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Abstract 

This paper proposes and provides substantiation for a hypothesis concerning the mechanism by which solar and geomagnetic activity (mainly of solar flares and magnetic storms) affects the biosphere, including man. The hypothesis, including a physical mechanism introduced by the author and new for aeronomy, is that high-lying (Rydberg) states of all gases of the earth’s upper atmosphere are excited by ionospheric electrons. Rydberg atoms, molecules and ions of all atmospheric gases emit characteristic radio emission in the spectral range from decimeters to millimeters. This radiation can easily penetrate to low atmosphere and biosphere carrying complete information about power and duration of solar flare and geomagnetic storms to biosphere. The microwave radioemission have the resonances at the spectral range 109 ÷ 1012 Hz at the biological cells and membranes, DNA and RNA, molecules of hemoglobin, human erythrocytes, and this fact can explain the extremely small threshold for influence of ionospheric radioemission at the monochromatic (characteristic) Rydberg transitions on biological objects, including the viscosity of blood. The energy estimates of the flux intensity of microwave radiation of the ionosphere from Rydberg states are used to prove for the first time that the values of this flux agree with the experimental data. A method is proposed for distinguishing the contributions of microwave radiation and magnetic perturbation in the geobiocorrelations, taking into account the effect that the magnetic-field variations are not in phase with the flux of corpuscles from the radiation belts in the ionosphere during the period of a geomagnetic storm.

There are several problems in ionospheric and atmospheric physics, biophysics and medicine concerning the investigations of Rydberg excitation role:

- determination of the real spectral distributions for Rydberg ionospheric emission at all transparency windows;

- determination of the perception threshold for the characteristic sharp-resonance microwave Rydberg emission for healthy and sick persons;

- modelling investigations of negative influence of cell telephone. The sporadic increase for the microwave ionospheric Rydberg radioemissions during power solar flares and principal magnetic storms will be taken into account for consideration of the stochastic resonance.

Introduction

One of the fundamental problems of modern natural science is the search for biophysical mechanisms by which solar and geomagnetic activity, and especially solar flares and magnetic storms, affect people and the biosphere as a whole. The accumulated experimental material is mainly evidence, at least in indirect form, of the presence of heliogeobiocorrelations. It is obvious that such correlations are very complex because of their multifactorial nature. At the same time, they indicate that there is some physical mechanism responsible for the transport of the energy given off into the thickness of the lower atmosphere and biosphere when the solar and geomagnetic activity increases. In fact, the main energy flows that vary when there are variations of the solar and geomagnetic activity do not reach the lower atmosphere but are completely absorbed in the earth’s upper and middle atmosphere (above 20 km). The chief variations in the electromagnetic radiation flux from the sun actually occur in the region of far- and extreme-UV radiation and soft x rays, which is completely absorbed in the upper atmosphere. It is well known that the radiation flux which ionizes the earth’s upper atmosphere in the range from soft x rays to the vacuum UV (with wavelengths from 0.1 to 134 nm) increases most strongly (by a factor of several thousand and sometimes by tens of thousands) in the periods of solar flares. The energy of this flux is 6–7 orders of magnitude higher than that of solar rf radiation in the periods of strong flares.

Corpuscular solar radiation (the solar wind, energetic solar protons and electrons) also do not penetrate into the lower atmosphere. When the geomagnetic activity increases—magnetic storms and substorms, there is a sporadic precipitation of electrons and protons from the earth’s radiation belts into the ionosphere, but these flows also completely dissipate at higher altitudes (above 40 km).

The fluxes of charged particles, mainly electrons, as well as protons, that precipitate into the earth’s upper atmosphere from the overlying radiation belts also increase by several orders of magnitude during strong magnetic storms. In periods of solar flares and during magnetic storms, the very first process of complete dissipation of the energy of particle fluxes intruding into the earth’s upper atmosphere is the ionization of all the atmospheric gases with the formation of photoelectrons, secondary electrons, and Auger electrons.

The energetics of the variations during the period of geomagnetic perturbations of the geomagnetic field itself with respect to the mean value and even more in absolute magnitudes are insignificant. Therefore, the “kT problem” in magnetobiological effects1 is continually being discussed in the literature [1]. 

