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Demons in Physics Amit Hagar∗ March 21, 2013



Abstract In their book The Road to Maxwell’s Demon Hemmo & Shenker re– describe the foundations of statistical mechanics from a purely empiricist perspective. The result is refreshing, as well as intriguing, and it goes against much of the literature on the demon. Their conclusion, however, that Maxwell’s demon is consistent both with thermodynamics and with statistical mechanics, still leaves open the question of why such a demon hasn’t yet been observed on a macroscopic scale. This essay offers a sketch of what a possible answer could look like.
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Introduction



Maxwell’s ”finite being” was born in 1867, as one ”who knows the paths and velocities of all the molecules” ([6], p.213), and who, unlike us, is ”clever enough” ([6], p.213), and can violate the second law of thermodynamics. It was baptized as a demon by Lord Kelvin ([6], p. 214), and ever since has fueled the discussions in the foundations of thermodynamics, and later on, in the foundations of statistical mechanics. Since its inception, and contrary to Maxwell’s own intention, the demon has suffered numerous exorcism attempts, physical and information–theoretic,1 all aiming to demonstrate that it cannot achieve its goal; all culminating in (or, more precisely, starting from) the common belief that the second law of thermodynamics is an a priori truth. In their monograph The Road to Maxwell’s Demon, Hemmo & Shenker put an end to this long tradition of exorcism, and argue convincingly that under very mild assumptions, common to classical and quantum mechanics, namely, deterministic dynamics and conservation of energy,2 the demon is consistent with both mechanics, statistical mechanics, and thermodynamics. They do so by painstakingly leading their readers through simple constructions that allow them to depict statistical mechanics as a theory based on three ingredients: (a) deterministic micro–dynamics on phase space, (b) a partition of that space into physically meaningful macro–states, and (c) the independence of (a) from (b). Once we accept this independence, it is quite easy to show, as Hemmo & Shenker do, that demons who reduce entropy are possible, in the sense that nothing in mechanics, statistical or otherwise, forbids their existence. Along the way the reader is gently exposed to the misunderstandings and the wrong conclusions that generations of physicists and philosophers have ended up with after choosing to ignore the crucial independence between (a) and (b). Along the way the reader learns that entropy and probability are two distinct concepts, that measurements are entropy– neutral (they can reduce, increase, or leave entropy intact), and that, contrary to a well established belief among physicists, known as Landauer’s principle, logical irreversible operations such as erasure need not incur in1



For the literature see [9] and reference therein. ¨ Note that in orthodox quantum mechanics the Schrodinger equation is deterministic, satisfying as it does existence and uniqueness of solutions to any given initial quantum state. 2
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evitable dissipation. What drives all these lessons home is the conviction that there is no point in justifying contingent matters of fact such as the relative frequencies of physical events, and in particular thermodynamic ones, by appealing to a priori truths and tautologies. Empiricism, pure and simple, is the fuel behind this monograph, and it burns away a lot of dead wood in the foundations of statistical mechanics. The Road to Maxwell’s demon is an exceptionally clear and readable book, intended for readers without physics or philosophy backgrounds. It is also a highly original and important contribution to the foundations of physics. It goes against much of the received wisdom, and offers novel solutions to many problems: among them, discussions of time asymmetry in thermodynamics, an empiricist alternative to typicality, a criticism of the role of ergodicity, the notion of a physical observer, and the irrelevance of information–theory to the foundations of statistical mechanics. Readers interested in the foundations of physics will welcome such a fresh outlook on these topics. A good book opens up discussion. Here I shall first present some of Hemmo & Shenker’s ideas, hoping to spark such a discussion of the above issues. The plan is as follows. Section 2 introduces the two ingredients that form statistical mechanics, namely (a) the notion of a dynamical blob and (b) the notion of a macro–state, and the definitions of probability and entropy that result from insisting on the independence between (a) and (b). Section 3 focuses on the problem of justification of the measure, where Hemmo & Shenker take issue with the typicality approach. Section 4 discusses the notion of an observer in statistical physics, and her ability to measure and erase. Section 5 explains why, if one accepts the elementary constructions described in the book, Maxwell’s demon cannot be exorcized. Finally, in Section 6 I turn to the question Hemmo & Shenker leave open, namely, given that Maxwell’s demons are physically possible, why don’t we too many of them around? Here I sketch what a possible answer could look like, that may also yield a new interpretation of physical probability as a measure of precision and control.



