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Abstract

Mechanism, explaining effect of solar and geomagnetic activity on weather parameters and biosphere (including human beings) as a result of influence of microwave radiation of solar and ionosphere origin, is proposed. Generation of strengthened fluxes of this radiation during solar flares and geomagnetic storms is analyzed with using the mechanism of excitation of the Rydberg states of atoms and molecules by fast ionospheric electrons. Energetic aspects of the problem are solved with using the mechanism of resonant influence of microwave radiation on biological systems. Variations in weather parameters (cloudiness, humidity and temperature) are considered to be a result of change in condensation processes in the lower atmosphere caused by the respective change in the rate of generation and dissociation of ion clusters, which is controlled by microwave radiation of ionospheric and solar origin.

Introduction

Present work is based on experimental data. Correlation of some observed weather parameters with bursts of solar microwave radiation was revealed in the works [1-4]. Authors of  [1] have analyzed observations of [3, 4]. They suggested to take into account influence of solar microwave radiation on the state of water vapor in the lower atmosphere and process of its condensation. Experimental evidences testifying that water vapor can be transformed from free state to bounded state and vice versa due to influence of the solar microwave radiation were firstly obtained in the work [3]. Ultra-violet and corpuscular radiations might also contribute to this process. It was shown that affect of these radiations causes generation of water clusters with the assumed mean association extent 50. It is resulted in appearance and strengthening of cluster absorption bands in 320-330, 360, 380-390, 400 and 480 nm ranges [4]. That, in turn, leads to decrease of spectral atmospheric transparency in visible and IR ranges. Experimental data [3] showed link of solar phenomena (chromospheric flares and radiobursts) with the change in altitude of isobaric surfaces 200, 300, 500 Gpa as well as with the change in temperature, wind velocity and direction at the corresponding levels. Increase of downward motion of air masses in troposphere was obtained as well as a sharp change in total water vapor abundance. It was found that density of the solar corpuscular flux is not enough to activate mechanism connected with cluster generation. In [1, 2] it was suggested to take into account contribution of the water cluster (complex) ions, generated due to ionization of atmosphere by galactic cosmic ray, to the mechanism of condensation. Authors of [5] showed connection of weather factors (temperature, relative humidity, atmospheric pressure) with change of the Earth’s dipole field and solar activity. They emphasized that this relationship is determined mainly by activity of the Sun (Wolf numbers and fluxes of radio emission at 3000 and 200 MHz). Correlation is more evident when solar activity is high. Weather factors have the best correlation with the Wolf number, correlation with radio emission at 3000 and 200 MHz is also appreciable.

Sporadic rises in intensity of microwave radiation of ionosphere were registered in [6] at times of solar flares and aurora borealis  (geomagnetic storms and substorms). The intensity during periods of flares exceeds usual microbursts of solar origin many times. Microwave radiation of aurora borealis has been registered since 1950 [7].

There is a lot of theoretical and experimental evidences of resonant influence of microwave SHF radiation on biological systems including photosynthesizing organisms [8], biological cell  (=7.2 mm и =3.6 mm) [9] and intercellar membrane ( = 3 cm - 3 mm) [10], DNC and RNC molecules  (=3 dm) [9, 10], erythrocytes and hemoglobin molecules (=3 см, =7,1 mm) [11, 12] (see also [13-15]). 

It is important that the more intensive microwave radiations of natural origin (emitted from the terrestrial ionosphere) during time of solar flares and geomagnetic substorms might be modulated by oscillations at frequencies of Alfven and Shuman ionosphere-magnetosphere resonance as well as by acoustic-gravitation waves, existing in upper atmosphere. Therefore, resonantly acting high-frequency (microwave) radiation of ionosphere delivers information on the natural electromagnetic oscillations in the circumterrestrial   space to the biological object as variations in the low-frequency (less than 100 Hz) range, which includes a range of human brain and heart rhythms.

 It is important for the solar-terrestrial physics (including solar-biosphere and solar-atmosphere links) that terrestrial atmosphere is transparent for radiations with length more than 0.8 mm (besides few absorption bands in mm and cm ranges). Thus, question about the role of such sporadic radio emission in processes in the lower atmosphere and biosphere is rather actual. 

Microwave radiation of ionosphere in transitions between Rydberg states.

We were the first [14-16] who suggested to link microwave radiation of ionosphere with excitation of atomic and molecular gas components of the upper atmosphere, which creates highly excited Rydberg electronic states (the main quantum number n10). These states, named for Swedish physicist J. R. Rydberg, have high energy of excitation and are metastable (long living) due to a small probability of radiative quantum transitions.  Transitions from the Rydberg states fulfill almost all the range of electromagnetic spectrum of the upper atmosphere emissions (starting from the hard UV radiation). Allowed transitions between them also lay and in the microwave range of wave length. These transitions often are the most probable [14-17].

