5 and 9. The array consists of five 10 m 
antennas which are equipped with SIS receivers (Kawabe et al 
1990). The system noise temperatures (SSB) were 600-700 K at 
the zenith. An FFT spectro-correlator with 1024 channels 
called an FX (Chikada et al 1987) was used. The bandwidth 
was 320 MHz, which corresponds to a velocity coverage of 832 
km s_1 at 115 GHz. The velocity resolution was 0.81 km s“1. 

The observations were made using a single array configu- 
ration with 10 baselines. The projected baseline lengths ranged 
from 19.4 m (7.5 kX) to 68.5 m (26.3 k/l). Structures larger than 
28" were not sampled. The synthesized beam was 7"6 x 4"2 

436 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
 9

0A
pJ

. 
. .

35
5.

 
KO co 

TABLE 1 
Parameters for NGC 6946 

Parameter Value Reference 

R.A. (1950)   20h33m49s2 1 
Deel. (1950)   59058'49':5 1 
Distance   5.5 Mpc 2 
Systemic velocity F^S

R   60 km s “1 

Morphological type  Sc(s)II 3 
SABcd 4 

P.A. of the major axis   62° 5 
Inclination   30° 5 

References.—(1) Turner and Ho 1983; (2) for the distance to NGC 
6946, various values are used in literature; 10.1 Mpc (e.g., Rogstad and 
Shostak 1972), 7 Mpc (e.g., Klein et al. 1982), 5.1 Mpc (e.g., Weliachew, 
Casoli, and Combes 1988), and 5.5 Mpc (Tully 1988). We adopted the 
most recent value: 5.5 Mpc; (3) Sandage and Tammann 1981; (4) de 
Vaucouleurs, de Vaucouleurs, and Corwin 1926; (5) Rogstad and 
Shostak 1972. 

(HPBW) with a position angle (P.A.) of 147° which corre- 
sponds to about 200 pc x 110 pc at the distance of 5.5 Mpc. 

We observed BL Lac for 10-15 minutes every 30 minutes in 
order to calibrate instrumental gain and phase. The total 
on-time of NGC 6946 was 291 minutes. The flux density of BL 
Lac at 115 GHz was estimated to be 4.5 ± 0.5 Jy from observa- 
tions of Uranus, assuming that the brightness temperature of 
Uranus at 115 GHz estimated from the measurements by 
Ulich (1981) at A = 3.3 mm and Gear et al. (1984) at /I = 0.4- 
2.0 mm is 120 K. The bandpass across the 1024 frequency 
channels was determined from the 30-60 minute observations 
of 3C 84. 

CO maps were made and CLEANed in the conventional 
manner using the NRAO AIPS package. The rms noise level of 
the maps with a velocity width of 19.5 km s-1 was about 0.27 
Jy beam-1 which corresponds to 0.78 K in brightness tem- 
perature. The maps shown in this paper were not corrected for 
primary beam attenuation. The observational parameters are 
summarized in Table 2. 

in. RESULTS 
Figure la shows a map of integrated CO intensity, J TB(v)dv, 

over a velocity width, 219.4 km s- ^ which covers almost all of 
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CO emission from NGC 6946 (Young and Scoville 1982). The 
rms noise level of the map is a = 42 K km s-1 in integrated 
CO intensity. A cross in Figure la indicates the galactic 
nucleus determined from the peak of radio continuum emis- 
sion observed by Turner and Ho (1983). Two features can be 
seen in the CO map : one is a nuclear concentration, the other 
is a diffuse feature with north-south extension of about 1'. The 
total extension of CO emission may be larger than 65" (1.7 kpc) 
because the field of view is limited by primary beam attenu- 
ation. The diffuse feature corresponds to a barlike structure 
seen in Figure lb. 

To see the north-south diffuse feature more clearly, we have 
summed four channel maps (Figs. 3e-3h) at a velocity range, 
^LSR = + 21.4--b 99.5 km s L The result is shown in Figure lb, 
in which the nuclear concentration and an offset barlike struc- 
ture is remarkable. The size of the barlike structure in the plane 
of the galaxy is 800 pc in the northern part and 600 pc in the 
south. The offset newly found is toward the leading side if we 
assume trailing spiral arms in NGC 6946. The orientation of 
the barlike structure is roughly consistent with that obtained 
by Ball et al. (1985) and that in the rectified map by Weliachew, 
Casoli, and Combes (1988). 

