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Studies of Cosmic-Ray Scintillations Observed at Syowa Station, Antarctica (I) 

Masatoshi KITAMURA*, Hiroshi IKEGAMI* and Masahiro KODAMA** 

Abstract: Using 5-minute data of cosmic-ray neutron and meson 
intensities observed at Syowa Station, Antarctica in July and December 
1970, short term variations covering the periods from 10 to 120 minutes 
have been investigated by a tool of sonagraph-type analyzer, in terms of 
enhancements in spectral power density as a function of time. Dynamic 
spectra thereby deduced show that there occurred, for the neutron com­
ponent alone, seven times the enhanced cosmic-ray scintillations (called 
ECS) which exhibit the period of a few ten minutes with the persistent time 
from a few hours to one day. It is also shown that ECS events are not 
related to solar-terrestrial phenomena but to atmospheric pressure and 
wind velocity disturbances in the upper atmosphere. The presently 
observed ECS events are not of the extra-terrestrial origin but of the 
atmospheric origin. 
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r 1vWJ.iJ;t�rWJ�--c:-*ffiL--CclsQ. N vii:plt-f-$:%, M v:tlf'ricl1-r$:%. ':R�P--c:-ffiL 
t.:..._1.,,,,�!J- ':/tfB;,j; ECS cJ!i;A1.,Q. J:tmv:::.ffiL,t.:..�tUvi�J:f37'.:'_!7 O)mJJJb'tlJ& 
O)�tu. 

Fig. 1 (a"' f). Contour maps of dynamic spectral densities of cosmic-ray fluctuations 
observed at Syowa Staion. Labels N and Mare for neutron and meson components, 
respectively. The period from which cosmic-ray data were analyzed is show11 in 

. upper portion of the diagra,r:z. 
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� 2 0) No. vcx;j�i"" Q, 
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�1tvcx;j�i"°Gffl.�vi, i:f:ti�r, i:f:tFairfi6J!ilt5tc tvc&��nk. _:0)-:_ cil•G ECS vis:. 

ii 2 mJ:M� 1 �ilcl1iJ· i;_;, 24 �MO)�'iii�ml:M� 
ib 0) !J'' 1 -r � v !7 A-" !7 r Jv 0) 1 {JU. N viq:t 
11:-rnx:%, M vtlf'ricli-rnx:%. � s �1t:fo 1: 
tf 1 El �1tiJ;N, M j'iljjnx;5t c <b v:::.J! i;_;,,tt, G. 

-:. O){JUvi� 1 (e) c fAJ:Mricl10)7''- !7 v:::. J: Q. 

Fig. 2. Contour maps of dynamic spectral den­
sities of cosmic-ray fluctuations observed 
at Syowa Station. Data used here are the 
same with that in Fig. 1 (e), but the fre­
quency range analyzed is lower than in 
Fig. 1. Labels N and M are for neutron 
and meson components, respectively. 

Dec.I, 
00:00 

Dec.4, (1970} 
09:10 U.T. 

N 

Dec.I, Dec.4, ( 1970) 
00:00- 09:10 U.T. 

't(hr) 

M 
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No. 

1 

2 
3 
4 

5 
6 

7 

• 2 �tl!U �:ht::. ECS Yi� 
Table 2. Examples of the enhanced cosmic-ray scintillations 

observed at Syowa Station. 

ECS O)i:piC.,,��U (U.T.) � �EE�lb c O)J;j"� 
1970 July 18 15.1 h s � 

22 0.0 N � 
22 10.4 N � 
28 10.7 s � 
30 19.7 s � 

1970 December 2 16.7 N � 
7 19.5 N � 

:h Gm:�oO)m!U: vi�Jf O) t 0) c � x. G:h0. JW:JM 1---24 �FsjfgllEJO)ffe:JW:lM�{tO) Y -r !/' =J 

7 0) 1 ftl (� 1 (e) c fAJMF�vcxtrt;;) �� 2 KiK-t. 

