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1. [EUC&IC

i B CEUM 2B ULF P, KR & A E o
MEEHO 7 212X ) AR S, AHAEO
BREJEL S Pi (Irregular Pulsation) & 5% o Bk B E
% Pc (Continuous Pulsation) (273 SN 5. 77
A OB T /NS VvE X Z 05BN
TAIWSBORE Y % el L 2 i2if-> TRBEIT 5.
ULF #1%, WM E —ICE<HE LTI X~
(b7 2 A=) D38\ CTH L 5 8 O T 2ME ik
35 Alfvén %0, Wit 779 A~ EEDOEEH T
B LR E W EOSTAREIZER ST 5 (52
IZ, McPherron, 2005). Pi l&, #8% 85 L T4 L,
Bay ((BRIZAL) ITHEWEBT L2 L b
TWw5 (Bl 2 1E, A 1988). F 7, Saito and
Matsushita (1968) (2 &£ 1), JE40~150%> @ Pi2%

PUrizsmesnhcnsd, 2ok, Pid4+—m3 -
PhTAN=2DF vty bERETLEVWRETH
A (1 21X, Yumoto et al., 2001). Hufg S EAIFT ©
&, EIRERDENC X 5018 (il 19974 4
H~, Aililf] : 199745 6 A ~, KR : 19964 6 A ~)
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%%¥ Quality @7 5 A1220\\T, —iH0 Pi B G
HEETHLHEBEOPIICZ JABULOPIREEN
LEgGEZ, 79 ACULED PRS2 0 v
)—X) %7 =7 ETABMLTw5 (URL: http://
www.kakioka-jma.go.jp/index.html). 20124F DL R& 1%
223 BB R A P OFETC O R LY 2k fe L T
A, GERETPLOGEICIE, 01 EDN X Y, HONZ K
Go&Tay NAE R —VERWEFEEICLD
P SN T & 7285, FEIFGHLY OB bR IREN 5
DRI 2 B2 D 72 D I ZEHERRIZ L 5 HEFEHL D) O
FHMPLENTE . TR (Bl 21F, Nosé et.
al,, 1998; Takano et al., 1999) 2BV Tix, V= —7
L v MENT (B 2 1Z, Daubechies, 1992) % T
Pi2 [t U SSC (Ba I AUR) @ HEIRINIZ DWW Tk
Hanr.

— 5, fER (2017) (%, HOEESCELMIAT SRS 9
5 TEIEILY FLER T Pl oRET 2 BAEAD S H
B CHMAL LR, v —T7 Ly MENIZIZ T
774 -uaY v (HlziE, Cornman et al., 1998;
Bianco and Wilczak, 2002) # FHHW TR L7z, T
FE, eFERY o — 7Ly MEEE VT
REZ e AT IE O B 2 5k &, I F-B@ei v fH &
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HITRAINIIEFICE C—F L7z HL, HBpFH
O ORI OKEEIZOWTIE, TEIFHIY OTFNEIZ
S, MR X, Y, RONZ D) b KRELE
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ZNENDEIOEL ZE L CTHiAllo 720k (I
KARNE, JEE) 28R+ 5 2 L THRILYEIXED X
A RMED RS NDE DRI ONTEES L. A,
R (2017) 2B 5 HENGEL Y T8, KEaiGE)
PERRRAEIZOWT O FEFIN Y fiskE ki T& %
EIICPi AT S L 2RT.

& AT, i (2017) 1I2BWTIE, Quality 7
7 AT TFEHCY Fidk & HE R ) T3 L —
Loz, MR ENAT O FEFHY (2B WT
(& Pi ORI IS 4 R AR AAE 2 H TR
TAL—=AT LI L5 T0E L0, RIEIZ
FEEIIZEBNC X B8N0 T ADERY , FEIEIY &
HEIEIL D O T Quality ® 7 5 A DFEDTA S
HeEg L LTI, TEZENY EED PRIE
2B 5 MREESSERIINERIZ L 5351 7 A12DW T
e 9 4. M (2017) OFE3EIZL S L, JHH
PEAHATr— Vo PiltizBw I A r —
VO MRS IERIIAE B 2 R B AL TWb. 2
DI OF FITHRERIHAR TIE WA, 7 ) 4 X
DEHBREHERZ L TPIOBEKEHZEIT SN
5L ThDH. WIS ERMNER 2R THE L IH<
A 2o, FEpFELD GiEk o HEJELY 2 5]
WEORRNE ZNENR LITRT. ZOEOHE
&, HEESEREE Z KT EO RIS 2D
s, FEIFENY) REEICBIT LB AT VD
SRR EIC X BN, T ACOWTHERTE 2. F
B I D) FEEk & O ILBGE T, MRS SEE A B
EUHBZEN Y EE W72 L w—FAvREh
LZHhL LNG0D, ARICBFL2ETHAr—1Lvo
Pi B O ¥ oA, R (2017) 127 5 W HbRg
RIEEE B % B TT )

