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Abstract

Quantum gravidynamic 1/f fluctuations in wind are derived in terms of the appropriate noise formulas.  Both conventional and coherent effects are examined.

1.  Introduction


Parcels of air involved in atmospheric circulation are subject to fluctuations in velocity and air density.  Many factors contribute to these fluctuations.  Most important is hydrodynamic turbulence, which has a well-known universal spectrum proportional to k-5/3 in the inertial range, where k is the wave number.  Both Heisenberg's dynamical turbulence theory [1] and Kolmogorov's dimensional argument [2] indicate this in the quasi-stationary state.  It is caused by the presence of a characteristic frequency k2 (at any wave number k) in the mutual viscous interaction of turbulent eddies of various sizes [3].


In very large scale flows, the gravitational interaction of a jet of fluid with itself through its own gravitational field will cause a certain self-organization and will therefore generate a new type of more fundamental fluctuations.  These are the gravitational analogs of the conventional and coherent quantum 1/f effects in QED [4-18].


The present paper derives the quantum gravidynamic (QGD) 1/f fluctuations in wind, i.e., in large atmospheric currents of air, for the first time, at any scale.  The derivation is given here in terms of the QGD 1/f noise formulas, which contain the conventional and coherent QGD 1/f effects as derived in Secs. 3-5 below.

2.  Parcels of Air


Consider a horizontal column of air that is part of the atmospheric circulation, representing a certain wind, or a portion of a large atmospheric jet of air (Fig. 1).










      A
Fig. 1.  Horizontal column of air, i.e., a portion of a large atmospheric jet of air, consisting of many much smaller parcels of air.
Let us assume, e.g., that the length of the air jet in Fig. 1 is 10 km and its cross section area A is 25 km2.for a total volume is 250 km3.  We define an air parcel as an air mass at atmospheric pressure and temperature, with a volume of 1000 m3.  Thus the total number of the parcels in the column is N = 250(109 m3/1000 m3 = 2.5(108 parcels in a 10 km air jet, and the number N' of parcels per centimeter is N' = 2.5(108/106 cm = 250 parcels per cm.  We consider this as similar to the presence of 250 macroscopic particles per cm of length along the jet.


Handel's quantum 1/f formulas for the conventional and coherent GDQ 1/f effects [18] are combined with the help of the coherence parameter s" to yield the expected observable gravidynamic quantum 1/f noise in the total current of air, J.  The conventional QGD 1/f effect enters with the weight 1/(1+s") in the observed power spectrum SJ/J(f) of fractional fluctuations J/J of the current J.  This turns out to be negligible, compared to the coherent QGD 1/f effect that has a weight s"/(1+s"), in spite of s" << 1 (as seen from Eq. (2) below):
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Here 
[image: image2.wmf]hc

GM

coh

2

=

b

, where M is mass of an air particle and G is the constant of universal gravitation, is the infrared exponent which also serves as the gravitonic bremsstrahlung coefficient.  The quantum gravidynamic coherence parameter s" = 2r0"N' introduced in 1996 [17] is similar to its quantum electrodynamic (QED) analog s = 2r0N' introduced in 1985 [15].  While r0 = e2/mc2 is the classical radius of the electron, 2r0" = 2GM/c2 is the Schwarzschild radius of the particles involved, and in our case of the parcels of air as defined above at this scale, we have



[image: image3.wmf]20

20

20

6

6

2

10

5

.

4

10

9

16

650

10

9

10

6

.

1

10

3

.

1

250

2

'

2

"

-

-

´

=

´

´

=

´

´

´

´

´

=

=

c

GM

N

s

  .
(2)

Using this value of the gravidynamic coherence parameter, the power spectrum SJ/J(f) of fractional fluctuations becomes
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(3)

This implies a rms amplitude of fractional current fluctuations at any Fourier frequency f, given by
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(4)
This phenomenon should be observable, e.g., in popular eco-friendly electric wind mill generators operating in stable, quasi-stationary air flows or winds of larger dimensions.  The larger the windmill blades, the larger the size of air parcels they are linked to.

