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REPORT OF COSMIC-RAY NEUTRON OBSERVATION IN THE 
8TH JAPANESE ANTARCTIC RESEARCH EXPEDITION 1967-1968 

Yoshio ISHIDA* and Masahiro KODAMA** 

Abstract 
At Syowa Stat10n, Antarctica, the cosmic

ray neutron observation was made, at the 

mitial stage, with the IGY-type neutron 

momtor durmg the period from March 1960 

to December 1961. On the opportumty of 

IQSY, a new type of cosmic-ray meter, 

IQSY-type neutron momtor, was developed 

by CARMICHAEL. In February 1967, the IQSY

type neutron momtor consistmg of three 

counters (3-NM-64) was mstalled at Syowa 

Stat10n m the 8th Japanese Antarctic Re

search Exped1t10n. In February 1968 seven 

counters ,vere added and two more m Febru

ary 1969, finally twelve counters. 

The recordmg system for observat10n 

comprises the so-called multiplicity meter, by 

which the countmg rates are divided mto 

six channels, mult1phc1ty= I to more than 6, 

accordmg to the neutron mult1phc1ty detect

ed vv1thm the gatmg time of I m sec. The 

countmg rates are automatically prmted and 

punched on a tape every ten mmutes. This 

readout eqmpment became duplex smce Feb

ruary 1968. 

The cosmic-ray observation room was 

specially designed so as to av01d mfluence 

of snowdrift around the bmldmg m which 

the neutron momtor is mstalled, and also to 

keep the room temperature constant through

out the year. In practice, no snow effect 

on the neutron mtens1ty was recogmzed and 

the room temperature was 20 ° ± I °C m 1967. 

This report describes details of the cos

mic-ray neutron observat10n m 1967-1968 and 

some results deduced from data analyses 

The atmospheric effect, the dmrnal vana

t10n and the Forbush decrease were mves

tigated m connection with the neutron mult1-

phc1ty, particularly with regard to the re

markable Forbush event m May 1967. 
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**J:f1t:�wf'.1'ERlf'¥!ift,llHi.lf'JE� The Institute of Physical and Chemical Research, Itabash1-ku, To
kyo 
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1. vi 

mffi�fo�tm C69°oo's, 39°35'£) -C'Cl)�ffitJiHmjUvi, 19574 3 J=J** / !J 1v��Cl)n&u 

�tmi�tl: C [w]S:tj:v::.�a� Gn t-: · iM!IJ 0):fJJMC7) IBt:�f-C vi, !fH::. -C {i tif
f
i:iJ�� -C � 0 l ? v::. C , 

J& t fffl£iJ;�1ii�tee * -v - �1�11Jlnin;J'!U!: � n t-: UtH�. 1959), -1:Cl)�1¥:Jffifflv::.t=H::.filt'. 

H�nt-:'*1·11.rt-r:t-o l L}i::j:-Tj13j-=f§fiJ�f&fili:�J1J-:iJ; (FUKUSHIMA et al., 1961), :;tt.i::.JJUJ!Uffl 

JlCl) ,12, -C /rlilJE-t� � t Cl)-C ii teeiJ; 0 t:.. ?.� o v::.19544Cl)j;:�miJffi,NW (IQSY) '2'.'�� c 

L -C, 0t*C7) IGY �Cl)�ffitv'JtHv::.{-� 0 -C, %fr L < IQSY �Cl)�ffitJH-r (super monitor) 

n:�1�% � n CCARMrcHAEL, 1964), r:rti-t=-nJG:5t, '*1r13,-=r·m% c t WJWfflJtCl)IPJ -1J::. 1 1J , i!Il 

/J;l,�ffitJJtm:ifJ, t-:cx.vfBm:{tC7) day-to-day Cl)m:{tv::.�l,-ct�;We-C�o l '5 �=- tee 0 

t-: ::. C7)f1C7)ffl[/J!rni19Jx'2'.' 4 45-/-fOO-C �fo�tfuv=-Jt� L 1 5 c -t 0 t-rtmin;:s_1z:� � n, 1�tlifPIUii 

1&=4 § Cl) 19674 2 J=J, � s &: mffi:ttl!tE1tm&u� C7) -'f.�=-1 ":) -c 1-t1·11.::rm%tm1Jlu�t1:Cl)-�i�n;i:rg 

fo�:ttl! C7) 1JrJJ!&Utlf*J�ffitJRllJllJ'.¥:v=-3'.tl: � n t-:. ::. Cl) *Itll fr. Cl)§-/-@ivi 19704�11 &:10:v::.1 0 

-C 5E T L , r:p 'Lt -=t JJJG :5} C7) fm , '*1 j13j r JJJG :5t Cl) /J!IJ 5E t fr td--; ,h o ti f-C' � o 

fj{JllJ1,%� c L -C1JJ4ltvi 3 *C7)*�'*1·li-=H+�� l I) tJ: o neutron pile (3-NM-64) �-t# 

'f:), 19674 2 J=J 14 B l I) IE�v::.jjJ1l:fiJ.fRIJiJ;FitHa � ,h k. ::. ,hvi 19624 1 J=115 B £tihMiJ�C7) t-: 

cl) � n i-C Cl)i::j:-T'lirtmm1Jn;'*111:: � n -c U*54.b IJ Cl)::. c -c � o. 4@JC7) neutron mom tor 

vi neutron C7) multiplicity C ?P1tll : '*1·lirn�!+�1tC7) nIT lttJCl)fJ c �{1!u�'2'.'� � L. :ffd-: 

v=-=&:'*1·!1-:�:r-'2'.'ff0·[11{il) �fjv::. multiple event '2'.';:;c�-to cl' 51i�'2'.'t!E0-Cl,0}�\-C, 

tf*Cl) t C7) c viiJ; tee IJ �tee 0 -cl, 0. .NP'f:), pile v::.AM L tdiC7)*.ft·-=fC7) _:i:. * 1v 4-- -vi=&: 

*'Ii -J-Cl) 11811& c xg 1;t-t o Cl) -c , ::. Cl)}� ti: v::. 1 ":) -cu Cl) _:i:. * 1v 4--' -;z, _rz !J � 7 A '2'.' '�l}=t -l:- -=- 3( 

--to::. cn:-c�0. 

::. C7)ff 1ivi'*1'fi'..t. ri'Y!IJ5E�tl:, MIJ!UfflJ!f�Cl);ffif�, '*1·11-=f multiplic1tyv::. l o 3({,fft:J1='::t-o l 

U:�ffi*7Jtit (Forbush decrease) Cl)&��v::. �l ,-ctc;�-t 0. 

2.1. aB�£:t1!!ffl ¥ili*l!tO)U@ 

&:ttl!�lffl1& 2 4 §I Cl)� 8 &(1¥:fffit-thtiti'!iJ!IJ�v::. l ":) -C, 3 *Cl) super neutron counter c 

-1:Cl) ft ��tl:n;:ilvf n, '*1'l>'trtt1JlU�tl: (3-NM-64) n�filt'.tl: � n t-:n;, -l-0) :r:�O)f�t=- 1 0 

-cflmU:JJHlvtFt:=!E�h�---:J�o �4&mO)t-!-@��--tc� 1 O)J: 5 v=.tee IJ, 19704Cl)�ll 
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Table 1 Planning of cosmic-ray observation at Syowa Station 

1967. 2 C 8?x�) 
1968 2 C 9?k�) 
1969 2 (IO?J:�) 

1970 2t},� (1 l?J:�) 

2.2. 3-NM-64 

3-NM--64 
10-NM-64 
12-NM-64 

{12-NM-64 
MT-64 

q:iM3·tt 
q:itt-=r-it 
q:itt-=r-tt 
q:itt-=r-tt 
q:ir1c1j-ygf (effective area 

1 2 X 105 

4 4 X 105 

5 2 X 105 

5 2 X 105 

8m2) 3 2 X lQ6 

3 *O)r:p'lirH��iJ�Gtct� neutron monitor vt, 3-NM-64 c-Rvc.UJi,f;h-Ci,,�. 

