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INTRODUCTION

In this paper we review the observed infrared properties of the
general classes of active extragalactic nuclei with the purpose of
relating the observations to the mechanismsresponsible for the
emission processes. We will first give a summary of those observa-
tions which define the energy distributions and emission line ratios
of broad groups of objects. We will intersperse measurements of
specific features throughout the discussion that illustrate definite
emission mechanisms.

OBSERVATIONAL DATA

The shapes of the observed continuum energy distributions of the
nuclei of active galaxies are well established and have been available
in the published literature of the past few years. A summary of the
typical energy distributions of extra galactic sources has been given
by Rieke and Lebofsky (1979a) (Figure 1), who give extensive references
to early work.

Although the general shapes of the energy distributions are given
in Figure 1, studies of extensive numbers of objects show significant
differences between the spectra of different objects within one class.
Figure 2, from Rieke (1978),shows the spectral distributions of a
number of Seyfert galaxies out to 10 pm from his study of some 50
Seyferts. Although these show the same general increase in flux
density into the near infrared, significant differences are seen.

In particular, as noted by Neugebauer et al. (1976), the energy dis-
tributions of type 2 Seyferts rise relatively more steeply into the
infrared than those of type 1 Seyferts; significant exceptions are,
however, present. McAlary, McLaren and Crabtree (1979), from a smaller
sample, have divided the Seyferts into three groups on the basis of a
1-5 um study as shown in Figure 3; these correspond to (a) dominance by
the stellar continuum, (b) dominance by non-thermal power law component
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Figure 1., The infrared/optical/radio energy distributions of the
major classes of active galactic nuclei (from Rieke and Lebofsky 1979a).

or (c) intermediate cases which contain both components. They find
that for A ~ 2 um, type 2 galaxies are largely dominated by stellar
continua while the type 1 Seyferts generally show power law spectra in
the near infrared. Clearly these results are dependent on the dia-
phragm used for the observations, since larger diaphragms include more
of the stellar radiation, compared to the (nearly) pointlike nucleus.
All of the Seyferts which show strong X-ray emission also show evi-
dence of non-stellar emission.

The energy distributions of the quasars are generally typified by
that of 3C273 in Figure 1. Detailed near infrared measurements of
quasars by Neugebauer et al. (1979) again show significant differences
as is clear from Figure 4a and b which show the near infrared energy
distributions of low and high redshift quasars. There is no systematic
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difference between the near infrared energy distributions of radio
quiet and radio loud quasars. On the other hand, measurements of

quasars at 1 mm correlate extremely closely with the centimeter radio
observations (Ennis 1980). The differences between radio quiet and
radio loud quasars must therefore show up at about 100 pm.

The colors of a 'typical' quasar from 2 pm to 0.5 um can be gen-—
erated from the observed [1.6 pm] - [2.2 um] colors when plotted as a
function of red shift. The Caltech data on about 110 quasars are
shown in Figure 5, in which the type of survey by which the quasars
were found is shown qualitatively. It is seen that within the present
sample quasars have similar colors as a function of redshift, inde-
pendently of how they were discovered, except, perhaps, at the lowest
redshifts where those quasars selected from radio surveys have higher
H-K values than those found from optical and X-ray surveys. From
the histograms it appears that, although there is a spread of *0.5 mag
in quasar H-K colors, the energy distribution of 3C273 is 'typical" of
quasars at all redshifts. The results of Hyland and Allen presented in

this conference agree qualitatively with those of Figure 5.

The continua of the final category of violent extragalactic ob-
jects, BL Lac objects, are characterized by a much smoother- shape than
either the Seyferts or quasars. Observations of their energy distribu-
tions are difficult because of their rapid variability which is appar-
ently correlated between the visible and infrared. Figure 6 shows the
energy distribution of several BL Lac objects from the visual to radio
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Figure 2. The infrared/optical energy distributions of Seyfert nuclei
(from Rieke, 1978).
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OBSERVATIONS OF SEYFERT GALAXIES
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Figure 3. The near infrared energy distributions of Seyfert and
emission line galaxies (from McAlary, et al.1979). Box (a) shows the
Seyferts with stellar like energy distributions; (b) shows the energy
distributions of emission line galaxies; (c) shows the Seyferts with
power law spectra; and (d) shows Seyferts with continua intermediate
between (a) and (c).

wavelengths as obtained by O'Dell et al. (1978). The apparently smooth
distribution is typical of BL Lac itself and at least several of the
brighter BL Lac objects.