(2) ECS 0) llim@�vi 1970 ip 7 J=1 c 12 fl 0) 2 -JJ fl Fsjvctt 7 @-c;-, 5 'b 7 fl vc 5 @, 12 

J=J vc 2 @ c tce "? --c 1.,, 0. ..: :h b vi� 2 v:::. i c � G :h 0. *!t��Fsj vi��Fsj:fflJl 0) t 0) (7 @ 

(1) ECS q:i 5 @) c, *9 1 B Fsjvcb t-.: 0 t 0) (7 @q:t 2 @) c b�af> 0. ��vi 12 fl vc, @vi 

7 fl vctBm L, -Je.;f�O)�iJ�ci!> 0 J: 5 --ecif> 0b�, ®'EHftlb�:Ptce < iL@':-c;-vit.i:1.,. 

(3) ECS v::vi::k�IJL--C 2 "'.)O)mliJ���G:h0. � 1 vcJ[G:h0 J: 5 vc, i) JW:JM�-t:5J':ffl 

lt0)�5EJW:JM� t "'.) t 0) c, ii) JAi., JW:Jiltl�il�vc i t-.:b� �>1:��*fHlEt9m� c -e:·cif> 0. ..: ..: 

-Z:'fi i) � S ml (Simple), ii) � N ml (Noise) c 11¥�..: c v:: -to. ffi1 /-l' 0) ECS 0):5J'ffivi[Al t: 

< * 2 vcffe L k. ..: :hb� G 5t o J: 5 vc, 7 ftli=f:t s �vi 3 fU, N �vi 4 ftl c tce "? --c1.,, 0. s ml 

�:n,fn t �� (7 fl) vcllim Li :I� (12 fl) vi 2 @c t  N ml-c;-so. 

(4) ECS m�vCvi, {'k�-e:-�� o J: 5 vc, :i'!fU::'AEEO)�t}.relb�ff: 5. t 0) c i=f:bt.i: 1.,, t 0) 

tb�S0. 

4. ECS c. ffuffl.� c. O)rM,{;* 

ECS c :i1!!£5Jc::k'AP3m�t-o J: V9l�£Fsj;gFsj'A:.Q�O)m�:w@m� c O)�'f*vc "'.)\., ,--c��t-.:. 

4. 1. it!!It*� P-l J.JIS( <!: (1) mJ ffi 

ECS c TflfliaH%0�:i:t!!c'l'UJ:W L t-.:'A��f4 c :a:-lt� L t-.:t,t*, U
--
flcffi-t�vc ECS vt:i1!!£5Jc 

=*�P3m� c ��tce�-f*'i' t "'.)..: c /J�:51---:> k. 

(1) � 3 vi�li'Ailffi., �fi�Jt, :Ltt!J::�Jl, :Ltt!J::�EE, to J: Lf:i1!!1itl'A Kp m� c ECS l±l 
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�-�--'---L--�--'---'-----'---'----''-----'---'----'---'---'----'--·-' 

2 3 4 5 6 7 8 9 1 0  I I 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
December , ! 970 

( b )  

� 3 (a, b) ECS c ftl!.:!:lif U:: �l-Ui. ECS �i.*l=IJ�q:i,i) c LtdZi�Ffl1, "i t..:.a t-t '1:'� L, t..:.fffi[ffl �:::.tf:1;!:li vn ,Q. (a) : r,sij� 
�ff, (b) : 1�/IJJ\13!, (c) : :tmJ:Ji.J!, (d) : :ttBJ:3<t.EE, (e) : :lmitt3'<t Kp :tilt 1970 � 7 }j � 3 (a) c 12 }j � 3 (b) �ffelj. 

