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ABSTRACT 

This paper describes a photometric and kinematic study of NGC 6300, a southern ringed barred spiral at low 
Galactic latitude. BV surface photometry and emission-line radial velocities are presented and used to deduce 
some of the basic properties of the galaxy. The data bring to light many contrasts with NGC 1433, the prototype 
ringed barred spiral which was previously described in this series. Unlike NGC 1433, NGC 6300 has only a 
single inner ring which is exceptionally broad and spiral-like compared with most typical SB inner rings. The 
ring is conspicuous in blue light photographs, and, although it is of much higher surface brightness than that in 
NGC 1433, it displays little or no contrast in a B - V color index map. There is a strong color gradient interior 
to the ring which is probably mostly radial. Dust lanes are present on the leading edge of the bar, but these are 
also inconspicuous in the color index map. As is typical of ringed galaxies, the light distribution within NGC 
6300 is not easily decomposed using simple fitting functions commonly applied to most other galaxies. The light 
distribution in the outer regions is complicated by a significant change in slope compared with an exponential 
distribution in the intermediate regions. 

A Fourier analysis is used to examine carefully the azimuthal variations in the light distribution. The 
amplitudes of the first six nonaxisymmetric terms are found to be much smaller than in NGC 1433, and their 
phases emphasize a very important contrast with NGC 1433: the inner ring of NGC 6300 is not a highly 
elongated oval aligned parallel to the bar. Instead, the feature gives rise to an m = 2 Fourier component out of 
phase with the bar by - 80°. 

The velocity field of NGC 6300 shows clear evidence for noncircular motions in the bar region. Inward 
motions of up to 100 km s- 1 are detected along the minor axis, and these cause an observed bending of the 
isovelocity contours whose character is completely consistent with published models of gas flow in barred 
spirals. In spite of these motions, the rotation curve derived under the assumption of pure circular rotation is 
remarkably well predicted by the V-band light distribution under the assumption of a constant mass-to-light 
ratio. A separate analysis of the velocity-position angle diagram of the inner ring shows little evidence for the 
very large noncircular motions observed in the bar region. 

These observations emphasize the great dispersion in properties within the ringed barred spiral class. It is 
suggested that detailed mapping of the neutral hydrogen distributions within NGC 6300 and NGC 1433 would 
show more interesting contrasts that should help to further our understanding of these galaxies. 

Subject headings: galaxies: individual (NGC 6300) - galaxies: internal motions -
galaxies: photometry - galaxies: structure 

I. INTRODUCTION 

The southern galaxy NGC 6300 is a bright barred spiral 
possessing a large, broad inner ring. It is one of the nearest 
and largest members of the ringed barred spiral class, and is 
also one of the least typical members of that class. In this 
series of papers I am examining the properties of ringed 
galaxies of all types in order to understand better the nature 
of rings and to examine as much as possible the long-held 
hypothesis that rings in normal galaxies are manifestations of 
orbital resonances with a bar or barlike perturbation in the 

. 1 Visiting Astronomer, Cerro Tololo Inter-American Observatory, which 
1s operated by the Association of Universities for Research in Astronomy, 
Inc., under contract with the National Science Foundation. 
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mass distribution. Paper I (Buta 1986a) used statistics alone 
to test this hypothesis, while Paper II (Buta 1986b) showed 
how several properties of the three ringlike structures in NGC 
1433 are consistent with the hypothesis. In Paper III (Buta 
1986c), a typical "nonbarred" ringed spiral, NGC 7531 , was 
examined and shown to be a probable case where the bright 
inner ring and outer spiral pattern have formed in response to 
a mild oval distortion. It is evident from the cases so far 
examined that there is much variety in the properties of 
ringed systems, and that much remains to be learned about 
the ring phenomenon in general. 

NGC 6300 is an especially interesting ringed barred spiral 
because it is so different from its similarly classified counter
part, NGC 1433. A classic "theta" spiral, NGC 1433 shows 
an extremely well-differentiated and regular morphology. The 
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0 main features include a sharp inner ring that is significantly 
oval in intrinsic shape aligned along the bar, an outer 

~ pseudo-ring which is probably mildly oval in intrinsic shape 
f? and aligned perpendicular to the bar, and a nuclear ring/lens 
~ which is also mildly oval in shape and which is intrinsically 
a-, 

,-; misaligned with the bar. In NGC 6300 there is no nuclear 
ring, the outer anns do not form an outer pseudoring, and the 
inner ring is exceptionally broad, dusty, and very spiral-like. 

In this paper, I present BV photographic surface photome
try and emission-line kinematics of NGC 6300 as a means of 
examining the variation in the structure within the ringed 
barred spiral class. While NGC 1433 seems to fit well into the 
theoretical framework, it is not obvious how to fit NGC 6300 
into this framework because it possesses only one ringlike 
feature that is much broader than is typical. It is not clear 
whether this feature can be interpreted as a resonance or not. 
The lack of an outer pseudoring is an aspect of the galaxy 
that is also important to understand. 

The morphology of NGC 6300 is described in§ II. Section 
III describes the observations, while § IV presents an analysis 
of the data. A discussion is presented in§ V, and conclusions 
in§ VI. 

II. MORPHOLOGY 

NGC 6300 is one of three large spirals (including NGC 
6215 and 6221) at low Galactic latitude (b - -14°) in the Ara 
region. It was first noted as a large southern spiral by Rey
nolds (1921), who inspected it on a Franklin-Adams plate, 
and was described by Shapley and Paraskevopoulos (1940) as 
"a conspicuous barred spiral with rather closely wound arms, 
inclined forty degrees to the line of sight." De Vaucouleurs 
(1956) presented photographs of NGC 6221 and 6300 taken 
with the 30 inch (76 cm) Reynolds reflector of Mount Stromlo, 
and obtained unpublished B-band surface photometry. More 
recently, Dressler and Sandage (1978) published a photograph 
of NGC 6300 taken with the Las Campanas 2.5 m telescope. 
The radial velocities of NGC 6215 and 6221 are only 300-400 
km s - 1 larger than the velocity (1107 km s- 1) of NGC 6300, 
suggesting that the three may be part of a small group. Some 
basic information on NGC 6300 from the Second Reference 
Catalogue of Bright Galaxies ( de V aucouleurs, de V aucouleurs, 
and Corwin 1976, hereafter RC2) is compiled in Table 1. 

Figure 1 (Plate 7) shows a reproduction from a long
exposure B-band plate obtained at Cerro Tololo Inter
American Observatory (CTIO; details of the plates obtained 
are given in § III). It is obvious from this picture that, 
although NGC 6300 and NGC 1433 are classified similarly, 
the two objects differ significantly in detail. The "ring" of 
NGC 6300 is comprised of tightly wrapped, dust-riddled 
spiral structure. On previously published photographs, only 
this inner region is clearly visible. The reproduction in Figure 
2 (Plate 8) shows, however, that there is a low surface bright
ness, multiple-armed spiral pattern exterior to the ring region. 
Interior to the ring a broad, diffuse, and somewhat foreshort
ened bar is visible, and its presence is enhanced by the strong 
inner dust lane on the south side. There is a weaker counter
part to this dust lane on the opposite side of the nucleus; both 
are shown best in the U-band photograph of Figure 3 (Plate 
9), which also illustrates how the dust lane on the south side 
obscures a substantial portion of the nucleus. 

BUTA 

TABLE 1 

BASIC PARAMETERS FOR NGC 6300 

Parameter Value 

Right ascension (1950) ..... . ......... .. .. . .. . ... l 7hl2~28 
Declination (1950) . . . . . . . . . .. . . . . . . . . . . . . . . . . . . -62°45'.9 
I, b . . .. ........ .. ........... . .... . ...... . .. ... .. . . 328?5, -14?1 
SGL, SGB ............ .. .... . . ... ... . ..... . ...... 195?4,9?2 
RC2 Hubble type ....... .. . . .. . ......... .. ...... SB(r)b 
RSA Hubble type and luminosity class . . ...... SBb(s) II 
SGC Hubble type and luminosity class . .... .. . SB(r)b I-II 
Adopted type ... .... .. ..... .. ... . ............ .... SB(!s)b 
log A, ... .. . ..... . . . . ... . ........... ..... . . .. .. .. 1.29±0.01 
log D25 . . . . . . . . . . . . . . . . . . .. .. .. . . .. • . . . . .. . .. .. .. 1.74 ± 0.02 
logR 25 ... . .. . .......... . ........................ 0.17±0.02 
00 (1950) ................. ........... ....... . .. . .. 108° ± 1 ° 
Mean disk axis ratio .... . ............. . ......... 0.64±0.01 
i " .. .. . ...... . ............ . . .. . ... .. . . . .... . ... .. 52°±2° 
Br . . ..... . .. ... . . ........... .. .. . ..... . ... . ...... 10.98 ± 0.02 
(B - V)r ... . .... . ...... . . .. . . . . ...... . ......... 0.77±0.02 
(U- B)r .. .. . . . . . . . ... . .. .. . .. . .. . ........ ... .. 0.15±0.03 
C21 . ........... . ... . . .. .. ..... . .. . ...... .. ........ 1.69( B), 1.76( V) 
C32 . . . . . .. . . . . . . . . . . . . . .. . . . . . • . • • . . . • . • . • . . • . . . . . 1.54( B), 1.56( V) 
C31 . ...... .. •. .. . ..... .• ... . . . •...... • ...... . . .. .. 2.59(B),2.74(V) 
V0 (km s- 1) ......... . .. . ............. . ......... 1107±5 

Vol. 64 

Notes 

1 
1 
1 
1 
1 
2 
3 

4 
4 
5 

6 
6 
6 
5 

NOTES. - (1) From RC2. (2) From Sandage and Tammann 1981. (3) 
From Corwin, de Vaucou'eurs, and de Vaucouleurs 1985. (4) Based on 
ellipse fits to outer isophctes in range 2'.7 .$a.$ 3'.7. (5) See§ IVa. (6) See 
de Vaucouleurs 1977 for the definitions of these concentration indices. 

As for NGC 1433, there is disagreement between the RC2 
and the Revised Shapley-Ames Catalog (Sandage and Tam
mann 1981, hereafter RSA) on the variety of NGC 6300. The 
RSA type is SBb(s) II pee, i.e., a nonringed galaxy. This 
discrepancy is due tc the obvious spiral character of the ring 
and the weakness of the outer structure, and as a compromise 
I will adopt the classification SB(rs)b. 

III. OBSERVATIONS 

a) Surf ace Photometry 

The two B and V exposures listed in Table 2 were used in 
the present analysis. The scale of both plates is 18':62 mm- 1, 
and seeing is judged to be 1" -2". The U-band exposure in 
Figure 3 had inadequately exposed calibration spots. As for 
Papers II and III, the surface photometry was performed 
using the numerical mapping technique of Jones et al. (1967). 

The zero point µ,, .of each plate was determined from the 
multiaperture photometry compiled in Table 3. Most of these 
observations were made using the CTIO 0.9 m telescope with 
an ITT FW-130 photoelectric photometer. As for NOC 1433, 
a wide range of apertures was obtained, but because of the 
lack of a conspicuous nucleus and the large number of 
foreground stars, it was not po§sible to obtain the maximum 
range achievable with the photometri~ eqµj.pment and tele
scopes used for the observations. A few field ·stars superpgsed 
on the bright inner regions of the galaxy were measured 
several times with small apertures to remove their contribu
tion as precisely as possible. lo addition, th~~ st;irs were 
removed from a single (203" aperture) measiµ-~meJJt by R. J. 
Smyth (1983, private communication), who used the 0.4 m 
telescope at Siding Spring Observatory. In a 203" ~perture, 
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FIG. 1. - B-band photograph of NGC 6300 showing inner ring and bar (CTIO plate 5289, 30 minute exposure) 
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FIG. 3. -U-band photograph of NGC 6300 showing inner ring, bar, and partially obscured nucleus (CTIO plate 5291, 60 minute exposure) 
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TABLE2 

PLATE MATERIAL FOR SURFACE PHOTOMETRY 

Plate Exposure 
Number Time Mean ,\rr 

(A) (CTIO) Emulsion Filter (minutes) (µ,) Error 01 N 

5289 . .. . .. IIa-O GG385 30 22.26 0.01 0.024 9 4360 
5300 . ..... 103a-D GG495 40 21.35 0.01 0.018 9 5500 

TABLE3 

PHOTOELECTRIC PHOTOMETRY OF NGC 6300 

log A Red 
A (O'.l) V B-V U-B V - R R - f System• Notes 

A. Magnitudes and Colors Corrected for Field Stars 

23':5 .... 0.59 13.08 1.09 0.49 0.69 KC 1 
23.5 . .. ... 0.59 13.03 1.13 0.56 0.67 KC 1 
26.1.. . . .. 0.64 12.92 1.07 0.54 1.01 0.80 J 1 
47.6 . .. . . . 0.90 12.07 1.05 0.63 0.64 KC 2 
47.6 ... . . . 0.90 12.09 1.04 0.62 0.63 KC 2 
65.8 .. .. .. 1.04 11.65 0.99 0.39 0.91 0.74 J 2 
67.2 . .. ... 1.05 11.60 0.99 0.43 0.62 KC 2 
67.2 ..... . 1.05 11.61 1.02 0.48 0.61 KC 2 
98.8 ... . . . 1.22 11.12 0.91 0.30 0.90 J 3 
98.8 .. . . . . 1.22 11.12 0.92 0.29 0.92 0.79 J 3 

131.1 .. . .. . 1.34 10.75 0.80 0.22 0.89 J 3 
203.0 ... ... 1.53 10.38 0.79 0.16 0.62 0.55 KC 3,4 

B. Magnitudes and Colors of Field Starsb 

9':6 .... 0.20 13.42 0.84 0.39 0.48 KC 5 
9.6 . . . . .. 0.20 13.40 0.88 0.38 0.49 KC 5 

16.2 . . .... 0.43 13.41 0.86 0.36 0.73 0.44 J 5 
9.6 . . ... . 0.20 12.92 0.49 0.01 0.30 KC 6 
9.6 .... . . 0.20 12.90 0.50 0.12 0.31 KC 6 

16.2 . ..... 0.43 12.91 0.48 0.04 0.50 0.31 J 6 
33.3 .. . .. . 0.74 13.50 0.70 0.14 0.58 0.45 J 7 
16.2 .. .... 0.43 16.43 0.71 0.64 0.38 J 8 
16.2 .. . .. . 0.43 16.24 0.90 0.76 0.37 J 8 

NOTES.-(1) Corrected for field star A. (2) Corrected for stars A and B. (3) 
corrected for stars A-D (star E not removed). (4) R. J. Smyth 1983, private 
communication. (5) Star A. (6) Star B. (7) Stars C + D. (8) Star E. 