3.  Conventional Quantum Gravidynamic (QGD) 1/f Effect


The derivation [17] of the conventional QGD 1/f effect is similar to the derivation [4-16,18-21] of the conventional quantum 1/f effect in QED.  However, in the non-relativistic limit, this time the infrared exponent A is replaced by the QGD 1/f effect infrared exponent,

conv  (8G/5c5
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(5)
where  is the scattering angle of the particles in the center-of-mass reference system, and v is the relative velocity of the particles that scatter on each other with reduced mass of .  The rate 
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 of an arbitrary interaction or transition from state  to  which changes the momentum of a beam of particles or of a stream of matter, is subject to gravitonic infrared radiative corrections.  The corrections due to virtual gravitons of small energy  that boomerang back, yield a rate [17]
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(6)

Here  is an arbitrarily small cutoff used to display the infrared divergences, while  is an energy chosen to be about an order of magnitude below the characteristic center-of-mass energy of the interaction considered.  Note that all virtual phonons must be included, so  is actually zero, and the rate computed without allowing any energy loss caused by bremsstrahlung of real photons is zero.  Equation (6) was obtained by summing up the series of virtual graviton diagrams, that define the matrix element of the process, into an exponential function of a logarithmically-divergent integral.  This equation gives the squared module of this matrix element.


Including also the real gravitons, we notice that the series of diagrams exponentiates again, but only at the level of the process rate [17,20,22].  Neglecting the influence of the thermal radiation background, we obtain for the (e.g. scattering) interaction process, with gravitonic bremsstrahlung energy losses below a certain limit , the rate
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Here the function b(() = 1 ( (2(2/12 + … ≈ 1, since ( << 1.  We have also formally introduced an amplitude (or matrix element) A, just for clarity.  Note, however, that the only way in which a matrix element exists in QED (and presumably also in QGD) is in Dollard's picture developed by Kibble, Zwanziger and others [22], which includes the long-range Coulomb interaction within the unperturbed Hamiltonian and uses coherent states.  The derivation of an equation replacing Eq. (7) is done in [20] in the presence of a thermal radiation background.  However, the result is a convolution involving Eq. (7) as one of its factors, which indicates that the spontaneous and induced transitions are statistically independent.  This has been used to prove [7,21] that the quantum 1/f result remains unaffected in the presence of a thermal radiation background of infra quanta.  The background only contributes a statistically-independent white noise term, just as it happens in the electromagnetic (QED) case.  Since we are interested in the 1/f noise part, this consideration justifies the neglect of the thermal-radiation-background-induced stimulated emission and absorption processes in the final result obtained below.


In Eq. (7), we can use the identity
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(8)

We interpret <  as the graviton detection threshold, which is not less than the reciprocal noise measurement time multiplied by Planck’s constant.  Multiplied by 
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, the first term in rectangular brackets yields then the elastic scattering rate, while the second term gives the bremsstrahlung scattering rate with energy loss up to .  Corresponding scattering matrix elements could be defined as the square root of these rates.  Restoring also the phases, say  and , we obtain the scattering amplitude
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where a is for scattering without and A for scattering with gravitonic bremsstrahlung, and

= ()1/2().








(10)

Here  is a random phase which reflects the uncertainty of the instant of graviton emission and the initial phase of the gravitonic mode of the universe.  Therefore, if the incoming beam of particles or matter is described by a plane wave exp[i(p·r)] with 
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 =c =1, the scattered spherical wave will be a stochastic mixture
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because  is a random phase for each .  Here, considering stationary states, the momentum magnitude loss q = Mc(k/K) = M(/K) is necessary for energy conservation in the bremsstrahlung process.  Thus, q is an equivalent parameter for ck =, with d= dq/q, and we could even eliminate  completely in favor of q in the integration.  We have used the latter here to replace the corresponding vector lattice summation over q that is originally present, because that replacement would be introduced later anyway.


Ignoring the field oscillators, i.e., taking the trace of over the field oscillator labels, we obtain for the two-particle state a classically-correlated system of a mixture of two pure states for each 
 = aexp[ip(r1+r2){1+
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By module squaring and averaging over the phases, we can thus write the autocorrelation function in space or time, as well as in combined “space and time,” as

<> = 1 + 
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= 1 +
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
Here is the frequency,  is the correlation time, and   = t(r/v is the parameter describing the propagation of quantum 1/f fluctuations along the beam, or stream of matter, in the outgoing radial direction r.  The fractional spectral density of conventional QGD 1/f fluctuations in concentration or current j is given by the Wiener Khitchine theorem as the third term divided by the constant term


<(dj/j)2> = (2/N)[||21 + 
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Here f =  is the frequency, and N = 2 is the number of particles that define the notion of current J = v||2.  This equation gives the spectrum of the conventional QGD 1/f effect.  This effect, with conv  (8G/5c5 EQ \O(h,´) )2v4sin2, contains Planck’s constant in the denominator and is at the angulation line of quantum mechanics and general relativity.  This is the most fundamental form of quantum chaos, the quantum manifestation of classical, general relativistic and turbulence.  It is a fundamental aspect of quantum mechanics, which can be used to define quantum mechanics as the actual form taken by the process of metrogenesis.  Together with the coherent QGD 1/f effect introduced right below, it determines the total QGD 1/f noise that is observable, and can be understood as a particular physical result of El Naschie’s E-infinity theory.

