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Abstract. The strong periodic optical flares of 0J287 are exears in the complete data series and of 1.1 years close to the
plained in terms of the increase in the beaming factor wherepoch of the 1983 optical flare.
precessing jet approaches the line of sight. The geometrical pa-0J287 is highly polarized, both at optical and radio wave-
rameters of the precession are determined from the kinematiealgths. The degree of linear polarization and its position angle
properties of the parsec scale superluminal features in the ¢change with time scales of hours to years. The optical polariza-
dio jet. The possible values of the Lorentz facidior the bulk tion appears to increase with decreasing flux densities, reaching
motion in the jet are constrained by the half-life of the opticatalues as high as 40% (Hagen-Thorn 1980; Smith et al. 1987,
flares. A moderate value, ~ 7, gives the best fitting to the Sillanpaa 1991). At radio frequencies the polarization of the to-
data. tal flux was never larger than 15% but individual VLBI features
presented values of more than 64% (Roberts et al. 1987; Aller et
Key words: galaxies: BL Lacertae objects: individual: 0J287 al. 1991), imposing serious constraints to the beaming models
galaxies: jets — radio continuum: galaxies — galaxies: magngitawthorne & Wardle 1988). A systematic change in the mean
fields — galaxies: photometry polarization angle was observed between 1971 and 1991, both
at radio and at optical wavelengths, the dispersion around the
mean value being larger at optical than at radio wavelengths
(Sillanpéa 1991).
1. Introduction 0J287 has also been detected at high energies. The X-ray

0J287 is a BL Lac object which presents violent optical VarJil_ux densities varied by a factor of three between measurements

ability. Its light curve, going back to almost 100 years, shoviPaced by several years. Upper limits obtained by HEAO 1 and

three different types of variability. The strongest flares, of moROSAT instruments increase this factor to 20 or more (Worral
than three magnitudes in the V band have a duration of a f&@l- 1982; Comastri et al. 1995; Urry et al. 1996). heay
months, almost constant color indices and very similar tempoFéF'SS'on was below the dete(_:tlon limit 9f the CGRO/EGRET
behavior (Sillanga et al. 1985). They occur with a periodicity'nStrument' eX(_:ept for a marginal detection at the epoch of the
of about 11.6 years and a total of 8 consecutive maxima werg24-1995 optical flare (Schrader et al. 1996). ,
already detected (Sillag et al. 1988, 1996). Variations of sev- _ At Parsec scales 0J287 has a very compact structure and it
eral months were observed in the recurrence period, and of fz§€duently used as a VLBI phase reference. As many other BL
magnitudes in the flare intensity. Another type of variabilit%?"z;C objects, it presents a one-sided jet, even thqugh extending
is represented by non-periodic flares of smaller amplitude ai®©nly 3 maswhen observedat5and 8.4 GHz, with afew knots

duration of a few days. Their spectral evolution resemble syg‘Panding at moderate superluminal velocities (Gabuzda et al.
chrotron flares from expanding, initialy compact and opticalfy?89: Gabuzda & Cawthorne 1996; Vicente et al. 1996). How-

thick regions (Kidger et al. 1991). Finally, low intensity flickerEVer closely spaced 43 GHz VLBI observations at the epoch of

ing is continuously present, sometimes with very short time p@-e 1,994 opticgl flare showed a large number of featu.res, ex-
riodicity (Carrasco et al. 1985; Goatez-Ferez et al. 1996). At tending up to distances of 2 mas from the core, expanding with

radio frequencies, good correlation is found between variabilf§f9¢ superluminal velocities (Marscher & Marchenko 1997).

at high frequencies and the occurrence of optical synchrot Hnilar results were obtained in the analysis of Geodetic 8.3
flares, with very little or no delay between them. However, tfgHZ VLBl maps at epochs 1990-1996 (Tateyama et al. 1999).

very strong periodic optical flares do not seem to have couf-” images show radio structure at a distance of 25 arc sec

terparts in the radio region (Valtaoja 1996). A detailed studfpm the core £ 90 kpc_)._ \_/e_ry high dynamical maps reveal
4n underlying curved tail joining both sources (Kollgaard et al.

