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Abstract 

1. Introduction The routine observation 

of cosmic-ray nucleonic component was carried 

out on board the '' Soy A '' during the full 

voyage of the third Japanese Antarctic Research 

Expedition (1958-59). It was performed by 

the same apparatus that we used in the first 

expedition (1956-57). We intended m this 

survey to investigate the secular variation of 

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 m the first and 

the third surveys (see Fig. 1). In Fig. 2 there 

is 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. 

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 m:ing the nucleonic data observed at 

Mt. Norikura. 

Complete tables of cosmic-ray nucleonic data 

obtained m 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 fi.1:st 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). It 1s difficult to recognize a signifi

cant difference in sunspot numbers between 
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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 : 

RIGIDITY SPECTRUM 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-r, and 

calculating a numerical value of r, 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-

graphic longitude. 

LATITUDE 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). It is a remarkable feature that the position 

of the latitude knee is much lower than that 

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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Fig. 1. Position of the observation room on the ship. 
1 : observation room in the first survey. 
IT : observation room in the third survey. 
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tH 1 Ji. (a) Table 1. (a) 

tt /ifJt South bound 

f rcj:ifJ:-=f-)$Bl(%) J=j B Jl!!. liE: ;Z( fN & 
Date Neutron Geomag. lat 1�----------

1958.11. 13 32.4 21.0° N 
14 25.8 18.0 
15 24.5 15.2 
16 11. 8 
17 17.1 8.7 
18 13.6 6.2 
19 12.7 3.1 ° N 
20 11. 5 0.0 
21 10. 7 3.4° s 
22 12.3 7.2 
23 12.2 9.5 
24 13.1 :,/ / tf :f - )[,, 

25 12.4 ;\_fJJ1:j:t 

26 11. 9 at anchor in 
27 11. 5 Singapore 
28 10. 7 9.5 
29 9.9 7.2 
30 10.9 5.1 

12. 1 10.9 7.1 
2 11.4 9.4 
3 12.5 12.0 
4 15.3 15.0 
5 19.0 17 .1 
6 23.4 19.5 
7 27.3 21. 5 

J=j B 
Date 

12. 8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

I 
20 

I 21 I
I I, 22 
II 
11 

23 

II 

24 
25 

II 26 

!I 27 
11 
:I 28 

I, 

29 
30 

1

1 

31 

I, 

i I 
:q:i,[�:-T)!iiJ!l(% )! 
1 Neutron I 

30.0 I 

I 35.3 
I 39.9 I 

43.8 I 

47.8 

I 52.8 
54.8 I 

58.7 
I 

59.9 
I 61.8 

60.0 I 

I 

60.5 I 

58.9 
60.1 
61.2 
60.9 
61. 9 
64.8 
66.3 
66.0 
65.6 
65.9 
66.7 
66.5 

Ji!!. EE A �iik Et 
Geomag. lat 

23.5 S 
25.4 
27.2 
29.0 
30.5 
32.0 
33.2 
34.0 
35.0 
35.4 
34.4 
33.3 

J-;--7
°

5'7/' 

;\.f�i=p 

at anchor in 
Cape Town 

33.5 
37.2 
41.1 
45.1 
48.7 
51. 9 
55.2 

13 
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m 1 '1f. (b) Table 1. (b) 
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J=J B J=J B r:J=i'f"l:-r5�NC%) ifu m '1: f.'c1! /J£ 
Date Neutron Geomag. lat Date Neutron Geomag. lat 

� -��� 

1959. 2. 13 62.7 63.0° 
s 15 25.9 22.2° 

s 

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 "T - 7
° A fJJ "F1 27 

! 
10.9 � / jj ;f, - JI., 

26 61.8 28 12.0 AiJJ9:i 
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2 61. 5 II 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 I 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 

I 

12 29.6 23.5 
14 30.2 23.6 

---� 
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Day I 1h 3h I Sh 7h 9h 11h I !Jh 15' 17h 

1_9_
h I 2_1_'_ . 

23h I Mean 

I ' I- ' I 
- - I -�i-----

1 I o.8 1.1
1 

1.2 1 2.8
1 
-0.2
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1.1
1 

2.2
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1.8 3.6
1 

1.4
1 

2.0
1 
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2. 51 2. 2 2. 1
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2. 49 
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l
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! 

