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ABSTRACT 

Spectrophotometric scans of 20 Seyfert 2 galaxies, three intermediate Seyfert galaxies, and five 
narrow-line radio galaxies are presented. The emission-line spectra are similar in all the galaxies. 
A wide range of levels of ionization is present. The average density in the line-emitting gas is 
about 2000 cm“3, and the average temperature is about 12,000-25,000 K. The strengths of lines 
of neutral atoms and singly ionized ions are correlated with each other, while the strengths of 
lines of higher-ionization ions are separately correlated with each other. Two galaxies were 
observed to have velocity differences between lines from the low and high ionization regions. The 
velocity differences are less than the emission-line widths which are typically 500-600 km s“1. 

The continua of all the galaxies show stellar absorption features and an ultraviolet excess when 
compared with galaxies with no emission lines. The continua of these galaxies can be represented 
well by a normal-galaxy continuum which is diluted by an underlying power-law continuum. If 
the assumed power-law continuum extends to high frequency, then there are enough ultraviolet 
photons to photoionize H and He and thus to account for the observed strengths of the recom- 
bination lines. 

Comparison of emission-line strengths in these galaxies with that in planetary nebulae and the 
Crab Nebula suggests that the source of ionization is probably ultraviolet radiation. Photoioniza- 
tion models by MacAlpine show general agreement with these emission-line spectra. 
Subject headings: galaxies: internal motions — galaxies: Seyfert — radio sources: general — 

spectrophotometry 

I. INTRODUCTION 

A spectrophotometric survey of radio galaxies 
which were known to have emission lines in their 
optical spectrum has been carried out at Lick Observa- 
tory. Osterbrock, Koski, and Phillips (1975) and 
Osterbrock (1976) have found that the spectra of radio 
galaxies separate into two classes : about one-fourth 
have broad permitted emission lines with widths many 
thousands of km s-1, while three-fourths have narrow 
emission lines of about 500 km s“1 width. These two 
classes are very similar to the two classes of Seyfert 
galaxies (Weedman and Khachikian 1969; Khachikian 
and Weedman 1971, 1974). The survey at Lick 
Observatory was extended to the Seyfert galaxies to 
compare their spectra with those of radio galaxies. 
Comparison of the two classes of Seyfert galaxies 
suggested an intermediate class (Osterbrock and 
Koski 1976): present in the spectrum is a broad 
Balmer-line component (characteristic of a Seyfert 1 
spectrum) and a narrow Balmer-line component with 
a strong forbidden-line spectrum (characteristic of a 
Seyfert 2 spectrum), such as in NGC 4151. 

The present study considers the optical spectra of 
the narrow-line radio galaxies and of the Seyfert 2 
galaxies. Points of interest are the relationship between 
these two types of objects, how they compare, how they 
differ. We want to know if the Seyfert 2 galaxies form 
a homogeneous class, or if they separate into sub- 

* Lick Observatory Bulletin, No. 786. 

classes. Exactly how are the Seyfert 2 galaxies related 
to the intermediate class? Finally, we will determine 
some of the physical conditions in the emitting gas in 
these galaxies. 

The five radio galaxies reported here were chosen 
from Schmidt (1965), Burbidge and Strittmatter 
(1972), and Burbidge (1970). The Seyfert galaxies were 
selected from the list of Khachikian and Weedman 
(1974). Those which appeared to be Seyfert 2 galaxies 
are included here (Koski 1976). Also included are 
NGC 6764, which was noted to be a Seyfert 2 galaxy 
by Rubin, Thonnard, and Ford (1975), and Mrk 573, 
similarly noted by J. Huchra at the Minkowski 
Symposium, 1976 Berkeley A.S.P. meeting. Sargent 
(1970) questions whether I Zw 81 has broad emission 
lines in its spectrum, and thus might be a Seyfert 
galaxy. (Note that Sargent refers to this galaxy as 
I Zw 80, but according to Zwicky [1971] it is I Zw 81.) 
Markarian and Lipovetsky note that Mrk 378 is a 
very compact object (1971) and predict Seyfert 
characteristics for Mrk 700 (1974). Included in the 
discussions which follow are observations of the 
narrow-line radio galaxy Cygnus A by Osterbrock 
and Miller (1975) and of five others by Costero and 
Osterbrock (1977) and of the intermediate Seyfert 
galaxy NGC 4151 by Osterbrock and Koski (1976). 

II. OBSERVATIONS 
The observations presented here were obtained with 

the image-dissector-scanner (Robinson and Wampler 
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1972, 1973) attached to the new spectrograph (Miller, 
Robinson, and Wampler 1976) at the Cassegrain focus 
of the 3 m Shane telescope at Lick Observatory. 
Observations made of 3C 33 and 3C 184.1 before 1974 
January were made with the old spectrograph men- 
tioned in the earlier references. 

A projected slit size of 2"1 x 4"0 and a grating with 
600 grooves mm-1 gave 2400 Â coverage with 10 Â 
resolution (full width at half-maximum of comparison 
emission lines). Each object except I Zw 81 was 
observed from at least shorter than A3727 to longward 
of À6731 in the rest system of the galaxy. Two over- 
lapping scans, a blue one and a red one, were obtained 
to accomplish this. 

Observations with the new spectrograph were 
obtained between 1974 September and 1976 July. 
Typical integration times were about 32 minutes in 
each of the blue and red regions for objects brighter 
than magnitude 15 and 64 to 96 minutes each for fainter 
objects. Dates and specific integration times are given 
by Koski (1976). 

The routine reduction to absolute energy units and 
a linear wavelength scale is detailed by Osterbrock 
and Miller (1975), Costero and Osterbrock (1977), and 
Koski (1976). Representative scans are shown in 
Figure 1 and are composites of the blue and red scans. 

