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Measurements of fluxes of Seyfert galaxies at frequencies between 40 MHz 
and 611 MHz are reported and discussed. It is pointed out that the emission 
measure, derived from the properties of the intermediate wavelength compact 
component (M- component) present in the spectra of better investigated Seyfert 
galaxies, is much lower than the emission measure derived from the usual inter- 
pretation of the nebular spectrum. In at least one case (NGC 1068) the size 
of the M- component is known, and it is smaller than the probable extent of the 
nebular region; the discrepancy in the optical and radio values of emission 
measure suggests highly inhomogeneous structure of the region producing the 
optical spectrum. 

I. The Measurements 

In the Summer of 1968 several Seyfert galaxies were observed at frequencies 
between 40 MHz and 611 MHz with the 1000 -ft. radio telescope of the Arecibo 
Ionospheric Observatory. The half -power beam width ranged from 7' at 611 MHz 
(10' at 430 MHz) to about 2° at 40 MHz. The observations consisted of a number 
of runs: mostly drifts, some declination scans and some scans in both right 
ascension and declination. The telescope is a fixed reflector with a moving 
feed, and the response of the telescope is a function of the zenith distance 
and of the azimuth of the source at the time of observation. The dependence of 
the effective area of the telescope on azimuth can be neglected to a good ap- 
proximation; the zenith distance dependence was determined for every feed by 
measuring at various zenith distances a number of bright sources with well 
known fluxes and spectra. 

The resulting values of fluxes for the observed Seyfert galaxies are given 
in Table I. Table II shows flux measurements for several 4C sources which were 
a by- product of the investigation reported in this paper. Discussion of spectra 
of individual galaxies follows. 

Observed fluxes 

Table I 

(in 10 
-26 

W/m 
2 
Hz) of Seyfert galaxies 

Frequency 
(MHz) 

NGC 3227 NGC 4151 NGC 7469 III Zw -2 3C 120 

40 21.717.6 
73.8 16.513.3 

111 12.312.S 
197 3.30.0.3 9.111.3 
230 10.212.8 

430 <0.25 <0.3 0.5110.04 0.1610.04 5.110.4 

611 <0.2 0.3110.03 0.2010.12 

Table II 

Measured fluxes (in 10 
-26 

W /m2Hz) of several 4C sources 

Source Frequency 

430 MHz 611 MHz 

4C 8.68 
4C 11.1 

4C 11.2 

4C 19.33 

4C 20.22 

0.9510.08 
0.8810.05 
1.0810.44 
1.0 10.2 
3.9510.50 

0.6310.11 
1.11.1.1 
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II. Radio Properties of Seyfert Galaxies 

NGC 7469. The Arecibo measurements suggest the interpretation of the 
spectrum of this object in terms of two components (Fig. 1). This 
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Fig. 1. The radio spectrum of the Seyfert galaxy NGC 7469. Dots refer to measurements reported in this paper. 

Crosses are upper limits set by Kellermann and Pauliny -Toth (1966). Squares refer to interferometric 
measurements by Wade (1968). Triangles refer to all other. measurements available to date (Heeschen and 
Wade 1964, DeJong 1967, Kazés et al. 1970, De la Beaujardiére et al. 1968 and OZi001). The spectrum can 
be well separated into two components: the long wavelength component (L- component) with a spectral index 
of 2.2, and the intermediate wavelength component Q4-component) with a spectral index larger than 1 and a 

turnover around 1600 MHz. The measurements by Tovmassian (1966), marked as open circles, are systematically 
higher than the other measurements and are disregarded in interpreting the spectrum in terms of components. 

interpretation is compatible with interferometric investigation of the 
structure of NGC 7469 at 2695 MHz (Wade 1968). The long wavelength component 
(L- component) has a straight spectrum characterized by a rather large spectral 
index of 2.2. The intermediate wavelength component (M- component) has a maxi- 
mum at around 1600 MHz. Wade (1968) gives an upper limit of 1 ".8 for the 

apparent size of the M- component at 2695 MHz. No measurements of the size of 
the L- component are available at present. 

