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Report of Cosmic-Ray Neutron Observation in the 

9th Japanese Antarctic Research 

Expedition 1968-1969 

Tomoshige SuoA* and Masahiro KODAMA** 

Abstract: From February 1968 to January 1969, cosmic ray nucleonic 
component was observed at Syowa Station, Antarctica (69 °00'S, 39 °35'E), 
using a duplicate set of 5-NM-64 super neutron monitor with a multiplicity 
meter. Almost complete observations were achieved except the lack of 4 
consecutive days for one monitor. 

The mean multiplicity of the monitor is 1.42 ± 0.03 and is in agreement 
with the value of the standard 6-NM-64 monitor obtained by HATTON, et al. 
The mean life time of neutrons in the pile is found to be 54 7 ± 1� µs which 
is a little longer than that in the 6-NM-64 monitor. These results come from 
the pile which was constructed as a single pile consisting of 10-NM-64 
neutron counters. 

The annual change of neutron intensity covers 9.0% in range, showing 
the maximum in April and the minimum in November, with larger disturbance 
in the later half year than in the former half. 

The multiplicity dependence of the barometric pressure effect and For­
bush decreases are surveyed briefly. Using the data from three large Forbush 
decreases, the relation between the multiplicity events and their corresponding 
primary rigidities is discussed by comparing the latitude dependence of the 
amount of decrease. 

Descriptions and data of the solar cosmic ray event of November 18, 
1968 are also given. 
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mh.Jl 3¥�5,m)Jt �� lt.:.. t.:. t::. lBBfo�it!!I:--:)\ '-Cl±, I %;t!O)Ml O){iil--C'IY> tJ, Mawson 
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No. 

�Ji EB �It • I j \ ::EiE 5k 

� 1 1 ��. 2�t�O)ttWx1!1 (1000mb��O)lf¥¥F�ifit) 

Table 1. Comparison of the counting rate observed with No. 1 and No. 2 neutron monitor, 

normalized to JOOOmb. 

1 {
Counts/h 

2 r
ounts/h 

I M 1 I M 2 I M 3 
• 

M 4 I M 5 I M 6 I Total I Total 

j 
event counts 

105,696 

74.32 

104,958 

73.67 

"iii 
C 
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c 

-I 

-2 

24,46d 7,341 

17.20 5. 16 

24,893 7,600 

17.47 5.33 

2,519 

1. 77 

2,752 

1. 93 

1,060 

0. 75 

1, 119 

0.79 

% 

2 

2 3 4 5 6 7 8 9 10 11 12 I 
Month 1968-1969 

1, 149 142,225 200,047 

0.81 100.00 

1, 144 142,466 202, 199 

0.80 100.00 

Fig. 3. Annual variation of monthly mean values of neutron intensity. 

\, 6. 93·!1:-=fttO)::kmmiffil.t= J: 6�11:li, i@jf$J.t-e t 1 %PJT (BERCOVITCH et al., 1965) 

c�x. -c J: < ,  jJ:� 3 1::::h-0 J: 11=WJ�trilif-¥f:1<0):1tt�
--
efqJtft-iftJifoJ1J,J,.. Gn0.:. c IJ, G, 

.:. O)�{Ui::kff!Ht, :lt!!:81(>7� --C'O) 1 vc:r-:mt'JlO)�i1) � Rlfk:T 6 t 0) ch--CJ:\'. ¥m**5jJl'.O) 

ffi,J\IJ, 6 A c 11A 1::::Ji G n 01J,, .:. nii, *�O)J\1t�*§xt�O)ffi::k1J,, 5 A c 9 A 1::::!J!nn 

-ci, 0.:. ct=xtrit L -C\, 01J, t L nti \,. ¥@ti ti, *�ffliJJt= J: 0�£rgi�rgiO)tLn � rz 

!eR:i": 6 t 0)--C'"cr) lJ, *�mltJ c O)�rlcl,O) B < nlJ,� ;z. G n 01)' G "1:'"&) 6 (KANE et al., 1969). 