2. AWfTr—4
PiFHICO HEIFHHL) T S Nz & o A %
WIS 572012, Jed 4R (2017) TR

=1 FEZERYECHE BT EE D PiiRIEDOE
20125 @ Quality #* A & B O Pi #kig D66E I (£
W, ARFE)EEY) ECER D 5 BE)FELY) 5[V
TEBRADE, uldZTNDEDFE, ok % DIRE
7%= ClREMSHEFERLALEZEDOFAICHT S
BREBXEDIEE TN EhRT. BEZRYICD
W, BWED SERPEE K, TRE L &K
ZtBEAVWI5E (b) ERRVWERE (T) omA

ERTY.
AX AY AZ
1 0.084 0.065 0.040
o 0.48 0.61 0.17
CI 0.23 0.29 0.081
AX AY AZ
1} 0.33 0.27 0.097
G 0.50 0.70 0.19
CI 0.24 0.32 0.091

SR X Y, RO ZRT0%& PiH Y A b
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DOHEBMH Y A MIFEDWT, 3G O KRDE
ORI O W CTHET 5. BEHIHW S B
B O PIHRICOWTIE, w7 L TR
NTW D FEIFID L8272 5\ Quality D 7 T A
BULx&OG—EOPIHL LT 5. HL, EED
WA, FEIEIY iRk 7 7 ABLULED Pi %
GLIERD SR OIERF To 1 BRPIIZ B EhHHLD
TR E N2 A CEED Y I AHHE) Do
Pi OFEHEE FH 5.

3. WA E
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METEERT A, MER L7-FIE, [SEHEEZ )
®OLIEWVIRTOMELEEZRRT L] )T
Wb DOTHAD, 2T, HEMHELZERSO
PiV A M»5, FHFZHIT VKRG OMEEE
YEB D, MEBEREONPS LWBEHFIZOWTH F#
AT ALHICL. FE2ICPiKEY A Nofl%ER
T.K1ICIE, R2Hho3EsTHEEDDH S P
AR, HAEOR VP EHERETENRLEIUR
RIS, TERIIRKRZILED R % #IRT 5755,
2 153 VL b As5s LN O I 7 2 R § O Th 1Lid,
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&2 BRAPSBRHELUEAEHHICL 2 Pi&HY X b

2B R E S D MBS EE (20124 3 B 9 H08 : 00UT ~09 : 00UT) #* 5 M PifgH. BTDHMEIZDOW
T, o BEBIERALARS (1 :X, 3:Y, 2:2), PigREL (ywy:&F m: B, d: B, h:H,
mm: 3, ss:®)  RAELBORS»5HA, T, (k=XY,2) kEA»SHELEAH A k=X)Y,2) :
T CHIET 2RAZ(LE, Q:@EFEO Quality D7 T X, QF @ BELEEO Quality D7 5 X. 3EADER
BFZIDIEV P DARAZTILENDEHRIZEEB TR

ss Tu(s) Tyls) Tzs) AnT) AvnT) A7) Q@ Q@

c yyyy m d h mm

3 2012 3 9 8 1 8 106 100 102 0.523640 0.654638 0.208364

1 2012 3 9 8 14 15 72 78 87 2081121 1.593227 0.44309%6 C C
1 2012 3 9 8 22 23 62 103 76  6.142510 4.455150 2.262916 A B
1 2012 3 9 8 24 4 62 1.789280 C o]
1 2012 3 9 8 26 56 108 1.195064 C

