WAVE PROCESSES, GLOBAL– AND LARGE–SCALE DISTURBANCES IN THE NEAR–EARTH PLASMA

L. F. Chernogor and V. T. Rozumenko

Department of Space Radio Physics, V. Karazin Kharkiv National University 4 Svoboda Square, 61077 Kharkiv, Ukraine e-mail: Leonid.F.Chernogor@univer.kharkov.ua

INTRODUCTION

Particular attention has been recently paid to physical processes originating in geospace from natural and anthropogenic sources of energy (see CEDAR and Space Weather Plan). Results from these investigations contributed enormously to understanding of how different geospheres are coupled, or, in other words, how the lithosphere, atmosphere, ionosphere, and magnetosphere exchange mass, momentum, energy, and information. This means that geospace is an open nonlinear system, and the mechanisms for coupling the above subsystems are studied insufficiently. The coupling processes include linear and nonlinear waves, and the aim of this study is to determine the apparent velocities of the perturbations, using observations, and to find out the types of waves responsible for perturbation propagation.

MODEL SPECIFICATIONS AND CALCULATIONS

Detailed calculations of energetics during disturbances on the sun, in the magnetosphere, ionosphere, atmosphere, and lithosphere have been made (Chernogor, 1998). The starting point for the development of the model is the following: the intensity of solar emissions in the ultraviolet, gamma ray, soft, and hard X-ray wavelengths, as well as solar wind characteristics under quiet and disturbed conditions. For the magnetosphere, the following parameters have been obtained: geomagnetic micropulsation energy, plasma thermal energy, nonthermal particle energy, geomagnetic storm power and energy, energy of the electric fields of magnetospheric origin. The energetics of the ionosphere is estimated taking into account the power and energy inputs from the sun, the plasma thermal particles, and the winds at ionospheric heights, electric currents, particle precipitation at high and middle latitudes. The energetics of the atmosphere is suggested to be determined by the balance between energy inputs and outputs, and by processes in the medium. The latter include thermal motion, the moving solar terminators, winds, large- and small-scale turbulence, atmospheric electricity, the entries of large space bodies into the atmosphere, etc. The energetics of seismic processes includes the potential and elastic energy in the lithosphere, the energy and power of volcanic processes and tsunami. The energetics of earthquake acoustic, electric, and magnetic effects on the near-earth environment is separately studied. Estimates of the energy of optical, radon, and other emissions produced by earthquakes are made. Particular attention is given to the energetics of such anthropogenic effects as explosions, space vehicle launches and re-entries into the earth’s atmosphere, beams of particles and plasma, high-power radio transmissions, harmonics in the kHz range radiated by electrical power transmission lines, MHD generators, and meteotrons.

The estimates made suggest that energy deposition into the environment from various natural and anthropogenic processes can be significant. Energy estimates are just the first stage in estimating the detectability of the effects of a particular disturbance. Further, it is necessary to make comparisons between specific characteristics of the signal and noise (interference). These may include the energy or power of the process per unit volume. Because the process under study is spatially and time discrete, its specific characteristics relatively increase. Moreover, it is necessary to take into account that the source of energy, say a cyclone, may not cause significant ionospheric or magnetospheric disturbances, and the conversion factors can significantly differ depending on the nature of the energy of the disturbance, the coordinates and the timing of energy release, and the condition in the system and its subsystems, although it is sure enough that there are feedbacks in the near-earth system, which is sometimes called geospace sphere consisting of the well-known geospheres: the lithosphere, the atmosphere, the ionosphere, the magnetosphere, etc. On the other hand, the system, and, moreover, the subsystems, are open systems, and, therefore, a release of energy may be triggered. For instance, E-region heating by relatively low-energy HF amplitude-modulated waves changes the ionospheric (direct current) conductivity, which results in modulating the strength of high-energy electric currents in space. Particle precipitation from the magnetosphere triggered by a low-energy source can significantly change the energetics of the lower ionosphere (∼ 50 – 100 km) as well (Chernogor et al., 1998).

The nomenclature of manifestations of the triggering mechanism may be continued. The variations in parameters of the near-earth medium caused by different disturbances in principle differ a little. To detect the display of a particular disturbance, the variations in parameters of the medium caused by different disturbances should undergo an in-depth examination by a cluster of independent methods, and mathematical models of the signal and interference should be developed. Only after this, the problem of disturbance detection can be set and practically solved.

MECHANISMS OF THE PERTURBATIONS TRANSFER AT LARGE– AND GLOBAL–SCALE DISTANCES

Possible causative mechanisms for the transfer of perturbation at large- and global-scale distances from a localized ionospheric disturbance have been analyzed in order to identify the role of various physical processes. Acoustic (infrasound) waves (Gossard and Hooke, 1975; Francis, 1975; Chernogor, 1997), MHD waves (Jacobs, 1970; Guglielmi and Pokhotelov, 1996; Kelley, 1989), slow MHD waves (Sorokin and Fedorovich, 1982), gyrotropic waves (Sorokin and Fedorovich, 1982; Sorokin, 1986; Sorokin, 1987), seismic waves (Pasechnik, 1970), as well as nonlinear waves (Whitman, 1974; Nonlinear waves, 1974; Scott, 1970; Lamb, 1980; Petviashvili and Pokhotelov, 1992; Guglielmi and Pokhotelov, 1996; Pokhotelov et al., 1996; Gurevich, 1978) and structures are considered to be important processes in transferring perturbations from discrete disturbances to sites at globalscale distances. The data on observations of perturbations at global-scale distances from initial disturbances exhibit several groups of propagation speeds of ∼ 0.3 – 0.8 km/s, 2 – 3 km/s, 3 – 5 km/s, and 10 – 100 km/s. They correspond to different types of waves which we have analyzed in detail.