2



The Basic Ingredients



Classical statistical mechanics is done on phase space, a multi–dimensional space spanned by the positions and momenta of the particles which the 3



physical system consist of. The micro–state of the physical system in any given moment is a point on that space. The (actual and possible) histories, or time–evolutions, of that system are trajectories on that space. At the very least, two principles constrain these histories: the first represents the idea of Laplacian determinism, namely, existence and uniqueness of solutions to the dynamical equations. On phase space it is manifest in the requirement that any two trajectories or histories never meet. The second principle is the conservation of energy. It says that throughout the history of the system, the region in phase space occupied by its possible micro– states which are compatible with some external (in general macroscopic) constraint, may change its shape, but not its volume. Hemmo & Shenker call such a region, i.e., the set of micro–states that are initially compatible with some macroscopic constraints a dynamical blob. The shift in description from a point into a set of points, or a region, signifies the fact that unlike Maxwell’s demon, we as human observers lack the resolution power to discriminate between possible micro–states, all of which are compatible with some macroscopic constraints. Some of these constraints may happen to designate meaningful physical properties, or magnitudes, for creatures like us. When they do so, they are called macro–states, and the remarkable contingent fact is that they show the kind of functional dependence and macroscopic regularity that thermodynamics describes. So far nothing is new, but here Hemmo & Shenker make an important observation about the independence of these two basic notions: a dynamical blob may start as a macro–state, but during its time–evolution it may change its shape, so that different points in it may end–up in different macro–states. After all, as long as we do not change the external constraints, the accessible region in phase space that designates the physical system is stationary, and so is the partitioning of that region into macro– states. This independence between dynamical blobs (micro–states) and thermodynamic macro–states is also reflected in the distinction between entropy and probability. Start with entropy. Hemmo & Shenker adopt from the outset the Boltzmannian approach to statistical mechanics. In this approach entropy is defined as the size (on a logarithmic scale) of that macro–state. The rational for this is the following. In thermodynamics entropy designates the degree to which energy is exploitable to produce work; the higher the en4



tropy, the less the energy is exploitable. Exploitability means degree of control, which in mechanics translates into resolution power, or degree of precision; one has less control on the actual micro– state of one’s system when that actual micro–state belongs to a macro–state of a larger size. The notion of probability requires a bit more unpacking. If the dynamics is deterministic, probability can arise, or so the story goes, only from our ignorance of the exact state of the system. In the construction above, what determines the transition probability of a physical system from one macro–state to another is the partial overlap between the dynamical blob and the macro–state: P ([M1 ]t2 |[M0 ]t1 ) = µ (Bt2 ∩ [M1 ])



(1)



This means that the probability that a system that starts at a macro–state [M0 ] at time t1 will end in a macro–state [M1 ] at time t2 is given by the relative size µ of the dynamical blob Bt2 which overlaps with the macro–state [M1 ]. Note that there is nothing subjective in this kind of transition probability. ”Ignorance” here simply means lack of resolution power, which is expressed by the relation between dynamical blobs and macro–states, both of which are objective features of the physical world. Note also that in this construction, entropy and probability are two different concepts. The first is a measure of the macro–state’s size; the second is the measure of the partial overlap of the dynamical blob and the macro–state. The first measure is chosen based on empirical considerations relevant to thermodynamics; the second is chosen on the empirical basis of observed transition probabilities. It may happen that once the first measure is chosen, it will turn out to be the same as the second measure, but there is no reason to require it. Nevertheless, as a matter of fact, empirical generalizations tell us that it is highly probable for entropy to obey the laws of thermodynamics, such as the second law or the approach to equilibrium. Some readers, especially physicists, might find all this too elementary, and the long, gentle, ”build–up” in the book – evidence for a careful and rigorous writing, might give them pause, but the fact is that in the foundations of statistical mechanics many ignore the independence described above and its consequences. An example for the trouble one ends up with when one choses to do so is the ergodic approach (on this approach see, e.g., ([11] and reference therein). In this framework one attempts to underwrite thermodynamics with mechanics by replacing the mechanical 5



