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ELLIPTICITY AND ORIENTATION POLARIZATION ANALYSIS OF GEOMAGNETIC PULSATIONS AS DEDUCED FROM GROUND-BASED MAGNETOMETRIC MEASUREMENTS
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Abstract.  A method for deriving the characteristics of the geomagnetic pulsations: period, amplitude, phase, ellipticity and polarisation is presented. The magnetometric data are considered as consisting of separate sinusoidal pulses possessing random initial moments, amplitudes periods, phases and duration. For the purpose, a least square trigonometric approximation is applied to obtain amplitudes, periods and phases. A confidence criterion is introduced which allows an amplitude with a certain period to be revealed, when it exceeds by a given number the amplitudes of other pulsation periods and the signal to (signal+noise) ratio.

Key words:  geomagnetic pulsations, ellipticity, polarisation, trigonometric approximation, sliding time segment.
Introduction

The measuring systems for geomagnetic field variations and pulsations analysis usually consist of three high-sensitivity search-coil magnetometers, or 3-component flux-gate magnetometers. In most experiments the sampled frequency is over 1 Hz, thus allowing the measurement of all the spectral components. The magnetometric measurements are performed in an environment often influenced by disturbances both of natural and artificial origin. The data series contain magnetic field variations of irregular type, 1994. Besides this method has been used for modeling the diurnal and seasonal courses of the ionospheric characteristics (Pancheva and Muhtarov, 1996).

The method is grounded on the following relationship
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where
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Functions ak(t) and bk(t) are time variable amplitudes of sine and cosine components with frequencies being multiples by (0. The latter corresponds to the sliding segment length T, i.e. (0=2(/T. The complete assembly of these components represents the arbitrary function accordingly. When series (1) is represented by a finite number of Fourier components:
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function y(t) would be an approximation of f(t).

Transformation (2) represents a low-pass filter with a frequency characteristic
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The approximate character of y(t) consists in the fact that it contains only those components whose frequencies, being determined by the number n and the sliding segment length T are lying within the filter band.  This is true provided that
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The results are demonstrated in Figures 5-8. An event appearing in the time interval 05:06-05:10 UT has been chosen. In Fig. 5 it is well seen that the event period is stable (30s) and the Bx amplitude is stable, as well (0.15 nT). The By component amplitude is also stable (0.15 nT).  In Fig. 5 events of shorter duration with stable periods and stable amplitudes bx and by are also seen, but they will be excluded by applying a criterion for signal to signal + noise ratio, i.e. S/(S+N) (13). Fig. 6 shows the polarization rotation angle. This angle has a value of 30( about the event mentioned. The angle values are constant for this interval. The same conclusion can be drawn for the events disappear when the criterion value exceeds 0.5. The latter corresponds to the equality of the signal and noise. One can suggest that these events of shorter duration that we have been neglected are of noise character.
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Fig. 5.  The period T and amplitudes Cx and Cy of the filtered and decomposed pulsations.
Fig. 6. The orientation, ellipticity and the ration signal to signal + noise of the pulsations.

The method suggested allows discriminating the pulsations below the noise level, to identify pure pulsation events of sufficient confidence, and the pulsation wave characteristics. The subsequent polarization analysis of such pulsation events is suitable for various magnetospheric, ionospheric and other studies.
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Определяне на елиптичност и поляризация на геомагнитни пулсации от наземни мегнитометрични измервания

Б. Андонов, П. Мухтаров

Резюме:  Предлага се метод за числена обработка на магнитометрични данни, чрез който се определят характеристиките на геомагнитните пулсации - период, амплитуда, фаза, както и елиптичност и поляризация. Магнитометричните данни се разглеждат като сума от отделни синусоидални импулси породени от магнитохидродинамични-те вълни в околоземната плазма, които има...
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