III. EMISSION-LINE SPECTRUM 

The emission-line spectra of the galaxies presented 
here are very rich. The Balmer lines of H i are present 
in all these galaxies with a decrement steeper than that 
resulting from pure recombination. Except for three 
cases, the only other permitted lines observed are 
those of He i and He n. Fe n permitted lines are 
observed in Mrk 42, 5C 3.100, and weakly in NGC 
1068. In fact, the spectra of Mrk 42 and 5C 3.100 are 
more characteristic of Seyfert 1 galaxies (though the 
emission lines in both these objects are narrow enough 
to put them in the Seyfert 2 or narrow-line radio- 
galaxy group): relatively weak forbidden lines (com- 
pared to the Balmer lines) and relatively strong blends 
of Fe ii permitted lines in the regions around AA4570, 
5190, and 5320. Forbidden lines arise from a wide 
range of ionization : [N (i, n)], [O (i, n, m)], [Ne (m, v)], 
[S (ii, m)], [Ar (m, iv, v)j, [Ca v], and [Fe (m, vu, x)]. 

a) Emission-Line Intensities 

The emission lines in these galaxies are superposed 
on a continuous spectrum with absorption lines 
characteristic of galaxies containing stars. Two general 
types of continua are present: those with H i absorp- 
tion lines and those without them. Since the lower 
members of the Balmer series (Ha, Hß, Hy) are 
generally in emission, the presence or absence of H i 
absorption lines is determined by the presence or 
absence of the higher members in absorption, usually 
H9 and H10, AA3835, 3798. The absorption lines due 
to stars in these galaxies mask the weak emission lines 
and hence must be removed. The absorption-line 
removal is accomplished by subtracting the continuum 
of a galaxy which has no emission lines. 
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The average spectrum of the elliptical galaxies NGC 
6482 and NGC 6702 was used to remove the absorp- 
tion-line continuum of the emission-line galaxies with 
no H i absorption lines, while the earlier-type spectrum 
of the Sa galaxy NGC 2681 was used for those with 
H i absorption. Details of the subtraction process are 
given by Koski (1976), and examples are shown by 
Koski and Osterbrock (1976) and Costero and 
Osterbrock (1977). Those galaxies with Balmer absorp- 
tion lines are Mrk 198, Mrk 268, Mrk 507, and 
Mrk 700. In addition, NGC 6764 and I Zw 81 have 
weak H i absorption lines ; for these two galaxies both 
galaxy continua were used in the subtraction process, 
and the results were averaged. The Balmer absorption 
lines in Mrk 700 are much stronger than in NGC 2681. 
Equivalent-width comparisons with two early spectral 
type standard stars, Feige 15 and Feige 56, were used 
to correct the emission-line strengths in this galaxy. 
The subtraction of the absorption lines generally left 
an emission-line spectrum on a very smooth, nearly 
featureless continuum which was nonzero. 

The emission-line intensities were measured by 
summing the intensity in each channel in the line 
above an interpolated continuum. The total intensities 
of line blends were measured in this manner. A de- 
blend program was used to separate the blended lines : 
[Ne m] A3869 + He i A3889, Hy + [O m] A4363, 
[O in] A4959 + A5007, [N n] A6548 + A6583 + Ha, 
and [S ii] A6716 + A6731. A single line, usually 
[O m] A5007 (or Hß when stronger), was used to 
synthesize the observed spectrum. The line spacing 
was determined by the laboratory wavelengths of the 
lines and the galaxy redshift. Individual line intensities 
and widths could be varied to improve the fit. As each 
parameter was varied, the trial spectrum was sub- 
tracted from the observed spectrum. The best param- 
eter fit was that which yielded the flattest subtraction. 

The observed line intensities with respect to Hß, 
F7F(Hß), are given in Table 1. The order is by 
decreasing strength of /([O m]A5007)//(Hß). Note that 
[Fe vu] A6087 is blended with [Ca v] A6087 which has a 
strength /([Ca v]A6087) = 7([Ca v]A5309)/5.1 (Gar- 
stang 1968). The observed flux F(Hß) is also given. 
The reddening-corrected intensities 7/7(Hß) (see § IIZ> 
below) for the objects in Table 1 are given in Table 2. 

The narrow components of the emission lines of the 
intermediate Seyfert galaxies were measured in the 
manner described above. In addition, the narrow 
component of Ha and nearby forbidden lines were 
subtracted from the Ha complex to leave only the 
broad component of Ha. This was then used as a 
profile to remove the broad components of the other 
Balmer lines and He i and He n lines. The broadening 
was scaled by the wavelength to give the best subtrac- 
tion. The observed fluxes F/F(Hß«) and reddening- 
corrected intensities 7/7(Hß«) with respect to the 
narrow component of Hß for the intermediate Seyfert 
galaxies are given in Table 3. 

The line strengths for the two galaxies with strong 
Fe ii emission, Mrk 42 and 5C 3.100, are given in 
Table 4. The Fe ii multiplets are given in parentheses. 
Among the stronger Fe n emission lines in NGC 1068 
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are those with estimated observed fluxes with respect 
to Hß: multiplets (37, 38) AA4515, 4521 ^ 0.05, 
(48, 49) A5317 ^ 0.05, (48) A5363 ^ 0.03, and (49) 
A5425 ^ 0.03. 

The accuracy of the line intensity measurements 
depends upon the photon statistics, the flux calibration 
from standard stars, the correction for underlying 
absorption lines, and the placement of the interpolated 
continuum. The relative intensities FIF(Hß) of strong 
unblended lines agree between scans taken on different 
nights to about 107o. The accuracy of weaker lines 
and blended profiles is about ±20%. Very weak lines 
with accuracy about a factor of 2 are noted in the 
tables by a colon. 

Comparison of the measures of NGC 1068 reported 
here with photographic measures by Osterbrock and 
Parker (1965), photographic and photoelectric mea- 
sures by Anderson (1970), and photoelectric measures 
by Wampler (1971) and by Shields and Oke (1975) 
shows agreement of the observed fluxes to about 
15% for lines and blends with strength greater than 
or equal to FQiß). The relative strength of Ha and 
[N n] AA6548 + 6583 differs by factors of 2-3, how- 
ever. Since the total strength of the blend agrees well, 
the discrepancy is probably due to different techniques 
for de-blending the complex. 

The strength of the broad component of Ha and 
Hj8 of Mrk 372 varied from 1975 October to 1975 
December, an interval of 77 days. The data for Mrk 
372 are consistent with the continuum flux, the flux 
in the forbidden lines, and the flux in the narrow 
components of Ha and Hß having remained constant. 
The scan in Figure 1 and the line intensities in Table 3 
are averages of the data from the two dates. Although 
the strengths increased by about 6070, the decrement 
remained nearly constant, ~7.1, and the line profiles 
retained the same width and shape. Other broad 
components, which are weaker than Hß were not 
observed to change. 

b) Reddening 

Figure 2 is a plot of the Balmer decrement Ha, Hß, 
Hy. Various types of galaxies are represented by 
various symbols. Note that there is no segregation of 
any of the types. There is reasonable agreement 
between the observed Balmer decrement and the 
reddening trajectory, considering the uncertainties of 
the corrections for absorption lines and blends. 
Assuming the Balmer decrement is due to recombina- 
tions, the reddening of the Balmer lines may be found 
from Figure 2. 

