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ASTPONOMIA.— On the power Spectrum of Inferred Interplanetary
Magnetic Sector Structure, by C. S. Zerefos - C. C. Repapis -
V. P. Tritakis *. *Averowddn vmo tob *Axadnuairot ». "lo. BEavddun.

AVB ST RVAYCT

Time series of the polarity of the interplanetary magnetic field,
inferred from magnetic observations at high latitudes, are subjected to
conventional power spectrum analysis during the period 1962 - 1970. The
analysis showed that the dominant oscillations of the interplanetary
magnetic field polarity are those near the solar rotation period and its
second harmonic. It is tetantively proposed that magnetic sector structure
may be different during the different phases of the solar activity cycle.

The sector structure of the interplanetary magnetic field, discovered
by Wilcox and Ness (1965), was used by several investigators in the field
of solar-terrestrial relations. Wilcox and coworkers (1973, 1974) found
the sector structure of the interplanetary magnetic field, to influence
the hemispheric vorticity area index (VAI). They found that the
hemispheric VAI at 300 mb decreased by 10% about a day after the
earth intersects a solar magnetic sector boundary. Solar sector bounda-
ries were also found to be related to geomagnetic activity in such a way,
that a day or two after the boundary, the geomagnetic Kp index rose
to a peak resuming next its decline (Wilcox and Colburn, 1972). On longer
time scales, we can assume that sector boundaries may well trigger rain-
fall on earth (Xanthakis, 1972, 1975) by changing tropospheric vorticity
(Olson et al., 1975).

From the above short discussion it is clear that it is worth exam-
ining periodicities in the polarity of the interplanetary sector structured
magnetic field, mainly those of the order of the solar rotation period
and its higher harmonics. A relation between the polarity of the inter-
planetary magnetic field and the type of diurnal variation of the geo-
magnetic field inside the polar cap found by Svalgaard (1968) and Man-
surov (1969), was used by Svalgaard (1972) to infer the polarity of the
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interplanetary magnetic field for each day during the period 1926 - 1971.
Fougere (1974) calculated power spectra of the positive and negative
perturbations of the interplanetary magnetic field inferred by Svalgaard.
Fougere found peaks at 27 days period and possessing clear harmonics
up to the sixth. He also found a very prominent peak at a period of one
year, but here we are mot concerned with oscillations having periods
greater than about the solar rotation period.

In the following we shall try to objectively check the significance
of the spectral peaks discussed above and to confirm some of the unex-
pected periodicities with other data samples. The 9-year period from
1962 to 1970 was used instead of the 45-year period (1926 - 1971) used dy
Fougere. One reason for choosing the period 1962 - 1970 is that it is more
likely representative of the physical reality than the earlier years. A day
with negative perturbation in Svalgaard’s list has assigned the number
(—1) and a day with positive perturbation is assigned the number (4 1).
With this procedure we obtain a time series of daily positive and nega-
tive pulses which is next subjected to a power spectrum analysis.
For each year one power spectrum was computed using truncation length
of 91 days (about /4 of the yearly record length). Having computed nine
spectra, each for a given year of the period 1962 - 1970, we next calcu-
late the average spectrum of them shown in figure 1. Superimposed on
that spectrum are the 95% and 99Y% conventional confidence limits.

From the spectrum in fig. 1 it appears that significant peaks, at
the 95 and 99 percent level, are evident in the bands between 26 and 30
days and between 14 and 13 days as well as at about 2.4 days. A useful
way of a posteriori testing unexpected periodicities in a spec-
trum, is to use a priori significance levels that are higher than
conventionally employed (Mitscell, 1966). Based on these criteria we found
that the peak at 2.4 days could not a posteriori be accepted at
the 959% level. On the other hand, it is highly probable that the two
bands mentioned before (26-30 days and 14-13 days) are statistically
real at a better than the 99 percent level. From fig. 1 it also follows
that none of the higher than the second harmonics of the solar rotation
period could a posteriori be accepted as significant at the g5
percent level.

