Cell size evaluation by the fluctuations of coherence domains’ number and by number-phase incertitude relationship
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The systemic view of water as an active substance saturated with life-giving properties (Ben-Jacob) is well supported by the QED theory of coherence domains (CD) in water. By making use of the low effective mass (meff = 13.6 eV) of CDs we previously evaluated the cell size and shape by models based on Bose-type condensation (supercoherence), on CD translation in a spherical and cylindrical well, and on an isotropic oscillator consisting of two interacting CDs. The results matched to relatively small and medium-sized bacteria, yeast cells and erythrocytes, and the higher toxicity of D2O for eukaryotes was explained. Moreover by postulating a CD liquid drop fission model we could explain the cell mitosis. We now propose an evaluation of the cell size based on the fluctuations of the CD number N in the cellular water and on the number-phase incertitude relationship; the latter allows also an evaluation of the phase dispersion of the coherent state involving the N CDs.
A CD in the potential well of a spherical cell exerts a force F = –H/dr upon the membrane, and thus for a ‘gas’ formed by N CDs we evaluate a pressure p = ħ2n2N/4m(3Nv/4)5/3, where v = V/N and n is the principal quantum number, postulated as 1 in our previous models. The cell is stable as far as the CD gas does not approach the critical point, where very large fluctuations would destroy it; this requires that p/v  0. In such conditions, the relative fluctuation of the number of CDs in the cell is N/N = <N2>1/2/N = {kBT/[v2(-p/v)N]}1/2 = 3/51/2 [(mkBT)1/2/ħ] a/nN1/2. For the physiological temperature of mammals (T = 310 K), (mkBT)1/2/ħ = 1.02 m, so that N/N = 1.314 a/nN1/2, where a is the cell radius in m. Accordingly, the absolute value N of fluctuations in CD number scales like ~aN1/2/n. As fluctuations may never be infinite, this means that obviously all living cells must be of finite size and contain a finite number of CDs. 
To account for the cell stability we impose that N/N < 1 and estimate thus a maximum radius of the cell in micrometers, a < (1/1.314) nN1/2. This evidences a monotonously increasing relationship between the complexity of the cell as esteemed by N and its size a (amax ~ N1/2), in qualitative agreement to the biological fact that simple prokaryotic cells are smaller than the highly differentiated and complex eukaryotic ones. For the smallest possible life-compatible number of CDs, N = 2, the radius of the cell should be smaller than 1.08 m, as observed for many bacteria; with N = 6 one gets even better a < 1.87 m. Conversely, in the smallest eukaryotic cell, the backer’s yeast, with a = 1.5–2.0 m, one may expect N > 4–7; for larger eukaryotic cells with a = 19 m, N > 25. 
The relative fluctuations N/N = 1.314 a/nN1/2 in the yeast case appear to be unexpectedly high (< 99%); however this may be adaptively advantageous as well as useful during mitosis. 

Assuming that the CDs form together a coherent state, one can apply the Heisenberg number-phase incertitude relationship, N > 1/2. Substituting here the expression N = 1.314 aN1/2/n, one obtains the dispersion of the phase:  > (1/2 · 1.314) n/aN1/2. This result shows that the coherence between CD’s is at its maximum ( = min) for the ground state (n = 1), in accordance with the model of Fröhlich. Moreover, one sees that the coherence increases ( decreases) with N and a, namely, with the size of the cell and the number of CDs inside it. In fact highly specialized eukaryotic cells in higher organisms, which perform precisely coordinated activities, therefore pointing to a higher coherence, are also cells of relatively large size. On the other hand, for a given value o of the phase dispersion, one can define a minimum radius of the cell, a > (1/2 · 1.314) n/oN1/2. For instance, at 310 K and taking arbitrarily o  20.5o = 0.356 rad, we obtain a > 0.75 m with N = 2; and with N = 6, a > 0.44 m. This value fits perfectly the radius of Mycoplasma, the smallest known cell.

With N = 25 one gets a > 0.22 m. Together with the previous result, this shows that radius values of 0.22–19 m are possible. Therefore the CDs ‘aggregation state’ may vary from a ‘solid’ cluster to a ‘gas’, and may play a role in the biological diversity of cells.
