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An Analysis of Pc I Magnetic Pulsat10ns Observed by the 17th 

Japanese Antarctic Research Expedition Wmtermg Party 

at Syowa and Mizuho Stat10ns 

Kenrou NozAKI* 

Abstl'act: Drnrnal vanations of occurrence frequency of Pc 1 pulsations and 

relationships between Pc l events and Kp, Dst and K (at Syowa Stat10n) mdices 

have been studied by usmg f -t spectra of magnetic pulsat10ns observed at Syowa 
and Mizuho Stations durmg one year from January 1976 to January 1977 It 1s 
found that the occurrence probability of Pc 1 events does not depend on the 

magrntude of Kp mdex, while there 1s a tendency that the occurrence probability 
of Pc 1 events mcreases greatly when the magrntude of Dst mdex 1s larger than 

-80 nT It 1s also found that the f -t spectral patterns of Pc 1 events observed 

at Syowa and Mizuho Stations were generally qmte similar to each other How­

ever, several Pc 1 events were observed only at Syowa Station Furthermore, 

dynamic polanzation patterns of three typical Pc 1 events observed at Syowa Sta­

tion are given m this paper 

)Hf i3BflJ�:L1lrc 1976 q::. 1 pj;IJ,G 1977 �F 1 J-5 i-CO) 1 �rl3'JF::.ftMllJ�tLt-.::, 

Pcl:Jmflti�UlfK!i_hf::."':)1.,,-c-f0):5<1:r� v !77v,!7 J,1v'a'..'fFnltLt-.:. CO)-J--31'a'..'t 

cv::., Pel 0)%��r13'Ji,J::V-:Jmfiti�LJ: 5iLcO)�f*'a:.'��k .:CO)�*' ¥£�z,liJi 

OCviCf:ff{llijF:::k � t.i:: l::"- !7 'a:.'}-.J"J�t!ocF:::-t=r�t.i:: a �1t/{ 3< - :/'a:_'5y;-f c t ;IJ;9J-;IJ, 

""> t-.:. i t::.i!tJf.ITTt.i:::Jm1ix1� t, J: 5 !L 'a:.':.&'"t Kp Hi� c Pc 1 li*ib O),f-§�vi J:: < t.i:: 1.,, 

iJ;, nng current O)J§:B£'a'..';JR'"9 Dst c vi J:: 1., 't1'3!*1iJ��;{;,co Gnt::.. -�r:::JJB��:Jmc 

J;..fv'l�:Jm-Cvi.7,� !7 r ;vO)AfviJ:: < fJ;L-c1.,,;s;1J;, -·Jj0)7, -J-- v 3 :/-C LiJ,11,J!U 

�nt.i:: 1.,, :ffl,* t 1.,, < "':)iJ,JU!:\ �,ht-.: it::. UB��J:fu-Cim.&U � htd�1za�t.i:: Pc 1 :ffl, 
*v=. ":)\., ,-c f,ffliiBtWfffr�rr 0 t::. 

i@imlStt-tgJJ-Cvi, 3£1: �Ji:L.w)J• G wl:1JtJjH::.tB ":) -C {idfilx L -C � t-=: Pc 1 �livJb;TI[JiflJ!U '2 .h Q. 

aB;fQ�tttr�Ji Q wl:1JtJJHi, ���::. 7
° 

7 ;(" ;J-; - 7"' J: I) t Ji-{Jlij�jm Q 0)-C:', -7c c_ L fltllU '2 .h Q 

* �ii& 1fi''m:iBl?ilf §em'm:11it t-G Rad10 D1V1sion, Radio Research Laboratones, 2-1, N ukm Kitamach1 
4-chome, Koganei 184. 
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!l*i/Jvij'j-$��[1vc ":)\, ,-c O)'tf¥R �15' lv-C'\,, 0. 13lf:fo£:tm-C'O) :l@ ��H*i/Jvc v:J\, ,-c vi-t"-C'vc 

