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          North-South Asymmetry of the Diurnal Variation of the

                Geomagnetic Disturbance and the Polarity of

                       the Interplanetary Magnetic Field

                               Kazuyuki HAKAMADA*

                            (Received September 10,1975)

               The relationship between the polarity of the interplanetary

            magnetic field and the asymmetry of the diurnal variation of.K indiceS

            between the northem and southern auroral zone is studied. It is found

            that the effect of the IMF polarity on the geomagnetic diSturbance is

            stronger on the morning side in the northern hemisphere and on the

            evening side in the southern hemisphere when the IMF is directed away

            from the sun, and that the signature is reversed when the IMF is

            dircted toward the sun. A possible interpretati6n of this effect is

            discussed in terms of the dawn-dusk asymmetry of the polar-cap

            electric field as found by Heppner from the direct spacecraft meaSure-

            ments.

1.Introduction

   In recent years, it has been established that the southWard component(B8)of

the interplanetary magnetic field(IMF)plays an important part in the development

of geomagnetic substorms(e.g. Russell and McPherron,■)Burch2)). Svalgaard3)and

Mansurov4>have shown that the z-component of the geomagnetc field in the polar

cap is strongly affected by the IMF polarity. Friis-Christensen et al.5)have pointed out

that this geomagnetic variation depends on the east-west component(Bのof the IMF.

Murayarna and Hakamada6)have shown that the auroral electrojet(AE)is affected

not only by B8 but also by B, in the northern hemisphere. Siebert7)has found that

the magnetic activity difference between two conjugate regions of the northern and

the southern hernisphere obviously follows the rhythm of the IMF sector structure in

aremarkable degree. Wilcox8)has also shown the geomagnetic asymmetrical response

to the IMF polarity. This IMF polarity dependence of the north-south asymmetry of

the geomagnetic disturbance has been confirmed by Berthelier and Guerin9)using a

large arnount of data covering about 70 solar rotations.

    Heppneriｰ)has discovered a clear dawn-dusk asymmetry in the high-latitude electric

field observed by spacecrafts related to the IMF polarity. From ionospheric electric

field measurements, Mozer et a1.ユユ)and Mozer and Lucht■2)have also shown that, when

Bシis positive(negative), two-cell convection pattern in the polar cap shifts toward

dawn(dusk)in the northern hemisphere.
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   If the dawn－dusk asymmetry of the high－1atitude e1ectric fie1d as fomd by

HepPnerm）is created by the易。omponent of the IMF（Stemi8）），and if this e1ectric

fie1d affects the geomagnetic activity in the aurora1zone，it shou1d be observed that

there is a visib1e difference between the geomagnetic dai1y variation of toward days；

when the IMF is directed toward the sun，and that of away days；when the IMF is

away from the sun，at the geomagnetic north－south conjugate pair stations．In this

paper，we wi11study the re1ation between the inferred IMF po1arity（Sva1gaard’4））and

the north－south asymmetry of the dai1y variation of K indices of toward days and of

away days．

2．Proced皿re of Ana1ysis

   In this paper，we use K index of Cape We11en（WE，61．。96geomag．1at．237．。79

geomag．1ong．）in the northem hemisphere and that of Macquarie Is1and（MI，・一60．。92

geomag．1at．243．。86geomag．1ong．）in the southem hemisphere as the measure of the

geomagnetic disturbance during the period1967 through1969．The re1ation between

these K indices and the inferred IMF po1arity（Sva1gaard14））of the same period wi11

be studied．The subtraction of K index of MI from that of WEis denoted asα∫o，that

is，αア。＝KwE－KMI．The va1ue ofα∫o is obtained in each three－hour1y interva1．

   K index contains a seasona1variation with its maximum in 1oca1summer．This

a1so gives a seasona1variation inαア。，that shou1d be removed before the examination

of the north－south asymmetry re1ated to the IMF po1arity．The deviation ofα∫o from

the smoothed curve caI㎝1ated by27－day（27x8points）running mean method is denoted

asα〃and is hereafter used as the asymmetry factor．
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Fig．1Diuma1variation of K indices of WE and of MI．