The reddening of the forbidden lines may be assumed 
to be the same as for the Balmer lines. However, 
Angel et al. (1976) showed that the permitted and 
forbidden lines in NGC 1068 are polarized by different 
amounts and at different position angles. They suggest 
that the permitted-line emitting region is different from 
the forbidden-line emitting region. The reddening of 
the lines may also be different. Wampler (1971, also 
1968) and Shields and Oke (1975) measured the 
strengths of the [S n] blue A4071 and infrared A10320 

lines which permit the reddening of the [S n] lines to 
be found (Miller 1968). Shields and Oke found a 
reddening which corresponds to EB_V = 0.4, while 
Wampler found EB-V = 0.5. The Balmer decrement 
reported here implies EB-V = 0.52 ± 0.05, consistent 
with the [S n] line reddening. This suggests that in 
spite of the difference in polarization properties, the 
reddening of the permitted lines gives a good estimate 
of the reddening of the forbidden lines. 

The effect of reddening may be written 

log/(A) = c/(A) + logFXA) + constant, (1) 

where c is the measure of the amount of reddening, 
and /(A) is the reddening curve. A least-squares fit was 
made of equation (1) to the recombination decrement 
and the observed Balmer decrement for each galaxy. 
Equal weights were used, which corresponds to equal 
percentage errors in the observed line intensities. The 
Whitford reddening curve as parametrized by Miller 
and Mathews (1972) and the case B Balmer recom- 
bination decrement given by Brocklehurst (1971): 
7(Ha:Hß:Hy:H8) = 2.85:1.00:0.469:0.259 for T = 
104 K and Ne = 104 cm-3 were used. Generally, three 
Balmer lines, Ha, Hß, and Hy, were used to determine 
the reddening. In about half the cases, uncertain values 
of HS were not used. The reddening c (= E,

B_y/0.72) 
with a typical uncertainty ± 0.1 is given in Tables 2, 3, 
and 4 along with the reddening-corrected intensities. 

c) Densities and Temperatures 

The average density and temperature in the line- 
emitting gas in these galaxies may be found from 
reddening-corrected forbidden-line strengths. Equa- 
tions for the temperature-sensitive line ratios of [O i], 
[N n], and [O m] are found in Seaton (1975) and 
Osterbrock (1974). The density-sensitive lines [O n] 
AA3726, 3729 could not be resolved in these galaxies, 
both because of the velocity widths of the lines afid 
because of the 10 Â resolution of the scans. The equa- 
tion for the density-sensitive line ratio of [S n] AA6716, 
6731 was derived from a three-level-atom calculation. 
Five-level-atom calculations by Balick (1975, private 
communication) give the line ratios of [O n] AA3727, 
7319, 7330 and of [S n] AA4071, 6716, 6731 which are 
sensitive to both temperature and density. 

A range of densities and temperatures is undoubtedly 
present in these galaxies, judging from the wide range 
of ionizations. An order-of-magnitude estimate of the 
density and temperature is that point in the density- 
temperature plane which most closely reproduces the 
observed line ratios. These values are listed in Table 5 
along with values determined the same way for 
Cygnus A (Osterbrock and Miller 1975) and the five 
narrow-line radio galaxies reported by Costero and 
Osterbrock (1977). Uncertain values are indicated by 
colons, and the low-density limit is indicated LDL. 
The range of average temperatures is about 4.0 to 4.4 
in the log (10,000-25,000 K), and the average log Ne = 
3.3 (2000 cm"3). 
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SPECTROPHOTOMETRY OF SEYFERT 2 GALAXIES 

Fig. 2.—Observed Ha/H/3/Hy ratios for Seyfert 2 galaxies 
{squares), radio galaxies including those from Costero and 
Osterbrock (1977) {pluses), Cygnus A from Osterbrock and 
Miller (1975) (circled x), intermediate Seyfert galaxies 
including NGC 4151 from Osterbrock and Koski (1976) {large 
circles, narrow components; dots, broad components), and 
galaxies with strong Fe n emission ( x ). Uncertain values are 
indicated by an open symbol or colon (:). The reddening 
trajectory extends from case B recombination decrement and 
is marked at reddening values c — 0.5, 1.0, 1.5. 

d) Emission-Line Strength Correlations 

Although somewhat similar average physical condi- 
tions exist in most of these galaxies, the strengths of 
the emission-line spectra are greatly different. The 
emission-line strengths were compared to search for 
any correlations which might distinguish the radio 
galaxies from the Seyfert galaxies. 

The He i recombination line A5876 shows no 
correlation with any other line. The relative strength 
of He i A5876 is plotted against that of He n A4686 in 
Figure 3. A wide range of He n is present, but there is 
only a relatively narrow range of He i. There are 
evidently various sizes of He+ + zones but a more or 
less constant size of He+ zone compared to the H+ 

zone. For an assumed temperature T = 16,000 K and 
density Ne = 2000 cm-3, the average intensity 

/(He i A5876)//(Hj8) = 0.11 

corresponds to a number density /7(He+)/A(H+) = 
0.09, while jVr(He++)/A(H+) ranges from 0 to 0.04. 
As a group, the Seyfert 2 galaxies and narrow-line 

65 

radio galaxies have approximately normal He abun- 
dance. 

Also shown in Figure 3 are correlations between 
lines from high-ionization ions He n, [Ne m], and 
[Ar m], and the A5007 line of [O m]. Additional 
correlations of He n A4686, and hence [O m] A5007, 
were found (Koski 1976) with [Ne v] A3426 (only a 
few measurements were available) and [Fe vu] A6087. 
The [Fe vu] line was quite weak, and the correlation 
is rather poor. 

The strengths of the lines of low-ionization ions are 
separately correlated with [S n] lines (Fig. 3). The 
correlations with the N lines is poorer because [N i] 
A5199 is weak and blended with the Mg i b absorption 
feature, while [N n] A6583 is blended with Ha. These 
lines are not correlated with the lines of high-ionization 
ions. 