\,' < v:J/J; O)l!l?J!Utit�iJ;¥&� � ;h, -C \,' 0 iJ;, ;: ;: -C'viffi 17 ?x1¥f1i:tm�l!l?J!U�iJ;!IlfFO, ;;!-;_ -t"Vit 

ri!ff £:1@-C'l!l?J!U L 1-::tm ��H*i/JO)gc�vc v:J\, ,-c, Pc 1 v Y :.,/ 0) JWJ��-c, 7-. .---.:: !7 r 1vfYHfr�IT "? 

f _: fi5 :!!�JC ":J \, ' -C ¥Ii �'1" 0 . 

mv=r Lt-:JJIF139vi, fJlf:fO£ttf!O)gcfM; 1976 if. 1 JI iJ-. G 1977 if. 1 JI i -C'O) 1 if.Fl39. ;;!-;_ fvi 

£:tfgO)gc�iJ; 1976 if. 7 JliJ•G 1977 if-1 JI i-C'0)*9�if.r13,"('�"?t-:. 1:i2,11r13,VC--:J\,,"(, 

7 -r i:z !!'�� T - 7
°
vC�1f � ;h,f-:gc�O) ;$1' 1 T � ,y !1 7-. .,--.:: !1 r 1vm;tJ=r�fj-? t-:. i t-:m[�tJ: 

m���1v-c, A/o oc� 1..,, m-1-H�t-i�uf!"? -cii�m19T�rr"? t-:. 

2. 9B�ti& c B �1t 

;$1''1 -r � ,y !17...---.:: !7 r 1vm;tlr-c'J!0 c, Pc 1 H*lbviff85fO, ;;!-;_-t"vifilu£:tmc tvfvf'm:Bl!l?J!U 

�;h,"(\,,o. 0.1 Hz iJ•G 15Hz O)}WJYlftlHililfflvC�0H*tbvi, a-gfo£ttf!O) 1 if.rl3, O) JJ1r13, 0) 

38 % O)�rl3ivcl!liu � n t-:. 

Pc 1 �H*lbvi, \,, < v:J/J• O){t�v::.0\.� � ;h, -C \,, 0 (KOKUBUN, 1970). l!l?J!U � ;h, t-:m� 0) 5 

t:>, pearl � c ,�:hh 0 H*w)Jvi 42 % -C � 0 t-:. � < O) m�vi, q:i,t,,)WJ��iJ�*9 0.3-0.4 Hz 

O)c ::;svc� I), 1 Hz ��x:_om�vivfclvltJ:iJ•"?k. a85fO£tt!!�Jio�:1JfiO)*'�rffi 

1:-C 0) 7
° 

i:z r Y :/ --v 1 i:z JWJ�� 1c vi *9 2 Hz tJ: 0)-C'l!l{l:!U � ht-: Pc 1 0) q=i,t,,)WJ��O) 1c vcxt 

--t o.itvt o 14-o 19 O)f/ilfflK-� 0. 

IPDP viJE1=.$ 6%-C'�0t-:. }W]Ylfl�fiirilfflvi 0.1-0.4Hz O)c ::;svc� I), pearl �H*lf;J: 

iJ{J:£\,,. 0.2 Hz t-J,rO)JWJYlft�mvi�JWJ1AH*ifJO).,{ 7-vc:Jmth-CJ!;ttJ:\,,;: ciJ;�\,,. 

rl39Xl¥Jvc/�-7.. r�:f0CJE1=.'1"o-'�-7.. r� Pel H*lbvi�-f*O)t"J 6% llllU�nt-:. q:i,t,,}WJ 

Ylft�vi 0.7 Hz �lt-C'� iJ, pearl�� IPDP J: iJ t iJ•tJ: iJ �\, '· ,,� - 7-. r �Jl*i/JO)*!*��Fl39 

vi 2 �r139{ft0) t O)iJ;� <, �i151¥JvcviJft�vcJE1=.iJ\1,'tJ:\,,. 