3 

c. O)ffO)H��c IGY �O){-;h c 0)�=¥·11:Jt®(�� 2 vc.� Lt�. c. O)q=t·l:irHf{(f�;U5'Ht 

� 2 IQSY?i'l, IGYmlq:i11:rtHll:�0)11:t§�5c 
Table 2. Comparison between IQSY-type neutron counter and 

IGY-tyf1e one (ajer HATTON and CARMICIIAEL, 1964) 
--- ----- ---- --�---_-_- -----�----�-= -��--- ---�-� -�--- �-='--'===-----

Parameter 

Counter 
Effective length, cm 
Internal diameter, cm 
Gas 
Pressure (at 0 °C), cm 
Effective volume, liters 
Diameter/m f p of thermal neutrons 

Moderator 
Material 
Thickness, cm 

Producer 
Material 
Thickness, cm 
Length, cm 
Mass, kg 

Reflector 
l'vfaterial 
Thickness, cm 
Length, cm 

Countmg rate 
Countmg rate (1963, 1 0 GV), hour- 1 

lQSY-type 

191 
14 8 
BF896%B1o 
18 5 
33 
0 375 

polyethelene 
2 0 

lead 
5 
207 
1610 

polyethelene 
7 5 
222 

43,000 

IGY-type 

86 4 
3 66 
BF396%B10 

45 
0 91 
O 225 

paraffin 
3 7 (av ) 

lead 
5 
102 
230 

paraffin 
30 5 
168 

2,000 
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:;t;: monitor vi counter O)�� § EEf:::.J:��-C �, t::yV=. ffiffifflO)f_:ct>v-=.tti���;Jv�J;c;: [.-CJ'& 

1J\O)}jJ-C t*!LLiJ,0 l '5 t,d\xMtO):ft rJ -CtN/J>:i �h -Cl, 0. s:. O)�[i':O)Jlj}JfJ=:JJf!Jv�0l,-c 

/ 
Barometer 

sensor 
Double layer wall 

Elecfnc (gg 
equ1pmentw Cosm,c-Ray 

Observation Room 

3-NM-64 

-{------
Barometel(D 

A,!!°-duct __ 12-NM-64 ____ _ 
���+--__._.'----, r------- --r 1 --------1 I 

iii=E:Ji=iiiii�fi
\W
� : : : I I ' 

I 
;MT-64 :MT-64 

I : : I I � �----------1_ - :_ _________ ! - ! 

6m 

�1 �������10����$�-

Fzg J Siructure of cosmic-ray observation room and arrangement of apparatus installed 
there Ex,bected jJosztzon rf 12-N A1-64 zs zndzcated by dashed lzne 

I I I I 

Polyethylene slabs 

/
Lead core 

/
;Poly ethylene 

// moderator- �-+-�·.!'. 
' 

05 

Wood 

I Om 

�2 �ffl�hk�*�������8 

Fzg 2 Arrangement of 3- N A1-C4 neutron momtm 
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rffi1Jiv::.m §}j--f {) c , counter 0) ml lfflv::. elf> 6 fJO) 1*-=t-�v::., -?x'¥!if'l9'JliJ���$0) 1* r� c 0) 

}�)tv::. l --:) -c� Lt-:�r (nucleon) iJ�AM--t 6 c, 1*r�vigp�VCr%WJ < JMjfg�;h, 1, ,;si,, 

60);/EJLr ($111:r, �T, a l.ftraf> 61, 'vi.ff\,,�) �:oJcte--t 6 c 0);@]���0)�3£ (evap

olation) c Uf£ c O)��v::. l--:) -C� Lk$·firvi counter /*jO) B10 v::. J:--:) -C{'XO) l 5 tJ:.. 

l�Jt. � jfg--f 

c 0) Bz)tv::. l--:) -C �Lt-: He4 O)j( � tJ:..tlt{EJii:m�s"JtJ:..1§"% c L -C J'i-tfflO)m�@lr:!v::.{�x. G 

h6. CO)��¥e��-Cfi:Gh t-: $ ·ti r �viAMLt-: nucleon O).:r..*;1,=¥-v::.Jt{JU--t0 

(HUGHS and MARSDEN, 1966). � 2 v::. 3-NM-64 O)f:\'ijg\(;�ffe--t. c ;hiJ�tc::t=iv::.}Jt;��� � 

h -c 12-NM-64 c tJ:.. iJ , neutron pile 0) J:: Tv::. plastic scintillator ii�tl:ii�h -C $Ff39rit 

ctJ:..0. 

2.3. �olJ. tf:I L icil�fl 

Counter n�G0),.�;1,;7..�:JUJ:..0 multiplicity 4ilv::..b iJ 5tvt-C82�--t6t-:660)@Ed;,l-te L� 

-2800V 

+13V 

-II V 

HV. Power 
Supply 

L.V. Power1--.--� 
Supply 

Tope 
P uncher 

Ca) Readout equipment for Neutron Monitor 

INHIBIT 
INPUT Gate 

( b) Mulf1pl1cify me fer 

E 

INPUT � 

Im sec Gate T:lmsec 'i 
OUT PUT .A../L.JI.../I. 

ANO Gale I -i____s--

Address Scaler -----..fl;::-
Readout IOµsec 

Address Scaler-----
Reset 

r<) 
I 
E 

(0 
I 

�3 @���lliL�&�-��P v? 

IZJ:to J: lf--z Jvr 7° 

!) '/ T 1 - � -

3l - � l:b{'J=@Jll[ IZ) 

Fig. 3. Block diagram of readout equip

ment for neutron monitor (a) and 

details of multiplicity meter (b). 
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fi (readout) vi, r¥I� cl, 5 t=f�fJ:�{4=��1! L, nJ�§tJ:r! IJ 0) El f)J1LiJ��-t� G:h --n, 6 

i t:ic�O)?ii�·li��-tt:.c0v:.., digital printer c tape puncher c -c fJ§'.11rtj:i2�-t 6. �¥:*fH 

v:.. � l '-C 1i 1&Bl� (1967) v:.. l -0 -CflH!r � fL -Cl, 6 0)-C, !Rl3 v:.. readout 0) block diagram 

O)��iG Lt� Multiplicity meter vi=<X9=1'[i"i' 0) �!r:OC (multiplicity) 4iH:..;§. event � 

�H�-t"67Jrt1J,�ffl�;f1, -Cl,6. *�ficviA1JY- r$M� Im sec c L,multiplicity 0) 

1 iJ,Gs i-CO)::J:6'0)::J:6'0)c, 6tJJ::cO)ii'-H6-1--v Y,z.1t,,v:..:S-vtt�. �3(b) v:..:tJJ-�c1.tffi�O) 

IliJJffO)ffti�J��1JF,��"f. JfkW-=ffi:§O)A1J/�1t,,7--CJ.-=-/� ,-( 7'v-3?- UVl 17: r u tJ

L, lmsec 1f11JO)fr'- r/�;t,,.7-�9e1=_-?"6. :':_O)Y- r/�1l,7'vikO)ii<X0)=�0)7- r 

v:}JQx_ G:h 6 ,t0)-�vi1&tb'i:/� ;l, 7' v:.. l IJ UV 1 17:f/Y!l1� §'l:vttJ: l, l 5 v=-�vt G:h t� IN

HIBIT @)£,;H:.., ftl!.viA1J/�;t,.7-� address scaler v:..{�x.6t�co0) AND gate 1 v:..-tn 

,f;h}JOf'"" Gh6 AND gate 1 vi, UV 1 0) 7·- r ,,�;t,,-7-v:.. l lJ Im sec f.:_liJY- r �� < iJ,, 

t :i-� INHIBIT @Jl?:i�t�-cl,-C, address scaler v:..6{�0)/�;t,,-7-iJ,vH,I), rmg 

counter 0) 6::;: § n: on v:..tJ: 6 c overflow LtJ:l, l 5 v:.. rmg counter@ -C INHIBITn: 

iJ,fp 6 l 5 v:.. tJ: �-cl, 6. ::._ 0)1J"i' iJ�� 3 (b) 0)�113'JM1JF,��"f �O) AND gate 1 0) mv:..� 

b � ;h -Cl , 6 . Address scaler 1 i 7 ;i 0) ring counter -C 1 ""' 6 :ffi: § 0) -t tL-t :h 0) t±\ 1J iJ, 

