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The thermohydrodynamical picture of a charged Brownian patrticle
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We study a charged Brownian gas with a non uniform bath temperature, and present a thermohydrodynamical picture. Expansion ol
collision time probes the validity of the local equilibrium approach and the relevant thermodynamical variables. For the linear regime
present several applications (some novel).
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Estudiamos un gas browniano con carga y presentamos el cuadro termolédrimdirtonsiderando una temperatura de contenerdor no
uniforme. Con una exparisi en el tiempo de coliéh exploramos la validez de la loifesis de equilibrio local y las posibles variables
termodiramicas relevantes. En @gimen lineal presentamos varias aplicaciones (alguialtas).

Descriptores:Termodiramica, movimiento browniano.

PACS: 05.40.Jc; 05.70.Ln; 82.20.Mj

We generalize previous work [1], considering a magneticansatz [1] as:
field [2] and a non uniform bath temperatdréx, t). Follow-
ing the Ref. 1 we write down Kramers equation for the prob- ni (W
ability distributionP(x, v,t) in phase space for the Brownian P=folv X_:O\I/ x.1) U ( D (wy) ) ’ ®)
particle (massn chargee) under an external forcE: " B
where®,,, (wy,) are the orthonormal Hermite functions with
(8 Kl N 1 F@) P_J (1) V2vrwy, = v, and withn = (n1,n9,n3). As before, we

ot + Vox T m” ov require the density of Brownian particles to be

n(x,t) = [ dvP(x,v,t).
19 (vﬂ%a@v) P— = (P-nfolv). @ /

T Ov 7o By direct substitution of the ansatz into (1), and as in Ref. 1 a
set of differential recursive (difference) equations for#jgs

The Fokker-Planck collision time is the inverse of the are readily obtained. After a partial integration we obtain

friction coefficient and the thermal velocity; is given by
mvZ = T (hereinafterky = 1). The diffusion coefficient
D and the mobility¢ = 7/m are related via the celebrated
Einstein relation B= (7' = 7v7. In the collision termJ we
include a generalized BGK collision mechanism [3]. The lat- dg

ter is characterized by a relaxation timgand a prescribed R=0+VA*+v} (DA—S—A2 (8 +QVy )) (5)
referential particle densityy(x,¢) (for example the actual

Brownian particle density.(x,t)). fo is the usual equilib- where

rium distribution function. The external force (not necessar-

ily uniform) includes a mechanical paftVVies an electric ~ V/n1!na!ng!Zy = v T2 00,

field E = —V¢ and a magnetic field. Let us define a po- 9 .

tential functionV = Viec + e¢ and a covariant derivative 0=~ +1 ,29g=InT.

ot
D =V + T, where
The asymmetric lowering and raising operatArandA* are

defined respectively by

L 00 + 7w A*XAZy = (A*A+7R) Zn,  (4)
To

0
V=_— andl =T 'VV.
Jx
. . . Alzn = 4ny—1,n3,n3 and Ayl(Zn = (]- + nl)an—I-l,nQ,ng
Also define the vectow (notice the cyclotron frequency is
|w| = we) by mew = eB. Thus the external forcE is given  (similarly for the remaining components), and with
by F(x,v) = —VV — mw x v. We generalize our previous Q =vZA + A*.
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The particle number balance equation (Eq.4 With= 0) = pint + V. Here we introduce no a priori assumptions on
defined here as the generalized Smoluchowsky equation, the functional dependence of the entropy (as in the local equi-

given by librium approach, LEQ) nor do we assume relevant variables
on 1 as is extended irreversible thermodynamics (EIT, [5]). Asin
— +VI=——(n—ng), (6) Ref. 1, all fluxes (including the ones not computed hege),
ot 70 u, S, in fact all thermodynamic potentials can be expanded

with J = (Z100, Zo10, Zoo1 ). The passage to hydrodynam- in pOV\_/ers ofr (adequate at Ieast.in the ovgrdampeq limit
ics is performed as before [1] defining the particle flux, the@nd With, > 7), formally rendering all variables univer-

charge flux, the pressure tensor and the energy flux, respeg@l functions of the sefV, D, », T, B}. Thus, at any given
tively by: T expansion stage, the only relevant variablesrasnd T