�irtlt 0) Pc 1 H*ibJE1=. 0) 8 oc{bi q:t • {J£irtl!t c J4tJ: iJ, 8 q:t O)JE1=.ivlltiJ� � \,, (JACOBS, 

1970). L=6.4 O)ff8fO£:l@O) 1 if.F1390)JE1=.ivJ£!tO) Boc{t�ti� � 1 vc7f---t. a8fO£tt!!-C'vi 

UT vi:l@���Fl39 (MLT) vOiVif� L, \, '· MLT 14 ��1i*vc L, -C 8 �iJ-. G 18 �O)F139vc* 

$53-0)m�-JJ��:: "? -c\,, 0:: c -JJ;5t-JJ· o. 20 �-JJ· G 6 �i-C'O)�rl39vtJE1=.iJ�YtJ: <, vivt 

-JEO)!Uit··el!liU � n -c \,, 0. �vc 5_®}t0)5_®\, ,H*ifJvc�_! 0 c, �Fl39 O)JE1=.iJ; tJ: < , � 1 0) Ll.! 

0)$7f���liJlliLk�lt5t�l�6. 
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� 1 1976� 1}�1J'01977fF 1 J=j�·to) 1 :¥f13'jv:::JJ[�5¥0�:i'!h-Cfi'J.1J11J'2ht� Pel !l*lliJJO)f:3 

�1l::!J9:·['1 SB5¥0�:lm-C ft UT c MLT viVii:fi� L,1,, 
Fzg 1 Diurnal vanatwn of occw rence frequency of Pc 1 pulsatwns observed at Syowa 

Statwn m tlze period of Janum y 1976 to January 1977. At Syowa Station, UT n 

nearly equal to .ML T 

3. .im@t,t C 1 5 !L c Pc 1 J£1:.0)ooHi 

PB:tlJ�j:-ftt-C 0) Pc l �!f�J c1::: Kp }lifx c1::: 0)1*J{* � !XI 2a vc%-t. Jc h-t J'i,O) time lag=n (B�1 

mD vc:xHi-t 6=ltrhir�1(!, ih 6 Kp :nt��� L f_:_B�J,UiJ, G n �F1c1l1i§Jc Pc 1 �ii1Ji.J:9E�E:t 6 

�{�i�� L -Ct, 6. 8! 2b, 2c t [P]t}O)��-C 210 6. iZJ 2a O) Kp rn� c1::: 0)1*j1*-C·ft_ Kp O)jc 

1NcML-C�!JvJO)%�;c*@"tJ:�1rJitJ:t'. Kp rn�O)jc@"td)[-C c1::: 2::. 6 c 2::. ;s 1:::- !In:� 

;;c. 6 o) vt, -J- - !7 Mcn:01-tJ:"', t.:.c:o 0) �iJ,(r;� J:: 0) t 0) -c i!> 6. 

Dst }��c Pc 1 �i}J0)%�-0)1*J{*vc"'Jt,-C�6 c (IZJ 2b), Dst }§'2Zl:n: -80nT J:: 1J{I£< 

tJ:.6 J:: '5 tdi (1tUiliO)lfl717:J:: IJ:;{j{JWO)i_r:[:tij;) LVi%1=.0)fiij1?iti.Lj--}(L-Ct,6. Lt.Pt 2::_0)� 

7Cvi time lag vc. 210 'i ') {t<tT LtJ: ( ,. 2::. 0) 2:. c /JJ$1:, nng current ;o:%Ji-t" 6 l Ui G < Pc l 

�tf1h:%� Litilv-J 6 � c1::: ���-t 6. 

-::15Bi3:t1J£Jig-Cf�t.>hf_::_ Krn�c1::: Pc 1 �t[JO)oof*vt[2;! 3c �c.�;;h,6 J:: 5 �c., --}(@"tJ: K 

tfg�O):mh t.:. 9-15 !14ih'H�vc.�l]JO) JJS�il:�jc L -c 1:, 6. 7c O)fjt 30 �;r1c191&'i -c·vtJJS{EiJ;� 

YL, 33-39 m':fia91fvc.� 2 0) 1::
0

- !7;o:J[Gh6. 



