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Abstract 

The second law of thermodynamics was originated by the extrapolation of experimental results. It 

seems obvious that there is not a definitive experiment capable of fully proving this law, since that 

would require testing all the possible situations of the universe. However, the law seems solid in the 

sense that no deviations have ever been observed at the macroscopic scale and all the known 

phenomena comply with the law. At the microscopic level (when only a few particles are present in the 

system), some violations have been predicted and also validated experimentally. A corrected version of 

the law, known as the generalized second law, takes the microscopic systems into account and seems to 

describe the behavior of entropy with accuracy. 

 

 

 

 

 

 

 

 

 

 

Scope 

The so-called 'Second Law of Thermodynamics' states that the entropy of the universe tends to a 

maximum, that is, its degree of order can only degrade, not improve. Derived from this is the idea that 

we are inescapably approaching the 'heat death of the universe', when everything is run down and there 

is no free energy to sustain motion or life. Information is sought on any measurements or experiments 

which give evidence supporting the so-called law.  

Ref: http://en.wikipedia.org/wiki/Heat_death_of_the_universe 
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Introduction 

The laws of thermodynamics 

The laws of thermodynamics have been stated in several ways since their first formulations along the 

nineteenth century. Simple definitions of the 4 laws include: 

0th Law: Objects in thermal equilibrium have the same temperature. 

1st Law:  Energy can neither be created nor destroyed. 

2nd Law:  All spontaneous events act to increase total entropy.  

3rd Law:  Absolute zero is removal of all thermal molecular motion. 

 

The laws of thermodynamics have been reformulated by different scientists to express their influence in 

different phenomena. For example, there are over 20 formulations of the second law.[1] 

 

The second law and entropy 

Many textbooks define the second law as: 

“The entropy of the universe increases during any spontaneous process.” 

 

In other words, energy disperses spontaneously from being localized to becoming spread out if it is not 

hindered to do so.[2] Therefore, as time goes by, all the energy will tend to spread out, leading to a final 

equilibrium state in which there is no energy available to perform work: the heat death of the universe. 

 

The goal of this report is to compile the experimental approaches to the second law of thermodynamics 

in order to determine if it has been empirically proved or if there is any indication that it could be 

wrong. 

 

Bibliographic search 

A search was performed using the following search engines and databases: Google, Google Scholar, 

Pubmed using the following search terms: 

„Second law of thermodynamics‟ 

„Experimental proof of the second law of thermodynamics‟ 

„Validation of the second law of thermodynamics‟ 

 

A compilation of the most relevant references was used for this report, including those that summarize 

the general knowledge of the law and the experimental attempts to test its validity. 
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Experimental proof of the second law of thermodynamics 

The first formulations of the second law are attributed to Clausius and Kelvin. They formulated the law 

on the nineteenth century from empirical observations on how heat can be converted into motion.  

“No device, operating in a cycle, can produce the sole effect of extraction a quantity of heat from a heat 

reservoir and the performance of an equal quantity of work” (Kelvin) 

“No process is possible for which the sole effect is that heat flows from a reservoir at a given 

temperature to a reservoir at higher temperature.” (Clausius) 

 

Thus, the second law itself comes from the generalization of experimental observations. Entropy is a 

state function that has been defined in many different ways but it can be roughly described as a 

quantitative macroscopic measure of microscopic disorder.[1] In classic thermodynamics, entropy can 

be considered as a measure of the amount of energy in a system that is not available to perform 

work.[3] There is also a statistical definition of entropy, developed by Boltzmann, which measures the 

number of microscopic configurations of the individual atoms and molecules of the system that would 

give rise to the observed macroscopic state. Boltzmann also demonstrated that this definition of entropy 

was equal to the thermodynamic entropy to within a constant number (the Boltzmann constant) which 

relates to the energy of the individual particles and the temperature of the system.[3-5] 

 

At a macroscopic level, the second law of thermodynamics is observed in all the known processes. 

[5,6]. However, due to the statistical nature of the law, some deviations can occur in microscopic 

systems. 

 

Violations of the second law 

The reason why violations of the second law of thermodynamics are not normally observed is a matter 

of statistics. When 10
23

 degrees of freedom are involved, the odds are overwhelmingly stacked against 

the possibility of seeing significant deviations away from the mean behavior. Statistical mechanics 

predicts that violations of the second law can occur in systems that are far from thermodynamic 

equilibrium.[7] These violations have been experimentally observed.[8] A generalized second-law-like 

theorem known as the transient fluctuation theorem of Evans and Searles links the macroscopic and 

microscopic domains of the law. This theorem provides a mathematical expression of the probability 

that a system that is not in thermodynamic equilibrium evolves in a way opposite to that predicted by 

the second law of thermodynamic. Both experimental and theoretical proofs of this theorem have been 

achieved. [9-11] 

 

The generalized second law is still a very active topic in the scientific journal. As shown in Figure 1, 

the number of publications retrieved in Google Scholar under the terms „Second law of 

thermodynamics‟ has duplicated within the last 10 years. 
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Figure 1 Number of publications retrieved by Google Scholar for the search terms ‘Second law of 

thermodynamics’ between 2001 and 2011. 

 

The heat death of the universe 

The inescapable approach to a universe in thermal equilibrium seems feasible considering the 

experimental observations in macroscopic systems. However, deviations from the second law of 

thermodynamics observed in microscopic systems suggest that there are certain possibilities that this 

state is never reached. 

 

In fact, considering Boltzmann‟s definition of the second law of thermodynamics, the heat death of the 

universe is a state which has a very high probability of occurring after a certain period of time. 

However, due to the statistical nature of the law, there is also a probability (much smaller) that this state 

will not be reached. [12] 

 

Conclusion 
In macroscopic systems, the second law of thermodynamics has been consistently observed. The heat 

death of the universe is very likely to occur but this does not imply that it will necessarily take place.
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