� 4 !::::, �Ii tJ. 1 ��O)Mlt:::: --:=>\ ,-cO) B 517-�1@ �:k� §�JWJM�l::::5F Lt:.. 1968ifli, 

IGY (1957,..._, 1958) 1J' G Ufj:. § 1.: � tJ, *�$J}JIJ,:tn.I::kt= t.i 6i:J:. c � x. G nt:.. ¥m**1J' G 
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!&I 4 � B � 1t. 
Fig. 4. Day-to-day variation of event number of multiplicity = J. 

Daily mean values are plotted for every solar rotation cycle. 
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h1:�lbli, IGY <1>�W:k ! 7J: t <1>-Z:'lifct i?'.., t.: i?t, � 1 c �h-tl:""t" ch. i5 c, 6 }J P.JJfli'ffl' 
t.:C .1: J%L�:$l"t"\'i5. *m�hro.li, 10}j28131.:f-;11%<1>�&�:$l t.: t <1> i?t�t:k! 
< ,  2 %PJJ:<1>�9''�:$ lt.: t<1>li, � 2 l.::$T J: 'J t.:�$-c·l4§1�;: .., "t"\ ,;s. ;:<1>ftf!!M: 
JUctll� c l "t", 11JJ rn s t.::i:!$iun":t��t= c t tct ".) �ffi':1:1¥11.Jai?tfirJlU � nt.:. 

� 2 !:j:: in ;Ml JI (1968) 
Table 2. Forbush decrease (1968). 

No. Date I 6 I II No. Date I 6 I 

1 Apr. 25 2% 8 Oct. 16 2% 
2 May 7 2 9 Oct. 23 2 
3 May 21 2 10 Oct. 28 11 
4 June 11 4 11 Nov. 16 6 
5 July 10 5 12 Nov. 24 5 
6 Aug. 3 2 13 Dec. 5 4 
7 Oct. 1 5 14 Dec. 26 2 
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4. Multiplicity �'[1: 

NM-64*m��t1;1:, IQsv�O)*mi,�t c L -C�}£ 2 n (CARMICHAEL, 1964), ?lU'.i:Efflll 

O)�J:.I: J: lJ, *m��iti � *B:li?' < IJUlU!±l* 6 J: -:i t: t�-:> t::_. � 5 /: r=r·l1:rtt 1' 1 1vO)tfitm � 

p 

••·.a••• . . . . 
:·:.·,·.·.;·. ·. ·. ·.·.:-:-:: 

· 100 % 

1····�:::::-···�to ... ......... a······.·.·." .····· .. ·.· 
···

·· .... 
\.�wood >o··· ..... •o 

.. ··· ·\. ' ·., ·:: . Counter 

120.3 % 136.6% 

T '68 

135.8% 160.7% 168.0% 

� 5 *m�q:i·&ritO)�� 

121.1% 

167.7% 

10cm 

t,,-1 

164.8% 

Fig. 5. The arrangement of various types of Nlvf-64 neutron monitors. 

7f: l -C &°) 6. B1°F 8 jj 7-. � ".:) 66 f::_ tt�if O) [ill lJ � 2cm0) rf- 1) :r_.:J- v '/ -C'-/p 'C.. h-, -t 0) [ill lJ � 5cm 

jJO)fJ-C·;,j, 'C.. Iv -C·iP:>.6. 'C.. n � 7. 5cm0) ;f- 1) :r.. ;J- v '/-C';t:-3 ;t:-3 -:> -C, 1 -::)0) 1, 1 Jv I:. l -C iP:> 6. 

,u�O)J)j{f!li, fH}l3;,j, G A!t l t::_ *m*1Utr Cr=r·l1:r, �r�) ;,j,�t�if � C lJ i < fclO) 

�c, ))j{-=t-�RTiiS��'C.. -t. *m*11�r0){�£zs�:r..;t.1v�-� 200""300MeV c -t"6 c, f 

:f:�J..;fJv�-2MeV{v:O)r=p·t1:rn{f;J8{ltI!'±.f6 (BERCOVITCH et al., 1960). 'C.,O)&tj, AMT 

6�rO):r..;t.1v�-iJ{j(ettnli', J: lJ3'<0)r=pftrn''±.f6. iJU.zLf, lGeVO)�r-CU 

f;Jl6f!tI]O)r=p·l1:rii{ /±l*6 (PEARCE et al., 1964). 'C..iflGO)r=pftrli, tt�if� c lJ i < rf-

