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ABSTRACT 

For 132 spectra of NGC 1068 taken at 24 position angles of every 15° from an isophotal major axis 
(P.A. = 5r) of the inner ann region, we measured Ha, H/3, [N II] A 6583, and [0 Ill] M 4959,5007 
to present the velocity curves in tabular form. Comparisons are made with previous observations to 
show that our measurements are consistent with the recent observations, but inconsistent with Walker's 
measurements. Combined with CO velocity data, the velocity field was analyzed to reveal large-scale 
noncircular motions to occur within the ga1axy. 

1. INTRODUCTION 

A precise knowledge of the large-scale velocity field of 
NGC 1068 is very important 10 understand the starburst 
activity taking pla~ within the disk of the ga1axy and its 
linkage with the nuclear activity. 

Kinematic observations of NGC 1068 have been pub­
lished by many authors, but most of them were concerned 
with spectra in limited numbers of position angles (Burbidge 
et al. 1959; Bertola 1965; Galletta & Recillas-Cruz 1982; 
Alloin et al. 1983; Meabum & Pedlar 1986) or presented no 
results of measurements in tabular form (Atherton el al. 
1985; Baldwin et al. 1987; Bergeron et al. 1989; Bland & 
Cecil 1989; Cecil et al. 1990). As far as we know, tabular­
form rotation curve data ofNGC 1068 have been given only 
by Wa1ker (1968 ). He has measured the velocity curves at 
12 position angles of every 3(j, and his data have been often 
used in kinematic studies ofNGC 1068 (Scoville el af. 1983; 
Telesco & Decher 1988). However, Baldwin et af. (1987) 
have recently pointed out that their measurements are in­
consistent with his results. 

Using spectra collected in our observation program to 
study the large-scale velocity fi eld of NGC 1068, we have 
already reported the discovery of a highly ionized nebulosity 
(Nishimura et af. 1984). In this paper we present new mea­
surements of the velocity curves of NGC 1068 in tabular 
form, and analyze them together with CO velocity data. 

2. OBSERVA nONS AND REDUCTIONS 

We have used the Cassegrain image-tube spectrograph at­
tached to the 1.88 m reflector at the qkayama Astrophysical 
Observatory. 60 blue (4000-5800 A ) and 72 red (5700-

7400 A. ) spectra were obtained at 24 position angles of every 
15· from an isophotal major axis (P. A. = 52") of the inner 
arm region (Nishimura et al. 1984). Eight to twelve spectta 
wert gathered at each position angle. Exposure time ranges 
from 3 to 60 min. Spectra were exposed with the nucleus at 
the center or the edge of the slit (70 h in length and O~9 or 1 ~8 
in width). Most spectra were obtained using a grating of 600 
grooves mm - , which gives the dispersion of 109 A mm - I at 
Ha. A grating of 1800 grooves mm - , was also used for some 
spectra. Examples of the blue and red spectra taken along the 
major axis have been shown in Fig. 1 of Nishimura et al. 
( 1984 ). A list of the spectrograms will be given elsewhere. 

The spectra were measured at int ervals of 50 11m (I ~8 3) 
on the plate along Ha, liP, {N II I i.6583, and [0 III] 
AA. 4959, 5007 with the two coordinate measuring machine. 
The center of the nucleus was taken to be the center of the 
strip of the continuum of lhe spectra. We could not measure 
the Jines at the central three positions ( R = O· and ± 1 ~83) 
even on the plates of shortest exposure, due to their broad 
and complex features superposed on the background contin­
uum. The final error in the measurements of a single point 
has been estimated to be better than 30 km s - I . Velocities 
referred to in this paper are heliocentric. 

3. RESULTS 

We present all measured velocities in Figs. I (al- I(c), 
where 5585 points are plotted and the mean velocities at each 
point are shown connected by solid lines. No different sym­
bols are used for different spectral lines. This is partly be­
cause of the avoidance of the confusion in the figures. Bald­
win er al. (1987) pointed out in their Fig. 14 that the 
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\'~locitie~ of [0 Ill] A 5007 are slightly redshifted «40 
km s - : ! relal;\e to H,8al all locations. We examined al each 
posillon angle the H']ocity differences for [ l\' II I 
;. 658; - Ha. Hr. - HE. ::md (0 1JI ~ /. 500- - HO. and look 
an average or them Re'>lj;l:1nt a.aage:> arc O. ~ . and 10 
km s- : for [ SII ) i6~~.' -Ha. Hn- HB. and [Om ] 
/. 5007 - HP, res~cti\ely We also ..:onfirm.:d thai the ve­
locity differences for [0 Ill ] ;.5007 - H,8 are positive al 

most position angles. which is consistent with the trend 
pointed out by Baldwin et 01. (1987). 