NGC 3227. This galaxy was observed at 611 MHz and 430 MHz. The 611 MHz 
measurements yield an upper limit to the flux of 0.2 f.u. At 430 MHz the 

object is detectable at the level of 0.25 f.u. on several records when the 
LRR -1 receiver was used in a total power mode. However, drifts of the system, 

particularly strong during the daily tropical rain and thunderstorm occurring 
on summer afternoon when the source was visible to the telescope, does not 

permit us to consider this measurement to be an unquestionable detection but 
rather an upper limit to its flux. This result together with the 11 cm inter - 

ferometric data by Wade (1968) and with observations by Tovmassian (1966) 

suggest that the M- component has a turnover around 800 MHz and that the 
L- component is not very steep. 

NGC 4151. There was no positive detection of NGC 4151 with the Arecibo 
equipment. An upper limit of 0.3 f.u. seems to indicate that the spectrum of 
this object, which at shorter wavelengths, has a spectral index of 0.8 (see 
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e.g.,Kellermann and Pauliny -Toth 1968), should exhibit a maximum somewhere 
at around 700 MHz. The spectrum would therefore be characteristic of an 
M- component; the upper limit on the size of this component was set to be 1 ".8 

by Wade (1968). No attempts were made to detect a possible L- component at 

longer wavelengths since the object has a declination very close to the limit 
of range of the Arecibo radio telescope and therefore can be investigated only 
in the offset position with the carriage house #2 for a brief period of time. 

III Zw -2. Measurements of this object at 430 MHz and 611 MHz together with 
the 21 cm flux measured by Bolton (quoted by Arp 1968) indicate that the flux 
of III Zw -2 may have a maximum of 0.3 f.u. at around 1000 MHz. 

3C 120. Observations of this galaxy suggest an essentially straight spec- 
trum of the L- component down to 40 MHz with an index of 0.7. 

NGC 1068 and NGC 1275 have well determined spectra and therefore were not 
included in this program. Their radio properties are summarized in Table III. 

Table III 

Radio properties of Seyfert galaxies 

NGC 
3C 

Zw 

Distance 
Mpc 

L - component M - component 
H- components 

1-14 

L 
a 

L 

F430 
f.u. 

L 
3 

M 
,,,M 

vMpz 
FM 

fmu. 

FM 
SM 

f2ú00 
2700 F2.2µ 

1068 

3227 

3516 
4051 

4151 
5548 
7469 

III Zw -2 
1275 

3C120 

11.0 

10.0 

27.7 
5.2 
9.9 

50 

50 
270 

53 

100 

0.7 

2.2 

1.3 

0.7 

6.2 

<2.5 

<3 

0.58 

<0.16 
20 

52 

11.5 

300 

0.7 400 
800 

0.8 700 

>1 1600 

1,0.2 1000 

800 
1,1200 

2.9 

0.6 

0.16 
0.3 
10 

1,2 

0.84 
0.04 

<0.08 
0.05 
0.19 
0.04 
0.13 
0.27 
4 

0.3 
<4 

<4 

<1.8 

<1.8 

0.1 -0.03 

0.2 

not detected 

" 

strong, variable 

" 

4.2 
2.2 

2.3 

1.6 

59 

15 

NGC 3516 and NGC 4051 are located on the sky outside the range of the Arecibo 

telescope. NGC 3516 has not been detected as a radio source although several 

upper limits on its flux, all about 0.06 -0.08 f.u., were set between 2 and 11 

centimeters (Kellermann and Pauliny -Toth 1966, Wade 1968). NGC 4051 has one 

positive detection at 11 cm (0.05 f.u., Wade 1968) and several upper limits 

between 2 and 70 cm. 

NGC 5548 is a weak radio emitter, positive determinations of its flux are 

those by Tovmassian (1966, 0.13 f.u. at 21 cm) and of Wade (1968, 0.04 f.u. 
at 11 cm, referring to a compact source). 

The radio properties of Seyfert galaxies are summarized in Table III. The 

distances quoted in the table correspond to the value of the Hubble constant 
of 100 km /sec /Mpc. The spectral indices (a), fluxes at 400 MHz (F,00) and at 

the maximum of the intermediate frequency component (Fm), as well as the 

frequency at which the flux of this component attains maximum (v m), were 
obtained by interpreting all available spectral measurements in terms of two 

(or more, as in the case of NGC 1275 and 3C 120) spectral components in a 

fashion illustrated on Fig. 1 for NGC 7469, with the help of 11 -cm inter - 

ferometric data by Wade (1968; F2700 
and 52700, rows two through seven). 
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The interpretation of the spectrum of NGC 1068 in terms of two components was 
done by V.N. Kurilchik (1969) on the basis of 11 -cm interferometric data by 
Bash (1968). Sizes (S), in seconds of arc, are from Wade (1968), Bash (1968), 
Fomalont (1968), Barber et al. (1966), Clark et al. (1968), and Cohen et al. 