These line correlations suggest that there are two 
independent ionization zones in these galaxies : one of 
high ionization which includes He++, 0++, Ne++, 
Ne + 4, Ar++, and probably Fe + 6, and one of low 
ionization which includes N°, N+, 0°, 0 + , and S + . 
This is further evidence for different physical conditions 
in different emitting regions as suggested by Oster- 
brock and Parker (1965), Anderson (1970), and others. 
Notice that there is no difference between the Seyfert 
galaxies and the radio galaxies plotted in Figure 3. 
The narrow components of the intermediate Seyfert 
galaxies appear to be the same as Seyfert 2 galaxies 
and narrow-line radio galaxies. 

e) Emission-Line Widths 

' All the Seyfert and narrow-line radio galaxy emis- 
sion-line profiles are broader than the profiles of 
comparison lines, which represent the instrumental 
profile to a good approximation. Galaxy emission-line 
profiles were compared with comparison lines which 
lay in the same part of the scan and which had been 
convolved with Gaussian profiles of various widths. 
The full widths at half-maximum intensity of the 
emission lines (forbidden and permitted, the narrow 
component for the intermediate Seyfert galaxies) are 
given in Table 6. The uncertainties refer to the 
approximate range of velocities found from different 
lines and from single lines using different comparison 
lines. Most of the velocities are less than the projected 
instrumental resolution of 600 km s-1 (for 10 Â 
FWHM at 5000 Â) and thus result from rather subtle 
differences from the instrumental profile. Higher 
resolution scans of Mrk 573 obtained at the McGraw- 
Hill Observatory using the University of Michigan 
photon-counting multichannel spectrometer (Sheet- 
man and Hiltner 1976) yield an emission-line width of 
340 ± 40kms_1 (Feldman 1977), in excellent agree- 
ment with the value given here of 350 ± 150 km s“1. 

The distribution of emission-line widths is shown in 
Figure 4. Various bin widths were used, depending 
upon the uncertainty of the value. The lines of Seyfert 
2 galaxies and narrow-line radio galaxies and the 
narrow components of the intermediate Seyfert 
galaxies have the same distribution of widths. A 
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0 5 10 15 
[om] X 5007/ Hß 

5 10 
[om] X5007 / Hß 

[sn] XX 6716 + 673I/H/9 [SU] XX 671 6 + 67 31/H/3 
Fig. 3.—Correlations between line intensities. Reddening-corrected line intensities with respect to Hß are plotted. The symbols 

are the same as in Fig. 2. He i line strength is not correlated with He n. High ionization lines are correlated with each other and 
with [O m] A5007, while low ionization lines are separately correlated with each other and with [S n] AA6716 + 6731. 
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SPECTROPHOTOMETRY OF SEYFERT 2 GALAXIES 67 

TABLE 3 

RELATIVE EMISSION-LINE INTENSITIES IN INTERMEDIATE-TYPE SEYFERT GALAXIES 

Line Mrk 6 Mrk 315 Mrk 372 

F/F(H3n) I/I(H$n) F/F(Hßn) I/I(H3n) F/F(Hßn) I/I(H3n) 

3727 [O II] 
3869 [Ne III] 
3889 He I + H 
3967 [Ne III] + H 
4071 [S II] 
4102 Hôn 
4102 Hôb 
4102 HôZ 
4340 Hyn 
4340 Hyb 
4340 HyE 
4363 [0 III] 
4471 He I 
4686 He II n 
4686 He II b 
4686 He II E 
4861 HBn 
4861 HBb 
4861 HBE 
4959 [0 III] 
5007 [0 III] 
5159 [Fe VII] 
5199 [N I] 
5412 He II 
5721 [Fe VII] 
5876 He I n 
5876 He I b 
5876 He I E 
6087 [Fe VII] + * 
6300 [0 I] 
6364 [0 I] 
6548 [N II] 
6563 Han 
6563 Hab 
6563 HaE 
6583 [N II] 
6716 [S II] 
6731 [S II] 
7065 He I 
7136 [Ar III] 
7325 [0 II] 

F(H3n)+ 

1.70 2.71 
0.71 1.07 
0.13 0.19 
0.31 0.45 
0.17 0.24 
0.19 0.26 

0.19 0.26 
0.34 0.43 
0.84 1.07 
1.18 1.50 
0.15 0.19 
0.047 0.057 
0.13 0.14 

0.13 0.14 
1.00 1.00 
2.49 2.49 
3.49 3.49 
3.13 3.00 
9.78 9.21 
0.029: 0.026: 
0.056 0.049 
0.033 0.027 
0.031: 0.023: 
0.051: 0.036: 
0.62: 0.43: 
0.67: 0.47: 
0.093 0.061 
0.78 0.49 
0.28 0.17 
0.95 0.56 
4.76 2.78 

20.72 12.10 
25.48 14.88 
2.74 1.59 
1.36 0.76 
1.08 0.61 

0.30: 0.16: 
0.21: 0.10: 

1.22 2.21 
0.56 0.94 

0.20 0.32 
0.10 0.16 
0.051 0.078 
0.37: 0.57: 
0.42: 0.65: 
0.40 0.55 
0.36: 0.50: 
0.76: 1.05: 
0.18: 0.24: 

0.049 0.054 
0.64 0.71 
0.69 0.76 
1.00 1.00 
1.43 1.43 
2.43 2.43 
0.92 0.87 
2.76 2.56 

0.12 0.10 

0.19 0.12 
0.92 0.58 
1.11 0.70 

0.28 0.16 
0.099: 0.053: 
1.11 0.56 
6.47 3.24 
5.60 2.80 

12.07 6.04 
3.33 1.66 
0.78 0.37 
0.74 0.35 
0.35: 0.15: 
0.26 0.11 

2.66 4.23 
1.30 1.95 

0.28: 0.35: 
1.83 2.34 
2.11: 2.69: 
0.28: 0.35: 

0.47 0.51 

0.47 0.51 
1.00 1.00 
5.78 5.78 
6.78 6.78 
3.39 3.25 

10.53 9.92 

0.33: 0.29: 

1.94: 1.36: 
2.06 1.44 
4.00: 2.80: 

1.69 1.05 
0.66 0.40 
2.08 1.22 
4.79 2.80 

41.39 24.16 
46.18 26.96 

7.34 4.26 
2.44 1.38 
2.63 1.48 

1.2(-14) 5.1 (-13) 

1.3 

3.0(-14) 

0.8 1.18 

* blended with [Ca V] X6087. 
+ -2 -1 1 erg cm s 
+ computed from narrow components of Balmer lines. 

typical or average line width is about 500 to 600 km 
s"1, comparable with the resolution of the scans 
presented here. Note that NGC 1068, often considered 
the prototype of Seyfert 2 galaxies, has a width of 
1200 km s-1 and is the exception rather than the rule. 
The dip in the distribution between 500 and 600 
km s"1 probably has no physical significance. 

All the emission-line profiles of a galaxy had 
approximately the same shape and width. Nearly all 
the profiles appeared symmetrical and without 
structure. Mrk 700 had profiles which were asym- 
metric, with the blue side stronger in intensity. The 
profiles of Mrk 78 had a shoulder on the red side: 
possibly they are composed of two components each 
about 600 km s"1 wide and separated by about 

600 km s“1, with the redward component about one- 
third the strength of the other. Adams (1973) has 
previously reported in detail on the composite nature 
of the emission lines of Mrk 78. 