7. 3
1 

3. 1 2. 9 3. 2! 2. 1
1 

3. 3
1 

2. 2
1 

4. 39 
4 1 5.4i 5.0

i 
4.6 4.0 3.3 5.8

1 
2.8

. 
2.9 2.51 2.11 1.0

1 
2.3

1

! 3.48 
5 i -0.2

1 

o.1
1

-1.3
1

-1.6
1
-2.9

1
-2.o -o.7

1
-2.3 -1.8

1

-3.2 -3.4
1

-1.4-1.67 

6 I - 1. 7
1 
-3. 4, -4. 6, -0. 4 -1. 0

1 
-0. 4 -

I 
- 2. 6 0. 4

1 

-0. 6 -0. 3
; 

1. 5 1 -1. 19 
7 I 0.3

1 
0.1[ -1.01-2.1 -

1 
- - -0.5 -0.2

1 
0.3 -0.5 -1.11-0.25 

8 1

1

-1.0
1 
-2.0

1 

-o.6
1 

-2.2 -2.2
1
-0.31-0.91 +o.8 o.71-3.2

1 

-2.0
1 
-o.8

1
-1.14 

9 i -1.1
1
-0.1

1 
-0.9

1
-3.41 -0.8 -1.9

1

-0.9
1 
-0.6 -1.6

1 
0.4

1 
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10 
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1
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1 
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j 
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j 
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[ 
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1 
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11 
I

I 

1.9
1 0

1.
.2
5

1 

1.3
1 

1.6
i 

1.6
1 

0.6
1 
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1
-0.7 0.4

1 
1.2

i 
1.1

1 
0.2 1 0.95 

12 I -0.4 1.6
i 

0.9
1 

1.8
i 

2.0
1 

0.6
1 

2. 7
1 

0.4
1 

1.8
1 

0.3
1 

1.8: 1.14 
13 2.8 2.3

1 

2.21 3.1
1 

4.1

1

'. 4.8; 3.7[ 2.8
1 

4.2
1 

2.3
1 

4.1
1 

1.8i 3.18 
14 1.3 2.8 3.7 2.5

1 
2.1 2.6: 3.2' 2.21 3.41 2.4

1 
3.1

1 
4.3( 2.80 

15 1.5 1. 1 0 .4
1 

3 . 2
! 

3. 9
1 

2. 2
1 

3. 3: 2. 2 1 4. o: 1. 4i 3 . 9
1 

2. 9
1 

2. 50 

16 4.9 1 4.2
1 

4.1 3.4 1 5.7
1 

4.51 2.7
1 

3.6 1 2.4 3.4i 3.1
1 

3.3, 3.78 
17 2.8 1.7 1.7 1.1 2.4 8.6

1 
3.71 4.4 4.4 3.7'

1 

3.4 2.1 3.33 

:: 3.4 3.8 3.5 !:: �:�1 �:�1 ::�1 !:�
I 

! � ::!
!
, :J

I 

::� ::�� 
20 5 . 5 8 . 1 6. 9 5 . 8 2 . 6 2 . 4

1 

3 . 5 4. 9 6 . 2 6 . 3 5 . 9 6 . 1 5 . 3 5 

21 7. 9, 4. 7 5. 3 4. 8 5. 7 5. 8
1 

7. 1 5. 8 3. 6
1 

2. 7 1. 31 1. 8 4. 71 
22 2.1 4.7 2.4 4.9 4.7 1 7.9 3.8 4.6

1 

3.6
1 

7.1 6.3
1 

4.4
1 

4.71 
23 7. 8 5. 7 5. 8 6. 7 4. 9 1 4. 5 7. 3

I 
5. 8

I 
5. s

1 

5. 5 7. O
i 9. 7

1 
6. 38 

24 4. 9 6. 5 4 .4 4. 5 5. 71 4. 3
1 

7. 0
: 