3 2012 3 9 8 31 20 98 93 93 1.141077 1.725121 0.520948 C C
3 2012 3 9 8 40 4 88 88 2488709 0.740717 C C
1 2012 3 9 8 46 31 66 98 102 4765936 3.442506 1.334246 B B
1 2012 3 9 8 51 21 101 1.568404 C o]
3 2012 3 9 8 55 22 81 123 122 2.393988 3.699054 1.128074 B C
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1 HWEKIEAD S5 L@« 0 Pi (20125 3 A 9 H08 : 00~09 : 00)
(B) X5, 9%E#H, () YRS, 7#EH (F)Zme, 7HREH PO
[EER D DIER IR (2017) (CETL. KR SHRHODEE LD H 3 Pi, SR
SHADHMELDREONPSHVPIER.
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*3 Pi#&gHUXb
K2 ERU PitEEA. FBTOEEICOWT, BHzEEER2EFURKRE. T: B, KZTLEDE
HIzERE, 2P LULETREBEISSUTDS BEEENROARETVERIDOEEBEZHZTZIAZTNRT.
ZhicfFEY, FBIREZILHBRS W AZFEOKR2 > S5RET 3.
c  yyyy m d h mm ss T(s) AdnT)  AdnT) A7) Q@ Q@
3 2012 3 9 8 1 8 100 0.523640 0.654638 0.208364
3 2012 3 9 8 14 15 72 2.081121 1.593227 0.443096 C C
1 2012 3 9 8 22 23 62 6.142510 4.455150 2.262916 A B
3 2012 3 9 8 31 20 93 1.141077 1.725121 0.520948 C C
3 2012 3 9 8 46 14 ‘ 98 4765936 3.442506 1.334246 B B
3 2012 3 9 8 55 22 123 2.393988 3.699054 1.128074 B C
£4 PitHU X (2009F 1 B 5H15:00-16 : 00)

*3 LRUKRAE. BEOZDTIE, RIIRYTFHFHM EKHFORRFLICHICT 5 PiRHERL, b
DITIIETZPI ) —XADPIRE EALED (BL, ZRADADIEH ERHEL L).

c yyyy m d h mm ss Tx(s) Tvs) TxHs) AxnT) AdnT) A7) Q@ QF
1 2009 1 5 15 8 37 95 0.689189
3 2009 1 5 15 13 49 115 119 119  0.793677 0.948001 0.358752
1 2009 1 5 15 19 29 86 120 99 2604206 0.639174 0.270817 C C
1 2009 1 5 15 41 39 95 1.076165 C
1 2009 1 5 15 43 18 98 1.005817 c
1 2009 1 5 15 54 48 92 0.695195

x5 FEERYLHEICH T LMAIOPiEH Y X b (20091 B 5H

15 : 00-16 : 00)

YYyy m d h  mm period(s) X(nT) Y(nT) Z(nT) Quality

2009 1 5 15 8 C

2009 1 5 15 15 C

2009 1 5 15 20 110 3.38 1.46 0.55 B

2009 1 5 15 42 C

2009 1 5 15 54 C

WS N B S 7 a5 72 S 3R L
Quality |22\ T, EREY 3T DH HDORKA
TALEDNSRO2 7 T A% BEIRT 5. £3I12%Pi
HE OB, B, 35 0RI\BO—E % /E
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¥ co 1B, Fhen246ff K 113 Cdh
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W ENnENIHER T CTH - 72, —F, FEhiE
WY FEEICBIT 52 9 A CLULEDPIE, AFHAMY
MIEZNEN163M KU TH L. T DEVEWN
&, FEPFHD ik & BEFUN D Tl Quality © 7
FADBYT L — L v a & (R, 2017), 72,
FEFIY) S TIEE A DO PIBIEA P ) — X
WCRELBHELTTFEOONTWAEZ EIZLS
LOTHA9). KGEEIDPEIEREIZOVTH TH)

D FLER & BT RE RS R A R L 72,
RFAETIX, ERTOFEFIY) FIH, LELoHT
VT XL, ZLTXEGD5OHRERL 72
IZOWTHET 5 2 & CRIMLERFIEIC L 2 HHE I
DNTHEET D,

4. D %EfE

JEATICH W2 PIBIROFETTY) A M (2D 7 4 —
~ v M) OFIEIZOWTHE T 5. fiE6i] (2017) TiZ,
HEIGI Y O Pttt 7™ 7 v b & L CTEIE
RO PIFEILY A N wR L7z BHEZDE W
3T OB EED ) A MlEFR LIRS, /2,
F AR T A FERI D ik A 25 1RT. F£4
WZBWTEANT L2388, %25 OF B
DECERICBIT A% P2 ) — XOFEBEANC X )
6T A, 212, 22o0Pi V) — A0 E LT,
F 40 PSR (15 :13:49, K UT15:19:29)
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(B) X B4, 3, ()Y &,

2 1R,

(F) Z e, 3H#H Pt

[EER D DIER ISR (2017) (ICE D<K, FRUBHREK1 ERUCKRRE. R—&0
IR CRENEPI TR, RTOZTICThFhH I N B, ESRERTOPIERR
BEZI (15:13:49, KU15:19:29) #/RL, & Pi U —XDORARLIC L MHIET 3.

