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Figure 1 (Color online) The ZPS black hole has two horizons (non-
extreme black hole) or a single horizon (extreme black hole).
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Figure 2 (Color online) The ZPS black hole with two horizons (radius
ryand r_) has three spacetime regions: the region between the outer hori-
zon and the inner horizon (BH region), the region outside the outer hori-
zon (Outer region), and the region inside the inner horizon (inner region)
[28]. The central point is the singularity point of spacetime.
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Figure 3 (Color online) The r,-a curve and the r_-a curve of the ZPS
black hole.
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Figure 4 (Color online) The C ‘(;)-a curve with C* = Cgﬂ and the Cgf)—

a curve with C™ = Cf,_) .
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Geometric structure and thermodynamic properties
of ZPS black hole

WEI Yi-Huan”

Department of Physics, Bohai University, Jinzhou 121000, China

In this paper, the spacetime structure and thermodynamic properties of the spherically symmetric Zero Pressure
Schwarzschild (ZPS) black hole are studied. There may be two black hole horizons or a single horizon in the ZPS space-
time. The horizon radius of non-extremal ZPS black hole depends on the choice of parameter a. The extremal ZPS black
hole possesses the same mass and radius as Schwarzschild black hole. The geometric structure of the ZPS black hole with
two horizons is shown in Figure 2. The energy density of fluid in the spherically symmetric ZPS spacetime is inversely
proportional to r*. The system with ZPS black hole horizon as boundary satisfies the first law of thermodynamics. In the
process of the black hole horizon varying, the increase of black hole energy includes the increase of black hole mass and the
increase of the energy existing in other forms in the ZPS spacetime. For the case of a being unchanged, the heat capacities
of the outer and inner horizons of the ZPS black hole are calculated. In the range of a; < a < 2 (a; = 1.74), the heat
capacity of the outer horizon of the ZPS black hole is positive. Therefore, the outer horizon of the ZPS black hole can be in
a stable thermal equilibrium state. By considering the left and right systems of the non-extremal ZPS black hole, the third
law of thermodynamics of black hole is studied. In the expression of the third law of thermodynamics for the ZPS black
hole, it is emphasized that the left system of the black hole satisfies Nernst’s theorem.

ZPS black hole, energy density, heat capacity, third law of thermodynamics, Nernst theorem
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