of variability at radio frequencies was made by Hughes et &i. " .
(1998) using wavelet analysis. They found a periodicity of 18992 Perlman & Stocke 1994). This extended structure was

studied at optical wavelengths, both with ground based tele-
Send offprint requests 1@. Abraham scopes (Silargi et al. 1999; Heidt et al. 1999) and the HST
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(Jannuzi et al. 1997). The more reliable ground base obserVable 1.Properties of the VLBI jet in 0J287
tions (NOT and VLT) show a compact host galaxy which has

a small offset to the south with respect to the active nucle®@mp.  Bonsh n (deg) to (years)
Several models involving a binary pair of black holes have begh 28404 -100+10 19695+ 1
proposed to explain the observed optical periodicity. Model® 26+04 -120+10 1978.7+1
in which the optical variability period coincides with the ork3 3.2+ 0.4 -150+10 1983.3+1

bital period were proposed by Silla@ipet al. (1988) and Lehto
& Valtonen (1996). The optical flares would be produced by ) )
the interaction between the secondary, in a very eccentric or- The elapsed time between two events in the observer and
bit, and the accretion disk surrounding the primary black hoource framesAt¢ and At" respectively) are related by the
Katz (1997) suggested an alternative model, also based in a PAPpler factor as:
of black holes, the flares would be due to the increase in the,
beaming factor when a precessing jet passes very near the ‘fMe: 3(d, ) At (6)
of sight. The precession would be driven by the gravitational h
torque of the companion on the accretion disk of the primary
black hole. A similar model was used by Abraham & Cgrrgr@;@jw =711 - Beosg)L @)
(1998) and Abraham & Romero (1999) to explain the variation
of the superluminal velocities and position angles of the VLE|ng
features in the jets of 3C279 and 3C273.

In this paper the model is applied to 0J287. Although the= (1 — 32)~1/2 (8)
parsec scale structure and the kinematics of the superluminal
features do not define the jet as well as in 3C273 or 3C279, The precession period was defined in the observer frame as
the reliably determined optical period and the good tempoikl.6 years, the mean spacing between the major optical flares
coverage of the light curve during the last strong flares compdgillanpga et al. 1988). The phase of the precessing jet was
sate this deficiency. It was possible to obtain the geometri@gljusted in such a way that the epoch of minimum approach to
parameters of the precessing jet and its Lorentz factor. the line of sight coincided with the 1994.85 optical flare.

2. The precessing jet 2.1. The geometrical parameters

Let us consider a relativistic jet, with a bulk velocityprecess- 11€ geometric and kinematic properties of superluminal fea-
ing with constant velocity and periodl” around an axis which tures in the jet were used to determine the other parameters of

forms an angley, with the line of sight and having a projecteothe quel. It was as;umed thgt each feature moves o.ut ballis-
anglen, in the plane of the sky. The instantaneous position §flly in a straight trajectory with constant speed. In this case,
the jet is represented by the anglesnd 7 and the aperture the pOSItIOH. and viewing angles of each feature .represent the
angle of the precessing cone is definedaghe variation of corresponding angles of the jet at_t_he epoch at which the feature
these angles with the timt& measured in the frame fixed at th&V@s formed. The observed velocitigs,. depend, not only on

central source, can be expressed as (Abraham & Romero 19§%: Viewing angle and on the bulk velocity of the jet, but also
on the cosmological parameters used to convert the observed

77(15/) _ arctan% ) proper motioru into linear velocity:

B(t') = aresin [(a® + y?)] 2 @) o= T @ D[+ 1] ©)
100hqo%(1 + 2)

with

whereh = H,/100, Hy is the Hubble constant in units of km

—1 —1 ; i
z = (cossin go + sin 2 cos o sinwi') cos 7o — s~ Mpc*, qo the deceleration parameter andhe redshift

. . (z = 0.306).
—sinQcoswt’ sinng ©) The velocities, position angles and epoch of formation of
the superluminal components in the OJ287 jet were obtained
y = (cosQsin ¢y + sin Q cos ¢g sinwt’) sinng + from VLBI measurements at 6 and 3.6 cm (Roberts et al. 1987,

Gabuzda et al. 1989, Gabuzda & Cawthorne 1996) and are
listed in Table 1. The superluminal velocities were calculated

The viewing angles is not directly observable but it is relatedor » = 1 andgo = 0.5. Only three features (named K1, K2