FEREMTRT., FEIGND TIRARKE L= 2K
W 20T, %Pi)— X TIRFBERTRLZK
FOMEENPIE & L CREE SN DT TH Y,
F 4B L5 1 13 1 4902 115 ¢ 19 : 290
B EERZNEIE L TWwWh. E2AT, K
4 OS5 119 1 29TIIIRAZILETH S X
1555 D HH86s ASBIRE N IZFTH BT, £51
B L FBEELI5 : 200 #110s L =B A SN L.
ZOPI YY) - AHIZBIT L FERD FEET H B
A LB PIEIEE TN 720 00 Ltk
W, K207 5 —<v NTRLZ 3D PiEIc
D2 NI, PiYY — AOEBELH2REST LD
WCHHENGSEEZ 5.

5. METHER

B 3 IAFHA IR\ BT B % B O JE I 2 DB E
Zans. M3 S EMEEBAT Y A0 s 2 L
DA, Tz, HEOTHE OB EEASs LT T &

LEHFIZOVWTEGIZT LD, ROEEIESN
7z REAZEDSs LINO Y & Z B oF el ek o
76~79%, X LA & O FEEA5s L o FH 5
IZOWVWTIEENZENI0~37T%THY, L T3HD
D&M ZH5s N TH 5 HB1322~26% T 5.
Z R T O E #2558 LLF Td % EE OMED H
SOBHE, FRGr I ERE OMEN RS S
&, FARTIEEA AN OERQHDETHY
Pi S —E I OIREPEIZ TR S NS Z L 2%hRE
BFMYELEITNLZEVEITONS. —H,
M4 ZARREMICB T 257 VT X4 & FHhE
Y FIE (R bEx VW72 BRI 12X 5
HIZER D, 7T XA E X KSR S B
L72EZELZRT. K41k, Hivvay) AxiE, X
RO % RINT 2 FIEE D &, (RO TE)
LD D FIFEEERE RO H Z & ERT. 2T,
X B (B3 H Bgr) TR L 72 P o SR & 3 &
GEROWTHRELZEAME 2105 L, MEDOE
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Difference between each Pi period from geomagnetic components
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Difference (s)

Difference between each Pi period from geomagnetic components

Frequency
nN w B (% (<)) ~ o]
o o o o o o o

=
o
s

o

mX-Y
mX-Z
myY-Z

R
T

-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25-20-15-10 -5 O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Difference (s)

3 HWHRIRN D SEE L -ZEPEDEENTT
(T) 20125, 246H%. &, #
X &EZRD, RUOY EZRPDEREERT.

((£) 20094, 113tRHE,

RUFN—EZhEh X &Y KD,

}6 BHHTRLS D PiERZENEs LT Th 3ENELHE
2009F R U2012FE(ICDWT, DD Pi BIH#iZEH5s LIT T o 3 ElE DS,

3Rk ELABE| XEYDOBEHIE

YEZDRRE | ZEXOEHZE BT ELAME

e 5sEATF 5sLLTF 5L 5sLLT 5s&Y K

2009 16/71 21/71 56/71 21/71 9/71
22.5% 29.6% 78.9% 29.6% 12.7%

012 43 /165 60 /165 125/165 61/165 21/165
26.1% 36.4% 75.8% 37.0% 12.7%

VIEWADTHIZODN D LN WZ E 2 RIBT 5.
KTIENFIHOENZ X D X R OY BT DHF
HEEIZOWTRY. T IVIT) XL ZHE L,
HROERKZEAEREOEMNE ERTL2FIHLIDS, Y
B O ARH T 2863 L2 5. YL ZIK
ST HEE (K6) 276~T79%, FHT T
A LDRFMBEIRIC L Y BaoEs (£6) 2576~
8% THN I —HTLDT, H7NIT) XALIFY
E LB ORMS T 5 L&Y K ORE E
W @D D 5.