version of the law of approach to equilibrium with a probabilistic counterpart, derivable from the equations of motion. In special cases, namely when the dynamics is ergodic (i.e., when the only constant of motion is energy), equilibrium macro–states are endowed with high probability, and so if a system started in a non–equilibrium state, it would, with certainty, approach equilibrium and remain there. The standard objections to this approach focus on its circularity and its limited relevance: first, the beautiful mathematical theorems, proven in this approach, apply only to a point–set of Lebesgue measure 1 on phase space; and yet the choice of the Lebesgue measure is exactly what these theorems are intended to justify in the first place. Second, the fact is that very few real thermodynamic systems are ergodic, if at all. Third, these theorems are valid for infinite time scales hence are irrelevant to actual results in statistical mechanics which always involve finite time. But Hemmo & Shenker’s construction allows us to dig deeper, and to locate the irrelevance of these results to the foundations of statistical mechanics in the distinction – not made in this approach – between probability and entropy (or between dynamical blobs and macro–states). For regardless of the issues of circularity and idealization, if probability (defined as the dynamical transition of the blob) and entropy (defined as the size of the macro–state, where this size is given under a certain choice of a measure – see below) are two distinct concepts, then there is no reason to associate the Lebesgue measure of a macro–state (i.e., its ”size”) with its probability! But if no such association is made, then the conclusion of the ergodic approach, according to which equilibrium macro–states are highly probable, is not warranted. End of story. More confusion follows from the choice to ignore the distinction between the underlying dynamics and the partitioning of phase space into macro–states. Doing so, one is led to looking for dynamical justifications for the Lebesgue measure; to believing that measurements must decrease entropy (hence one starts looking for ways to compensate for this decrease elsewhere); and to believing that Maxwell’s demon is inconsistent with statistical mechanics (hence should be exorcised). We shall discuss each of these confusions in turn.
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Justification



Classical phase space is an uncountable set, isomorphic to R6N (where N is the number of degrees of freedom of the system at hand). As such, there are infinitely many ways to endow it with a measure µ that can serve in the probability rule (1). What criteria should one employ in order to choose such a measure? Faithful to their empiricism, Hemmo & Shenker propose a strictly empirical criteria: the choice of measure should have empirical significance, to the extent that it ought to be testable, as any other statement of physics. Once one narrows down the search for empirically adequate measures (such that when plugged into the probability rule (1) yield probabilities which are close enough to the observed relative frequencies), one then chooses between them according to convenience. This simple rule may yield the measure that is often used in the foundations of statistical mechanics (namely, the Lebesgue measure relative to which every micro–state has equal weight), but the crucial point is that the arrow of justification for this choice starts in empirical adequacy: if we had evidence that the uniform distribution relative to that measure is not empirically adequate, we would have chosen a different measure and a different distribution! Since choosing a uniform distribution often seems natural, the above subtle point is quite general; so general that it re–appears on many occasions outside the domain statistical mechanics. Take, for example, a novel approach to quantum gravity known as the causal set approach [7]. Similarly to statistical mechanics, this approach aims to derive a certain macroscopic feature of the world, in this case, the geometry of spacetime with its Riemannian metric, from an underlying, more fundamental dynamical theory whose building blocks are, in this case, causal sets – elements related by a causal order.3 A remarkable result in this context is that one gets the Riemannian metric (up to a conformal factor) only if one counts the number of elements in the causal set uniformly, that is, if the number of elements one packs into a unit volume is invariably the same everywhere.4 Yet also here, no matter 3 Since this ”derivation” presupposes the very concept of a volume it aims to derive, it is only a consistency proof, as argued in [4]. 4 The problem of ”counting” the number of elements in a discrete set is analogous to the problem of imposing a measure on a continuous set to determine the size of its
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how natural such a uniform counting may seem, it does not follow in any sense from the causal order or the dynamics, but from the empirical fact that the metric of spacetime, as far as we know it, is Riemannian: from our well–confirmed theory of General Relativity we know that we should get the Riemannian metric, and this justifies the fact that in the causal set approach we count uniformly – if we had to count non–uniformly in order to get the Riemannian metric, we would have felt strongly justified to do so! Common–sensical as it is, this empiricist position goes against much of the received wisdom in the foundations of statistical mechanics. In the latter one finds arguments that vary in scope but share a common goal, namely, to justify the choice in the Lebesgue measure (and the uniform distribution relative to it) on the basis of considerations other than purely empirical: considerations that tell us that this measure is natural, or that it has some important dynamical feature such as being invariant under the dynamics. Perhaps the most influential among these arguments is the argument according to which the micro–states that conform to normal thermodynamical behavior are typical under the Lebesgue measure [10]. The typicality approach follows the tradition that originated in Boltzmann’s combinatorial turn, and boils down to three statements: (i) the set of initial conditions compatible with a certain macro–state is divided into two subsets, Tn and Tab (normal and abnormal, respectively). The first evolves in accord with the thermodynamic regularities; the second doesn’t. (ii) There is a measure L on phase space such that L(Tn ) is close to measure 1 and L(Tab ) is close to measure 0. In this sense most micro–states, the typical ones, behave in accord with the thermodynamic regularities. (iii) In any given experiment, the actual initial micro–state belongs to Tn . The main difference between this approach and the strictly empiricist one rests in the way both justify their choice in measure L. If one follows the latter, As Hemmo & Shenker do, then one chooses measure L in accord with the observed relative frequencies of macro–states, that is, one makes an additional inductive leap, over and above the inductive leap that concerns the classical dynamical regularities. Since this choice is based on experience, it cannot justify our experience in a non–circular way (cf. the causal set approach above). If, on the other hand, one attempts to subsets. ”Counting” the number of elements in a discrete set depends on the way one individuates and aggregates the members of the set.



