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This result was derivedearlier

using a different approach .



Flnctuak.eu/heoremsforEntropyProduction--
collection of results (mostly obtained
mid- late 1990 's ) thatdifferently

,
but make similar

physic assertions

basic form .

.
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/ entropy produced
sometimes an equality ,

other times only tune
in the long - time limit

I'll present 4 derive the FT obtained by
Lebowitz f Spohn (1999 ) .

N- state system ,

usual setup :

dp
Id

= Rp

sij = OSj→i=lnRp÷,
[entropy produced in system's surroundings ,

when transition j → i occurs .



Assume detailedbalance is violated :

Act O for some cycle Cs )
.
: system evolves to non-equilibrium
#zeno currents

.

Imagine observing the system in a NESS ,

from t → - as to t= + a .

Divide this infinite interval into

infinitely many segments of finite duration , i .
one segment : X = io Es i , ¥ . . .

¥ in
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ofXI = time-aver.ge# entropy production rate

= IT E si* in -- II be R⇐
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[
sum over transitions
in one segment

p, G) = probability distribution of values of r
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Expect polo) to become increasingly sharply
peaked as t → a Claw of large numbers )
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for large t
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Fluctuation Theorem : IG)-Ifr
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Following Lebowitz f Spohn , I'll derive this F. T.

by using a generating function , along with
the Perron - Frobenius Theorem

.
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The integral in ① is dominated (for large t)

by the region around ox . . . expand :
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slope -- - X

It follows that g
" co ( since I"G) so] .

Also :
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-

- O .

Next
,
I'll show that :

① g CA)
-
- ga - X ) using Perron - Fob -thin

.

② Thisimplies IG) - Ito) = - o by L
-
T
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PTH = ordinary prof . dist ' n
[Qt]
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weighted " prob . dist ' n .
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accounts for the fact that
the weight e-

Atom picks up
a factor e

-Hii when the

transition j → i occurs .

Qij (X) = Bij e
-X Sii ( Sii = O)

Qi; (I -7) = Rij e 'd
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Qij (X) = Ri; e
-As

, g (A) = tying - It bn I . g- It)

Perron- Frobenius Them :

Q has a dominant eigenvalue
a

,
> lay > la , I > . . .

EIR

ft = Qq ⇒ g- It) -- e
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oflo ) → c
,
eat it

,
as t → a

Qui -- a, it,
( c

,
is determined by qCoD

g th = lying - It be I . g- Its

= ling - I ( luc,
+ at ten I.a) = - a,

Ca)

gli -X = C- t ) x (dominant eigenvalue of QCl - as]
But Q ( I - 7) = QCXT implies that

QH -H f Q A) share the same

spectrum of eigenvalues .

i
. gCH=gCT as promised .

Now use L
.
T. to show that IG) - IC-o) = -o
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