No 68 1980) 

o,o 

>, 
.µ 
,-j 

,-j 
,-j 

.Q 

J; 40 
0 
H 
"4 30 
Q) 

g 20 
Q) 
H 

� 10 

>, 
.µ 
,-j 

,-j 

u 
u 
0 

.-Ci 100 
<1l 

.Q 

8 80 
P-< 

<!J 60 
u 
C: 
� 40 
�I 

8 20 
u 
0 

0 
0 1 

oO 

j 
,-j 

,-j 

� 40 

i5:! 30 
Q) 
u 
c: 20 
<!J 
H 

� 10 
u 
u 
0 0 

0 

2 3 4 5 6 7 

Kp Index 

(a) 

0 -40 -80 -120 -16') -200 -240 -280 
Dst Inde>. (nT) 

(b) 

1 2 3 4 5 6 7 

K Index 

(c) 

----- 24 

48 

42 

36 

� 2 Pc 1 Jl*ibO), (a) Kp 1��' (b) Dst 1��' (c) !JB.;¥r)£.t!g0) K 1�� ,!: O)�'f* 
Fig. 2. Relationships between occurrence probability of Pc I events at Syowa Station and 

(a) Kp index, (b) Dst index, and (c) K index at Syowa Station. 
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Pel O)JS1:7J; Kp tl:H'S[O)j(��vCJ)i 9 l Gtc1:t.,,O)vc, K t��cvi 9-15 �rf3J, :t-slV: 

33-39 n�fr3JO) time lag� t 0 --cl 1.,, t§�iJ; J) .:o O)vi, K 1��0) B �1t*1i=ltiJ;-�v=- �{J:lij--C' 

*- � < fct 9, -Jj Pc 1 O)JS1:_vj:.JE'f-�ij--C 4H <. c v:::. l .:O�iJ,vt J:-.0)*§� c Il!lbh .:0. 

4. Pc 1 !i!i\IfijJO){��t�Jtt 

Ttil '.A 00 0) m�� r1fi {t ili: --c JS 1: L t � Pc 1 H/R!JJ vi' w17] kv1UC <B 0 --c ir:@J 9 PHI &t --C � 11:/i � flit 

i --c {�W'.-t .:o c � x.. G h --c 1.,, .:o. r�'A[liJ, G 1�m L --c t t�vlvi, -i-0) te o O)vJimJZ--c vi i;iEtvi 

M{(�� l*J O)***§ � 7c o) i i &f!;k:-t .:o iJ;, '?BliJ; �� � i::p 'a:'7]( 5r-j:f IPJ v:::.J.tiJ; .:o v:::. "Jh, �@J 9 nit 

;-}iJ�j'e1: L, � G v:::. F � � !J ;; r {:frm-t .:o tNk:xv:::. tJ:. .:o c TI�iJ-aHI� c tc1: .:o (GREIFINGER, 1972). 

� 

(a) Pearl Type 
Nov. 05, 1976 

/-
1 0 

. _ J,c; ,_: �;:;;�.;2�'?��i..f.fti.:�:::=L. 
0 0 

10 11 12 13 

U T 
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(cl Burst Type Nov. 12, 1976 

1.0 

o.o 

" 1 .• 

. ="-· ••• ::;: _ . :::: ·.;:;: _::. ..=J.:::: :·. . : '·. . 
11 12 13 14 

U. T. 

� 3 l3B*°�:1'tlrCf/,JIU � tL t-:. Pc 1 �lb CO .?l ,f -r � ,y !l 7' � !l I- 1v c -1:" CO Afflf Jt. (a) Pearl 

�, (b) IPDP, (c) /� - 7' 1- � Pc 1 v:::. "".)\,, --Cffi-t. hffif lt'Ja:> s=tan O c � L, ti:@ 
IJ Flt;� (0=45°) -/J, Gti@ IJ Flilffi� (0= -45°) i --c· 15° !H�- *, +, 0, Q, -, = 
co }l�v::.� L --C � �. 