4.  Coherent Quantum Gravidynamic (QGD) 1/f Effect


In principle, the coherent QGD 1/f effect arises in a beam of neutrons, atoms or molecules (or other neutral or charged particles of any kind propagating freely in vacuum) from the definition of the physical particle as a bare particle plus a coherent state of its own gravitational field.  It is caused by the energy spread characterizing any coherent state of the gravitational field oscillators, an energy spread synonymous with a non-stationary state, i.e., fluctuations.  To find the spectral density of these inescapable fluctuations which are known to characterize any quantum state that is not an energy eigenstate, we use an elementary physical derivation based on Schrödinger's definition of coherent states.  Most important, the effect is expected to be present and measurable in large streams, flows and jets of matter.

The coherent quantum 1/f effect will be derived in three steps.  First we consider a hypothetical world with just a single mode of the gravitational field coupled to a beam of material particles.  Considering the mode to be in a coherent state, we calculate the autocorrelation function of the quantum fluctuations in the particle-density (or concentration) which arise from the non-stationary property of the coherent state.  Then we calculate the amplitude with which this one mode is represented in the field of an electron, according to electrodynamics.  Finally, we take the product of the autocorrelation functions calculated for all modes with the amplitudes found in the previous step.
4.1.  Coherent Quantum 1/f Effect from a Single Field Mode
Let a mode of the gravitational field be characterized by the wave vector q, the angular frequency  = cq and the polarization .  Denoting the variables q and  simply by q in the labels of the states, we write the coherent state [23] of amplitude |zq| and phase arg zq in the form


|zq> = exp[(|zq|2/2]exp[zq
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Here 
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 is the creation operator which adds one energy quantum to the energy of the mode.  All summations are extended to infinity.  Let us use a representation of the energy eigenstates in terms of Hermite polynomials Hn(x)


|n> = (2nn! 
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This yields for the coherent state |zq> the representation

q(x) = exp[(|zq|2/2]exp[–x2/2] 
[image: image32.wmf]å

¥

=

0

n

{[zqeit]n/[n!(2n
[image: image33.wmf]w

)]1/2}Hn(x)



  = exp[(|zq|2/2]exp[–x2/2]exp[–
[image: image34.wmf]2

q

z

e-2it + 2xzqeit]  .


(19)

In the last form, the generating function of the Hermite polynomials was used.  The corresponding autocorrelation function of the probability density function, obtained by averaging over the time t or the phase of zq, is (for |zq|<<1)

Pq(,x) = 
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(20)

Integrating over x from - to , we find the autocorrelation function


A1() = 
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(21)

This result shows that the probability distribution contains a constant background with small superposed oscillations of frequency .  Physically, the small oscillations in the total probability describe self-organization or bunching of the particles in the beam.  They are thus more likely to be found in a measurement at a certain time and place than at other times and places relative to each other along the beam.  Note that for zq = 0 the coherent state becomes the ground state of the oscillator, which is also an energy eigenstate and therefore stationary and free of oscillations.

We now determine the amplitude zq with which the gravitational field mode q is represented in the correct definition of the physical particle.  A simple way to do this is to let a bare particle of mass M dress itself through its interaction with the gravitational field, by performing first-order perturbation theory with the non-relativistic interaction Hamiltonian,

H' = M  ,









(22)

where  is the scalar gravitational potential.  This corresponds to a Fourier expansion -4GM/q2 of the gravitational potential -GM/r of a material particle in a box of volume V, and multiplication with a squared gravitonic "wave function" (
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cqV)-1.  In this way we obtain


|zq|2 = G(M/q)2(
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(23)
4.2.  Coherent Quantum 1/f Effect from All Modes of the Field

Considering now all modes of the gravitational field, we obtain from the single-mode result of Eq. (21)


B() = C q{1 + 2|zq|2cos(q} = C{1 + q 2|zq|2cos(q}



= C{1 + 4(V/23) ∫d3q |zq|2cos(q}  .




