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NON MARKOVIANITY OF THE BOLTZMANN-GRAD LIMIT OF A SYSTEM OF RANDOM OBSTACLES IN A GIVEN FORCE FIELD L. DESVILLETTES(1) AND V. RICCI(2)



Abstract. In this paper we consider a particle moving in a random distribution of obstacles. Each obstacle is absorbing and a fixed force field is imposed. We show rigorously that certain (very smooth) fields prevent the process obtained by the BoltzmannGrad limit from being Markovian. Then, we propose a slightly different setting which allows this difficulty to be removed. Abstract. On consid`ere dans ce travail une particule qui se d´eplace ` a travers une distribution al´eatoire d’obstacles. Chaque obstacle est absorbant, et un champ de forces fixe est impos´e. On montre rigoureusement que certains champs (tr`es r´eguliers) empˆechent le processus obtenu par la limite de Boltzmann-Grad d’ˆetre Markovien. Ensuite, on d´ecrit une situation l´eg`erement diff´erente dans laquelle la difficult´e pr´ec´edente ne peut apparaˆıtre.



MSC : 82C40; 82C21; 60K35. Keywords:Lorentz gas; linear Boltzmann equation; non Markovian.



1. Introduction In this paper, we investigate the rigorous derivation of linear kinetic transport equations starting from the basic particle dynamics in a random context. The first result in this direction was obtained many years ago by G. Gallavotti, who showed how to derive the linear Boltzmann equation (with hard–sphere cross section) starting from the dynamics of a single particle in a random distribution of fixed hard scatterers in the so– called Boltzmann–Grad limit. This paper (Cf.[G]), published in [G1] and unfortunately not widely known, is technically simple but has a deep content. In particular it is proven there for the first time that it is perfectly consistent to obtain an irreversible stochastic behavior as a limit of a sequence of deterministic Hamiltonian systems (in a random medium). Later on this result was improved (see [S1], [S2] and 1
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[BBuS]). More recently, the Boltzmann–Grad limit in the case when the distribution of scatterers is periodic (and not random) has also been considered in [BoGoW] (see also the references therein). Note that in this case, the result is totally different. It is sometimes assumed that a given force field does not change anything in the derivation of the (linear) Boltzmann equation. However, it was noticed (at the formal level) by Bobylev, Hansen, Piasecki and Hauge (Cf. [Bob]), and verified (at the numerical level) by Kuzmany and Spohn (Cf. [Spo]) that charged particles in a constant magnetic field give rise to a non Markovian behavior. We wish here to analyse rigorously such a behavior (though for a given force coming out of a smooth potential rather than for a constant magnetic field) and to prove the convergence of the system (taking into account only absorbing obstacles) towards the solution of an equation which is not the standard linear Vlasov-Boltzmann equation, but an equation with coefficients depending on time (this equation is close to that obtained in the setting of [Bob], that is when the force field is a magnetic field, and when the obstacles are not absorbing but instead give rise to a rebound of the particle). Then, we propose a setting in which the difficulty disappears, so that the usual Boltzmann-Grad limit holds. Namely, we consider obstacles which are not fixed, but which move along straight lines with a random velocity. In the first part of our article, we assume that the scatterers are distributed according to a Poisson law with parameter µε = µ ε−1 on R2 (the case of R3 can be treated similarly), and are comprised of balls of radius ε. More precisely, a given scatterer localized in c(∈ Rd ) is assumed to be absorbing (that is, our test particle disappears when it enters the obstacle). The probability distribution of finding exactly N obstacles in a bounded measurable set Λ ⊂ R2 is given by: (1)



P (dcN ) = e−µε |Λ|



µN ε dc1 . . . dcN , N!



where c1 . . . cN = cN are the positions of the scatterers and |Λ| denotes the Lebesgue measure of Λ. The expectation with respect to the Poisson repartition of parameter µε will be denoted by Eε . We consider a fixed force F (t, x) acting on the test particle, so that the equation of motion of this particle (having initial position x and
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initial velocity v) is given by d t d t (T1 (x, v)) = T2t (x, v), (T2 (x, v)) = F (t, T1t (x, v)), (2) dt dt up to the first time τc (x, v) when the particle enters an obstacle. For a given initial datum fin ∈ L1 (R2 × R2 ), we can define the quantity (3)



fε (t, x, v) = Eε [fin (T −t (x, v)) 1{t≤τc (x,v)} ].