Recently Rieke, Lebofsky and Kinman (1979) have observed the near
infrared radiation from a number of flat-spectrum radio sources in pre-
viously unidentified fields; the fluxes are shown in Figure 7. These
objects have far steeper optical-infrared continuum distributions
(F. av™°) than any other known quasars or BL Lac objects (3C 68.1 comes
closest to matching the slope of these sources and has a spectral
index o 2.1). Rieke et al. noted the large variability of several of
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these objects and placed them in the class of the optically violently
variable quasars. Recently Aaronson and Boroson (1980) have reported
visual spectroscopy of one of these objects, 0406 + 121, and Soifer,
Neugebauer and Matthews have obtained near infrared spectra of two of
these objects (1413 + 135 and 0406 + 12). None of the spectroscopic
work indicates any evidence for emission lines; this, plus the large
variability, suggests that these objects form the extreme red end of
the BL Lac class of objects. Another interesting property of these

objects is the significant change in continuum slope as a function
of brightness illustrated in Figure 8.
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Figure 4. The infrared/optical energy distributions of low (box a)
and high (box b) redshift quasars (from Neugebauer, et al.1979). The
fluxes are plotted in the rest frame of the quasars.
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Figure 5. The observed H-K colors of quasars plotted in histograms
for the redshift ranges shown. Those quasars discovered via optical,
radio, and X-ray techniques are shown in separate boxes. For quasars
in the appropriate redshift ranges, color corrections have been applied
for Ho, HB, and [0III] emission in the H and/or K bands, taking the
mean equivalent widths of these lines from the work of Soifer, et al.
(1980a). The vertical tic mark indicates the H-K color 3C273 would
appear to have at the mid-range redshift of each histogram. The data
on 3C273 are from Neugebauer, et al. (1979).

In recent years, increased emphasis has been placed on observa-
tions of the hydrogen emission lines in quasars red-shifted into the
near infrared wavelengths. These measurements, which follow the pio-
neering work of Baldwin (1977), should provide a means of studying the
clouds where line formation takes place. The most extensive studies
in the infrared have been made by Puetter et al. (1980) and by
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Figure 6. The energy distributions of selected BL Lac objects from
the radio through the optical range (from 0'Dell, et al. 1978) All
the observations of a given object reported here were obtained within
a few months of each other. Even over this time span substantial
variability can be seen in the observations of 0735+178, 0J287, ON231,
and 1308+32.

Soifer et al. (1980a); Figure 9 shows their combined data on the
Pa/Ho/HR line ratios in quasars. In Figure 10 the La/Ha ratio is

shown as obtained for both high and low red-shift quasars. Preliminary

data on the Pa/Ho/HB ratios for Seyfert galaxies obtained from

Mauna Kea (Soifer et al. 1980b) are shown in Figure 11. The
differences, which will be discussed below in the context of the dust
content of the nuclei, are striking.
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Figure 7. The near infrared/optical energy distributions of a class of
radio sources having very steep infrared/optical spectra (from Rieke,
Lebofsky, and Kinman, 1979).

DISCUSSION

The main question that we wish to discuss is what mechanisms are
responsible for the observed infrared continuum emission in the Sey-
ferts, BL Lac objects, and quasars. The main mechanisms that have been
mentioned as potentially producing the infrared emission are thermal
emission by dust in the nuclei, and incoherent synchrotron emission.
Other emission mechanisms such as synchrotron self-Compton emission
and multiple Compton scattering by dense nonrelativistic plasmas are
generally thought to be inapplicable as the infrared emission mechanism
(e.g., Jones, et al. 1980, 0'Dell 1978).

Examples where thermal emission by dust and incoherent synchrotron
emission are thought to be the sources of the observed infrared flux
can be found in the observations of several classes of active galactic
nuclei. The most straightforward example of thermal emission by dust
producing the infrared radiation is in the type 2 Seyfert nuclei, arche-
typical of which is the Seyfert galaxy, NGC 1068.

The energy distribution in NGC 1068, as shown in Figure 1, is

quite similar to that seen in M82 and galactic H II regions where there
is no doubt that the mechanism producing the infrared radiation is
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Figure 9. The Pa/Ha/HR line ratios in low redshift quasars. The data
are from Soifer, et al. (1980a) and Puetter et al. (1980). The B in the
figure indicates the position of the Case B recombination valve. The
arrow marked reddening indicates the effect normal interstellar
reddening would have on the Case B value. The line marked Pa/HR =
Const is the deviation expected from Case B in the case of collisional
excitation when the Balmer lines are optically thin.