1J :r..;J- V '/-C'�,J!l=�J! 2 ;h, 1' 1 JvO)r=p ���iti� L,t�;,j{ GMJll l-C{r <. 'C.,O)j@J;fi-C·�i­

�ifr=pO)B10 1:tmii2 n6 c, 

O),Bzf,t,�'±.t, 1-::)0)�c l-C�ci}2n6. CARMICHAEL;iO)*aj��t-C'li, 6*0)tt�if 

� 1 tfi C l -c I' 1 Jv � {t: -:> -c &) 6 . 'C.. 0) I' 1 Jv 0) i=r -c· B10 I= ll}k lJ;Z 2 n 6 r=p ·[1: r I j:' !±l * f::_ t 

O)O){{(g 6 %-c·, ffuli1' 1 ;Vr=pO)�M!!iml:ll}klj;Z 2 ht::_ lJ' j�ff13-"--iJA� l -Cl i J . fHJlUO) $ 1) 

:r.. 1- v '/ Ii, ± c l -C:tlb. � 0) �j{ c t� -:> -C B lJ , 1, 1 1v r=p I: -R < r=p ·11: r � -\i 66 -C ;t-3 < � !IJ � 

f.J -:> -C\ \6. 
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1:., 10*0)tt�W;o1 &) IJ, :z- n � s *-:::>--:)O)*Ju:. v·-c, 2 --:)O)*miMltt �ft-., ··n, 6. LJ:: 

ti-., -c, s *IA.!�O):it.w-1:. u: if 1J .:r.1- v Y�Lt/\ -., -C\ ,t.;\ ,. .:. O)ffu, fJO):szJt1:., CAR­

MicHAEL:ii;o{ 7 Jv � . .:::. r; .L,.O) lcmO);Wz � ffl\ '-C\, 6 0)1:.:x1 l, � k O)lj:* � ffl\ \-C\, 6 . .:. 

0) J: J t.;�Jtli, iJtf�yJ].:tJ:.tf=fO)�W � .!§. .:z. 6 c � .:z. G n 6. ti« t.; ,,, 1 1v 1:. "".J\ ,-c, :ffi 

]!}!"t;tj, c 0) J: J 1:.�t> 6 iQ' lj:HATTON:ii(HATTON et al., 1964) 0)1J{U�;o, &) 6. @5 1:. 3;fiffi 

0),1, 1 11,;o{:$ l -C &) 6. HATTON:iili, 1 *O)tt�WO) t 0) � P, 3* UJU:. l t.:: t 0) � S, 6 

* � 1 *JU:. l t.:: t 0) �Tc l -C �« O)�·lt � l i:J.,.zt.::. S lifJO)jjf ;o{�t.; 0 ,���It l;f, 

1967�l!"t1:.BB��t-tln:·ffi\ 't.:: t 0) c IA.! t -e:-&) IJ, @1:. '67 c 1#�c. l t.::. TO)@li, �@O),,, 1 

1v-c\ 6* 1 *J:1.1:.t.;6 J: J 1:.�tt�n-c&) IJ, HATToN:iiO)T1:.t§�-t6. fil. l, :ti'-*-,tc 

O)i1c1i1:., if 1J :r..1- v YiQ'A -., -C\ ,t.;\ \�;o, T c�t.; IJ, T', '68c L-ci:b 6. �tt�WO)Tvc 

� lf.::0)/j:, �t'z:r�O)IT�$"'('·, p � 100%1:. l.., t.:: {; O)"'(''af> 0. �k O)�HATTONJiO) {; 0) 

cJ:tfx-t0t.::661:., s c'670)f�1@7i{IA.! r1:.�0 J: J 1:. Lt.:: . .:.O)@;tj,i:J,t;o,6 J: J 1:., ,,, 

1 1v iQ'* � < t.; 6 c, tt�$7i1�1Jo l, it.::,,, 1 1v0) q:i,C.,,0)1J;o,, it/MO)tt�W J: IJ t tt�$ 

;o,:ffi < t.; -., -C\, 6. .:. nli, ,,, 1 1v 7i'*- � < t.; 6 c, �Wfff c f;f,:�O)J:l::;o,,J\ � < t.; IJ, ,,, 1 

1v�ITfi;o, G q:i·lt-J-O)�lflli-t!IJ-§-;o,:J,'t.; < t.; 6 t.::66"1:'&) 6. � 3 1:.ttr�, event�' :f:-n 

G O)P1:.M-t 6.1:1::, N.U'f�:ffi:m:}!"t � :$ l -C &) 6. P, s, T1:. "':J\ ,-c Ii, HATTON ;_tO)fj-C-'&) 

6. 

as &k��lt��=?-�tt�• 

Table 3. The counting rates in different arrangement of the NM-64 neutron monitor. 