Then, our first theorem is the following : Theorem 1: Let c be given by a Poisson’s repartition of parameter µε = µ ε−1 (on R2 ) and F ≡ F (t, x) be a given force in C(R; W 1,+∞ (R2 )) (that is, globally Lipschitz in x, locally uniformly in t). We denote by T t the flow defined (for t ∈ R) by (2). We suppose moreover that F is such that for a.e. initial data (x, v) ∈ R2 × R2 , the velocity never reaches 0 (in other words, T2s (x, v) 6= 0 for s ∈ R). Then (for a given fin ∈ L1 (R2 × R2 )), the quantity fε defined by (3) converges (when ε → 0) in L1 ([0, T ] × R2 × R2 ) for all T > 0 towards the (unique) solution f in L1 ([0, T ] × R2 × R2 ) of the equation (4)



∂t f + v · ∇x f + F · ∇v f = − 2 µ |v| f 1{x6=T1−s (x,v),s∈]0,t[} .



together with the initial condition f (0, x, v) = fin (x, v).



Remarks: 1. Equation (4) is at variance with the expected equation (5)



∂t f + v · ∇x f + F · ∇v f = −2 µ |v| f.



as soon as the trajectories (in the space of x only) of the ODE (2) cross themselves (for a set of times of strictly positive measure) for a non zero measure set of initial data. This happens for very smooth forces (which do not even depend on t), for example for the harmonic oscillator F (t, x) = −x, when t ≥ π/2. This phenomenon also appears for forces depending on the velocity of the particles, such as the Lorentz force : this is exactly the case studied in [Bob]. 2.. The assumption that F is globally Lipschitz is used only to ensure that the flow T t is well-defined for all t (it could be replaced by any locally Lipschitz force provided that one studies the solution for times t such that T t is well-defined). The assumption that for a.e. v, T2s (x, v) 6= 0 for s ∈ R is generic (and is satisfied by the harmonic
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oscillator for example). It can be relaxed somehow (for example, one could allow a finite number of points where T2s (x, v) = 0 if, at those points, the derivative of the velocity is not 0). It seems however very difficult to completely remove these kinds of assumptions (one could imagine very singular trajectories, with many points where T2s (x, v) and many (or all of) its derivatives are 0). We now turn to a way of recovering the “right” equation, that is an equation describing a Markovian process, at the end of the BoltzmannGrad asymptotics. We introduce a new configuration of obstacles, which are no longer at rest. Their initial position c is still given by the Poisson law with parameter µε = µ ε−1, but they also move with a (fixed) velocity w = (w1 , .., wN ) which is distributed according to a centered Gaussian law with variance 1. The velocities of the obstacles are independent from each other and independent of c. The expectation with respect to the measure we just described will ′ be denoted by Eε . We still consider the force F (t, x), the test particle obeying eq. (2), and the condition of absorption (together with the definition of τ , which now also depends on w) to be maintained. For a given initial datum gin ∈ L1 (R2 × R2 ), we define the quantity (6)



′



gε (t, x, v) = Eε [gin (T −t (x, v)) 1{t≤τc,w (x,v)} ].



We now state our second theorem : Theorem 2: Let c, w be given by a repartition as described above (that is, Poisson with parameter µε = µ ε−1 for c, and centered Gaussian with variance 1 for w, with independence of c and w), and F ≡ F (t, x) be a given force in C(R; W 1,+∞(R2 )) (that is, globally Lipschitz in x, locally uniformly in t). Then (for a given gin ∈ L1 (R2 × R2 )), the quantity gε defined by (6) converges (when ε → 0) in L1 ([0, T ]×R2 ×R2 ) for all T > 0 towards the (unique) solution g in L1 ([0, T ] × R2 × R2 ) of the equation |w|2 Z e− 2 (7) ∂t g + v · ∇x g + F · ∇v g = − 2 µ g |v − w| dw 2π w∈R2 together with the initial condition g(0, x, v) = gin (x, v).