6. 8· 5. 0
1 

3. 9
:
' 5. 30 

25 4.4 3.8 4.9
1 

3.8
1 

3.1 3.21 -
1 

5.6
i 

5.5 4.1 5.3
1 

4.5 4.38 

26 7. 5 5. 5 4. 8 3. 3
i 

4. S
I 

5. 6[ S. 6 1
, 4. 7

[ 
3. 0

1 

6. 1 5. 7
1 

6. 91 
5. 29 

27 4.1 2.6

1 

7.2

1 

8.3
1 

6.8 5.2
1 

2.21 2.0
1 

1.3
1 

1.9i 2.6

1 

1.6
i 

3.80 
28 3.5

1 
3.1 2.7 1.11-0.4\ 0.4

1 
2.0i 3.21 3.31 1.9

1 

2.8 4.21 2.35 
29 3.9\ 1.6

1 

5.6,' 3.71 · 3.7
1
' 5.Si 2.41 2.0

i 
3.31 4.3

1 
7.0

1 
0.7) 3.67 

30 3. 9

1 

3 . 1 1. o 7. 6
i 

4. 4 s .4
1 

6. 6
1 

6. 9
1 

s. 6
1 

3 . 71 4. o
1 

4. o
1 

4. 68 
31 2. 9 4. 0

1 
2. 0

1 
3. 3

1 
6. 6

1 
4. 7[ 4. 9

I 
3. Si 4. 9i 3. s

1 

4. 8/ 4. 71 4. 20 

-cu:� Lv'�vifc1:v' t �;t Gn 0. s:. 0)-:. t 2:'��v:=rnf1v,-c, tJTm 1 tizWVJllJ t m 3 tizlUJllJO) 

*iL* '2:' J:l:� L, t" 5 v' 5 ,12J:=��IJ;tJ;EY) Gn, it-:. t" 5 v' 5 l=Hi [Pl t *t* 2:'--'J-;t f-:_IJ;, it-:.� 

v:=::;t��itibJ.r t O)�f*d=� L -c vi, 1:.icO)*a*1Jqtot�� ;t G n-c 1v ,f-:_:;:1�;-;tn t c:: 0) J: 5 v:=*tw� 

0 < -/J; 2:'l� < fffi�v=t�!1 L -C Jl 0. 

ruVJl!J*a * v= 01v, -c � 2:' tJ2 it) t-:.,r!:!,: 

m 3 �lz.cfm 5 �IJ; G EJI G1Jdc1: J: 5 v:=, tth�;MtJ.r 25
°

S t· latitude knee O)Fs9 t 



16  

February, 1959 

;;j'� 2 '!'l: (b) 
Table 2 (b) 

C676) cm ��*4 

(100 + **, *) % 

�

a

yLl�I _:_. _5'_ I ��- 1--9"- - l�Jh__l � i-�
S
� 1-

17
"_ 1 -1 �� 1 -2:_ 1 _2�" 

I 
Mean 

1 I 7 . 1 1 3 . 8
1 

4 . 0  6 . 5 i 3 . 6 , 3 . 7  4 . 41 3 . 7 i 4 . 21 6 . 7
1 

5 . 4i 5 . 0
! 

4 . 84 
2 I 4 .  3

1
1 5 .  2 4 .  s 4 .  1 1 4 .  9 1

1 5 .  4 7 .  9'i 3 .  4! 9 .  6i 1 .  5, 3 .  o! 2 .  7J 5 .  57 

I 

! ! I I I I I ! 3 
I 

1 . 61
1 

1 . 4 2 . 5  4 . 2
1.
1 1 . 4,.

1 2 . 1  2 . 2
1

1 3 . 0 1 3 . 3 1. 2 . 7
1 

2 . 3
1 

3 . 7.
1 

2 . 53 
4 2 3 0 8 1 0 8 1 91 i 1, I I , 

• j · 

I

! . 7
1 

. 
1 

1 . , 2 . 3  3 . 0 3 . 0j 2 . 0, 3 _ 9
1
· 3 . 1 1

1 
3 . 21 2 . 38 

' I I I i I 5 I 4 . 1 1 3 . 2i 3 . 1
1 

4 . 9
i, 

3 . 6
1 

5 . 7
1

' 3 . 41 5 . 7
(
1 

5 . 5
1 

5 . 4! 5 . 4
[ 

2 . 4j 4 . 37 

6 2 9 I 4 8 1 5 1 1 6 ' 5 1 i I 4 I 2 .  2 11. I 1 

. 
1 

. , . I 

. i . 1 

2 . 7
1 

4 . 
4J 

. 9
1 

4 . 9
1 

1 

4 .  9 5 . 0
1 

4 .  oo 
7 3 . 2'

! 
3 . 6: 3 . 9  5 . 1 ! 4 . 8, 4 . 3

1 
4 . 3 1 2 . 9: 5 . 0, 4 . 61 4 . 0  3 . 7'. 4 . 12 

s 4 .  6
1 

3 .  6, 4 .  9 5 .  5j 4 .  6[ 5 .  5
I 

3 .  si 5 .  3j 4 .  51 6 .  6
/ 

5 . 41 5 .  5i 4 .  98 
9 5 . 3 '

I 
4 . 41 4 . 1  4 . 7

1 
4 . s: 5 . 2

1 

4 . 8
1 

4 . 3
! 