Geometry p s T S, '67 
per counter 40,234 N per hour 33,310 41,970 44, 180 ± 117 (lOOOmb) 
per counter 26,650 30,630 31,330 29,402 NE per hour ±830 ±860 ±430 ±109 (lOOOmb) 

N per cent 100 126.0 132.6 (126. 0) 
NE per cent 100 115±4 118±3 I (115±4) 

- 1. 25 1. 37 1. 41 ±0.04 ±0.04 ±0.02 I 
1. 37 ±0. 005 

N: total count, NE: total event, u: N/NE 

T', '68 
50,881 ±46 
35,886 ±40 

159. 4± -
140.4±4.6 
1. 42 ±0.03 
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Fig. 6. Mean multiplicities as a function of the number �O)dead time c 0)�1j 

and position of neutron counters. Fig. 7 .  Total counting rates of neutron intensity 

as a function of dead time in circuits. 

/{ 1 ;i., O) i=j=i O)�t�ifO)w.i'i:-e, 3ft��]l[./tn' c 0) J: -:i t -: t.t 6 n' 2:'5F LJ: O) ;o,, � 6 O)TO) 

,�-c, / {  1 ;i., O)�;o, G i=j=i,t, t-: ,  [ti] n' '? -C I ;ij, G 5 1 -C-'0)1ftti:t-=  --:J \ \ -C 0), viO)ilfi 2:' 5F L -C l '  

6 .  .: nn, G I --:JO) / { 1 ;i., O) q:t -C-' U : ,  c .: -c t fi'u C� ]i[./tO){j 2:' 7FT ch--C J: \ \ . 

� 6 O)J:.O) ,� t;;J: , tt�if I lk.U' 2 2:' --:J tci: \ \t::� , I n' G 5 i -C-' 2:' -{tt-:  L t.: c � O){f 2:' 5f­

L -C\ \ 6 .  t.: t:: L ,  '670) ,� U: , 3 *0)�t·��0)/ { 1 Jv c'0) 1fc'� 6 .  -=. n n' G  1 --:J0) / { 1 ;i., 

O) q:tc' t i ,  :g; < O)�t�if 2:' 1fzfu t-: --:J t.t \  \ t::1J n,3ft��mocn'* � < tci: 6$n'7tn' 6 . .:nu, 

1t G nt.: i=f=1·1�-rn', / {  1 ;i., O)i=p  � 11t� L -C \ \ < $n' G,  t�l±l�c,� 6 tt��O)*�;o,:g;\ \;j¥, 

i=f=1 ·&r�l±J O)i{[$;o,� < t.t � vi: '? -c, �]i[./tO)j( � tci: t 0) ��;z Yi c -t.:  c ;o,:J,, t.t < t;;_ 6 t.: 

of) c � ;z  G n 6 .  L n' Ltt��O)*� � � L -C\ \ 1 t 1 :f. ffllJ& t=�moc n'* � < t;J_ 6 n rt -c-, t.t 

< ,  {J(O) i=p·&rO)f��1rp c O) ;o, tJ �  \ \ c t,t 6 .  

/ {  1 ;i., O)i=p  /_: i=p·&rn' c O)W:O)�Fsj c c i '? -C\ \ 6 n' l i ,  tYr�!ft��1rp c L -C�h 2 n, 

/{ 1 Jv 0)¥-f•&0)1�� c tci: 6 t O)c' �  6 .  � 7 t-:5f--t J: -:i /_: ,  �t�@�O)::f��FsjO)�� c L 

-CO)ttl{[$o)7£11::n' G ,  f��1rp i- c L -C ,  



No. 42. 1971] 

r = 547 � 1�� µs � :{ft:. . 