In this connection, there is interest in discussing the arguments in favor of the hypothesis of [2, 3] on the importance in heliogeobiospheric correlations of the contribution of the microwave radiation of the earth’s ionosphere, detected as sporadic rf radiation when the solar and geomagnetic activity increases [4-6].

Microwave Rydberg radiation of the ionosphere as a factor of the action of solar and geomagnetic perturbations on the biosphere

In 1994, we were the first to propose [7] that the fact that the plasma of the earth’s upper atmosphere (and of other planetary atmospheres) unconditionally contains highly excited Rydberg states of atoms, molecules, and their ions should be taken into account in aeronomy and ionospheric physics.. Rydberg states correspond to strong excitation of a valence electron that had been in orbit with high principal quantum number n>10. In practice, this is a state of an atomic-molecular particle of any gas of the upper atmosphere close to its ionization potential. The corresponding atomic spectra were experimentally studied for the first time by the Swedish physicist Johannes Robert Rydberg (1854– 1919). These Rydberg states are metastable (long-lived), since most radiative quantum transitions from them have low probability. Transitions from the Rydberg states fill virtually the entire region of the electromagnetic spectrum of the upper atmospheric emissions, beginning from the hard UV radiation. According to the selection rules for electric dipole transitions, the allowed transitions will be those for which the orbital-momentum quantum number change by an amount l=1. Therefore, because of the high values of n and hence of l (l=n–1 and below), transitions from high l can occur only between adjacent Rydberg states and consequently lie in the rf region.

In [7, 8] for the physical mechanism of the generation of microwave radiation of the ionosphere, using the process of excitation by electron impact (by ionospheric photoelectrons, auroral and secondary electrons, and also Auger electrons) of the Rydberg states of the components of the upper atmosphere and ionosphere Specific emissions from Rydberg levels are constantly recorded when the optical radiation of the upper atmosphere is observed [9] as well as in active experiments [10]. These experiments consisted of heating the ionosphere with powerful pulses of radio waves at frequencies of 4.7–6.8 MHz. In response, the ionosphere generated microwave decimeter radiation from the altitude interval from 185 to 240 km, as well as additional emission of the red lines of the oxygen atom. The analysis given in [10] of various ways to generate the detected microwave radiation includes the following: scattering of the earth’s thermal radiation at artificial inhomogeneities of the electron concentration, bremsstrahlung of electrons accelerated by high-frequency plasma turbulence to energies of the order of 10–15 eV, and transitions of the electrons between high Rydberg levels of the molecules of the neutral components of the ionospheric plasma excited when they collide with accelerated electrons, showed that the last of the three enumerated mechanisms is the most probable. It was also emphasized in [10] that the region of artificial generation of microwave radiation coincides in altitude (about 200 km) with the position of the maxima of the altitude profiles of the excitation rates of the Rydberg states, calculated in [8] for the ionosphere under natural conditions. Thus, [8] is the first experimental proof of the excitation mechanism of Rydberg levels by energetic ionospheric electrons proposed in [8].

In this investigation the excitations of Rydberg states at the altitudes of 95 to 360 km are presented. The main process of this excitation at ionosphere is electron impact, by photoelectrons at the low and middle latitudes and by magnetospheric precipitating electron at auroral zones. In the upper atmosphere and ionosphere there are three types of electrons with energies up to several tens and hundreds of electron volts for which the Rydberg excitation cross sections are maximal:

• photoelectrons, which arise when gases are ionized by the sun’s x radiation and hard UV radiation;

• secondary electrons, formed during ionization by corpuscles (electrons and protons from the radiation belts) spilled into the upper atmosphere during geomagnetic storms and substorms;

• Auger electrons, formed both during photoionization and during corpuscular ionization.

The Auger effect in all its manifestations in the ionospheres of the planets also was considered for the first time in our papers [11]. All these ionization electrons in their flux intensity directly track any variations of the solar and geomagnetic activity – from quiet periods to the strongest solar flares and geomagnetic storms and substorms. The Rydberg rf radiation of the ionosphere excited by these electrons ac- cordingly carries full spatiotemporal information concerning all the variations of the ionizing fluxes; i.e., it scans all forms of heliogeophysical activity.