Our analysis does objectivelly confirm Fougere’s (1974) solar rota-
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tion control of Svalgaard’s index. However we failed to prove as signif-
icant anyone of the higher harmonics from the third up to the sixth of
the solar rotation period, which were found by Fougere (1974). To further
test the significance of the third harmonic (9-day peak in fig. 1), we
examined each one of the nine yearly spectra shown in figs 2 through 10
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Caption to fig. 1. Power Spectrum of the Interplanetary
Field Polarity from Inferred Magnetic Observations at
High Latitude (see text).

of the Appendix. This examination added more significance to the g-day
peak in the average spectrum of fig. 1, since that peak was found to be
a more or less consistent feature in all nine spectra under consideration.
It is thus probable that, in spite of its lower a posteriori signif-
icance, the peak at 9 days in fig. 1 should tentatively be taken into
account. Higher harmonics are, as mentioned before, insignificant in
our sample in contrast with their prominency in Fougere’s longer data
sample perhaps due to an artifact in the data prior to 1962, as was
already suspected by Fougere (1974).

Following the above discussion we can conclude that, under the
assumption that Svalgaard’s list of 1962 - 1970 perturbations is repre-
sentative of the conditions in the interplanetary magnetic field, then a
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two to four sector structure or a quasi-two sector structure of that field
is more probable than other sector structure configurations. We propose
that future search for recurring sector boundary effects on the earth’s
lower atmosphere, should take into account the significant oscillations of
the polarity of the interplanetary magnetic field discussed in this note.

The figures shown in the Appendix (figs 2 through 10) may sug-
gest that solar sector structure is different during the different phases
of the solar cycle. Indeed, during the solar minimum in 1964/65 we can
only see the periodicity of 13.5 days to be significant at a better than
the .05 confidence level, while during the solar maximum phase in
1969/70 the periodicity of 27 days (sun’s rotation period) is the only sig-
nificant periodicity in the polarity of the interplanetary magnetic field,
the 13.5-day oscillation having appreciably smaller power in solar
maximum. During the in-between phases of the ascending branch of the
solar cycle, both periodicities (27-day and 13.5-day) are statistically
significant at the 99 % confidence level. It could be expected that these
features can be generalized for other solar cycles as well, provided that

a much longer time series of solar sectors is examined.
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PERTURBATIBNS YEAR 1963
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PERTURBATIENS YEAR 1967
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PERTURBATIBNS YEAR
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HNEPIABRYIZS