+sin 2 cos wt’ cos g 4)

to the superluminal velocity of the components by: and K3) have observations in more than one epoch (3, 4 and 2
epochs, respectively), their position angles differ by as much as
Bsin ¢ 50° but their velocities are similar, imposing restrictions on the

Pobs = 1— Bcoso ®) possible models. Features K1 and K2, for which more than two
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Fig. 1.Superluminal velocitieB 3,15 as a function of the position angle Fig. 2. Superluminal velocities 3.5 as a function of time in the ob-

in the plane _of the sky for seyeral combination of the parametéxs servers reference frame for the combination of parameters presented
¢o andno which fitthe data points (K1, K2and K3) for= 7,8and 11. ;, Fig. 1

The numbers near the curves represent the value of the corresponding

n (deg)

parametety
a0 b
Table 2. Parameters of the precessing model 70 I
v Q(deg)  ¢o(deg) o (deg) g}
7 128406 154+1.0 -122+5 = el
8 13.6+£ 0.3 15.6+£04 -122+6 I
11 143+0.1 153+£0.1 -122+6 190 +
-230 : : : : : :
1965 1975 1985 1995
epochs are available, show constant velocity, compatible w.... Time

the assumption of ballistic motion. The position angles are MQER 3. Position angle in the plane of the skyas a function of time

difficult to determine due to the poor north-south resolution. FQy the observers reference frame for the combination of parameters
this reason we attributed to them error bars that represent gagsented in Fig. 1

variation of the reported values at different epochs instead of
the smaller errors obtained from the model fitting programs. K1
and K2 were formed at the intervals between two major flares

and their small velocities can be explained by large angles kﬁ?ﬁng also shows that the amplitude of the precessing afigle
tween the jet and the line of sight. K3, on the other hand, Was the viewing angle, decrease with

formed around 1983.3, very close to the epoch of a large op- It is interesting to note that, although the features used in

tjca_ll fIare,. when this angle was presumably small. _These fagis fitting have moderate superluminal velocities, the larger ve-
I|m!t considerably the p.aramete_rspe(@: ¢0’_770) in which, for locities reported by Marscher & Marchenko (1997) are pre-
a.given Lorentz factor, it is possible to obtain a good agreemefiliq by the models. In fact, as the jet approaches the line of

between the model and the observations. We did not use th%@\t, the observed velocity increases up to its maximum value,
GHz data of Marscher & Marchenko (1997) because only th 1 — v~2)1/2 and then decreases again as the viewing angle

distances to the core are available for the superluminal featur, tinuous to decrease. The Doppler factor, on the other hand,

and also because their identification in the different mapsis afi- o 1 s e continuously and reaches its maximum value when the
biguous, even though the observations were separated by g ¥orms its smallest angle with the line of sight. In this position

afew months. We used our model, instead, to interpret the dgfa, heaming of the radiation can originate the optical flares, as

as di_scussid in SECt'f.Z'_A" in th ‘ _will be discussed in the next section. It can also be observed
Fig. 1 shows the ftting, in t €fobs, n)-space,. Oh = thatthe position angles of the features found by Tateyama et al.
0.7, of three mpdels vyltm = 7,8and lllrespe.ctlvely. The 1999) change from-110° (C1, C2, C3) to about 90° (C6),
pa}rgmeters which define the models are Ilgted in Table 2. Eo in agreement with the present model. The reported veloc-
minimum value of the Lorentz factor for which a model coul ies, however, are much larger at all epochs. The reason could
be fitted ISy ~ 6. Figs. 2 and 3 show that the solutions also fBe the reduced number of features allowed in the model fitting,
the data in thehSons, t) and(n, t)-space. as can be seen when they are compared to the numerous 43 GHz

A different value of th? H.ubble.con.stant will change the, o res detected by Marscher & Marchenko (1997) at similar
parameters of the precessing jet which fit the VLBI data and t Eochs

optical light curve. A decrease iH| results in larger superlu-
minal velocities and, as a consequence, larger values foine
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optical emission, indicating that the underlying jet would not be
visible at optical wavelengths except when boosted.

