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Introduction 
 Different numerical analysis models for fitting the shape of 

Wolf number evolution – not satisfactory 
 

 Few attempts to base the forecast on a physical basis 
 

 The paper presents the progress we made in analysis of the 
Wolf sunspot numbers with a special attention on the 
asymmetry exhibited for each cycle based on our previous 
findings: 
• Periodicity of approximately 11 years of maxima  
• Variability of the “amplitude” of these maxima 
• Asymmetry of the variation: a quick increase and a much slower 

decrease of the sunspot numbers (maxima present asymmetry)  
• Many of them the presence of two maxima  
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The pattern of the time series of wolf numbers for a log period 



The pattern of the time series of wolf numbers for a log period 

Mean monthly number 
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The pattern of the time series of wolf numbers for a log period 

Mean monthly number 



Mean daily number 



General models – smoothed  



Pattern for the mean values – sliding mean 



Our procedure for finding the minima & maxima of the wolf number series 
(O. Tesileanu, Z. Mouradian, M. Rusu – 2002) 

The difference 

The envelope 
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The asymmetry 



Time series and space faze plot for van der Pol oscillator  

Nonlinear van der Pol model  
(J.M. Polyagiannakis, X. Moussas, C.P. Sonett - 1996) 
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A detailed analysis of each cycle – samples 
(M.V.Rusu – 2004 - 2006)  



Search for the best fit symmetrical curve: Gauss, Lorenz, Dyson 



25

50

75

100

eqn: y=aexp(-((x-1758.5)/2)2  
a=23.2101, b=69.0712, c=17

 

M
ea

n 
m

on
th

ly 
W

ol
f n

um
be

r

Full set of monthly mean Wolf number

De-convolution 

The idea: the asymmetry is due to presence of superposition of two 
peaks 



De-convolution 





Gaussian functions - describe the normal distributions (statistics) 
     - solve heat equations and diffusion equations (math); 
Mean μ = b,    Variance σ2 = c2 :     Area             
The product of two Gaussian functions is a Gaussian,  
The convolution of two Gaussian functions is a Gaussian, with  
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(M.V.Rusu, Advances in Space Research 40, 2007) 



Forecast of NOAA and ours 



Prediction and correction for cycle #24 



New Solar Cycle Prediction           05.29.2009  

An international panel of experts led by NOAA and sponsored by NASA 
has released a new prediction for the next solar cycle. Solar Cycle 24 will 
peak, they say, in May 2013 with a below-average number of sunspots.  
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The position of the third possible pick  







Conclusions 
 New model for sunspot cycle variation having also a physically 

interpretation besides the statistical one 
 Nonlinearly coupled oscillators could be assimilated to a parametric 

self sustained oscillator  
 The periodicity of 11 year becomes more conventional, being 

difficult to assume the “distance’ between two peak activities 
 The “elementary” Gaussian peaks  

• correspond physically to a combination of normal errors distribution   
• are bound to the Green function solution of the nonlinear partial 

differential equation of the diffusion phenomena that govern surface 
phenomena of the Sun 

 Statistically it is shown that the two peaks are not related to the 
North- South asymmetry 

 The model of two peaks give us analytical function, inferred form the 
statistically and physically correlated characteristics, that permit 
forecast of the next cycle, we did for the cycle #24 

 Equal area means constant energy in the sunspot systems  



Thanks for your attention! 
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Abstract 
• In an early paper we analyzed the asymmetry of the 

sunspot cycles from the point of view of its non-linearity. 
There are many attempts to predict the features of the 
future evolution of the solar activity which are based on 
different models for fitting the shape of Wolf number 
evolution. None of them are fully satisfying and the 
recent delay of the solar cycle #24 is one example. 
Unfortunately the majority of the predictions are based 
on the numerical analysis, and just a few attempts to 
base the forecast on a physical basis. We try to go 
closer to a solution of the prediction problem, using 
some physical evidences we found presented in the 
early article and now we made a critical analysis of our 
prediction based on the accumulated data that from 
2007. 
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B. van der Pol, Radio Rev. 1, 704-754, 1920 and B. van der Pol, Phil. 
Mag. 3, 65, 1927  
 



Parametric oscillator 
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