The excitation rate increases with the growth of geomagnetic and solar activities in particular during the solar flares (up to 10 times and more) and during the principal magnetic storms (up to 100 times and more). Unlike the auroral zone, where the excitation rate as a rule shows only one main maximum at the altitude about 100 km, during the solar flare there are usually two maximumes. The first maximum, connected with EUV solar radiation, occurs at the altitude near 200 km and its value increases during a flare by several tens per cents. The second maximum at the altitude above 100 km becomes the main one the large flare. Its increase comes up to ten times and resulted from the X-ray solar radiation. During the quiet Sun the excitation rate of sum of the Rydberg states exceeds the value 10 cm−3s−1 for atoms and molecules of oxygen and 100 cm−3s−1 for molecules of nitrogen. During solar flare 2B the integral intensity in vertical column is 109 photons cm−2 s−1. It is important that the increase of excitation rates of the non-Rydberg states in the visual and UV spectral range (for example the LBH system of bands of nitrogen) at the same flare is smaller by factor of three. The centimeter radioemission results from transition with changing the orbital quantum number on 1, for example in atomic oxygen at n = 10 − 20, and the decimeter radioemission occurs at n = 20 − 40, if n is constant. If n > 1 and n > 10, there are the millimeter emissions of ionosphere. In the experiments, which registrated sporadic ionospheric radioemission in the range from 3 cm to 2 m with intensity increase of several times during solar flares, particularly when there were sudden ionospheric disturbances (SID), associated with X-ray flux of solar flare [5, 6, 12-15].

It should thus be assumed that a direct information channel from the lowest layers of the atmosphere and the biosphere itself concerning variations of the solar and geomagnetic activity has been determined [7, 16, 17]. For the biosphere and in particular for the human organism, this information, in the form of flux variations of the microwave radiation, can be just the Agent X that was postulated by A.L. Tchijevsky. It should be emphasized that the sun itself emits in the rf region, but this radiation does not directly correlate with the main flare flux—the flux of geoeffective short-wavelength (extreme UV and x-ray) radiation, whose energy is seven orders of magnitude greater than the solar rf flux. The main thing, however, is that the rf radiation of the sun is not monochromatic and consists not of separate lines and bands but has a continuous spectrum.

The latter circumstance can be decisive in demonstrating that the microwave radiation of the ionosphere is biologically effective. In fact, numerous experimental and theoretical papers on studies of the mechanisms by which millimeter and centimeter radiation acts on a living organism emphasize the resonance character of the response of biological cells and erythrocytes to such irradiation. So, there are several works about the theoretical and experimental resonance of living systems: biological cell at the f = 41.782·109 Hz ( = 7.2 mm) and f = 83.564 109 Hz ( = 3.6 mm) [14]; DNA-spirale at the f = 4 1010 Hz ( = 7.5 mm) [15]; molecule DNA at the f = 109 Hz ( = 3 dm) [16], molecule RNA at the f = 109 Hz ( = 3 dm) [16], cellular membrane at the f = 1010−1011 Hz ( = 3 cm–3 mm) [16], human erythrocytes at the f = 1010 Hz (= 3 cm) [17]. It is very important that experimental f less than 10−3  10−4 f [15]. Consequently, not only cells of the human organism, but also the blood, have resonance microwave frequencies at which the Rydberg ionosphere excited by flares and magnetic storms radiates. The explanation of how flares and storms act on cardiovascular patients follows from this. Thus, the influence of geomagnetic perturbations on the capillary circulation in patients of ischemic disease of the heart [22] on the day of a magnetic storm and the influence of solar flares and magnetic storms on patients with vascular pathology of the heart and brain [23]. are directly explained by the action of Rydberg rf radiations on the blood, including an increase of the viscosity and deformability of the erythrocytes.

