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1 . I n t r o d u c t i o n 

O J 287 is a b l a z a r t y p e ac t ive galaxy. T h e his tor ica l l ight cu rve shows 

o u t b u r s t s occu r r i ng a t quas i - regu la r in te rva ls . T h e s e can b e m o d e l e d by 

a s e c o n d a r y black hole i n t e r a c t i n g w i th t h e accre t ion disk of t h e p r i m a r y 

b l ack ho le . W e p re sen t resu l t s of wavele t analys is of t h e recen t l ight curve 

of O J 287 , i nc lud ing t h e o u t b u r s t s in 1994 a n d 1995. 

W e a d o p t e d a Mor le t wavelet for th i s inves t iga t ion . W e have cha rac t e r -

ized t h e level of var iab i l i ty as a funct ion of t i m e a n d t e m p o r a l f requency in 

t h e i r regu la r ly s a m p l e d l ight curve of O J 287. 

2 . A n a l y s i s 

W a v e l e t s can d e c o m p o s e var iabi l i ty local ly ( a r o u n d t = τ) i n to different 

t imesca les or frequencies ( / ) . W e have used a Mor le t wavelet 

9*(f,r) = exP ( ~ i c / ( * - T ) - ^ ( / ( * - r ) ) 2 ) > w h e r e , c = 2ττ, 

a n d ca l cu la t ed t h e t r a n s f o r m W(f,t) = f · ( 5 2 ( / , r ) + C 2 ( / , r ) ) , w h e r e 

S(M = £ m j S i n ( 2 7 r / ( ^ - r))exp (-\f\tj - τ)2) 

all j V Z ' 

C(f,r) = £ mj c o s ( 2 7 r / ( ^ - τ))βχρ { - \ ΐ \ ^ - τ)2) . 
all j V Z ' 

In E V E N L Y S P A C E D D A T A one m a y select = 2 / t a n d r k + 1 = rk + 

l/fi-
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In U N E V E N L Y S P A C E D D A T A sampl ing causes p r o b l e m s ( L e h t o , 1996) 

w h i c h can b e avoided mos t ly b y t h e nex t scheme: 

(1) B in local ly t h e d a t a on a gr id m u c h finer t h a n 6t = 1 / / . 

(2) A v e r a g e va lues of each b in . 

(3) For e m p t y b ins e x t r a p o l a t e t h e l ight curve from t h e b inned va lues . 

(4) C a l c u l a t e t h e wavele t t r a n s f o r m as in evenly spaced case. 

Di sc re teness will cause u n d u l a t i o n s a t low frequencies a t t h e e n d s of d a t a . 

A s t r o n g s inusoid Asin(2nt · /), t 0 < t < t\ t r ans fo rms t o W = ( 7 r / 2 ) · 

( A 2 / / ) , for t imesca les t 0 <t <t\. 

3 · V a r i a b i l i t y 

M o s t of t h e l a rge a m p l i t u d e s fea tures de t ec t ed can b e exp la ined b y t h e 

b i n a r y b lack hole m o d e l (LV96, V L 9 7 , Sundel ius e t a l . 97) . 

1) T h e slowest var iab i l i ty is p a r t of a long "base l ine" cycle in O J 287. 

T h e d a t a is t o o sho r t t o give a correct e s t i m a t e of t h e exac t t i m e scale . 

2) T h e t w o m a j o r o u t b u r s t s co r r e spond t o t h e ones desc r ibed in LV96 

a n d V L 9 7 . T h e y a r e caused b y an 100 mill ion solar mass b lack hole p l u n g i n g 

t h r o u g h t h e acc re t ion disk of a 17 · 1 0 9 M . black hole . 

3) T h e t h i r d o u t b u r s t can b e a t t r i b u t e d t o m a t t e r d r a w n from t h e ac-

cre t ion disk of t h e p r i m a r y black hole by t ida l i n t e rac t ion a n d r a d i a t i n g as 

i t falls i n t o t h e p r i m a r y black hole (Sunde l ius et a l . 97) . 

4) Shor t l ived osci l la t ions w i t h pe r iods of a b o u t 15-30 days a re also 

a p p a r e n t in t h e d a t a . T h e pe r iod of t h e las t s t ab le o rb i t of t h e 1.7 · 1 0 1 0 Μ Θ 

b lack hole is 118 d a y s . T h e kep le r ian "orb i ta l t imesca le" a t t h e "sur face" 

of t h e b lack hole is 23 d a y s . T h e observed t imesca le could b e caused by 

m a t t e r in i t s final fall i n t o t h e b lack hole . 

5) Seven ep isodes of very fast a n d shor t l ived va r i a t ions are seen. T h e s e 

t imesca le s , c lus te r ing a r o u n d τ = 5 d a y s , can b e expla ined by m a t t e r ra -

d i a t i n g in a hel ical j e t w i t h a helical cycle of a b o u t 23 days a n d D o p r ' 

b o o s t e d by (Γ ~ 5 ) , s imi lar t o observed V L B I boos t i ng factors ( G a b u z d . 

et a l . 1989) . A l t e rna t ive ly , t h e y m a y be caused by m a t e r i a l close t o las i 

s t ab l e o rb i t s ( P = 0.7d) a r o u n d t h e 10 8 M© secondary black hole . 

A c k n o w l e d g e m e n t s : 
T h e d a t a for t h i s analys is was p rov ided by t h e O J - 9 4 co l l abora t ion . 
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