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Physics of Society: Econophysics and Sociophysics

Discipline:
Physics, Economics, Finance, Sociology, Management & Computer Science
This book series is aimed at introducing readers to the recent developments in physics inspired modelling of economic and social systems. Econophysics and sociophysics as 
interdisciplinary subjects view the dynamics of markets and society in general as those of physical systems. However, they employ the dynamical and statistical methods and 
techniques used in physics. Social systems are increasingly being identified as ‘interacting many-body dynamical systems’ very much similar to the physical systems, studied over 
several centuries now.

Statistical physics of many-body systems, developed over the last century, in the last three decades in particular, are now quite well established with impressive successes. Inspired by 
these successes in physics, major attempts have recently been made in extracting the statistical network structure and collective dynamics of various social systems. These include 
developing models of financial or market systems, correlations of various stock or commodity prices, their dynamics as well as their mapped structures, kinetic exchange models of 
market dynamics and of spontaneous opinion formations in societies and analysis of election results in these contexts, spin-glass or neural network-like modeling of social (collective 
and iterative) learning in sharing scarce resources in Minority Games, etc. These are some examples of extensively studied socio-dynamical model systems, often with encouraging 
results. The research papers, specialized reviews and books which are available till date are mostly addressed to the researchers. This new series brings out introductory books 
addressed to students across disciplines, both from physical and social science disciplines, including economics. They are all written by pioneers and leading researchers in these 
interdisciplinary fields. It also brings out research monographs and edited review volumes for already initiated researchers.
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Sociophysics: An Introduction, 
P. Sen & B. K. Chakrabarti, 
Oxford University Press, 
Oxford (2013). 

Econophysics of Income & 
Wealth Distributions, B. K. 
Chakrabarti, A. Chakraborti, S. 
R. Chakravarty & A. 
Chatterjee, Cambridge 
University Press, Cambridge 
(2013). 

Econophysics: An 
Introduction, S. Sinha, A. 
Chatterjee, A. Chakraborti 
and B. K. Chakrabarti, Wiley-
VCH, Berlin (2010). 

Recent books

Description
---Introduction to Econophysics (historical background, 
interaction between Physics and Economics, past and 
present aims of the field).
---Stochastic processes and time series.
---Stylised facts of single financial time series.
---Crosscorrelations among multiple time series.
---Complex networks and interactions among economic 
agents.
---Network models of wealth distribution and market 
behaviour.
---International economic interactions: the World Trade 
Web
Literature
Obligatory: “Econophysics: An Introduction” by S. 
Sinha, A. Chatterjee, A. Chakraborti, B.K. Chakrabarti
(Publisher: WileyVCH, 2010; ISBN: 9783527408153)

Year 3; 5th semester
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 “The physicists, however, did not present a parallel 
perspective of this social science, at least not until 
recently when eminent physicists like Eugene H. 
Stanley, Bikas K. Chakrabarti, J. Doyne Farmer, 
Jean-Philippe Bouchaud and many others having 
joined the fray to create this new field which has 
now started to gain academic respect. ... As 
mentioned, Kolkata, India, occupies a crucial role in 
the history of this new science which has amongst 
its pioneers an Indian face, too ...” 
In the Editorial (pp. vii-viii)

“... So he (Bikas) started to have meetings on 
econophysics and I think the first one was probably 
in 1995 (he decided to start it in 1993–1994). 
Probably the first meeting in my life on this field that 
I went to was this meeting. In that sense Kolkata is 
— you can say — the nest from which the chicken 
was born and Bikas gets, deservingly so, a lot of 
credit for that because it takes a lot of work to have 
a meeting on a field that does not really exist, so to 
say! ...  So he should get a lot of credit for this. ..." 
 H. Eugene Stanley's  Interview (pp. 73-78)  

From  IIM Kozhikode Society & Management 
Review, Vol. 2 (July 2013),  SAGE Publications
© 2013 Indian Institute of Management 
Kozhikode

Histogram plot of numbers of entries containing the 
term ‘econophysics’ versus the corresponding year. The 
data are taken from google scholar site.

Growth in econophysics 



Saha, Srivastava and the income distribution 

analogy in kinetic theory of gases.

 In their textbook A Treatise 

on Heat (1931) Meghnad

Saha and B. N. Srivastava

used the example of 

reconstructing a distribution 

curve for incomes to 

illustrate the problem of 

determining the distribution 

of molecular velocities in 

kinetic theory. The relevant 

extract from page 105 of 

their book prefigures 

developments in the first 

decade of this century 

showing this indeed the 

bulk of the income 

distribution follows a Gibbs-

like distribution.



Distribution P(m) of Individual Weekly 

Income in UK / USA / Japan
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Pareto’s Law of Income Distribution–Graph

Source : 

M. Galegatti et. al.

“Econophysics of Wealth Distribution”

Springer (2005) 

Eds. A. Chatterjee et. al.



Market Exchange  Scattering Process

(“CC-CCM” Models)



Steady State Money Distribution P(m)
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Steady State Money Distribution P(m)



Asset transfer.. Contd.

 Utility maximization:

L=(x1)
a(x2)

b(m1)
l +ω(M1+p1Q1-p1x1-p2x2-m1)

utility function       Lagrange                   budget eqn.

multiplier

 FOC: dL/ dx=0  where x=x1,x2,m1 and ω.

 Let us assume that a + b +l=1.