AND gate 2 i jj L -C N1 ""'N6 0) scaler �:..Jitb'c � :h -Cl, 6 -Jj, UV 1 0) t±\1J /� it,, 7' 1 t 

1'1&0�:n-c, ,rO)fi}�O)/�h-7-vi OR @£i�Jfil L-C address scaler K .. }JIJx. G:h6. ::_;h 

vi AND gate 1 7)'> Y- r /� ;l, 7' v:.. l I) OOiJ,;h -C ii UV 1 0) r U tJ -0) ;il!;hv:.. l I) , 1 :ffi: § 

0) ,,� it, 7, n: AND gate 1 �Jfil 6 ::._ c iJ: -c � tJ: l, iJ, G -c Jb 6 . � G v:.., ,rO):{jt*iO) /� it,, 7' -C 

UV 2 � r U tJ - L, 10µ sec $j0) lE/� ;l, 7' �¥e� L, lm�t±l Lw% c L -C AND gate 2 v:.. 

1Jllx.G:h, scaler v:..;m�c G;f1,6. UV2 O)t±\1J,,�1l,.7-�f¥,&5}L, -t0)1fti0)/�1t,7'-C ad

dress scaler � O :ffi: § v:.. U -t: ,;; r "f 6 . .L'JJ::iJ, multiplicity meter 0) 1 -+J-1 � ;t,,-C Jb 6. 

::_ O)�fiO)t=ff'i� 2, 3 �c"f 6 c <XO) c :k' IJ -c Jb 6. 

1. Multiple event iJ,lJt5}{@:-CtJ: < 15!&5}{@:c L-CTI[;m-C � 6 ::._ c. 

2. r 5 Y/7'3?-1L�:ht�@J/£:i'�iJ, block 'f]J:v:..7' u Y r;JttEz 1 �v:..m�::._A,-cl,6 ::._ t. 

3. EIVJEIJVC�EftmlE�:ht�9=1·[i-=f!I�OCO) momtormg � rate meter -CfitJ:l', @Jlfa� 

1/t:k' l o-'¥mit�$OCO) !ffi1JiiJ,�£v:.. tJ: �-cl, 6 s:::. c. 

4. JM!U:I:& § O)��v:..r,c;: c-c�£v:..tcjJ7J�O)��iJ,-c � 6 s:::. c. 

2.4. 11 ��fi-tQ)ftf! 

2.4.1. ,;-: m{ 
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WiJ!liffi O)ffl�vi , £:1:mifUiiffl O)-�-� c vi�IJ*�O) 20KVA 0)9Bffl.c' 50Hz 1 00 V 

iJ��ffl � hts: .  Wmli1*i*JO)�$F5c·m1.n.,, , f;}j� c tJ: J�rJ: :>-t�J 1 ;i..'0)9£1:��ti:1:J� G-t 
J: 5 �'csbk. fi.�K�ffl � hkffl�0) 5 �JEfflff���� Lk lOOV ����ffiO)fi •• 
�vCO) dj_�ffl L ,  1*i*J O)*'ffiffl� c %vt-C�ffi Lts: . �mffifITTF50)fimu•�O) 5 �{Jfffffl�ffi 
�:tp 7 7 Y ,  puncher, printer ffi -=i:.- - 3<" - tJ-jf.vi-t-"-C + 13V, - 1 1  V cfrib-t 6 J: 5 vc 

�H L -c � 9 , floating battery "J=pt;.vc J: --:) -C *JEh::fflff��vc-fJUftc· � ts: .  
2.4.2. iffi\.,/l -=E.- =- 3<" -

�filff?iHvi-�vc C!f#vc�Fsj-=f§f) �� L -C� 6 ,)Wjlfflra!.ltvc�� � :h 6  O) c· ,  ��mUml.1* 
� 7  � 'Y :)@JJEtvc*J3.dj_ ,  '¥1*Jiffilll�JliWEgc� L -C !illi:m Lk .  '¥ral.0) 1M1JEIJ:1Jf!vC"':>l , -C vi�jm 
-t 6 . 

2.4.3. � ff 
�,11rnx:5tO)�fft3J!lHiti'csb-cx� l , 0) --c:· ,  �ffO)mliJE�iEmncrrtJ:: 5 �,�iJ�� 0 .  £:1:t!! 

ffiO)�ffHvi�ff0)�1rkfflff0)�1tvc�ffi: L ,  7 -r P .?'''gc�Hvc gr nc� �-C l ' k .  LiJ,  L 
J\.iJ�� 6 :!$jB'"vcviJ\.J! ,  J\.IPJ vc���'.3l:vttJ: l  ,�O)*�ff��ffH i -c·.IE L < � < J: 5 tJ:� 
ffl&A P (sensor) iJ��,�vctJ: 6 .  � 0) J: 5 tJ:��s"JtJ: sensor O) lffl9£vi1*�8"Jvc viiJ ,tJ: 9 
r=Nltc·� 6 iJ� , aB,fo£ttc vi , $l , vc L -CJ\.IPJiJ�:'.q:-Fsj�� L -C vi Vif'-JE (NE) --c:-� 6 ts: 'csb , 

�J!�1Uc�� � htJ:l ' sensor (KODAMA et al. , 1 967) �ffil , t.: .  aB%0£:!:m��'¥c' vi f8'.l 

C�x_iJ, G7.Kf��O) sensor ( 1f7J(� ,  1957) ��ffi L-C l , 6 0) -C· , ,4-@]0) �ff{@ c L -C 
vi , �fiJ tJ: 7' :/ 3<" 1t-- {@ c  L -c tB 0 ��fITTF5amuO) �ff��fftrfl.IEvc�m Lts: .  5!Jl. rO)�ff 
{Jfr� check -t 6 ts:'csb�itiffltiiJ!U1¥vC b 7.K��ffH�� � , 7 -J- P .?'' gc�{@ c .lt� Lk*. 
LiJ, L tJ: iJ� G ,  7 -r P .?''Agc�Hvi tJJ1JK 1¥itiffi c L -C f'p!J! L ts: t 0) c , l ,  6 l ,  6 �vm tJ: ,B 
iJ :� ":J kO) c· ,  m1o?xiJ, G T :/ 3<" 1Ht � nts: . 
2.4.4. '¥iffil 1/JUflW�� 

aBfo£t-ign.:JQ2vi 1¥iti c L -C viJt�s"Jiffi\.ijltJ::l:t!!�vc�-t 6 iJ� , :th --c t 1&{1f�ral.vi -40°C 
Jlf <  i c·vc tJ: 6 . B �i&: t iJ,tJ: 9 X� l ' . �ffiffi5illmliJEO):\fr� vc vi-t0) 1['.i�J: monitor 

l*]O){ffi\_,/l� tJ: 6 -" < •mml.vc -t 6 �,�iJ�� 6 . .:tO)ts:'csb�4m t !f#vctt:Jr�t3J*��»I L -c�H� 
h-C l , 6 iJ� ,  c' 5 L-C'i 1*i*JO){ffi\_,/l���fitJ: 5 �,�iJ�� 6 .  1*1*J O) a,£1J!rffl c L -C:16�:lc 

* 'A��O)fj c b:hb:hO)il!lJlUfi� Jt®c L -C �k:./J\ %iJJ. r-c-�t 7 -r  µ !7 iciHUt: c Iv c 7-- 'r - 1v 7 '7 
r K .. t.r. '? -C :to IJ ,  f@:!J�mbb t.r. \, ' 0) -C ,  4-@vt%iJJ. r O)'A,EE/J� c' ? t� G iJ,fc 01, , -C 0) check�i�J:iJij[§-C· 
'J!> '? .t:.. . 
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E I 8 M I  n 
0 

0 

a: I 6 

� 0 (b)  

� - 5 
� - 1 0  

'- ., 
� � - 1 5  
� .,  
6 1-- - 2  

-25 
Or i  f u rn a c e  ( 1 0, 0 0 0  K ca l /H o u r )  

2 KW e l e c t r , c  h e a t e r  

Mar 1967 Apr May June J u ly Aug Sept Oct N o v  D e c  J a n  1 9 68 

� 4 '¥m�& ttJllJ'i: i*Jfilil./!U:: 1'f-3[ilfil. 0) rJ£1t 

Fig 4 Variations of monthly mean values of room temperature (a) and outdoor temperature (b) 

1 0,000kcal/hour {!) 011 furnace �{fj§ L ,  -it - -=c 7- 3l :/ He. J: rJ l1±1 1JiEil�1filJ1itn L --n, , f_: . 

