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BOLTZMANN-GIBBS STATISTICAL MECHANICS 
            (Maxwell 1860, Boltzmann 1872, Gibbs ≤ 1902) 
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SBG → additive, concave, Lesche-stable, finite entropy production 
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NONEXTENSIVE STATISTICAL MECHANICS 
 (C. T. 1988, E.M.F. Curado and C. T. 1991, C. T., R.S. Mendes and A.R. Plastino 1998) 
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Sq → nonadditive, concave, Lesche-stable, finite entropy production   
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Prediction of the q - triplet:   C. T., Physica A 340,1 (2004) 







L.F. Burlaga and A. F.-Vinas (2005) / NASA Goddard Space Flight Center; Physica A 356, 375 (2005) 

[Data: Voyager 1 spacecraft (1989 and 2002); 40 and 85 AU; daily averages] 

SOLAR WIND: Magnetic Field Strength 
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µ : 		q→2-q					(additive	duality)
ν : 			q→1/q				(multiplicative	duality)
hence	µ2 =ν 2 =1		(self-duality),	q=1	is	a	fixed	point,	
and			µνµν ...	generates	an	algebra				
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TGS algebra: C. T., M. Gell-Mann and Y. Sato, PNAS 102 (2005) 15377  
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Playing with additive duality
and with multiplicative duality
and using numerical results related to the q generalized central limit theorem
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C. T., Braz J Phys 39, 337 (2009) 

solar wind  
q-triplet 
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q→ (a+2)−aq
a−(a−2)q ≡ fa(q),			

equivalently			 1
1−q→

1
q−1 −

a
2 +1				

																																																				(a∈R)
f2(q)=2−q
f0(q)=1/q



		

µ : 		q→ (a+2)−aq
a−(a−2)q ≡ fa(q),			equivalently			

1
1−q→

1
q−1 −

a
2 +1				(a∈R)

ν : 			q→ (b+2)−bq
b−(b−2)q ≡ fb(q),			equivalently			

1
1−q→

1
q−1 −

b
2 +1			(b∈R)

hence	µ2 =ν 2 =1		(self-duality),	q=1	is	a	fixed	point,
f2(q)=2−q
f0(q)=1/q
and				µνµν ...	generalizes	the	TGS	algebra	[µν = (νµ)−1→ fa( fb(q));	...]
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C. T. (Springer, 2017), in press 

		

The	most	general	self-dual	ratio	of	linear	functions	
of	q, 	which	has	the	q=1	fixed	point,	is	given	by

																					q→ a1 −a2q
a2 −(2a2 −a1)q

	 ≡ fa1 ,a2(q)				(a1 ∈R, 	a2∈R)			

Particular	case:
																					a1 = a+2
																					a2 = a
recovers	the	previous	transformation.

FURTHER GENERALIZATION 



OZONE LAYER HOLE 

10-50 Km above Earth 

It absorbs 93-99% of the sun´s high frequency ultraviolet light 





G.L. Ferri, M.F.R. Savio and A. Plastino, Physica A 389, 1829 (2010)  



G.L. Ferri, M.F.R. Savio and A. Plastino, Physica A 389, 1829 (2010)  
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