4 . 4 1 6 . 2
1 

6 . 7\ 5 . 7I 5 . o5 
10 5 . 4

j 
5 . Si 5 . 7

1 
4 . 5 ; 4 . 4i 5 . 6

1 
5 . 4j 5 . 4

! 
5 . 81 5 . 6

1 
7 . 2j 6 . 61 5 . 62 

1 1  5 . 61 4 . 61 3 . s 1
1 4 . 3

1 
4 . 2

1 
2 . i

1 
3 . 3 \ 4 j

1 

4 . 1 1 3 . 2
1 

4 . 5I 1 . 61 3 . 85 
12  

-
0 .  4

1 
1 .  2/ 5 .  3

1

! 2 .  2: 3 .  7[ 3 . 6: 0 .  S
i 

1 .  6: 1 .  9I O .  2
1 

8 . 4i 4. 8! 2 .  78 
1 3  4 . 3

1 
2 . 5

1 
0 . 2  2 . 5 : - 0 . 1 / 0 . 71 2 . 9 i 2 . 6

1 

4 . 0i 3 . 1 j 5 . 2
1 

4 . 9
1 

2 . 73 
14 3 . 7

I 
3 .  s

[

1 5 .  1 4 .  s;
, 

2 .  6
1 

2 .  2 1

I 

3 .  o
[ 

3 .  o
1 

2 .  21

] 

1 .  9 1

I 

1 .  4
/ 

1 .  6: 2 .  94 
1 5  1 .  6 1  - o .  s - o .  2 1  - 1 .  4

1 
- 1 .  01 - 1 .  o - o .  2, -- 1 .  4

1 
- 1 .  5 1 .  2 - 1 .  6

1 

o .  5
1
i - o .  50 

I I I i I I I I I I I I 

1 6  0 . 4

1

. - 0 . 21 1 . 7
1 
· 0 . 4

1 
1 . 4

1 

2 . 0
1 

2 . 0
1 

2 . 1
1 

3 . 7
1 

1 . 1  2 . 21 3 . 1 \ 1 . 66 
1 7  1 .  4 2 .  7 2 .  1 1  2 .  0 1 2 . 1  3 .  6

1 

1 .  0 1 2 .  5
1 

3 .  6 1 1 6! 3 .  7 1 1 .  21 2 .  29 
18 1 . 6. o . 6

1 
o . 3 [ - o . 4! - o . o\ - o . 9

1 
1 . 4

j

1 - o . 3
! 

o . 5 i 1 : 3 1 - 0 . 5 ! - o . 7: o . o3 
1 9  - 2 .  0

1
- 1 .  5

1 
- 1 .  2 1  - 0 .  5

! 
0 .  6

i 
1 .  91 - 0 .  4

1 
. 0 .  0

1 
0 .  9

1 
0 .  6

1 
0 .  4

1 
1 .  4i O .  02 

20 2 . 5  1 . 1 1 1 . 9  4 . 7
[ 

2 . 6
/ 

1 . 2 1 3 . 3
1 

1 . 1  1 . 7' 2 . 9  3 . 3
1 

2 . 5: 2 . 40 

21 2 . 11 1 . ol 4 . 8  2 . 2
1 

2 . 2
1

. 2 . 61 3 . 9

1 

3 . 4  3 . 7  o . 5  2 . J'
j

' 1 2 . sl 3 . 54 
22 - 2 .  3

1

1 1 .  9

1

. o .  4j - o .  2
1 

o .  2 o .  1 
1 

I 1 .  3
1 

9 .  21 9 .  o, 2 .  69 
23 1 7 . 8  22 . 4  32 . \  - 2 . 4! - 0 . l j - 1 . 3 - 3 . 8

1 
0 . 5 1 O . o

1 
- 2 . 0 1 - 1 . Sj - 0 . 41 5 . 1 5 

24 - 1 . 1  0 .  7
1 

1 . 8
[ 

- 1 . 3
I 

- 3  . 1 1 - 2 . 0  - 2 .  9
! 