Figure 1c is a map of mean velocities, £t; • 7i(u)/£ 
which is made from channel maps shown in Figure 3. In the 
calculation, brightness temperatures lower than 1.2 K (1.5 a 
noise level) in the channel maps are excluded in order for the 
map not to be contaminated by noise components. Inside the 
radius 5" of the nuclear concentration, the P.A. of the iso- 
velocity contour at the systemic velocity ^LSR = 60 km s 1 is 
141° ± 2°, which is very close to the position angle of the 
minor axis of the galaxy determined from the kinematics in the 
disk, P.A. = 152° ± 5° (Rogstad and Shostak 1972). The iso- 
velocity contours in the nuclear region indicate that the central 
concentration is a circularly rotating disk. Hereafter, we call it 
the nuclear molecular disk. If the skewness between them, 
11° ± 5°, is real, it means the existence of a noncircular motion 
(expanding motion if trailing spiral arms are assumed) in addi- 
tion to the circular rotation. 

The isovelocity contours at the northern and southern 
barlike features are largely distorted from those expected from 
a circular rotation. The northern and southern barlike struc- 
tures have redshifted and blueshifted velocities, respectively, 
with respect to those expected in case of a circular rotation. 
This indicates that a noncircular motion of the gas exists in the 

MOLECULAR GAS IN NGC 6946 

TABLE 2 
Observational Parameters 

Parameter Value 

Observing period   1988 May 5 and 9 
Frequency   CO (J = 1-0) 115.271 GHz (22.6 mm) 
Integration time (on source)   156 minutes on May 5 

135.5 minutes on May 9 
Bandwidth   320 MHz (832 km s-1) 
Maximum baseline length   68.5 m (26.3 k2; projected) 

19.4 m (7.5 k2; projected) 
Synthesized beam   7"6 x 4"2 (FWHM) (200 pc x 110 pc at 5.5 Mpc) 
Position angle   147° 
Field of view   65" (1.7 kpc) (HPBW) 
Phase center 

a   20h33m49s5 
Ô   59°58,45"0 

Reference calibrator  BL Lac 
Bandpass calibrator  3C 84 
Flux calibrator   Uranus (Tj, = 120 K) 
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RIGHT ASCENSION 
Fig. 1.—(a) A map of total CO intensity integrated over 219.5 km s_1, from FLSR = -49.2 km s“1 to + 170.2 km s“1. A contour interval is 63 K km s“1 (1.5 o 

noise level of the map). A contour with a zero level is not shown in the maps. A map in the upper left panel is a map of 6 cm radio continuum emission from the 
central region (shown by a frame) obtained by Turner and Ho (1983). A cross indicates the peak of the radio continuum map. (b) A map of CO integrated intensity in 
the velocity range, FLSR = +21.4 ~ +99.5 km s_1. A contour interval is 46 K km s_1 (1.5 a), (c) A contour map of a mean velocity, £i^i;)^ TB(v). Dashed lines 
indicate contours at = — 20 and —10 km s 1, and solid lines at k^SR = 0, 10, ... , 120 km s-1 from east to west. A thick solid line indicates a contour at the 
systemic velocity, = 60 km s-1. 

barlike structure. If the gas is in the plane of the galaxy and the 
spiral arms are trailing arms, the northwest side of the disk 
inclines to the nearer side and the noncircular motion is an 
infall motion (or a pair of inward motions in oval rotation). 
The “infall velocity” is about 60-80 km s-1 in the plane. At 
the northwest end of the nuclear concentration, the isovelocity 
contours are distorted and connect to those in the barlike 
structure. This region is likely the interface of the barlike struc- 
ture and the nuclear disk. Here, we define the size of the 
nuclear disk as an extent of the region of a circular rotation, 
which is 300 pc in diameter if it is projected to the disk plane. 

Figure 2 shows a position-velocity diagram along a line with 
P.A. = 50° (A-A' in Fig. la), which is almost perpendicular to 
the isovelocity contour for the systemic velocity. This map 
indicates the presence of a rigid-body rotation within 3" (~75 
pc) from the nucleus and a flat rotation outside the region. The 
velocity gradient projected to the plane of the galaxy is 1.9 km 
s~1 pc"1 if a circular rotation is assumed. 

