
International Journal of Mathematics and Physical Sciences Research (IJMPSR) 
Vol. 1, Issue 1, pp: (1-6), Month: October 2013-march 2014, Available at: www.researchpublish.com 

 

Page | 1  
Research Publish Journals 

Entropic Force between Two Distant 

Black Holes in a Background Temperature 
Davoud Kamani 

Faculty of Physics, Amirkabir University of Technology (Tehran Polytechnic) 

Tehran, Iran 

 

Abstract:  We use the Newton’s law of gravitation as an entropic force to study some thermodynamical properties 

of a system of two Schwarzschild black holes which are immersed in a background temperature. For this we 

assume the two black holes are at large separation distance. We extract entropy, free energy and internal energy 

of the system. Positive definiteness of the free energy leads to a limit on the black holes temperatures.  
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1. Introduction 
 

The hypothesis of entropic force nature of gravity has a history that goes back to the investigation on 

black hole thermodynamics by Bekenstein and Hawking [1, 2]. These researches show a deep and 

fundamental relationship between thermodynamics and gravitation. In 1995 Jacobson demonstrated 

that the Einstein equation of general relativity can be derived by combining the equivalence principle 

with general thermodynamics considerations [3]. Subsequently, other physicists have further explored 

the link between gravity and entropy [4]. E. Verlinde initiated a conceptual theory that describes 

gravity as an entropic force [4]. This theory is a combination of the holographic principle with the 

thermodynamics approach to gravity. This implies that gravity is not a fundamental force, but an 

emergent phenomenon which arises from the statistical behavior of microscopic degrees of freedom 

encoded on a holographic screen. Immediately after the idea of the entropic force, some applications 

have been carried out. In this article we consider a system of two Schwarzschild black holes with the 

masses M1 and M2 which is embedded in a background space (i.e. an infinite heat bath) with the 

temperature T. According to the Verlinde’s proposal this temperature is associated with some degrees 

of freedom which are fundamental in an underlying theory. The gravitational force then reflects the 

rearrangement of these degrees of freedom. However, combining the Newton’s law of gravitation as 

entropic force with the entropic force law, we obtain the entropy of the system. For receiving this 

entropy we introduce the Bekenstein-Hawking entropy for each isolated black hole, i.e. when the 

separation of them is infinite. Using this entropy function we derive the entropy of a special model of 

the universe which reveals that for an expanding universe the entropy of the background space is 

increasing. The entropy function also enables us to obtain the Helmholtz free energy and internal 

energy of the system. Imposing positivity on the free energy leads to a condition on the temperatures 

of the black holes, and consequently a lower bound for the internal energy. Note that we do not take 

into account the quantum effects. In addition, we use the Newton’s law of gravitation but not the 

general relativity. Therefore, our analysis is valid only for the distant black holes, that is, the 

separation between them should be very larger than the sum of their Schwarzschild radii. 
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2    Entropy of the System 
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