Fig. 3. Dynamic spectrum and ellipticity of (a) pearl type, (b) /PDP, and (c) burst type 
Pc 1 pulsations. The ellipticity s = tan O is represented by letters of*, +, 0, Q, -

and= in every 15° interval from left-handed circular polarization (0=45°) to right­
handed circular polarization (0= -45°) 

ll?H1:J£:tm--c·WUllU � h Q ��s'9tJ: Pc 1 JIIRIJJv::. "'..) \,, --c fi�MVT� fi --:d-:*5-* �, pearl � (� 

3a), IPDP (� 3b), ,,,�-7' r� (� 3c) v::."'..)\,,--C�-t. :e-�O)J:�5tiJ;3r1 -r � 'Y !l 7'-"-!l 

r Jv��-t. T�5tiJ;)ilRIJ)O),,ffljfJt C (ellipticity) ��-t. c = tan (} c��L, ii::DJEO)fq,(i� 

(0=45
°

) iJ,GtiDJEO)fq,fi� (0=-45°

) iT�Faimv::. *, +, 0, Q, -, = O)ta%··e��;h--C\,, 

Q (:!Af11tJft!!, 1978), 1�ra,11j0)3t1 1:,,-:r-!liJ; Q --e��;h,"(\,,,Q, 

� 3a v::.��;h,-QJ:: 5v::., �O) pearl �JIIRIJJviJit66�f.$:c L--Cii::afEf;�iJ:5!<, �raiO)� 

1� c c t v::.wU!, tinJE,fi�O)�*fEtJ:IJ) � ��-t. � O)fUvi, Pc 1 JIIRIJJO)Ml�r!JP'J--C·O)JE� 

fJ�iJ\ �rai c �v::.$1JJ L --c \,, ,Q PJfE�tt���-t ,Q. 

IPDP O),fi�vt, � O)fu-evt1!tv::.wUlfi� c tJ: '? --c i> � (� 3b), � O)ifi5-*vt, JE�iJi� 

�Jffi,QM11Ji1v,O)fEiJ�. IJB;flJ£:tmiJ, GMfULt-::tm.�v::.J; I:>, !llRIJJiMlt�JiM=i� f !l i- 1�• L --c � 

t-: � c ���-t ,Q. 

,,,�-7' r� Pel O),fifEhi, �O)fU"c·vtW:*!fi�v::.Jlf\,,O)·-c:-, 117lf1:J£:tm--c·ffiiJ!.U�ht-:tO) 

viJi < iJ, G1A. L--C �t-:PJfE�ttiJ:25 ,Q, 
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5 · PfH�I £i-ili c h i" , l lt Mn: 0) IDiUi}J 0) J:t t1 

:J;.. -t vf £:Im O)gcffJ� oy:;f-� 0) t-.:ob, H nx:5.t O)g2,jJ/t cf) 6 Ji)jj13j Xt'J!U Lt-.: O) "(, !/ 1 :r � -;; � 
7-. � � r ;q;:_ J: 6 H nx:n\.O).f_.tt'.lvt, 1976 4- 11 J=3 4 Bir• G 1977 4- 1 JI 24 B 'i---C'O) 2 ;h JI 
� 0) jt)jj13j K .. ":) \, 'L fi--:> t-.:. vf fr, 0) jt§j13J K. "J \, 'L vi:*� fJ'.: :mtuc "J \, 'L 0) dj.., Mrr:i�:im 0) H 
nx: 0\. c :J;.. i- i,g; =M:t-fu 0) D nx: 5} v=. "=>"' , ---c .tt 1� Lt-.:. 

f�D£J-ili ---C JJt&U '2' ,h 6 �!f!bvt, 1 :tt 1 ic J: < :xt J;c/l 6. fiIITl�J:tl!. ---c 0) tH:Yl 0) .f..tij&� � 4 �c� 
-t. :£:1*t 1-,-utRBlr:i1lk:t-fuiJ:�±O)ivflociJ::*t1,,,. :J;..·lvt2;k:i!Q---Cvtfti{}O) s;N iJ:,J\� <, 
��"' ,�tfJO)m%vt�t�O) r:J:1 v:..:1:m th ---c Li 5 o)-c, 11:i1 L S/N ---c U&JJ�fl x. ti%1:.iliivtAB 
5ffl £:t!Q c p] [, f:::. f J:. 6 ---C cf) 7J 5 . 