Figure 3 shows channel maps with a velocity width of 
AV = 19.5 km s~1. The rms noise level of each channel map, cr, 
is about 15 K km s-1. Components corresponding to the 
nuclear disk are seen throughout the maps (Figs. 3b-3k) with 
velocities between vlsr = -17.6 km s 1 and 138.5 km s K 
The north-south diffuse barlike feature is seen in the maps 
(Figs. 3d-3i) with velocities between J^SR = +1.9 km s_1 and 
J'lsr = +119.0 km s“1. Strong peaks in the nuclear disk are 
shifted to the southeast (see Figs. 3d-3g) and northwest (see 
Fig. 3h) of the nucleus at velocities smaller and larger than 
Ilsr = 80.0 km s“1, respectively. Each shift is toward each 
inner end of the barlike structure. The elongated emission is 
located at 9" (240 pc) northeast of the nucleus (Fig. 3b) and 

15"-18" (400-480 pc) southwest (Figs. 3j and 3k). They corre- 
spond to the region of a flat rotation in the position-velocity 
map (Fig. 2) and are probably the outer parts of the nuclear 
disk. 

Fig. 2.—A position-velocity map along a cut 50" long (A-A') shown in Fig. 
la. A contour interval is 1.2 K. 
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Fig. 3.—CO channel maps with a velocity width of 19.5 km s 1 from KLSR = — 
km s- x) is indicated in each panel. A cross has the same meaning as in Fig. la. 

IV. DISCUSSION 

a) Total Mass of Molecular Gas 
We estimate the total mass of molecular gas in the central 

65" (1.7 kpc) region from observed CO intensities. The total 
flux density, averaged over a velocity width of 
AV = 219.4 kms“1 is 6.3 Jy. The total CO flux 1380 Jy kms"1 

is 72%and 71% of the total CO fluxes in the central 65" region 
which we estimated using the CO maps by single-dish observa- 
tions by Weliachew, Casoli, and Combes (1988) and Sofue et al. 
(1988), respectively. If we consider the primary beam attenu- 

46.8 to +167.8 km s \ A contour interval is 23 K km s ^ Each center velocity (in 

ation and the lack of short spatial frequencies in our interfero- 
metric observation, they are in good agreement. 

The column density of hydrogen molecule can be estimated 
using the conversion equation between CO intensity and the 
H2 column density. The equation derived by Young and Sco- 
ville (1982) for dark nebulae and giant molecular clouds in our 
Galaxy with the FCRAO 14 m telescope is <t(H2) = (6 ± 3) 
x (/co/K km s-1) M0 pc-2, where Ico = ¡T^dV (T% is in 

NRAO scale; TJ = 0.65TB). The H2 mass is obtained as 
M(H2) = (10,000 ± 5000) X <F>AFD2

pc(/l/2.6 mm)2 M0, 
where DMpc is the distance to the galaxy in units of Mpc. The 
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total H2 mass is (4 ± 2) x 108 M0. For the nuclear molecular 
disk, <F> = 4.8 Jy, and M(H2) is estimated to be 
(3 ± 1.5) x 108 M0, which is about 10% of mass of molecular 
gas within a radius of 8 kpc in NGC 6946 observed by Young 
and Scoville (1982). This indicates the strong concentration of 
molecular gas in the nuclear 300 pc region. 

These H2 masses are overestimated if the molecular clouds 
are optically thin in the CO (J = 1-0) line (Knapp et al. 1980) 
or its excitation temperature is as high as in hot core regions 
like Orion KL (Young and Sco ville 1982). In the nuclear region 
of NGC 6946, it was suggested that molecular clouds are opti- 
cally thick because the ratio of the brightness temperatures of 
the CO (J = 1-0) and CO (J = 2-1) lines is close to unity (Lo 
et al. 1980). The dust temperature obtained by Rickard and 
Harvey (1984) is 36 K, and the excitation temperature of the 
CO (J = 1-0) line can be considered as small as this value. 
Therefore, the effects of the opacity and the excitation tem- 
perature on overestimation is probably small. 