NGC 1068 in the infrared, the current consensus is that there is no
evidence for variability in the infrared emission in NGC 1068. This

is therefore consistent with (but does not prove) thermal dust emission
models.

In addition to the photometric and angular size measurements,
there is spectroscopic evidence for the presence of dust in the
nucleus of NGC 1068. It has been known for over a decade (Wampler,
1968) that the S II lines appeared reddened in the nucleus of NGC
1068. Wampler (1971) and Shield and Oke (1975) have also found that
the Balmer decrement is large in NGC 1068, possibly (but again, not
necessarily) implying the presence of dust in the nucleus of this
galaxy. Recently Neugebauer et al. (1980) have shown that the
observed strengths of all of the hydrogen emission lines from La to
Pa, of He II 1640,4686, and of the S II 4072,10320 lines are consistent
with normal line ratios and reddening by ~ 1.5 mag of visual extinction.
Kleinmann, et al. (1976) have obtained a spectrum of NCG 1068 from
8 - 13 um that shows evidence for silicate absorption, indicating
that the 10 um source is viewed through a large column density of
obscuring material.

In summary, the observational evidence has pointed to the
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thermal emission by dust. The continuum slope from 1 to 20 pum,

a~ -3, is much steeper than that seen over the same wavelength range

'in any source where non-thermal mechanisms are thought to dominate;

the continuum slope in the visual is sometimes found to be steeper

than this, but even in these cases, e.g. 0235 + 164, 3C 68.1, the
continuum slope in the infrared is much less than at visual wavelengths.

Perhaps the strongest argument in favor of a thermal dust model
in NGC 1068 is the measured size of the infrared source. Becklin
et al. (1973) measured the diameter of the 10 um source to be 1" or
90 pc. This is quite readily explained if the 10 um flux is from dust
grains heated by a central ionizing source. It is difficult to
understand this observation if the infrared source is somehow related
to the non-thermal source observed at optical and ultraviolet wavelengths.
Hildebrand et al. (1977) have shown that if the far infrared source
is a thermal source, it must be at least 5" in extent, and Telesco,
et al. (1980) have shown that 207% of the 20 pm flux from NGC 1068
is from a region larger than 3" (260 pc) in radius, consistent with the
thermal models of the far infrared and submillimeter emission from
this object.

Observed variability is often used as an argument against thermal
dust emission models, since observed time scales of variability are
often much less than that required in such models. Although in the
past there has been controversy over the possible variability of
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Figure 8. The near infrared energy distributions of three of the
objects observed by Rieke, Lebofsky, and Kinman (1979). The energy
distributions show significant changes in shape with time. The data
noted as UA are from Rieke, et al.; the data noted as CIT are
unpublished observations of Soifer, Neugebauer, and Matthews.
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conclusion that the mechanism producing the infrared emission in the
archetypical type 2 Seyfert galaxy NGC 1068 is thermal emission by dust.
In addition, Rieke's (1978) study of Seyfert galaxies shows that the
other type 2 Seyfert galaxies are similar to NGC 1068.

In contrast to the case of NGC 1068, the observational evidence
over the last few years suggests that in the BL Lac objects the
infrared emission is due to incoherent electron synchrotron emission.
The evidence for this is basically guilt by association. As best as
can be determined, the infrared properties of BL Lac objects are
identical to the optical properties of these objects, and since the
optical emission is probably due to incoherent electron synchrotron
emission, the same must be true for the infrared emission.

Figure 1 shows the energy distribution of the BL Lac object
A0 0235+ 164 at maximum light in its outburst of 1976 while Figure 6
illustrates the energy distribution of several BL Lac objects extending
from the radio through the optical. All these objects show an energy
distribution that is relatively flat through the radio, with a
steepening to shorter infrared and optical wavelengths. Such behavior
is expected of a synchrotron source which has multiple components at
longer wavelengths, becomes optically thin to synchrotron self absorption
at ~ 1 mm, and reverts there to the classical power law flux distribution
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Figure 10. The Lo/Ho line ratio plotted vs. the continuum spectral
index o for quasars. The open circles are for the low redshift quasars
3C273 and PG0026+129. The diamond is a high redshift quasar from
Puetter, et al. (1980). All other data are from Soifer, et al (1980a).
The arrow indicates the effect increasing external reddening would
have on both the lines and continuum, starting with a specific

intrinsic spectrum.
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of an optically thin synchrotron source. The steepening at near
infrared and optical wavelengths is taken as indicative of increasingly
rapid energy loss in the highest energy electrons.