;: ;ht� vr -ctli*J�W�20°C firffvc.{:1*"J c i, , 5 ;: c vt�i-f{!) !�J/f-C t er> rJ , if_:: 7 � -tf - F 

�vc. vt , '.llif�i.rd:;i {!)��-C *h� � � /� � ;h 6 ;: c iJ: Uf Ufcr> rJ ,  '¥Wr,,'R�t'.l!U'.i:{!) dj. 20°C 

vc.{:1*"J ;::_ e ve. Lt_: . ;: {!)f_::e01m®�Mmi c L-C , 1 kW {!) ';:�r,,t 4 :::$:h�JJ/Jffiilvf-C air duct i*J 

�c.tJ-A � n .  -f- (!) 1filJ{{!:�� § VJ , .:f-tfJfiJuJ§ (!) �iP�i:�J&ftvt ,  J!vc. 30cm 7 7 /��tJo L'.i: 

J*j {!) ��� iJ, < vt A, Lt-= .  ;: ,nvc. 1 "'.) -c ,  2 kW C 4 :::$:(!) 5 'JS (!) 2 :::$:{fffl) 1::: - 3i - ��t10 

L t-=cr> c vt , 14'1� {!) �MFsj-C t 20° ± 1 ° C {!) '.i:i'ffil.vc.i�d-=n -c i, , 6 . � 4 {!))'}�mt{!) J=J f:f$J c 

'.i:Ul (�� , �{�) c {!) 1*lf*h, G ,  -f-{!)tJ-J-;1;:5t;1;,  0 .  

2.4.5. *JT�lJ!Utl 

fJTMt'.l!UfJ!Ht 7' � -tf - F vC. J: Q � � t-= "i rJ � tcr. < 'j"-f_::e0 aBfP£:!fuf}Je0-C {!) r@]tf;:5;\��m Lk 

JJ:rm (ffe_: �23m , $i6m , r@J � w5.5m) -C ct) Q . 3(:ffvC. vt lt rJ h� tcr. < ' �tr!,,� .t- 11,, §l wvc.si 

!lt��t��-c cr> 0 t-= e0 ,  '.i:i*Jvc. vtttiJ� tcr. <  i*Jfffih�Jt" < tcr. "'.) -c i, , 0 . -=twrlll'lt'.l!U'.i:vt=m:m . 

=:i:1*-C'�vtffi < i%tlfil.t:1J*� t f_:�-c i, , 6 .  4�vc.ij:vt � 1 iJ, GbiJ, 6 J: 5 vc. , l .6t/m2 {!) :i: 

:flvc.tltx. 0 J: 5 vc. , 1*T {!) xtt�vt ftl!{!)�mvc.J:t�?} < tcr. "'.) -c i, , 0 .  'i t-=��vc.:k'vt 0 �r@J 

{!)tJ� V -" /1,, i �1F L -c er> 0 J1i rJ -c ,  �mu�{!)�•vt� < ffiiJ, "'.) t-= . 

3. l] 
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�vCffilHfflW)�� .  #���O)J&#vt� 2 Jl i=pvcrrfJ: 1, , ,  3 JI J: IJ lEAO)fl{J!IJ data c L t-.: .  
lruJillO) J: 5 vc 7' � -tf - F'Mj:O) furnace O)�ffliJ��-ey�g c ts:.. IJ ,  flilllJ'i:O)flffi.�fJi r iJ ;*--t < ts:.. 
"? f__: O) f:: ,  7 JI 6 B J:  IJ ll[{J-!IJ'i:O)flffi.�IDr,jipffl l:: - � - 2 kW � i}Jfp � -1:t  30cm 7 7 :/ 1 1'8:J 
�mk.vc c IJ #vtk.. Wl:d,1-lli L@J�vc "::)\, , --c  vi , r '7 :/ :)  7- � - O) ��vc J: Q ;ftc� , timer 

O)�*�ts:..Mi:JW, flilllJ'i:O)flffi.�11£ r O)Mj:Jt}jiJ�� "? t-.::.iJ� , ��JWFf'lj�Ji t, --C i'S:: ft: /IJ�ts:ll[{J-!IJ� 
m'Gvtt-.::.. 

_m 9 ?x�vc J: {) neutron pile O) :ft���h�rrts:..hntc. 1968if 1 Jl26 B  i --Cll[{Jl1J�imvt 
tc. . -tO) Ff'lj Mawson �:Im c �vc data 0)3(�� rrts:.. "? tc.. � 3 vc JI W:O)fl{J-!IJ data O)� G 

� 3 }j �IJ t& JIU S � 
Table 3. distribution of complete and incomplete observation days 

Noumber of 
Time durat10ns durmg which no observat10n data 

Month 
complete days 2 I 

Mar. 1 967 26 

Apr. 20 1 

May 27 

June 29 1 

July 30 

Aug. 3 1  

Sept. 30 

Oct. 30 1 

Nov. 30 

Dec. 27 2 

Jan. 1968 20 

Total 300 5 

Percentage 91 8 1 5 

Multimeter check 

P. G. vc J: {) multimeter 0) check 

Readout �jlf C 7° 

� :/ r �*O)�*�) 
Readout check 

4 

1 

1 

1 

3 
0 9 

were obtamed per day 

I 6 

!X. mu MI= rf'l, 
2Mi=Ff'lj 
4 

32 

4 
6 

I 8 
I 

1 0  

1 

1 

1 

2 

0 6 0 3 

j 12-22 
I 

2 

2 

1 I 

I 

1 

6 
1 8 

24 

2 

7 

1 

1 0  

3 1 



10 

340 

2 

JJUJ!IJ f@a 105t{@: c L -c .'.fr multiplicity �v,::. § 1fJJ;';2jJ � h 0 n� , J'W,J:Jr� fitJ:: 5 Mv::.4t- data 

� 2 H=J F�lW: f::. sum up 't 0 c f5'.l�v=:. , scalmg factor �* L -C �W� Lt: .  �v::. total 

� 4 1967:¥ 7 J=J ""'9 J=J O)f�H�{IE! (l OOOmb ��O) 1 �fMHIE!) 
Table 4 Hourly mean counting rate observed with 3-NM-64 from July to Sept. 1967, 

normalized to 1000 mb 

Countmg rate/HR 

Error % 

Percentage of event 

Neutron mult1phc1ty Total Total Mean mult1-

2 3 4 5 � 6  event count phc1ty 

66, 600 14 , 920 4, 1 77 1 , 389 546 574 

0 39 0 82 1 55 2 68 4 28 4 1 6  

88, 206) 120, 101 [ 

o 37 
I 

o 29 -I 
75 5 1 6  9 ·�4_7 _ _  1_6 __ 0_6_2_0_65- �- �1. 1 

1 , 368 

0 37 

1 00.-------�----------, 

-
C 
GI 
> 

11.aJ 

-------

I TA BAS H I  

SYOWA ST. 

OJ L----------------..... 