The influence on the blood of a hypothetical signal associated with solar activity and manifested in the period of a flare on the sun and during the subsequent geomagnetic storm (in terms of the statistics of cardiovascular diseases) was discussed in [24]. Of course, these questions were discussed earlier by A. L. Tchijevsky. He proposed in this case that Agent X is (among other things) ‘‘electric vibrations of a definite frequency’’ [25]. and later that the agent of the action of solar activity is in particular millimeter radiation [26]. Recently Russian scientists [23] have discovered that the reason that flares on the Sun and following geomagnetic storms have influence the cardiovascular system lies in the change to the physical attributes of the blood. During solar flares changes are experienced in human blood viscosity, red corpuscle proportion in the blood, in the concentration of fibrinogen and the aggregation of blood corpuscles and platelets. These processes take place differently in healthy and meteo-dependent people with cardiovascular problems. In the latter, the blood thickens when magnetic disturbance on the Sun reach the Earth. In the case of healthy people, the organism prepares for the event two days before its advent, immediately after a solar flare. The microwave radioemission have the resonances at the spectral range 109 – 1012 Hz at the biological cells and membranes, DNA and RNA, human erythrocytes, and this fact can explain the extremely small threshold for influence of ionospheric radioemission at the monochromatic (characteristic) Rydberg transitions on biological objects. We propose the next scheme of the heliogeobiocorrelations: Fig. During of high solar activity specially flares at the Sun and also large geomagnetic activity (magnetic storms) there are increased fluxes of EUV and X-rays and precipitating particles from geomagnetosphere, which generate the additional ionization of terrestrial ionosphere. This ionization results in production of photoelectrons and secondary electrons and especially Auger electrons. Rydberg excitation of atoms and molecules by these electrons generate microwave monochromatic radiation: (mm, cm, dm), which can produce the resonance reaction of living systems [18-21] during “unfavorable days” for sick people. It is important that microwave radiation in the system that we proposed is capable of acting as the carrier frequency, with modulation by infrasound and internal acoustic-gravity waves of the upper atmosphere, as well as by vibrations of the background electromagnetic field (Alfven and Schuman resonances at the terrestrial ionosphere), including in the region of biorhythms. This amplifies the influence of low-frequency vibrations of the background electromagnetic field, with its high biological efficiency but low energetics of its action [27]. especially because of the surprisingly strong action on biological objects from the side of microwave radiation [1].

Fig. Biological effects of solar activity and Rydberg states.

There are numerous experimental confirmations that microwave radiation has a biological effect. From the aggregate of such studies, it is possible to expect uniquely low levels of threshold action, all the way to 10–15 W/cm2, which is close to the thresholds of perception of vision and hearing [1]. There are a number of considerations in favor of the reliability of such anomalously low threshold levels:

• Fixed action through acupuncture points makes it possible to speak of the possibility of reducing the threshold in actual laboratory experiments.

• Low-frequency modulation of microwave radiation (including in the range of biorhythms) can reduce the action threshold of this radiation.

• When determining spectral resonances, a contribution of the inaccuracy of the resonance is possible when laboratory sources of microwaves are used.

• The contribution of a synergetic effect when several factors are combined (for example, in the period of a geomagnetic storm, microwave radiation of the ionosphere and storm-induced variations of the geomagnetic field become active).

• The appearance of a synergetic effect from the reaction to an external stimulus (for example, a solar flare or magnetic storm) simultaneously of several individuals associating with each other in this case and influencing each other (including via biomagnetism [38]) under the action (in the case under discussion) of sporadic microwave radiation of the ionosphere.

There is an extremely nontrivial effect for the case of a geomagnetic storm, and taking this into account can fundamentally alter the technique and treatment of numerous experiments on magnetobiology. Actually, unlike the standard understanding of the changes of the geomagnetic field during a storm (with a maximum at the center of the chief phase), the precipitation of particles from the radiation belts that accompany these changes experience sharp attenuations (to the recording threshold in the course of 1.5–3 h) at the beginning and end of the chief phase. Only at the center of the chief phase at middle latitudes in 2–4 h do they actually reach the maximum values – to the level of auroral precipitations [29, 30].

