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REPORT ON RESULTS OF COSMIC-RAY OBSERVATIONS
ON M/S “SOYA’ DURING THE PERIOD FROM
NOVEMBER, 1958 TO APRIL 1959

Shin FUKUSHIMA* and Taiichi KITAMURA**

Abstract
1. Introduction The routine observation
of cosmic-ray nucleonic component was carried

EE]

out on board the ‘‘Sova’’ during the full
voyage of the third Japanese Antarctic Research
Expedition (1958-59).
the same apparatus that we used in the first
expedition (1956-57). We intended in this

survey to investigate the secular variation of

It was performed by

the cosmic-ray latitude effect, i.e. the relation
between the cosmic-ray intensity variation and
solar activity.

2. Apparatus and observation The ap-
paratus we used this time was the same as that
of the first survey. However, it is impossible
to compare them with respect to the absolute
intensity, because the observation room on the
ship was not at the same place in the first and
the third surveys (see Fig. 1). In Fig. 2 there
i1s shown the arrangement of the apparatus in
the observation room.

The apparatus worked on almost normally
throughout the whole voyage, although we un-
fortunately missed the data a few times on

account of disorder of the recording system.
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3. Results of observation and reduction
of the data The correction of the barometric
pressure effect for the third survey was made
by using the same coefficient, 0.76%/mb, as
that used for the first survey. The correction
for the world-wide intensity variations was
made by using the nucleonic data observed at
Mt. Norikura.

Complete tables of cosmic-ray nucleonic data
obtained in this survey were given in Tables
I and II after correction for the pressure effect.

Daily values obtained after these corrections

" were plotted in Fig. 3 with the geomagnetic

latitude. Figs. 4 and 5 show the detailed as-
pects near the cosmic-ray equator and latitude
knee, respectively.

4. Comparison between results obtained
from the first and the third surveys To make
clear the dependency of cosmic-ray latitude
effect upon the change of solar activity, the
solar activity in the periods during which both
surveys performed are shown in Fig. 6 (secular
variations of the sunspot relative numbers in
1955-59).

cant difference in sunspot numbers between

It is difficult to recognize a signifi-
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both periods. Under such conditions, several
properties of cosmic-ray obtained from two sur-
veys will be reported in the following :

RicipiTy spPECTRUM It is seen from Fig. 3
that the third latitude curve differs slightly
from the first one. The difference in the slope
of latitude curves suggests that there are some
difference between rigidity spectrums of the first
and the third surveys. Assuming a differential
spectrum of primary cosmic-ray as KE™7, and
calculating a numerical value of y, we obtained
the values of 2.5 for the first survey and 2.3
for the third.

Cosmic-RAY EQUATOR Fig. 4 shows that the
position of the minimum intensity for the third
survey does not differ from that for the first

survey, 5°S geomagnetic latitude, 107°E geo-

EJ
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graphic longitude.

Latitupe KNEE The position of latitude knee
is in the same geomagnetic latitude, 35°S, for
both the first and the third surveys (see Fig.
5).

of the latitude knee is much lower than that

It is a remarkable feature that the position

at other longitudes, probably due to the geo-
magnetic anomaly near Cape Town.

Further, the fact that rigidity spectrum of
cosmic-ray varied although the solar activities
were nearly the same for the two surveys,
suggests that there may exist the ‘‘ hysteresis
effect ’ of solar cycles upon cosmic-ray varia-
tion. In other words, the secular variation of

cosmic-ray does not immediately follow that of

solar activity, but after some time.
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iz, AC A A BRI GE T 4 o7 IL: observation room in the third survey.
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Fig. 2. Arrangement of the Neutron Monitor.
1: =a—-toyA1u Neutron Pile
2,3; =2— o LI Neutron Intensity Recorder
4: EHICHEE A. C. Stabilizer
5: WHEZ7 4175 - A. C. Filter
6: #Hl Desk
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in two latitude surveys at sea level.