9 

.: <l){ia li, IGY�<l) i:f:1'1'1:rtt<l)fj:��frj-330 ±20 µs J: lJ � < ,  6 *<l)IQSY�i:p'f'fr�t<l) 

{l520 ±20 µs (HATTON et al., 1968) U ilWHf<l)ifalffl-c·---,3& L, --n ' -3 .  

s. � EE � � 
i:r'&r¥m�tt-c·1wrn � n 0 <l) ti ,  **� i:f=i <l)�rJJx:'.Jt-C'&") lJ ,  !tmJt c <l)./Rfitt is!\ 'JJx:'.Jt 

-C'&") 0 .  3<t)±<l)��li ,  �rJJx:'.Jt<l)ll_llj;l:ffl.� c L, --rwr��� � l?d a:'T . BBlD�itk-C'<l)3<l_}±�jJ 

*f*�li ,  ::GEE • lj\35: ( 1969) , KODAMA and INOUE ( 1970) 1.: J: lJ ¥ii� � n "(\ , -3 .  L, 1J' 

L, '  ::k'AJi-<l)'=j::fil�<l) .r. 1� Jv :¥- A �  7 r Jv.<l)j]<.ip�{t � Blaik:T 0 ir-!ff.�11: (GRIFFITHS 

et al., 1966) t &:> lJ ,  ,,{ 1 1vft�<l)�{t 1.: J: 0 �* t � .:z. G n 0 .  

� 8 1.: 8 JI 12 B iJ, G 18 B 1 -c·<l)3<tff, RU�� m:tt�<l) 2 �rai{l � 5F L, --r &:> -3 .  1 :ffi: J::iJ{ 

13 14 15 16 
Neutron Monitor ' Syowa Station ( At1g 1968) 

1&1 s �!l!J:P'i1:r1m!t�ft. c3KEE�ft. 

110 % 

17 18 

Fig. 8. Time variations of barometric pressure and frequencies of multiple neutron events from m = l  to m�6. 
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3<tEEc', :!Jl0iih14Qmbvc;i--t 6 J: 7 ti:--J:. 2 t.I. 7· 1) -tf- F h1iffi� L t-:M]O>(ftlc'&:> 6. M l i'.}' G M6 

1 "('<!) 6 *<!)*'' h'\ \fn t 5<tEE C. J: \ \*§00VC &:i  6$h15J-h, 6.  it�¥N, �[£<1)�11:_;_ ap, 

�EE�:!lrHJ�p c. --t 6 c. ,  

oN - N = exp( -pop) - I  

<!)�{;i i'.I' G ,  *§005)-tfi· � L t-: *a* � � 4 l.:7F L t-: .  ltl/it<'.<1) t-: o61.:frJ�<!)fj t � LJ-:. frJ�. c. 

J:t""'-c �*i*�h\ 3¥:L� L -C1J\ 2 <ti: -:> -C \ \0<1) h13! Gn6. -=- <!)�lzi l=U: ,  tiJ�<!);r,!±p 

�1t, / {  1 1v<1)%<1)�, tvttt1Jtl<!)�j;t.I. c 1.: J: 6J.;�h'� .z G n 6 h', it L \ \$li�1i<!)fW 

t'r I.:  :ff 1:) t-: \ \ . 

'68 Corelatiori coefficient 
'68 Regression coefficient 
'67 Regression coefficient 

� 4  � ff �JJ * 1* � 
Table 4. The regression coefficients of pressure effect. 

I M l  I M 2 I M 3 I M 4 I M 5 I M 6 jTotal eventjTotal count 

1 - 0. 9701 - 0, 9701 - 0, 9751 -0, 9751 -0, 9251 -0, 9751 ± Q 005 ± Q 005 ± Q 003 ± Q 002 ± Q MO ± Q 007 

I - 0. 60 
i 

- 0. 76 1 -0. 83 1 - 0. 84 1 -0. 83 1 - 0. 82 1 ± 0. 015 ± 0. 0 18 ± 0. 019 ± 0. 019 ± 0. 035 ± 0. 023 

