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What is Non - Equilibrium Stat Mech ?

-

Real & modern nan - eg stat mech :

Systems w/ dissipation ,
which

means heetlertrapy flows in or out

of system .[
doing or having work dare on system ,

non adiabatically ]

. In
many Cases , this means

time reversibility in dynamics is broken

. Sometimes we can reach a

' '
nan - avi librium

steady state
" where there is constant driving

but basically at qui librium

Examples ! Self assembly by drying 1inafield
self driver / extends dr. her particles

molecular motors ( consume ATP to do work )

folding / unfolding protea under face
. .

.



sane theorieshere developed to treat

these
" real "

non - equilibrium systems

All of that is built on understanding dynamics
•

of systems
" near"

equilibrium first
,

• Additionally , we have to understand /
learn about dgna , especially Systems

in contact w/ a
bath & how to study then

[ time dependent processes ]

-

Baek to Brownian motion & origin of

Langevin equation
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the particle has dreg
'

. t radius

mduzt = - { u
, 3=6,72atStokes law

,
3d sphere



If this were whole story then

VCH = Uco ) e-
Et 'm [ more dry , lighter particle

Stops faster ]

This would mean that the particle stops mains
our time

But we know ( from before
,
also xptsl that

Lv

?
> =

" In so this most one from

collisions of the solvent

[ ( ' Izmir> = like > = Kath J ⇒ at > = KYM

So this is where we get Langevin 's idea of

md÷ = -Yut SFCH grandam face
fluctuating farce in each direction

Assert collisions uncorrelated in fine Emea zero

< SFCH 7=0 LSFCHSFCT ' D= 2138ft - t 't

So how do we solve this era his ? Home to do once

by a
" trick " far diff eg
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insert xlH= eat guy
then eatdgfhtaeatyCH-aeaty.CH tbctt

⇒ diff = e-
at

buy

integrate from 0 to 2
T

yes - yeol
= Jett but dt
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switching back to x
,

e-
at

xcel= No ) t Joke
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t.ba/dtxCH=eatxCGtJoTe-att-HbctIdf
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going
back to Langevin an

tough
- Eave ) t

StettenI F T

⇒ vCH= e- Gmtv + Jotdt - e-
' htt - t

'

)

-

If no randan farce
,

correct solution

Now we want to predictWH
So whet is @http ?

vCH2= e- Gmt ufo, t

2e-hhtucafotdie-4nctttgfy-fof.otdt-dt-re-4nft-t-ttlt.tt/s

,

So now take avg [ over many start times
,
ind

LSFFO particles .  -
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= e-
" " I costgem Leumit

- t

't !!
= e-ZKHtvcoitzyfl-e-zh.int )

so starts w/ Some velocity UO ) ,
but

as t  → x
,

goes to the avenge velocity
of
any puncher particle

LUCHT ⇒ Blue

And so lB=kB
The fluctuation - dissipation theorem

( FDT )
Relates the strength of the random
noise on on observable to the fiction



Time correlation functions
-

Only one Eg slate
,
but may aan -

equilibrium skies . three there is no

( probably ) unique partition huehm
.

Whet

we compete instead are time correlation

functions ( mare lie gal , but in time)

These will cavetto :

viscosity , thermal card ,
dies im &

Scattering , spectroscopy & NMR

Measurements are still averages ,
but now

back to time averages

L As = Lz f ! dt ACH

Fluctuations from mean SACH = A Itt - LA )

Fluctuations aye correlated in time
,

so



like Lssissj ?in lattice model &

Lsp Cry Spur ) ) we need to caper
t
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If.acequi-b.nu
or @ Nees state

initial fine doesn't metter and ( Cf )

only depends on observation window

Mary experiments measure Cw -
- fnjddteiwtcut

Fourier transform
,
called the

"
spectral density

"

Eeg optical absorption related to FT of

dipole
- dipole caretaker fire



Example - the correlations invelocity are

related to the diffusion canst

We showed Idi sussed Diff sion of a particle
in

Id
. Macroscopically Diffusion is defined

bg a diff Eq called the diffusion q
Dct , H is care at x at time f

ftp.cxitl =D 0¥ pcxitt
if PCX ,

o ) = SCH
, spreads out as a

gaussian w/ time , w/ Lexx > to

what is the MSD C also
,
the variance

.

of this

gaussian ?
x

start w/ Lya > = fdx Ipc
- o
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↳ =DKiffin ! ! - f.III.PGH dx

u
du

↳ = D [ ( 2%4111! t 2 I? pcx ,
Hdt ] = ZD



⇒ ca > =2Dt

( showed for discrete random walk before)

Dot now
,
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@ equilibrium , only t - s matters
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