8



explain our experience using measure L (by saying, e.g., that it has some aesthetic dynamical virtues such as being conserved by the dynamics, or other a–priori virtues), then one ends up in a non–defensible position that ultimately involves circular reasoning. Examples for this circularity can be found in Boltzmann’s combinatorial approach (which endows each micro– state with equal weight), in the ergodic approach (see above), and in many measure–1 theorems that are based on the law of large numbers.5 The upshot is that there is a difference between physical probability (as given by the probability rule (1)) and measure (the ”size” of a macro–state). Statements about the former require additional empirical knowledge that no theorem about the latter can supply, so that the attempt to derive the statistical mechanical probabilities from classical mechanics plus theorems from probability theory is bound to fail.



4



The Observer



The tradition that links measurement to thermodynamics started with Leo´ Szilard [12] (and went on with his compatriots von Neumann [13], ch. 6, and Landauer [8]). This tradition began by taking seriously the idea that the observer should be susceptible to a physical description, but the path it has taken exemplifies once more the kind of muddle one ends up with when one ignores the distinction between dynamical blobs and macro– states. In classical mechanics a(n ideal) measurement is an interaction that brings about correlations between the post–measurement states of the observer and her measuring apparatus and the pre–measurement state of the observed system, without disturbing it, and in this sense removes the ignorance of the former about the latter. Within the framework of dynamical blobs and macro–states presented above, a measurement is represented as a process in which the observer interacts with the system and discerns to which macro–state its actual micro–state belongs. While the evolution of the blob is determined by Liouville’s theorem (which conserves its ”size”), the macro–states are not so constrained; they evolve by way of the observer’s assigning to (i.e., becoming correlated with) the observed system 5



Also here the danger of circularity looms in the justification of the choice in the measure over the sequences.
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(plus the measurement apparatus) a specific macro–state to which the actual micro–state of the system (plus apparatus) belong. Hemmo & Shenker aptly call such an assignment ”collapse”. A crucial part of this collapse is the choice to concentrate on the part of the dynamical blob that overlaps with the detected macro–states , and to ignore the part of the dynamical blob that overlaps with the undetected macro–state. This choice is compatible with Liouville’s theorem because for the observer it is only the final macro–state that serves as an outcome of the measurement, and as basis for new predictions. The counterfactual micro–states that belong to the undetected macro–state are still there, but serve no practical purpose in following measurements. And it is exactly here where the distinction between dynamical blobs and macro–states becomes important. Armed with this analysis of the measurement process, the reader will be easily convinced that measurement can either increase or decrease the entropy of the observed system. Which way entropy goes during a measurement depends, on final account, on the relative volumes of the initial and final macro–states, whose ”evolution” (via the above collapse) is independent of the evolution of the micro–states. It may happen that, as a matter of contingent fact, our interactions with our environment are mostly entropy–decreasing; after all, by reducing the size of the macro–state to which the observed system belong we gain more control over it and our ability to exploit it increases,6 but there is nothing in classical mechanics, nor in statistical mechanics, that tells us that this must be the case. This conclusion, elementary as it may seem, challenges the prevalent opinions in the physics and computer science communities. The story here is well–known: Szilard [12] famously claimed that measurement necessarily involves decrease of entropy, and must be accompanied by an increase of entropy elsewhere. Thus he made two mistakes (the second was that he believed thermodynamics to be universally true). Landauer [8] after him located the (for him too, necessary) decrease in entropy not in the measurement process but in the process of erasure (resetting the measuring apparatus to zero), and, repeating as he was Szilard’s second mistake, postulated that such a decrease must be accompanied by entropy increase 6