2.2. Boosting at optical wavelengths

Since we found satisfactory models fpr> 6, the final specifi-
cation of this parameter was based on the behavior of the optical

light curve during the periodic flares. In fact, the increasé in2.3. Boosting at radio frequencies
as the jet approaches the line of sight produces boosting ofWg

diation in th iically thi t of th ‘ being t will investigate the behavior of the flux density at radio
radiation in the optically thin part of the spectrum, being hI?equencies. Let us assume that the turnover frequency between
possible cause of the periodic optical flares. The observed

: ytically thin and thick emission, in the underlying jet trum,
tensity has a dependence on the Doppler factor of the ot Hﬂncay N anc tnick emission, in te UNAerying Jet Spectrim

f di te feat nit+o f i ot M occurs at relatively low frequencies, like 37 GHz. We selected
or a discrete feature a ora co_n INuous Jet. Measure-y,;q frequency because there is available data, during and after
ments of the spectral index (S, o« v~%) in the optical part

of the spectrum showe ~ 1.5 at epochs of minimum inten the optical flare (Pietdl et al. 1999). In the quiescent phase,
o “the fl i i lating th ical
sity (Kidger et al. 1991) ang ~ 1.0 during the small bursts . -X density, obtained by extrapolating the expected optica

issi ith tral i =1 I hichi
(Hagen-Thorn 1980). Since we do not have direct evidencegcgrss'on' with spectral index = 1, would be 50 mJy, which is

its value for the underlying jet, we fixed it for each model ir(1’ ow the observed radio emission. Boosting will increase the
such a way that the half-width of the functioh®, with a > 0 ontribution of the jet to the total radio flux density by a factor

62te o (12)1/2 = 3.5, where we have used = —1.5 for the

coincides with t_he value observed in the periodic optical f!are&pticallythick spectralindex of a continuous jet. Therefore, even
We found solutions only fof < v < 8, and the corresponding

I f 0. Val ol than 8 Iti with boosting, the contribution of the jetto the total emission will
values oft > a > U. values oy largerthan o resuft in a very , . small, explaining the absence of a radio outburst associated
short half-life, even forx = 0, and values ofy smaller than 7

require extremely high values of tothe optical flare.
) . ) . It still remains to be verified why component K3, formed
Fig. 4 shows the behavior of the normalized funct#én<, ! ! veried why P

i he 1 fl he f M h
for v = 7 anda = 1, together with the light curve for thedurlng the 1983 flare, and the features seen by Marscher &

. . archenko (1997) during the 1994 flare do not present sig-
1994.85 flare obtained from the data arquive kept at Tuorla O 4s of boosting, even though, contrary to the jet emission, the

servatory. The behavior of the residuals representing the diff Rocked components are optically thin at radio frequencies. The

;ahnce betvvlt_a en dt]t\e Ott.) S;g\ﬁd Vhband_ ﬂltjr)]( dlensny (mt mf‘]{r)] a%lanation lies in the evolutionary nature of these features. If
€ normalized fUnctior » SNOwn In the fower part o the ey are formed by shocks propagating along the jet, they will
graph, is typical of the light curve before the flare (see Fig. 18 olve through the well-known Compton, radiative and adia-

SillangEa et al. 1996). batic phases, becoming optically thin at lower frequencies (e.g.

Inthe model, the ratio betyveen the maX|mumland MINMUBarscher 1990). In the latter phase, the intensity of the maxi-
values of the Doppler factor is 12, therefore the jet emission m in the spectrum varies as

boosted by a factor 1700. Considering that the maximum flux
density at the V band during the flare was 5 mJy above th@ (Vm) X vy~ “™ (10)
quiescent value, the non-boosted flux density between fIa@;

§

. ) ereayy, is the spectral index of the optically thick part of the
would be 3uJy. This value is much smaller than the measur ectrum. Since the flux density is always smaller thiatv,,)
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from the core in the first three epochs and for the 3 features
closest to the core in the last three epochs. Between these two
sets, nine other trajectories, shown as broken lines, correspond
to the same phase interval in the frame fixed at the source. Their
proximity reflects the rapid change in the Doppler factor, which
decreases the time scale in the observer reference frame and
also changes the observed superluminal velocities. Therefore,
a large number of features could have been formed in a small
time interval. In fact, Marscher & Marchenko (1997) pointed
out that the maps for the first three epochs showed well defined
discrete features, while the maps from the last three epochs
after the flare, presented a continuous distribution in flux den-
0.0 sity between 0.5 and 1.5 mas from the core. Also, we expect
1994.5 1995.5 1996.5 the evolution of these features to be faster, making difficult to
Epoch (years) identify them, even in closely spaced epochs. As in Marscher &
_ _ ) ‘Marchenko (1997), the size of the points in Fig. 5 is proportional
Fig. 5. Distance of superluminal features to the core as a functiog ihe observed flux density. The large intensity of the 0.2 mas