3 4 

Ob s e r v e d  M u l t ipl, c i ty 

Fig. 5. Fractional distribution of 

detected multiple neutron event 
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6 

Total event =� Ai Ai : multiplicity fiiO) countmg rate 
i=l 

6 

Total count = LJ  miAi mi : multip licity 
i=l 

� 4 v::. July,...._,Sept. 1967 0) 3 tJ }I jMj0) 4S- multiplicity fii O) total event, total count 

O)f �O)-�Ff3j{@:� lOOOmb v::.t(.IE L -c�-t .  

C ;h GO)M*�*�t&1i-CJ!U� L t-:�O) f@: (KODAMA and ISHIDA, 1 967) ca:n'-$v:::. L 

-C .lttz: L -C J;,,_ 0 c [ZJ 5 c t.s:. 0.  c :hn� G:5tn� 0 c c vi , 11\J;toc (;ffz;fi) -evi higher multi

plicity 0) contnbution n�* t t, ,  c c -es 0. -?x�mrtO)ftoct3J*'a:'� x.:hvi ,  �1f�ITT 

v::. viT��:hkM*--c s 0. Ln� L :!��):::.*mn�t, , :5t:tJrv:::. J: IJ ,  -?x�mfi.:c. * ;t., =r· - c % 

multiplicity cO)M'f*n��:l:Ef':Jv:::.�g�--et0c S 6  5 . f:l$]0) multiplicity O) {@:vi HAT

TON and CARMICHAEL (1 964) O)mu�{@: 1 .37 ± 0.04 c -I:z L -C t, , 0 .  

4.) . �1±�11� 
�filK>1@iOCO)�Ff3jB':J�1Uiffl�-:k.t < ,  �-=f-J7x::5t0)��. 'Aff0)�1tv:::.ff 5 t O)n;-:kt t, , . 

-:k.'A1l- -c O)�F1=1j�1tO) J;,,_J& IJ t±l-tt-::66v::. vi-{- O)i;•��n�t.s:. vt:hvft.s:. G t.s:. \, ,. t-t!Ll:::--c·mu�-t 

0m IJ counting rate vi-:k.'AEEc ct v:::.�1t L -C t, ,  0. �P�=?x;JE.ft-=f-O)�vi-:k.'AJiv:::. J: 0 

g&lJx3@�v:::. J: '? --C t  i '? --C < 0 .  ��B':]v::. counting rate (5jflt) N vi'AEE�1t:I:� op  c -t 

:g c?x�c�h�:h0. 

o N  
�=exp (-fiop) - 1  

c c --c /9 �'AEE3<3J*1*� J:: t, , t, , ,  �rnx::5tv:::."Jl, , "( vi sea level --C ioio J: -{- 0,7%/mbc 

s :g .  ilJ1I! /9 vi counting rate c -{-O)�F1=1jv:::. xt�-t 0 'AEE c O)lji;t§Mn� G>l<66 G:h 0 .  'A 

EEt3J* ��viltoc , r§JOC , mu��tl:t.s:. t:-v::. J: '? --c�t.s:. :g t-::66v:::.fiMw� . mu��tl:mv::. t t 0 

1*��>1<co -C ioiJ�;n. vifJ: G fJ: t, , .  � 5 vi }j fiiO)'Aff:3<3J*1*�T, 2 �F1=1jf@:� J:§t, , -CH� L k 

M *-c 0 0 . De:J:§ Lt-=: data vi fiiJ G tU�K � 1Jo x. f-t� -c J:§ t, , t-=: t-=: co ,  JI v::. J: '? -c ;t§M 1*�n � 

d6,-t L t  J: t, ,  c vi § x. tJ: t, , .  J: '? -c� 5 c·f&fftl:J:*JO)'Aff:3<7J*1*���t, , t-::ifZ:1$Jf@���MF1=1j 

q=iO)'AEE3<1J*1*� c L --C�J:§ Lt'-T O)m:tirv:::.J:§t, , t-=: . Total count v:::. "J t, ,  --c O)'Aff:3<3J*1* 

� 0.76± 0.02%/mb �. @.O)i%Wif!oc�:1]0) super moniter O)'Aff:3<1J*1*� c.f:t� L --c J;,,_ 0 c ,  



Month 

1967 

Mar 

Apr. 

May 

June 

July 

Aug 

Sept. 

Oct. 

Nov 

Dec. 

1968 

Jan. 

Mean 

� 5 �YJ 'f/lO)�,EE:tjJ*-f*� ct§�-f*� (Dead time c overlappmg effect 11�Mi'" Q tmIEvi:ofl! � tL --c 1, , fJ: 1, ,) 

Table 5 Barometric coefficient and correlation coeffzczent uncorrected for dead tzme and overlappuzg effect 

Multiplicity Total 

1 2 3 4 5 I > 6  event 
i 

/3 I r /3 I r /3 I r /3 I r /3 I r /3 I r /3 I r 

9
8: 

I 

I 
I 

I 

�I ( 95) 1  951 C 94) 1 
C 68) 99 C 87) 

95 

C 91 ) 1 98 

89 1 

C 87) 89 C 73) 

C 55) 95 C 69) C 73) 95 C 78) [ C 74) 1 82 1 
C 79) 83 C 59)

1 
I 

C 75) 97 C 87) 97
1 

C 91 ) 98 C 94) 97 C 93) [ 86 C 88) 95 C 78) 

. 70 96 83 951 86 96 88 94 89 . 86
1 

84 89 74 

991 72 99 86 89 98 92 97 93 . 94
1 

87 95 . 76 

69 99 81 99 86 99 89 98 89 951 86 95 72 

67 99

1 

79 99 . 83 99

1 

85 97 88 95 86 94 . 7 1  

70 82 99 87 99 89 98! 88
1 

95 87 95 . 73 99

1 C 79) 1 
I 

(. 62) 98 C 76) 1 97 C 74) 97 941 C 82) 1 87 C 82) 1 88 C 66) 

88 1 70 97 82 97 86 97 88
1 

94 88 901 88 74 

78
1 

I 

951 
941 . 69 94 84

1 
89 83 86 96 89 79 73 

I I I 

99 

96 

98 

97 

99 

99 

99 

99 

98 

. 97 

95 

70± 01 82 ± 02 87 ± 02 88 ± 03 90 ± 03 
I 

87 ± 02 I 73 ±  02 

{3 Barometnc coefficient 

r Correlatron coefficient 

Total 

count 

/3 I r 

I 
I 

C 77) 

C 62) 

C 81 ) 1 

77 

79 

75 

74 

76 

C 69) 

77 

77 1 

76 ± 02 

99 

96 

98 

97 

99 

99 

99 

99 

98 

97 

95 

Di 
EB 
TI�� 
� 

f;H 
� 
� 

� 
� * ..l,.l 
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� 6 tlztiffi c aBflJ�:L=t!U: O)'AEE�JJ*f*�O)Jttic 
Table 6. The barometric coefficients of the detected multiple 

neutron components at ltabashi and Syowa Station 

3 - NM - 64 
Neutron momtor 

1 3  

Itabashi, 1 1  5 GV Syowa Stat10n, 0 5 GV 

= 1 55 ± .  01 . 70 ± .  01  

= 2 67 ± 02 . 82 ± 02 

Mult1phc1ty = 3 73 ± 02 87 ± 02 

= 4 73 ± 05 88± 03 

= 5 72 ± 07 . 90± 03 

:2: 6 79 ± 06 . 87 ± 02 

Total event 59 ± 01 73 ± 02 

Total count 62 ± 01 76 ± 02 

umt of %/mb 

(Nat10nal Committee for the IQSY and IGY, 1968) 

Calgary, Canada 0, 7 7%/mb (1 964) 

Deep River, Canada 0. 74 (1964) 

SANAE, Antarctica 0. 73 ( 1 964) 

South Pole, U.S.A. 0. 75 ( 1 964) 

--C ct> 6 0) c agf0£ :t-JBO) f@Ji -.:  h G c �¥5(-t 6. -thi!tl, -.: 0) {W:�tmiE{@:vCffil, k .  �multi

plicity 1j O)'Aff:5Z�:!l1*�vc �j L--C vi, IGY-type vc":) 1,,--c DvRING and SPoRRE (1966) 

iJ�, IQSY-type vc":) 1, ,--c a  KODAMA and IsHIDA ( 1967) iJ�� � *o6 --C l,6iJ�, -�vc 

low multiplicity f_E�§tvc l 6�1ttJ;* t 1,, ,  �6vC£:t-JBffi neutron monitor VC":) \,,t ;:J< 

obt��EE�v*'f*�O);f&� ' agfo£:t-JB --C O)� � 0){@:�5T';-t. agfQ£:!:tgt );KOO k'AEE5<B:!l1*�iJ; 

:t&� l I> *  t 1,, 0) vtf;toctJJ:!liJ, G� x. --c reasonable --c cl0 6. 