Fig. 3. Comparisons of ECS events with other related phenomena. The occurrences of the events are indicated by an arrow 
or a pair of arrows. (a) Atmospheric temperature in upper layer, (b) wind velocity in upper layer, (c) wind velocity 011 

surface, (d) barometric pressure on surface and (e) geomagnetic index Kp. 
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m C 0)1*j��ffi L k t  0) "c', ECS vi�l:l]�i:p1C.\ C L  t-:trJ���rl3,, 3Ui 2 ffi:0)�1:1] -C'ffi L 

t-:JWFl3ivc:to\i,  -C l:B:§! L -C \i, o. � 3 (a) Lt 1970 if:. 7 JI, (b) vi 12 JI 0) t 0) -c-� o. 

,:O)�tJ� G?tQ J: 5 vc, ECS vii't!Ll:�EEtJtffl:x;f1¥Jvc{f\,,{@:�ffiLt-:�{rv:. l:B:§!-t"o -: c 

tit�\, '. 

(2) ECS vitl!U:JLJ! 0) j( � \i , �if vc l:H :§!-t" o -: c iJ � � \i , iJ t, �\ f L t 1 �;f 1 0) J;f (c:: "c' vi 

ft. \i '. -:. 0) -:. c vi� 3 vc :to \i , -c J! G tL o . 

(3) ECS vcMfc:: L-CJ:�vc5$JtiJ�'!J::\i , -c \, ,  o. � 4 vi, 100, 150, 400 mb -*�EEOO�� 

vc:tovt QJtJ!� 7
° 

p 'Y 1- Lt-: t 0) -c-, �l:Pvt ECS 0) l:H:§!�ffi-t". (a) vi 1970 :4:- 7 JI ,  (b)a 

12 JI vc:tovt Qt 0) -c-� Q. -: 0) �iJ. G?t o J: 5 vc, ECS 0) l:H:§!�vCvi, _f:jmO) \i ,fti,tJ.O) 

}IO)jtjti)t 20--30 m/s, , 3Z.vi-ttLUJ:vC:iiL-C\i 'o. 

25 30 

December . 1 970, Syowa S t a t i o n 

( a )  (b ) 

� 4 (a, b) r'iefl/i�:.t-ovt�JI.Jf. 5(1=Pvi ECS O)!±im�JF-t. 
Fig. 4 (a, b). Wind velocities hi upper isobar levels at Syowa Station. The occurrences of 

ECS events are indicated by arrows. 

(4) rrrw (4) �vCju\,  ' -CJm-"k J: 5 vc, ECS vC vi:l:tf!.J::�EEO)�{r.vc x;ffc::-t" Qt 0) c, J;f 

fc:: L ft. \i '  t 0) c iJ�� Q. -: 0) -:.  c vi� 5 O)�JE��iJ. G fUJE � tL Q. � 5 vi ECS :§!�O) l:H 

:§!Lkc �O):l:tf!.J:�EE El �ti-c-, �lf'�l:Pvi ECS O)i:pii:.\�tU�:§!b-t". ,:O)�O)i:p, S m1  

vcJi-t Q No. 1 (1970 :4:- 7 JI 18 B )  c No. 5 (7 JI 30 B )  c vi, :§!�O)i:p1C.\�jUO)fiJ��� 

Fl3i (ECS titl:H:§! L t-:jtijF13i) O)F13i*9 1 mb ��O)��EE�1r.tJt ia�� tL ··n, o iJ�, ftgO)�,frvc 

vi, ..:. tt G  v:.J;J-�i"" omf�tdJ�.EE�1r.vt @ !c*iJ::b· G aJ! Gntt. 1,  '. 

\i ,fti,O)�,fr-c-t  �iift. O) vi, J::�-c- 20,._,30 m/s ��0)5jJttJt!!J::1, , -c 1, ,  o ..:.  c -c-� Q. 

4i �£�����0�a�0Mffi 

Bes c �£r13i�rl3,��0)m� c O)r13ivc vi, u
--
n:.jm"" o J: 5 v:.�11:Ei:tt.'*lf*vtJ! G ntt. \i  ,. 
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12 14 16 18 20 . - ··- 22, __ , __ , -22h (U.T.) 
( f )  

rnn 5 (a-f) :l:t!U::�EEO)gc�f71J. 5;:l:Pvt ECS O)q:i,C,,�;t-U�l.R--t. No. vt� 1 tr; J: cf:� 2 
K.5.R L- t.: ECS !J!flO);ffi:%. No. 1 :to" J: �  No. 5 --evt, � 10 5j-f91:Jm0)7I!t�J3££1t, c. �  
1,, ' ""  ':/l?lffi c. ti �  I?, �EE O)!Z'J,�llwti\tft@ � .n :0 .  