�:� I J J I I I U I I I U ! I I U I I I U I J I I ''.iv" 

I I • I • I •1\ 1 I I I • 1, I • I , I • � 1,� 11, \ 1 !1 , 1, I • 1, 1, I � 1 \ 1 I·• \ 1 I 11! ·" DIC 29 30 1 5 10 lJ 20 21 JAN 

� 4 AB:tO�:lm c dA -t- �i�.lm-C 0) Pc 1 !l*iM'e1: 0) HJ�. Jl*!li)J 0) ¥B1:. L -C 1., Q :lmrs'1 v l� < � fJ, XJ!U;ltJlFs'Jvi#4fi-C� Lt-: El {,_I-vi UT 
Ftg 4 Comparison of Pc 1 occurrences at Syowa and Mizuho Statzons The shaded 

areas mdzcate the perzods when Pc 1 events occun ed, whzle hatched areas mdzcate 

non-observatzon periods Date zs gzven m UT 

s 9 0) fflif5Hcvtssi"', t 0)/J:� < , *ffit <ti:© i ---c, J: < :xtrit-t 0. "', < "=>/J� O)ffl,* ··evtMrr:i� 
:imvc cf)"':> --c :J;.. -tvt£:!m---C'vifm.�U 0 tLtJ: t <91*/J; cf)�> t-.:. -l O)'f7U� � s vc�-t. AB;fr:i£:im---c,vt 
UT 0) 6�305}iJ,G5liwt:L---C pearl ��!iJiJ;fmt'J!U0h---C\,,0iJ;, :J;..-tvt�:i-fu-ni 9�40n\. 

'i ---C fB%iJ;:JJ!h ---C \, 'fJ: \, '· 

�JE!JiJ;'ffl'.•Jil� 3l' � J, {:z=:mx-t 0iJt.ti --ca, 7cO)�JHi�s km, ��O)fil�-��vtt"J+ km 

c 0 tL ---C 1,,, 0 (GREIFINGER and GREIFINGER, 1968). t LM5Fn, :J;.. -t�t�j:-fuj1=ij/J: 3l � H:fr�-t 
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� 5 f!B5¥0�:l'!!!cdj_'t"vt�ttl!-C', fql�v=.fli'filJ2:ht-:: Pel il*fbO)!J1T� v !77-.A..!l riv 
O){JU 

Fzg 5 Example of f -t spectra of Pc 1 pulsatzons observed s1multaneously at Syowa and 

Mizuho Statwns 
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6 t.r Git, fiIIT�tiM=110) m�Jil--evi c 't::> G ir,-)5iJ;f�j;ijxi=p O){)gx�O) t.::.d:> v=.fi.1Jl!J � :h ts:_\.,', c \.,, 5 

� c vi ts:_\.,'· -)5 O)�j:filf-:vt-C titJ!U � :h 6, c \.,, 5 � c vi, �1:vJl�iJ. Gftti:1J})7�v=-?B ")-cf� 

31 L -c � t.::.!l*tbiJ;, 1' !l H�31't" - 1" v=-�� � :h 6 U fiJ 0) t O)� J! -c \.,, 6 r:iJ§t§tiiJ; rt> o. � 

O):!�HHi, �1:.vJl�O)[tiJ; 1? iJ;-t 0) i i:rt!U:::O)ti,�!Jvclz�--.t 6 c ,�h:h 6. 

5!i \., , ll*tv 0) :5 't::>, SBf P �t-tg t-: vt-c ti. lJlU � :h o ll*iJJ vi\., , < v:> iJ. 2e:> o iJ;, il!! vc dj_ --.t vt £:tm t-: vt 

-Cfi,IJ!U�:ho!l1�vit.r <, -�vc Pc l Jl*mbO) source viSl:HP�:Lfil��vc2e:>6 c,'�,hfto. 