/) Redshift Differences 

Two redshift systems were found in Mrk 268 and in 
5C 3.100. The [O m] ÀÀ4959, 5007 lines had a different 
redshift from other lines with strengths greater than 
or equal to F(Hß). Phillips (1976) found a difference 
in redshifts in I Zw 1, a Seyfert 1 galaxy with strong 
Fe ii emission. Phillips’s results indicated two separate 
ionization regions: one of high ionization which 
included 0+ + and Ne+ +, the other of low ionization 
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SPECTROPHOTOMETRY OF SEYFERT 2 GALAXIES 69 

TABLE 5 TABLE 6 
AVERAGE DENSITIES AND TEMPERATURES 

IN SEYFERT 2 GALAXIES AND NARROW-LINE RADIO GALAXIES 

Obj ect log log 
T(°K) N (cm- ) 

I Zw 81 
Mrk 298 
Mrk 507 
Mrk 700 
NGC 6764 
Mrk 378 
Mrk 6 
Mrk 315 
Mrk 372 
Mrk 42 
5C 3.100 
Cyg A 
3C 98 
3C 178 
3C 192 
3C 327 
PKS 2322-12 

4.2 
4.7: 

4.2: 

4.2 
4.4 
4.3 
4.8 
4.7 
4.0 
4.3 

4.3 
4.3 
4.5: 

LDL 
2.8 
3.5: 
3.2: 
3.2 
2.6: 
2.9 
3.3 
3.4 
3.7: 
LDL 
3.0 
3.6 
3.2: 
LDL 
3.2 
2.1 

Object log 
T(°K) 

log 
N (cm-3) 

Mrk 176 
3C 33 
Mrk 3 
NGC 1068 
Mrk 573 
Mrk 78 
Mrk 348 
Mrk 34 
Mrk 1 
3C 184.1 
3C 433 
Mrk 270 
III Zw 55 
3C 452 
Mrk 198 
Mrk 268 
Mrk 273 

4.3 
4.1 
4.1 
4.0 
4.1 
4.0 
4.2 
4.1 
4.1 
4.1 
4.2 
4.2 
4.1 
4.2 
4.1 
4.3 
4.3 

3.6: 
2.9 
3.5 
4.2 
3.3 
3.2 
3.3 
3.2 
3.7: 
3.5 
2.4 
3.4 
3.5 
2.1 
2.6 
3.0 
LDL 

LDL = low-density limit. 

with H + , Fe + , Ca + , N + , and S + . The redshifts of the 
[Ne m] À3869 lines in Mrk 268 and 5C 3.100 are 
consistent with the [O m] redshifts. Table 7 lists these 
redshifts and the velocity differences between the red- 
shift systems. Additional redshift differences have 
been found by Grandi (1977) and Feldman (1977). All 
the redshift differences are smaller than the emission- 
line widths. In five cases the high-ionization region has 
the lower redshift, but in Mrk 268 the reverse is true. 

IV. CONTINUUM SPECTRUM 

The continua present in the scans in Figure 1 result 
from the light from the background galaxy passing 
through the 2"1 x 4''0 slit and from any continuous 
spectrum in the nucleus. In contrast to the emission- 
line spectrum, the continuum ranges from insignificant 

Fig. 4.—Distribution of emission-line widths. The full 
width at half-maximum intensity is shown for Seyfert 2 
galaxies, narrow components of intermediate Seyferts, and 
narrow-line radio galaxies {upper curve) and for the narrow- 
line radio galaxies alone {lower curve). The half bin-width used 
in this graph was equal to the uncertainty of the measurement. 

EMISSION-LINE WIDTHS 
IN SEYFERT 2 GALAXIES AND NARROW-LINE RADIO GALAXIES 

Obj ect 

Mrk 198 
Mrk 268 
Mrk 273 
I Zw 81 
Mrk 298 
Mrk 507 
Mrk 700 
NGC 6764 
Mrk 378 
Mrk 6 
Mrk 315 
Mrk 372 
Mrk 42 
5C 3.100 

FWHM 
(km s 1) 

350 
750 
700 
225 
350 
800 
350 
400 
300 
700 
500 
400 
550 
450 

150 
100 
100 
200 
100 
200 
150 
100 
150 
100 
100 
100 
100 
150 

Obj ect FWHM 
(km s 1) 

Mrk 176 
3C 33 
Mrk 3 
NGC 1068 
Mrk 573 
Mrk 78 
Mrk 348 
Mrk 34 
Mrk 1 
3C 184.1 
3C 433 
Mrk 270 
III Zw 55 
3C 452 

750 
450 
900 

1200 
350 

1100 
400 
450 
600 
350 
700 
500 
670 
650 

150 
100 
150 
150 
150 
150 

50 
100 
150 
100 
100 
100 
100 
100 

in Mrk 3 and Mrk 348 to dominant in I Zw 81 and 
Mrk 378. It further ranges from very red as in 3C 452 
to very blue as in Mrk 700 and NGC 6764. 

With the exception of three galaxies (NGC 6764, 
Mrk 42, and 5C 3.100) all the continua appear to be 
chiefly due to an integrated stellar absorption-line 
spectrum. The three exceptions have very flat spectra 
which extend far into the blue. All the continua 
(including these three) have absorption lines of various 
strengths: G-band, Mg i Z>, a broad feature at approxi- 
mately À6230 due to TiO and many blended lines of 
Fe i and Ca i, as well as Na i D and Ca n K lines due in 
part perhaps to interstellar matter in the galaxies. The 
strengths of these lines suggest there is a component 
of the continuum which is continuous and which 
dilutes the integrated stellar absorption spectrum. 

