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EPR on random variables

from phase space fluxes: correlating bending modes
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(1) Overdamped Langevin Equation:

a = Aa+ F¢

(2) Fokker-Planck Equation:

dp(a,t)
at

= —V-j(a,t) = =V -(Aap(a,t) — D Vp(a,t),

(3) The phase space velocity, @, in terms phase space current j(a, t)!!

4= j(at)
p(a,t)

Ssys (t) = - ln(p(a, t)! t)

= Aa—DVIn(p(a,t))

t
AS(t) = ] dra’(z) D=1 vSs[a(?)]
0
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EPR on fields

High cost to oscillate, low cost to synchronize
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Onsager reciprocal relation

Linear force-flux relation:
When a system 1s near equilibrium with time-reversal-symmetry (TRS), the “fluxes” in
each of its sub-processes are linearly related to the “forces™

Force A > Flux A

Lpy = Lyp
(Onsager reciprocal relation)

Force B > Flux B

(Flux A ) Laa LAB] (FOTCB A )

Flux B) ~ Lgs Lggl|\Force B



Onsager reciprocal relation: reversible cyclic reaction

A ABC cyclic network:
* Species A, B, C

k
3 A " fey forward reaction coefficients:
-3 -1 k19k29k3

k_,
— B backward reaction coefficients:
—
k2 k—lak—29k—3



Onsager reciprocal relation: reversible cyclic reaction

A
7N\
kg k)

k_,

47_’B

J1 = Jf - J1 A
— klA — k_lB

net chemical flux:
/\
w__/

chemical affinity (“force”):

F1=Ha— g
— kBln(klA/k_lB)

U4, Ug: chemical potential
kg: Boltzmann constant




Onsager reciprocal relation: reversible cyclic reaction

A net chemical flux:
'// \\ J1=3J7 —Ji =kiA—k_4B
Jo = T35 = J7 = kB — k_5C
—— B J3=Jd3 —J3 =k3C —k_3A

chemical affinity (“force”):
I Fi = ua— pp = kgln(k,A/k_,B)
1 Fr = up — ¢ = kpln(k,B/k_,C)
Fsz = Uc — ta = kgln(ksC/k_3A)

U Tl + T2+ ?3 =0
(two independent forces)



Onsager reciprocal relation: reversible cyclic reaction
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two independent forces:
F 1> F 2

corresponding chemical flux:

Jnla JnZ

Entropy production rate (Onsager’s form):

§ = Z JiF; = J1F1 + JoFy + JoFs
l

= J1F1 + J2Fz + J3(=F, — F)
=(Jy — J3)F1 + (J2 — J3)F
= Jn1F1 + In2F>

)=l 22G)



Onsager reciprocal relation: reversible cyclic reaction
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Onsager reciprocal relation: reversible cyclic reaction

A

72 N
k g k)
k_»

C,T_’B

)=

_ [E1 L12] (7:1)
Ly; Lyl \Fs

(near equilibrium)

chemical flux:

Ji = Ji > kA~ k_,B

chemical affinity (“force”):
Tl — kBln(klA/k_lB)

kiA-k_4B kiA-k_4B
~ kp - = Kp -
_ kB
J1

T k44,

10



Onsager reciprocal relation: reversible cyclic reaction

A (Jm) _ [E1 L12] (7:1)
'//3 \\ In2 L2 L] \F;
C —— B

(near equilibrium)
T ~

kg
szo

(71)

k1Ao

dn1=d1 —J3 = Fi1— F3 = T'l' Tz
kg kp kp kg

kB

k,C
2 T 0
k
B

C
3 :7:' 0
k 3
B

k k-B k-C
kp kp kp

In2 =d2 — J3 =
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