Thus, the mapping of a biophysical experiment on magnetobiology to the values of the generally used indices of geomagnetic activity that semi-quantitatively describe the variation of the earth’s magnetic field (Kp, Ap, or Dst), as it is usually done, does not perfectly reflect the intensity of the corpuscular irruptions into the ionosphere in the period of a magnetic storm and hence does not correspond to the intensity level of sporadic microwave radiation of the ionosphere. This may be associated with the appearance of null results when modelling the conditions of a magnetic storm in laboratory experiments on biological objects. The papers [2, 3]. showed that it is the microwave radiation of the ionosphere that must play the main role in the biospheric effect of a magnetic storm. This is confirmed by the increase of the probability of phenomena detected in various statistical studies of the effects of a magnetic storm in medical indices among people [31-33] concurrent with the period of the storm and also for 24–48 h after the storm, when variations in the geomagnetic field no longer exist. At the same time, the experimental fact is well established that the fluxes of corpuscles that pour out in just this time period increase after a storm ([30]., p. 290). Incidentally, it is noteworthy in a number of such papers on the statistics of medical cases that the maximum of the effect occurs two days before the storm. [31, 333]. A flare occurs on the sun at just this time [2, 3, 30],. and sporadic microwave radiation of the ionosphere also is observed [5, 6]. A direct correlation has been recorded [34] with solar x-ray flares in the statistics of medical events.

We will discuss more closely at the energy aspect of the problem of how the sporadic microwave (Rydberg) radiation of the ionosphere affects the biosphere and the lower atmosphere. Radiant energy from the sun with a flux density of 1367 W/m2 reaches the earth’s surface, and about 10−2 W/m2 (all of the solar flux of soft x rays and UV radiation with a wavelength of <134 nm, including the Lα line of the hydrogen atom) is absorbed in the ionosphere under quiet heliogeophysical conditions. However, the ratio of the value of absorbed energy per unit mass of atmospheric gas is substantially different: 10−3 W/g in the ionosphere, and 7 10−5 W/g at the bottom of the troposphere. Thus, per unit mass of atmospheric gas or per one atomic-molecular particle of this gas, an order of magnitude more electromagnetic energy reaches the ionosphere from the sun than reaches the lower layers of the atmosphere. This ratio is still greater in periods of solar flares and geomagnetic storms. The greater part of the energy of the sun’s UV radiation and soft x rays with wavelength <50 nm (capable of producing energetic photoelectrons) generates microwave radiation of the ionosphere from the Rydberg levels of all the atmospheric gases, including the minor components. This generation is supplemented by the action of fluxes of charged particles in the auroral zone under virtually any conditions of heliogeophysical activity. The fluxes of short-wavelength so- lar radiation double (in the spectral region <120 nm) during periods of flares on the sun, and the fluxes of spilled electrons increase by a factor of 100 or more during geomagnetic storms, not only at high but at middle latitudes. The energy of the electron fluxes irrupting into the upper atmosphere in this case is about a factor of 50 greater than the energy of the ionizing radiation of the quiet sun. It is important that the energy flux of the microwave radiation of the ionosphere completely reaches the earth’s surface. Let us estimate the energy flux of the sporadic microwave radiation of the ionosphere recorded in [5]. It is important that the radiation signal of the ionosphere exceeded the intensity of the rf flux from the quiet sun by a factor of 2–40 (at a wavelength of =50 cm), where the latter equals (4–6) 10−21 W cm−2 m−1 ([30], p. 13). The width of the surge reached 1 GHz. The flux of ionospheric microwave radiation of the ionosphere at =50 cm in the period of a solar flare is then (according to the data of the measurements of [4]) (3–70) 10−16 W cm−2.