•Red systems: KC= Kron-Cousins; J = Johnson (see Bessell 1979). 
bStars (from nucleus): A-0'.16 west ; B-0'.23 southeast; C + D-pair 0'.6 north; 

E-0'.31 due south of star B. 

many stars must be included, but Smyth notes that he at
tempted to compensate for all except the bright stars super
posed on the inner regions. When the stars compiled in Table 
3 are removed from his measurement, the resulting zero point 
is in excellent agreement with those derived from the other 
measurements (Fig. 4). 

Also, as for NGC 1433, the raw zero points were found to 
depend slightly on aperture in the sense of decreasing with 
increasing aperture. When the smallest apertures ( (A) - 24") 
are averaged and removed, this trend is largely eliminated and 
suggests that the surface brightnesses in the nucleus are not 
reliable. The plot in Figure 4 is for the annular calibration 
only. The standard deviation of each zero-point determination 
is only ± 0.02 mag, which is surprisingly good considering the 
difficulty of making both aperture and surface photometric 
measurements of a galaxy at low Galactic latitude. No drift 
scans or CCD frames were obtained to provide a more 
accurate assessment of the errors. 

The total magnitude in each passband was obtained by 
extrapolating a mean equivalent luminosity profile (see Buta 
1984). In the B band the total magnitude, Br =10.98±0.02, 
is in good agreement with the value 11.13 ± 0.14, derived from 
unpublished Mount Stromlo photometry ( de Vaucouleurs and 
Bollinger 1977). This value is also in reasonable agreement 
with that derived from fitting a standard RC2 growth curve to 
the magnitude-aperture relation for NGC 6300. Two such fits 
are shown in Figure 5, one for type T = 3 and another for 
type T = 10. The former type is the RC2 stage of Sb, and the 
other is used because it actually fits the curve best of all. It is 
not uncommon that the growth curve of an individual galaxy 
is inconsistent with its Hubble type. From the curve for the 
Magellanic (T = 10) irregulars, the total magnitude is found to 
be Br= 10.96. 

Figure 6 shows the U - B and B - V color-aperture rela
tions of NGC 6300. The upper curve shows the good agree
ment between the aperture photometry and the corresponding 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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0.2 NGC 6300 
oa, •V (nuc. sub.) 

-c,, 
Ill 
E .... 

• ii 0 
:, 0 

:2 
en 
QI .. 

-0. 2 

0.8 1.0 1.2 1.4 1.6 
logA(0:1) 

F IG. 4. - Residuals of the zero-point calibration constant as a func
tion of diaphragm size for the B and V plates. The plot shows the 
residuals for an annular calibration only, owing to slight overexposure of 
the nucleus in each passband. 

relation derived from the surface photometry, which indicates 
that ( B - V)r = 0.77 ± 0.02. The magnitudes in the nucleus 
had to be corrected for the overexposure, so the good agree
ment for log A = 0.6 is due to the use of the aperture pho
tometry to derive the necessary corrections. In the absence of 
surface photometry in the U band, the U - B color has to be 
estimated from the photoelectric data alone, which suggest 
that (U- B)r=0.15±0.03. This is only a rough estimate 
based on the photometry in the largest apertures and the 
shape of the observed B - V curve; it was found that none of 
the standard RC2 color-aperture relations could fit the data 
for NGC 6300 well enough to improve this estimate. 

The relative integrated luminosity curves of NGC 6300 
were extracted from the intensity arrays, allowing estimates of 
the concentration indices (Buta 1984). The values, C21 (B) = 
1.69, C32 (B) =1.54, are close the expected values, C21 =1.75, 
C32 = 1.61, for a pure exponential disk system. These indices 
are within the range observed for other galaxies of similar 
type, but are most consistent with types later than Sb 
(de Vaucouleurs and Aguero 1973; de Vaucouleurs 1977). 

Isophote maps at two resolutions are shown in Figures 7a 
and 7b. The low-resolution map (Fig. 7a) has been smoothed 
according to intensity using Gaussian weights (Jones et al. 
1967). This map shows that the isophotes beyond the inner 
ring, which occupies the inner 50" - 70" in radius, are well
defined ellipses, and that there is a gradual change in the 
orientation of the major axes from the inner to the outer 
regions. In the high-resolution map of the ring itself (Fig. 7 b ), 
the isophotes in the bar region indicate a steep intensity 
gradient in the nucleus due to the southern inner dust lane. 

Figures 8a and Sb show the axis-ratio and position-angle 
curves based on ellipse fits to the illustrated isophotes and to 
those from the V-band plate as well. The inner ring is clearly 
distinguishable in these diagrams as a region in the range 
l'.0 ~as l'.6, where the axis ratio and position angle are 
nearly constant at the values ( q( r)) = 0.57 ± 0.01 and (p.a.) 
= 122~5±0'?2. Beyond a= 3' , the disk axis ratio is constant 
at ( q( d)) = 0.64 ± 0.01. The position angle of the major axis 
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FIG. 5.-Magnitude-aperture relation for NGC 6300 (solid curve), as 
compared with mean relations for Sb (T = 3) and Im (T = 10) galaxies in 
RC2. 
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FIG. 6.-Color-aperture relations for NGC 6300 based on surface 
photometry and aperture photometry. 

rises slightly over the range 2'.7 s a s 3'.7, and the mean value, 
108'?4± l '?5, may be adopted. The position angle of the bar is 
not well determined from ellipse fits because of the effect of 
the large dust lane, but from a visual estimate it appears to be 
68° ± 2°. These position angles are on a 1950 coordinate 
system derived from reference to local SAO catalog stars. 
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FIG. 7.-( a) Low-resolution B-band isophotes of NGC 6300 in blue light. The pixel size is 3'.'0 X 3'.'0, and Gaussian smoothing has been applied in the outer parts using a technique described by 
Jones et al. (1967). The contour labeled 1 is at the surface brightness level µ 8 = 26.5 mag arcsec- 2 • and successive contours are separated by - 0.50 mag. ( h) High-resolution B-band isophotes of the 
inner ring region based also on CTIO plate 5289. The pixel size is l '.'5 X l '.'5, and no smoothing has been performed. The contour labeled 1 is at the surface brightness level µ 8 = 22.00 mag arcsec- 2 , 

and successive contours are separated by - 0.25 mag. 
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The global B - V color distribution in the bar and ring 
regions of NGC 6300 is illustrated in the gray-scale map of 
Figure 9 (Plate 10). Many stars cover the galaxy image, but 
these were not removed from the original B and V arrays to 
improve this map, since colors in star-contaminated regions 
will necessarily be uncertain. 

The most striking characteristic of the map is that the ring 
is a hardly recognizable feature. While an obvious color 
difference exists between the bar region, which is relatively 
red ( B - V - 1.0), and the ring region ( B - V - 0. 7), the ring 
is not a sharp zone of star formation as in NGC 1433 or 7531. 
There are no striking blue knots in this ring, but there is 
obviously much dust. The dust lanes in the bar are not as 
conspicuous as those in NGC 1433. Colors in the central 8" 
are affected slightly by overexposure. 

b) Kinematics 

The velocity field of the ionized gas in NGC 6300 was 
obtained from 11 long-slit spectra taken in 1981 with the 

Carnegie image-tube spectrograph at the Ritchey-Chretien 
focus of the CTIO 4 m telescope (Table 4). These were 
obtained at dispersions of 50 and 25 A mm - 1 and are of very 
high quality for velocity work. Details of the reductions are 
given by Buta (1984). 

There have been no previously published studies of the 
kinematics of this galaxy. However, the excitation conditions 
in the nucleus have been studied recently by Phillips, Charles, 
and Baldwin (1983). As was found by these authors, and also 
in my spectra, the emission in the nucleus of this galaxy is 
very broad, with [N n] more than twice as strong as Ha (Fig. 
10 [Pl. 11]). Spectroscopic observations by Sandage (1978) 
indicated that the ratio [O m] i\5007/H,B greatly exceeds 
unity in the nucleus, implying that high-excitation conditions 
are present. The properties of the nuclear emission spectrum 
are similar in excitation conditions to classical Seyfert 2 
nuclei, except that the lines in NGC 6300 are not as broad as 
those in such nuclei. Because of these properties, Phillips, 
Charles, and Baldwin (1983) concluded that NGC 6300, like 

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



'" 
CD PLATE 10 

l /If 
,,. 

- ?-- 't, j, "-... • ·'f . 
' • 

"' ,111 . 
• .. }I , . ; 

• ,. 
•'lo 

• "' -r • .., 
f .. - 't 

~ ,,.. ... 
~) .t . . . 

I' • • 

. . 

•' , ~ 

J. . J .. f 
.. fl~- . 

o# 

' . 

., • . ,. ., 
" ', \ 

4 i 

. 
• .... .. ... .. 

<t . . 
• I , .. ... ,... ( , 
f~ ... 

-~ - ... ,,,. • " "' \ • "l" .,, 
• -. ·- r 11, 

♦ 

• 

• . . , ,, 
• y . 

.. 
1'-t. 

-----~.---11 ' • 
FIG. 9. - A gray-scale map of the B - V color index distribution within NGC 6300. The scale is such that dark to light is in the sense blue to red. Near 

the nucleus (indicated by the plus sign), light pixels correspond to B - V - 1.1, while in the inner ring/spiral region the darker pixels correspond to 
B - V - 0.7. Note the mild color gradient in the inner region and the inconspicuousness of the inner ring. White spots over the image are saturated field 
stars. 

BUTA (see 64, 388) 

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



Ol 
C') 

co 
C') 

I 
I 

I : I I 
NGC6300 
CTIO F1980 

1 

I 

I 
l ~ . 

t ' 

j 

' 'f 

11 

. 11 

11 

I I 
I 
_!, 

I I 11 

I I . 1111 Pl I 

(NII) H• (NII) (SIi) 
'11, n 

I ; I I I 

... ~-- ,,._ - ,.,, ---

H 

;r L I 11 

I 
'. 
.} 

PLATE 11 

I 
-

'·' 

L I 
! 
I I 

'i 

, I 
' 

'I ' I ; ~ .. 
FIG. 10.-Reproductions of two spectrograms obtained with the Carnegie image-tube spectrograph of Cerro Tololo Inter-American Observatory. The 

upper panel shows spectrogram F1980B (see Table 4), which reveals the broad emission lines in the nucleus. Note how [N n] ,\6583 is about twice as 
strong as Ha in the nucleus, while in the inner ring/spiral region (lower panel, Fl980A) Ha is the stronger line. 

BuTA (see 64, 388) 

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



Ol 
C') 

co 
C') 

SI' 

'"' 

Ci) 
t-:, 
Pa 
,0: 
r-
co 
a-, 
,-; 

No. 2, 1987 STRUCTURE AND DYNAMICS OF RINGED GALAXIES. IV. 389 

TABLE4 

LOG OF CTIO SPECTROGRAMS 

Exposure Nominal 
CTIO Position Time Dispersion 

Number Angle (minutes) (A mm - 1) 

Fl974A .. .. .. 132° 60 50 
Fl974B . . .... 42 75 50 
Fl975 ....... 90 75 50 
Fl980A .. .... 132 74 50 
Fl980B ...... 132 20 50 
Fl981A ...... 0 75 50 
Fl981B . . ... . 58 74 50 
Fl986 .... .. . 111 90 25 
Fl987A . . .. . . 21 75 25 
Fl987B ... .. . 132 54 25 
Fl988 .... . . . 156 60 25 

many other similar galaxies, is indistinguishable from a Seyfert 
2 galaxy in terms of relative emission-line intensities and 
line-profile shapes. 

Figure 11 shows the distribution of velocity points from the 
11 slit spectra (see Table 5). Also shown on this plot are 
schematic representations of the bar and inner ring of the 
galaxy. It was found in all the spectra that, excepting the 
nucleus, the emission is brightest in the inner ring region and 
is detectable continuously across this structure. Weak, diffuse 
emission was found inside the ring region, but it is confused 
with night-sky emission on the northwest side. The bright, 
broad nuclear emission was found to be confined to the inner 
8" only. 

The velocity field of NGC 6300 was obtained by averaging 
the data in 5" X 5" cells, with interpolation and 3 X 3 Gauss
ian smoothing to at least extract the global properties. Figure 
12 shows the result. The contour plotting routine unfor
tunately cannot deal with the widely spaced slit positions in 
the outer parts, but in the inner parts some clear trends can 
be visualized. The striking "zigzag" pattern shown by the 
isovelocity contours indicates that noncircular motions are 
present in the bar region of the galaxy. The amplitude and 
character of these motions are discussed in more detail in 
§ IVe. 

