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1. Introduction

0J 287 is a blazar type active galaxy. The historical light curve shows
outbursts occurring at quasi-regular intervals. These can be modeled by
a secondary black hole interacting with the accretion disk of the primary
black hole. We present results of wavelet analysis of the recent light curve
of OJ 287, including the outbursts in 1994 and 1995.

We adopted a Morlet wavelet for this investigation. We have character-
ized the level of variability as a function of time and temporal frequency in
the irregularly sampled light curve of OJ 287.

2. Analysis

Wavelets can decompose variability locally (around ¢t = 7) into different
timescales or frequencies (f). We have used a Morlet wavelet

g (f,7) =exp (—icf(t -T)— -;—(f(t - 7'))2) , where, ¢ = 2,
and calculated the transform W(f,t) = f-(S%(f,7) + C%(f,7)), where

S(f1 T) = Z m; sin (27l'f(t] - T)) exp (_.;_fz(tj _ 7.)2)

all j

C(f,m) = 3 mycos (2ns(t; — ) eap (57t = 7))
all 5
In EVENLY SPACED DATA one may select f;4; = 2f; and 7443 = 7 +
1/ fi.
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In UNEVENLY SPACED DATA sampling causes problems (Lehto, 1996)
which can be avoided mostly by the next scheme:
(1) Bin locally the data on a grid much finer than 6t = 1/f.
(2) Average values of each bin.
(3) For empty bins extrapolate the light curve from the binned values.
(4) Calculate the wavelet transform as in evenly spaced case.
Discreteness will cause undulations at low frequencies at the ends of data.
A strong sinusoid A sin(27t - f), t, < t < t; transforms to W = (7/2) -
(A?/f), for timescales t, < t < t.

3. Variability

Most of the large amplitudes features detected can be explained by the
binary black hole model (LV96, VL97, Sundelius et al. 97).

1) The slowest variability is part of a long “baseline” cycle in OJ 287.
The data is too short to give a correct estimate of the exact time scale.

2) The two major outbursts correspond to the ones described in LV96
and VL97. They are caused by an 100 million solar mass black hole plunging
through the accretion disk of a 17 - 10°M. black hole.

3) The third outburst can be attributed to matter drawn from the ac-
cretion disk of the primary black hole by tidal interaction and radiating as
it falls into the primary black hole (Sundelius et al. 97).

4) Short lived oscillations with periods of about 15-30 days are also
apparent in the data. The period of the last stable orbit of the 1.7-10° M,
black hole is 118 days. The keplerian “orbital timescale” at the “surface”
of the black hole is 23 days. The observed timescale could be caused by
matter in its final fall into the black hole.

5) Seven episodes of very fast and short lived variations are seen. These
timescales, clustering around 7 = 5 days, can be explained by matter ra-
diating in a helical jet with a helical cycle of about 23 days and Dopy’™ -
boosted by (I' ~ 5), similar to observed VLBI boosting factors (Gabuzd:
et al. 1989). Alternatively, they may be caused by material close to lasi
stable orbits (P = 0.7d) around the 103Mg secondary black hole.
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