Dear Leif,

The paper by Wolff and Patrone narrates one of those fairy tales that has not gripped me sufficiently to read beyond the first few pages.   It appears to be an example of the product of certain undergraduate physics courses, against which I have (successfully) fought in my university, in which  students are 'taught'  - or at least have presented to them -- a large number of 'facts' covering the whole of physics from which they are supposed to be considered well rounded and qualified to go out into the world with broad minds, ready to apply those formulaic ideas without having understood their derivation nor the conditions under which they are valid.  That can get them into very hot water indeed, as it has the current authors. Much better, in my opinion, is to teach the students the fundamentals of the subject, leaving them with the ability to teach themselves the rest in later life.

The obvious way to approach the matter in hand, in my opinion, is to work in the accelerating frame of reference about the centre of the star and go through the usual analysis but with the Euler force included.  It then becomes immediately obvious that the influence on the standard results of the Euler force, which modifies the effective gravity by d2c/dt2, is utterly negligible.

Of course one can choose the alternative route attempted by Wolff and Patrone of remaining in an inertial frame, which simplifies the governing equations, but complicates the boundary conditions substantially because they are now moving (with the star) relative to the static interchange, a point which has passed unnoticed by Wolff and Patrone because, unlike their forerunners, they appear not even to have considered boundary conditions, neither explicitly nor implicitly.  (One should also keep in mind that instability can never be proved by interchange arguments, unless one can demonstrate that the interchanges considered can be realized by the fluid; one can, in principle, demonstrate stability, however, by showing that no displacement, realizable or not, can liberate energy to drive the instability. However, when the interchange is carried out in a plausible manner which avoids this complication, as did Rayleigh and Chandrasekhar, the outcome can be usefully suggestive.  Rayleigh and Chandrasekhar usually used such arguments simply to shed light on their earlier 'rigorous' analyses of the differential systems describing the physical situations under consideration, although once they had gained the experience from doing that, they appear to have used interchange arguments to guide subsequent analysis of new systems that are 'close' to those that they had analysed previously and understood.  In this regard I acknowledge that Wolff and Patrone on p231 appear to claim that their perturbation is realizable; however, that statement is quite obviously unfounded. The interchange considered by Wolff and Patrone leaves the fluid elements (apparently filling the spaces into which they have been displaced, yet) moving with respect to them; therefore it is valid dynamically, for the purposes of energy computation, only for an interval of time of measure zero, which is insufficient to take the temporal derivative(s) required to determine subsequent evolution, essential, of course, for assessing stability (recall the principle of virtual work).  Therefore the last sentence of the first paragraph of p. 232 should have 'star' replaced by 'both fluid elements' and 'an isolated body' by 'bodies; such a situation never arises in real stars'.  That announces to the reader the relevance to the real world of what is to follow.

Rayleigh and Chandrasekhar considered certain classes of fluid interchange under restricted circumstances under which the issue of moving boundary conditions does not arise.  Therefore their analyses are meaningful.  Wolff and Patrone consider more general situations, as stated in the last six lines of p.232.  What they failed to point out, however, is that in consequence application of the perfectly valid arguments of Rayleigh and Chandrasekhar, inadequately modified by the modified situation, is not correct.  They have fallen into the trap of many a naive modern physics student of misapplying an initially valid formula to a situation in which it is not valid.

I have no advice to offer the authors that I believe they might take. What they should do is go back to the original publications of Rayleigh and Chandrasekhar and try to understand them.  If they succeed, and if they are honest, they would then withdraw the paper.  

You asked me whether equation (2) is correct, for you doubted it.  I cannot answer with a simple yes or no, because it depends on the circumstances under which it is to be applied.  It is certainly not valid for the kind of situation in stars to which the authors apply it.  I advise refraining from suggesting that the equation is 'wrong', however, which is what you suggested, because the authors might then bombard you with specious counterarguments pertaining to other situations in which it is valid, and that puts you in a messy, even though valid, situation, which is worth avoiding.  Before even contemplating boundary conditions, however, one might note that the glib dismissal at the bottom of p.231 of gravitational potential energy difference is distracting; in a real star that term is likely to be some 10^5 times greater in the (deep) convection zone than Delta E_k, the term that Wolff and Patrone retain as being dominant; in a radiative zone it is likely to be 10^5 times greater than that (I have not bothered to estimate the factors carefully -- it is hardly necessary). This is in stark contrast to the imaginary stars considered by the authors.  I have not read on to find out whether this matter is discussed again later, but if so, I would look out to see whether Delta - Delta_ad is held constant under the perturbations considered.  I say that because it is a common trap into which authors unfamiliar with the properties of stars fall, and as you know, the stability characteristics of any mechanical (and thermodynamical) system depend crucially on the constraints under which the system is considered to evolve. In the case of a star, convective heat transfer appears from the published formulae to depend very sensitively on the value of Delta - delta_ad when Delta - Delta_ad is small, but in actuality it is Delta -Delta_ad that is controlled (in a known way) by the star in such a manner as to annul that apparent sensitivity for slow perturbations (Wolff's and Patrone's static interchange is infinitely slow); for dynamically rapid perturbations a dynamical theory of the response is required. 

I hope that these comments are enlightening.

With best wishes,

Douglas
