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Abstract

The description of new instrumental system included acoustic waves and atmospheric electricity measurements is presented. The system locates at high-latitudes near Apatity city (66.5ON, 33.4OE) at Kola peninsula (Russia) and was installed in 2001. The equipment installed was intended to study the troposphere-middle atmosphere-ionosphere interaction. The recording of the signals carries out continuously. Thus this system may use for continuously control of acoustic signals in the different frequency ranges.

The preliminary processing of the record has shown the existence of variations of atmospheric pressure with 20-40 min periods. The estimation of periods and amplitude of the atmospheric pressure variations observed demonstrated that the source of the pressure variations in the mountain waves generated in the vicinity of the Khibiny mountains.

The system was working during the “Kursk” submarine event. Any specific acoustic signals don’t observed at the time of the event.
Introduction

At present in frame of atmospheric processes physics and physics of the Sun – Earth connections the study of ionospheric-tropospheric interactions by integrated methods play very important role. In August 2001 Polar Geophysical Institute and Institute of Atmospheric Physics RAS installed high-latitude measurement complex aimed to joint investigations of atmospheric waves and electrical parameters of the atmosphere. The system locates in the high-latitude near Apatity city (66.5ON, 33.4OE) at Kola peninsula (Russia). The main reason for installation of the equipment is to study the troposphere-middle atmosphere-ionosphere interaction. The measurement of electric field vertical component at high latitudes had been carried out earlier to study the effects of magnetosphere disturbances on atmospheric electricity. As it concerns to ion content of air (or electric conductivity) that as usual it had been used for study of atmospheric pollutions. Note that at high latitudes as we aware of, such investigations earlier had not been carried out. However once more reason exists for installation of the complex at high latitude. At present it was experimentally proved that atmospheric electricity variations and atmospheric infrasound are very effective physical factors in biological and ecological sense. Having got very penetrating ability the infrasound influences on the biological objects practically independently on of the distance between practically between the object and the source. . Thus the equipment complex installed permits to study the heliogeophysical activity action at auroral zone at biological system of different level organization.

The recording of the signals carries out continuously. Thus this system may be use continuously for control of acoustic signals in the different frequency ranges.

Description of equipment

The complex consists of three microbarographes, devices for atmospheric electric field and electric conductivity measurements. The complex permits to register infrasound oscillations and internal gravity waves in wide frequency band ( from 2 till 10-4 Hz). Unique complex permits as well simultaneously to measure infrasound and variation of atmospheric electrical parameters

For measurement of very low frequencies of atmospheric pressure from 2 till 10-4 Hz it had been used liquid mikrobarographs developed in the Institute of Atmospheric Physics RAS. For determination of infrasound source azimuth location it had been installed three similar microbarographs located approximately at the corners of equilateral triangle with sides of 300 m. As a whole the measurement complex consists of three spaced microbarographs, the devices for measurement of vertical component of atmospheric electric field and atmospheric electric conductivity, telemetry system and corresponding hard and software.  In the Figure 1 the functional scheme of the complex is shown. In the system totally it was used 7 channels. The first tree are used for translation of the microbarographs data, the next two ones translate signals from atmospheric electric field units data , and the last two translate the signals from air electric conductivity units. The diurnal data files at midnight are transposed from the computer of data collection to computer of data storage and survey. In Figure 2 the example of diurnal record in graphic form for all data units of the complex is shown.

Preliminary result

For all period of observation the characteristic periodic fluctuations of pressure with periods of several tens minutes were registered. The example of the pressure periodic fluctuations seen at the microbarographs spreaded by 300 min is shown in Figure 3. It is clearly seen that the oscillations take place on three channels practically synphasely ( the coefficient of mutial correlation r=0.8-0.9) with quasi period from 20 to 40 min, and with amplitude of 60-90 (b. This part of record is characteristic one for all observation period from August 2001. In Figure 4 the typical spectrum of the pressure fluctuation is shown. In the spectrum there are three clear peaks with periods: (22, (42, and (110 min. The observation with this periods were observed during all observation period. These periods are characteristic for internal gravity waves registered at the Earth surface.

