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ABSTRACT

A very large-amplitude change in the visual wavelength flux from the radio galaxy 3C 382
occurred on a time scale of about a month during mid-1977. The infrared flux was constant
during the onset of the outburst, but showed an increase at 2.28 um about a year later. Such
activity strongly suggests that the observed infrared radiation does not originate in the same
component as the visual wavelength radiation. Extension of the spectral-flux distribution to 10
um shows a flattening between 2.20 and 10 um. A plausible origin for the infrared flux long-
ward of 2.20 um is thermal reradiation by hot dust.

3C 382 has nonstellar visual and infrared continuum
emission (O’Dell et al. 1978), like many other active
galaxies. An interesting characteristic of the object is
that a compact flat-spectrum radio source is coincident
with the visual-infrared nucleus (Riley and Branson
1973). Yet, as in most radio galaxies, the radio emission
originates predominantly in extended, steep-spectrum
components. The optical spectrum shows very broad
(FWOI ~ 25000 km s~!) Balmer lines with much
narrower cores at the same redshift (z = 0.0578) as
narrow forbidden lines and at least two components in
the continuum—a steeply falling power law from 0.4 to
0.7 um (F, « v=2, not corrected for Galactic reddening)
and a relatively flat component showing up as an ultra-
violet excess (Osterbrock, Koski, and Phillips 1976).

Visual and infrared photometry of 3C 382 is sum-
marized in Table 1. Data have been included from the
University of Minnesota 1.5-m telescope on Mt. Lem-
mon, Arizona (previously summarized by O’Dell et al.
1978 and Puschell 1979); the University of Minnesota
0.76-m telescope at Marine-on-St. Croix, Minnesota;
and the NASA 3-m Infrared Telescope Facility (IRTF)
on Mauna Kea. The correction for Galactic extinction
(Ay = 0.29) was determined using the method of Bur-
stein and Heiles (1978). In order to concentrate on the
continuum spectral fluxes, emission lines were subtracted
from the broadband visual measurements by convolving
the filter response curves with the line fluxes measured
by Osterbrock, Koski, and Phillips (1976).

An outburst in the visual-wavelength fluxes began in
mid-1977 with a time scale of about a month. Photo-
graphic photometry reported by Aksenov and Kurochkin
(1978) suggests that this outburst was preceded by a
gradual increase in the photographic passband between
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September 1976 and May 1977. As shown in Table I and
Fig. 1, a high visual flux level was measured as late as
September 1978. Whether or not the increased flux level
persisted throughout the entire period from June 1977
to September 1978 is not known from this work because
the data are so scattered in time. A flux substantially
smaller than the outburst level was measured in May
1980. Figure 1 illustrates that no measurable change in
the 2.28-um flux occurred during the onset of the out-
burst in 1977, but that a substantial increase at 2.28 um
was observed about a year later (¢y,; ~ 3.5 yr). The 2.20-
and 3.50-um fluxes continued to be relatively high in
August 1980, even though the level of visual activity was
lower in May 1980. This behavior argues strongly in
favor of separate components for the visual and infrared
fluxes longward of 2.20 um. The strong aperture de-
pendence of the 1.25- and 1.65-um fluxes and the fact
that the outburst was not a major event in this region
imply the emission at J and H is dominated by star-
light.

The time scale of the onset of the outburst at visual
wavelengths implies the emission originated in a compact
volume (R ~ 10'7 cm). The data in Table I show that the
largest fractional increase in flux due to the outburst
occurred in the bluest visual bands. Considering the size
of the increase at 0.69 um, it is surprising that the out-
burst did not show up clearly at 1.25 and 1.65 um. This
suggests that the spectral flux distribution of the out-
bursting component was flat or rising with frequency,
leading to the possibility of a long-wavelength cutoff to
the outburst and the very speculative notion that the
observed increase in the visual bands was actually the
long-wavelength counterpart of an event at higher
energies. IUE observations by Longair and Perryman
(1980) scattered from 13 May 1978 through 13 June
1980 do show evidence for variability in the continuum
flux at 1450 A. However, the ultraviolet measurements
and the results presented here do not correspond very
closely in time, so it is not possible to show that the op-
tical brightening observed in 1977 was related to activity
in the ultraviolet. Nevertheless, HEAO-1 observations
© 1981 Am. Astron. Soc. 16

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


http://adsabs.harvard.edu/abs/1981AJ.....86...16P

PI

FIOBIAT.C .86 .71

TABLE I.