of time. Points represent the components found by Marscher .
Marchenko (1997). Their size is proportional to the measured flux dg%_ature in the Oct 1995 map could be the consequence of the

sity. The lines represent possible trajectories, spaceiybyn phase ;uperp_osition ofthe features in four very close trajectories, Qrig—
angle of the precessing jet obtained from the model with 7. Solid mqted In 1994;32’ 1994.92, 19_95'04 and 1_995'23 respectlvely.
lines correspond to epochs in which the jet is not very close to the lif8iS superposition, together with the predicted formation of a
of sight, traced lines show the trajectories when the viewing angleN§w feature in 1995.52, confirmed by an increase in the core
very small intensity, would appear as a second radio and optical flare. In

fact, a second flare was seen almost a year after the 1972, 1983

and 1994 flares. Although the intensities of the two consecu-
and the frequency of the maximum in the comoving referengge flares in 1994-1995 were similar, their origin is probably
frame is a factor of smaller than the observed frequency, Wgifferent. The first one has no correlation with radio emission,
have to introduce an additional factdt in the observed lu- pecause it was originated in the underlying jet, optically thick
minosity. The beamed radiation, in the optically thin part of thg radio frequencies. The second flare was a consequence of the
jet spectrum, is therefore given by: superposition of several superluminal features, and therefore,
S(6) o 62+ergoe (11) correlated to radio flares.

Distance (mas)

and the boosting is strongly reduced in accordance with the; The high degree of polarization
observations. of the superluminal component K2

We will analyse the possible values of the degree of polariza-

tion of component K2, taking into account the viewing angle

In this section we compare the positions of the superlumirfl the jet, predicted by our model for the epoch at which this

features found by Marscher & Marchenko (1997) at seve@@mponent was formed, and compare them with the value of

closely spaced epochs near the 1994 optical flare with pogi#% measured by Roberts et al. (1987).

ble trajectories predicted by our model. The identification of The degree of polarization of a partially compressed source

the components in the different maps was ambiguous and, 8&synchrotron radiation is given by (Hughes et al. 1985):

pending on the choice, the velocities reported by Marscher & 9 2 9

. a+2 1 — k“cos®e

Marchenko varied between 6 and 8c (foe= 1 andgy = 0.5). m =~ X Iy

In Fig. 5 we show several trajectories, derived from the model, 20:+10/3 2~ (1 k?)cos?e

superimposed to the features obtained from the VLBI mapghereq is the spectral index of the optically thin synchrotron

The trajectories correspond to the motion of features formedratiiation k the amount of compression aathe angle between

equally spaced phase angles in the precessing jet. the plane of compression and the line of sight in the frame of the
The phase differencel7.1°) was chosen in such a wayemitting material. This angle is related to the angleetween

that the trajectories fitted the VLBI positions for the oldest anfle jet and the line of sight by the aberration formula:

newest components. This phase difference corresponds to about ]

one year interval for the formation of new superluminal comggg ¢ — €+ B (13)

ponents in the observer reference frame and agrees with the 1+ Bsine

periodicity found by Hughes et al. (1998). The agreement be- Combining this expression with Eq. (5) we obtain:

tween the observed features and the prediction of the model

(full lines in the graph) is very good for the 5 features furthest,,s = 37 cose (14)

2.4. Superluminal features at the epoch of the 1995 flare

(12)
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For our component KZ,,s = 3.7+ 0.6 for h = 0.7, using new features (K4 and K5) in the VLBI map of OJ287 for epoch
~v = 7 from the precessing model, we obtain= 32° + 6°. 1990.47. Their position angles are compatible with the precess-
For this angle, there is no value &ffor which 64% linear ing jet model, allowing for the uncertainties introduced by the
polarization could be obtained. poor coverage of the uv plane in the north south direction. The

Cawthorne & Wardle (1988) calculated the degree of polgsredicted velocity would bg,;,, ~ 2.6h~!, not very different
ization when the shock velocity is different from the jet bulkrom the velocities of the other features. K5 can be identified

velocity. They found: with feature A in the 43 GHz map at epoch 1991.27 (Tateyama
et al. 1996) and in the maps of Marscher & Marchenko (1997)
Bobs = [y cos ¢s (15)  as the features furthest from the core in the first four maps.

