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PROJECT OBJECTIVES:  
(no more than 10 lines)  
 
Wlodek Kluzniak and I have noticed that the QPO variability frequencies in the X-ray flux of 
the BH source GRO J1655-40 are in the 3:2 ratio, and that that rational ratios are a genuine, 
typical property of QPOs observed in BH and NS sources. Rational ratios suggest that a 
resonance may be at work here. Working in 2002 at UKAFF, we explored an idea that a 
parametric resonance affects nearly circular, nearly Keplerian, nearly equatorial plane motion 
of test particles around a black hole or a neutron star. We numerically constructed a simple 
model, which reproduces rather well the Sco X-1 observational data. In 2003, we plan to 
continue this work at UKAFF by considering a much more advanced fluid model of the 
phenomenon.  

MAIN ACHIEVEMENTS AND DIFFICULTIES ENCOUNTERED:  
(no more than 20 lines)  
 

No difficulties have been encountered. Several sub-projects have been completed, of which I 
will mention two most interesting. 

01. Mathematical improvements of the theory: We found an exact mathematical 
formulation of our theory that explains kHz QPOs as a non-linear orbital resonance. Using 
the multiple-scale method, Paola Rebusco and Jiri Horak found general analytic solution 
relevant to the astrophysical situation in question. This rather difficult mathematical result 
has several important consequences, including the one for the "normal branch 
oscillations" (NBOs) in the Z sources. Until now, the NBOs were thought to be physically 
distinct from the kHz QPOs. We demonstrated that a low-frequency modulation of the kHz 
QPOs is a natural consequence of the non-linear relativistic resonance suggested previously 
by us to explain the properties of the high-frequency twin peaks. Our theory reproduces the 
6 Hz NBOs of frequency and amplitude of the kHz QPOs reported by Yu, van der Klis and 
Jonker. 

02. Observed variability from oscillating torus: Michal Bursa developed a 
supercomputer code to trace off-equatorial plane null geodesics in a general (numerically 
given) stationary, axially symmetric metric. We used his code to calculate observed 
variability that is due to strong-field effects (relativistic Doppler and lensing) of almost 
axially symmetric, oscillating sources. This was never calculated before. For the first time 
one sees that a very strong luminosity modulation may be achieved in almost axially 
symmetric situation. 
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