
Fast	variability	of	X-ray	binaries
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Fourier	transform
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Fourier	transform
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Discrete	Fourier	transform
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Discrete	Fourier	transform
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Continuous	Fourier	transform
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Continuous	vs	Discrete	FT
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Power	spectrum.	Leahy	normalization
Leahy	et	al.	(1983)	
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Power	spectrum.	Leahy	normalization
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Leahy	et	al.	(1983)	



Power	spectrum.	Rms normalization
Miyamoto	et	al.	(1999)
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rms=root	mean	square	variability	amplitude



• PSD	of	a	sine	wave
• PSD	of	white	noise

Some	examples
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Vaughan et al. (2003)

Some	further	examples
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Some	further	examples
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Plotting	power	spectra
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Plotting	power	spectra

16



Plotting	power	spectra
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Plotting	power	spectra
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Plotting	power	spectra
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Soft state

Hard state

Quantifying	variability:	PDS	of	Cyg	X-1
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A	gallery	of	black	hole	XRB	PDSs

Done & Gierlinski 2005 21



Mathematical	shot	noise	model
• Let	the	light	curve	consist	of	a	superposition	of	uncorrelated	shots	
(flares)	of	the	same	shape,	g(t).	Let		λ be	the	mean	number	of	shots	
per	second.	The	distribution	of	shots	in	time	follows	Poisson	
distribution.	The	probability	of	appearance	of	n shots	in	the	interval	
(t,t+τ):	

• For	such	a	process	the	probability	that	the	time	interval	between	
successive	shots	lies	between	t and	t+dt is

• The	light	curve	is	then

• The	PDS	of	the	total	light	curve	is	proportional	to	the	 ,	where	
G(f) is	the	Fourier	transform	of	g(t).	
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Modified	shot	noise	model
• Example

• The	Fourier	transform

• In	Nature	usually	exist	many	time-scales,	therefore	we	assume	a	
power-law	distribution	of	time	constants	τ

• Then	the	PDS	of	such	a	process

• For	example,	for	η=2,	
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Building	the	PSD	from	disc	rings
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PDS of Cyg X-1

PDS in the hard state can be decomposed into 
a number of peaks of different time-scales

Hard state
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Linear light-curves are sum of sine 
waves
l(t)=1+∑aicos(wit+fi)

But in the accretion disc the 
fluctuations are multiplied at each 
radius
x(t)=P[1+∑aicos(wit+fi)]

Uttley & McHardy 2001

Lyubarski 1997

Propagating fluctuations
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