H owever, these differences are small compared with the 
uncertainty in our measurements, and we are interested in a 
global velocity structure. In this paper we are concerned 
with the mean velocities of various spectral lines measured at 
each point. Table I lists the mean velocities, each I ~83 aJong 
24 position angles of every 15- from P.A. = 5r, where the 
figure in parentheses indicates the number of points aver-
3ged al each position. 

Flgur.:: 2. IS In..:: 1:.O\..::jo.:ll~ con:our Il1;lP Ofav. ll fr om our 
results, where V-band isophotes of the inner arm region are 
superposed for comparison. 

Comparison with optical images (Sandage 1961; Arp 
1966; Ichikawa et 01. 1981) reveals that the shape of the 
region where emission lines were measured bears a resem­
blance to the spiraJ structures, implying that our measure­
ments almos't cover the line emitting disk. The extensions of 
velocity curves up to R ~60" in the northeast quadrant cor­
respond to a broad feature of t he east spiral arm . The short 
extensions in the northwest quadrant are attributed to a tail­
like feature northwardly stretching ou t from knot :\"0. 4 of 
Schild et al. ( 1985) . 

Large irregularities are found in our velocity curves, 
",,'hich are generally asymmetric with respect to the center. 
Peaks al R - IO-- 15- and dips at R - 20--30- on the west 
side coincide in radius with an unusually bright west inner 
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FIo. 2. lsovclocity contour map supe!"p()Sed on the U·band iso­
photes oflhe inner arm region in NGC 1068. Contours are spaced 
by 20 km 5 - '. lsophotes were drawn using the plate NS 1005 taken 
at the Newtonian focus of the Okayama 1.88 m reflector in No­
vember 1969. 

." 
spiral ( Keel & Weedman 1978; Snijders et a/. 1986) and a 
heavily obscured dust lane (Sandage 1961), respectively. A 
peak at R - 40- on the velocity curve of P.A. = 217" agrees 
wilh knot 1'0. 4 ( R = 40", P.A. = 218") of Schild el aJ. 
( 1985 ). Dips at R - 10"-15- on the velocity curves of 
P . .-\. . = ~2'- 112' are correspondent with a sharp dust feature 
bordering a southern boundary of the inner arm region. Red­
shifted velocity irregularities shown in Fig. 2 of Bergeron et 
01. (1989) are seen in the nort heast area located between 
R = 20~-40- and P.A. = 37"- 82", which correspond to 
emission patches lying on the east spiral. It seems likely that 
the morphologies of both highly ionized c louds and dusty 
clouds, possibly with which molecular clouds are associated, 
a re closely related with velocity departures from the circular 
motion. 

There is also an indication that the velocity structure 
within ~ 10· from the center is marked ly different from that 
outside ~ 10- radius. In the southern portion of the -10-
'::<:ntr;lith.: (' b,er\"t~d \ docili<:s sh arply decrease toward the 
center, suggesting that the kinematic major axis rotates by 
about 90" from P.A. =90· as discussed in the next section. 

4. DISCUSSION 

4.1 Comparison with Previous Observations 

Comparison with eart ier observations show that the ve­
locit ies measured by Burbidge el 01. ( 1959) are higher by 
50-100 km s - 1 while Bertola's (1965) measurements are 
lower by about 50 km s - 1 than ours. Velocities measured by 
Galletta & Recillas-Cruz ( 1982 ) show a large scatter, and 
are smaller by about 100 km s - 1 on the northeast than ours. 

Comparison with Walker's (1968) observations is very 
important because his data has been often used in kinematic 
studiesofNGC 1068 (Scovilleel 01. 1983; Telesco & Decher 
1988). The result is shown in Fig. 3. Except forP.A. = 100", 
agreement is good on the east side, but not good on Ihe west 
side, where his measurements are lower by about 50-100 
km s - 1 than ours. 

Atherton el af. (1985) have presented the Fabry-Perot 
observations. Analyzing long-slit spectra, Baldwin et al. 
( 1987) have mentioned that these long-slit and interferome­
terobservations are consistent with 20 km s - 1 accuracy. We 
compared our measurements with the above two results, by 
drawing veloci ty curves from their maps. Except for a con­
fl icting region pointed OUf by Baldwin et al. (1987), our 
results are found to be in good agreemen t with the two data. 
In that region ou r measurements are consistent with those of 
Ba ldwin et 01. (1987). Bergeron el al. (1989 ) have presented 
an off-center velocity curve along P.A. = 37". ExceUent 
agreement is found at the points where our slits cross their 
off-center slit. Although no quantative comparison is done, 
our isovelocity contour map (Fig. 2) appears globally con­
sistent with the Fabry- Perot map of Bland & Ceci l ( 1989). 