In fact, from a strict empiricist perspective, since we have no certainty that thermodynamic regularities would prevail in the future, for all we know, we ourselves may be demons!
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elsewhere. In other words, he postulated that erasure and other logical irreversible operations inevitably lead to physical dissipation. This postulates has been elevated today to a level of a ”principle” [2], and has served a crucial role in information–theoretic exorcisms of Maxwell’s demon. By the time the reader of The Road to Maxwell’s Demon reaches chapter 12, where erasure is discussed, she will have very little patience for Landauer’s principle, and it would become painfully clear to her that generations of physicists and computer scientists have been led astray. Erasure can bring about any change in entropy, or no change at all. It all depends on the particular way the observer partitions her phase space into macro– states, and this particular way is not constrained by thermodynamics, nor by statistical mechanics, but by the contingent details of the correlations between the observer and the system. As Hemmo & Shenker admit, the consequence of this analysis on the physics of computation may not be dramatic; the dissipation that erasure is postulated to incur (k log 2, where k is Boltzmann’s constant) is too small relative to the actual dissipation seen in current physical computers. It does show, however, that the way logical operations may be constrained by physics depend not on physical laws but on the specific details of the physical implementation of the logical operation, and it also shows that the information–theoretic exorcism of Maxwell’s demon is a misguided attempt, doomed from the outset.
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Demons Everywhere



It is quite embarrassing that after one has digested the basic construction of dynamical blobs and macro–states, as well as the consequences of distinguishing between them (and the confusions that ensue when not doing so), the final step of constructing a demon on phase space is almost trivial. Indeed, based on their construction, Hemmo & Shenker offer an extremely short proof for the possibility of the demon, which consists of a measurement process that reduces the entropy of the system (this part of the proof follows [1], ch. 5), followed, pace Landauer, by an erasure process which is entropy–conserving. The proof exploits the standard partition of phase space into thermodynamic macro–states, together with a demonic dynamics (a special Hamiltonian, or energy function) that sends the micro–state of the system into the low entropy macro–state. 11



But other proofs are also possible. In fact, Maxwell’s original idea from 1867 involves not demonic dynamics, but a demonic partition of phase space into macro–states such that, even if thermodynamics is inductively true for creatures like us, for the demon, who is correlated with the environment in a different way than us, a transition from macro–states with high volume (high entropy) to macro–states with low volume (low entropy) is still possible. The upshot is that Maxwell’s demon who can violate thermodynamics, reduce entropy with no cost, and extract work out of heat, may result from a delicate play between the dynamics of the micro–states and the partition of phase space into macro–states. One can manipulate the former (by constructing a specific Hamiltonian) or manipulate the latter (by constructing a suitable measuring device), and there is nothing in the laws of classical, quantum, or statistical mechanics that forbids one from doing so.
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Physical Probability as a Measure of Precision and Control



The Road to Maxwell’s Demon is a book rich in philosophical insights. The reader who delves into it would find further stimulating and exceptionally clear discussions on issues often touched upon in the foundations of statistical mechanics that here I have left untouched. These include, among others, the conceptual similarities with the philosophy of mind, the thermodynamic time–asymmetry, the role of the past–hypothesis (that the universe started in a low entropy state), the spin–echo experiments, the Gibbsian approach to statistical mechanics, and the generalization of the main thesis of the book to quantum mechanics (placed, for some reason, in an appendix). To my mind the most intriguing question that is left open is that, given that nothing in statistical mechanics or thermodynamics forbids the existence of Maxwell’s demon, then how come we haven’t been able to construct one? Hemmo & Shenker follow Maxwell and conjecture that the reasons we do not see too many demons around are ”pragmatic”, and have to do with our inability to control macroscopic complex systems. I would like to end this essay with an idea how to make such an intuition more precise. A 12