Remarks :
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1. This theorem gives a way of finding the “right” equation as a Boltzmann-Grad limit. There are certainly many other ways of doing so (for example considering another reasonable distribution of velocities for the scatterers, or letting the scatterers vibrate around an equilibrium position). The idea consists in adding some extra randomness to the system. 2. Though we treat here only the simplest case (absorption by the obstacles), we believe that a similar behavior arises when a more general interaction between the test particle and the obstacles is considered. That is, the nonmarkovian behavior which results in the BoltzmannGrad limit in the presence of self crossings of trajectories (which of course still appears in this case), can be cured by the same addition of randomness. 3. Note that in this theorem, no assumption on F (or on the flow T t ) is made, apart from the smoothness assumption (F Lipschitz) which allows the flow to be defined. This point is significant since in more complicated contexts, one might only have very little information about F. The remainder of this paper is organized as follows : we first prove theorem 1 in section 2, and then theorem 2 in section 3. 2. Proof of theorem 1 We first write down the series giving the explicit value of fε . For this purpose, we first observe that thanks to the assumption that F is globally Lipschitz, the trajectory T1−t (x, v) (for t ∈ [0, T ]) of the test particle is included in some ball B(0, R(T )) (depending on x, v). Then we can write the explicit formula (for t ∈ [0, T ]) : Z N Z X −µε |B(0,R(T ))| µε fε (t, x, v) = e .. fin (T −t (x, v)) N! c1 ∈B(0,R(T )) cN ∈B(0,R(T )) N ≥0 (8)



× 1{T1−s (x,v)∈B(c dc. / i ,ε),s∈[0,t],i=1..N }



Then, denoting by (9)



θε (t, x, v) = {y ∈ R2 , ∃s ∈ [0, t], |y − T1−s (x, v)| ≤ ε}



the tube of width ε around the trajectory (in the space of x), and noticing that this does not depend on the configuration of obstacles, we see that (10)



fε (t, x, v) = e−µε |θε(t,x,v)| fin (T −t (x, v)).
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Therefore, in order to get theorem 1, and thanks to Lebesgue’s dominated convergence theorem, it is sufficient to prove the following lemma : Lemma 1: Under the assumptions of theorem 1, for all t ∈ [0, T ] and a.e. x, v, the volume of the tube θε (t, x, v) satisfies the following asymptotic property : (11) Z t



lim ε−1 |θε (t, x, v)| = 2



ε→0



0



|T2−s (x, v)| 1{T1−s(x,v)∈∪ / σ∈[0,s[ {T1−σ (x,v)}} ds.



Proof of lemma 1 : We consider only those x and v such that the velocity T2−s (x, v) does not go to 0 between times 0 and t. Note that by assumption, the (x, v) which do not satisfy this condition belong to a set of measure 0. For trajectories with such initial data, it is possible to define by ν(−u) and R(−u) resp. the normal vector to the trajectory and its (signed) radius of curvature at the point T1−u (x, v). Thanks to our assumptions on F , for u ∈ [0, t], the modulus of the velocity |T2−u (x, v)| is bounded between vmin and vmax . Since (still thanks to our assumptions on F ) an upper bound is also available for the derivative of the velocity, we can find a strictly positive lower bound (called Rmin ) for the (absolute value of the) radius of curvature |R(−u)|. We only consider in the sequel ε such that 0 < ε < Rmin /2. We define the following change of variable (remember that t, x, v is given) ζ : [0, t] × [−ε, ε] −→ R2 (12)



(s, z)



7→



ζ(s, z) =



Z



s 0



T2−h (x, v)dh + ν(−s) z.



Though ζ is not necessarily globally one-to-one (because of the selfcrossings of the trajectory in the space of x), we know at least that for any given s0 , it is indeed one-to-one for s such that |s − s0 | < 2π (Rmin − ε)/vmax . Its jacobian determinant is z J(s, z) = |T2−s (x, v)|(1 − ). R(−s) We consider the set of times for which a self-crossing occurs and denote it by   −s −σ B = s ∈ [0, t] : T1 (x, v) ∈ ∪σ∈[0,s[ {T1 (x, v)} . We then bound the R2 -measure of the flow tube from above.
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Using the change of variables ζ, we see that : Z Z ε z |θε (t, x, v)| ≤ ) dsdz + π ε2 |T2−s (x, v)|(1 − R(−s) c s∈B z=−ε Z ≤ 2ε (1 + ε/Rmin ) |T2−s (x, v)| ds + π ε2 , s∈B c



so that lim sup ε ε→0



−1



|θε (t, x, v)| ≤ 2



Z



0



t



|T2−s (x, v)| 1{s∈Bc } ds.