4.2 Comparison with CO Observations 

Kaneko el 01. ( 1989) have presented the CO velocity data 
obtained with the Nobeyama Radio Observatory ( NRO ) 45 
m telescope of which the beam size is 17- (FWHM). and 
argued that the velocity structure or CO emission cannot be 
explained only in terms of a circular motion. Using their 
Table 2. we plot in Fig. 4 the CO peak and mean velocities at 
position angles of every 45·. Comparison with optical veloc­
ity curves reveals a global agreement on the cast. A tendency 
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FIG. ) . Comparison with Walker's measure­
ments. Open circles indicate the velocities mea· 
sured by Walker ( 1968). The velocities presently 
being reponed are shown by thin solid and dotted 
lines. 

is found on the westside that CO velocities are smaller by 
about 50-100 km s _1 than the optical ones. 

In the above comparison the effects of beam smearing are 
important, but their accurate evaluation is difficult because 
they depend both on the intensity and velocity structures of 
CO emission within the beam. Comparing with a new CO 

T ABLE 2. Published systemic velocities o r NGC 1068. 
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FIG. 4. Comparison with the CO peak and mean veloc­
ilies. Solid and dolled lines indicate our veloci ty Cll rves. 

The CO peak and mean velocities, which are, respec­
tively, denoted by open squares and circles. a re plotted 
at posi tion angles or every 45', by using Table 2 of Kan­
eko CI af. (1989). The HPBW ( 17' ) of the Nobeyama 
Radio Observato ry 43 m telescope with which their ob· 
~rvations were made is denoted by the horit ontal bar. 
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observations with the Nooeyama Millimeter Array (NMA ) 
(Kaneko et aI, 1991), we estimate that the position accuracy 
of the CO velocities plon ed in Fig. 4 is of order -5--8-. 

We show in Fig. 5 superposition of the velocity field (Fig, 
2) with the CO map obtained with the NMA (Kaneko et aI, 
1991 ) , The striking feature of the figure is that distortions of 
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"U 

ffJ: 11 • 
• 
~ 0 

8 , 
• - 20 { 

-40 

FIG. 5. Superposi tion of !he velocity field ( Fig. 2) 
on the CO interferome ter map obtained wi lh the 
Nobeyama Millimeter Array (Kaneko et al. 1991). 
This in te rferometer map is very different from tha t 
of Planesasel a l. ( 1991), 
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the isovelocity contours trace well the CO molecular cloud 
complexes, This suggests a close relation between the star­
fo rming activity and velocity departures from the circular 
motion. 

4.3 Major Axis and Galaxy Inclination 

We plot in Fig. 6 the optical and CO velocities as a func­
tion of position angle, where a fitted cosine curve, V 
(km s - I) the velocity corresponding to a systemic velocity. 
A (km s - I) the velocity amplitude, and ¢ (-) the major axis 
position angle are given for each velocity range. Outside the 
_ lOw central, both optical and CO velocities clearly show 
that the kinematic major axis lies in the east-west direction, 
consistently with the recent results (Baldwin et af. 1987; 
Bergeron et al. 1989). This position angle of the kinematic 
major axis is consistent with the morphology oftheenv'e1ope 
(Burbidge el al. 1959; Hodge 1968; Kaneko eta!' 1989), but 
inconsistent with the morphology of the main spiral disk 
(Sandage 1961; Arp 1966; Ichikawa et al. 1987) . The rota­
tion of the kinematic major axis within _ lOw radius is also 
clearly seen in Fig. 6. One of the kinematic peculiarities of 
NGC 1068 is that the kinematic major axis does not coincide 
with the isophotal one which changes progressively with the 
distance from the center (Pomea & Rieke 1990). 
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FlO. 6. Optical and CO ~eloci ties as a function 
of position angle. F illed circles indicate our op­
tical Velocities. Open squares and circles denote 
Ihe CO peak Ind mean veloci ties ( Kaneko II af. 
1989), respectively. The velocities were fitted 
with a cosine curve, and the ~elocity V 
(km $ - ') corresponding 10 a systemic ~Ioci ty, 