IV. DATA ANALYSIS 

a) Extinction, Spatial Orientation, and Distance 

The first important parameter needed in any analysis of 
NGC 6300 is the foreground Galactic extinction correction, 
which, because of the low Galactic latitude, could be large 
and uncertain. For this reason I have approached the question 
of correcting the photometric parameters for extinction using 
the following technique. First, the RC2 gives values of the 
blue-light extinction correction A 8 for each entry in the 
catalog, based on an empirical model which allows for 
longitude and latitude variations in the dust distribution 
(de Vaucouleurs and Malik 1969; de Vaucouleurs and Buta 
1983). This model can be used to correct the integrated colors 
of NGC 6300, and the resulting values can be compared with 
the means for its type. Second, revised estimates of the 
extinction can be made by assuming that the true integrated 

Slit Date 
Grating Width Comparison (1981 
Number (µm) Spectrum July) 

420 150 Ne 3 
420 150 Ne 3 
420 150 Ne 3 
420 150 Ne 4 
420 150 Ne 4 
420 150 Ne 4 
420 150 Ne 4 
380 225 He-Ne-Ar 5 
380 225 He-Ne-Ar 5 
380 225 He-Ne-Ar 5 
380 225 He-Ne-Ar 5 

• . N 
100 

I • 
• • 

y 

• 
o· 

/ • 
-100· 

• 
-100" O" 100·· 

X 

FtG. 11. - Distribution of velocity points from CTIO slit spectro
grams. The solid curves are schematic representations of the bar and 
inner ring. Several field stars are indicated by asterisk symbols. 

colors are identical with the means over a range of types. The 
need for this step will become apparent after the first step. 

The RC2 Galactic extinction model yields A 8 (G) = 1.11 
mag in the direction (/ = 328~5, b = -14~1) of NGC 6300. 
Such a large value is necessarily tentative, as alluded to in the 
Introduction to RC2, which also states that at very low 
Galactic latitudes, values calculated from the model for 
Galactic longitudes / ~ 270° are likely to be too high. Never
theless, if this is used in conjunction with the K-correction 
and inclination correction calculated according to RC2 proce
dures, then the total extinction would be A 8 (tot) =1.26 mag, 
giving a fully corrected total magnitude of Bi= 9.72. Using 
the same parameters, RC2 procedures yield color excesses of 
E(B - V) = 0.29 and E(U- B) = 0.21, giving the fully cor
rected integrated colors ( B - V)i = 0.48, ( U - B)i = - 0.06. 
In Figure 13 these colors are compared with the mean 
color-color relation for RC2 galaxies, and it is seen that they 
are most consistent with the mean integrated colors of Sc 
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TABLES 

CTIO SLIT SPECTRUM VELOCITIES 

r p.a. V0 me n r p.a. V0 me n r p.a. V0 me n r p.a. V0 me n r p.a. V0 me n r p.a. V0 me n 

@ 

> 
3 
("0 ., -· ~ 
~ = > r.,, ..,. ., 
0 = 0 
3 -· ~ 
~ -rJ'J. 
0 
~ -· ("0 w 

~ 8 

Fl 974A 11.7 132 1228 34 3 -53, 1 222 1022 .. 1 F1975 -0. 8 270 1012 3 4 -91. 5 312 977 .. 1 
-87,5 312 976 .. 1 14 .o 132 1175 7 2 -50,8 222 1 019 6 2 -107.0 270 979 .. 1 1 .5 90 1037 9 4 -89.2 312 987 .. 1 
-85.2 312 969 .. 1 16.3 132 1222 18 3 -48. 5 222 1016 .. 1 -102.4 270 943 .. 1 3,8 90 1088 29 4 -86. 9 312 951 .. 1 
-82.9 312 988 .. 1 18.7 132 1243 14 2 -46. 2 222 1073 .. 1 -100.1 270 922 . . 1 6. 1 90 1100 23 3 -84.6 312 947 .. 1 
-80.5 312 957 .. 1 21.0 132 1243 22 2 -41 .5 222 1005 .. 1 -97.7 270 960 .. 1 8.4 90 1110 28 4 -82. 3 312 976 .. 1 
-78.2 312 994 .. 1 23.3 132 1223 40 2 -39,2 222 1045 4 5 -95.4 270 979 .. 1 1 o. 7 90 1154 . . 1 -80.0 312 944 .. 1 
-75. 9 312 992 3 2 25.6 132 11 65 .. 1 -36.9 222 1054 4 5 -93. 1 270 995 .. 1 13,0 90 1156 21 2 -77,7 312 971 .. 1 
-73.6 312 975 23 3 27.9 132 1236 .. 1 -34 .6 222 1053 7 5 -90.8 270 949 .. 1 15,3 90 1156 .. 1 -75,4 312 983 10 2 
-71. 3 312 978 16 2 30.2 132 1238 .. 1 -32.3 222 1057 6 5 -88.5 270 936 .. 1 17.6 90 1179 .. 1 -73,1 312 983 19 2 
-69.0 312 973 .. 1 32,5 132 1215 27 2 -30.0 222 1054 5 5 -86.2 270 958 .. 1 19.9 90 1163 . . 1 -70.7 312 996 18 2 
-66. 7 312 970 .. 1 37. 1 132 1194 11 2 -27,7 222 1059 9 4 -83. 9 270 944 .. 1 22.2 90 1199 12 2 -68.4 312 994 .. 1 
-64.4 312 967 .. 1 39.4 132 1201 14 2 -25.4 222 1059 11 3 -81 .6 270 966 .. 1 24.5 90 1227 .. 1 -66. 1 312 975 10 4 
-62. 1 312 974 4 3 41.7 132 1219 11 2 -20.8 222 1083 .. 1 -79, 3 270 942 .. 1 26.9 90 1147 .. 1 -63.8 312 983 13 4 
-59.8 312 987 3 3 44.0 132 1225 10 2 -18.5 222 1047 .. 1 -77,0 270 949 .. 1 29.2 90 1200 6 2 -61 ,5 312 977 4 2 
-57,5 312 994 4 4 46.3 132 1211 8 3 -6. 9 222 1072 .. 1 -74. 7 270 976 .. 1 31.5 90 1204 16 3 -59. 2 312 978 7 4 
-55.2 312 990 5 4 48.6 132 1216 4 2 -4.6 222 1053 29 3 -72.4 270 979 .. 1 33,8 90 1199 10 4 -56. 9 312 986 7 4 
-52;9 312 995 3 4 51.0 132 1227 9 3 -2. 3 222 1036 9 5 -70,0 270 973 29 2 36. 1 90 1190 2 4 -54. 6 312 995 5 4 
-50.6 312 1011 5 2 53.3 132 1229 17 4 o. 222 1035 5 5 -67. 7 270 973 32 3 38.4 90 1214 8 5 -52. 3 312 1000 9 4 
-48. 3 312 1020 7 4 55.6 132 1214 11 4 2.3 42 1040 10 5 -65. 4 270 960 10 4 40.7 90 1211 6 5 -50.0 312 1003 2 4 
-45.9 312 1019 7 3 57.9 132 1217 6 3 4.6 42 1055 16 2 -63. 1 270 976 10 5 43.0 90 1211 3 4 -47. 7 312 1009 9 4 

• 
"'C ., 

-43;6 312 1011 14 4 60.2 132 1222 6 4 1 3. 8 42 1040 .. 1 -60. 8 270 976 7 4 45.3 90 1212 7 4 -45.4 312 1013 9 4 
-41. 3 312 1010 28 3 62.5 132 1224 7 4 16.1 42 1060 17 2 -58.5 270 984 8 5 47.6 90 1242 21 3 -43, 1 312 998 .. 1 
-39.0 312 992 36 3 64. 8 132 1227 6 4 18.4 42 1100 12 3 -56. 2 270 991 5 5 49.9 90 1235 2 2 -40.8 312 1019 7 2 

0 
< -· Q. 
("0 
Q. 

-36.7 312 997 .. 1 67. 1 132 1232 2 4 20. 7 42 1090 18 4 -53. 9 270 997 5 4 52.2 90 1232 1 3 -36, 1 312 984 12 4 
-34.4 312 1012 .. 1 69.4 132 1235 1 4 23.0 42 1108 1 4 4 -51. 6 270 993 5 4 54.5 90 1247 3 3 -33. 8 312 993 10 3 
-32.1 312 1009 10 2 71.7 132 1240 4 4 25.4 42 1153 2 2 -49.3 270 994 5 4 56.8 90 1235 9 3 -31 ;5 312 997 19 3 
-29.8 312 986 21 3 74.0 132 1238 3 4 27.7 42 1167 8 4 -47 ;o 270 989 9 4 59.2 90 1241 10 4 -29. 2 312 996 .. 1 

O"' 
'< 

-27.5 312 1031 27 2 76,3 132 1247 13 3 30.0 42 1166 11 4 -44.7 270 972 9 3 61.5 90 1215 6 4 -26.9 312 977 .. 1 
-25.2 312 980 .. 1 78.6 132 1233 6 2 32,3 42 1167 6 3 -42. 4 270 963 4 4 63.8 90 1237 12 4 -24.6 312 991 .. 1 ..,. 

:r 
("0 

z 
> 
rJ'J. 
> 
> r.,, ..,. ., 
0 

't:i 
:r 
'< r.,, -· 

-22.9 312 949 .. 1 80.9 132 1227 2 3 34.6 42 1163 1 2 -40. 1 270 976 5 5 66. 1 90 1215 15 3 -22,3 312 977 .. 1 
-20.6 312 1012 .. 1 83.2 132 1241 .. 1 36.9 42 1162 .. 1 -37. 7 270 980 4 5 68.4 90 1228 4 4 -20. 0 312 987 13 3 
-18. 3 312 977 .. 1 85.6 132 1229 1 3 39.2 42 1165 9 4 -35.4 270 976 5 4 70.7 90 1227 5 3 -17,7 312 993 19 4 
-16.0 312 977 .. 1 87.9 132 1226 1 2 41.5 42 1159 2 4 -33, 1 270 962 4 2 73.0 90 1227 9 4 -15.4 312 983 19 3 
-13.6 312 997 13 3 92.5 132 1254 .. 1 43.8 42 1157 4 4 -30.8 270 958 .. 1 75.3 90 1239 3 2 -13.1 312 955 32 2 
-11.3 312 993 22 2 F1974B 46. 1 42 1159 15 4 -28;5 270 971 .. 1 77.6 90 1271 .. 1 -10.8 312 981 23 3 
-9.0 312 1026 .. 1 -73,8 222 998 .. 1 48.4 42 1138 14 2 -26.2 270 967 .. 1 82.2 90 1224 .. 1 -8.5 312 970 16 3 
-6,7 312 1035 .. 1 -71. 5 222 993 21 2 50,7 42 1131 7 4 -23,9 270 973 .. 1 84;5 90 1244 .. 1 -6. 1 312 974 7 2 
-4.4 312 997 .. 1 -69;2 222 1003 .. 1 53.0 42 1141 3 4 -21.6 270 956 .. 1 86.8 90 1284 .. 1 -3.8 312 1012 14 4 
-2. 1 312 1022 8 5 -66.9 222 1004 .. 1 55.3 42 1148 4 4 -19.3 270 981 .. 1 89.2 90 1223 .. 1 -1.5 312 1018 7 4 
0.2 132 1018 7 4 -64.6 222 1049 .. 1 57,7 42 1171 7 2 -17.0 270 983 .. 1 93.8 90 1183 . . 1 0.8 132 1024 5 5 
2.5 132 1027 8 4 -60.0 222 1075 11 2 60.0 42 1126 2 2 -14.7 270 981 .. 1 98.4 90 1172 .. 1 3. 1 132 1046 14 5 
4.8 132 1171 .. 1 -57; 7 222 1068 .. 1 62.3 42 1187 .. 1 -5.4 270 998 19 2 119.2 90 1227 .. 1 5.4 132 1239 .. 1 

~ 
r.,, 9.4 132 1224 .. 1 -55.4 222 1057 .. 1 66.9 42 1138 12 4 -3. 1 270 986 19 3 Fl 980A 7,7 132 1244 11 3 
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TABLE 5-Continued 

r p.a. v0 me n r p.a. V0 me n r p.a. V0 me n r p. a . V0 me n r p. a. V0 me n r p.a. V0 me n 

1 o.o 132 1251 14 4 116.1 132 1219 11 2 -79.7 238 978 .. 1 -101 .2 291 952 .. 1 21 .1 111 1195 .. 1 -38.2 201 1101 11 3 
@ 12.3 132 1184 17 2 118.4 132 1236 10 4 -77.4 238 999 .. 1 ~98.9 291 947 12 2 23.4 111 1203 .. 1 -35. 9 201 1102 .. 1 