4.2. B � fl: 

:tigJ::-c tm1J!U � h6 �fil�Jjg��§tvi'ffiVCh'tiJ,fJ:iJ� G S  JWJ�1t� L --Cl, 6. -.: 0) S �1t�m -= 

-t!%{0 t L-c 1, ,;s 1,,;s�x. Gh tl,6iJ�, JWJ;Ms�t.t�1Ui:ttftft0) § ljiiO)f�oovc :to s:.  6iJ�, -i-0) 

[%�::t:�rlfJ1iJ�* t < �11* L --C 1, , 6. RP i::J�fil� f'1=1j -C O)�filtiO)::.t�JfJ�7J·fivc �jiv-:)fJ:17 ; 6 

lr:iJ,iill--C ct> 6 S:. 0) S �1t'la::' wl/l« 6 t�ob, 'AfftmiE'la::' L k 2 lfff'1=1j {@:O) JP f#:J{@:'la::' multiplicity 
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Table 7 The 1st (a) and 2nd (b) harmonics of diurnal variation of multiple neut1on zntensztzes. 

(a) 1 st harmonics 

Mult1phc1ty 
� ----- -�-- � - -- -- -

Total Total 
5 \ :2: 6 event count 

- - -- 1- -- --- 1---- --1 -- ---

p I Tm 1x I Amp I TmJ.x Amp I Tm<lA Amp I Tn1J.x 

Month I 1 2 3 
I 

4 
_ 

/ Amp ! Tmc1A Amp I Tmc1x Amp I Tnu'- I Amp I T m<1x I Am 

1967 I I 
I I 

I 

0 1 8. 3 91 19 38 2 62 1  21 1 41 4 73! 18 28 

Apr 

May 

June 

July 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1968 

3 42 

3 1 4  

I O 

1 09 
l 53 

2 36 

1 83 

1 72 

3 43 

20 1 81 

19 52 3 94 

14 91  3 43 

1 7  2 1  50 

16  32 1 37 

1 6  96 1 39 

1 6  22 2 45 

1 4  01 2 53 

20 3 1  1 54 

1 7  98 4 36 

1 8  09
1 

2 66 

1 4  75 4 23 

20 1 3 59 

1 6  47 2 05 

1 5  36 3 06 

16  49 2 58 

1 4 2 1  2 46 

1 8  00 2. 19 

17  48 4 57 

1 7 561 3 191 20 5 1  

1 3  80 3 77 12 34 

1 1 4  1 19  96 

1 8  3 1  1 82 1 5  1 7 1 

1 8  9J 1 52 14 3 1 

1 7  27 1 66 20 65 

1 4  80 2 30 9 87 

1 6  97 2 38 20 26 

1 7  1 2, 3 69 1 6  061 

5 

3 

2 

7 

5 

Jan 3 081 18 501 3 49 19 451 2 761 1 7  041 4 471 1 7  541 1 

- - 3 93 20 62 2 97 19 89 2 95 1 9  72 

- - 1 2  55 1 8  89 3 44 19 25 3 7 3 19 1 0  
- - 36 2 48 3 23 1 4  70 3 25 1 4  34 

43f 9 7 1  5 00 80 82 1 7  54 49 1 8  77 

92 1 14 97 3 1 1

1 

I 7 06 I 22 16 54 I 42 16 60 

07 20 42 3 35
1 

9 55 1 47 16 62 1 39 1 6  67 

1 4  4 33 3 37 2 1  00 2 31 16  44 2 16 1 6 . 74 

18 14 54
1 

5 84 20 43 1 97 1 4. 1 7  2 06 14 40 

08 1 5 1  4 45 2 1  33 1 64 19 91 1 69 19 58 

49 17 31 1 04 2. 47 3 . 63 17 77 3. 73 17 67 

--
1�-

48
1 

� 261 55 3 08
1 

1 8  64 3 04 1 8. 83 

Weighted ii 

-l�;J

1 

-
-1-7--481 2 2 1 !

1 mean 
I 

1 7  1 21 2 2d 
I I 

I 
I 

1 7  1 8i 
I 

641 1 6  86 1

1 
l 78! 1 1  s2! 

I 

2 69 1 
1 �I _ _  _ I 

I I 

1 7  39
1 

I 97
1 

2 1  02 1 1 971 1 8  83 
I - -- - --- -'---� 

tti 
EB 
TI�� 
tm; 

� 
t=r-1 
� 

r, 

+ 



(b) 2nd harmomcs 

Month 1 2 

Amp I Tmax Amp I Tmax 

1967 

Mar. 22 9 89 1 25 7 48 

Apr. . 16 2 34 95 96 

May 95 10  94 62 1 1 . 33 

June 1 .  26 1 .  75 44 86 

July 54 1 1  59 . 81 2 26 

Aug. 35 1 1  64 16  34 

Sept 73 9 94 77 1 0  66 

Oct. 13 7 64 78 1 39 

Nov. 83 2. 1 1  74 57 

Dec. 31  5 10 93 7 79 

1968 

Jan 77 1 1  1 7  27 6 70 

Weighted 
mean 361 

I 
I 

l l  33
1 23

1 
1 1  9 1 1 

I 

Muit1phc1ty 

3 I 4 

Amp I Tm,Lx I Amp I Tmax 

43 

. 80 

1 74 

1 04 

1 57 

1 1 1  

1 1 2  

77  

1 .  54 

55 

1 95 

I 

1 81 

5. 32 

10 20 

3 31  

9 43 

2 44 

8 62 

9 84 

. 58 

3 53 

6 87 

10. 96 

a1 \  

1 16  

4 53 

4 59 

3 16  

49 

1 19 

2 36 

32 

78 

2 39 

2 3 1  

1 3
1 

7 28 

10  21 

1 1  53 

1 1 .  46 

5 24 

4 80 

1 1  05 

84 

5 60 

53 

8 61 

6 981 
I 

5 

Amp I Tmax 

-

-

-

6 22 

1 38 

1 27 

5 41 

3 26 

68 

3 44 

2 1 1  

I 

50, 

-

-

-

8 42 

6 99 

23 

9 82 

1 0  87 

2 80 

69 

4 07 

9 951 

Total Total 

�6  event count 

Amp I Tmax Amp I Tmax Amp I Tmax 

5 37 12. 00 . 28 8 47 . 36 8. 1 0  

4 74 2 07 27 1 23 49 . 15 

3 01 4 23 . 83 1 1 .  07 82 1 1 . 3 1  

2 39 1 .  26 1 04 1 48 . 76 . 89 

2 75 6 35 43 . 49 39 1 .  57 

2. 20 8. 03 . 24 1 1 . 75 . 22 10. 57 

. 66 . 9 1  . 77  10  03 96 10. 1 9  

1 39 8. 50 . 09 1 1 . 34 . 22 28 

2 35 3 . 53 . 76 2. 00 . 74 2. 25 

2. 32 9.  7 1  . 26 5. 53 . 18 7. 64 

5 90 5 35 58 1 0  80
1 

44 1 0  42 

46 2 191 311 091 321 1 1  74 

z 
? 
<.,o 
:JI -
ffi 

L..J 

*1t 
co 
>f 
3tlt 
� 
� 
� 
� 
� 
� 
1'fq 

� 
'-ti} 
Hr} 
� 
� -m 
<..-.Ill 

� 
IJ[r 

-
(JI 



1 6  

L T  1 2h i 

Mul t ip l c , ty = I � 

�� 
AA a 2

�
1/-

= 3  

Tot a l  even t  

Tot a l  c o u n t  

, / -- - , ,  I 
, - -� 

/ , ---::, ... � .. - ..,.,,. ' � - ... "' 