I - 0. 701 - 0. 821 -0. 871 -0. 881 -0. 901 - 0. 871 ± 0. 0 1  ± 0. 02 ± 0. 02 ± 0. 03 ± 0. 03 ± 0. 02 

6. * E8 � � 

- 0. 65 1 ± 0. 016 

- 0. 731 ± 0. 02 

- 0. 69 
± 0. 018 

-0. 76 
± 0. 02 

� I <1) l 4{!]!IT<!)*m�-<!)i:j=r, �j,"<1)--J:. e i'.I' ":) t-: IOJI 2 8  B (1 1 %), l IJI  16  B ( 6 %), l IJI 24 

B ( 5 %) <1) 3 iJ!J�-'ft� L t-: t <!) l:--:J\ \ -C ,  §:-fflJ§tl.: J: 6�*� L G""-t:::. .  � 9 1.: 1::J: ,  ��t 

�1ial.:>ff--t 6��mJ.lf!t<!) event �� 7F L t-: . ;:. <!){tJ'iW-th' G %�ffl}.t<!) x. .t- 1v .:¥'-{&;{¥111:h{ 

h. G n 6.  � 101.: liBBfo�fthc·<!)��t�1ia<1)�1t l.:x1--t 6, Resolute (0-0GV), Churchill 

(0. 2 1GV) , Deep River(l. 02GV) , Dallas(4. 35GV) , Hermanus (4. 90GV) <1)%ilVJlU,� 

c·<!) -z-n.:Z:'n<!)�1t_;_�7F L t-: .  �±th,�c·<!){tJiW-1-<!)�li, cut-off rigidity (h,� -=. {u!O <!)� 

1= J: 6 t <!)c· &) 0 . -:. <1) 2 "'.)<!)� �-ei-v-tt-c, i%tllila1= -z-n .:z:·n<!){tJ'iW-1-� c. IJ ,  � 1 1  � fJ:: -:> t:::. . 

;:. <!)  2 --:J <!)� �J:t�--t6 c. ,  �§'.-ffllf<!) 1. .:t 1v.:¥'- Cx. lirigidity) ht3ft� c <1)1l'L l.: *§�T6 

i?' ht 51-h' 6 . �p 1:) i%t$m <1) lqJ r 1il1:I <1) FJr h t  lql r rigidity� t "'.J c. h. ti: -tt 6 . §:-ffllt <1) � c·, M I J: 

1J t M2, M3 <1)jjht--J:. 2 ti: �1t �7F L -C\ \ 0 .  -=. <1)�1z11= "'.) \ \-c i ± ,  *t-=Fpimh,7! -:> -r B  1J 

(;J\I, 1 970) ,  1 --:J l.: I ± ,  µ :Jmifc·� r0i:J=r'/'1':rh1 &:> IJ ,  -:.nh, Ml /.:A0-=. c. h', I :ffi:§:­

< ,  M 1 <!)f� x. .:t 1v .:¥ - il� < ti: 6 JJJtmtl:h, &:i 6;:. c. . t 7 1 --:J <1)--J:. et.I. �lzl Ii, /{ 1 1v 

P':lc'�� LJ:::. i:J=r·l1:rl.: ,  /{ 1 1v17:1 c·<!)�liµi'.J' &:> IJ , §:-fflltttl.: 1 ±  1 --:J<J) event �liil' 0ih1t: 



No. 42. 1971 J 

o/o 

5 

0 

-5 

/. 

-5 

Oct. and Nov. 1 9 6 8  

0 5 ·  °lo 

Total Count Syowo 

� g *m;Mlil(J)�:1:1tw* 
Fig. 9 Multiplicity effect of three Forbush de-

creases observed in October and November, 1968. 
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Fig. 1 O. Latitude dependence of the Forbush decreases 
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+ 
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�1 1 **iUii(J)�!im'.ti* c l$m'.3W* 
Fig. 1 1 .  Multiplicity and rigidity dependences of the Forbush decreases. 
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� 5 !J, lil:!t c rigidity (BV) 0)1*jf% 
Table 5. The threshold rigidity(BV) corre:,ponding to observed multiplicities. 