more detailed account can be found in [5]. Let’s return to the way Hemmo & Shenker define probability (as the size µ of the partial overlap between the dynamical blob and the macro– state), and interpret it (as an objective measure of the observer’s ignorance). In many places in the book they use language that indicates that by ”a measure of ignorance” they have in mind a measure of (im)precision and (lack of) control. Note that, consistent with the interplay between micro– and macro– states, these two notions are equivalent: if one keeps the size of the macro– state fixed but changes the size of the blob, then µ signifies the level of precision with which one can discern the micro–state (for a fixed macro– state size, the bigger the partial overlap, the more precise is the estimation to which macro–state the micro–state belongs); if, on the other hand, one keeps the size of the dynamical blob fixed but changes the size of the macro–state, then µ signifies the level of control one has on the micro–state (for a fixed blob size, the smaller the size of the macro–state, the higher is one’s control over the actual micro–state). High probability thus signifies both high precision and high level of control. We can now use ideas from computational complexity theory to make precise the theoretical linkage between probability and precision, expressing it in terms of physical resources (energy, space, time), and then use control theory to test this linkage with empirical data such as the relative frequencies of certain control experiments whose initial and final states, as well as the amount of energy that governs the dynamics between them and makes the transition between them happen, are precisely characterized. Since this interpretation of physical probability ties precision with control, quantifying both in terms of physical resources, it allows us to test different conjectures, such as the one raised by Maxwell and by Hemmo & Shenker, regarding the amount of resources needed for creating a demon. For example, we may find a way to construct an optimal demonic measurement (our past experience to the contrary) by trading between precision and control, or, conversely, find that, as a matter of a contingent fact, as the size of the system increases, the physical resources required for a reliable demonic measurement increase in such a way that makes the construction of demons practically unfeasible, their possibility notwithstanding [3]. Either way, this seems a fruitful and exciting path to pursue, as yet another step on the road to Maxwell’s demon.



13



References [1] D. Albert. Time and Chance. Harvard University Press, Harvard, 2000. [2] C. Bennett. Demons, Engines, and the Second Law. Scientific American, 257(5):108–116, 1987. [3] C. Bustamante, J. Liphardt, and F. Ritort. Non–equilibrium Thermodynamics of Small Systems. Physic Today, 58(7):43–48, 2005. [4] A. Hagar and M. Hemmo. The Primacy of Geometry. Studies in the History and Philosophy of Modern Physics, 2013. [5] A. Hagar and G. Sergioli. Counting Steps: A New Approach to Objective Probability in Physics. http://arxiv.org/abs/1101.3521, 2011. [6] C.G. Knott. The Life and Scientific Work of Peter Guthrie Tait. Cambridge University Press, Cambridge, 1911. [7] Bombelli L., Lee J., Meyer D., and Sorkin R. Spacetime as a Causal Set. Physical Review Letters, 59:521–524, 1987. [8] R. Landauer. Irreversibility and Heat Generation in the Computing Process. IBM Journal of Research Development, 5(3):183–191, 1961. [9] H.S. Leff and A. Rex, editors. Maxwell Demon 2. Institute of Physics Publishing, Bristol, 2003. [10] T. Maudlin. What Could be Objective about Probabilities? Studies in History and Philosophy of Modern Physics, 38:275–291, 2007. [11] L. Sklar. Physics and Chance. Cambridge University Press, Cambridge, 1993. [12] L. Szilard. On the Decrease in entropy in a Thermodynamic System by the Intervention of Intelligent Beings. In H.S. Leff and A. Rex, editors, Maxwell Demon 2, pages 110–119. Institute of Physics Publishing, Bristol, 1929/2003. [13] J. von Neumann. Mathematical Foundations of Quantum Theory. Princeton University Press, Princeton, 1932.



14



























[image: (>]
(>












[image: angels demons pdf]
angels demons pdf












[image: Angels and Demons - Dan Brown.pdf]
Angels and Demons - Dan Brown.pdf












[image: Angels and Demons - Dan Brown.pdf]
Angels and Demons - Dan Brown.pdf












[image: Angels and Demons - Dan Brown.pdf]
Angels and Demons - Dan Brown.pdf












[image: 1 Personal Demons - Lisa Desrochers.pdf]
1 Personal Demons - Lisa Desrochers.pdf












[image: Angels and Demons - Dan Brown.pdf]
Angels and Demons - Dan Brown.pdf












[image: da vinci's demons s02 dual.pdf]
da vinci's demons s02 dual.pdf












[image: Angels and Demons - Dan Brown.pdf]
Angels and Demons - Dan Brown.pdf












[image: Uncertainties in AH Physics - mrmackenzie]
Uncertainties in AH Physics - mrmackenzie












[image: Degree in Physics]
Degree in Physics












[image: Davinci demons is_safe:1]
Davinci demons is_safe:1












[image: Proton-Therapy-Physics-Series-In-Medical-Physics-And-Biomedical ...]
Proton-Therapy-Physics-Series-In-Medical-Physics-And-Biomedical ...