6. � c. 'rh c. �f&O)�m 

SBfP£:Lfil"cti.IJ!U�:ht.::. Pc 1 ll*lbvi, Dst iJ; -80 nT J:: I) t 5!i < ts:_ 6 c Yc0)�1:_zJ;]]JtiJ;�, 

vc:ft1::k't"o�ciJ;J!tl:l�:ht.::.. �:hviri'UtlJJt-eti,�U�:ho Pc 1 ll*i!Jt, �Ji L t.::. ring 

current proton vc J:: ") -C "=9 � � :h -C \.,, 6 fflHtiJ; iJ. ts:_ I) tI0 6 � c ��'t". -)5 Kp c Pc 1 Jl* 

if;0)�1:_$0);t§1*)vi2e:>i l)ts:_iJ.")t.::.. LiJ•L TOYA et al. (1979) vi�J=PJZ;rqLt.::. Kp 1��c 

Pel 0)�1:_:IJ;]§t�J:l:-"':hvi, J::\.,,;t§1*)i7;2t>o�c��Lt.::.. �O)�ciJ•G, *\.,'�iaj�b� 

vtt.::.3¥;1-q c L -C vi, tfilM1'Ai7:Jitnt.::.:1*1L�v'l: c' Pc 1 iJ;�1:_ L�'t"\., ,fljlPJiJ:rt> oiJ:, Pc 1 O)* 

fm5tvi, fie! 4- O):LfilM1'A c .i: , !L (-it 7' 7-. r - A) c vi-:J\ffi'.vc 1 xt Hcxt� L t.r \.,, � c �fl* 

L-c\.,, o c ,�n:ho. 
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di--t vi£Jfilvi, afffO£:tm c vi vf!P] t:wj�-J-�*!J::v:. t6 9, 270 km ,uL "t 1, , G .  IP] L,96� 

iI:1:gx; 0) rv:. filu£:tmn; t6 Q �vtH*IJJfa%0)ssiltvt vi vtlP] r: --r-t6 Q c. c n:7� � n Q .  filu£:f:-mrl3, 

O)ssilt� .ltil& Lt-.:*5.:!!f:Ht, vi vf-l-O)Jli 9 c't6 0 t.::. . L/J· L1rfx:c vt t6 0 t.::.n;, aH7f0£:tmv:.si 

" , Jl*lbn; t6 0 --r t di--tvi£:tm-cvti!i:flU � nt.i: " ,fun; t6 9, ffi:1:gx;·-nt§e� iJifg!ZiJ, G vt f n Q c 

silt iJ; �J:. 88 < t.i: G c. c iJ; t6 Q c ,i
=
J;tb tL Q . 

wj�lffiiJ• G �mtlt:tm:nv:.f�m L "( � t.::.Jl*ifJvi, ffl:MJI 0) :;i' !l H�m C t.i: G ffJL["('t,l�t.i:{i 

iBl O)OC1tn;WtiEl"Jv:. T� � n, fft.ffr Lt::. pearl ml c ,, �  - 7' r ml Pc 1 Jl*IJ;--r- vt -l- 5 L t.::.oc1tiJ; 

i!JtU � tL t::. . ai35fo�:f:-m c di- -tvi£:f:t! rc [;¥El 0) .l:ttil�rr x. ii, � G v:.Intt.i:��n: --r � � --r-t6 

6 :j .  

� !¥ 

iWuiBlfftifi vt ,  IIJ}'[ffi:t-t!H�f�mO) M-1 60 n it•:t,civ:. J: 0 --rrr:t'7nt::.. c. O)MtJT�rr 5 v:.t6 

t.::. 9 ffil}'[ffi:f:fil?vf�mO)n�'J � Iv O)}�� c iU:tJ ��vtt::. . 'i t::. 00}'[ffi.Jm?vf�mffl�Jl$F� O) �  

B:;v-=. vt�*O)rnr,. ll}J i§ ��vtt::.. c. c. vz:.�1Jf-t Q. 
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