M l  M 2  M 3  M 4  M S  

For bush decrease 1968 ---..., 1. 0 ---..., 1. 0
1 

---..., 1. 0 1. 5±  0. 25 3. 8± 0.65 

1 9+ 1. 9 Unusual increase 1967 I. 1 ± 0. 1 < 1.0
1 

1. 0 ± 0. 4 1. 5 ±  0. 5 · -0.6 

� 6 �m'�JJD�O)rrfx* (l071fifl) ( 1968i=j:.l l}j 18 8 ) 
Table 6. Ten-minutes counting rate at unusual increase, Syowa Station. 

( X 100) 
I Time(UT) Pressure Total counts 

Time(UT) Pressure Total 
(mb) No. 1 I No. 2 

I 

(mb) No. 1 

0800-08 10  I 987.0 363 375 1200-12 10 987. 2 372 

08 10-0820 364 375 12 10-1220 370 

0820-0830 367 366 1220-1230 369 

0830-0840 369 368 1230-1240 370 

0840-0850 363 369 1240-1250 365 

0850-0900 364 377 1250-1300 365 

0900-09 10 987.0 362 367 1300-1310 987. 3 367 

0910-0920 369 368 13 10- 1320 365 

0920-0930 365 370 1320-1330 368 

0930-0940 367 368 1330-1340 367 

0940-0950 358 372 1340-1350 367 

0950-1000 357 366 1350-1400 364 

1000-10 10 987. 2 364 370 1400-1410 987. 2 364 

10 10- 1020 36 1 370 14 1 0-1420 355 

1020-1030 358 372 1420-1430 365 

1030-1040 363 365 1430-1440 365 

1040-1050 367 373 1440-1450 366 

1050- 1 100 40 1 399 1450-1500 367 

1 100- 1 1 10 987.2 387 396 1500-1 5 10 987. 1 36 1 

1 1 10-1 120 377 387 1510-1520 364 

1 120-1 130 373 376 1520-1530 360 

1 130-1 140 37 1 374 1530-1540 367 

1 140- 1 150 369 377 1540-1550 364 

1 150-1200 374 374 1550-1600 366 

M 6  

7. 5 ± 0. 50 

4. 4 ± 2. 4 

( X 100) 
counts 

I No. 2 

378 

376 

374 

37 1 

373 

370 

369 

374 

370 

372 

365 

37 1 

369 

370 

37 1 

373 

373 

363 

374 

368 

368 

366 

370 

369 
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Fig. 12. Time profiles of unusual increases observed 
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!Wirai (7- } $1, lm s ) nt&,�-c-&°) 0 2: cn' G, ��t:JE1?. Lt:: �!tll t fi0)� !1U l c L 

--C�c� � .n 6 �* C overlapping and overpassing �*) i}t &°) 6 .:.  c -C', .:. .nnt 20"-'30% 

t: t ;f-t 6 c� *- G .n 6. .:..n G O),�U: , . �1=� l, \  'Mttfnt&,�-C'&°) 6. -r,tO) § � c L 

--C, ��!t)Jtl:1§�-t origidity t � l ln' G J: h. c-:, --c, � 5 1:� Lt:: . .:. .:. -z:- M l , M2 , 

M30) ,t O)li, �ff�"'lGV1:1§�-t 6 c{&)i:'. L t::.  �flO)tiO){jti, 19671¥, l fal 2 8 B t:� e­

t::�m-±i:bDO)r$1l�*n' G>l<tY>t:: t O)"'('&°) 6 (KODAMA et al., 196 8). i t::!�� Ii -J:::. e- . \, 

nr, \ ,f.n0)1J$-c-1ft= t 0) t -J:::.f*[ll] tw:O)fiti t � L --c B 1J ,  .:. .n -t-, �mJJtttnt-fmO).:i:. 

-l 1v � -ittfr� c L --c ffl\, G .n 6 § �nt--:J\ ' 1:: c h.  --c J: \ , . 

7. � 'iW � 1JO 

196 81¥,l lfal 1 8  B 10�505t U.T.iJ, G 1 1� U.T.O) 105tfilt-C', BBfo�:lfuO)*a=f��tl:*1 8. 9% 0) 

:f:�:bolJ!�ntJJUJlU 2 .n t::.  � 6 1:, I %�, 2 %�-c-U1JlU 2  .nt::�tt�O)l071{@ t �  l.J::. � 

1 21-:: 1;:1:, t!t-W:�:lfuO) .:.O)eventO)±i:bD.m. t � Lt:: .  � t -�) *- t::Goose Bay (53 ° 1 6'N, 60° 24' 

W)�1;:1:, 1 3%0)�:bo t � L --C \'o . 

