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Abstract: 

Percolation is one of the simplest paradigmatic model for phase transition. In general, phase transitions 
are classified broadly into two classes based on how entropy and order parameter behaves across the 
critical point. Despite the history of more than 60 years of extensive studies, a proper definition of 
entropy remained elusive until we proposed one in 2017. In this article, we have used the idea of entropy 
and order parameter extensively to gain deep insight into the explosive percolation (EP), random 
percolation (RP) and inverted explosive percolation (IEP) on Erdös-Rényi (ER) network. Their comparison 
suggests that RP on ER network is not like RP on lattice. Firstly, the decrease of entropy and increase 
of order parameter above tc = 0.5 for RP and IEP on ER are too slow compared to those of RP on lattice. 
Secondly, when we draw them on the same plot we find that the two curves meet at far from tc for RP 
and even farther for IEP while in all other known cases they meet exactly at tc in the thermodynamic 
limit. These findings sheds doubt whether RP and IEP on network really describes continuous phase 
transition or not. Furthermore, the nature of entropy and order parameter suggest that RP on lattice 
and EP on network describes order-disorder transition while it is not the case for RP and IEP on 
network. Besides, we used the thermodynamic definition of specific heat and susceptibility to obtain 
their equivalent counterpart in percolation and hence obtain the corresponding critical exponents α and 
γ. We show that they obey the Rushbrooke inequality like in its thermal counterpart which can be 
regarded as the litmus test of their numerical values. 
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