T : the first survey’s

II : the third surve
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Latitude curves of cosmic-ray nucleonic component obtained
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1% (a) Table 1. (a)
# Mt South bound

' 1

== —————— ‘
!

I B ieTaEm (%) s | A AT (%)) R
Date . Neutron Geomag. lat Date . Neutron Geomag. lat
1958.11.13 32.4 21.0°N 12. 8 | 30.0 i 23.5S
14 25.8 18.0 ; 9 35.3 ‘ 25.4
15 24.5 5.2 10 39.9 | 27.2
16 — 11.8 i 11 43.8 | 29.0
17 17.1 8.7 ! 12 47.8 } 30.5
18 13.6 6.2 | 13 52.8 32.0
19 12.7 3.1°N ‘ 14 | 548 33.2
20 11.5 0.0 15 8.7 | 340
21 10.7 3.4°S 16 59.9 } 35.0
22 12.3 7.2 17 61.8 | 35.4
23 12.2 9.5 Q 18 60.0 | 34.4
24 13.1 Sy HE—L 19 60.5 *' 33.3
25 12.4 Atk | 20 58.9 =75y
26 11.9 at anchor in | 21 60.1 Ak
27 11.5 Singapore 22 61.2 at anchor in
28 10.7 9.5 }] 23 60.9 Cape Town
29 9.9 7.2 | 24 61.9
30 10.9 5.1 25 64.8 33.5
12. 1 10.9 7.1 | 26 66.3 37.2
2 11.4 9.4 | 27 66.0 41.1
3 12.5 12.0 ‘ 28 65.6 45.1
4 15.3 15.0 29 65.9 48.7
5 19.0 17.1 30 66.7 51.9
6 23.4 19.5 f 31 66.5 55.2
7 27.3 21.5 |
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%512 (b) Table 1. (b)
J% fi North bound

A B |lhmramm(%) wwmas | oA Bl amae(%)| s

Date Neutron Geomag. lat Date Neutron Geomag. lat

1959. 2.13 62.7 63.0°S 15 25.9 22.2°8S
14 62.9 59.0 16 23.9 20.7
15 59.5 55.5 17 | 21.9 18.9
16 61.7 52.6 18 19.4 17.1
17 62.3 49.0 19 18.3 15.8
18 60.0 45.0 20 — 13.5
19 60.0 41.2 21 15.1 11.0
20 62.4 39.0 22 13.2 10.0
21 63.5 36.0 23 11.1 6.8
22 69.7 34.0 24 10.1 4.6
23 65.2 32.8 25 10.2 6.6
24 59.0 33.3 26 11.9 9.5
25 60.2 b — 7 A gk 27 | 10.9 vy AE—-L
26 61.8 28 | 12,0 A e
27 60.0 at anchor in 29 11.5 at anchor in
28 60.5 Cape Town 30 12.2 Singapore

3.1 63.4 31 12.2

2 61.5 " 4. 1 12.6
3 61.1 2 11.2 6.5
4 58.7 33.8 3 11.8 4.0
5 60.1 33.4 4 11.3 0.5°S
6 59.4 33.4 5 12.7 3.1°N
7 56.8 33.4 6 13.9 4.2
8 55.6 32.9 7 15.2 8.9
9 55.8 32.4 8 16.9 12.3
10 55.1 31.5 9 20.1 15.5
11 47.4 30.7 10 24.5 19.5
12 41.3 27.8 11 27.1 21.3
13 37.1 24.9 12 29.6 23.5
14 30.2 23.6

Tdhb. T8 4, b RN ENFHENRE, KO latitude knee {JHDHTFE < LKL
ALK THS.