.:. O)�JJD t B .:.  L t:: c h.  G .n 6:k�ffiO);ijHeli, *�m�O)ijlyJlUI= J: 6 c, fll]�I:�\ ,m 

1B( �i1u�-c-�.:.-:, --c B 1J ,  w :ru!O)m��M-c-&) -:, t:: CL1NcoLN, 1910). m��!tnt 1 1 �2s 
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"'265]-U.T. 1::1::_ t, t:: 0) 1::M L ---c,  **** -// 205]-iJ, G 305]-B < n --ot!tf:jH::Ji L ---C\ ' 6 .  .:. h 

u: , :;t[Wj±-tt0ir�, O)�rl3im� i:r � m11tm r iJ,1�11 L ---c 3fu:: t:: 60 c. � .:z. G n 6 . 

�@JO)±i;/JOO)t�*U:, � 12iJ, G:5t 6 J: J 1:: ,  ±i;/JDiJ'3f�JJEl':lc', 7 ;i 1) jJ wt=�R --:>  ---C\ \ 6 

$'.c'ir:) 6 .  8B;fo�±fu t ,  **�iO)A�JJJ� iJ, C:J h- 6 c. ,  7 ;i 1) }J wl=� l ---C\ ' 6 .  3 - P o' 

1� 0)0ulu (65°0 I 'N ,  25°30'E) -z· t ,  7 :) 7 0) Tixie Bay (7 1 °36'N , 128°54'E) -z· t ±i 

;/JoiJ,h. G ntJ i)' --:, t:: . C. h l;:l: 1967¢ 1 Jl 28 8  I::® .:. --:> f:: 3p'tt 1=�JJB':J fJ±i;/JD c �1H�B':) tJ t O) 

c· ir) 6 .  1967¢0) t O) ti±i;/JoO)OOt� t vp 6 �iJ,-c·ir) ry ,  3p'ffi't=tLnt:: �rl39 � 1f.t1\'!{ L ---c e t:: c. 

�.:z. G n 6 iJ,, �@JO) t O) l i , t i --=> e ry L t::JJ�tt � t --:, ---C\ ' 6  . .:r. .::'i', 1v � - ;,_ .,z 7  t- 1v t:: 

--::::>\ '---C l i , 7 ;1 1) }J 1r,0)Dallas (36°47'N ,  9 1 °04'N , cut-off rigidity 4 . 35 GV) cU±i;/JD 

i)Z,h. G ntJ \  ,:,: i), G ,  i), tJ ry ;gJJ t 0) c � .:z. G n 6 .  �:i:& c. A!tmr .:r.  .:f Jv �--0)�1* 1=  

"'.J \ '---C t i ,  £z 5 c *tl L tJ \ '*a* �1l:--C \ ' 6 , 1hfl� (KoMORI e t  al., 197 l ) i],, ]!! 1::it L 

\ \��itr �ftt60---C\ ' 6 .  

8. ts 
BB5fo�±-fu l i ,  ;:j" - o 7 m=-z-�/z iJ, § E13 t ::WVJlUc· e 6 1lft-O)�i=,rc'ir) 6 .  !r# l::±fulitt�L �J'f:, 

1ltJ1Jt/i tJ c O),mr'sJ li�1*0)U/JlUiJ,-!if9fc·ff tJ n n ---C\ , 6 0) /;:l: ,  3f� l::jt:i:ft$c' ir) 6 .  .:. 

O)��li ,  i:pf139 B':J� t O)c·ir)  ry ,  �*3\-0)�:Effi � i --=> ---c, }l t::twitr � TT 60 6 c lqJB{n:: ,  \ '  < 
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(7) lJ ,  J: \ 'iliJlUiM*iJ' .:z. G n 6 c M�-z- e 6 .  

�ff 1:: ,  ��0)-J\ U�EE) iJ,�:t-�J l::$;/Jo-c· e t:: $'.li ,  :Ei1r.$folfJ'i:i=9r0)'8Uffif�!OfH:$±, 
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