Related to the energy distributions are the polarization properties
of these objects. Although the polarization properties of BL Lac
objects are well studied optically (see Angel and Stockman 1980 for
a review) there has been comparatively little work on the polarization
properties of the infrared emission in BL Lac objects. Where studies
are available (e.g. Knacke, Capps, and Johns 1976, 1979, Rieke, et al.
1977, Moore, et al. 1980, and Puschell and Stein, 1980), it is
generally found that the strength and position angle of the infrared
radiation agrees with that found visually, although there are notable

exceptions.

By far the most stringent arguments against thermal emission
from BL Lac objects comes from their observed variability. Figure 12,
from Rieke and Lebofsky (1979a), shows the variation at 2 um of the
Bl Lac object AO 0235 + 164. 1f this object is at a distance inferred
from observed absorption line red-shifts, the observed variations
are many times faster than allowed for emission from a thermal source.
Again the similarity in the optical and infrared variability of
A0 0235 + 164 leads to the almost inescapable conclusion that the same
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Figure 11. Same as Figure 9 with the addition of observations of Seyfert
galaxies from Soifer, et al. (1980b). The tics along the reddening

line show successive amounts of AE(B-V) = 0.1. Note all the Seyfert

II nuclei and many of the Seyfert I nuclei follow this track.
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Figure 12. The variability at 2 um (and 10 pm open boxes for 3C273)
of a variety of extragalactic sources (from Rieke and Lebofsky, 1979a).

emission mechanism is at work in both cases. Figure 13 shows Caltech
observations of BL Lac itself and 0J287, measured over the same time
scales. There is no evidence for variability in the infrared colors,
and therefore the spectral energy distributions, as the continua
vary by several magnitudes. This is in contrast to the variable
energy distributions seen in the objects discovered by Rieke, et al.
(Figure 8).

While it is true that the observed variability in objects such as
0235 + 164 (Rieke, et al. 1976) and 1308 + 326 (Moore, et al. 1980)
stretches the incoherent synchrotron models to their limits and may
in fact require non-isotropic emission processes (e.g. Blandford
and Rees, 1978) the evidence seems overwhelming that the same emission
process is powering the optical, infrared, and radio emission in
these objects.

While type 2 Seyfert galaxies and BL Lac objects present the
two extreme types of luminous infrared emitters, and appear to present
clear-cut evidence for two distinct infrared emission mechanisms,
the situation for type 1 Seyfert galaxies and quasars is by no means
as clear-cut.

In the case of the quasars, a distinction can be made in the
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Figure 13. The time history of the K Magnitude and the H-K color for
the BL Lac objects BL Lac and 0J287, and the optically violently
variable quasar 3C345 (Neugebauer, et al., unpublished). For BL Lac
and 3C345 the K-N color is also shown, where it was observed.

class of quasars known as optically violently variable. The members

of this class which have been extensively observed at infrared
wavelengths, 3C279, 3C345, 3C446, and 3C454.3, all show a high degree
of polarization and variability at 2 um of greater than 1 magnitude
over time scales of several years (Neugebauer, et al. 1979); Figure

13 illustrates the 2 um flux measured by the Caltech group of the
quasar 3C345. The range in observed flux is nearly as large as for the
BL Lac objects 0J 287 and BL Lac, with similar variability time scales.
Angel and Stockman (1980) have argued that these violent variable
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quasars also have the ''simplest'' power law energy distributions among
the quasars, show significant polarization and thus present an
extension of the BL Lac class of objects. Similar arguments apply
here for the efficacy of the incoherent synchrotron mechanism to
produce the infrared emission.

The non-violently variable quasars by definition do not show
large variability, and do not show a large degree of polarization,
either at optical or infrared wavelengths (Stockman and Angel 1978).
While the infrared energy distributions of these quasars are more
complex than those of the highly variable quasars, and show a
decrease in slope between 3 and 10 pm, the energy distributions still
do not bear any strong similarity to those sources that are believed
to show a thermal emission spectrum, and are quite similar to the
energy distributions of the "simple spectrum' quasars and BL Lac
objects. The energy distribution of 3C273, the best studied quasar
at infrared wavelengths, is shown in Figure 1. There is no evidence
for any significant excess above an extrapolated power law spectrum
Fy av™* between 20 pm and 1 mm. Again this argues for the incoherent
synchrotron mechanism. Figure 12 shows the time history of the 2 um
flux from 3C273. No positive evidence for variability can be seen
from these data.