b) The Nature of the Nuclear Molecular Disk 
From the H2 mass of the nuclear disk, Mtot = (3 ± 1.5) 

x 108 M0, an averaged H2 number density is estimated to be 
about (2 ± 1) x 103 H2 cm-3 in the disk with a radius of 150 
pc if we assume that the thickness of the nuclear disk is the 
same as our Galaxy, 45 pc (Bally et al. 1988), and the density is 
uniform in the disk. The dynamical mass, Mdyn, can be esti- 
mated from the position-velocity diagram (Fig. 2). At a dis- 
tance of 150 pc from the nucleus, thhe velocities relative to the 
systemic velocity are ± 90 km s -1 which correspond to a rota- 
tion velocity of 180 km s_1 projected on the disk. Using an 
equation for spherically symmetric mass distribution, Mdyn = 
2.3 x 102 (R/pc) (F/km s-1)2 M0, the dynamical mass inside 
the radius R = 150 pc is derived as 1.1 x 109 M0. Thus, the 
ratio of H2 mass to the dynamical mass inside 150 pc is 
0.28 + 0.14. This ratio is (9 + 4) times higher than that esti- 
mated inside a radius of 11 kpc (Young and Scoville 1982). 
When one deconvolves the position-velocity diagram (Fig. 2) 
assuming the velocity gradient obtained in § III, one obtains an 
upper limit of rms internal velocity dispersion along the line of 
sight 34 km s_1. 

At the nuclear region, the peak brightness temperature 
of the CO (J = 1-0) line, TB

peak, is about 6 K (see Fig. 2) and 
the CO line is optically thick (see § IVa). So, the filling 
factor in a synthesized beam is estimated to be / = 
T/eak/[J(Tex) - J(Tbg)] - 6 K/[J(36 K) - J(3 K)] -0.18, where 
Tex, a CO excitation temperature, is assumed to be equal 
to a dust temperature derived from infrared observations 
(with 50" aperture) by Rickard and Harvey (1984), Tbt is 
the temperature of the cosmic background radiation, and 
J(T) = (/iv/k)[exp (hv/kT) — 1]. 

Using the derived beam-filling factor with the assumption 
that 7¡x = 36 K and assuming that the nuclear molecular disk 
is composed of a number of identical molecular clouds with a 
spherical shape, the H2 density in each cloud 

Pel = Mcl/[(4/3)7tr3] 
can be estimated. Here we assume the mass of a cloud to be 
Mcl = 5 x 105 Mq (see e.g., Sanders, Scoville, and Solomon 
1985). r is the radius of a cloud, 

r = (ajny'2, 

where ocl is the area of the cross section of a cloud. If we 
assume that the clouds are not overlapped along a line of sight, 

<tc1 can be written as 

<rcl=fS cos i/Ncl, 

where S is the surface area of the nuclear molecular disk 
(S = nR2), i is the inclination of the galaxy, 30°, and Ncl = 
MJMcl is the number of the molecular clouds contained in 
the nuclear molecular disk. The radius of a cloud is given as 

r = 2.0 x ( f Yl2( Mc] yv M.O, \ 
\0.18y \5 x 105mJ \3 x 1O8M0/ 

-1/2 
PC, 

and the H2 number density in a cloud is 

Mcl v^f f V3'2 

ncl = 1.7 x \0 
0.18 

M, 
3 x 108 Mr 

3/2 

These values imply that the molecular clouds at the nuclear 
disk are very compact and dense comparing with the giant 
molecular clouds in our Galactic disk. The density agrees with 
that obtained in the 30 pc region of the Galactic center ( —105 

H2 cm-1; Bally et al. 1988). Note that these conclusions are 
hold only under the assumptions adopted (a kinetic tem- 
perature 36 K, an identical mass and diameter of the clouds). 

c) Star Formation in the Nuclear Molecular Disk 
A large amount of molecular gas is packed in the nuclear 

disk. The high density of H2 molecule suggests that active star 
formation (or starburst) occurs in the nucleus. The existence of 
a bright H n region (or an H n region complex) at the nucleus 
(Bonnarel, Boulesteix, and Marcelin 1986) supports active star 
formation. The size of the H n region is about 200 pc in dia- 
meter, which is roughly coincident with that of the nuclear 
disk. Turner and Ho (1983) observed radio continuum emis- 
sion from the nuclear region at 6 cm and 2 cm and separated 
thermal from nonthermal components. Ten percent and 16% 
of the radio emission are of thermal origin at 6 cm and 2 cm, 
respectively. They estimated the number flux of UV photons to 
be 1.2 x 1052 s_1 which corresponds to 7 x 103 B3-G4 stars. 
This also supports active star formation in the nuclear region. 