> 
3 
~ 
""I -· n 
~ 

= > [IJ .... 
""I 
0 

= 0 
3 -· n 
~ -

14;6 132 1173 16 3 120.7 132 1251 .. 1 -75. 1 238 938 .. 1 -96. 6 291 965 13 3 28.0 111 1210 .. 1 -33.6 201 1085 4 3 
16.9 132 1187 17 2 F1981A -72.8 238 986 .. 1 -94.3 291 971 10 3 30.3 111 1221 .. 1 -31.2 201 1095 2 5 
19.2 132 1157 5 2 -43.3 180 1152 .. 1 -68.2 238 978 .. 1 -92 .o 291 964 2 3 32.6 111 1234 9 2 -28;9 201 1097 2 5 
21.5 132 1210 18 4 -41.0 180 1128 14 2 -65.9 238 979 .. 1 -89. 7 291 962 9 2 34.9 111 1231 .. 1 -26.6 201 1105 4 5 
23.8 132 1216 22 3 -38.6 180 1114 1 3 -56. 6 238 1038 .. 1 -87. 4 291 965 14 3 37.2 111 1222 19 3 -24.3 201 1114 9 5 
26.1 132 1175 29 4 -36.3 180 1111 4 3 -54.3 238 1049 .. 1 -85.0 291 959 6 2 41.8 111 1221 1 3 -22.1 201 1099 .. 1 
28.5 132 1227 11 4 -34;0 180 1116 13 3 -52.0 238 1020 .. 1 -82 ; 7 291 962 10 3 44. 1 111 1234 2 4 -19.8 201 1193 .. 1 
30.8 132 1218 .. 1 -31.7 180 1124 5 3 -49.7 238 996 .. 1 -80.4 291 968 7 3 46;5 111 1233 5 3 -17.5 201 1159 .. 1 
33. 1 132 1186 3 2 -29.4 180 1147 5 4 -47.4 238 1010 .. 1 -78. 1 291 968 7 3 48.8 111 1234 12 3 -15.2 201 1180 .. 1 
35.4 132 1216 22 2 -27 .1 180 1143 20 2 -45. 1 238 1019 .. 1 -75.8 291 971 4 3 51. 1 111 1233 1 4 -12.8 201 1160 25 2 
37.7 132 1222 8 3 -24.8 180 1174 19 3 -40. 5 238 995 .. 1 -73.5 291 970 3 3 53.4 111 1239 3 4 -10.5 201 1155 14 3 
40.0 132 1205 14 4 -20.2 180 1142 12 3 -38.2 238 1010 .. 1 -71.2 291 968 2 3 55.7 111 1243 1 4 -8.2 201 1145 19 3 
42.3 132 1203 11 3 -17.9 180 1139 12 2 -35_9 238 1025 .. 1 -68 . 9 291 967 14 3 58 . 0 111 1250 5 4 -5. 9 201 1115 28 2 
44.6 132 1214 2 2 -11.0 180 1162 5 2 -33.6 238 1056 .. 1 -66.6 291 953 20 3 60.3 111 1254 2 3 -3.5 201 1055 25 5 
46.9 132 1205 3 3 ~3. 1 180 1138 7 2 -31. 3 238 1042 .. 1 -64 . 3 291 962 .. 1 62.6 111 1261 1 4 -1.2 201 1037 8 5 

r:Jl 
0 
n -· ..,, 
~ '° 
~ 

.... 
49.2 132 1216 3 3 -6.3 180 1125 16 3 -29 . 0 238 1026 .. 1 -62.0 291 965 9 2 64.9 111 1263 1 3 1. 1 21 1029 8 5 
51.5 132 1213 1 2 -4.0 180 1046 7 5 -26.6 238 1029 .. 1 -59. 7 291 964 10 2 67.2 111 1246 7 4 3.4 21 1016 16 5 
53.8 132 1214 7 2 -1;7 180 1022 4 5 -3.6 238 1051 .. 1 -57. 4 291 960 8 2 69.5 111 1243 1 3 5.7 21 1056 11 3 
56. 1 132 1224 4 4 0.6 0 1024 6 4 -1.3 238 1021 7 5 -55. 1 291 961 .. 1 71.8 111 1237 2 4 8. 1 21 1099 17 4 
58.4 132 1208 8 4 2;9 0 1042 19 3 1.0 58 1048 8 5 -52 . 7 291 958 .. 1 74. 1 111 1243 2 4 10.3 21 1106 13 5 

• 60.8 132 1214 1 4 21.3 0 1076 21 2 3.3 58 1041 9 5 -50.4 291 969 .. 1 76.4 111 1245 1 4 12.7 21 1096 6 5 

~ 
0 
< 

63 . 1 132 1221 2 4 23.6 0 1053 8 2 8.0 58 1137 .. 1 -48.1 291 973 .. 1 78.7 111 1252 1 4 14.8 21 1071 4 3 
65.4 132 1224 3 4 26;0 0 1064 10 2 26.4 58 1177 4 2 -45. 8 291 967 15 3 81.1 111 1253 4 4 17.1 21 1065 2 2 
67.7 132 1233 4 4 28.3 0 1096 10 3 28.7 58 1172 7 4 -43.5 291 978 4 3 83.4 111 1261 6 4 19 . 4 21 1075 5 3 -· Q. 

~ 
Q. 

~ .... =-

70.0 132 1243 4 4 30.6 0 1094 9 4 31.0 58 1187 3 3 -41 .2 291 981 5 3 85 . 7 111 1259 4 3 21. 8 21 1078 .. 1 
72.3 132 1239 2 4 32 . 9 0 1117 7 4 33.3 58 1200 16 2 -38.9 291 973 .. 1 88.0 111 1250 4 4 24.1 21 1103 7 3 
74.6 132 1250 5 4 35.2 0 1096 4 4 35.6 58 1195 11 2 -36. 6 291 965 .. 1 90.3 111 1242 5 3 26.4 21 1100 4 3 
76.9 132 1243 7 4 37.5 0 1083 8 4 38.0 58 1183 13 3 -34.3 291 966 .. 1 92.6 111 1265 15 3 28.7 21 1106 2 3 
79 . 2 132 1237 5 3 39.8 0 1082 3 5 40.3 58 1182 5 2 -29. 7 291 988 .. 1 101 . 8 111 1271 7 2 31. 1 21 1103 7 4 
81.5 132 1238 24 2 42. 1 0 1086 2 5 42.6 58 1174 7 2 -27.4 291 986 .. 1 104.1 111 1242 .. 1 33.3 21 1132 21 3 

~ 83.8 132 1230 .. 1 44 . 4 0 1078 8 4 44.9 58 1169 2 4 -25. 1 291 893 .. 1 106.4 111 1259 .. 1 35.7 21 1140 6 5 z 86.1 132 1225 7 3 46. 7 0 1074 7 4 47 . 2 58 1186 8 3 -22.8 291 934 .. 1 F1987 A 38.0 21 1126 7 3 
> 88.4 132 1238 4 2 49.0 0 1081 5 4 49.5 58 1173 2 3 -2.0 291 1010 9 5 -61. 3 201 1095 .. 1 40.3 21 1102 14 4 
r:Jl 
> 90.7 132 1259 11 2 51.3 0 1064 2 3 58.7 58 1147 10 2 0.3 111 1020 6 5 -59. 0 201 1091 8 2 42.5 21 1107 6 3 

93. 1 132 1264 .. 1 53.6 0 1071 1 2 63.3 58 1165 .. 1 2 . 6 111 1025 5 5 -56 ; 7 201 1103 .. 1 44.8 21 1116 9 3 

> 95.4 132 1210 9 2 58.3 0 1043 29 2 65 . 6 58 1168 10 2 4.9 111 1168 .. 1 -54 . 4 201 1097 22 2 47 .1 21 1108 10 3 
[IJ .... 
""I 
0 

"C 

~ 
[IJ 

97.7 132 1255 .. 1 60.6 0 1054 5 2 67.9 58 1188 10 2 1.2 111 1175 .. 1 -52.1 201 1082 .. 1 49 . 4 21 1095 4 2 
00.0 132 1202 33 2 62.9 0 1059 14 3 10.2 58 1188 3 2 11.8 111 1136 .. 1 -47 ;5 201 1066 14 2 F1987B 
09;2 132 1239 .. 1 65.2 0 1032 3 2 F1986 14.2 111 1129 .. 1 -45.1 201 1106 5 3 -85. 6 312 979 .. 1 
11.5 132 1220 .. 1 F1981B -105.8 291 889 .. 1 16.5 111 1140 .. 1 -42.8 201 1089 9 2 -83.3 312 984 . . 1 
13.8 132 1190 .. 1 -82.0 238 991 .. 1 -103.5 291 936 .. 1 18.8 111 1147 .. 1 -40.5 201 1086 8 2 -81 .o 312 975 .. 1 -· n 

[IJ 

~ 
~ .... 
~ 

r:Jl 
'< 
[IJ 

;-
3 
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TABLE 5- Continued 

r p.a. V0 me n r p.a. V0 me n r p.a. V0 me n 

. ---· - -
-76. 4 312 944 .. 1 36.6 132 1171 .. 1 -39.0 336 1dlfg .. 1 
-74.1 312 966 .. 1 39.0 132 1185 8 2 -36.1 336 1067 .. 1 
-11.8 312 983 .. 1 41.3 132 1196 1 2 -34.4 336 1060 .. 1 
-69.5 312 964 .. 1 43.6 132 1204 15 2 -32.1 336 1045 .. 1 
-67.2 312 948 .. 1 45;9 132 1205 2 2 -29. 7 336 1043 .. 1 
-64.9 312 969 2 2 48.2 132 1208 3 2 -25.1 336 1084 .. 1 
-62.6 312 970 8 3 50;5 132 1216 9 3 -22.8 336 1077 .. 1 
-60.2 312 992 1 3 52.8 132 1221 6 2 -20.5 336 1093 .. 1 
-57;9 312 995 9 2 55; 1 132 1220 6 3 -4. 4 336 1007 10 4 
-55.6 312 996 11 2 57. 4 132 1218 6 3 -2.1 336 1016 1 5 
~53,3 312 1002 1 2 59.7 132 1212 5 2 0.2 156 1023 5 5 
-51.0 312 998 5 3 62.0 132 1227 1 3 2.5 156 1031 9 5 
-48. 7 312 1012 13 2 64;3 132 1223 3 4 4.9 156 1063 .. 1 
-46.4 312 1011 0 2 66.6 132 1227 2 4 9,, 156 1145 .. 1 
-44.1 312 1014 .. 1 68;9 132 1231 2 4 11. $ 1sa 1243 .. 1 
-41.8 312 1038 .. 1 71.3 132 1234 1 4 14. 1 156 11 !jg .. 1 
-39.5 312 948 .. 1 73.6 132 1239 2 4 16.4 156 1164 1 2 
-34.9 312 1042 .. 1 75;9 132 1232 5 3 18. 7 156 1200 .. 1 
-32.6 312 1012 .. 1 78;2 132 1236 19 3 21. 0 156 1161 .. 1 
-30.3 312 992 .. 1 80.5 132 1216 2 2 23.3 156 1183 25 2 
-21. 9 312 1032 .. 1 82.8 132 1252 .. 1 25;6 156 1177 22 3 
~25.6 312 989 .. 1 85;1 132 1222 .. 1 27.9 156 1191 0 2 
;21 ; 0 :312 1078 .. 1 87. 4 132 1222 2 2 30 . 2 156 1171 9 3 
~18.1 312 iti54 .. 1 89. 7 132 1233 .. 1 32;5 156 1166 6 3 
-i6.4 312 1057 .. 1 F1988 34,8 156 1167 9 4 
-14.1 312 1051 .. 1 -85.1 336 1037 .. 1 31.2 1S6 1151 2 4 
-11 ;8 312 981 .. 1 -82.8 336 1020 .. 1 39.5 156 1159 3 4 
-9.5 312 981 .. 1 -80;5 336 1038 .. 1 41.8 156 1161 10 4 
-4.9 312 991 26 4 -18.2 336 1039 .. 1 44. 1 156 1171 10 2 
-2;6 312 998 13 5 -71.3 336 1062 2 2 46.4 156 1178 8 2 
-0.3 312 1016 5 5 -69;0 336 1030 .. 1 48.7 156 1176 4 3 
2,0 132 1031 12 5 -66.7 336 1040 24 2 51.0 156 1171 6 3 
4;J 132 i68o .. 1 -64;4 336 1050 8 2 53.3 156 1165 14 3 
9.5 132 1164 .. 1 -62;0 336 1045 9 3 55;6 156 1168 1 2 

11;3 132 1273 .. 1 -59. 7 336 1046 4 2 57.9 156 1181 5 2 
13;6 132 1195 .. 1 -57; 4 336 1053 5 3 62.5 156 1190 .. 1 
20.5 132 1203 6 2 -55.1 336 1048 9 3 64.8 156 1183 .. 1 
22.8 132 1209 26 2 -52.8 336 1049 3 3 67.1 156 1196 .. 1 
25.1 132 1171 .. 1 -50.5 336 1049 9 3 
27.4 132 1193 6 2 -48.2 336 1049 3 3 
29.7 132 1203 .. 1 -45.9 336 1047 5 3 
32 . 0 132 1179 7 2 -43.6 336 1047 .. 1 

~ 34, 3 132 1209 .. 1 -41.3 336 166(1 .. 1 

NoTE.-Parameters: r = radius in arcseconds from centroid of C-Orttinuum; p.a.= position angle 
in degrees; V0 = weighted mean value of heliocentric radial velocity based on several or all of the 
emission lines: Ha, [NII] ;\.\6548, 6583, [S II] ;\;\6716, 6731, me= internal mean error of the mean 
velocity; n = number of lines used in calculating mean. 

galaxies. This suggests either that the Hubble type of the 
galaxy needs to be revised or that the extinction is overesti
mated. Considering the obvious heavy dust content within the 
inner ring and spiral structure, it is perhaps unlikely that the 
galaxy is simply abnormally blue for its RC2 type, Sb. 