The strength of the component due to stars was 
found by subtracting a suitable galaxy spectrum with 
no emission lines. As noted in § Ilia, two kinds of 
absorption-line continua are present : those with 
Balmer lines in absorption, and those without. The 
absorption-line continuum was subtracted to leave a 
smooth, featureless continuum under the emission-line 
spectrum. The fraction of the continuum at À4861 
which was removed (and hence is due to stars) by this 

TABLE 7 

EMISSION-LINE REDSHIFT DIFFERENCES 

Object Redshift FWHM 

Ionization 
Low High 

AVel 
(km s (km s 1) 

Source 

I Zw 1 
Mrk 268 
5C 3.100 

NGC 7469 
Mrk 618 

0.0608 
0.0404 
0.0728 

PKS 1345+12 0.1214 
0.0163 
0.0356 

0.0587 
0.0410 
0.0718 

0.0158 
0.0344 

600 
-175 
280 
215 
150 
350 

1200 
750 
450 

1400 
370 
600 

Sources: (1) Phillips (1976); (2) Koski (1976); 
(3) Grandi (1977); (4) Feldman (1977). 
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TABLE 8 

FIT OF POWER LAW AND REDDENING OF GALAXY CONTINUUM TO OBSERVED F, 

Obj ect 

v 

Estimated Parameters Parameters of Fit 

max UB-V B-V 

Mrk 176 
3C 33 
Mrk 3 
NGC 1068 
Mrk 573 
Mrk 78 
Mrk 348 
Mrk 34 
Mrk 1 
3C 184.1 
3C 433 
Mrk 270 
III Zw 55 
3C 452 
Mrk 198 
Mrk 268 
Mrk 273 
I Zw 81 
Mrk 298 
Mrk 507 
Mrk 700 
NGC 6764 
Mrk 378 
Mrk 6 
Mrk 315 
Mrk 372 
Mrk 42 
5C 3.100 
3C 98 
3C 178 
3C 192 
3C 327 
PKS 2322-12 

0.70 
0.76 
0.73 
0.70 
0.93 
0.86 
0.91 
0.63 
0.72 
0.63 
0.68 
0.98 
0.52 
0.95 
0.65 
0.81 
0.33: 
0.75 
0.83 
0.68 
0.54 
0.43 
0.56: 
0.46 
0.26 
0.84 
0.15: 
0.29 
0.8 
0.8 
0.8 
0.8 
0.8 

1.6 
1.3 
0.7 
1.0 
0.5 
0.9 
0.8 
0.9 
0.9 
1.2 
1.7 
0.4 
1.9 
1.0 
1.5 
1.3 
1.7 
2.0 
1.0 
1.4 
1.6 
1.4 
1.9 
0.8 
1.4 
1.0 
1.4 
1.9 
2.9 
2.2 
2.3 
2.0 
1.7 

0.04 
0.05 
0.11 
0.04 
0.04 
0.08 
0.08 
0.05 
0.08 
0.08 
0.14 
0.05 
0.06 
0.15 
0.03 
0.03 
0.04 
0.04 
0.05 
0.08 
0.07 
0.14 
0.10 
0.09 
0.07 
0.07 
0.03 
0.11 
0.08 
0.95 
0.09 
0.06 
0.04 

0.70 
0.81 
0.78 
0.75 
0.88 
0.86 
0.86 
0.68 
0.77 
0.63 
0.80 
0.88 
0.60 
0.95 
0.65 
0.81 
0.65 
0.75 
0.83 
0.73 
0.64 
0.33 
0.56 
0.65 
0.45 
0.89 
0.25 
0.29 
0.80 
0.80 
0.85 
0.80 
0.75 

0.00 
0.01 
0.05 
0.03 
0.02 
0.02 
0.01 
0.04 
0.03 
0.02 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.00 
0.02 
0.01 
0.01 
0.02 
0.01 
0.07 
0.02 
0.01 
0.03 
0.01 
0.00 
0.01 
0.01 
0.01 
0.02 

1.0 
1.2 
0.7 
1.0 
0.2 
0.2 
0.6 
0.8 
0.8 
1.2 
1.6 
0.2 
1.8 
1.0 
1.5 
1.3 
1.8 
0.8 
1.0 
1.4 
0.8 
0.2 
1.5 
0.7 
1.3 
0.9 
1.2 
1.8 
2.8 
2.0 
2.3 
2.0 
1.2 

0.04 
0.07 
0.18 
0.00 
0.03 
0.04 
0.08 
0.00 
0.13 
0.14 
0.33 
0.02 
0.15 
0.27 
0.05 
0.09 
0.07 
0.04 
0.05 
0.18 
0.01 
0.18 
0.10 
0.20 
0.23 
0.17 
0.01 
0.09 
0.08 
0.30 
0.20 
0.16 
0.00 

0.03 
0.03 
0.05 
0.06 
0.02 
0.03 
0.04 
0.04 
0.06 
0.08 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.08 
0.02 
0.02 
0.03 
0.08 
0.04 
0.04 
0.14 
0.02 
0.04 
0.05 
0.05 
0.04 
0.03 
0.05 
0.02 
0.03 

subtraction process is denoted /G and was typically 
about 0.70. 

If the Balmer emission lines result from recombina- 
tion, there will be a recombination continuum due to 
H+ (and also He+ and He+ +). Further, there will be 
two-photon decay of the 2 2*S' level of hydrogen. This 
continuum as given by Brown and Mathews (1970) 
accounts for about 2% of the continuum at A4861 
( = /*). 

The remaining approximately 307o of the continuum 
at A4861 is basically what appears after subtracting the 
absorption-line spectrum. This featureless continuum 
may be a power law which, if extended to high 
energies, might photoionize the gas. If one postulates 
that there is a power law of the form Fvccv~a and 
that the power law contains enough ultraviolet 
photons to photoionize H°, He0, and He+ to produce 
by recombination the observed line fluxes of Hß, 
He i A5876, and He n A4686, then there is a maximum 
power-law index, amax, for which this is possible. 
Power laws with a < amax have more than enough 
ultraviolet photons to accomplish this. Typical values 
°f «max are about 1.3. 

One cannot directly compare the power-law index 
of the remaining featureless continuum with «max- An 
additional complication is the reddening of the stellar 
continuum by the extinction in our own Galaxy, and 

possibly in the other galaxy too. When comparing the 
observed continuum intensities of the emission-line 
galaxies with those of the galaxies without emission 
lines, differences in the amount of reddening may be 
attributed erroneously to differences in the amount of 
an underlying power-law continuum and to differences 
in its power-law index. The decomposition of the 
observed continuum is not unique. Rather more useful 
is to make a test for consistency. 