Note that the extremities of the trajectory need some special attention, since the corresponding part of the tube is not in the image of ζ. This explains where the term π ε2 comes from in the above computation. Let us now turn to the proof of a lower bound. This is slightly more intricate since we have to take into account the points where our change of variable is in fact not one-to-one (typically, for ε small enough, those are points close to some self-crossing of the trajectory in the x space). We first define (for any δ > 0) the constant Kδ =



inf



0≤s1 0 because of the definition of B. Taking now ε < Kδ (and still ε < Rmin /2), we can use the change of variable ζ and write the lower bound |θε (t, x, v)| ≥ Z



{s∈[0,t]: d(s,B)≥δ}



Z



ε



z=−ε



≥ 2 ε (1 − ε/Rmin )



|T2−s (x, v)|(1 −



Z



{s∈[0,t]: d(s,B)≥δ}



z )dsdz R(−s)



|T2−s (x, v)|ds,



so that lim inf ε ε→0



−1



|θε (t, x, v)| ≥ 2



Z



{s∈[0,t]: d(s,B)≥δ}



|T2−s (x, v)| ds.



We conclude by letting δ go to 0, thanks to Lebesgue’s dominated convergence theorem. Since for all s ∈ [0, t], 1{s∈[0,t]: d(s,B)≥δ} converges to 1B¯ c , it is sufficient to prove that B is a closed set of [0, t]. Indeed, this is a consequence of the fact that the (absolute value of the) radius of curvature is bounded below, which prevents self-crossings at points corresponding to times which are close. This ends the proof of the lemma.
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3. Proof of theorem 2 Once again, we write down the series giving the explicit value of gε . Note however that since there is no bound on the velocity of the obstacles, we can’t estimate a priori the set (in the x space) of the positions (at time 0) of the scatterers met later (before time T ) by the test particle. Then, we use the (less explicit) formula : N X −µε |B(0,R)| µε gε (t, x, v) = lim e R→+∞ N! N ≥0 Z Z Z Z × .. .. gin (T −t (x, v)) c1 ∈B(0,R)



cN ∈B(0,R)



w1 ∈R2



wN ∈R2



dw dc. (2π)N We now need to slightly modify our definition of the tube θ. We define for each w ∈ R2 : (13)



(14)



× 1{T1−s (x,v)∈B(c e− / i ,ε),s∈[0,t],i=1..N }



|w|2 2



θε′ (t, x, v, w) = {y ∈ R2 , ∃s ∈ [0, t], |y − T1−s (x, v) + w s| ≤ ε}.



Then, (15)



−µε



gε (t, x, v) = lim e R→+∞



R



w∈R2



|θε′ (t,x,v,w)| e−



|w|2 dw 2 2π



gin (T −t (x, v)).



Therefore, in order to get theorem 2, it is sufficient to prove the following lemma : Lemma 2: The volume of the tube θε′ (t, x, v, w) satisfies the following asymptotic property : for all (t, x, v) ∈ [0, T ] × R2 × R2 , Z |w|2 dw −1 |θε′ (t, x, v, w)| e− 2 (16) lim ε ε→0 2π w∈R2 Z tZ |w|2 dw =2 |T2−s (x, v) − w| e− 2 ds. 2π 0 w∈R2 Proof of lemma 2 : We consider a given (t,Rx, v) ∈ [0, T ] × R2 × R2 . t We prove that ε−1 |θε′ (t, x, v, w)| converges to 0 |T2−s (x, v) − w| ds for a.e. w. Then the convergence of the integral will be a consequence of Lebesgue’s dominated convergence theorem. We first notice that for a.e. w ∈ R2 , the (translated) velocity −s T2 (x, v) − w is different from 0 for all s. This is due to the fact that {T2−s (x, v), s ∈ [0, t]} is a Lipschitz curve of R2 .
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Then, we can apply the same techniqueR as in lemma 1 and get the convergence of ε−1 |θε′ (t, x, v, w)| towards 2 Bc |T2−s (x, v)−w| ds, where w Bw = {s ∈ [0, t] : ∃σ < s, T1−σ (x, v) − w σ = T1−s (x, v) − w s}. As a consequence, it is sufficient to prove that for a.e. w, the set Bw is negligible. In order to do so, we first note that the set    T1−s (x, v) − T1−σ (x, v) U= s, ,0 ≤ σ < s ≤ t s−σ is a Lipschitz surface of a 3-dimensional space, so that its (3-dimensional) Lebesgue measure is 0. Thanks to Fubini’s theorem, we know then that for a.e. w ∈ R2 ,   T1−s (x, v) − T1−σ (x, v) Bw = s ∈ [0, t] : ∃σ < s, w = s−σ is negligible (as a 1-dimensional space). This concludes the proof of Lemma 2. Acknowledgment: Support by the European network HYKE, funded by the EC as contract HPRN-CT-2002-00282, is acknowledged.