In the nuclear disk with a high H2 density, cloud-cloud colli- 
sions probably occur frequently leading to massive star forma- 
tions (Scoville, Sanders, and Clemens 1986). Also, a 
self-shielding effect possibly contributes to star-forming activ- 
ity in the nuclear disk. UV photons from massive stars will 
dissociate hydrogen molecules and ionize hydrogen atoms. But 
by the effect of self-shielding, a large amount of molecules 
remains not dissociated at the nuclear region (see Elmegreen 
and Elmegreen 1987). Furthermore, a deep potential well 
observed as a large velocity gradient (see Fig. 2) in the nucleus 
may contribute to active star formation. A molecular cloud 
cannot escape from the nuclear disk region unless it is given a 
large kinetic energy. So a large amount of molecular clouds as 
fuel of star formation would remain and stay in the nuclear 
disk region until an explosive event like a starburst occurs. 

d) Molecular Gas Bar and Formation 
of the Nuclear Molecular Disk 

A plausible mechanism of formation of the nuclear molecu- 
lar disk is gas infall caused by energy dissipation in shock 
waves formed in an oval stellar or gaseous gravitational poten- 
tial as discussed by many authors. Sorensen, Matsuda, and 
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Fujimoto (1976) studied time evolution of the gas in a fixed 
potential of a bar and a disk and found that the shock waves 
are formed in the leading side of a bar which corresponds to 
the dark lanes in barred galaxies. Roberts, Huntley, and van 
Albada (1979) studied the steady state gas dynamics in a poten- 
tial field with a moderate barlike perturbation and found a 
similar morphology of the shock waves as found by Sorensen, 
Matsuda, and Fujimoto (1976) and that ovally rotating super- 
sonic gas is compressed at the shocks. At the shocks, gas dissi- 
pates energy and then infalls toward the galactic center. 
Combes and Gerin (1985) obtained similar results examining 
time-evolutionary response of dissipative gas cloud particles to 
the fixed stellar potential field. They suggested that one cloud 
collides with another when crossing the crowded region and 
dissipates energy to lose angular momentum. 

The bar like structure seen in Figure lb just fits to the theo- 
retical morphology of the shock waves or the crowded struc- 
ture of molecular clouds. When a radial motion of gas exists 
along a bar, the bar skews the isovelocity contours to lie more 
parallel to the major axis of the bar. The map of the iso velocity 
contours in Figure 1c indicates such an infall motion (or 
inward streaming motion along the bar). The nuclear molecu- 
lar disk is probably formed up by gas accretion from the outer 
region. The strong central peaks in Figures 3d-3h might be 
caused by the accumulation of CO gas at the interfaces of the 
bar and the nuclear disk through the infall along the bar. If we 
assume that the observed “ infall velocity ” (see § III) is equal to 
the net velocity of infall motion, an upper limit of gas accretion 
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rate onto the nuclear disk is estimated to be about 10 M0 
yr-1. The structures of CO emission in IC 342 and Maffei 2 
(Lo et al. 1984; Ishiguro et al. 1989) are also indicative of such a 
bar structure. 

We observed that the gas within a radius of ~150 pc is 
circularly rotating. This is probably due to axisymmetry of the 
gravitational field in the nuclear disk; Shlosman, Frank, and 
Begelman (1989) claimed that asymmetry of the gravitational 
field no longer affect the motion of gas in such a central region. 
They suggested that the gas inflow in the barred potential 
slows down at the radius of about 0.1 Rbi where Rb is the radius 
of a stellar or gaseous bar, and a gaseous disk with a radial 
scale of 0.1 Rb is formed. In case of NGC 6946, since the nuclear 
disk has a size of ~ 300 pc in diameter and the size of the oval 
potential is estimated to be larger than 1.7 kpc which is the 
apparent size of the molecular bar structure limited by the 
primary beam, the radius of the disk is smaller than 0.24Rb. 

Shlosman, Frank, and Begelman (1989) also suggest that, 
under certain conditions, the gaseous disk becomes dynami- 
cally unstable by an effect of self-gravity to form a smaller 
gaseous bar, and the smaller bar induces an infall motion of the 
gas and fuel an active galactic nucleus. In our results of NGC 
6946, it is not clear whether the nuclear gas disk has a gaseous 
bar structure in it because of our limited angular resolution. 

We are grateful to N. Nakai for fruitful discussions. We 
would like to thank the staff of NRO for development and 
maintenance of the NMA. 
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