In Table 8 as “Estimated Parameters” are given the 
measured amount of stellar continuum at A4861,/G, 
the power-law index amax needed to give the observed 
strength of Hß, and the expected amount of reddening 
due to our Galaxy, EB_V, as determined from the 
cosecant law given by Burstein and McDonald (1975). 
The five narrow-line radio galaxies from Costero and 
Osterbrock (1977) are included with fG estimated to 
be 0.8. The observed continua in these galaxies were 
reduced to intensity measures at 10 points in the 
spectrum from A3500 to A7300 (Koski 1976). These 
points were fitted to a model of a power law with 
index a, a recombination continuum of strength fB at 
A4861, and a stellar continuum (defined by the average 
of NGC 6482 and NGC 6702 or by NGC 2681) of 
strength fG at A4861 which is reddened by an amount 
of E'ß-y. Satisfactory fits were those with a < amax, 
fG within 0.1 (the estimated error) of the estimated 
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value, and EB_V within 0.13 (the standard error) of the 
estimated value from the cosecant law. Generally the 
fits were good, with the best ones listed in Table 8. 
The standard deviation of the fit a is given in units of 
the observed continuum intensity at A4861 and is 
typically about 0.04. The average amount of stellar 
continuum at A4861 is 0.71 ± 0.17, and the average 
power-law index is 1.0 ± 0.5. The worst fit was for 
Mrk 6 which has a very strong continuum in the 
neighborhood of A3727. 

Overall the continua are consistent with a stellar 
background with an underlying power law which, if 
extrapolated to high energies, has enough ultraviolet 
photons to photoionize H° and to produce the 
observed strength of Hß by recombination. The power 
law further contains enough high-energy photons to 
photoionize He0 and He+ to produce the observed 
strengths of He n A4686 and He i A5876 by recombina- 
tion, except in two cases. The two galaxies Mrk 273 
and III Zw 55 have He n A4686 slightly too strong for 
the recombination value. If the observed power law 
is reddened, then there will be more ultraviolet photons 
which might be expected to give the stronger strengths 
of He il A4686 in the above two objects. 

The spectra with H absorption lines further dis- 
tinguish themselves by having weak [O m] A5007 
compared to Hß. If we exclude the three intermediate 
Seyfert galaxies and the three galaxies with extremely 
flat, blue continua (NGC 6764, Mrk 42, and 5C 3.100) 
and include the five radio galaxies reported by Costero 
and Osterbrock (1977) (one of which, 3C 178, has H 
absorption lines), then we have a sample of 21 
galaxies without H absorption and six with H absorp- 
tion. If we rank these galaxies by increasing strength 
of /([O m] A5007)//(Hß), then the ones with H absorp- 
tion have ranks 2, 3, 5, 7, 9, and 10, with a sum equal 
to 36. The probability of the sum of the ranks being 
equal to or less than 36 on the basis of pure chance 
may be found by the Wilcoxon two-sample test (see, 
for instance, Hodges and Lehmann 1964, p. 303), and 
P(W < 36) = 0.0017. The presence of H absorption 
lines appears to signal the presence of a weaker source 
of ionization. The continuous spectrum which under- 
lies the H absorption-line spectrum (which indicates 
early-type stars) may well be due to very hot OB stars 
rather than a power law. Indeed, a blackbody spectrum 
of 50,000 K provides enough ultraviolet photons to 
photoionize H and He and to reasonably account for 
the continuum which dilutes the galaxy spectrum in 
the optical region. 

V. IONIZING SOURCE 

All the galaxies presented here have emission lines 
in their spectra. All show an ultraviolet excess in their 
continua when compared with galaxies with no emis- 
sion lines. From the strength of the stellar absorption 
features, all the galaxies have an underlying con- 
tinuous spectrum. These observations suggest that the 
emission lines and continuous spectra are related 
phenomena. As shown in § IV, the continua are con- 
sistent with there being a component due to a power 

law which could photoionize enough H0 to produce 
the observed strength of Hß by recombination. 
Photoionization is suggested as the mechanism of 
energy input to the gas in these galaxies. This idea has 
been stated many times in the literature—for example, 
Greenstein and Schmidt (1964), Oke(1965), Osterbrock 
and Parker (1965, 1966), Searle and Sargent (1968), 
etc. 

In § IV it was seen that the galaxies with Balmer 
absorption lines in their spectra (Mrk 198, Mrk 268, 
I Zw 81, Mrk 507, Mrk 700, and NGC 6764; and 
3C 178 from Costero and Osterbrock 1977) have weak 
[O m] A5007 emission. If one compares other line 
strengths in these galaxies (see Table 2) with those of 
normal galaxies with emission lines (see the spectra of 
M51 and M81 in Table 9), one sees that these weak- 
lined Seyfert galaxies are very much like normal 
galaxies. The values for M51 and M81 are ranges of 
observations of Peimbert (1968) and Warner (1973) 
for the smallest apertures given ^ by Peimbert and 
2''5 by Warner). The observed line intensities have been 
corrected for a small amount of reddening by the 
authors. The emission relative to the continuum in the 
Seyfert galaxies is stronger than in these normal 
galaxies: Mrk 378 has an equivalent width of Ha, 
W(Ha) = 21 A, and I Zw 81 has W(Ha) = 16Â, 
whereas M51 and M81 have W(Ha) = 14.6 Â and 
9.9 Â, respectively (using values from Peimbert 1968). 
In addition, the emission-line widths for Mrk 378 and 
I Zw 81 are 300 and 225 km s-1, respectively, the two 
narrowest of the sample presented here. The galaxies 
Mrk 378 and I Zw 81 are probably not Seyfert galaxies 
(indeed, there was no suggestion of emission lines in 
Mrk 378 by Markarian and Lipovetsky 1971). They 
are transition cases between normal galaxies with 
emission lines and Seyfert 2 galaxies. All these galaxies 
with weak high-ionization emission lines appear to 
have sources of ionization similar to that in normal 
galaxies with emission lines. 

The other Seyfert galaxies with stronger high- 
ionization emission lines have spectra very similar to 
one another. An average spectrum is given in Table 9 
for these Seyfert 2 and narrow-line radio galaxies. The 
average spectrum is different from M51 and M81 
because of the very strong [O m] A5007 line in the 
Seyfert galaxies. It is also different from an H n region, 
the Orion Nebula, NGC 1976, from Johnson (1968) 
with 0.5 reddening correction applied. Not only are 
the high-ionization lines ([Ne v], [Ne m], [O m], He n, 
and [Fe vu]) stronger in the Seyfert spectrum, but the 
low-ionization lines ([O n], [N i], [O i], [N n], and 
[S n]) are also stronger. The harder radiation from the 
central star of a planetary nebula may be expected to 
give stronger high-ionization lines. Given in Table 9 
are observations of the high-excitation planetary 
nebula NGC 7027 by Aller, Bowen, and Minkowski 
(1955) and Aller, Bowen, and Wilson (1963) which 
have been corrected for reddening. These values agree 
well with the intensities measured by O’Dell (1963). 
The agreement is now better, but the low-ionization 
lines remain stronger in the Seyfert spectrum. Finally 
we compare the spectrum with the Crab Nebula which 
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TABLE 9 