To assess the possibility that the Galactic extinction is 
overestimated, Table 6 summarizes the values of the ·tolor 
excess, E(B - V), that would be required if NCJC 6300 has 
an integrated color which is identical with the mean value 
comp~ed by de V aucof e!""s (1977) for each type in the 
plausible range 3 ~ T ~ J . In each case a total color index is 
computed first simply as 

Er(B-V) =-(B-V)r=((B-V)~), (1) 

but both the K-correction and the inclination correction must 

be removed from this before computing the Galactic color 
excess E<,(B - V). Two values of the mean RC2 colors are 
used, the raw means from Table 4A of de Vaucouleurs (1977) 
and standard values interpolated from a smooth curve given 
in Table 4B of the same paper. The results show that if NGC 
6300 has normal integrated colors for its RC2 type, Sb, then 
the Galactic extinction could be as low as A8 (G) - 0.4 mag. 
For comparison the method of Burstein and Heiles (1978, 
1982), which uses galaxy counts and the gas-to-color excess 
ratio as extinction indicators, yields A8 (G) = 0.47 mag (Bur
stein and Heiles 1984), in essential agreement with this color 
index analysis. As a compromise, I shall adopt A8 (G) = 0.4 
mag as a lower limit. 

As for NGC 1433 and NGC 7531, the spatial orientation of 
NGC 6300 can be obtained from both the photometry and 
the kinematics. The outer isophotes of NGC 6300 were shown 
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FIG. 12.-Velocity field of NGC 6300. The bent isovelocity contours indicate that significant noncircular motions are present in the bar region of the 
galaxy. 

to be well-defined ellipses having an axis ratio of 0.64±0.01 
and a major-axis position angle of 108° ± 1 °. Using equations 
(1) and (2) of Bottinelli et al. (1983), and assuming that the 
outer disk is axisymmetric, the inclination would be 52° ± 2°. 
In Paper II it was suggested that a similar assumption applied 
to NGC 1433 is likely to be wrong because the outer arms 
form an outer pseudoring of the R'1-type, which statistics of 
relative bar/ring position angles have suggested is a type 
intrinsically oval and oriented perpendicular to bars (Paper I). 
No such structure is present in NGC 6300, so, on the basis of 
photometry alone, the assumption of circular symmetry can
not be better evaluated. 

The method of Warner, Wright, and Baldwin (1973) was 
used to derive the spatial orientation from the velocities under 
the assumption that the motions in the plane are predomi
nantly circular. This approach, which is iterative in nature, 
yielded a best-fitting inclination of 52° ± 1 ° and a line-of
nodes position angle (receding half) of 108° ± 1 °. These values 
are identical with those derived from the photometry, and 
suggest that the assumption of circular symmetry in the outer 
disk is more reliable than for NGC 1433. Note that the new 
systemic velocity, 1107 ± 5 km s-1, agrees well with the value, 
1140±140 km s- 1 , given in RC2. 

Several estimates of the distance to NGC 6300 are com
piled in Table 7. The luminosity index moduli (de Vaucouleurs 
1979a, b) require estimates of the stage T and luminosity 

class L on the RC2 numerical scale, both of which are 
available in the Southern Galaxy Catalogue (Corwin, de 
Vaucouleurs, and de Vaucouleurs 1985, hereafter SGC) and 
the RSA. These sources are in agreement that the stage T is 
equal to 3. Four estimates of the luminosity class were made 
in SGC giving L = 2.3, while a single estimate given in RSA 
is 3.8 after reduction to the RC2 scale (see Paper II). I shall 
adopt L = 3 as a suitable mean. Using a formula given by de 
V aucouleurs, de Vaucouleurs, and Corwin (1978), these 
parameters lead to a corrected luminosity index A c = 0.61, 
which allows the distance modulus to be calculated from Bi 
and log D0 using the calibration formulae derived by de 
V aucouleurs (1979a ). The 21 cm line-width moduli are from 
Bottinelli et al. (1983) and are based on an inclination of 52° . 
Both the luminosity index and 21 cm line-width moduli 
depend on the adopted extinction, so Table 7 lists the values 
not only for the RC2 extinction but also for the extinction, 
A 8 (G) = 0.40, derived from the color index analysis. These at 
least take the extreme range into account. Finally, the inner 
ring itself can be used to obtain a distance modulus, and the 
tabulated value is based on the three-parameter calibration 
formula derived by Buta and de Vaucouleurs (1982). Com
parison between the estimates for the three different distance 
indicators shows that the agreement is better for the lower 
extinction than for the higher (RC2) extinction. Depending 
on the extinction, the distance modulus is in the range 30.16 
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FIG. 13. - A plot for evaluating the RC2 extinction toward NGC 
6300. The solid curve is the galaxy color-color sequence from 
de Vaucouleurs (1977). In order for NGC 6300 to have colors consistent 
with its RC2 type. Sb. the Galactic extinction correction would have to be 
much lower than that predicted by a model in RC2. 

s µ 0 s 30.55, corresponding to 10.8.:,; ~ s 12.9 Mpc. The lin
ear diameter of the inner ring would be 5.7-6.8 kpc, consider
ably smaller than that in NGC 1433 but larger than that in 
NGC 7531. 

b) Interpretation of the Luminosity and Color Data 

The unfolded and folded B-band major- and minor-axis 
luminosity profiles are illustrated in Figures 14 and 15. Both 
axes show that the inner ring is simply one of several en
hancements in a broad region which along the major axis 
covers the range 40" < r < 100". The ridgeline surface bright
ness of the ring is µ, 8 - 21.6 mag arcsec- 2, or 20.5 and 21.2 
mag arcsec- 2 if corrected for the Galactic extinctions 1.11 
and 0.4 mag, respectively. In either case the surface brightness 
of the inner ring of NGC 6300 is much higher than that in 
NGC 1433 for a similar position angle relative to the bar. 

Beyond the inner ring and spiral structure the specific 
intensities decrease more or less exponentially with occasional 
humps due to the weak multiarmed spiral pattern in this 
region. The photometric structure in these outer regions is 
better depicted by the folded (mean) profiles illustrated in 
Figure 15. In the region 100" < r < 180" along the major 
axis, the variation of the surface brightnesses can be described 
by the relations 

µ 8 (r) =21.41 + l.24Or, o=0.039mag, (2a) 
0.05 0.022 

JJ,v(r)=20.66+l.269r, o=0.05lmag, (2b) 
0.07 0.029 

TABLE6 

ExTINCTION TOWARD NGC 6300 BASED ON INTEGRATED COLORS 

T ((B-V)i) ET(B - V) Ec(B - V) A 8 (G) 
(1) (2) (3) (4) (5) 

3 .. .. 0.657 0.113 0.074 0.32 
0.637 0.133 0.094 0.41 

4 .... 0.564 0.206 0.167 0.73 
0.575 0.195 0.156 0.68 

5 0.511 0.259 0.220 0.96 
0.517 0.253 0.214 0.94 

Col. (1).-Stage on RC2 numerical scale. 
Col. (2). - Mean fully corrected integrated color index for RC2 

galaxies having this stage. The two values in each case are based on 
Tables 4A and 4B of de Vaucouleurs 1977. 

Col. (3).-The color excess ET(B - V) = 0.77-((B- V)i). 
Col. (4).-The Galactic component of this color excess defined 

by Ec(B - V) = ET(B- V) - E,(B- V)- K(B- V, cz). 
Col. (5).-The Galactic extinction A8 (G) = REc(B - V) where 

R = 4.4 from eq. (32b) of RC2. 

TABLE 7 

DISTANCE MODULUS OF NGC 6300 

A 8 = 0.40 

PARAMETERS /J-o w /J-o w NOTES 

si,Ac . . ...... .. .. . .. 30.06 1.0 30.77 1.0 1 
Do,A c ........ . . . . . . . . . . . . . 30.72 0.5 31.07 0.5 1 
µ,'o(Ac) .... . . . .. . . .. . ... . ... 30.28 30.87 

B~ , Vm··············· --· ···· 29.35 1.0 30.06 1.0 2 
Do,Vm ... .. .. . ...... . ..... .. 29.86 0.5 30.21 0.5 2 
JJ,o(Vm) ...... . ..... .. .. . .. .. 29.52 30.11 

d,,F,T,Lc····· ·· ·· · ······· 30.67 30.67 3 

( µ, o) . . . . . . . . . . . . . . . . . . . . . . . 30.16 30.55 

Internal mean error ........ 0.34 0.23 

NOTES.-(1) Based on A c = 0.61 (see text) and calibration 
formulae given by de Vaucouleurs 1979a . (2) Based on 21 cm line 
width measured by Bottinelli et al. 1983 and inclination of 52° 
derived from kinematics. (3) Based on three-parameter calibration 
formula (Buta and de Vaucouleurs 1982), where d, = inner ring 
diameter, F = family parameter, T = stage on RC2 numerical 
scale, and Lc = corrected luminosity class. 

where r is in arcminutes. The slopes of the two relations are 
seen to be identical within the mean errors. The blue-light 
scale factor, a - 1(B) = 1.0857 /1.240 = 0'.876 = 2.74 kpc (µ, 0 

= 30.16) or 3.28 kpc (µ, 0 = 30.55), is within the range ob
served for other spirals of similar type (Freeman 1970). The 
extrapolated central surface brightness, B(O) c = 21.41-
A 8 (G)- 2.5 log (cos i) (assuming i = 52°) is 20.83 (A 8 = 1.11) 
or 21.54 (A 8 = 0.4). The latter value is in excellent agreement 
with Freeman's (1970) value (B(0)c)=21.65±0.30 (s.d.), 
and again suggests that the Galactic extinction toward this 
galaxy could be much lower than the RC2 formulae predict. 

Beyond r = 180", the major-axis profiles show that a sig
nificant change in slope occurs. While a small error in the sky 
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FIG. 14. -Major- and minor-axis luminosity profiles of NGC 6300 in blue light. The minor-axis profile has been displaced by + 1 mag for clarity. 
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FIG. 15. - Folded major- and minor-axis luminosity profiles in blue 
light. The minor-axis profile has been displaced by + 1 mag for clarity. 

subtraction could produce such a change in slope, this ex
planation for the trend is discountable because (1) both the 
B- and V-band major axis profiles were found to be essen
tially identical in luminosity gradient in this region, and (2) 
the change in slope is much too gradual for a sky-subtraction 
error (see, for example, Fig. 1 of Capaccioli and de 

Vaucouleurs 1983). It is therefore probable that the change is 
real. 

The surface brightness and color profiles in the inner 
regions of NGC 6300 are illustrated in Figures 16a and 16b. 
As expected, there is a significant color gradient in the sense 
that B - V decreases from - 1.1 for r - 6" to - 0. 7 for 
r > 50" . The crossing of the inner ring peaks in Figure 16a 
does not lead to significant dips in the B - V color index, but 
rather significant dips appear instead near r = ± 80" -90", 
i.e., near the edge of the bright spiral region or "hump" in 
Figure 15. A similar effect is observed on the northern half of 
the minor axis near r - 55" . 

Figure 17 shows a plot of the color index difference, 
(B - V) s -(B - V)N , versus the surface brightness differ
ence, µ, 8 (S) - µ, 8 (N), between points located at the same 
radius on both sides of the minor axis in the zone 7':5 5 b 5 
46'!2. As in Paper III, I use this plot to identify the near side 
of the minor axis. If dust is causing the near side to be 
obscured relative to the far side, then the color and surface 
brightness differences should be correlated in the sense that 
the near, reddened side of the minor axis will also be fainter 
than the far, less reddened side (Lindblad 1941). Figure 17 
shows that such a correlation is observed in NGC 6300. The 
dashed line drawn through the points shows the expected 
correlation for a normal reddening law having a ratio of total 
to selective extinction R = 3.4. The observed points do appear 
to follow this kind of relation within the scatter. The analysis 
confirms that the south side of the galaxy is the near side, 
and, together with the kinematic data, implies that the spiral 
arms are trailing. 

Figures 18 and 19 illustrate the best-fitting two-component 
model of the light distribution in NGC 6300 for radii r 5 
200". The model includes an r114 spheroidal component and 
an exponential disk component, the regions having r > 200" 
being ignored in the solution. The models in both B and V 
were constructed using successive approximations on two 
profiles: one along the major axis, and another in a position 
angle close to the minor axis. The minor-axis profile itself 

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



Ol 
C') 

co 

"' 396 BUTA Vol. 64 

20 

µ. 

21 

22 

23 

B•V 

1.0 

NGC 6300 
major axis 

E 

-100 

(a) 

w 

100" 
r 

minor axis 

N 

-50" O" 

lrl 
I 

--- dust lane 

r 

I 
lrl 

50" 

(b) 

s 
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FIG. 17.-A color versus surface brightness asymmetry plot of the 
inner regions of NGC 6300, which demonstrates that the ~outh side of the 
galaxy is the near side. 

cou!d not be qsed becl!QSe i.t almost exactly crosses the bar 
gus,t lanes on both $ides of the nuckus. Instead, a profile in 
positiop. angle 0° was µsed because it is close enough to the 
minor axis to allow isQlittion of the spheroidal component 
with only minimal contributions from the disk and the bar, 
and at the same time avoids the dust lanes. Only the northern 

half of this axis is used, since the analysis is best restricted to 
the far side of the galaxy. Along the major axis it is likely that 
the bar contributes some light to the innermost regions, and 
so my approach was to use the major axis to fix the initial 
parameters of the disk in each passband, and then project this 
to position angle 0° to obtain the parameters of the spheroidal 
component. In making the projections, the flattenings of the 
disk and bulge were taken to be %(11) = 0.10 and q0 (1) = 0.60, 
respectively, and the inclination to be 52°. It was not possible 
to determine very reliably the flattening of the bulge, because 
of the heavy obscuration along the minor axis, and instead a 
reasonable value of q0 (I) has been assumed following the 
work of Boroson (1981). 