This is orders of magnitude greater than the sensitivity threshold of biological objects to microwaves [1] Thus the "Porog" generator [35] for medical purposes, which works efficiently in a wide range of microwaves from superhigh to extremely high frequencies, provides a spectral power density level of 10−16 – 10−18 W cm−2 Hz−1, i.e., an even smaller value. At the same time, a further decrease of the output power of devices with a monochromatic signal (we recall that, according to [2, 3], the microwave radiation of the ionosphere in Rydberg transitions has indeed a monochromatic character) all the way to 10−10–10−12 W, and noise to 10−18 – 10−20 W cm−2 Hz [1], does not reduce the efficiency of the treatment. Moreover, such radical reductions of the output power to the level of counted quanta even increase this efficiency. In [35] pointed out that an explanation of this effect can be found by using a quantum-mechanical approach. When the energy of the entire spectrum of sporadic rf radiation of the ionosphere is taken into account, the threshold value for biological objects (10−16 – 10−17 W cm−2 [1] can be exceeded even by a factor of 10–100. The ratio of the energies dissipated in the ionosphere when there is a medium solar flare and during a geomagnetic storm shows that the flux of microwave radiation can be factor of 10–100 greater in intensity in the period of a magnetic storm. In this case, the radiation in the centimeter and decimeter ranges can now exceed 10−11 – 10−12 W cm−2.On the other hand, a calculation of the excitation rates of the Rydberg states of the oxygen atom [8] gave a value of about 109 particles cm−2 sec−1 in a column of the ionosphere during the period of a medium class-2B solar flare. Then, for values of the quantum energy in the centimeter range of 2 10−23 (for =1 cm) – 2 10−24 J (for =10 cm) in this column in ten allowed transitions, we have a flux density of microwave radiation of 2 10−13 – 2 10−14 W cm−2. This flux density is the lower limit for transitions with n=1 (only for l=1), i.e., those of the type n’, l’=n’−1 → n’−1, l’=n’−2, where n’=11–20 for an oxygen atom. This value increases to 10−11 – 10−12 W cm−2 during a magnetic storm. Because the densities of oxygen atoms and nitrogen molecules are about equal at an altitude of about 200 km, where, according to [8], there is a maximum of the altitude profiles of the Rydberg excitation rates, and recalling the identical character of the allowed radiative transitions in highly excited (hydrogen-like) atoms and diatomic molecules, it should be expected that the total flux of sporadic rf radiation, taking into account the nitrogen molecules, is approximately doubled.

Our energy estimates, without claiming to be complete, show that the experimentally observed sporadic rf radiation of the ionosphere in the period of solar flares and geomagnetic storms is well explained by the energetics of the allowed microwave transitions from the Rydberg excited states of the main gases of the upper atmosphere at altitudes of about 200 km—the oxygen atom and the nitrogen molecule. Thus, the resulting energies of the microwave radiation flux of the ionosphere make it possible to regard this radiation as the main agent in heliogeobiocorrelation effects. According to [2, 6], the microwave radiation itself mainly provides the energy component of the effect, and its modulation by low-frequency oscillations of the electromagnetic and infrasound geomagnetic fields provides the information component. 

Laboratory experiments in which modulated microwave radiation acts on biological objects show that it is substantially stronger than microwaves with constant intensity. The effect of modulation is most pronounced at lower intensity levels of the microwave flux and also depends on the initial state of the biological system.

Conclusion

Ways of experimentally checking the possible role of the microwave radiation of the earth’s ionosphere in heliogeobiocorrelations have been considered, taking into account the variability of its intensity at the different phases of a geomagnetic storm. Energy estimates are presented for the density of such a flux during periods of a moderate solar flare and a magnetic storm, reaching values of 10−11 W cm−2. Two possible mechanisms are proposed for consideration for the influence of microwave radiation of the ionosphere on the weather: via a condensation mechanism and via the ocean–atmosphere transitional layer. It follows from what has been said that it is necessary to provide constant monitoring of the intensity and spectrum of the microwave radiation of the earth’s ionosphere, not only in terms of a methodological improvement of biophysical experiments under conditions of elevated solar and especially geomagnetic activity but also possibly for recording the level of “unfavorability” of the heliogeophysical situation. The medical and biological mechanisms of this problem should be considered, taking into account the phenomenon of stochastic resonance,1 where the background microwave radiation of the ionosphere (before a storm and a flare) plays the role of the noise component. The same phenomenon can be significant in studies of the influence of the microwave frequencies of cellular telephones. Here the role of the noise signal, which sharply increases in the period of solar flares and magnetic storms, will be played by the ionospheric microwave radiation. Since it is very variable, the possible resulting medical effect from cellular telephones and ionospheric sporadic radiations significantly varies in magnitude, and this creates indeterminacy when it is studied. The phenomenon of dissipative resonance can also be relevant to the study of these problems.

There are also other problems in ionospheric and atmospheric physics, biophysics and medicine concerning the investigations of the ionospheric Rydberg excitation role:

- determination of the real spectral distributions for Rydberg ionospheric emission at all transparency windows;

- determination of the perception threshold for the characteristic sharp-resonance microwave Rydberg emission for healthy and sick persons.
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