Possible role of the microwave radiation of ionosphere in heliogeobiocorrelations (including occurrence of days unfavorable for patients during time of increases of solar and geomagnetic activity) was for the first time established in [16]. Energetic estimations of intensity of ionospheric microwave radiation were made in [17] both in framework of mechanism of Rydberg excitation by electronic impact (ionospheric photoelectrons and electrons precipitating from magnetosphere during geomagnetic storms and substorms) [14, 16] and with using the results of measurement [6].  Agreement between theoretical calculations and the experimental data was obtained. It was shown that at time of strong geomagnetic storm microwave UHF radiation of ionosphere in Rydberg transitions might reach 10-11 Wtcm-2 and 10-100 times less at time of solar flare.

Experimental confirmations of reality of mechanism of excitation of microwave radiation of ionosphere in Rydberg transitions have been obtained already. Experiments, performed in [18, 19] and including heating of ionosphere by strong pulses of radio waves (4.7-6.8 Mhz), revealed responded microwave decimeter radiation from altitudes of 185-240 km as well as additional emission in red line of atomic oxygen.  Analysis of the possible sources of the revealed microwave radiation showed that transition of electrons between high Rydberg levels of molecules of neutral components of ionospheric plasma, excited by impacts with the accelerated electrons, is the most probable [18, 19]. In [18, 19] it is emphasized also, that the area of artificial generation of microwave radiation on height (~200 km) coincides with position of maxima of high-altitude structures of excitation rate Rydberg the conditions calculated in [14] for an ionosphere in natural conditions (both at the quiet Sun, and during solar flare).Thus, results of [18, 19] are the first experimental proves of reality of the mechanism of excitation of Rydberg levels by energetic ionosphere electrons suggested in [14-16]. 

Optical emissions caused by transitions between Rydberg sublevels of atomic oxygen were registered by the authors [20], who performed Alpine research of the spectrum of night sky luminescence at 394-927 nm. 

This is a basement for suggestion of hypothesis about the new physical mechanism transferring effect of solar and geomagnetic activity on the phenomena in the lower atmosphere, including biosphere and weather parameters. This influence is carried out by microwave radiation of ionosphere, which intensity in Rydberg transitions is determined by level of solar and geomagnetic disturbance of ionosphere and might be stronger than radiations of usual microwave solar bursts [21]. 

Condensation mechanism and microwave radiation. 

It was found in [3] that microwave radiation of the Sun influences dynamical equilibrium in distribution of the lower atmosphere clusters toward extent of water vapor association (it can both increase and decrease the association extent). This is important when take into account the condensation mechanism, which, according to [4], dominates in the solar-weather link.

It was shown in [22] that ions, generated in the upper atmosphere due to high-energy solar cosmic ray (SCR), can condensate water vapor and cause change in the altitude temperature profile of the lower atmosphere (this change was registered experimentally). These phenomena, resulting in the hearth change of altitude of isobaric surfaces, cause additional vertical and horizontal gradients of pressure. They might cause appearance of the ground-surface and elevated tropospheric waveguide, playing important role in propagation of radio waves. The results obtained in [22] are important, because they might be considered as a confirmation of the non-linear mechanism of the solar activity influence on the meteoparameters of troposphere. This mechanism can transform relatively weak effect of SCR (less than 0.1% of the solar constant) to the 10% decrease in the total energy income to troposphere. Results of [22] were obtained by means of approaches developed in [23, 24].

Rate of the ion pare generation is depend not only on the altitude, but on the atmosphere density, which influence the rate of ion recombination. Ionization of the gas molecules usually starts from generation of the singly charged positive ion. Than few (usually 7-10) neutral gas molecules of the water vapor attach to this ion almost instantly creating the so-called light ions. The light ions join to aerosol particles and produce heavy ions [25]. 

Thus light ion clusters are generated from simple ions as a result of ion-molecular reactions. Large cluster ions are generated as a result of clusterisation of few ions and attaching of simple ions to aerosol particles [26].

Ion equilibrium is reached after 10 c – few minutes for light ions and 10 minutes – few hours for heavy ions (the time depends on the aerosol state of atmosphere) [27].

Three particle recombination appreciably contribute to the recombination of electron and cluster ion when gas density is  1018 сm–3 and pressure is close to few tens of Torr [27] i.e. at altitudes less than 25 km. Dissociative recombination of cluster ions from the water vapor (and (CO2+)n) in presence of the third molecule is the main channel of these ion demolishing at the altitudes where condensation due to GCR play important role (above 3 km). New calculations of the coefficients of reactions of three-particle electron-ion recombination were performed by authors [28], who interpreted results of the laboratory experiments with the ions (CO2+)n and H2O+(H2O)n. It was suggested theory of this mechanism, which includes two stages:

 collisions between electrons and gas molecules (nitrogen and oxygen molecules in case of condensation mechanism) fill Rydberg levels, 

 electrons from Rydberg states take part in non-radiative transitions resulted in dissociation of clusters.