Other observations that have searched for evidence that indicates
the association of dust with quasars have been mostly negative.
Searches for reddening induced effects on quasar spectra have been
negative. Searches of the optical spectra of quasars of moderate to
high red-shift have found nearly no evidence for the 2175 )3 absorption
typical of galactic type dust. Recent studies of the hydrogen lines
in quasars (e.g., Soifer, et al. 1980a;Puetter, et al. 1980); (Figure
9), indicate a general weakening of Pa with respect to Ha as the
Balmer decrement increases. The arrow in Figure 9 indicated the
track that would be followed if the Pa/Ha and Ho/HBR ratios were
defined by extinction due to dust in the line emitting region. The
observations clearly seem inconsistent with the presence of dust
either mixed with the line emitting gas or in the line of sight to it.
Furthermore, the Pa/Ha ratio is generally less than that expected for
a typical H II region (Case B), again inconsistent with reddening
by dust.

The observations of Figure 10 show that the high and low red-shift
quasars share the anomalous La/Ha line ratio first suggested by
Baldwin (1977). Several authors have suggested that this is in fact
due to external reddening. ' The fact that the low and high red-shift
quasars share this property forces the reddening to be local to the
quasar. There is a marginal correlation of continuum spectral index
with La/Ha ratio, seen in Figure 10, that would be consistent with this
model, but this is at best a very weak correlation. Furthermore,
the lack of a strong infrared excess in 3C273 as seen in Figure 1
appears to be inconsistent with this result.
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NORMALIZED BRIGHTNESS

Figure 14. The time history of the infrared flux from Seyfert I
galaxies (from Lebofsky and Rieke, 1980).

In contrast to the above arguments, evidence for dust in 3C273
has been given by Allen (1980). The emission is attributed to the
3.3 pm emission feature of unknown origin seen from many galactic dust-
containing regions (see e.g. Russell et al. 1977). The detection of this
feature in 3C273 is of low enough signal to noise to warrant confirming
observations. If confirmed this would provide strong evidence for
some thermal dust emission in quasars. Furthermore, Hyland and
Allen (this conference) argue that the energy distribution of quasars
steepens into the infrared between 1 and 3 pm in a way consistent
with a hot dust component.

In summary then, the evidence as it now stands must favor non-
thermal emission mechanisms to produce the majority of the infrared
flux in quasars, although the evidence is mostly circumstantial, and
not as strong as one would like. Furthermore there are data which
show that in some quasars dust is in fact present.

The last class of active nuclei that we want to discuss is the
type 1 Seyfert galaxies. These galaxies have long been thought to
bear significant morphological resemblances to quasars and the
energy distribution of the type 1 Seyfert galaxy NCG 4151 is included
in Figure 1. This energy distribution is seen in the infrared to
resemble more closely that of the quasar 3C273 than that of the
Seyfert galaxy NCG 1068. This might be taken as an argument favoring
non-thermal emission, and indeed several authors (Stein and Weedman
1976, Neugebauer et al. 1976, McAlary, et al. 1979) have made such
arguments. On the other hand, Rieke (1978) has interpreted this
distribution as a sum of power law (ultraviolet), stellar, and thermal
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infrared components and has shown that this interpretation, with a
significant thermal component, is usually capable of fitting the
observations.

Because both interpretations are possible, the energy distributions
cannot be decisive evidence in favor of any emission mechanism,
and other evidence must be found. Since the polarization in Seyferts
is generally weak (Angel and Stockman 1980), this cannot be used as
positive evidence for any emission mechanism.

High variability has often been used as an argument in favor of
non-thermal emission mechanisms, but in type 1 Seyfert galaxies the
observed time scales for infrared variability are compatible with the
thermal dust emission mechanism. Recently Rieke and Lebofsky (1979b)
and Lebofsky and Rieke (1980) have reported variability of Seyferts
that far exceeds the errors in the observations. This variability
is shown in Figure 14; unpublished observations at Caltech appear to
confirm this variability. Rieke and Lebofsky and Lebofsky and Rieke
have argued that the observed variability time scale in type 1 Seyfert
galaxies is consistent with thermal emission models. Indeed, they find
an increase in the infrared emission from the nucleus of IIIZw2 in late
1979, about two years after the large optical -UV- radio outburst in
this galaxy, to be consistent with thermal dust emission at a distance
of 2/3 pc from the central source.