- 0 . 3 1 - 0 . 31 - 1 . 8 - 0 .  71 - 0 . 5 i - 0 . 94 
25 - 1 . 6 o . 3  - 2 . 0

1 

2 . 3

1 

1 . 2
1 

- o . o
1 

o . 4  o . 6
1 

o . 9  - o . 2
1i 

0 . 1
\ 

0 . 1 s 

26 1 . 0 1 . 6  1 . 2
1 

4 . 3 ; 4 . 2

1 

- 0 . 3  2 . 2
1 

2 . 2  1 . 0 2 . 4  1 . 8
1 

0 . 5 : 1 . 84 
27 2 .  8 - 0 .  2 0 .  0 1 1 .  01 0 .  6 - 1 .  1 - 0 .  8

1 
- 1 .  1 1 .  4 1 .  21 - 1 .  6

1 

- 0 .  7
1 

0 .  04 
28 o .  5 o .  4 o .  6

1 

_ 2. 1 r o. 6
1 

_ o .  3 o .  6
1 

_ o. 7 1 .  4 2 .  0
1 

1 .  0
1 

1 .  6
1 

o .  4 7 

latitude curve 0) 1;J�c7Ji�tJ: .,,Y1� v '  0 (m 3 {)ZO)� O)jj?]ikp 0 -?7J :i  "C &J .g ) .  � tU;J: 1 {)( 

¥=EErJR O)  energy spectrum 7Ji, s:. 0) iilijJJ!F1c1%: i3'v , --c  -t h t h � tJ: -'J --C  v , ts: � l: !' :!':�-t 

0 .  -t tcr: :b -b  l t7Z¥=sHJJlO) differential energy spectrum 2::" KE - r  t -i&5E-t 0 t ,  � 

0) r 0)1@:7Ji �1t L ts.:: �  t r:: Jcr: 0 .  r 0) �1@: 2::" m  1 @! § t 2 @]  § O) fl1J!I H:: --:) 1v , --c tt� L --C  

Je. 0 t ,  m 1 @! El O)��;J: 2. 5, m 2 @! § O)��t 2. 3 t 1v ,  5 1@: 2::" 1� ts.::. 

fliJ!IJla;5f!: �=:& 7Jiiii 00  G h tcr: !J :. --:) fs.::,#, : 

i) 1�!t:!ii/J,,#, 0) 1:v.mt C¥=EErJJltiFJ!!) �t ,  fij @J t �@! t IP] t < tfiltitt'1.tl!t 5° S, :t&J11r¥ f¥.J 

m!!t 107° E --c 2b 0 .  



No. 1 0 . 1 960] (677) 1 7  

ii) Latitude knee O){V:ir: (Latitude curve 0)1JTh ffil ·'::n�1.k+ r:tci: 0 ,i�J vi�vi ".J §IJ@J t  

[PJ t < :!:if!.1if.t;;<tfJil:]Jt c 35
°

8 1tJLt c cb 0. 

I I 

I I 
I 
I 

I Q) I • ....0 
I • e l  I 

s 2 0 0 - I 0 • • I 
I 0 GI : . • I 

1 0  I • I +-' I I •• . 0 . I I •. :  • 9 81 o +  
rJJ 

01 0 • I 
i= 

• • • I I 
::::J ••• • I 1 •  

1 0 0 ,...  • I 
I • I 0 I 
I I • I I • I I 

1r.it; • 0 I I •• I I 
wi; I I 

� • I 

+< 0 I I I I I I 

1 9 5 6  9 5 7  1 9 '38  

;_;r,� 6 cm ::tPii�ifJ& O)  Secular variation . 
1 ,  n fi -t n .f:  nZ&rnlJ O) fi t� :b n  t:. MFsi 1:. JH1::: L -C  1., ,  0 .  

Fig . 6 .  Secular variations of  the sunspot rela tive numbers. 
I and l[ correspond to the periods during which latitude 
surveys were carried out . 