I 0 2 % 

� 6 fillif�t B �{r,O) mult1phc1ty �JJ:1i(O) 

-{9� (19674-8[:J )  
Fig 6 Diurnal variations of neutron inten

sities observed in August 1967 as a func

tion of multipliczty, where smoothed and 

broken curves show the calculated 1 st and 

2nd harmonics, respectively 

11 H=- �JlJ fwfil,FfJ1 � fi tee l , ,  fJR r/iti:U:: foJZ:kB=t�U l �tt• L tc. ffiJ 6 l i-i-0)-{§U l L -C 1 967if. 8 f1 0)  

% mult1phc1ty 'ffJ. O) El � 11::� ir� L t::. Mult1phc1ty = 1 ,  2, 3, 4 1 -C viif.F1=1J �Jffl L -C [i m:1ti  

0)1� :kl�i tU i.J ,  1 6h- 19h v:=. '.5(� i:-�r L -C l ,  6 .  Mult1phc1ty = 5, 6 v:=. "'Jl  , -c  limJ'.!tO) }�\ -C J L:H;11:fiJ : 

Ji:i 0 D : ,  :flgj;:Qc1j �IHi-'!L L -C l , fJ: l ' .  L i.J , L!fuQ*J) 0 }.1� vi , =J= B i£: 1Li.J\ multiplicity c f� 

v:=.if'iJ� L -C < 6 c l -C Jt:i 6 c 0) ,�\ v:=. "'J l ,  -C vi �v=- < b L l 'nnfi vc f� t::. ;;!d- &ttce G fJ: l , $i:. 7 

v =- J� 0) 1fl! :kr13i-a-u t m i1m � 71� Lt::. 

4 3. Forbush decrease 

ll!Hili�dit vc f=� --:) -c � c  6 Forbush decrease (�'&:rt5tiD ti , *l�::5?-JtJm:-J ,::p$i:_ 8 v:::.5f,-t 7 {J!J 

7] ,�Ji1Jllj c'.:7- t::. �HC5f, c'.:7- h tc.Jrz:k/l;&: 1J\ .31 vi multiplicity = 1 O) J$Jf:1 -C ' � ,-th cL 3.5% tU_ 



No 35. 1 969] 

Sudden 

� 8 1 967:4:-i:pv=.fml'ffU � ht-: Forbush event 
Table 8. List of Forbush decreases recorded in 1967. 

Begmmng Amount of Time of 

1 7  

Recovery maximum maximum commencement time of F D decrease decrease time 

( 1 ) 

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 

Q) 
> 

LL.I 

Q) 

0. 

-

Apr. 
May 
May 
June 
Sept 
Oct. 
Dec 

1 %  

4. 0304 UT 4h 

1 ,  1906 23h 

24, 1 725 23h 

5, 1914 June 6, Oh 

1 9, 1 958 2 1h  

28, 1 638 18h 

29, 2224 Dec. 30, 15h 

To tal  C o u n t  

3 . 6% Apr. 4, 1 5h  -
5 0 May 2, 22h -

9 2 May 25, 23h May 3, 9h 

4 8 June 7, 5h June 1 1 ,  1 3h 

4 5 Sept. 2 1 ,  2h Sept. 22, 1 1  h 

4 5 Oct. 30, l h  -

3 7 Dec 3 1 ,  Oh -

� 7 Forbush lfsx:Y event 0) multiplicity 

3<jJ* 1 967 iJ::. q:t 0) 7 {7LJ(l) f :fey 

Fig. 7. Variations of intensities of selected 

multiplicities relative to the total counting 

rate in the Forbush decrease events record

ed in 1967. 
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O) ti&�� L -C 1t , 6 .  ,:. ;h G O)  event v::. .t-a vt �  multiplicity effect � �Frj� 6 t::ci) vC ,  7 {J!J 

� 3¥-:Lsi L -C ,  -t O) �{* O) fi;& IP] �;:J<c6ts:: . -t O)� , � multiple event �O) total count vc xt 

-t 6 iUii-� c 6 � c vc l 0 -C normalize L ,  fr•"J sudden commencement O) ll--!J:�U� -1:::- i:z 

}2' c L -C 7 {J!J�Jflh-1t{tfs:: .  � 7 vc -t O) tt�� �  L ts::/J� , � ;h/J,  G Forbush decreaseO) �  

ti:. 6 multiplicity vc ><i-t 6 dependence � jo 6  � c /J : -c 2' 6 .  -tnJf:hO) �EO) gradi

ent � ,  � ti:. 6 *lm'. 0)1iJ!/J1U*55R. c l:f:JB'.E-t:hff , multiplicity c rigidity c �MJ;tv:5vt 6 � 

c /J ; -C 2' 6 � 0) ,r,�Oc � L -C fH ,-th�$ L < ¥1H!r � :h l 25 

(3) 0) event v:t ::tJ!AFl'l'Ji=!=tla:kO) t 0) -C ,  world-wide vc decrease /J� J) IJ , [PJ�vc storm 

time mcrease ;o :iQ t -C It , 6 � c vc "J It , -C ]It vc;� E � ;h -C It , 6 (WADA, 1 967) -t :.  -C vi 

Alert (82°30'N, 62°30'E, 0.05GV) 0) neutron mtensity � Dst O) �t}V:::. L -C ,  -tfL c 0) 

A le r t  ( 82 ° 30' N,  62°30'WJ (a) 
I2% 

S y o w a  Stat1:nl - A l e r t  

( b) 
I2% 

-"-- �·L-��--� _ __i___c._____-cL.----='=-�'=--�� 
5�24--2�5-- 26 27 28 529 1967 5 24 25 26 27 28 5 29 1967 

� 8 1967:¥- 5 J=l 24-28 B /J) Forbush 1i& event 9::r /J)g_iBJ��11::; 
Fig 8 Varzatzons of the neuiron intensity on A1ay 2 4-28, 1967 

(a) ongmal zntensuy (b) corrected f01 the vanatwn at Alert 
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n-C increase i:J� § .:s'zf:f.t t, ,11:)i:J�:@1*0) event /J, G O)j�jJ!IJM*Tcb 0 i:J; ,  :::_ O)  event v:."'J 
1, , -c vtSBto£t-m ---c <h increase i:J� multiphc1ty = 4  i ---C vi ---::> � rJ ffl,,h -C t, , 0 . Multiplic ity 

:2:6 v::::."'J t, , ·n:t , vi ---::> �  rJ Lt: mcrease iJ�Ji!, Ghf.t l '  t,mfj(Titt�lilP 'b cut off IDOC1tit-: 
vr -u:taBf1J£t-t!r-C' 0 5 % Ul:1D �1JovtJtJH� � hf.t t, ,  ID ---C' , 5 J=J ID {Jijvt :::.. ID� ;t tc: vt -C' storm 

mcrease ID'"t--"Z -C h�� rv�---C' � f.t l ,-"'JIDW:19l1 c f.t 0 .  � 8 v::::. May 24,--...,28 ID Alert c SB 
%1J£t-m 0) r:f=t ·li. -=f n\t'.ltlD 5mi!t (a) , Wi3f!J�h�Jfil ID r:f=t,11 -=f JJJt?t�mOC c Alert ID r:f=t 11 -=f nlt5JO) 5Ifi/!£ c 
ID� (b) � �  L t-: .  