Fig. 5 (a'"" f). Some examples of pen-writing charts of barometric pressures at Syowa 
Station. Event No. of ECS corresponds to those in Fig. 1 and Table 2. 
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(1) lzJ 3 (a), (b) v:.:toi,  , --c :Rl:Pvi ECS ;!l�O) lli:!l��b L, .:tO)lzJO)J'!tf�v:.:!fu1ttt� 

Kp t�� �5:K L --C 25 0 /J�, -:. O)lzJiJ• G5i" 0 J: '.5 v:. ECS c Kp t�� c O)rim:. vivf c � .!::'IJlf* 

�iJ! G h t.i: 1.  '. 

(2) ECS c f'iHri�J.l v.--:::;r.,jo J: U ionogram � c O)F1=1i v:. t §13�tJ:1*},f*vitJ: \.  ' .  

(3) ECS c :k� 7° P r :/ ( > 60 MeV, > 30 MeV, > lO MeV) ;!l� c O)F1=1i v:. {i 1*JjlttviJ! 

lli-1:t-tJ: \, \. 

t.J-J:jm�t.:: J:  5 v:., Ecs vt�£r1=1i�r1=1i®i10):!l� c 0)1*JJl'l:ivt§J3 G iJ· --etJ: < ,  :k�P3:!l 

� c 0)1*J'f*iJ�W�c'2lf> 0 .  c < v:.J:�O)�J! c 0)1*J'f*vtW�--c,, Ecs 0) 1:B;!l�vc vt�,-f J: 

�--c, 20,,_,30 m/s :fflJ.lO) �J!iJ��lllU � .n --c 1. ,  0 -:.  c vi��B"Jc'Jf> 0 .  

5 . � � 

fi}ifr) i c·v:. ECS O)��:to J: Uftl!.:!l� C 0)1*},f*r:. ":) \, \ ""(jm�tc.iJ�, ECS iJ�:lfuf;;/(J'i-�ilO);!l 

�iJ�, -th c t  :!fuft:k�P3�il0) t O) c'2lf> 0 iJ· ,  .:thvtffi&%=2lf> 0 F1mi!c'2lf> 0 .  c -=.  c'vif'iH 

*9'�EE�*1*�, ;!l�O) JWJ;tt§io J: u@m� C 0)1*j,f*�iJ� G, ECS :9!�¥5�0)�-v:. ":)\, ' L  

���fi ? .  

5.1. !.l!'ili�'*11iT� J: t1'*1rai7J£1J'0):*:5«�:m 

� 1 iJ• G 5t 0 J: ? vc, fffirlr:ptt-=fio J: Ur:p rl3, r nx; 5t 0) � EE "J}J * 1* � vi, .:t h  -7c h 

-0.74 %/mb io J: u -0.16 %/mb c'af> I) ,  l /JN vi .:th-7ch 0.63 % io J: U 0.43 % c'af> 0 .  

{It"'.)  --c, t L 1,_,2 mb :fflJ.lO)��EE�1tt.J�2if> "'.) t-=��, r:p'l:i-=fnx:5tc'vi�EEv:. J: 0�1tiJ�� 

lli c' @' 0 iJ�, r:pF1=1rrnx:£r--c·v1�1:B � ntJ: 1. ' .  -=. -=. --c-��EE�ftO) J]'{lz:;10) °' c ":) c L --c173:imm 

1J¥Ei.�� x. --C � J: '.J .  