Close to the epoch of the 1994 flare, it was found a periodic-
ity in the formation of superluminal features of about one year
sin? ¢g(1 — B4%) _ 2m/mg (1—B4%) in the reference frame center at the source, which corresponds
(1+ Bdcos2¢s)2 14+m/mg % (1- 95d4) to aboutl7° in the precessing jet phase. The superposition of

closely spaced trajectories at the epoch of maximum approach
wheremg = (2a + 2)/(2a + 10/3), ¢ is the angle between o the line of sight can account for the second flare, observed
the jet and the line of sight in the rest frame of the shock am@th at radio and optical wavelengths, about one year after the
Ba the speed of the emitting material after the passage of fh&riodic flares.
shock. The superluminal features found by Tateyama et al. (1999)

From Egs. (15) and (16) we obtajn = 32° +6° and34 ~ in the analysis of Geodetic VLBI data at 8.3 GHz have veloci-
1/3, the minimum value allowed for the upstream velocity whetes larger than those found by Gabuzda & Cawthorne (1996) at
an extreme relativistic equation of state is used (Cawthorneg&rlier epoch, which were used in the fitting of our model. We
Wardle 1988). The Doppler factor that produces the beamipglive that the discrepancy is due to the small number of compo-
can be written as: nents allowed in the model fitting and the incomplete coverage

of the time series in the Geodetic data.
0 = 8505 = [y(1 = Beos §)] " [ra(l — facos )] (17) The angle between the jet and the line of sight varies be-

whered, and é;, are respectively, the Doppler factors of th&Ween2.6° and28.2°, the corresponding Doppler factors, for

shock in the observer frame and of the fluid in the shock franfe.= 0-7 @re, respectively, 12.8 (during the outbursts) and 1.1
The value oy, is in our casd.10 + 0.02 and thereforej ~ 4, (most of the time). Madejski & Schwartz (1983) calculated the

does not affect our determination of the Lorentz faetdrom beaming factos from the ratio of the measured X-ray fluxes and
the width of the optical light curve. those expected from the synchrotron self-Compton process and
obtained the values of 0.47 and 1.7, depending on the choice of
the synchrotron self absorption frequency. Madau et al. (1987),
on the other hand, reported a value of 8.7 using similar data,
The periodic light curve of 0J287 was explained by the beaitfte difference being the choice of the geometrical parameters.
ing of the optically thin radiation originating in a relativisticConsidering the large uncertainty in the values estimated, for
precessing jet as it approaches the line of sight. The worktBg prediction of the precessing jet model seems reasonable, it
Katz (1997) demonstrated the possibility of having precessigfcounts for boosting and fast variability during the strong flares
periods of only a few years in a binary black hole system whéfd it can probably accommodate the observed X-ray emission
the accretion disk of the primary does not coincide with th&hen no beaming is present.

orbital plane. Pairs of black holes can be formed as a conse- The model can also explain the high degree of polarization
quence of interactions and eventually merging of galaxies. THetected in component K2 by Roberts et al. (1987), if the shock
difference in position between the BL Lac object 0J287 and thoves with a speed; = 0.33 in the reference frame of the jet.
center of the faint underlying nebulosity could be considered &8¢ Doppler factor introduced by this velocity is very close to

observational evidence of this merging phenomena (Heidt et'éhity and does not affect the boosting properties of the model.
1999). This work was partially supported by the Brazilian agencies

A moderate value of was found for the jet, in contrast toFAPESP and CNPg. I would like to thank G. Romero for helpful

the value of 20 estimated by Katz (1997). The discrepancydiscussions.
due to a misinterpretation of the relation between the duration
of the periodic optical flares and the orbital phase, since it wRgferences
not taken into account the fact that the precession velocity is not
constant in the observer reference frame (Abraham & Carr

and

(16)