(1967). The Seyfert galaxies NGC 1275 and 3C 120 are known to be variable at 
higher frequencies, and their spectra were interpreted in terms of a number of 
high- frequency components, corresponding to individual bursts of relativistic 
electrons and their subsequent expansion (see e.g, Kellermann & Pauliny -Toth 
1968, Pauliny -Toth and Kellermann 1968, Kellermann 1970). For these two 
sources the M- component is taken as the lowest frequency curved component and 
may be variable. The data on L- component of 3C 120 are mainly from Arecibo 
measurements. The last column gives the ratio of the maximum flux of the 
M- component to the average infrared flux at 2.2 u (Pacholczyk and Wisniewski 
1967, Pacholczyk and Weymann 1968, Pacholczyk 1970, 1971, and Kleinmann and 
Low 1970). 

III. Summary and Conclusions 

In discussing the radio properties of Seyfert galaxies and their relationship 
to the optical data the following points should be made. 
1. In those Seyfert galaxies, for which more extensive radio observations 

are available, we can clearly distinguish two or more components in their 
radio spectra: the long wavelength (L) component and the compact inter- 
mediate wavelength (M) component, which exhibits a turnover at centimeter 
wavelengths. Even such galaxies as NGC 7469 and possibly NGC 3227, which 
are considered weak radio emitters, show such structure. It is well known 
that two galaxies, NGC 1275 and 3C 120, show a number of variable high 
frequency (H) components in their spectra. Those components were inter- 

preted in some detail in papers by Kellermann and Pauliny -Toth (1968) and 
Pauliny -Toth and Kellermann (1968) in terms of models of expanding clouds 
of relativistic particles and magnetic fields. We will not discuss the 
H- components here although the relationship between these expanding clouds 
and the regions producing nebular and Balmer lines should perhaps be 
examined more carefully. 

2. The ratio of the maximum flux of the M- component to the infrared flux at 
2.2 p is between 2 and 4 for Seyfert galaxies without H- components. For 
galaxies with H- components this ration is larger by an order of magnitude. 

3. In NGC 1068 the turnover in the M- component occurs around 400 MHz, and 
the size of the region emitting this component is 0 ".3. The size is 
smaller than the region producing nebular lines (0 ".5). If the regions 
are more or less concentric, the turnover in the M- component could be 
due to thermal absorption rather than to synchrotron self- absorption 
(Kurilchik 1969). The corresponding emission measure, NIS, is 1.4 x 
1024 cm-5 for Te = 104 °K from which we can estimate the electron density 
to be 100 cm-3. This is a rather low value for the nebular region; it 

assumes, of course, a uniform filling of the 0 ".5 region. Osterbrock and 
Parker (1965) find a density of not less than 4x 104 cm-3 from the [SII] 

lines and a density of about 2 x 105 cm-3 from the [Ar IV] lines *. The 
Ha emission yields Ne = 2 x 102 cm-3 if occurring in the same region. 

* Dibai and Pronik (1965, 1967) estimate the density in the nebular region 
to be 103 cm-3 and the temperature to be 17,000 °K, for this temperature the 
emission measure derived from the radio data is 2.9 x 1024 cm-5, see 

Table IV. 
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Table IV 

Properties of the nebular region derived from the emission 

measure derived from radio data for Seyfert Galaxies 

line spectra and the emission 

NGC Te -4 

x10 

( °K) 

Ne3 
x10 

(cm 

S 
18 

x10 
3) (cm) 

Optical data 

2 

NeS25 
x10 x109 
(cm 5) (Hz) 

Radio data 

2 M 
NeS25 v m 
x10 x109 

(cm 5) (Hz) 

