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N WHAT IS P12 PULSATION?

Polarization

Analysis of @ Pi2 pulsation is defined as geomagnetic field variations
i'lzlp“‘"slat"“’”‘s with a period range of 40-150 sec. and an irregular
waveform.
intreduction @ Pi2 pulsations are observed more clearly on the

nightside than on the dayside.
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20 September 1995 event
(Nosé, M., J. of Geoph. Res., 108(A5), 1999)
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" BUILDING BLOCKS: WAVELETS

gy
juiaedll  \Wavelet is a compromise between time and frequency
Pi2 Pulsations |Oca|izati0n
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Wavelet-
Transform

Two parameter family of wavelets
9ta(r) = TeDag(7) = 39 (5') |

@ scaling D, : g(7) — g(7/a)/a
@ translating Ty : g(7) — g(7 — t)



THE CONTINUOUS WAVELET TRANSFORM
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WqS(t,a) = Ga  S(t) = / 14 (T;t) s(r)dr

a
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Wavelet- —00
Transform

+o00o
WqS(L.F) = G + S(t) = /fg*(f(T—t)) S(r)dr

Interpretation as mathematical microscope or
time-frequency analysis

@ a: scale «— frequency f =1/a

@ t: position « time

@ g: optics « filter

@ (-)* means the complex conjugate



MOTHER WAVELETS
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9(t) = r(p) (1 - Si_i{)*p, §(f) = fP-Le~f(-D) J
Wavelet-
Transform

The Cauchy wavelet is progressive, i.e. its Fourier
coefficients for negative frequencies are zero.
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mill COMPLEX SIGNAL

gy
jrodiaill  Snortn(t) and Seast (t) are the north and east components of
S magnetic data. We construct a complex signal
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Z(t) = Snorth(t) + iSeast(t). J
Tongtorm Progressive and regressive components of CWT
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S ELLIPTICAL SIGNAL
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Polarization
properties

An elliptically polarized rotating signal Z(t) is described by:
@ R: the semi-major axisR >0
@ r: the semi-minor axisr > 0
© p =r/R: the ellipticity ratio, p € [0, 1]
© O: the tilt angle of the semi-major axis with the X axis
© A¢: the phase difference between components



R 2-C INSTANTANEOUS POLARIZATION

K¥ad PARAMETERS
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BB [nstantaneous polarization properties can be obtained for
Bl every time and frequency point in the time-frequency plane:

@ Instantaneous frequencies:
wE(t,f) = £oarg Wiz (t,f)/ot
Polaization @ Local apprqximation around t: Wg_Z(t +7,f) ~
Wy Z(t, el G L wyz(t,feiw N7
@ Major half-axis R(t,f) = W Z(t.f)|+ Wy Z(t.f)|
@ Minor half-axis r(t,f) = [[Wy Z (t,f)] — Wy Z(t,f)]|
e Tiltangle O(t,f) = arg[Wy Z (t,f)Wy Z(t.f) mod =
@ Phase difference
Ag(t,f) = arg (Wgz(t’f)ﬂw"z(t’f))*) +

INE

We Z(tF)—(Wy Z(t.F))*
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il PHASE DIFFERENCE
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Phase difference

Application to
real data

555 56 5.65 57 575 58 585 5.55 56 565 57 575 58 585
Time (hours) Time (hours)

@ MSR has left-handed polarization (Lester et al., J.
Geophys. Res., 88, 7958—-7966, 1983)

©@ BLM is characterized by linear polarization

© LAQ has right-handed polarization (Nosé, M., Earth
Planets Space, 51, 23-32, 1999)




ELLIPTICITY AND DIRECTION
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@ MSR: oscillations are dominant in north-east direction
@ BLM: oscillations are dominant in north-south direction

© LAQ has elliptical polarization in east-west direction
(Nosé, M., Earth Planets Space, 51, 23—-32, 1999)



TWO STATIONS’ ANALYSIS
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Application to
real data

1z 121 122 123 18 E 12 121
Time (hours) Time (hours)

@ The first two events: at the beginning the phase
difference is small ~ 0°, after 1-2 cycles the phase
difference becomes negative value ~ —45°

@ 14 January 1997: no phase differences between two
stations during the event
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.l POLARIZATION AT HER STATION
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Filtering of
signals
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POLARIZATION FILTER
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aa LB Filtration can be performed in the wavelet domain followed
Bl by an inverse wavelet transform to recover the filtered signal
in the time domain.

Zf(t) = Mg]:eWgZ(t,f),

WyZ(t,f) for p(t,f) € P, and 4(t,f) € Py,
fe(t, f) = .

0 otherwise,

St Polarization Filter P, Py

Linear and horizontally Fiu | pélpss L—ps] | |0] < 6
Linear and vertically Fov | p €, 1—p] | 16] > 6
Elliptic and horizontally Fen | p€lpsr, 1—pi] | 10] < 6
Elliptic and vertically Fev | p€lpr, 1—p] | 160] > 6

s, ps are the parameters of polarizion filter.



POLARIZATION AT HER STATION
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Z(t) can be recovered from its wavelet transform:

+o00 +o0o

/ / F(t = 7)) WeZ (. ) drdf

—00 —O0
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ol FILTERING RESULT
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Analysi: H . . .
e Total horizontal filtering F 4 + Fen, 65 = 0.6rad
Spectral bandpass filter Total horizontal filter
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Filtering of
signals
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Polarization

Analysis of Linear F 4 and elliptical Fgy filter, p; = 0.3

Pi2 Pulsations

Linear horizontal filter Elliptical horizontal filter
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mll CONCLUSIONS
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© We propose a method for analysis of polarization
properties of geomagnetic field data using the
continuous wavelet transform.
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© Both time and frequency dependence of the
polarization attributes can be obtained.

© Visualization of these attributes in the time-frequency
plane can be very helpful for the interpretation of
geomagnetic pulsations.

© Known polarization properties of Pi2 pulsation can be
used for the construction of a polarization filter.

Conclusions

©@ The polarization filter transmits the Pi2 pulsation clearer
than Fourier band-pass filter.
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