 Demand functions:        x1= a(M1+p1Q1)/p1,

x2= b (M1+p1Q1)/p2,     m1= l(M1+p1Q1);



Asset transfer.. Contd.

 Similarly dd. Functions for the 2nd agent:       

y1= a(M2+p2Q2)/p1, y2= b (M2+p2Q2)/p2,

m2= l(M2+p2Q2)

 Market clearing          x1+y1=Q1 & x2+y2=Q2

 Equilibrium prices: 

p1=(a/l)(M1+M2)/Q1  &  p2=(b/l)(M1+M2)/Q2



Asset transfer.. Contd.: CC model

 Money transfer equations (plugging p1 and p2 in the 

money dd. functions) :

m1(t+1)= lm1(t)+Є(1- l)(m1(t)+m2(t))

m2(t+1)= lm2(t)+(1- Є)(1- l)(m1(t)+m2(t))

where mi(t+1)= mi and mi(t)=Mi for i=1,2

and Є = a /(a + b);

 Let l be fixed and a~uni[0,1- l]~ b.

Hence, Є = a /(a + b)= a /(1- l) ~ uni[0,1].

Ref: Physica A 388 (2009) 4151-4158



A mean field analysis & Pareto distribution 
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The trading equation can be written as 
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Ref: P. K. Mohanty, PRE 74 (2006) 011117



A new measure of social inequality: k-index
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Gini index⇒ g = A
(A+B)

k-index⇒ k fraction of wealth are possessed by 1− k
fraction of people.

k = 1/2 (or g = 0)⇒ equality; k = 1 (or g = 1)⇒
monarchy

Country g k
Brazil 0.62 0.73
Denmark 0.36 0.63
India 0.45 0.66
Japan 0.31 0.61
Malaysia 0.50 0.68
NewZeland 0.37 0.63
Panama 0.44 0.66
Sweden 0.38 0.64
Tunisia 0.50 0.69
Uruguay 0.49 0.68
Columbia 0.55 0.70
Finland 0.47 0.67
Indonesia 0.44 0.65
Kenya 0.61 0.73
Netherlands 0.44 0.66
Norway 0.36 0.63
SriLanka 0.40 0.65
Tanzania 0.53 0.70
United Kingdom 0.36 0.63
Uruguay 0.49 0.68

g -index and k-index values for income distribution
of various countries of the world during the years
1963 to 1983 as obtained analyzing data reported in
A. F. Shorrocks, Ranking income distributions,
Economica 50, pp. 3-17 (1983).

A. Ghosh et al. Physica A, 410 (2014) 30



k-index for citations

Journals Year total g k
papers/citations

Nature

1980 2904/178927 0.80 0.81
1990 3676/307545 0.86 0.85
2000 3021/393521 0.81 0.82
2010 2577/100808 0.79 0.81

Science

1980 1722/111737 0.77 0.80
1990 2449/228121 0.84 0.84
2000 2590/301093 0.81 0.82
2010 2439/85879 0.76 0.79

PNAS

1980 - - -

(USA)

1990 2133/282930 0.54 0.70
2000 2698/315684 0.49 0.68
2010 4218/116037 0.46 0.66

Cell

1980 394/72676 0.54 0.70
1990 516/169868 0.50 0.68
2000 351/110602 0.56 0.70
2010 573/32485 0.68 0.75

PRL

1980 1196/87773 0.66 0.74
1990 1904/156722 0.63 0.74
2000 3124/225591 0.59 0.72
2010 3350/73917 0.51 0.68

PRA

1980 639/24802 0.61 0.73
1990 1922/54511 0.61 0.72
2000 1410/38948 0.60 0.72
2010 2934/26314 0.53 0.69

University Year total g k
papers/citations

Harvard

1980 4897/225626 0.73 0.78
1990 6036/387244 0.73 0.78
2000 9566/571666 0.71 0.77
2010 15079/263600 0.69 0.76

MIT

1980 2414/101929 0.76 0.79
1990 2873/156707 0.73 0.78
2000 3532/206165 0.74 0.78
2010 5470/109995 0.69 0.76

Cambridge

1980 1678/62981 0.74 0.78
1990 2616/111818 0.74 0.78
2000 4899/196250 0.71 0.77
2010 6443/108864 0.70 0.76

Oxford

1980 1241/39392 0.70 0.77
1990 2147/83937 0.73 0.78
2000 4073/191096 0.72 0.77
2010 6863/114657 0.71 0.76

SINP

1980 32/170 0.72 0.74
1990 91/666 0.66 0.73
2000 148/2225 0.77 0.79
2010 238/1896 0.71 0.76

IISC

1980 450/4728 0.73 0.78
1990 573/8410 0.70 0.76
2000 874/19167 0.67 0.75
2010 1624/11497 0.62 0.73

A. Ghosh et al. Physica A, 410 (2014) 30



Social opinion formation & kinetic 

exchange model
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Uniform conviction-influence case

Let us consider
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Consider the  stochastic  

multiplier map
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stochastic  multiplier map ... cont’d



stochastic  multiplier map ... cont’d

Ref: LCCC PRE 82 (2010) 056112

 P. Sen, PRE 83 (2011)016108
 S. Biswas, A. K. Chandra, A. Chatterjee & B. K. C  

Journal of Physics: Conf. Series 297(2011) 

012004.

Additional results:
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