3. Discussion

aham Z., Carrara E.A. 1998, ApJ 496, 172
braham Z., Romero G.R. 1999, A&A 344, 61
1997). o Aller H.D., Hughes PA., Aller M.F. 1991, In: Miller H.R., Wiita
The projected anglg of the jet in the plane of the sky vary  p 3 (eds.) variability of Active Galactic Nuclei, Cambridge Univ.
between-65° and—178°. The kpc scale jetis initialy directed  press, Cambridge, p. 172
alongn = —90° (Perlman & Stocke 1994), well within the al-Carrasco L., Dultzin-Hacya D., Cruz-Gonzalez I. 1985, Nature 314,
lowed jet directions. Gabuzda & Cawthorne (1996) found two 146



Z. Abraham: Precession, beaming and the periodic light curve of 03287 921

Cawthorne T.V., Wardle J.F.C. 1988, ApJ 332, 696 Perlman E.S., Stocke J.T. 1994, AJ, 108, 56
Comastri A., Molendi S., Ghisellini G. 1995, MNRAS 277,297 Roberts D.H., Gabuzda D.C., Wardle J.F.C. 1987, ApJ 323, 536
Gabuzda D.G., Wardle J.F.C., Roberts D.H. 1989, ApJ 336, L59 Schrader C.R., Hartman R.C., Webb J.R. 1996, A&AS 120, 599

Gabuzda D.C., Cawthorne T.V. 1996, MNRAS 283, 759 Sillanpéa A., Teerikorpi P., Haarala S., et al., 1985, A&A 147, 67
Gonalez-Ferez J.N., Kidger M.R., de Diego J.A. 1996, A&A 311, 57Sillanpaa A., Haarala S., Valtonen M.J., et al., 1988, ApJ 325, 628
Hagen-Thorn V.A. 1980, Ap&SS 73, 263 Sillanpaa A. 1991, A&A 247,11

Heidt J., Nilsson K., Appenzeller I., et al., 1999, A&A 352, L11 Sillanpéa A., Takalo L.O., Nilsson K., et al., 1999, In: Takalo L.O.,
Hughes P.A., Aller H.D., Aller M.F. 1985, ApJ 298, 301 Sillanpaa A. (eds.) BL Lac Phenomenon, ASPS, p. 395
Hughes P.A., Aller H.D., Aller M.F. 1998, ApJ 503, 662 Sillanpga A., Takalo L.O., Kikuchi S., Kidger M., De Diego J.A., 1991,
Jannuzi B.T., Yanni B., Impey C. 1997, ApJ 491, 146 AJ 101, 2017

Katz J.L. 1997, ApJ 478, 527 Sillanpaa A., Takalo L.O., Pursino T., et al., 1996, A&A L17

Kidger M.R., Takalo L.O., Valtaoja E., et al., 1991, A&A 252,538 Smith P.S., Balonek T.J., Elston R, et al., 1987, ApJS 64, 459
Kollgaard R.1., Wardle J.F.C., Roberts D.H., et al., 1992, AJ 104, 168ateyama C.E., Inoue M., Krichbaum T. P., et al., 1996, PASJ 48, 37

Lehto H.J., Valtonen M.J. 1996, ApJ 460, 207 Tateyama C.E., Kinghann K.A., Kaufmann P,, et al., 1999, ApJ 520,

Madau P., Ghisellini G., Persic M. 1987, MNRAS 224,257 627

Madejski G.M., Schwartz D.A. 1983, ApJ 275, 467 Urry C.M., Sambruna R.M., Worrall D.M., et al., 1996, ApJ 463, 424

Marscher A.P., 1990, In: Zensus A.J., Pearson T.J.(eds.), Superlumiiataoja E. 1996, In: Miller H.R., Webb J.R., Noble J.C. (eds.) Blazar
Radio Sources, Cambridge University Press, 280 Continuum Variability,

Marscher A.P., Marchenko S.G. 1997, In: Tosti G., Takalo, L. (ed3/)cente L., Charlot P., Sol H. 1996, A&A 312, 727 (San Francisco:
Multifrequency Monitoring of Blazars, Publ. Astron. Univ. di Pe-  Astron. Soc. of the Pacific), p. 226
rugia, p. 68 Worral D.M., Puschell J.J., Jones B., et al., 1982, ApJ 261, 403
Pietila H., Takalo L.O., Tosti G., et al., 1999, A&A 345, 760



	Introduction
	The precessing jet
	The geometrical parameters
	Boosting at optical wavelengths
	Boosting at radio frequencies
	Superluminal features at the epoch of the 1995 flare
	The high degree of polarizationpenalty -@M of the superluminal component K2

	Discussion