Eic mv nagoloav pehétny doeuvdviar oi BLotdpeval meQLodxoTNTES Elg
v mohwdrnra tod Evdomhavnuxod medlov xatd v meolodov 1962 - 1970, &x
ragoTnofioewv ynivov payvnuiod mediov el ta Booeia mAdrn (uédodog Sval-
gaard). ‘H yonoworomdeioa qaopatiny dvdlvois £deikev Gtu ai meoeEdoyovoat
neorodixal petaforal tig mohxétnrog ToU EvdomhavnTixod mayvnriod mediov
glval dxelvon Tijg meptddov meouotopiic Tol MAtov (27 fuéoar) fwg xai tol dev-
téoov dopovinod taving. Oddeic éx t@v Hmoloinwy dvwtéowv dopovixdv tig fo-
ouxiic meoddov TV 27 fjueedv evoédn oratiotinds onupaviixds. “H elpeog Ot
ai uerafolail tiic mohxdtnrog tod Evdomhavnrixol mediov EAéyyovrar VmO TG
ne0LoTEOQTic ToU fihlov meol Tov dEova abtol, dmoxtd idotéoav onuaciov xaddtt
apood gic t modPAnua tdv oyéoemv “Hhlov - I'iig »al yevixdregov 1@V oyéoewv
‘Hhriov - Kawov. IModypatt 8delydn o dapdowv doevvnrdv 8ttty évarlayny
Tiic mohwdtntog Tob Evdomhavnrixod mediov Grolovdel onpavtxd upetafoly eig
10v otoPihiopdv tod Bogelov fuspatolov, fitig Aaufdver ydoav éviog OMywv
fiueodv. *EE dAov ai modogator Fosvvar tob “Axadnuaizod x. I. Eavddxn der-
Eav i eic Gowopévag Cdvag tod Boosiov fuopaigliov telotatat peydAn ovoyé-
Totg netakd tob delntov Iu xal tiig Hmeo 1O xavovirov wéong Cwvixiis Pooyomta-
oewg eic ta Pooetdreoa, xvolwg, mhdty. *EE 6oiopod 6 deixtng Ia EEaprdron €x
TV Evepydv xéviomv dodoewg toD TAlov, 6 8¢ dtpoopaigixds atoPihionog EEao-
Tdtar &% v 0dgoduvamndy xévromv dodoemg xal cuvemds &x T®V xodéxacto
toyvodv dtpoopaiodv dtatapdEemv. Katd tatta sivar mdavi) 1 eboeoig tdv
avotéom meoodixotitwv dy uévov eig v mohiwdtnro ToU EvdomAavnTinod me-
dlov dAdG xal eic ta fueofota Vym tiic Beoyonmtdoswe. “H Eosuva Suwg avtn
Béher Groteréoer dvrixeluevov Etéoag perétne Adym tod paxgod yedévou TOV 6molov

k) ~ c 2 ’ ~ c ’ c ~
amortel 1 énekeoyaosia tol Vmwdoyovrog vAoD.
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*

‘O *Anadnuairdg x. "lwavvng Eavlaxns, magovoidlmv v dvotéem avo-
notvwoly, eime ta EENg :

Eic v magolicav Gvaxotvwowy of %. x. X. Zeoepds, K. Pexdang xal B. Toi-
tdune Eosuvolv, ué v wédodo Svalgaard, tdg megrodwmdtnrag sig Ty mohwwd-
mra tod dvdomhavnTinod wayvnTinod mediov xatd v meolodov 1962 - 1970 &mi
i Bdosl TdV magatnercewv ol ynivov nayvnuxod wediov sig ta Bdooeta ITAdty.

‘H 2gpaopoyn tiig gacuatiniig dvalioewg gni tdv dedouévov €vog Exdotovu
grovg #deiev Gru ol mooetdoyovoor megrodial wetaforal tilg moAixdtnrog TOU
gvdomhavntinod payvnrizod medlov eivor 27 fuboar, dnhady Som xal 7 meoiodog
7e0L0T00PTIc ToD fiAlov meol TOV dEovd Tov xal TO fuov tadtng dmhadny 131/,
fuéoar. Oddeic &x t@dv dmolotmwy dvoréom douovixdv Tiig Bacintig meLddov TV
27 fueo®dv eveédn otatioTinds onuavtinég. “H elgeoig dtu al uetafohal tijg moh-
#étnTog ToL BvdomAavnTinol poyvnrinol medlov EAéyyovron VRO Tiig TEQLOTEOPTIG
100 fiMov mepl oV dEovd tov Fyel iautéoav omumaciav S o mooPAiuata TdV
oxéoeov “Hilov - I'fic #al yevirdregov t@v oyéoewv ‘Hilov - Kawgod. ITodyuatt
o drapdomv Eoevymtdv Eyer Sewy 91y Gt myv Bvallayn thg mohwdtnrog tob Evdo-
ahavnTinod poyvntinod medlov dxolovdel onuavtint) pustaforn eig Tov oteofihi-
ouov Tiig druoopaioac eig 10 Bdosiov “Huwopaigiov mol Aaufdver yogoav évrog
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OAlywv fueo®dv peta v GAayny tig mohmornrog. ‘Opolwg, #ata Tovg Egevvntdg,
ail Gvotéom meptodinotnreg eival mbavov va sipoedoiv dyu udvov gig v mokind-
mta tob évdomhavntixol uayvnuixol mediov GAAa xai eig Ta fueovota Vym Tiig
Booyomtdoeme dedopévou GtL 6 Hd tob Omhodvrog eloaydeic Oeinting TV EuPa-
ddv tiig Mhantis dpaotnordtntog dotig mwagovotdler VYnAdg cvoyetioelg we v
uetafolyv tijg Coviniis Pooyontwoswg eis ta Pooeia mwhdry, &Eaprdtar &x T@OV
vdooduvauxdv xévipmv dodosws xal cvvemdg éx v xodéxacta loyvodv dtpmo-
0QALOROY OLaTaQdEEWY.