The character of the period variability registered at Apatity near Khibiny mountain shows that the possible source of the oscillation observed are mountain waves. The mountain waves are formed under flowing of the air streams by mountain barriers which horizontal sizes are comparable to wave lengths (Gossard and Hooke, 1975). In our case the observation site (Apatity town) is bounded from North-West side by Khibiny mountain region of 20-40 km length. At 20 km to the North-East the most high point Chasnachorr (1191 m) is located. The dominant winds of the northern and northern-eastern direction can cause the development of the mountain waves. In simplest case the shape of the mountain ridge may be presented by semi-ellipse. Then one can estimate the time which is necessary for air stream passing by the mountain barrier

                          T ( ((b/V) {(1-(1/2)2 (b2-a2)/b2} 

Where a – mountain height, b-semi-width of the mountain ridge, V – wind velocity.

If there are given wind velocity  V from 5 m/s to 10 m/s we get characteristic time of the wave disturbance 20 min < T < 40 min which corresponds to the values observed. For internal gravity waves there is dependence between surface pressure disturbances P and horizontal component of wind velocity U:

                                                         P= c( U/(
where ( - air density at the surface and c( - phase velocity (Romanova and Yakushkin, 1995). Under substitution of (, T, V values in the equation we get the amplitude of the pressure variations P = 70 – 90 (b, that as well agrees with the values observed.

“Kursk” submarine event.

The infrasound complex had operated during “Kursk” submarine event. The event took place on August 12, 2000 at 11.28 LT (07.28 UT) In Figure 5a the infrasound record for 12.08.2000 is shown. Close to event there were no any specific features in the infrasound behaviour. The strong peak of the infrasound amplitudes was observed around 07 LT (03 UT) and was connected with arrival of plasma cloud in the solar wind to the magnetosphere boundary and with sharp onset the severe magnetospheric storm (Figure 5b).
Conclusion

At high latitudes in the auroral zone the measurement complex for registration of the infrasound in the frequency band 2 ( 1.10-4 Hz, variations of atmospheric vertical electric field, and air electric conductivity had been set. At the complex the regular observation had been started from August 2000.

For all observation period the complex regularly registered oscillation of the barometric pressure with periods  T > 10 min that correspond to periods of internal gravity waves. The observed oscillations seem to be caused by mountain waves generated in vicinity of the Khibiny mountain range.

The infrasound equipment registered the infrasound oscillations during “Kursk” submarine event. However we had not registered any specific features at the time of the event.

The work of the complex are supported by all experimental geophysical devices of Polar Geophysical Institute RAS located at its net at Kola Peninsula, that is: magnetometers, ionozondes, riometers, registration of VLF-emission, all-sky cameras, cosmic rays registration etc. 

Acnowledgements

This work was supported by Grants of Russian Foundation for Basic Research (RFBR) 01-05-64850 and 01-05-96226, and Grant of NorFA “ Network for Dendroecological and Dendrochronolological research in Northern Europe”

References

Gossard, E.E. and Hooke, W.H. Waves in the atmosphere. Elsevier Scientific Publishing 

       Company, Amsterdam-Axford-New York, 1975

Romaniva, N.N. and Yakishkin, I.G. Internal gravity waves in the lower atmosphere and 

       sources of their generation (Review), Izvestiya RAN, Fizika atmospheri i okeana, 31, 

       163-186, 1995 (in Russian).

Figures

[image: image1.jpg]Microbarometers

//—///J/[llflllllf flf’![ l[ IJ I’j I
o o e | g-"’“-r[fl
/23;;55@}’1!1!}} Re

VAV //&ﬁ!!!lfJ
/77///// / /] - !'f /[ f! 1’ if IJ .f!f!
Vi v —=|
7777777 7117/ /]
////////!!!l!‘
— |-

Vertical electric field

Figure 1 Air conductivity




Figure 1. The functional scheme of the measurement complex at Apatity
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Figure 2. The example of diurnal record (10.04.01) for all components of measurement complex at Apatity.
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Figure 3. The example of the pressure periodic fluctuations at Apatity.
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Figure 4. The spectrum of the pressure variations at Apatity.
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Figure 5. Develjpment of acoustic variations (a) and geomagnetic storm (b) close to the “Kursk” event.