(24)

Here we have again used the smallness of zq and have introduced a constant C proportional to the squared velocity of the particles in the beam.  Using Eq. (23), we obtain


B() = C{1 + 4(V/23)(4/V)G(m2/
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(25)

Here
coh = GM2/c
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 = 109M2 gram-2  ,






(26)

which replaces the fine structure constant α = e2/c
[image: image41.wmf]h

 present in the electromagnetic coherent quantum 1/f effect.  Here M is the mass of the particles, and G is the constant of universal gravitation.  The first term in curly brackets is unity and represents the constant background, or the dc part of the mass current density defined by the motion of the beam of particles through vacuum.  The autocorrelation function for the relative (fractional) density fluctuations, or for the fractional mass-current density fluctuations in the beam of material particles, is obtained therefore by dividing the second term in curly brackets by the first term.  The constant C drops out when the fractional fluctuations are considered.  According to the Wiener-Khintchine theorem, the coefficient of cos( is the spectral density of the fluctuations, 
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Here we have included the total number N of material particles of mass m that are observed simultaneously in the denominator, because the noise contributions from each particle are independent.  The parameter s" shows how our result is reduced substantially while being related to the conventional quantum gravidynamic 1/f effect [17] in a manner similar to the action of the QED parameter s and piezoelectric quantum 1/f effect parameter s'.  For example, for m = 10-6g = 1g, we would get about 10-3/fN from Eq. (27), but that must be multiplied by an extremely small factor s", discussed below in Sec. 5.  Physically, this is because only a small portion of the energy resides in the gravitational field, while the whole mass of the electron is given by the field outside its classical radius.  This is clarified in the next section, but derived elsewhere in detail.
5.  Discussion


The results obtained in the last section show that the new coherent quantum gravidynamic 1/f effect (abbreviated as “C 1/f effect”) can not be observed in small particles at high speeds, but rather in large mass streams with low speed, where the conventional C 1/f effect is smaller.  The new effect differs from the well-known earlier form, because it is present in any current of matter, and not only as a result of scattering, which as we know [17] is the case for the conventional quantum gravidynamic 1/f effect.  The latter is a property of the physical quantum mechanical cross sections that we introduced in prior work as part of a new aspect of quantum mechanics.  Instead of Eq. (26), it has a different  in Eq. (27),


conv = (8G/5c5
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(28)
where  is the scattering angle of the particles in the center-of-mass reference system, with relative velocity v and reduced mass  of the particles that scatter on each other.  One of us (PHH) has shown that in the gravidynamical case, just as in the electrodynamical or lattice-dynamical cases discussed elsewhere, the observed quantum 1/f noise represents genuine macroscopic or mesoscopic quantum fluctuations (1/f), including both coherent and conventional contributions,

convs"coh)/(1 + s")  ,







(29)

and the coherence parameter s becomes in this case

s" = 2N'GM/c2 = N'rs = 2N'r0"  .






(30)
Here N' is the number of particles per unit length, rs = 2GM/c2 is their Schwarzschild radius, and s" is a coherence parameter introduced by Handel like the parameter s for the electromagnetic C 1/f effect and s' for the piezoelectric C 1/f effect.  Since s" is very small, it reduces the coherent contribution dramatically.  The derivation will be shown in a future paper, because of the space limitations here.  Simple formulas allow for calculating both effects.


The gravidynamic C 1/f effect should be detectable both in cosmos, e.g., in cosmic jets, and in terrestrial jets of matter, e.g., in hydroelectric power plants.  The classical character of macroscopic and mesoscopic particles or parcels of matter causes the corresponding wave packets to be extremely narrow.  As was proven earlier [23], the C 1/f effect is not affected by this, being independent of any overlap between the wave packets.  Saturn’s rings should exhibit this 1/f spectrum over the longest wavelength region along the circular trajectory of the material particles.  Over shorter wavelengths, one obtains a regular array of “spokes” and electrostatic discharges.  These are caused by the well-known polarization catastrophe present both inside each and between the ice particles of the ring [24], particularly strongly while in Saturn’s shadow, across the whole C-ring.


Practical applications of this effect could include the detection of graviton sources without any noticeable transfer of energy or momentum.  The gravitons would just change the distribution of matter in time and space in stationary flows or jets, having no other reason for any non-uniform distribution in time and space.  Applications would include, for instance, the passive detection of large rotating or pulsating machinery in cosmos, where there is no medium transmitting sound or other mechanical vibrations.
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