References [BBuS] C. Boldrighini, C. Bunimovitch, Ya. G. Sinai, On the Boltzmann Equation for the Lorentz gas, J. Stat. Phys., 32, 477–501, (1983). [Bob] A.V. Bobylev, A. Hansen, J. Piasecki, E.H. Hauge From the Liouville equation to the generalized Boltzmann equation for magnetotransport in the 2D Lorentz model, J. Stat. Phys., 102, No.5-6, 1133– 1150 (2001). [BoGoW] J. Bourgain, F. Golse, B. Wennberg, On the distribution of free path lengths for the periodic Lorentz gas, Preprint. [G] G. Gallavotti, Rigorous theory of the Boltzmann equation in the Lorentz gas, Nota interna n. 358, Istituto di Fisica, Universit´a di Roma, (1973). [G1] G. Gallavotti, Statistical Mechanics, Springer, Berlin, 1999. [S1] H. Spohn, The Lorentz flight process converges to a random flight process, Comm. Math. Phys., 60, 277–290, (1978). [S2] H. Spohn, Kinetic Equations from Hamiltonian Dynamics: Markovian Limits, Rev. Mod. Phys., 52, 569–615, (1980).



10



L. DESVILLETTES(1) AND V. RICCI(2)



[Spo] A. Kuzmany, H. Spohn Magneto-transport in the Two-dimensional Lorentz gas, Physical Review E, 57, 5544, (1998) ´ (1) Ecole Normale Sup´ erieure de Cachan, CMLA, 61, Av. du Pdt. Wilson, 94235 Cachan Cedex, FRANCE. e-mail [email protected] ` di Roma “La Sapienza”, (2) Dipartimento di Matematica, Universita P. A. Moro 1, 00185 Roma, ITALY. e-mail [email protected]



























des documents recommandant







[image: alt]





Identification in the limit of Probabilistic Non ... - Yann Esposito 

Without prior knowledge, a complete graph structure can be chosen. But it is likely that in ..... probability greater than 1 âˆ’ Î´, |Pn(w) âˆ’ P(w)| â‰¤ Ïµ for all w âˆˆ Î£âˆ—. Proof. ... For any integer k, the function (Î¸, w) â†’ PÎ¸(w) is uniform










 


[image: alt]





Identification in the limit of Probabilistic Non ... - Yann Esposito 

stochastic languages, probabilistic automata, multiplicity automata. 1 Introduction ... help to choose a structure (for example, the standard model for biological sequence analysis ...... In: IEEE Symposium on Foundations of Computer Science.










 


[image: alt]





HOMOGENIZATION-LIMIT OF A MODEL SYSTEM ... - Andro.Mikelic 

1(t)))(Dx(u0) + Dy(u1)) : (Dx(u0) + Dy(u1))(t) dydx. From (7.22), the convergences of the energies (3.21), and (3.22) follow, and the theo- rem is proved.










 


[image: alt]





LIMIT AT RESONANCES OF LINEARIZATIONS OF 

Ã‰c. Norm. Sup. (3e sÃ©r.), 1 Suppl. 1-41, 1884. [12] PoincarÃ©, H., Å’uvres t. I, p. ... Alberto Berretti, Dipartimento di Matematica, II Universit`a di Roma (Tor.










 


[image: alt]





A Methodology for Determination of Baseline Specifications of a Non 

analyses which identify the leverage of various design ... the designer would also like to investigate the effect of .... 3 Effect of Vbtr on WPay, Wempty and Lift.










 


[image: alt]





On the distribution of cloud sizes as the limit of the ... - Florin Spineanu 

The Poisson distribution is a fixed point (unfortunately is wrong). 3. Processes that generate clustering. The Weierstrass function. 4. Continuous Time Random ...










 


[image: alt]





Observing the Quantum Limit of an Electron Cyclotron: QND 

Aug 16, 1999 - (Received 18 March 1999). Quantum jumps between Fock states of a one-electron oscillator reveal the quantum limit of a cyclotron. With a ...