The results of the solutions are compiled in Table 8, while 
Figures 18a and 18b illustrate the combined models along the 
major axis and the axis p.a.= 0°. The surface brightnesses for 
r < 7" are especially uncertain in V, and these were ignored 
in the analysis. No corrections have been made for seeing 
because these are small at the radii used for the analysis. 
Along the major axis the model is seen to be a good represen
tation in both B and V, but there is excess light over most of 
each profile because I have attempted to allow for the contri
butions of the bar, inner ring/spiral arms, and outer arms. 
The model is also a fair representation of the axis p.a. = 0°. 

The relative contributions of the spheroid and disk compo
nents to the total light of the galaxy are also listed in Table 8. 
Equations given by de Vaucouleurs and Pence (1978) were 
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FIG. 19.-Residual intensities in the inner ring/spiral zone from the 
two-component model in Fig. 18. 

used to integrate the fluxes, el{c:ept that for the (ii.~k the 
int~gration was trµµcated at r = ~Q()", ~itl<:;<'! th~ qi~ nm1,kl 
does not apply past this radius, The r~~µlts s)lpw t4at tpe 
spheroid contributes 25% of the total B-banq lµ.1ni1}gsity, 
while the inner disk contributes 44%. Acc:w~g to 8µ:pien 
and de Vaucouleurs (1986), the spheroi<W CO,!IlJJQ~@!lt of Sb 
galaxies contributes on averil;ge -: 2.2% ± 13% (s.d.) of the 
total blue light, so this decomposition analysis appears to 
confirµi the RC2 and RSA T classification of NGC 6300. The 
contpbution of the spheroid in the V baQ~ is 35% and 
indicat~s rui uncorrected c9)~w inqt!J!; Af Q-=-= V""' 1.13. 'f4e 
adopteq disk color index is B-:-- V = 0:10. Th,e corrected cpl
or~ of these components are (B,..... V) 0 (I), 'f' Q.84, (B :::- V)9(Jl) 
;=0.41 for the RC2 extinctio:q1 pr (B-V)0 (1)""1.QQ, ($.-:-: 
V) 0 (1I) = 0.57 for A8 (G) = 0.4(). The corrected .8:-banq efft~
tive surface brightnesses, calculated · a,s in equatjons ( 6) aµ<l 
(8) of Simien and de Vaucouleu.rs (1986) are µ,~(I)= 23:11 
mag arcsec- 2 and µ,~(II)= 22.89 xµag arcsec- 2 for A8 (G) = 
1.11 mag, or 23.88 and 23.60, re~pectively, for A8 (G) = Q.40. 
The disk values are in better agree~ent with tlie ine~ valµes 
of these paraµieters derived by Simi.en ~d de Vaµcouleurs 
(1986) than the spheroid, but the scatter is nevertheless hµ:ge 
enough that the spheroid values cannot be ruled out. 

Finally, the contributiq~ of tlie in.qer ring/spiraj region 
was obtained by subtracting the spheroid and disk models, 
and integrating the residual light withln an elliptical annulus 
having major axis p.a. = 122? 5 and axis ratio 0.57, and in the 
radius range 3 8" < a < l 00". These parameters characterize 
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TABLES 

Vol. 64 

PARAMETERS OF PHOTOMETRIC MODELS 

J.L~ 
Passband (mag arcsec - 2 ) 

(1) (2) 

B . . .. . .. . . 24.28 
V .... . .... 23.08 
B-V. .. . . . 

al 
e 

(3) 

54':3 
52.6 

J.L~ 
( mag arcsec - 2 ) all 

e 
(4) (5) 

23.57 84':4 
22.87 84.4 

ku km 
k1 (rs 200") (38" s rs 100") 
(6) (7) (8) 

0.251 0.442 0.248 
0.350 0.415 0.208 
1.13• 0.10• o.5s· 

Col. (1).-Photographic passband. 
Col. (2). -Effective surface brightness of r114 spheroid. 
Col. (3).-Effective major-axis radius of r114 spheroid. 
Col. (4).-Effective surface brightness of exponential disk. 
Col. (5).-Effective major-axis radius of exponential disk. 
Col. (6).-Fraction of total flux contributed by the spheroid. 
Col. (?).-Fraction of total light contributed by the disk (rs 200" only because the disk model is 

invalid past this radius). 
Col. (8).-Fraction of total light contributed by the inner ring/inner spiral zone. 
•These are integrated colors computed from the fractions k. 

the shapes of isophotes in this region, and the radius range 
was chosen on the basis of the residual major-axis profiles 
shown in Figure 19. Here the residual intensities in £'0 pc - 2 

[assuming M8 (0) = + 5.41, (B - V)(0) = 0.64 (Allen 1973; 
Chmielewski 1981)) are plotted for each passband against 
radius. The residual "hump" is very extensive and almost 
"flat-topped," but peak intensity is nevertheless at the radius 
of the inner ring as indicated. The integration within an 
annulus having the width of this hump indicated that 25% of 
the blue light and 21 % of the visible light is in this region. The 
integrated color is B - V = 0.58, which corresponds to ( B -
V) 0 = 0.29 for A 8 (G) =1.11 or (B- V) 0 = 0.45 if A 8 (G) = 
0.40. In agreement with the presence of some active star 
formation, this region is bluer than either the spheroid or the 
disk. 

One difficulty with this photometric model is that the 
optical nucleus does not coincide with the rotation center of 
the galaxy. The evidence for this is discussed in § IV d, where 
it is shown that the rotation center is - 5" east (and also 
probably somewhat south) of the optical nucleus. This dis
placement is large enough that it makes the derivation of the 
parameters of the spheroidal component more uncertain than 
the above analysis may imply. Another difficulty is that the 
spheroidal component will almost certainly contribute too 
much light in the outer parts in each passband. This is a 
limitation of the approach of using fitting functions which 
often must be forced to fit only over a limited range of radii 
( see Kent 1986). 

c) Azimuthal Profiles, Bar-Interbar Amplitudes, and 
Fourier Amplitudes and Phases 

Figure 20 shows twenty V-band azimuthal profiles of NGC 
6300 taken every 0.05r(25), where r(25) is the radius, 165", of 
the µ, 8 = 25.0 mag arcsec- 2 isophote. The bar of the galaxy 
occupies only the narrow range, 0.10 < r/r(25) < 0.30, and is 
close to its maximum amplitude in V light at 0.20. The 
bar-interbar amplitude was calculated over this range using 
only the far-side part of the profiles [extinction due to the 
main bar dust lane is quite significant on the near side and 
causes the dip in the profiles for () = 95 ° and r / r(25) < 0.20]. 

The variation of this amplitude is illustrated in Figure 21 and 
compiled in Table 9. The amplitude reaches a maximum of 
about 3.3, compared with about 10 observed in the V band 
for NGC 1433 (Paper II). The comparison is not strictly valid, 
however, because the bar-interbar amplitude in NGC 1433 
does not reach a maximum within the inner ring but rather 
reaches it at a radius near the ends of the major axis of the 
inner ring. 

A more appropriate comparison would be to evaluate the 
main Fourier terms of the light distribution. The zero-order 
( m = 0) moments in B and V are illustrated in Figure 22 and 
compiled in Table 10. Figure 22 also shows the color profile 
these moments imply. The average profiles show two bumps, 
one corresponding to the inner ring and the other correspond
ing to the trend noted earlier in the outer parts. The color 
gradient is largely confined to the inner ring and becomes 
roughly uniform for r > 60". 

The relative Fourier amplitudes for m = 1-6 are illustrated 
in Figure 23, and how well they represent the azimuthal 
variations of the light distribution within NGC 6300 is il
lustrated by the solid curves in Figure 20. As for NGC 1433, 
these first six nonaxisymmetric terms adequately represent the 
light distribution within NGC 6300. The dominant compo
nent is m = 2, whose variation with radius differs from that in 
NGC 1433 in two respects: first, the m = 2 component 
vanishes completely at r = 54", the radius close to the inner 
edge of the inner ring, and then becomes prominent again for 
60" < r < 140"; second, the phase of m = 2 component 
changes by 79° across r = 54" (Fig. 24). In NGC 1433, the 
m = 2 component does not vanish at the ends of the apparent 
optical bar, but continues to increase further past the bar 
radius owing to the significant intrinsic elongation of the ring 
along the axis of the bar. This also causes the phase of the 
m = 2 component to remain fairly steady in position angle 
throughout most of the disk. The implication for NGC 6300 
is that the structure of the inner ring is such that it leads to an 
m = 2 Fourier component almost orthogonal to the axis of the 
optical bar. It is possible that some of this effect is due to dust 
obscuring the near side, but it is nevertheless clear that the 
ringlike feature of NGC 6300 is not a highly elongated oval 
aligned parallel to the optical bar (see the "deprojected" 
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FIG. 21. - Bar-interbar amplitude in V-band light versus radius in the 
inner 54", uncorrected for the spheroidal component. 

image in Fig. 25 [Pl. 12]). This is another characteristic which 
makes this galaxy atypical of the ringed barred spiral class. 

d) Rotation Curve and Mass 

The rotation curve of NGC 6300 was derived using the 
iterative method described in§ IVa, based on points within 

· 40° of the major axis in the sky plane. The method gives a 
line-of-nodes position angle and inclination in excellent agree
ment with those derived from the surface photometry. How-

TABLE9 

BAR-INTERBAR AMPLITUDE INV-BAND LIGHT 

r Av r Av 
(1) (2) (1) (2) 

22" .. . . . . . 1.50 38" ... . 3.18 
24 1.78 40 ...... 2.36 
26 1.79 42 .... . . 2.41 
28 2.06 44 .... . . 2.33 
30 2.67 46 .... .. 1.94 
32 3.13 48 .... . . 1.84 
34 3.27 50 .... . . 1.70 
36 3.34 52 ...... 1.36 

Col. (!).-Radius in galaxy plane. 
Col. (2).-Ratio Av= fv(max)/fv(min) in 

the bar region. 

ever, the dynamical center was found to be displaced signifi
cantly from the optical nucleus of the galaxy. The effect is 
illustrated in Figure 26, which shows the mean rotation profile 
along the position angle 132° derived from four slit spectra 
taken with CTIO gratings 380 and 420. The broad emission in 
the apparent nucleus has nearly the same radial velocity as all 
points on the northwest side of this axis, indicating that the 
rotation center lies somewhat to the southeast. A rotation 
profile along the position angle 21 ° (Fig. 27) shows a com
plicated pattern of velocities which is symmetric about a point 
displaced about 5" to the southwest. When the velocity field 
is analyzed in terms of purely circular motions, the displace
ment giving the minimum dispersion from the annular method 
was nevertheless found to be 5" east, with no displacement in 
declination. This may be an artifact of the noncircular mo-
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FIG. 25. - A computer-deprojected image of NGC 6300. This image assumes that the inclination is 52°, the line-of-nodes position angle is 108°, and all 
the material is confined to a thin disk. Note how the image suggests that the inner ring is not a highly elongated oval aligned parallel to the bar. Several 
foreground stars were left on the image for reference. 
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FIG. 22.-Azimuthally averaged surface brightness and color index 
profiles. These arc based on averages within annuli which appear in 
projection as ellipses having axis ratio 0.64 and major-axis position angle 
108°. 

tions in the inner regions(§ IVe). It may also be due to the 
fact that the technique is less sensitive to the declination 
displacement because the minor axis of the galaxy is only 18° 
from being aligned north-south. 

While it is possible that some asymmetry in the mass 
distribution could cause the observed displacement of the 
rotation center, the more likely cause is dust in front of the 
nucleus. The U-band photograph in Figure 3 shows especially 
well how a large dust lane in the bar cuts into the nucleus 
from the southwest. This dust lane probably obscures the 
real nucleus of the galaxy. Future high-resolution near-infrared 
imaging of the center could help pinpoint more precisely the 
location of the nucleus. 

The resulting unfolded and folded rotation curves are shown 
in Figures 28 and 29, respectively. (The folded curve is 
compiled in Table 11.) The displacement of the rotation 
center from the observed nucleus has slightly changed the 
form of the rotation profile in the inner regions compared 
with Figure 26, in such a way that there is a gradual rise in 
rotation velocity with radius. Figures 26, 28, and 29 also show 
an interesting characteristic of the velocities in the ring region 
of NGC 6300. Between about 60" and 80" radius there is a 
slight linear rise in rotation velocity that appears to be sym
metric with respect to the rotation center. The two regions 
have almost exactly the same slope and extent, and a line 

drawn to connect them appears to pass almost exactly through 
the rotation center of the galaxy. This indicates that the 
intermediate zone of the big broad spiral ring of NGC 6300 is 
rotating like a solid body. The ridgeline radius of the inner 
ring in disk/bulge uncorrected light is at the inner edge of 
this zone. The folded rotation curve shows that the solid-body 
zone marks the transition between two levels of nearly con
stant rotation velocity. 

Three mass models were fitted to the folded rotation curve: 
a combination of Perek (1962) inhomogeneous spheroids hav
ing a polynomial density distribution of index n = 2, a hot
bulge model allowing for finite velocity dispersion in the disk 
(Davoust and de Vaucouleurs 1980), and one and two-compo
nent models where the mass-to-light ratio is assumed constant 
(Kalnajs 1983). The model based on several Perek spheroids is 
shown in the upper left-hand panel of Figure 30. Table 12 
summarizes the values of the mass and mass-to-light ratio to 
the last measured point, whose radius is about 125". Values 
for the two extinction and distance estimates from § IV a are 
given. The total luminosity to 'i was obtained from a B-band 
equivalent luminosity profile, and was found to include 83% 
of the total blue-light flux of the galaxy. The mass to 'i is 
(4.0-4.9) X 1010 M0 , while the mass-to-light ratio is 1.9-2.2 
M0 / 2 0 , depending on extinctiqn and distance. 