the velocity amplitude If (km s - '1, and the ma­
jor a~is position angle'" ( ' ) are gi~en for each 
velocity range. 
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FlO. 7. The folded and mean velocit ies as a funct ion or d istance from 
the eenter. TheJofded olld meall ( FM ) velocities are described in the 
text. Fi\1ed circles indicate the optical FM ~docitie~, and the me~n 
values al each point are shown connected by solid lines. Open squares 
and circles denote lhe FM velocitiesealculated from the CO peak and 
mean velocities ( Kaneko el 01. 1989), respectively. Arro~ are the 
published systemic veloci ties deno ted by BH (Baan & Haschick 
1983), UPD (Bergeron el 01. 1989), BWW (Baldwin II al. 1981 1, 
HBS ( Heckman OI't of. 1978) , HS ( Huchtmeicr & Sciradakis 198~), K 
( Kaneko OI't al. 1989), M (Mauersberger el 01. 1989 ), MP (Meaburn 
& Pedlar 1986), P (Planesaset 01. 1989 ), RM (Richstone & Morton 
1915), S (ScoviHe 01'1 0/, 1983), SSS (Sage et al. 1990), STW (Schild et 
01. 1985) , and W (Walker 1968) . Two crosses denote the catalogued 
values , 1109 km 5- ' (RC2) and 1])1 km s- ' ( RSA) . 

Assuming a rotation law, we tried to detennine the galaxy 
inclination i. together with the other parameters. The result 
gives i - ft. This is because the velocity field is unusually fiat 
on the east. If we restrict ourselves to the west half side, we 
derive i - 20·, in agreement with the results of Baldwin et a/. 
(1987) and Bergeron et a/. (1989 ). However, these small 
inclinations yield a deprojected amplitude larger tban 400-
500 km s - t , too large for a typical Sb galaxy (Rubin et al. 
1982, 1985) . Alternatively, adoption of i-35°--4(f consis­
tent with the morphology of the envelope ( Hodge 1968; 
Kaneko et al. 1989) deforms a shape of the spiral disk into an 
unusually prolonged bar. Thus we have no good inclination 
consistent both with the kinematics and the morphology. 

4.4 Systemic Velocity and Noncircular Motions 

We define aJolded and mean velocity (FM) as the mean of 
two velocities at the positions symmetric with respect to the 
center (Kaneko & Satoh 1989 ). The FM velocities defined 
in this way should agree with a systemic velocity provided 
that no noncircular motions are significant. We plot in Fig. 7 
the optical and CO FM velocities, where published systemic 
velocities (Table 2) are marked for comparison. 

Optical FM velocities show a peak of about 1175 km s - \ 
at R _ 10·. which corresponds to the luminous inner spirals. 
Extrapolation of them gives about 1145 km s - t at R = 0·, 
consistently with the systemic velocities determined from 
optical emission lines (Schild et af. 1985; Meabum & Pedlar 
1986; Baldwin etal. 1987; Bergeron etal. 1989). Optical PM 
velocities show an outward decrease, and become flat out­
side _ 30w radius. As shown in Fig. 6, we have V = 1141 
km s- ! for R >30 w

, We note that this is in good agreement 
with the H I velocities (Heckman et 01. 1978; Baan & Has­
chick 1983; Huchtmeier & Seiradakis 1985 ). On the other 
hand, CO FM velocities that are inside _ 20k radius are 
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considerably lower. and at R -30· they reach the same level 
as the optical ones. 

If the H I velocity is a good indicator of the systemic veloc­
ity, we may adopt a velocity of 1141 km S-I for the systemic 
velocity ofNGC 1068. Noncircular motions are then consid­
ered to be dominant within a radius of -30·. Alternatively, 
if the systemic velocity is close to 1080 km s - I determined 
from stellar absorption lines (Richstone & Morton 1975), 
departure from the circular motion is supposed to occur 
within the whole galaxy. 

5. CONCLUDING REMARKS 

We have presented the velocity curves, each I ~83 along 24 
position angles of every 15° fcom the isophotal major axis 
(P.A. = 52°) of the inner ann region. We expect that our 
tabular-form data may be useful in kinematic studies of 
NGC 1068. 
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Comparison with previous observations shows that Our 
measurements are consistent with the recent observations • 
but inconsistent with those of Walker ( 1968). Careful treat. 
ments might be needed in case his velocity data and kinemat. 
ic parameten; are adopted. 

Analysis of the velocity field reveals that large·scale non­
circular motions occur within the galaxy. This is essential in 
discussing a bar-driven density wave scenario (Scoville et al. 
1988: Telesco & Decher 1988; Thronson et al. 1989), a 
merger hypothesis (Myers & Scoville 1987; Kaneko & Satoh 
1989), and other triggering mechanisms. However, quanta. 
tive properties of the noncircular motions still remain uncer· 
tain, because we have no knowledge of the velocity field of 
the background stellar system. 

We are grateful to the staffofthe Okayama Astrophysical 
Observatory for help with the observations. 
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