1068 1.7 1 80 64 5.3 0.29 0.4 

1275 1.5 4 20 32 4.1 1.04 0.8 

3227 1.4 3 10 9 2.4 0.93 0.8 

3516 1.5 10 8 80 6.4 - - -- - -- 

4051 1.2 2 8 3.2 1.6 - - -- - -- 

4151 2.0 5 100 250 9.1 1.16 0.7 

5548 1.4 300 6 5400 140 - - -- - -- 

7469 1.4 5000 0.2 50000 400 4.02 1.6 

If, as Osterbrock and Parker (1965) suggest, not the entire volume in 

question is filled with ionized gas, but rather there are strong density 
fluctuations like clouds of ionized gas with Ne 104 cm3 occupying 10 -3 

of the total volume of the region, separated by neutral gas or vacuum, 
the emission measure of the ionized gas will still be more than two 
orders of magnitude higher than the value of 1.4 x 1024 cm-5, quoted 
above (which follows from the turnover frequency of 400 MHz). Disre- 
garding for the moment Balmer lines we can estimate, from that value 
of the emission measure, the fraction of the linear size of the nebular 
region occupied by condensations of ionized gas with Ne = 4 x 104 cm-3 
in which the forbidden lines are formed: the total linear extent of 
those condensations will be 1015 cm, which is 10-5 of the size of the 
nuclear region. It is evident that the Balmer lines cannot be formed 
within these condensations, because these parameters suggest far too 

little total emission. One possibility is that the Balmer lines could 
arise in a central region which is small compared with the size of the 

region giving rise to the radio M- component. This is consistent with 
a conclusion reached by Weymann (1970) from consideration of the 
effects of electron scattering in NGC 4151. 

4. For the most of the Seyfert galaxies only an upper limit to the size 

of the M- component is known (Wade 1968). It is not therefore possible 
to discuss in detail the relationship between the region giving rise 
to the M- component and the one responsible for the emission of forbidden 
lines. Table IV lists the properties of the nebular region, derived 
mainly by Dibai and Pronik (1965, 1967), Dibai, Esipov and Pronik (1967) 

and Oke and Sargent (1968). The table gives the electron temperature 
(Te) in °,K, electron density (Ne) in cm -3, size of the emitting region 
(S) in cm the emission measure (NeS) in cm -5, and the corresponding 
turnover frequency (y) in MHz. The table also gives the values of the 
emission measure (Ne2S) in cm-5, derived from the observed turnover 
frequency (4), quoted in Table III, under the assumption that the size 
of the radio region is not larger than that of the nebular region. It 

seems most desirable to perform high resolution observations of the 

M- component of Seyfert galaxies aimed at the determination of its angular 
size or at the lowering of its present upper limit (around 1 ".8). If 

the sizes are found comparable or smaller than the estimated sizes of 
nebular regions, as in the case of NGC 1068, it is evident from Table IV 

5 



that problems similar to those discussed above for NGC 1068 will arise 
during the discussion of the conditions in the nebular region. More data 
are necessary to allow a reasonable discussion of the topography and phys- 
ical conditions in various emitting regions in the nucleus of a Seyfert 
galaxy: nebular, Balmer, radio M- component and infrared regions, and, in 
some galaxies, radio H- components and coronal regions; and their mutual 
interaction. 

5. A coronal region, like the one proposed by Oke and Sargent (1968) in 

NGC 4151, would not have an effect on the radio spectrum of the M- component. 
In NGC 4151 the coronal region would be characterized by a temperature of 
106 °K and NéS3'1064 cgs, as indicated by the presence of [FeX] and [Fe XIV] 
lines. If it fills the 50 pc nucleus uniformly, its electron density will 
be 100cm 3 (Oke and Sargent 1968) and it will absorb the M- component sig- 
nificantly only below 40 MHz, and only if the radio emitting region is not 
larger than the coronal region. 

6. There is nothing peculiar about the L- component in the radio spectrum of 
Seyfert galaxies. This component in the spectra of NGC 1068 and 3C 120 has 
the index of 0.7, which is an average value for extended radio sources. 
The index for NGC 1275 is somewhat larger (1.3) and the slope in NGC 7469 
is very steep (a= 2.2). 

I thank Dr. F.D. Drake, Director of the Arecibo Ionospheric Observatory, for his 
hospitality, and Miss C. Cordwell and Mr. W.G. Fogarty for their work on data 
reduction. 
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