*Avaugiforoc 1) damiotwoig Vo TOV TOLDV Avageodévimy, O’ anoTnedg
nal axofolc oratiotinilc pedddov, tiic tmdotewe meprodixoritov 27 xai 131/,
eV &ig v petaPornv thg mohndtnrog Tod Evdomhavntinod mediov eivar Alav
gvdiagégovoa. ITANy duwg Emdvud eig ™v dvaxotvmory Tavtny va cvumeoiingdi
Vo tomov oyohiov v BacixOv yapaxtnoloTixov o 6moiov diépuye Tiig TEOGOXTS
v ovyyoagéwv. Ilodymatt ai Ym0 t@v TOLHY BoeuvnNTOV maEXOUEVAL EIXOVEG
2 -10 tdv mepuodixothitov, dewnviovy capdg GtL 1) doun Tob poayvnTixod mediov,
do0v Gpoed TtV mohbétnTor abtol, mapaxohovdel tdg pdosig Thg MAlantg doa-
otnodtrog. OVtw zata Ery 1962 - 1963, dnhadi), moo tob Ehayiotov tiig Mha-
#fg dgaotnoudtnrog, ai vmd THg @acuatiic avatliceng mogeydueval meEQLOdLXG-
teg eivan ol wiepiodor Tov 131/, wal 27 fueowv. Kara ta #n 1964 - 1965, xata
ta 6moto Ehafe yooav 1o EAdyotov Tiic MAtaxiic doactnolétnTog, 1) mEQLOdKGTNG
t®v 27 fiueo®dv EEapavilerar xoi sivar Mav dugpoavig pévov 9 meprodixdtng TV
131/, fjueodv. *Avrtioteépwg xoatd T Frn ToD peyiotov Tiic MAtaxdic doaotn-
oudtyrog, dmhadly 1969 - 1970, ) meprodinding tdv 13 /s fueodv EEagavilerar
xal dugaviletar udvov 1 meprodindrng v 27 fuepdv. Téhlog nata va dvdidusoa
gtm 1966 - 1967 - 1968, dnradyy uerald Blayiotouv »oi peyiotov thg HAtantg doa-
otnotdtntog BugaviCovral nal mdhw dugértegar al megrodindtnreg tav 131/, xal
27 fueo®@v. Ankadr) xata tag droalag qdoeig tol peyiotov xail 1ol Elayictov
g Nhaxiig doaoctnoldtnrog 1 mokindtng Ttov EvdomAavntinod mediov magovordlel
utav uévov meptodov 27 fueodv xotd TO péyiotov xal 13 1fy xata 10 Ehdyiotov
avtiig &v® xata tag Eviiapéoovg doeig BugaviCovior xai ai dvo mooavagpseiei-
oot weptodol ouyyedvwe.

Od 7o Alav Emdvunrov va Emextadf 1 fosvva altn i th Pdost tdV
TeEoTNONoEWY TV doQuepdowy #al O td peta to 1970 #ty, wvolwg S va
damiotwd) xata teémov AvaugofiTmTov TO QOLVOpEVOV 1OV  TEQLYQAYOUEV
AVOTEQW.