Authors of [28] proposed to call this process as the “collision dissociative recombination”. The process is effective for large proton hydrates H3O+(H2O)n over the wide range of pressure of ambient gas including altitudes of the lower atmosphere above 3 km. Actually, experiments [29] show that coefficients and rates of binary recombination in a mutual neutralization reach ~ 6 10–8 сm3 c–1 (this value doesn’t depend on the complexity of ions) while the same values for electron-ion dissociative recombination are much more (up to 10–5 сm3 с–1 for the ion H3O+(H2O)n when n=6). This electron-ion recombination in fact is a result of two subsequent processes: (a) fast two particle process in which electron takes part and Rydberg levels are settled due to oscillation excitation [30] and (b) three particle process with the neutral molecules of atmosphere [30, 31]. 

In that case the following scheme of influence of the solar microwave radiation on the concentration of the ion clusters of water vapor and, probably, carbon dioxide (likely the more important greenhouse gas [32]) could be proposed: Fig. 1.

According to [28] coefficients of the rate of dissociation of the ion clusters of water vapor and carbon dioxide molecules are sharply dependent on the mean value of change in the orbital quantum moment (l) of Rydberg level occurring as a result of collision. Probability of dissociation increases for small values l while for large values l it is low. Therefore, at time of the solar radiobursts and sporadic increases of the microwave Rydberg radiation of ionosphere (they occur during solar UV and X-ray flares and geomagnetic storms), Rydberg levels with higher l will be filled due to processes of “collision dissociative recombination” induced by absorption of increased flux of microwave radiation. This would result in decrease of probability of dissociation of the cluster ions in the lower atmosphere. Thus, present work proposes for microwave radiation to play a new role in processes in the lower atmosphere: according to the obtained results it can influence probability of dissociation of the water vapor and, possibly, carbon dioxide cluster ions by means of the mechanism of “collision dissociative recombination” of high values of the orbital quantum numbers of the states of Rydberg electrons (they occur as a result of absorption of quantums of microwave radiation of the Sun and ionosphere) [28]. 

It was experimentally observed in [3, 4] that radio emission can cause both generation and decay of water clusters in the lower atmosphere. Decline in the water vapor abundance (its association into clusters) is observed as a result of burst of radio emission of the Sun at 2-5 cm while decay of clusters takes place when length of radio wave is 3-10 cm.  These wavelengths correspond to Rydberg transitions in atmospheric gases with the main quantum number   n ~ 10 [15]. Water vapor can associate into clusters in framework of the scheme of generation of many-atomic Rydberg molecules, suggested in [33]. Complex ions, originated in this process, are neutralized by capture of electron to the Rydberg orbital. Induced transition of the Rydberg electron due to microwave radiation also might play a role in this act. According to [6] flux of the ionospheric microwave radiation during solar flare is stronger than the corresponding flux during usual microwave burst at the Sun (typically they are separated in time for 10-15 min or more [34]). This testifies that a microwave radiation of ionosphere, generated as a result of absorption of X-ray and hard UV radiation of solar flare, might contribute to weather phenomena.  Correlation of the extent of spectral attenuation in the soft UV band (likely connected with water clusters) with the Sun’s activity, obtained in [4], is in a good agreement with our hypothesis because increase of activity causes rise in all kinds of microwave radiation (both from the Sun and from ionosphere) and decrease of cluster decay due to filling of high l levels. 

Heliogeobiocorrelations with taking into account microwave radiation of terrestrial ionosphere.

Fig. 2 shows scheme of influence of solar flares and geomagnetic storms on biological objects via microwave emission of ionosphere. This scheme illustrates physical mechanism of the “agent X” providing solar-terrestrial link according to Soviet heliobiologist A.L. Chizhevsky. Chizhevsky supposed that “agent X” is some kind of electric oscillations [35] and that solar activity can influence by means of millimeter radiation [36].

Finally we can emphasize that when estimate possible effect of microwave radiation on weather one should note account that initial disturbance influence very vast territories uniformly and simultaneously. This effect has been taken into account in [37] when possible role of emission IR radiation of ionosphere in weather phenomena was evaluated. 
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Fig. 2. Biological effects of solar activity and Rydberg states. Heliobiocorrelation diagram including human beings.





Fig. 1a. The diagram of control condensation mechanism induced by disturbances in solar and geomagnetic activities.





Fig. 1b. Control of condensation mechanism at low atmosphere and change of atmospheric transparence by means of variation for ratio: vapours of H2O/clusters from the water vapour
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