Visual-infrared spectral fluxes (in milliJanskys) for 3C 382.
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FIG. 1. poF,, vs time for the 1977-1978 outburst of 3C 382. The
o © squares represent data at Ao = 2.28 um (vo = 131 THz), the triangles
§ —o = - - ° represent data at Ao = 1.65 um (v = 182 THz), and the circles rep-
2 j j 2g j 2 g resent data at Ag = 0.36 um (vo = 845 THz).
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by Dower et al. (1980) showed that 3C 382 was brighter
e S 2 by a factor of 2 to 3 in the x-ray region (2-10 keV) dur-
2 +H H O+ H ing October 1978 than in the mid-1970s Ariel V mea-
o ® 22 ) surement reported by Elvis et al. (1978).
- The apparently gradual increase in the 2.28-um flux
following the onset of the outburst implies that the
£l 9% 2 g 3 2.28-um emission originated in a relatively extended
34 HH H H +H = emission region near the compact .Vis.ual-wavelength
2|2 o oo - source, such as a thermally reradiating dust cloud.
= - Thermally reradiating dust accounts very well for the
infrared emission from the Seyfert galaxy NGC 1068
<« NN o e (Jones et al. 1977) and may be present in other active
el = Loy @ ; y )
3 3 T galaxies as well (e.g., Lebofsky and Rieke 1980 and
2l e oa =~ =m o« © Puschell 1980). The time scale for a substantial change
i me e =T in flux from a hot dust cloud is roughly the light travel
time across the dust cloud, since the heating and cooling
£lQ - 2 3 times for the dust grains are insignificant. From the
Pl Y HH4 4 H S simple equilibrium condition for an optically thin dust
S| % = 0 © cloud (see Jones et al. 1977 for a more general treat-
ment),
g < g 203 o €a 2 wr2=¢.0T* 47r?, (1)
o | H HH H 2
s a PEARIE- N where ¢, is the absorption efficiency, ¢, is the reradiation
= efficiency, L is the luminosity of the source of heating
. é photons, R is the size of the dust cloud, and r is the size
22 % O G\ 9090 3090 3090 3090 \O = 00 g of the dust grains, it follows that
3 s T =20(L/R*)'/3 ()
2 for € « A='and A\, ~ 0.3 um. For 3C 382, R ~ ct32#m
5| & $3X10"¥cm,and Lyy 2 3 X 10*ergs™!,sothat T 2
N 6 e 3 E 700 K. Thus, the idea that hot dust is responsible for
AR El o most of the near-IR radiation from 3C 382 is self-con-
2 El2R285%25382 0 % N sistent in the sense th_at the observed UV luminqsity of
C=|ggesg88855235583| Y the source and the time scale for 2.28-um variations
CCCERRRRERREESE T predict a temperature for dust causing it to reradiate in

the near-1R.
For dust reemitting at 10 um, Eq. (2) and the above
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F1G. 2. The visual-infrared spectral flux distribution at 3C 382. The
circles refer to measurements obtained through an 18” aperture at the
Mt. Lemmon Observing Facility during July 1978. The triangle refers
to the 2.28-um flux level before the outburst appeared at that wave-
length. The square represents a 10-um measurement made at the
NASA 3-m IRTF.

parameters predict a variability time scale of ~20 yr.
Thus, if the 10-um flux is from somewhat cooler dust
around the nucleus, Fig. 2, showing the 0.36-2.3-um
spectral fluxes for July 1978 and the 10-um spectral flux
for May 1980, may be reasonably thought of as repre-
senting the visual-infrared spectral flux distribution
during mid-1978.* The flattening of the spectral flux

* The difference in aperture size is probably unimportant, because the
6” aperture used at 10 um includes the inner 7 kpc of 3C 382 and thus
practically all of the 10-um emission, considering the infrared emission
from active galaxies is always concentrated toward the nucleus (e.g.,
Rieke and Lebofsky 1979 and references therein).

distribution between 2.3 and 10 um may be due to 3C
382 entering an active phase at short wavelengths only
recently, resulting in the 10-um emission not yet having
had time to “catch up” to the 2.3-um emission. This
conjecture is supported by the general increase in vi-
sual-wavelength fluxes through the 1970s as inferred
from the results of Sandage (1972), Aksenov and
Kurochkin (1978), and this work. Studies of archival
plate collections could determine whether or not 3C 382
has recently entered a relatively active phase at optical
wavelengths. Another possible explanation for the
turnover is that the dust is strongly concentrated toward
the central heating source, so that most of the energy
reradiated in the IR is from very hot dust.

In summary, a large increase in the visual-wavelength
flux from 3C 382 occurred with a time scale of about a
month during mid-1977. The infrared fluxes remained
constant during the onset of the outburst, but showed an
increase at 2.28 um about a year later. Furthermore, the
2.20- and 3.50-um fluxes remained relatively high in
August 1980, even though the level of visual activity was
lower in May 1980. The extension of the spectral flux
distribution to 10 um shows a flattening between 2.20
and 10 um, suggesting that 3C 382 may have recently
entered an active phase, or the putative dust is strongly
concentrated toward the heating source. Such behavior
constitutes strong evidence for the presence of thermally
reradiating dust in the nuclear regions of the broad-line
radio galaxy 3C 382.
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