Kalnajs (1983) has demonstrated that the assumption of 
constant M/2 reproduces almost exactly some optical rota
tion curves from optical luminosity distributions (see also 
Kent 1986). Using Kalnajs's technique, the azimuthally aver
aged V-band light distribution of NGC 6300 (Table 10) was 
transformed into a rotation curve, and is compared in Figure 
30 with the observed rotation curve for two cases: (1) assum
ing that all the light is confined to an infinitesimally thin disk 
( one-component constant M / 2 model) and (2) assuming 
that the bulge is a more mildly flattened spheroid using the 
decomposition parameters derived in the previous section 
(two-component constant M/2 model). The one-component 
model shows first that the V-band light distribution repro
duces the observed emission-line rotation curve fairly accu
rately, even if the possibly more mild flattening of the bulge is 
ignored. The approach demonstrates how the two levels of 
rotation observed in this galaxy are due largely to the self
gravity of the enormous inner ring. The rise to maximum 
velocity is predicted to be more rapid than observed, but three 
factors are important here: (1) the velocities close to the 
center are based on very broad emission lines where the 
velocity dispersion is not necessarily ignorable; (2) the V-band 
surface photometry is somewhat uncertain for r < 10" ; and 
(3) the location of the true nucleus is uncertain. The most 
serious disagreement outside the bulge is at r - 45", where 
photometry predicts a dip in the rotation curve where none is 
observed. However, this is almost certainly a passband-depen
dent effect that would be less significant were a light profile in 
the near-infrared (I band) used instead. 

The two-component constant M/2 model was derived 
from the light distribution using the bulge model derived in 
§ IVb. In this approach the light distribution predicted by the 
bulge model was subtracted from the two-dimensional array, 
and a corrected average disk profile was derived. Rotation 
curves due to the two components were derived separately, 
and a combined rotation curve was produced allowing differ-
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TABLElO 
AZIMUTHALLY AVERAGED SURFACE PHOTOMETRY OF NGC 6300• 

r µB µv µB-µV r µB µv µB-µV 

6" 20.42 19.20: 1.22 80" 22.39 21. 73 0.66 
8 20.59 19.44: 1. 16 82 22.49 21 .83 0.66 

10 20,75 19.62: 1. 13 84 22.54 21 .89 0.65 
12 20.91 19.78 1. 13 86 22.64 21.98 o.66 
14 21.01 19.93 1.08 88 22.73 22.06 0.67 
16 21 .14 20.08 1.07 90 22. 79 22.13 o.66 
18 21 .24 20.20 1.04 92 22.88 22.21 0.67 
20 21 ;38 20.33 1.05 94 22.95 22.29 0.66 
22 21 .49 20.46 1.03 96 23.00 22.36 0.64 
24 21.59 20.61 0.99 98 23.08 22.42 0.66 
26 21.68 20.10 0. 98 100 23.16 22.50 0.66 
28 21.75 20 . 78 0. 98 102 23.23 22.56 0.66 
30 21 .80 20.84 0.96 104 23.30 22.63 o.66 
32 21.80 20.87 0;93 106 23.39 22. 71 0.69 
34 21.86 20;94 0.93 108 23. 45 22.77 0.68 
36 21.89 20.98 0.91 110 23.51 22.83 0.68 
38 21.93 21 .05 0.88 112 23.56 22.90 0.66 
40 21;99 21.13 0.86 114 23.63 22;95 0.68 
42 21;98 21 .14 0.84 116 23.67 23.00 0,67 
44 21 ;84 21 .06 0. 79 118 23,73 23,05 0. 68 
46 21.81 21 ;01 0.80 120 23. 78 23,08 0.69 
48 21.83 21.03 0.79 123 23.89 23.21 0.67 
50 21 .84 21 .06 0.78 129 24.04 23,38 0.66 
52 21.83 21 ;08 0.76 135 24. 21 23,54 0.67 
54 21 ;81 21.07 0.73 141 24.35 23.69 0.66 
56 21 .84 21.10 0.74 147 24 . 51 23.84 0.67 
58 21 .89 21.16 0,73 153 24. 61 23,94 0.67 
60 21 ;93 21.18 0.75 159 24. 74 24.07 0.67 
62 21 ,98 21 .25 0,73 165 24.86 24.17 0.69 
64 21 .98 21.27 0.71 170 24.97 24,30 0.68 
66 22.00 21 ,31 0.69 180 25.34 24.60 0.73 
68 22.06 21.35 0.10 190 25.74 24.97 0;77 
70 22.10 21 ;40 0.10 200 26.07 25.25 0.82 
72 22 . 12 21 .45 0. 68 210 26. 41 25.67 0.74 
74 22.16 21 .51 0;65 220 26.87 26.11 0.76 
76 22 . 25 21 .59 0.66 230 27 .19 26.40 0,79 
78 22.32 21 .66 0.66 240 27.47 26.81 0.66 

• Based on averages within annuli having a projected axis ratio of 0.64 and a (1950) 
major-axis position angle of 108°. All surface brightnesses in mag arcsec- 2. 
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FIG. 23.-Relative Fourier amplitudes versus radius. Even and odd terms are shown separately. 
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FIG. 24.-Phases of the even Fourier terms versus radius. These angles are relative to the line of nodes in the galaxy plane. 
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FIG. 26.-Rotation profile along position angle 132°. This demonstrates how the optical nucleus is displaced from the kinematic center of the velocity 
field. The dashed line joins two regions showing solid-body rotation with respect to the true nucleus. Velocities based on only a single line (and hence 
where the emission is weak) are indicated by open circles. Velocities in the inner ring and apparent nucleus are based on 4-5 lines, and the error bars are 
too small to be seen on the plot. 

ent values of M/ft' for each. The result is virtually identical 
with the one-component model. The approach requires a 
value of M/ft' - 25% larger for the bulge model than for the 
disk model. It is clear that we cannot determine from this 
comparison whether or not the bulge model in § IVb is 
correct. 

Figure 30 shows how the available optical rotation curve 
data for NGC 6300 do not help to determine whether a 
massive halo needs to be incorporated in the potential. The 
data past r -125" are inadequate to assess whether the 
dropoff predicted by the light distribution is present. A de
tailed rotation curve from H I kinematics would be needed to 
distinguish this more precisely. 

A good representation of the rotation curve was obtained 
using a finite velocity dispersion model (Davoust and de 
V aucouleurs 1980). The adopted model is shown in the upper 
right-hand panel of Figure 30, and the model parameters are 
summarized in Table 13. The mass of the bulge in this case is 
only one-seventh the mass of the disk, while the central 
velocity dispersion is av (0) = 116 km s - 1 . For comparison, a 
reassessment of the Faber-Jackson La: at law for spiral 
bulges by de Vaucouleurs and Olson (1982) and de 
Vaucouleurs (1983) suggests an expected dispersion, av(0) = 
148 km s- 1, for the type and absolute magnitude of NGC 
6300. Considering that the rotation curve is poorly defined in 
the inner regions, neither a v(0) nor the mass-to-light ratio of 
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FIG. 27. - Rotation profile along the position angle 21 °. The "wiggle" 
in the profile is indicative of inward motions along the minor axis in the 
inner regions. Velocities based on only a single line are indicated by open 
circles. 

the bulge will be very reliably determined in any case. The 
total mass-to-light ratio for the model is - 3. 

e) Noncircular Motions in the Bar Region 

Figure 12 showed a "zigzag" pattern in the velocity field of 
the bar region of NGC 6300. Is this pattern consistent with 
gas flowing in a bar potential? In this section I analyze this 
field in terms of recently published models of barred galaxies. 

The hot-bulge model was first used to compute a residual 
velocity field. This model was chosen because it is perhaps the 
most realistic representation of the rotation curve, but in any 
case the conclusions do not depend very significantly on this 
choice. At the same resolution as in Figure 12, the expected 

NGC 6300 

100 

and residual velocity fields were calculated and are illustrated 
in Figures 31a and 31b. The latter figure shows that, because 
of the bending of the observed isovelocity contours in the 
inner regions, there is a significant systematic pattern of 
residuals that shows some symmetry but not quite with re
spect to the nucleus. In the southwest portion of the bar 
(interpolated over the large dust lane) there are residuals of 
up to + 50 km s- 1, indicating that the motions are inward. In 
the exactly opposite quadrant the residuals are negative close 
to the center, again indicating inward motion. The details of 
the residual field are somewhat uncertain because the cover
age is better on the southeast half of the bar than on the 
northwest half, but the basic conclusion of inward motions 
along the apparent minor axis is probably correct. 

These motions are further dramatically illustrated in the 
profile in Figure 27, which is displaced only 3° from the 
apparent minor axis. On the southwest half of this axis the 
velocities close to the center are larger than the systemic 
velocity by 60-70 km s- 1, while those on the northeast half 
are 70-80 km s- 1 smaller than the systemic velocity. In the 
galaxy plane this wiggle in the velocity profile indicates in
ward motions of over 100 km s- 1. 

The patterns described here can be explained if the gas in 
the inner regions is moving along highly oval streamlines 
which are more or less aligned along the bar axis. Roberts, 
Huntley, and van Albada (1979) showed that the bent velocity 
contours observed in NGC 5383 (Peterson et al. 1978) could 
be explained in terms of bar-driven gas flow, and were able to 
predict both the sense of the bending and the amplitude of 
noncircular motions. The bending of the contours observed in 
NGC 6300 is similar to that in NGC 5383, but with one 
important difference: the sense of the bending is opposite. 
The contours in NGC 5383 bend in a trailing manner, while 
those in NGC 6300 bend in a leading manner. It turns out 
that this difference can be explained purely as an aspect 
effect. Miller and Smith (1979) and van Albada and Roberts 
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FIG. 28.- Rotation curve of NGC 6300 unfolded about the center. Velocities based on only a single point are indicated by open circles. 
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FIG . 29.-Rotation curve of NGC 6300 folded about the center. Solid 
line in the plot highlights the region within the inner ring/spiral zone 
where the rotation is nearly solid body. 

(1981) have predicted the velocity field of a bar model viewed 
from different aspects. Whenever the leading edge of a bar is 
viewed on the near side, the theoretical contours bend in a 
leading manner, but whenever the trailing edge of a bar is 
viewed on the near side, the contours bend trailing. From 
inspection of Figure 1, and bearing in mind the results in 

Figure 17, it appears that we are viewing a leading edge of the 
bar of NGC 6300 along the near side of the minor axis, hence 
the bending of the contours in the manner observed is exactly 
as is predicted from barred spiral theory. Two other galaxies 
showing the same perspective on the bar and the same sense 
of bending are NGC 6221 and NGC 7496 (Pence and Black
man 1984a, b). In contrast, the bar of NGC 5383 is viewed 
with a trailing edge on the near side, hence the contours 
should bend in an opposite sense to those of NGC 6300, as 
observed. 

The presence of these noncircular motions necessarily makes 
the rotation curve analysis in the previous section more 
uncertain than the models have allowed for. This is because 
not only is the appearance of the velocity field of a barred 
galaxy expected to be aspect-dependent, but also the rotation 
curve calculated in the usual way will look different from 
different aspects (Schwarz 1979; Miller and Smith 1979). It is 
clear that any dynamical models would need to incorporate a 
rotation curve corrected for these effects. 

f) Kinematics and Dynamics of the Inner Ring 

In Paper II it was shown that the velocities in the inner ring 
of NGC 1433 can be understood in terms of a single, per
turbed periodic orbit located near the inner second harmonic 
resonance. The structure of the inner ring of NGC 6300, 
however, precludes any such notion of a feature linked with a 
single orbit. The ring is too broad and too spiral-like for such 
a model to be very realistic. At the same time, it is not clear 

TABLE 11 

ROTATION CURVE OF NGC 6300 

r V N 0 l m.e. r Ve N C 

2 3 4 5 2 3 

1. 1125 8.4 2 26.6 18.8 61. "25 171.5 10 
3.75 104. 3 10 52.4 16.6 63.75 173.9 10 
6.25 124. 4 17 10.9 2.7 66.25 172.4 11 
8.75 127; 7 10 28.9 9.1 68.75 182.4 10 

11.25 103.9 8 58.9 20.8 71.25 186. 7 9 
13. 75 130.1 9 48.7 16.2 73. 75 191 .8 10 
16.25 150.9 7 46. 7 17.7 76.25 200 . 6 10 
18.75 147.8 7 62.0 23.4 78.75 204.7 10 
21.25 172.4 8 52;6 18;6 81.25 199.6 9 
23.75 150.5 9 55.8 18.6 83;75 192.4 10 
27 ;50 173.2 17 43.0 10.4 86.25 194.8 10 
31 .25 165.0 8 18.2 6.4 88 . 75 206.7 10 
33 . 75 152.2 10 36.7 11.6 91.25 197.9 9 
36.25 164. 1 8 18.1 6. 4 93.75 204.4 8 
38.75 160.2 10 28.3 9.0 96.25 187.3 7 
41 .25 166.3 11 25.1 7.6 98.75 206.9 9 
43.75 166.5 10 16.5 5.2 101 .25 196.6 1 
46.25 175 . 6 9 16.3 5.4 103.75 215.7 4 
48 . 75 154.9 11 29.8 9.0 106.25 181. 4 4 
51 .25 166.9 11 22.0 6.6 108.75 204.8 4 
53.75 170.3 12 26.7 7,7 111.25 210.4 4 
56.25 171 . 9 11 23.2 7.0 118. 75 205.4 8 
58.75 178.3 9 20.7 6.9 130.0 188.0 4 

Col. (1 ). - Radius in galaxy plane. 
Col. (2). - Mean rotation velocity (km s - 1 ), assuming pure circular motion. 
Col. (3).-Number of points in mean. 
Col. (4).-Standard deviation about mean (km s- 1). 