Spectral features in the infrared emission itself support the
model of thermal dust emission providing a significant contribution to
the infrared flux in type 1 Seyfert nuclei. Rieke (1976) has reported
that the 10 um spectrum of Mk 231 shows absorption characteristic of
silicate dust. While this only proves the 10 um source is obscured by
dust, it can be taken as evidence for thermal emission at 10 pm.
Recent spectroscopic observations of Mk 231 at 10 um by Jones, et al.
(1980) and Gillett (private communication) show a suggestion of an
emission band at 11.3 pum in the rest frame of Mk 231. If this is
confirmed, it would provide direct evidence for thermal emission
in this type 1 Seyfert galaxy, since the 11.3 pi. feature is identified
with thermal dust emission in galactic infrared sources.

More potential evidence for thermal emission in NGC 4151 comes
from Cutri and Rudy (1980) who report observations of an emission
feature at 3.3 pm which they attribute to the feature commonly
associated with thermal emission from dust in galactic sources.

The most straightforward interpretation of this observation, as thermal
emission by material similar to that found in infrared sources in the
Galaxy, is made difficult by the absence of a corresponding 11.3 pm
feature (Jones et al. 1980 Gillett, private communication). If,
however, this interpretation is confirmed, it would again provide

proof of significant thermal emission in a type 1 Seyfert galaxy.

Indirect evidence that thermal dust emission may be important in
Seyfert nuclei comes from spectroscopic observations of the hydrogen
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lines in the spectra of Seyfert galaxies. Figure 11 shows the

Pa/Ha/HB ratio for a sample of Seyfert galaxies (Soifer, et al. (1980b).
This plot shows that a significant number of the hydrogen line ratios
appear to be affected by reddening in the line of sight to the line-
emitting regions. This behavior is in fact distinctly different from
that of quasars, which show no such effect (see Figure 9).

Thus, in the case of the type 1 Seyfert nuclei, the evidence seems
to be increasing that in many instances at least a significant fraction
of the emitted infrared radiation is due to thermal dust emission.

This is almost certainly a contrast to quasars, where there is no
compelling evidence for thermal dust emission contributing predominately
to the observed infrared flux.
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DISCUSSION FOLLOWING PAPER DELIVERED BY B. T. SOIFER

STEIN: Optical spectropolarization studies of the nucleus of NGC 4151
indicate the presence of dust. However the amount of dust is much less
than in the case of NGC 1068, for example, from various points of view.

THOMPSON: To your list of properties that indicate dust in NGC 1068
you should add what Steve Beckwith stated in his review, that the
ratio of 2 ym H, emission-line luminosity to the far infrared lumi-
nosity was the same in Orion as in NGC 1068. NGC 4151, which probably
has less dust than NGC 1068, does not show that line.

RIEKE: The tendency for the QSO spectral indices between optical and
infrared to lie near -1 is at least partly due to selection. When
indices are measured for flat-spectrum radio sources selected for
radio brightness (irrespective of optical-infrared brightness), the
indices have a broad distribution from O to -3.

SOIFER: We may be seeing that effect in the histogram I showed

[Figure 5], where there is some suggestion of a tendency for the radio-
selected quasars to be slightly redder on average than the optically-
selected ones.

BECKLIN: Has anyone measured at A > 2.2 um the steep blank-field QSOs
first measured at 2.2 ym by Rieke et al.?

SOIFER: Beichman has attempted to measure several of them, but has not
detected any.

LEBOFSKY: One of the very red QSOs has been measured at wavelengths
longer than 2 um; 1413+135 has been measured from 3.5 um to 10 um,
and the spectrum at 3.5 um already falls significantly below a power-
law extrapolated from the 1-2.2 um data.

BECKLIN: You should not leave the impression that all of the infrared
emission in Seyfert Galaxies is thermal radiation from dust, especially
at A < 10 ym. A significant infrared nonthermal source is not ruled
out.

SOIFER: At least a majority of the infrared flux is probably thermal,
although there is clearly a non-thermal source as well, especially in
the optical and U-V.

RICKARD: There was once a problem with the steepness of the submilli-
meter spectrum of NGC 1068, which because of strong upper limits at

1 mm was too steep to be thermal emission.

SOIFER: To the best of my understanding the infrared spectrum is
completely consistent with thermal emission.
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TOVMASSIAN: You presented convincing evidence of nonthermal emission
of BL Lac objects and quasars. Are there any explanations of the
origin of synchrotron emission in these objects? 1Is it not the
explosion in the nucleus which causes their radio emission?

SOIFER: I refer this question to Wayne Stein.

STEIN: I would rather not be burdened with the task of explaining the
ultimate source of energy at this time.
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