4-, lzJ 6 0) J: ? v:. 2 ":)O) �iJ�af) I) ,  .:t 0) J.I( fm:W-oo 0) J: ---rv:.� I. ,  --C , x jJjPJ v:.�iJ�af) 0 � 

�, -�v:.t�tb1J:ffiAvi?XO) J: 5 vc tJ: 0 ( -:. -:. --c,a�l=:EE*l�Himt:1* c L --cJ&:m: 5 ). 

z 

� u 2 

0 ____ _...,._ ___ ----.,,..._ ___ .........._ X l&I 6 mO) -;,,--v - }::. J: Q mt0)9e{E 
Fig. 6. Generation of atmospheric waves 

-� u , due to wind shear. 
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ou' ou' 1 op' 
Tt+ u  ox = --;;� O) 

ow' ow' 1 op' -+ U-= --- (2) ot ox p ox 
ou' ow' 
ox + ox =0 (3) 
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:. :. -c u', w' vi-t":h-t:hJ.\�O) X fflt%, z fflt%0)t�ib$%, p' vi�J£0)t�ib$%, p viW 
OC��bi"". 2 --:)O)JiO)m:W-Tifi� z=O c L, rJi� J: rf J:]i O)j\�� -t":h-t:h U1 � J: rf 
U2, Wit� Pi � J: 'Cf P2 C f.nvi, t�ib:15�AO)Mvi{k0)% C tJ: G .  
-ttJ: n'0, rJivc�"' , --c  

{ 
ui' = C1ekz cos k(x-ct) (4) 

wi' =C1ekz sin k(x-ct) (5) 

Pi ' =C1P1(c- Ui)ekz cos k(x-ct) (6) 

(4)' 

(5)' 
(6)' 

:. :. "c' c viiElO)�vflv�oc. -=. .nvi"' 'n� G 17'Jfflti::1JiEl"c'� 0 tJ�, (6) Ai:l� G% Q J: 5 vc -=. 
O)��,EEO)iBltJ��vf!vi"" 0 .  -t" 0)�$1vi l-.i2 mb "c'� Q O) "c', -:: .ttvc��i"" G c �x. G.n 
Q Bes vi, i:ptt-=fnx:%vc vi:mn.tt--c t ,  aB*°�!mO)i:pr�i-=tnx:%"c'vi�l±VFAJ!l§"c'� G .  

-:15, i:pr�i-=tnx:%vi�J£00i@J&O)�{tvc J: G �ml�*��:vt Q , Vt"? --c, t L�EETifii@Jlt 
tJ�*��ibvc J: "? --c fi'uW31¥JvcJ: ribi"".nvi, i:pr�,r�ltvijf�-t Q vi f "c-� 0. i7Ux.vi 250 

mb (-.ilO km �oc) � f.::. 9 O)�}Eiffii@Jlti:J� -.,200 m �{ti"" Q c ,  i:pr�irfflt%0)$%�ml�* 
1*�tJ� GfU� L --C, jtgJ:O)i:j:tf�,r�lt�{tvi l-.i2% vC fJ: G -=  c i:J\Wl� � .n 0 . Li:J� L4-@J 
0) ECS vi, i:pF�irnx:53-vC vi�lli � .ntJ:iJ� "? t-=. -:: C tJ� G, *arni�EE�ibvc�lzsl L, t-=. t 0) C fU 
� � :h G .  

s. 2 . .ffilM 

ftP:�"c-��t-=-��EE�{ttJ��ib"c'� 0 n�, � Q "'  ' viiElib"c'� Q n�vi, -:: -:: "c'vii'.k:5El¥JtJ: -:: 
c vi� x. tJ: t  ,tJ� (-t".tt�i'.k:5Ei"" 0 vc vi�,�niun�&r��!"c'� G), 4-n� 9 vcl7'Jimm::1J7Elvc# 5 � 
J£0)iBltJ��vflv-t" Q c i"".nvi, �EEO)��v::-:.%1'� L --c, !t!!J:O)�'iif��lfvc�i"' ,tfB:5} c �"' , 
$%tJ�tm.iU � :h 0  S:. c vc ts: G . A,�,EE7El0)7El*� La, 7](Sf�vf!v�lt� Va c 't":hvi, -t":h 
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d: tJ:. -0. S:. S:. c' La,...,.,106 cm, Va"'l03 cm/s (f*j$]ijJ7]tvCf§�) d:: -t°hvi, (COLLIS et al., 