�1J, SIMPSON �O)mog\sr 0 JWr: J:: ;t'Uf, ���v=: 1 {?(¥af}i0) energy spectrum vi, 7.( 

��f.51:fJ£ t W�r::.Mu01v,-c 1v ,0 t � )(. G n -c 1v ,0.  srtci:h1::J, j;;:��f.51/1771� Lv,� n. t" r 0) 

1!i7Jl 'J� � < tci: 0 t 1v , 5 :. t 77q�R'\5 � n -c 1..,, 0 .  pJr77\:EJt:fEO) r.a�: �i, *��f.51fJ£ r=: viH t � t'� 

�77\g;2,(Y) Ghtci: 1v ,v=: t fPJ G -f, r 0){1ivi�@J 0)1J77\ 1l ' �  < tci: �>-C 'v ' 0 .  cbt-.:77 \ tm3t?ZlUJ!IJ O) 

ieyM0)1J77\ ,  i;:��f.51f177\ �  L1J \0f_:77 \ 0) :::.  t e �77\ cb 0 h vtc cb 0 . :. 0)$�0)WftRJ=:vi hys

teresis effect t 'v '  5 J:: 5 fJ:�;Z.1J 2:' -9 0 t i'f.1*1:f�c e 0 O)cv;:!: fJ: 'v 't-.: 0 5 7] \ ,  sJ- tJ:h 1:J, j(�� 

f.51:fJJJt0) �1t1J 11it1J\ v=:¥'iiff#.3silJt0)�1tv=:§Jl'f. 2:' .&rrsi- :. t v;:!: Fl39�1..,,tci: 1v ,c cb0 5 77;, s=.n¥ 

��Jtl'f-sr 0 0) c vi tci: < ,  cb 0 M1J\�:fr-t tci: 0 J:: 5 tci:t\HJf: 2:' 14':tci: 0-c, tt0-c cb 0 �Fl39 ITT-f n 
2:'1¥-tci: 0-C f?l'f- 2:' .& rrsr t � ;t 0 hvt c 60 0 C:.  h 2:' hysteresis effect t Pf .s:. t v=: st- 0 ). 

t?Z v=: latitude knee O) {ftui c cY) 0 -// -, , :. 0) 35
°

8 t 1..,, 5 t�tlitvi, 1iliO);t&}JtO) knee O){ftui 

01s 55
°

) v=:J:t�-C �  L < 1.JJ:1v,. 2::. h vH� G  < Cape Town 1t}L(O) geomagnetic anomaly 0) 

IJW. c cb 0 5 t � ;t -c 1v, 0 . 

t-JJ: 2 @0)U1J!IJ1.1 \  G 60 0 :f¥.£TM � nt-.: r-a* 2:'�t-= t [P] a�_n::. , TMv=:Bz:sr 0 ,  1v ,1v,1.1 \;tn vf 

tE*O)� )(1J c vi t5t.SJI v=: E L  tr J:: 5 tJ:*6* 2:' t 1� t-.:h vt c cb �) 7] \ ,  ts.: t-.: 2 @I O)\UJ!IJ 0) ;1-;. 1.) \  G 

vi, 5Em.ITTtJ:itUt��i=�J6�t-.:�it 2:' tci: L 5 0�!9'JcvitJ: 'v '. �;*�v: :. O) J:: 5 tJ:U�U 2:'** 

lJ � Lfi tJ: 5 :.  t v=: J:: 0-c, J;.JJ:O),,%a* 2:' J:: !'.) SJlufUJ: t 0) t L , � L V ')Em_El'JgfH/fu 2:'PJff�tJ: G 



1 8  (678) [JlHU�·*'1-

ff :f& 1:: , 2:: 0) l!t1J!IJ °2::' 1T tJ: 5 i::  -:::i v ,  t,  i@ :z -f �!HJ1 t �t�� °2::' «£ h -::i t-: wf ffiJtl!.:l:�HilUlllJ �f :N: 0) 5-k EB fttii/f ±, 

JJz cf tilt 1RIJ i::  t� jJ °2::' rn v ,  t-: �ffei. §tf .Ex; � U: i::  *-frA �Ol 0) 1f k f:: !'1- < 1ff11-tL $ L J: (rf 0 t'Z� '( &:> 0 .  

X, ffil1t¥:EJf�J'iJf O) '8'dffiJJ,,OitfH'tf±, 1J ,:kiEsl .B;; 1:: l:t -f 0) �t�� t �HI}]�· °2::' � k �k& h -::i t-: $  i:: 8/i < �� 

0) � °2::' � -t 0 .  

1 ) 1J,.:f.IEsl : r�H��#, 1, 29 ( 1957). 

2) Simpson et al : Phys. Rev. 102, 1648 ( 1956) . 

3) Shin Fukushima and Masahiro Kodama : R .  I .  S. R.  J. 13, 2, 112 ( 1959) . 