55 1R & 28 3 RO BURIRE R O o

KAZ2[ENZ 7 2BMFERDOIETH 27, ZORNT, FHMAREIZEED S\ XM
NI DFELRIFTLEEZ DN TV 2 KGEBEOKFLANTES. 456 Xk 1956 47
5 1959 4 HE CORGRBIBOEMDHEF 2R LICLDTHS. ZORMLLHDHIEY,
BAlofTebn e I, IT ORI T EREEBSE R ROBER & BRICHEYS L, EBEEFE L
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Table 2. (a)

January, 1959 (100 +**, x) %
Day } v | 3| sh | 7n | ogn | qqh | 13h | {5k | {7h | 9B | 21h | 23h 1hﬂean
R — _ SN N (R R S
108 111 1.2 23l—ozg L; 2.2 1.8 &ﬂ L4 2.00 2.3 1.73
2| 22 23i 2.5 2.2 27 3.0 3.1 2.4 &ﬁ 2.4 3.0 0.7 2.49
333 50 6.0 9.8 3.9 7.3 3.1 29 &% zq 3.3 2.2 4.39
4 ; 5.4 soi 4.6 4.0 33’ 5.8 2.8 2.9 2.5 2.1 1.0 2.3 3.48
5 :—02\ 0.7 —13\—15 —29-—20L—OJ‘—23 —18‘—32 —3A—L4—1b7
6 | 1.7 —3Al—4ﬁ‘—04 ~1.0 —0.4 -—‘—Zﬁ 0.4 —0.6 —0.3 1.5-1.19
7 1 0.3 04{—10 -2.1 1 — -0.5 —ozi 0.3 —0.5 —Lq—ozs
8 -1.0 —Zﬂi—Oﬁ -2.2 —22‘—031—091+03 07|—3al—20 —01—114
9 .—11‘—01‘—09‘—34 ~-0.8 —1.9 —0.9 —0.6 —1@# 04‘—20i—&&«132
10 —27}—20 —10“—17‘—21‘ 0.4 ~0.6 0.4 =0.9 —0.5 0.3 1.2-0.80
11 19‘ 15} 13 1.6 1.6 Oﬁ‘—Oji—OJ 04{ 1.2 111 04 0.95
12 !-—0.4 0.2} 1.6 0.9 1.8 2.0 0.6 2.7 0.4 1.8 03 1.8 1.14
13 2.8 2.3 22, 3.1 4.1 4.8 3.7 28 42\ 2.3 4.1 1.8 3.18
14 1.3 2.8 3.7 2.5 241 Zb; 32 22 34 2.4 3.1 4.3 2.80
15 1.5 1.1 Qﬂ 3.2 1% za 3.3 22 +ﬂ Lﬁ 1% 2.9 2.50
16 4.9 +a 41 3.4 &q 4.5 zj &J 2.4 3.4 3.1 1J 3.78
17 | 2.8 1.7 1.7 1.1 2.4 &4 &q 4.4 4.4 &q 3.4 2.1 3.33
18 —| | & 54 36 39 46 3.2 23 62 40 43 417
19 3.4 3.8 3.5 4.1 7.0 7J| 42 4.2 6.0 59 6.8 5.9 5.21
20 5.5/ 8.1 6.9 5.8 2.6 Zﬂ 3.5 4.9 6.2 aﬁ 59 6.1l 5.35
21 7.9 4.7 5.3 4.8 5.7 &ﬂ 7.1 5.8 &ﬂ 2.7 1.3 1.8 4.71
22 2.1 4.7 2.4 49 47 7.9 3.8 4.6 3.6 7.1 63 4.4 4.71
23 7.8 5.7 5.8 6.7 4.9 45 73 58 58 55 7.0 9.7 6.38
24 —  — 4.9 6.5 4.4 4.5 5.7 43! 70‘ 6.8 5.0 3.9 5.30
25 4.4 3.8 49| 3.8E 3.1 32€ N Sﬁg 5.5 4.1 53\ 4.5 4.38
26 7.5 5.5 4.8 3.3 4.8 5ﬂ 5ﬂ €7, 3.0 6.1 57 6.9 5.29
27 4.1 Zﬂ 7.2 8.3 6.8 &ﬂ za 2.0, 1.3 1.9 2.6 Lﬂ 3.80
28 35 3.1 27 1.7w——0.4. 0.4 2.0 3.2i 3.3 1.9 2.8 4.2 2.35
29 3.9 1.6, 5.6 17 3.7 5.8 2.4 2.0 3.3 4.3 7.0 Qﬂ 3.67
30 &J &4 1.0 T6i +4 aﬂ 6.6 6.9 5.6 &ﬂ +J +q 4.68
31 L# 4% lﬂ &ﬂ 6.6 +1 4.9 &ﬂ «ﬂ 3.8 4.8 +q 4.20