CONCLUSIONS

1. The lithosphere, atmosphere, ionosphere, and magnetosphere are a single open system. Energy is incoming into the system from the sun and space. The exchange of energy, matter, and governing influences takes place between the subsystems; feedbacks through the system appear at different directions.

2. Estimates of the energetics of the solar processes affecting the earth, as well as of the main processes in the lithosphere-atmosphere-ionosphere-magnetosphere system, are made.

3. Estimates of the energetics of a few processes linking the subsystems (disturbances in the geomagnetic and geoelectric fields, ionospheric electric currents, winds, turbulence, energetic particle fluxes, etc.) are made.

4. Perturbations in the near-earth medium are transferred via acoustic waves (v ∼ 0.3 – 0.7 km/s), slow MHD waves (v ∼ 1 – 10 km/s), seismic waves (v ∼ 3 – 8 km/s), gyrotropic waves (v ∼ 10 – 8×10^2 km/s), and MHD waves (v ∼ 10^3 km/s). The role of nonlinear waves is to be studied.

Acknowledgements. The study has been supported by Science and Technology Center in Ukraine, Grants 1772 and 1773.

REFERENCES

[1] Coupling, energetic and dynamics of atmospheric regions, CEDAR Phase III. Executive summary. Bolder, CO:

Philip Tobias Enterprises, 1996.–40 p.

[2] Chernogor L. F. Energetics of Processes on the Earth, in the Atmosphere, and Space // Space Science and Technology.–1998.–4, N 1.–P. 10. (in Russian)

[3] Chernogor L. F. Infrasound effects of earthquakes and their precursors on parameters of near-earth space // Radio Physics and Radio Astronomy.–1997.–2.–P. 463–472. (in Russian).

[4] Chernogor L. F., Garmash K. P., Rozumenko V. T. Flux parameters of energetic particles affecting the middle latitude lower ionosphere // Radio Physics and Radio Astronomy.–1998.–3.–P. 191–197.

[5] Davies K. Ionospheric Radio.–London: Peter Peregrinus Ltd., 1990.–XX.–580 p.

[6] Francis S. N. Global propagation of atmospheric gravity waves: a review // J. Atmos. Terr. Phys.–1975.–37.– P. 1011.

[7] Garmash K. P., Gokov A. M. , Kostrov L. S., Rozumenko V. T., Tyrnov O. F., Fedorenko Yu. P., Tsymbal A. M., Chernogor L. F. Radio Wave investigations and modeling the processes in the ionosphere disturbed by sources of various nature. 1. Instrumentation and processes in the naturally disturbed ionosphere // Bull. Kharkiv State Univ. Radio Physics and Electronics.–1998.–N 405.–P. 157–176. (in Russian).

[8] Gossard E. E., Hooke W. H. Waves in the Atmosphere.–New York: Elsevier Publishing Co., Inc., 1975. [9] Gubkin K. E. The propagation of waves from explosions // Mechanics in the USSR during 50 years, Moscow, Nauka, 1970.–2.–P. 269–311. (in Russian).

[10] Guglielmi A. V., Pokhotelov O. A. Geoelectomagnetic waves.–Bristol: Adam Hilger, 1996. [11] Gurevich A. V. Nonlinear phenomena in the ionosphere.–N. Y.: Springer Verlag, 1978.–360 p. [12] Jacobs J. A. Geomagnetic micropulsations.–Berlin: Springer-Verlag, 1970. [13] Kalitkin N. N. Numerical Methods.–Moscow: Nauka, 1978.–512 p.

[14] Kelley M. C. The Earth’s ionosphere: Plasma physics and electrodynamics.–San Diego, Calif.: Academic Press, 1989.–487 p.

[15] Lamb G. L. Jr. Elements of soliton theory.–New York – Chichester – Brisbane – Toronto: Wiley – Interscience Publ. John Wiley & Sons, 1980.

[16] Nonlinear waves / Eds S. Leibovich and A. K. Scebass.–CUP, Ithaka and London, 1974. [17] Pasechnik I. P. The behavior of seismic waves during nuclear explosions and earthquakes.–Moscow: Nauka, 1970.– 193 p. (in Russian).

[18] Petviashvili V. I., Pokhotelov O. A. Solitary waves in plasmas and the atmosphere.–London-Reading: Gordon and Breach, 1992.

[19] Pokhotelov O. A., Stenfo L., Shukla P. K. Nonlinear structures in the magnetosphere and ionosphere // Plasma Physics.–1996.–22.–P. 941–953. (in Russian) [20] Scott A. Active and nonlinear wave propagation in electronics.–N. Y., London, Sidney, Toronto: Wiley – Interscience Publ. John Wiley & Sons, 1970.

[21] Sorokin V. M. Midlatitudinal long-period geomagnetic oscillations and their relation to wave disturbances in the ionosphere // Geomagnetism and Aeronomy.–1987.–27.–P. 104–108. (in Russian).

[22] Sorokin V. M. On the role of the ionosphere in geomagnetic pulsation propagation // Geomagnetism and Aeronomy.–1986.–26.–P. 640–646. (in Russian).

[23] Sorokin V. M., Fedorovich G. V. Physics of Slow MHD Waves in the Ionospheric Plasma.–Moscow: Energoatomizdat, 1982.–136 p. (in Russian).

[24] Space Weather Plan. National Space Weather Program. Implementation Plan. Draft 5/13/96 [25] Whitman G. B. Linear and nonlinear waves.–N. Y., London, Sidney, Toronto: Wiley-Interscience Publ. John Wiley & Sons, 1974.