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Abstract

Einstein's general relativity, while accurately explaining many experimental tests and the dynamics of the
solar system, does not cover Mach's principle and Dirac's large numbers hypothesis; thus, the
development of generalized theories such as Einstein-Dilaton and Brans-Dicke is inevitable. In this
context, the study of black hole thermodynamics, rooted in the works of Bekenstein and Hawking, has
become one of the important research areas. It has been shown that temperature and heat capacity play a
key role in determining the stability of black holes. In this thesis, we first briefly examined the Reissner-
Nordstrom black holes, asymptotically anti-de Sitter charged black holes in the presence of Euler-
Heisenberg electrodynamics, and Brans-Dicke black holes in the presence of linear electrodynamics. The
fifth chapter, which is the main part of the research, is dedicated to the study of four-dimensional Brans-
Dicke black holes in the presence of Euler-Heisenberg electrodynamics. To achieve this goal, we derived
the field equations in a static and spherically symmetric spacetime. The results showed that the field
equations are highly coupled, making their direct solution challenging; therefore, we employed conformal
transformations to transfer the action from the Jordan frame to the Einstein frame. The calculations
indicated that considering the nonlinear Euler-Heisenberg parameter as a non-conserved quantity leads to
a violation of the first law of thermodynamics. However, by proposing a = ae~®#?® modified equations
were written, and solutions were extracted in which the first law was upheld. Then, the thermal stability
and phase transitions of these black holes were analyzed within the framework of the canonical ensemble.
Subsequently, dilaton black holes in the presence of nonlinear electrodynamics were examined, yielding a
set of multi-horizon solutions that reflected the phenomenon of quantum anti-evaporation. It was also
shown that the validity of the first law of thermodynamics requires a specific relationship between the
scalar-electromagnetic parameter o and the dilaton parameter f, which are related through the relation
f=—2a. The findings of this research demonstrate that the combination of scalar-tensor theories with
nonlinear electrodynamics not only provides a coherent framework for better understanding black hole
thermodynamics but can also be utilized in examining thermal stability and testing fundamental
gravitational theories.