Col. (5).-Mean error of mean. 

0 l m. e. 

4 5 

18.9 6.0 
10. 7 3. 4 
9.5 2.9 

10.2 3.2 
10.5 3.5 
12.3 3.9 
14;3 4.5 
23.3 7.4 
21.3 7. 1 
19.4 6.1 
15.2 4.8 
27.9 8.8 
28.8 9 . 6 
21. 4 7.6 

6.8 2.6 
24.4 8.1 
52;2 19.7 
30;6 15.3 
19.9 9.9 
31.5 15.8 
57.2 28.6 
33.3 14.9 
42;0 21.0 
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FIG. 30.-Models of the rotation curve of NGC 6300. The upper panels show two analytic models, one based on a combination of Perek 
inhomogeneous spheroids having a polynomial density distribution of index n = 2, and a second based on a two-component model having finite velocity 
dispersion in the disk. In this latter model, v;01 is the rotational component of the velocity, while au is the radial velocity dispersion. The two lower panels 
show models where the V-band light distribution has been transformed into a rotation curve. One model assumes that all the light is confined to a thin 
disk having a single value of mass-to-light ratio M/!i' , while the other allows the bulge to be more mildly flattened than the disk and for the two 
components to have different values of M/!i'. 

TABLE 12 

MASS EsTIMATES FOR NGC 6300 

v; ,, M(r s ,,) !f'(, s ,,) 
µo (kms- 1 ) (kpc) (M0 Xl010 ) (!i'0 Xl010) fo(r s ,,) Notes 
(1) (2) (3) (4) (5) (6) (7) 

30.16 . .. 199.7 6.52 6.05 1.82 3.3 1 
30.55 ... 7.81 7.24 2.61 2.8 1 
30.16 . . . 6.52 4.01 1.82 2.2 2 
30.55 . . . 7.81 4.88 2.61 1.9 2 

30.16 ... 6.89 2.18 3.2 3 
30.55 . .. 8.25 3.12 2.6 3 

NOTES.-(1) Mass from point-mass method to,, =125':0. (2) Mass from Perek 
model to same ,,. (3) See Fig. 30 and Table 13. 

Col. (!).-Distance modulus. 
Col. (2).-Rotation velocity for farthest point. 
Col. (3).-Radius of farthest point. 
Col. (4).-Mass interior to farthest point. 
Col. (5).- B-band luminosity interior to farthest point. 
Col. (6).-Mass-to-blue light ratio within r, (0=1). 
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TABLE 13 

PARAMETERS OF FINITE VELOCITY DISPERSION MODEL• 

Parameter 

a1 (kpc) . . .. . . . . .. . 
b (kpc) ... . . .. .. .. . 
c1/a1 . .. . ... . .... . 

M1 ··· · · · · ·· ·· · ·· ·· 
2'1···· .. · ··· ···· · · · 
!01 (0= 1) .. . .... . 

a 2 (kpc) . ..... . ... . 
b (kpc) ........... . 
Cz / 0 2 · • · · • · • • • • • • -

M2 ······· · ······ •• 
2'2 ...... .. ...... .. . 
!02 (0=1) . . ..... . 

Value 

A Spheroid 

0.18 
0.22 
0.54 
0.86 X 1010 M0 
0.55 X 1010 2'0 
1.6 

B. Disk 

8.25 
0.22 
O.Q25 
6.03Xl010 M0 
1.64 X 1010 2'0 
3. 7 

Notes 

2 

NOTES.-(1) Blue light luminosity assuming spheroid 
parameters in Table 8. (2) Assumes 2'2 = 2' T - 2'1. 

•Assumes distance modulus µ.0 = 30.16. 

that the ring is elongated in the right sense for a perturbed 
orbit lying between corotation and inner Lindblad resonance 
because the Fourier analysis suggests that the ring may b~ 
intrinsically oriented nearly perpendicular to the bar (Fig. 25). 
Still, it is instructive to examine the run of radial velocity as a 
function of position angle around the ring, and test for 
significant noncircular motions. 

The velocity-position angle diagram of the inner ring was 
derived by isolating all velocity points within the elliptical 
annulus having major-axis position angle 122?5 and axis ratio 
0.57, and in the radius range 49" _:s; r _:s; 69". Two models were 
titted to the data: pure circular rotation, and an expanding 
ring. 

The pure circular rotation model is shown in Figure 32. It 
is not an excellent fit to the data, because the derived systeinic 
velocity and line-of-nodes position angle do not agree well 
with those derived from the rotation curve analysis. The line 
of nodes for pure rotation in the ring is given as 103~5±1?1, 
while that derived from the photometric major axis and the 
annular method is 108 °. If the line of nodes is forced to be in 
position angle 108°, then the ring would have a small expan
sion component V,. =11.7±2.9 km s- 1. This model (not 
shown) is indistinguishable from the pure rotation fit, and in 
any case there is no obvious asymmetry in the run of radial 
velocity around the ring. It appears that the large noncircular 
motions that are present in the bar region of the galaxy are 
more or less confined to that region. The velocity-position 
angle diagram of the inner ring of NGC 6300 is consistent 
with much smaller noncircular motions. 

V. DISCUSSION 

Having described the properties of NGC 6300 in some 
detail, how well does the galaxy fit into current ideas concern
ing ringed galaxies? The case is not as clear cut as for NGC 
1433; nevertheless, some useful judgements can be made. 

BUTA 

Schwarz (1979, 1984a, b, 1986) has suggested that the 
inner rings of SB galaxies are linked to the inner second 
harmonic resonance (2HR - ), where the pattern speed, QP, 

equals Q - K/4, Q and " being the usual azimuthal and 
radial (epicyclic) frequencies. It is possible, if the bar has 
sufficient amplitude near the resonance, for the orbits at the 
resonance to take on a four-cornered ( diamond) shape and for 
certain factors to lead to a ring having breaks near the Ininor 
axis (Schwarz 1984 b ). The breaks give the feature a spiral 
character (see, for example, Simkin, Su, and Schwarz 1980), 
but as any model evolves, the breaks can eventually close. In 
general, orbits near the resonance are elongated parallel to the 
bar, so any ring which forms there should also be aligned 
parallel to the bar. 

The fact that the inner ring of NGC 6300 shows breaks and 
is still very spiral-like suggests that it Inight be linked to 
Schwarz's ultraharmonic resonance. This is uncertain, but it is 
possible that the feature has not evolved to its final state 
because the bar should exert torques on any spiral shock 
fronts, leading to secular evolution (Lynden-Bell and Kalnajs 
1972). One way of suppressing the evolution toward final ring 
formation is to inhibit gas depletion in the disk. Schwarz 
(1981) demonstrated that to suppress the outer rings which 
form in his models, it is necessary either to allow gas to be 
recycled through mass loss from evolving stars or for there to 
be some kind of continuous infall of gas from the intergalactic 
medium. All that is required is that the gas be continuously 
replenished in those regions where it will tend to drift toward 
outer Lindblad resonance (OLR), owing to a gain of angular 
momentum from the bar. Such an effect may also help to 
prevent a sharp ring from forming too quickly at 2HR - , 
where gas tends to drift inward from corotation (CR). As 
pointed out in§ II, NGC 6300 has no outer pseudoring, and, 
while we cannot make a definitive link of the inner ring to 
2HR - , the hypothesis of inhibited gas depletion is one of the 
most proinising explanations of why the feature is still broad 
and spiral-like. 

An important observation to test this hypothesis would be 
to compare the distribution of neutral hydrogen in NGC 6300 
with that in NGC 1433. Three conspicuous rings have formed 
in NGC 1433, and in the context of Schwarz's models it is 
anticipated that the gap between the inner and outer rings, 
and the region between the nuclear and inner rings, would be 
deficient in H I gas compared with the ring regions. This 
would arise because of the bar torques and consequential 
angular momentum transport. If the gas depletion process has 
been ineffective in NGC 6300, then the H I distribution ought 
to look very different from that in NGC 1433. Certainly the 
ionized gas distributions are different, with NGC 1433 show
ing an almost total depletion of ionized gas between the 
nuclear and inner rings, and NGC 6300 showing detectable 
ionized gas all throughout the inner regions. This difference 
could be a clue to the underlying morphological dissiinilarities 
between the two systems, and it certainly warrants further 
study. 

It is also interesting to consider the nature of the nucleus in 
NGC 6300. Simkin, Su, and Schwarz (1980) have suggested 
that the Seyfert phenomenon in spiral galaxies may be fed by 
gas transported to the nucleus by the bar. Shocks in the bar 
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FIG. 31. - (a) Velocity field predicted by the finite velocity dispersion model in Fig. 30. (b) Residual velocity field after subtracting (a) from the observed velocity distribution. This illustrates in a 
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FIG. 32.-Velocity-position angle diagram of the inner ring. The 
solid curve is a model for pure circular rotation, which shows that the 
large noncircular motions present in the bar region are not characteristic 
of the inner ring region. 

region, together with an inner Lindblad resonance (ILR) very 
close to the center, can lead to a net inward transport of gas 
to the nucleus. This transport feeds the Seyfert phenomenon 
and is self-reinforcing, in the sense that the continuous pileup 
of gas increases the central density, making the conditions 
more favorable for an ILR to exist. The fact that the nuclear 
spectrum of NGC 6300 shows characteristics of Seyfert 2 
nuclei and is rich in ionized gas suggests that such a transport 
process has taken place and that there may be an ILR very 
close to the nucleus. The mass distribution must be different 
from that in NGC 1433, because a similar type of transport is 
probably what has led to an obliquely aligned nuclear 
ring/Jens in NGC 1433 (see also Kormendy 1982). It is not 
clear that such a structure is present in NGC 6300, although 
our view of the nucleus in this case is significantly obstructed 
owing to the internal absorption. 

VI. CONCLUSIONS 

The main results of this paper can be summarized as 
follows: 

1. NGC 6300 is a barred spiral possessing a large, broad 
inner ring - 6 kpc in diameter. The ring is atypical in the 
sense that it is unusually broad compared with the inner rings 
of most SB galaxies. It is also very dusty, and very spiral-like. 

2. The ring is also atypical in its inconspicuousness on 
color maps. The ring is only a subtle, broad blue enhancement 
in the disk, whereas all other inner rings observed by this 
author (some to be described later in this series) are sharper 
zones of enhanced blue colors. 

3. As is typical of ringed galaxies, the light distribution 
within NGC 6300 is not easily decomposed using simple 
fitting functions commonly applied to most other galaxies (see 
Kormendy 1977; Tsikoudi 1977; Burstein 1979; Boroson 
1981 ). The light distribution in the outer parts is complicated 
by a significant change in slope compared with an exponential 
distribution in the intermediate regions. A rough decomposi
tion suggests that the spheroid may contain 25% of the total 
blue-light luminosity, consistent with the Hubble type of Sb . 
The decomposition also suggests that 25% of the blue 
luminosity is contained in the inner ring/spiral zone. 

4. A Fourier analysis of the V-band light distribution em
phasizes the significant contrasts between NGC 6300 and 
NGC 1433. In NGC 1433, the m = 2 Fourier component 
reaches a maximum near the ends of the major axis of the 
inner ring and maintains a nearly constant phase in the disk. 
In NGC 6300, the m = 2 component vanishes in the inner 
parts of the inner ring and reappears farther out with a phase 
differing by - 80° from the phase of the bar. The analysis 
suggests that the inner ring of NGC 6300 may not be aligned 
parallel to the bar, a fact which would set it apart from most 
other ringed SB galaxies. 

5. The rotation curve of NGC 6300 is well defined from 
optical emission lines. However, it is complicated by obvious 
noncircular motions in the bar region manifested by bent 
isovelocity contours. The sense of the bending is consistent 
with gas flowing along highly elongated streamlines in the 
forward direction, in a manner predicted by published models 
of barred galaxies. 

6. In spite of the noncircular motions, the rotation curve of 
NGC 6300 is remarkably well predicted by the V-band light 
distribution under the assumption of a constant mass-to-light 
ratio. This is true even if the probably more mild flattening of 
the bulge is ignored in the analysis. 

7. The velocities in the inner ring region alone do not show 
evidence for the same large noncircular motions seen in the 
bar region. The run of radial velocity versus position angle is 
consistent with much smaller non-circular motions. 

In summary, these observations emphasize that NGC 6300 
is very different from NGC 1433, in spite of the fact that both 
are similarly classified as SB(r)-type galaxies. It would be 
useful in the future to measure the surface brightness distri
bution in NGC 6300 in the near-infrared (/) band to make a 
further comparison, but most of all, as emphasized in the 
previous section, it would be useful to make a 21 cm mapping 
of the galaxy. It is hoped that this paper will stimulate such 
an observational effort. 

I am grateful to Dr. V. C. Rubin for advice concerning the 
spectroscopic observations. I am also grateful to Dr. A. J. 
Kalnajs and Mr. S. M. G. Hughes for allowing me to use a 
computer program which transforms a luminosity distribution 
into a rotation curve. This paper is based in part on my 
dissertation research. 
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