IE L \, ,u;J!uh ; t.t � n tc.1.J ·  c' 5 i:J , v::::. "J \, , -c 0)£$vt , �*O)�IJJE{@ c  J:t-®):-tJ--uft-o J: -t �� 
h; "'J < . Lil•  LSBfo=i;tit -C IDfm&U data vi i tc.;J;f.t t, , fc.<hv::::. ,  A,@H:t Deep River O) r:p'E:!.: 

-=-fllii!!t c J=J �v::::.J:t� L tc. . .BP'b , Deep River O)JltJ11J f@ c !BJ L:fiilPJ v::::. f.t ---::> -C t, 'nvf , lfL filJ;!. 
sf.J tdiOCIDOCib C � ;;{_ Gn 0 .  !Zl 9 F:. !JBf!Jt?i;JfilO) �- multiplicity � 11) A 3¥-:L�{@ ( 2 E-J} f'13j {@:) 
� >R d.) Deep River ID 1 S=ff13j {@� 2 lt-H13j {@:v::::.@: L -C J:t� L tc. . �t.:¥ft ,  FW¥:£t0) &<- -t cb 
h , m1cHffigfiD J: t, ,  mult1phc1ty = l , 2, 3 v::::."=) 1, , -c v -i frD Ut;W1PJ -C l�� L -c 1, , 0 :::.. c /J :bi:J,  

= 2 . 

= 3 � 

To t a l  e v e n t  

Mor 1967 Apr M o y  June July Aug Sept Oct Nov D e c  J on 1968 

� 9 PB;;f;O�tti!.--C'O)+'ii3rJ1UP ¥t�{@3£1t c Deep River 0)-t;h cJttc 
Fzg. 9. Com,barzson of neutron intensities between Syowa Station and Deep Rwer. 



20 

0 . tt ") -C ,  l:!Bl0£JmrJ)/Jl!JJEiJ\,�, �VC .. '=¥ffitJBi� {})�1li'a:' JJIIJJE L -C l ,  t-::. c i;;;z 0 . i t-::.0 9 
iJ ,  G U:.:&W3�1r,{}) energy response 'a:' ;! 0 C c  iJ ;-C  t 0 .  

]¥Hi rJ) %&:lm -C t '=¥'EiitJRnliJJE�ttl:'a:' � L -C l ,  0 c c 6 iJ ;� < tc£ 9 , c :h i  -C -=f.(i-C cl:) ")  t-::. 
,fili:JmJJ"rJ) '=¥'Eiit�i5fli�rJ)�1tiK .. "':J l ,  -C vt?jJrf,n:::fWB)'JiJ ; PJjfg r:. tJ. 9 "':J"':J cf0  0 . ¥f* B �11::{})day
to-day rJ) �gfiu i -C t£ 2- :h 0 t-::.oo r=.. vt , :!ltE J:: 9 t J:: l , �[f-c �EE{@'a:' {J!IJJE-t 0 �:tJ t tJ: 2-
h 6  � @" -C'cls 0 t=tr:.ffi:Jm :.Hvt�ff{})�JJJ/J::kt < --'t-{})ftfllfv::. t M*��i 2- J-1 6 � :ifil /J ;c:b 
0 

JJ'l tE flB fiJ£.Lm vt '['.][� 1 ti tq'l t-::. c vH , ;.t , i t-::. ��{Jffi .:t rJ) fili rJ) /� -c � ffii rJ) �JJ=J /J , :kt l , . x ]Jl!J 
'a:' ],' f£ < i'" o t-::.ob}§!.75zrJ)5]1J t£ < t�f.*rJ) {l�:fl'a:' fi fJ: '5 C c  4:> cf0  9 ,  :±.t£fm ,fi1 {}) 7' -"Z 7 'a:' J::  9 Jf, 
� 2- --it 0 �,�/J ;,l) 0 .  

2- -C ,  C :h i -C {}) /J[IJJE-C 1'J'U£ {}) vt , WIJJE 2- :h t� multiplicity 5}:;fii!J , , IE L l ' multipli
city f}:;{fi� --'t- rJ) i i �b L -C l , 0 /J , c  '5 /J ,-C cb o . t rf c rJ) ,�v::. "':J l , -c ;tGm1-t 0 .  :!ltE1-� G 
:h t-:.. data vt multiplicity meter rJ) 1-r - J, 3l 1 A 'a:' I m  sec v::. L -C /J!IJJE L t-::.tJ ; ,  -"':J {}) event 
-c 1\ G ht-::. 1 {lfl1U_c. rJ) neutron l; ;iE: f;G -:::. rJ) �� v::. A. 0 rJ) v::. --i-7J't£ $i FdJ t£ rJ) /J, c:· '5 !J, -c cb 0 
Super neutron momtor V?:. "':J l , -C vt l .24m sec -C 98%/J ;  (CARMICHAEL et al. , 1964) ICY 
neutron mom tor v::. "':J l , -C vt 1.6m sec -C a  c Iv c 1 00% /J ; (DEBR UNNER and W Al THER, 

1968) iJ , C rJ) r=pv::. A o  c i!±u- 2- h -C l \ 0  hhb:h{}) Jr - r 3l 1  A lt l m sec fcf_ {}) -C ,  Jtt£ 0 
monitor �]Lt, , v?:. ll::+Xi'" 0 t-:.. ob v?:. vi.tmlf/J ;Jl,*v?:. tJ: ":J L < 0 .  i t-::. C {}) Jr' - r 3l 1  A 'a:':& 
< i'" 0 � c v=. l ") -C ,  -"':J rJ) event iJ ;f-z. T L -C t i'" <' {X rJ) event iJ , A 9 J6 ts c l ,  5 event 
overlap rJ)ilb S:::. 0 fl :H@iJ ; cb  0 1£\t�vt 0.75m sec rJ) Jr - r rpl'a:':i*J:fl--t 0 -:::.  c v:::. J:: ") -C c {})= 
"':J {}) rlfiYE'a:' }JU ;z  f-::..1�{}) data rJ) ffi�iJ;-* J:: � , c l ,  '5 ¥i±u-'a:' L -C l ,  0 

tJJ::= "':J {}) ,rnJlfiJ, t£ 2- :h td�vt L::ob-C mult1phc1ty meter 'a:' {!ffl L -C 11t G:h t-::. ia::5lHt , 
f!E.�1�1JJ'ifiv=- � vt 0 IB'JtitJ.1�iJ'a:' U:J& L '5 0 -filts"J�l�'a:' tt"':J c :z:;; ")  -c J:: 1, , .  4- t -c  {})f�r-trr-c vt 
.:t rJ) }2' rJ) � ft\ iJ; i t.:. f £ 2- ;h -c l , tJ: l , rJ) -c ¥f t�ti L , :®:i� B'S tJ_ ti± u· 'a:' i'" 6 =f JE -C cb 0 . 

UJ:::k�'=¥filtJJtr=p,f,'1::-=f·JJJG:B-1JlUJE�tl:iJ ;Wd:¥1J�tii H=-Mttl: 2- :h -C vt L:: 00 -C rJ) data 'a:' Jex. 9 }& ") 

t-::.iJ , ,  iJUWJ:-.-C rJ) 1; , ;s 1, , ;s rJ) 3z:� ,  ffil ,;z {})tlfiIE�=-M-t 0 �iivt i k+5}-c t£ < , �1Hfr t 1, ,  '5 
J:: 9 ft i:Ji t£ 0  data �:flt!±u-{})51'.�f-C c!S 6  4-1f,,Q:,�tdrnIE 'a:' 1JO :z_tJJob -C4iJ,J;Ef(J"Jfji!'.ffU::."':J t£ 
lJ ; 0 -:::_  t v=. t£ 6 fJ: t-6' data {})�:@. ,  �nfrv=. vt:flvJfH�ti� OKITAC 5090 M, H 'a:'{'1!:ffl 
L t_: 

¥'.:" 9 �=- .  c rJ) project v::.JQ'*'a:'?G Ltf: b! L -C < f_:_ 2- ") t-::.mi'P'.li�jf,F,{})�bt\ i:c G cHCflti 1li-¥-
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