TIEFE LWEIRWEZZ BN D, 2O & ZEHICECT, MTELRER EHE 3 KEM D
FERZIEB L, 503 GQIZERNEODBN, /oL 505 HiLAH U%‘%@%ktﬁ:,' EFAY-d
WCREEEE & OBIRIZBE L Tix, ERRDOFERSTEKRZBZ BN T IcHE 2T L ED L 5 IT/HFD
DL E i EBEBIZERET L TR 2.
B RIZOWTEEZRD I
BIXRUBS Mo b Hviek 512, HTHEE 25°S & latitude knee O] T
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(100+*%, %) %

171 |
—
4.2 67‘ 5
9.6 1.5 3.
3.3 2.7, 2.
2.0 3.9 3.
5.5 5.4 5.
4.9 2.2 4.
5.0 4.6 4.
4.5 6.6 5.
44 6.2 6.
5.8 5.6 7.
44\ 32{ 4.
1.9 0.2’ 8
40 3.1 s
2.2 1.9 1.
~1.5 1.2 1.
&% 1.1 2.
14 1.6, 3.
0.5 —1.3 —o0.
0.9 0.6 0.
1.7 2.9 3.
3.7 0.5 2.
— 1.3 9.
0.0 —2.0l ~1.
-0.3 —1.8 —0.
0.6, 0.9 —0.
LJ 2.4 1.
1.4 1.2) —1.
1.4 2.0 1.

r | f
198 | 218 | 230 | Mean

|

45
0 2
3 3
1 3
ﬂ 2
9 5
0 3.
4 s
7 5.
2 6
s

4

2

4

6

2 3
7 1.
5 -0.
4 1.
3 2
7 12
2\

8§ —0
71—0
20
g o
6 —0
0 1

O = A h e

.0 4.84
7 5.57
.4 2.53
20 2.38
.ﬂ 4.37
.q 4.00
7 4.12
5 4.98
ﬂ 5.05
.6, 5.62
6 3.85
8 2.78
q 2.73
6 2.94
i—o&o
1 1.66
| 2.29
7. 0.03
4 0.02
5 2.40
8 3.54
0 2.69
4 5.15
.51—-0.94
1 0.18
5 1.4
.7‘ 0.04