RELATIVE LINE INTENSITIES CORRECTED FOR REDDENING 

Line M51 M81 Sy 2 Orion NGC Crab MacAlpine 
Nucleus NLRG Neb. 7027 Neb. Model 1 Model 2 

3426 [Ne V] 
3727 [O II] 
3869 [Ne III] 
4071 [S II] 
4363 [0 III] 
4686 He II 
4861 m 
5007 [0 III] 
5199 [N I] 
5876 He I 
6087 [Fe VII] 
6300 [0 I] 
6583 [N II] 
6724 [S II] 
7136 [Ar III] 

1- 2 1-2 

1 1 
2-3 1 

0.5 0.7 
6-10 4-6 
1- 2 1 

1 
3 1.5 
1.5 0.2 
0.2 0.02 
0.2 0.02 
0.3 
1.0 1.0 

11 3.4 
0.1 0.01 
0.1 0.28 
0.1 
0.5 0.06 
2.3 0.45 
1.5 0.11 
0.2 0.13 

1.3 0.3 
0.4 13 
1 2 
0.1 
0.3 0.2 
0.5 0.7 
1.0 1.0 

11 12 
0.01 
0.1 0.8 
0.01 
0.1 1.2 
1 4 
0.05 9 
0.2 

0.3 0.8 
0.2 0.6 
0.5 0.7 

0.2 0.5 
0.2 0.3 
1.0 1.0 

18 26 

0.06 0.06 
0.04 0.08 
1.2 2.4 
0.9 1.2 

is photoionized by a synchrotron continuum. The 
observations in Table 9 are a reddening-corrected 
average of a red and a green filament by Miller (1978). 
Now the low-ionization lines are much stronger than 
in a Seyfert galaxy (and the helium lines too because 
the He abundance is high). These lines are strong 
because the extremely high energy photons penetrate 
deeply into the neutral gas, freeing electrons by photo- 
ionization which can then collisionally excite the 
neutral atoms. A very good match to the average 
Seyfert galaxy spectrum is obtained by combining 
three-fourths the relative intensities of NGC 7027 with 
one-fourth those of the Crab Nebula. This suggests 
that a photon spectrum intermediate between that of a 
hot central star of a planetary nebula and a synchro- 
tron continuum is needed to photoionize the gas in 
Seyfert 2 and narrow-line radio galaxies. 

Seyfert photoionization models by MacAlpine 
(1971) are given in the last two columns of Table 9. 
Model 1 has the photoionizing photons coming from 
a power-law continuum with the spectral index = 
1.2 and ionizing a gas of density 104 cm-3 with 
A(He)/A(H) = 0.06 and a filling factor of 10-2. 
Model 2 is similar, but the source of the ionizing 
photons is a 500 km s_1 shock wave which produces a 
free-free continuum and line emission. In both models 
the lines of N and Ne are too weak to agree with the 
average Seyfert 2 spectrum. Peimbert (1968) found an 
overabundance of N in the nuclei of M51 and M81, so 
perhaps an increase in the abundances of N and Ne in 
MacAlpine’s models would remove this discrepancy. 
Lines of [O i] and [O in] are too strong in the model, 
but [O n] À3727 is much too weak. Some of the 
weakness of [O n] in the calculated model is due to 
collisional de-excitation of the 2 D level at the assumed 
density of 104 cm“3, which is much greater than the 
average density of 2000 cm“3 found in § IIIc. In addi- 
tion, Shields and Oke (1975) in a model for NGC 1068 
and Boksenberg and Netzer (1977) in a model for the 
narrow-line component of NGC 3516 found that the 
calculated strength of [S n] ÀÀ6716, 6731 was much 
less than that observed (also true for [O n] À3727 and 

[N n] ÀA6548, 6583). Most of the galaxies presented 
here have line strengths of the low-ionization ions 
relative to Hß greater than in NGC 1068. Thus the 
conclusions reached by these authors apply to all the 
Seyfert 2 and narrow-line radio galaxies: Lines from 
ions of low ionization cannot arise from photo- 
ionization solely by the nonthermal continuum. 
Diffuse radiation, radiation from hot stars, or a time- 
dependent model as suggested by Shields and Oke, 
or some other process must be responsible for the 
conditions in the region of low ionization. The condi- 
tions in the low-ionization region will not necessarily 
be correlated with the conditions in the high-ionization 
region. 

VI. CONCLUSIONS 

We have found that there are no distinguishing 
differences between the spectra of Seyfert 2 galaxies 
and narrow-line radio galaxies. The emission spectra 
are rich with lines from a wide range of levels of 
ionization. The continuum is stellar light diluted by an 
underlying continuous spectrum. The line widths of 
both classes of galaxies have the same distribution, 
with the average full width at half-maximum intensity 
about 500-600 km s”1. 

There are three transitional effects: two between 
these galaxies and Seyfert 1 galaxies, and one between 
these galaxies and normal galaxies. The intermediate 
Seyfert galaxies have continua and broad Balmer-line 
components as do Seyfert 1 galaxies, but the narrow 
Balmer-line components and forbidden lines have 
strengths and widths identical with the Seyfert 2 
spectra. The two galaxies with the strong Fe n 
emission, Mrk 42 and 5C 3.100, have spectra very 
much like Seyfert 1 galaxies: strong blue continuum, 
strong Fe n, and weak forbidden lines. Only their line 
widths (permitted and forbidden lines have the same 
width) place them in the Seyfert 2 or narrow-line radio 
galaxy class. As for transitions to the normal galaxies 
with emission lines, a few galaxies have very weak 
high-ionization lines. The strength of the lines present 
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in their spectra are very much like those in normal 
galaxies. All in all, the Seyfert 2-narrow-line radio 
galaxy class is a fairly well defined class with fuzzy 
edges. 

There appear to be two ionization regions in these 
galaxies: high and low ionization. The strength of 
emission lines from the two regions are separately 
correlated, and several emission-line objects show a 
redshift difference between lines arising in the two 
regions. 

Photoionization as the energy input to the gas seems 
quite likely. All the galaxies show an ultraviolet excess 
in their spectra. Those galaxies with strong high- 
ionization emission lines have continua which are 
consistent with power-law continua extending to high 
energies. 

The present classification system for Seyfert galaxies 
based on line widths is very good, but perhaps some of 
its limitations have been reached. As small changes, I 
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suggest that the Seyfert 2 phenomenon refer only to 
those spectra with strong emission lines of high ioniza- 
tion ions like [O ni], [Ne v], and He n. And Seyfert 1 
phenomena should include those objects with flat blue 
continua, strong Fe n emission, and weak forbidden 
lines irrespective of the line widths. 
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