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Fig. 46—1. The ratchet and pawl machine.
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Fig. 46—-1. The ratchet and pawl machine.
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“Feynman’s ratchet and pawl: an exactly solvable model”, Phys Rev E 59, 6448-59 (1999). !
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FIG. 1: Energy landscape for modes 1 and 2. Transitions between the two modes are driven by
thermal fluctuations at temperature T4, while leftward and rightward steps along the lattice are
driven by fluctuations at temperature Tg.

Ta

FIG. 2: Equivalent system: a spin-1/2 particle is coupled to a spin-1 particle, with the latter
depicted by an arrow that can point in one of three directions on the face of a dial.

State (n) Sa Sp |E(S4a, SB)
1 -1/2 -1 0
2 -1/2 0 0
State energies: 3 -1/2 +1 0
4 +1/2 -1 —a
5 +1/2 0 0
6 +1/2 +1 +a

! Figures used with explicit permission from the first author.



Transition rules: with probability rate I', the system attempts to change its mode (spin-
1/2 flip); and with probability rate T', the system attempts to move +d along the lattice

(spin-1 rotation). In either case the move is accepted with probability

Pooe = min{l ) exp(—AE/Tm)} (m =4, B) (1>

where AFE is the change in the system’s energy associated with the attempted move

(Metropolis rule). The corresponding transition rate matrix is

-2 3 3 0 0
3 2 1 0 1 0
1 0 0 —p—rt2 1 1 ’
H 2 2 2
0 1 0 : _34v 1
o0 w55 2
with = e~Ta gnd v = e~ /TB

The system reaches a stationary state in which the average velocity of the particle along

the lattice is: U > O
V=B = =D Y)  when T> T, O

where N(p,v) > 0 is a fourth-order polynomial. In this stationary state the net flow of

energy from reservoir A to reservoir B is:

al’

QA—‘B = BW(N —v)P(u,v) (4)

with P(p,v) = 4 + 14p + 150 + 4uv + 5% > 0. The net rate of entropy production is

. 1 1 - r I
S=(=——=)0.. :3—(1 —) — V)P(u,v) > 0. 5
(7~ 7.) Qaen =35 () (0= 1) Pl) = )
The model can be generalized to include an external load, and remains exactly solvable in

this case. In the presence of this load, the model can act as a heat engine, or as a refrigerator,

and its behavior in the linear response regime can be analyzed.
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