6 0.47

16 WE e kR
B2 E ®
Table 2 (b)
February, 1959
Day | 13 s Lo i } 5n |
1 7.4 3.8 4.0 6.5 3.6 3.7 44 3.7
2| 43 52 48 41 4% 5.4 1% 3.4
3016 1425 42 14 200 220 3.0
4 23| 08i 17 0.8 1.9 2.3 3.0 3.0,
Sl a2 3.1 4.9 3.6 5.7 34 57
6 | 29{ 48 5.1 1.6 5.1 2.7 4.4 4.9
71 32 36 39 51 48 43 43 29
8| 46 3.6 49 5.5 4ﬁ} 5.5 3.8 5.3
9 | 53 44 41 47 48 52 48 4.3
04 54 58 57 4.5 b4 5.6l S 54
11| 5.6 4.6 38 43 42 27 3.3 43
12 -04 12 53 22 37 3.6 08 1.6
131 4.3 2.5 02{ 2.5 0.1 0.7 2.9 2.6
14 3.7 38( 51 4.8 2.6 2.2 3.0 3.0
15 lﬁ\—OB‘—02|—14j—10‘»10‘—0% 1.4
16 | 0.4 -0.2 17 0.4 1.4 2.0 z% zq
17 Lﬂ zﬁ 21 2.0 2.1 v6 1.0 2.5
18 1.6, 0.6 0.3 —0.4 ~0.0,-0.9 L4i—0$
19 =200 ~1.5 =1.2[ 0.5 0.6 1.9 0.4 0.0
20 | 2.5 1.1 1.9 47 26 1.2 3.3 1.1
21 | 2.7 1.0 4.8 24 22 26 3.9 3.4
22 — 2.3 1.9 0.4 -0.2 0.2 01’ —
2| 17.8 2.4 2.1 -2.4 ~0.1 ~13 -3.8 0.5
2 | -11 0.7 1.8 -1.3 -3.1) ~2.0 2.9 ~0.3
5 | —1.6 0.3 —2.0 23 12— 0.0 0.4
2% | 1.0 1.6 1.2 43% 4.2 -0.3 2.2 2.2
27 2.8 -0.20 0.0 10% Oﬁl—lj -0.8) —1.1
28 | 0.5 0.4 0.6 -21 0.6-03 0607

latitude curve DOEEIN R DT\ D (BIEXKDOEDOFNDLLMTHD). i1k

FHHRO energy spectrum 75, ZOWMEICE W TENEFN RGO T Z & 2 BT
. §sbb LkFHE#GD differential energy spectrum # KE-7 L {RET S &,
DT OEHAEALICZ LD, T O¥fEESE 1 BB & 2[HE OBMIZOWTEHR LT
Ror, B1EEORKE 2.5, $2[0H0MKE 2.3 L5 ExEx.
BRIFER IZE NG BIvis D7 A

D BEREOME (FEEME) (3, BEDSESE L < MBERAEE 5°S, iy

iEE 107°E Tah 5.

-
—
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ii) Latitude knee mfiE (Latitude curve O#FNHH-DOTHKFEIZ72 5 &E) (F=°03 Y Fij[al &
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Fig. 6. Secular variations of the sunspot relative numbers.

T and IL correspond to the periods during which latitude
surveys were carried out.

—7%, SIMPSON FHMDRET ZATIZ L ML, —f%IZ 1 RFEEHHD energy spectrum (I, K
BRIEBIE & BT O T\ D 22 BT\ D. Tibt, ABESNE LVEIZEY T 0
EAVIE 7B D ZEABEEN TV . FINBHEDOHRE, KBEBMECINTLALE
ROBDOHNIILIS T, 7 OIS EOF IS DTS, HiznbE 3 REH o
B DT 2y, KEBEEDB L 27eDZ L B b2 T ThsD. ZOBEDORKRIZIL hys-
teresis effect &\ 3 L 37 E 2 H LT HLMMETEDDTIIRLWEA I A Tiebb, A
TEBEL O ZACH A FEHEREO LM B LRI T Z L MEWR-ThA 525, i
EHEET DTS, HOAMEIL 755 & 5 & 20T, RO Th HRRENT I
EHLOTHBLRIET EHB 2 DDITTHAH (ZiLk hysteresis effect LMz L1129 5).

RIZ latitude knee DRIE TH B4, 0D 35°S X3 ML, ORED knee DI
(#9 B5°) (ZH~RTH L <fv. Thiz s < Cape Town {J3ir D geomagnetic anomaly o
RETHASI LHBZTD.

A E 6

UE2EDBEM»LHLEETH SN R/ BRI, THIZIRT 2, Wupziud
PERDOZ 2 FTRBRACE LT L S BRBREDE/IOTITHH, 7272 2E00BH O 25 5
X, FEMRERCFIIEAALKE 27 LY BT, f9kFEIZZ 0L 5 Bl
DR LTS Z &2 E 2T, UEDHERZ L VAR DDOL L, SFLWEEBREEREZ TS
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