[image: Physics Formulary - Physics Illinois]
Physics Formulary - Physics Illinois















Demons in Physics -






so), the final step of constructing a demon on phase space is almost trivial. Indeed, based on ... theory to test this linkage with empirical data such as the relative frequen- cies of certain ... Harvard University Press, Harvard, 2000. [2] C. Bennett. 






 Download PDF 



















 147KB Sizes
 0 Downloads
 176 Views








 Report























Recommend Documents







[image: alt]





(> 

(~EPub~) Beautiful Demons (The Shadow Demons Saga). (Volume 1). BOOKS BY SARRA CANNON. An ebook is undoubtedly an electronic model of a standard print e-book that will be read by making use of a personal pc or through the use of an book reader. (An e














[image: alt]





angels demons pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. angels demons ...














[image: alt]





Angels and Demons - Dan Brown.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Angels and D ... an Brown.pdf. Angels and De ... Dan Brown.pdf.














[image: alt]





Angels and Demons - Dan Brown.pdf 

Page 1 of 2. Stand 02/ 2000 MULTITESTER I Seite 1. RANGE MAX/MIN VoltSensor HOLD. MM 1-3. V. V. OFF. Hz A. A. Â°C. Â°F. Hz. A. MAX. 10A. FUSED.Missing:














[image: alt]





Angels and Demons - Dan Brown.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Angels and Demons - Dan Brown.pdf. Angels and Demons - Dan Brown.pdf. Open. Extract. Open with. Sign In. Mai














[image: alt]





1 Personal Demons - Lisa Desrochers.pdf 

... las repercusiones serÃ¡n graves... para todos ellos. S. Page 3 of 366. 1 Personal Demons - Lisa Desrochers.pdf. 1 Personal Demons - Lisa Desrochers.pdf.














[image: alt]





Angels and Demons - Dan Brown.pdf 

New York London Toronto Sydney Singapore. T. POCKET BOOKS, a division of S. New York, NY 10020. imon & Schuster Inc. 1230 Avenue of the Americas,.














[image: alt]





da vinci's demons s02 dual.pdf 

Whoops! There was a problem loading more pages. Whoops! There was a problem previewing this document. Retrying... Download. Connect more apps.














[image: alt]





Angels and Demons - Dan Brown.pdf 

b) TÃnh Cos DAB . c) Káº» OM âŠ¥ BC ( M âˆˆ AD) . Chá»©ng minh 1. BD DM. DM AM. âˆ’ = d) TÃnh diá»‡n tÃch pháº§n hÃ¬nh tá»© giÃ¡c OBDM á»Ÿ bÃªn ngoÃ i ná»a Ä‘Æ°á»�ng trÃ²n (O).














[image: alt]





Uncertainties in AH Physics - mrmackenzie 

Page 6. Advanced Higher Physics. Uncertainties in AH Physics. Precision and Accuracy .... This means that the value is stated with a plus or minus indicating the ...














[image: alt]





Degree in Physics 

Apr 29, 2013 - The concept of degree naturally arises in physics when we consider topologically ... in terms of polar coordinates of the projected curve C .














[image: alt]





Davinci demons is_safe:1 

Parc des princes mika.22388487796. Playboy SpecialCollector's Edition 2014.I.Davinci ... Beatles whitealbumstereo.AnthonyBoucher, Denis. Green.Agame ofthrone pdf.I believesheis in astate ofself-denial, whemsherepeatedly describes his mind or hisaffec














[image: alt]





Proton-Therapy-Physics-Series-In-Medical-Physics-And-Biomedical ... 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item.














[image: alt]





Physics Formulary - Physics Illinois 

Dear reader,. This document contains a 108 page LATEX file which contains a lot equations in physics. It is written at advanced undergraduate/postgraduate level. It is intended to be a short reference for anyone who works with physics and often needs


























×
Report Demons in Physics -





Your name




Email




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





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