 


[image: alt]





Switzerland votes to limit the number of EU migrants 

Feb 10, 2014 - fiercely condemned by Swiss business groups and opposed by the federal ... relations between Switzerland and its neighbours and ethnic.










 


[image: alt]





A non-confrontational art of living in the ... - Michel Puech 

and technology assessment within the humanities: (1) Political critique, ... institutions, cannot be the first choice in a reasonable vision of the good life and of .... The awareness of the significance of a micro-computer as a generative tool, the 










 


[image: alt]





The Non-Euclidean Style of Minkowskian Relativity - Scott A. Walter's 

Sep 30, 2015 - We consider as an element of the set of relativist writings any publication in ... approaches (144 titles by 62 authors) account for about one-fifth of all articles published on ... Rarely mentioned in the secondary literature, this ..










 


[image: alt]





limit of supply z fuel - Page d'accueil 

1. C. L -224. C. L 200. C. L 800. KÃ¼hme Valves. LIMIT OF SUPPLY. CLIENT. SOLAR T. 25. 22. 23. 21. *. C ... 5280.75mm. 1. -. TOTAL Nbr of. COMPONENTS. 51.










 


[image: alt]





A survey of non-prehensile pneumatic 

theoretical tools to analyze the phenomenon, and discuss future directions in ..... direction of the displacement of the object. Ï„w(x) is the local wall shear stress.










 


[image: alt]





The efficiency of depth discrimination for non 

scribed in the General Methods section, constructed as described in Experiment 1. 4.1.2. Procedure. We presented transparent and opaque stereograms as.










 


[image: alt]





A survey of non-prehensile pneumatic 

[71] A. Becker, R. Sandheinrich, and T. Bretl. Automated manipulation of spherical objects in three dimensions using a gimbaled air jet. In Proc. of the IEEE/RSJ ...










 


[image: alt]





A Non-symmetrical Method of Image Local 

We present a method, based on a local adaptation of the Haus- dorff distance, that .... formula for the measure that saves most of the time computation and gives the same result (detail can ... The tested methods are used to produce maps (see ...










 


[image: alt]





The Original Manufacturer of Non-Sparking, Non-Magnetic ... - Air Power 

Eliminate the need for several wrenches by choosing from our universal. Bung Wrenches and Drum Opener. We have the tools that fit your needs. D-50, Pg. 10.










 


[image: alt]





1 On the (Non)Acceptance of Innovations 

there has been a great momentum in research on this subject, which has ..... and S. Zenios (Eds), Operations Research Models in Quantitative Finance, Proc. ... Conditional value-at-risk: optimization algorithms and applications, Financial.










 


[image: alt]





Small Mass Ratio Limit of Boltzmann Equations in the Context of the 

k â‰¤ 2s, but is not uniform w.r.t p. So it is not possible at this level to use it to establish a uniform estimate on the moments Ms. Therefore, we establish inequality ...










 


[image: alt]





Influence of auditory tempo on the endogenous rhythm of non 

In addition, since the pioneering work of Treisman et al. (1990), it has consistently been shown that the clock rate can be speeded up or slowed down using ...










 


[image: alt]





Separation of Non-negative Mixture of Non-negative Sources using a 

main application concerns the analysis of spectral signals, to encode jointly ... a Monte Carlo Markov Chain (MCMC) for sampling their joint posterior density.










 


[image: alt]





Rigorous passage to the limit in a system of reaction-diffusion 

[11]) consisting of three equations towards a reaction-cross diffusion system consisting of two ..... We nevertheless propose an elementary proof below. Using the ...










 


[image: alt]





A Reassessment of the History of Ghewond 

Ever since Chahnazarian's French translation of the History of Ghewond, much of the scholarly debate surrounding this text has centred upon its date of ...










 


[image: alt]





A COMPARISON OF TWO EXTENSIONS OF THE 

The second approach, called Meta-Molecular Matching Pursuit. (M3P), is based on the a ... For the efficient representation of audio signals, it is hoped that.










 


[image: alt]





Dependence of the power losses of a non-oriented 3% Si-steel 

Mar 20, 2006 - Journal of Magnetism and Magnetic Materials 304 (2006) e586â€“e588 .... D. Binesti, J.P. Ducreux, M. Chiampi, M. Repetto, J. Appl. Phys.










 














×
Report NON MARKOVIANITY OF THE BOLTZMANN-GRAD LIMIT OF A





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