For Brownian motion, the universal equation for the parti-
J— /dva(x, v, 1), cle density is the gengralized Smolu_choyvsky e_que_ltic_)n plus a
set of boundary conditions (BC). This picture is distinct but
not inconsistent with EIT [5], where incorporating the BC to
Je=el, II(x;t) = m/dVVVP(XNat) and the fluxes, the latter may be interpreted as relevant variables.
LEQ is satisfied only to first order in, where

2Jp(x,t) = m/dvvva(x,v,t). (‘)lng)
We also define the energy densityand the nonequilibrium ot

temperature® as before [1]2E(x,t) =TrII =3p = 3n©.  Hereafter we consider the linear (first orderrincase and a
Again from Eq. (4), this time withn| = 1, we derive the bal- stationary temaeraturE = ©. Then the particle flux is cast
ance equation for the charge flux (generalized Ohm law [4])as (withB =B z)

0=T1-r7

03 J = —¢KnVV — KV(Dn), (11)
24 J, =W 7
T 5 + o , (7
1 1 0 0
W =E + RyJ. x B—-VViee— —VII,  (8) + 0 0 1+62
e en
wherer*—1 = T’l—i—T(;l, o* =m~te2r*n andR;f = nec. with
With the additional definitions = mnv2. andeg = mngv% 0 — DDA
- B

we obtain for the energy flux balance equation [Eq.(4), with

1 <|nf<3] and where Bohm'’s diffusion coefficient is
oF 2 1
4 VIp=-JdVV-Z(E—¢)— —(E—c0). (9) Dp = c¢T(eB)™ .
ot T T0

We perform the passage to thermodynamics [1] with the defNotice that
inition for the entropy density

0 = 0oBRy = Tw. where oo=m"‘e*rn.
5= /dv 5k v, 1) = 7‘/ dv The scope of the Brownian motion scheme is highlighted
with some direct applications of Eq. (11):
P(x,v,t)In X P(x,v,t)with A =e~! (h/m)’, In e= 1, a)lf diffusion is disregarded\(n = 0, say electrons in a
so in the appropriate limit we retrieve the usual thermody-metal) and withv 7 = 0 we retrieve the classical magnetore-
namical entropy [1]). The entropy flux is defined as sistance and Hall effect models [6]
b) If we consider two Brownian gases, say electrons
Js = /dVV S*(x,v,t), and holes (inhomogeneous semiconductors), withrifie
the equilibrium carriers’ densities and thg's generation-
then the entropy density balance equation is given by recombination times, then (6) together with (11) constitute
99 generalized transport equations [6]
s +VIg=— / dvJ (1 +1In\P). (10) ¢)The diffusive part has the ‘correct Fick law’ for nonuni-

form temperature [7]
Also as in Ref. 1 we define the generalized free energy den- d) Equation (11) can also de cast as
sitiesF’ andG, and the intrinsic and total chemical potentials

respectively ag’’ = F — 0S5, G = F + p = nuin and J = —K(nVp+ SVT) (13)

Rev. Mex. 5. 48 S3(2002) 13-15



THE THERMOHYDRODYNAMICAL PICTURE OF A CHARGED BROWNIAN PARTICLE 15

in agreement with Ref. 8 for th#I" = 0 case, suggesting Work in progress includes illuminated systems [10],
that diffusive mass transport is solely convective transport oEhemical reactions [11], the non linear regime in earnest,
both mass and entropy; and finally transport and entropy production general properties, and the

e)In the high magnetic field regime and wii" = 0 the  Validity of any Onsager-like scheme.
cross diffusion current is driven by~ B~! the anoma-
lous Bohm coefficient, never derived but proposed to exAcknowledgments
plain the observe@—! behavior instead of the expect&d 2
term [9]. This work was supported BJAPESP, SBrazil.
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