6. TLDHEEE
AR T, Pigkoc o HEZ Y T8 (48 ),
2017) & HCHIRES 3 i 0 H 45 5 L7z I LS

DWTHAE L7z BATRAEICH W22 Pigi) Ak
BT BEBERIL, Py ) — XORBEEZ L L
THHENEL LD TH L. K5 o JEZ2 138
RITTAGAT A LD mhorz. HRELT Y
Te O Z 1553 O R O 5 B0 X &R D76~79% T
=3 L, FRICmES ORISR E W E v T
FHOEEME S Nz, —T, X RO o B I
DWTIE30~37% CT—3 L, Z DB b5 <
otz BRI, F O & AR
DI E ORI 22 38T & ) BB 2 BRE A I
% F5O (] 21X, McPherron, 2005) . X &l 335 /7 10],
Y & Z A I CEE R HICRA & &, XTI
Y & ZRiGr b 3R D AL AR Y. — R
W ETORBMN AT RIS X 2 EBR SR o R
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Difference between each Pi period from geomagnetic components
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M Choice on maximum amplitude - new algorithm

B Choice on X amplitude - new algorithm
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Difference (s)

Difference between each Pi period from geomagnetic components

120 : B Choice on maximum amplitude - new algorithm
100 - M Choice on X amplitude - new algorithm

Frequency

-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Difference (s)

4 SERFIEDEWC L 3 BHZEDHEES
((£) 2009, 714RH%, (T) 2012%F, 1654RHE. RAZLBOFMEH 7T ) XL OEEZE
(F), XBHOEEFHFT7ILIY XL EDEARE (B).

R7 BRFIEOENCE D X RUY KA DERABEE
2009 V2012 (DWW, 7T YU XL & PiEHIDE
RFIE & DIEE.

EAZELEORMERR | H7ILTIUXLOREER
BE (X0 BE- B0 BEE-F|Xx0 BEE- Efvyo B - F#
FERAOKRE(ERACKLE|ZEAORE|ZRAOERE
5009 26/71 45 /71 17/71 54/71
36.6% 63.4% 23.9% 76.1%
2012 49/165 116 /165 36/165 129/165
29.7% 70.3% 21.8% 78.2%

e, X Alfvén 3, Y & Z B 13 bH545. I E TOMBKENFTO PiHRD
JEARIZAE D ZB) (Alfvén 3% & FWOEBEE X RS BBV, ML CERORKEZLEIZS <
AR DR EZRT. 2070, Yazm“ BXEGHEHENTWED, YRS ORHEE

DRI HE VI TV B Y, X Br o EiE & R DFEFRNL, Wi ORRZAmITRMMICAL & X
LMD RSN LD TIZ WD LIRS 5. LY BB EBEEREN VDL I 2T 5
KREO KSR S ORI LEE, B+ RtovoEz o0, RENZHEESTORE
=V &zw%mﬁ%@ﬁﬁ%ﬁﬁtfﬁ@x bUELE L7259, —F, PROBEMIZOWTI,
=V OISR E B & B CTiThLTE D, TTARA G VEE LY T — 0 T 5 O A
Vo9 L b FEFILY FUsk & Bt R ST & 2w B (Kp %) 2 W/ HBEERSRE S Tw b

ERWOTHRALTBL. PR2BFT—a FEHO A <Mm2m® EMW 2 PR oLt x AT %
Yy MIETA2boTHE, F oty Fofr 28, KBRABEOIEPMEEIGEIE & O
&, WIBOEEDENIZL 5T, HOER 5k %howf%#ﬁh%mf%éivu&étém

TLIREGINZEDLY, F—aFF— NI DOKRKE S
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Abstract

This paper reports the statistical characteristics of the period of Pi geomagnetic irregular
pulsations detected from the X (north), Y (east), and Z (downward) geomagnetic components
of Memambetsu geomagnetic data for 2012 and 2009, which were active and quiet solar years,
respectively. The automatic detection method developed in the previous study was used to
characterize the onset time, period, and amplitude of the Pi pulsations. These elements of the
Pi pulsations were comparable during both 2012 and 2009, regardless of whether they were
determined automatically or manually. To facilitate this study, an algorithm was created that
chose Pi elements from the three spatial components to create a list that included the onset
time of the wave with the maximum amplitude among the X, Y, and Z components. Both the
periods and amplitudes of the three components corresponded to individual Pi events. With
manual detection we have customarily chosen the period of the wave with the maximum
amplitude among the X, Y, and Z components, but with automatic detection we chose the
period of the wave based on the correlations with the periods of the three components for 2012
and 2009. The results of the analysis of the 2012 and 2009 data revealed that the differences
among the periods of the X, Y, and Z components followed a Gaussian distribution. The periods
of the Y and Z components were particularly well correlated with each other. The period of the
X component was not significantly correlated with that of either other component. Each of the
three components showed magnetic characteristics. The magnetohydrodynamic waves were
oriented in different directions relative to the directions of wave propagation and the magnetic
field. It might be possible to use the onset times of individual Pi events to determine the start
time of each Pi series.
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