     Squares represent K indices of WE and circ1es fepresent those of MI．

     B1ack and white symbo1s are for away （1ays and for toward days，

     respective1y．
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3．Resu1ts

（ユ） エ）づmγmOZ 0αγクα玄ク0m 0アK ゴn6クCe∫ 0ア η7j， αn6 0アノぱ∫

   Three－hour1y K indices of both the stations are divided into two groups，away days

and toward days，according to the inferred IMF po1arity．The resu1t is shown in Fig．1．

Squares represent K indices of Cape We11en and circ1es represent those of Macquarie

Is1and．B1ack and white symbo1s are for away days apd for toward days，respective1y．

K indices of WE a1ways exceed those of〃τThe difference between them is minimum

at aboutユ200UT and is maximum at about2400UT．
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Fig，2Diurna1variation ofα∫6．

     Fi11ed circ1es and open circ1es are three－hour1yα〃。f away days and of

     toward days，respective1y、

2400

（2）D伽mZmγク〃。no∫αア6m∂o∫α∫

   Fig．2shows the diurna1variation ofαn with its minimum at about1200UT

and its maximum at about2400UT．The effect of the IMF po1arity to the north－south

asymmetry of the geomagneti disturbance shou1d be revea1ed in the difference between

α〃。f toward days andα〃。f away days．This difference is d－enoted asαア（α∫＝α〃tow．

一α〃・w．y）and is shown in Fi9．3with the best－fit sinusoida1curve．The chainユine

shows the average va1ue ofαア．
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Fig，3Diurna1variation ofα！．

     The dashed1ine is the best－fit sine curve for the

     revea1s the diurna1variation ofα∫、The chain1ine

     va1ueofα∫．
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brocken1ine which

represents the mean

4．Discussion a．nd Conc1usion

   Curves of the average dai1y variation of the K indices for the two stations have a

simi1ar sinuous form with each other．However，the abso1ute va1ue of K indices of WE

is different from that of MI．On an average，K indices of WE exceed those of MI at

each three－hour1y interva1．The differnce between them is greatest at1oca1noon and

is sma11est at1oca1midnight．Saga1yn et a1．i5）found that the equatoria1boundary of

thermaI ion density irregura1ities is consistent1y c1oser to the magnetic po1e in the

southern hemisphere than in the northern hemisphere．Therefore，the differnce of K

indices between WE and MI is possib1y due to the1atitudina1diffrence of the1ocation

where t耳e ionosPheric current f1ows．

   Heppnerm）has discovered a rather c1ear dawn－dusk asymmetry in the high－1atitude

e1ectric fie1d observed by spacecrafts re1ated to the po1arity of the IMF．When the

earth is immersed in an IMF away－sectors，the horizonta1component of the po1ar

e1ectric fie1d is maximum on the moming side at the n01．thern high1atitudes and on

evening side at the southern high1atitudes．When the earth is within an IMF toward－

sectors the signature is reversed．From ionospheric e1ectric fie1d measurements，Mozer

et a1．u）and Mozer anすLucht■2）have a1so shown the same phenomena．The characters

of the po1ar e1ectric fie1d are shown schematica11y in Fig．4．There is about180．

phase1ag between the difference of the northern and southern po1ar e1ectric fie1ds of
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   Fig．4（a）The so1id1ine and the dashed1ine are the schematic dai1y variation of the po1ar

            e1ectric fie1d of away days at WE and at MI，respective1y．

        （b）The difference between the northern and the southern po1ar e1ectric fie1ds on away

            days．

         （c）The so1id1ine and the dashed1ine are the schematic dai1y variation of the po1ar

            e1ectric fie1d of toward days at WE and at MI，respective1y．

        （d）The difference between the northem and the southem po1ar e1ectric fie1ds on toward

            days．

         （e）The so1id1ine revea1s△EA and the dashed1ine revea1s△ET．

         （f）The difference between△ET and△EA．This curve resemb1es the diuma1variation of

            αアC10Se1y．

away days（△EA）and that of toward days（△ET）．If the north－south and the dawn－

dusk asymmetry of this po1ar e1ectric fie1d affects the deve1opment of the aurora1

e1ectrojet，its effect on K indices at WE and at MI shou1d have the sameform as the

e1ectric fie1d of Fig．4（b）and Fig．4（d）．Thus，the resu1t shown in Fig．3qua1itative1y

corresponds to the curve in Fig．4（f）which is obtained by taking the difference between

the curves in Fig．4（b）and Fig．4（d）．
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