1968; :'.mJI I ,  1973 ; lEff, 1960), r-a
"'l03 s d:: tJ:. 9 ,  JtUW�+%ffl]tO) ECS ™*iJ�, s:. ;hvc 

J: '? --ctMlU � h G -:.  d:: iJ\WJ%: � h -0. -ttJ:.b 't:>nr];Jt§O) ,BiJ� G� x. --C t ,  ECS vi -:. 0) J: 5 ts:. 

��EE�11::v:::. J: -? --C 4::. 1.: k�lii*'7ll5!lt�11:: d:: ,E�thh G. 

-15, nrJ;Jt§O) ,Bttvt--c� x.hvi, -@v:::.�ts:. '? k-=£- 7·1viJ�� x. GhtJ:. \, ,ID(--c·vits:. \, ' .  ffeUx.vi 

�£Faj�Faj��O) tp G &' O)m_�� Ls d: L, ,tO)f$ib�lt� Vs d: -t G d:: �, -thiJ��fii*-71 

�1Jtt�;&i &' G f-.:61.)vC�fti�?'Jl V '/:J- v -'/' 3 '/i7�4::_ t,, 

tJ:0nrlWliJ�lji�-t0 s:. d:: iJ�Wl%:�h0. S:. S:. c'ffeUx.vi, Ls"'l010 cm, Vs"'l07 cm/s (:;t:�j{, 
�JtO) * - 3t -) d:: -thvi, 

d:: \,, 5 f@: VCvits:. 0 iJ�, -thiJ�ffi['t:>vc*fflc'mlt9 Lt.::. ECS v:::.:xtJ;t-t 0 d:: vi� x.lf\, '. fPJ d:: ts:. 

hvi, 4 115--C}ffi..--:t.::. J: 5 v:::., ECS vi::t:�tm�F1=1j�F1=1J1t9�0);ffl,* J: 9 vi, ts L 6:k�f*J;ffl.* 

d:: ��vc�iW?� L --C \, ,  0 iJ� G --c-� G .  

5. 3. {teJ.Jl� � '7) J:t� 
4 115 2 �to J: u· 5 115 2 �veto\, , L}ffi""'t.::. J: 5 v:::., ECS vi�£F1=1j�F1=1J1t9�0);ffl,* d:: vi� x. 

v:::. < < ,  tsL6tmft:k�f*J1t9�0):ffl.* d:: �x.Gh0. -t tJ:. b 't:> 4 115 1 �c-]ffi""'t.::.J: 5 v:::., 

ECS vi�* t: .1: 5 !LO)�v:::.¥61:_ L ��:::.J:�O) j\,�O)* � 1, \�itv:::. :xtJ;t L "(\,, G -:.  d:: iJ�§JJ 

Gn� --c-�0. S:. O) S:. d:: iJ�G, 5 115 1 �--c-��Lt.::.J: 5 v:::., �* t: .1:  5 !Lv:::.f=f:\,,, J:�0)5!j{, 

v:::.�Jt9 � n --c 1,...,.,2 mb fflltO)�EE�11::iJ�Jt9 9 , -tnv:::. J: 0 �EE3<'h!f: d:: L --c�m*?'il'*1tt-f-nx: 

,t!C�{tiJ��lli �;h, i=f:tFai-=fnx:%v:::.vi§IJ]&O);@_ffiVC J: iJ �1tiJ� mnntJ: \, , t 0) c � x. G h 

0. hhhhiJ�J!lli Lt.::. ECS m,*vi S:. ;h  --c-� 0 d:: fUWT�h0. 

