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Thermodynamical Entropy: “a thermodynamic quantity representing the unavailability of a system's
thermal energy for conversion into mechanical work, often interpreted as the degree of disorder or

randomness in the system.”

Clausius wrote that he "intentionally formed the word Entropy as similar as possible to the word
_ Energy", basing the term on the Greek: en- ‘inside’ + Greek tponn trope ‘transformation’.

1850

Clausius, Rudolf (1865). Ueber verschiedene fiir die Anwendung bequeme Formen der

Hauptgleichungen der mechanischen Wirmetheorie: vorgetragen in der naturforsch. Gesellschaft

den 24. April 1865. p. 46.




I thought of calling it "information", but the word was overly used, so I decided to call it
"uncertainty". [...] Von Neumann told me, "You should call it entropy, for two reasons. In the first
place your uncertainty function has been used in statistical mechanics under that name, so it already-
has a name. In the second place, and more important, nobody knows what entropy really is, so in a

debate you will always have the advantage."

Conversation between Claude Shannon and John von Neumann regarding what name to give to the

attenuation in phone-line signals

M. Tribus, E.C. Mclrvine, Energy and information, Scientific American, 224 (September 1971), pp. |
178-184
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Some results:

Massless scalar field model. Vacuum (fundamental) state in a square lattice
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S =.075 (4 L/e) - 0.047 Log][L/€] + const=.075 (perimeter/c) - 0.047 Log[L/ €] + const

We have an «area» term and a logarithmic correction. These are divergentas e — 0



The same perimeter but more vertices:
S =.075 (perimeter/e) - (6/4) 0.047 Log[L/¢] + const —— =~~~ " ° "0 0 0T

The same «area» term. A logarithmic coefficient growing N B B
with the number of vertices. I .
(All vertices have the same angle S(A)=S(-A) for a global pure state) S

In general:

S(A) = ¢1 (perimeter/e) — MU Clog(0) log(R/€) + const e

vertices

Again the square: Ch e s e e

S =.085 (perimeter/e) - 0.047 Log[L/¢] + const ———

Bad: area term does not have the rotational
symmetry of the theory in the continuum limit

Good: the logarithmic term does not notice - -
the lattice Tt
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Leading area term and no log, as expected

Mutual information

The boundary divergences cancel out in

the combination.
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S cannot be finite

I(A,B) diverges when A and B touch each other