� 2 toJ: -a 4 115c']ffi-"f.::.J: 5 v:::., ECS vi S ml, N ml0) 2 ��in:::.%��h0. �5 iJ;G% 

0 J: 5 v:::., S ml 0) 2 JU (No. 1 d:: No. 5) vi §JIG iJ;v:::.tmJ: O)��EE�1tv:::.xtJ;t L --C 1, , 0 iJ�, fm 

v:::.vtj/tJ: < c t tmJ:O)�EE EI!�ftJ:c'vi, :xtJ;t-t0 J: 5 ts:.�EE�1tvi�o6G;hts:_ 1,,, LiJ; L 

1, ,f;h,O)�itc' i  �mi L "(� x. 0 -:.  d:: vi, ECS a:xtJ;tL--cJ:�O) j{,�-�lt v:::.�j/0)� 

vi� 0 iJ�-iJ��* L --C 1, ,  0 ,B c·� 0. 
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J;LJ:O) -:. c ii� G fiJ=iO)�,g-vcv-t , J:fl c·0)5!i]i.vc�� � nt::.!z�EE�1ttJt�J: i c·JIJji L. 

t.: t 0) c �x. G :h 0 .  @,O)�,g-c·Lt, J:!l c'O)�EE�1tiltrfl vcfi < VC� 0  -c��-t Q i}�, 

i t.:vt, J:rflvc:t-ovt 0 iJ1ltJt�uz:fflvctt: "? -ctr� L. S  1., ,, t.:oovc�J: i c·vt�1ttJtf1Jji L. ft: 

1., ,  c � x. G ti 0 .  L.il�  L. -:.  O)�,g-c· t ,  �**lvtl:�c-�vtt::.!z�EE�1t0)�•��1:vc� 

x. -c 1., , 0 t 0) c tl5E � ;h, Q , t::.tt L -:.  O)�,g-, �EE3<'h*'f*�O) �}Jt{lffflt��!l-t 0 �,�iJt 

S 0 il� t  L:hft: 1., , ,  iUx.vi, cutoff 2 GV O)�,�c·vt 200 mb �,Jtc-0)-f*�vi 600 mb c·(J) 

-t"h .J: IJ t *9 10 % 11' � \, ' (CARMICHAEL and BERCOVITCH, 1969). � "? -C!z�EE�{l:0)9e:1:_ 

�JJtvc .J: 0 -c ECS O)*"' , � vi�1t-t Q t!.6 5 .  �vc i3 *.vi, t L�Elf*JjtO)iJlU5EfflJJtilt � G 

vcfPJJ: L, i t::. 2 :bm J;LJ:O)�tt: Q �JJtc·O)•muiltsnvi, -:. ti G ii� G *-�iJ1l'.ifJ0)9e:1:.�JJt 

�tl5Ec· � Q AJ��ttilts 0 .  

tLJ:, -:. O)ffi)c·O)��� i c ob  Q c ,  4-@10) ECS lJUlvi�&rai�ra,�1(0) t 0) c � x. 0 

.J: IJ vi, �1**-�113�V](O)m,� t. f1JWr � :h Q .  LtJ� t -t":hvi, ��r: .1:  5 !Lv::.ff1., ,J:�0)5si 

Jt.vc�� � nt.:!z�EE�1tO)�fl��vtt::.�Elf*&5Yi1Jt�1tc'S Q -:.  c �*6i11B-t 0 -:.  c iJt tt1*= 

0 .  ECS tJtr:plt-=ffflt5tvc 0) .7;,_f:ijm, L -C, r:pfai-=fnx:5tvcf:ijm, L ft: \, ,  O)vi, �EE�1tilt 1,-,2 mb 

�,Jtc-, r:pfai-=fnx:5tvir:p1:1-=ffflt5tvc.It L -C�EEt::b*i*�iJt,J, � 1., ,f.:oo c·s IJ ,  i t::. ECS v::. 

xtJ;c; L -C�J:�EEO)�{tiJ��oo G :h 0 il��il�vi, J:�c·9e:1:_ L t::.!z�EE�1t ('WUx.vfl13fffi1t 
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