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REPORT ON RESULTS OF COSMIC-RAY OBSERVATIONS 

ON M/S "SOY A" DURING THE PERIOD FROM 

NOVEMBER, 1959 TO APRIL, 1960 

Shin FUKUSHIMA* and Tsuyoshi NAKAMURA** 

Abstract 

The third latitude survey in cosmic-ray 

neutrons has been carried out along the same 

ship-route and by using the same apparatus 

as in the preceeding two surveys. 

Although the observation room was the same 

as that in the second survey, one additional 

room was constructed over our room. Thus, 

as observational conditions in the three latitude 

surveys are different from one another, the 

obtained results could not be compared in ab­

solute intensity but in relative. 

The periods duripg which each survey was 

performed are represented with the corre­

sponding sunspot relative numbers in Fig. 1, 

where a full curve shows the 12 months run-

ning average of monthly mean values in sun­

spot numbers. 

Fig. 2 shows 12 hour mean values for each 

latitude curve in the southern hemisphere .. It 

is seen from the figure that the slope of lati­

tude curve becomes gentle at the second sur­

vey and then almost recovers at the third. 

To explain such changes in primary cosmic­

rays by terms of changes in solar activity 

represented by sunspot numbers as shown in 

Fig. 1, we suppose a hysteresis effect of solar 

activity upon cosmic-rays. In other words, 

changes in cosmic-rays do not immediately 

follow that in solar activity but about half 

a year later. 
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Fig. 1. Monthly mean values of sunspot relative 
numbers. A full curve shows 12-month run­
ning averages. 
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Fig. 2. Changes in neutron intensities with 
geomagnetic latitude in the: southern 
hemisphere. 
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November, 1959 
Table 1 (a). 

Cosmic Ray Data, corrected for barometric pressure. 
(All values are in unit of 0.1%) 

- D�y I ;i 3h • / 5h I 7h I 9h i 11h i 13h i 15hT 17h -G9h Gh I �h Sum I N I Mea� I Gef::t;·�I 
1 

i 
I 21. 0° N 

2 19. 5° 

3 16. 7° 

4 12. 7° 

5 10. 0° 

6 7. 0° 

7 4. 0° 

8 0. 0° 

9 3. 0° s 
10 6. 0° 

11 9. 0° 

12 9. 8° 

13 II 

14 II 

15 II 

16 - 98 - 67 -100 - 90 - 86 - 88 - 94 - 94 - 71 - 86 - 78 -118 -1070 12 - 89.2 II 

17 - 61 - 59 - 97 - 81 - 81 - 73 -101 - 82 - 90 - 68 -121 - 78 - 992 12 - 82. 7 II 

18 - 60 - 84 - 78 - 92 - 70 - 97 - 97 -111 - 88 -106 - 90 -101 -1074 12 - 89. 5 9. 40 

19 - 85 - 88 - 68 - 91 -102 - 97 - 93 -102 -103 -120 - 88 - 87 -1124 12 
1

- 93. 7 6. 8° 

20 -122 -104 -102 -111 -102 -111 - 95 - 91 - 99 - 91 -110 - 94 -1232 12 -102. 7 5. 0° 

21 - 87 - 90 - 97 -100 - 94 -106 -117 - 92 -100 - 75 -108 - 82 -1148 12 - 95. 7 7. 0° 

22 - 95 -109 - 71 - 98 - 96 - 91 - 73 - 99 - 85 - 64 - 85 -103 -1069 12 - 89. 9 9. 1° 

23 -100 - 92 - 75 - 93 - 87 - 97 - 96 - 60 1- 77 - 55 - 81 - 75 - 988 12 - 82. 3 10. 2° 

24 - 37 - 79 - 74 - 59 - 66 - 72 - 60 - 43- 58 - 56 - 69 - 50 - 723 12 - 60. 3 13. 4° 

25 - 28 - 46 - 37 - 16 - 35 - 29 - 55 - 43 - 39 - 26 - 44 - 37 - 435 12 \-36. 3 15.2° 

26 - 25 + 6 - 10 - 18 - 44 - 32 - 25 - 21 - 16 - 11 - 24 - 4 - 224 12 - 18. 7 16. 9° 

27 - 20 - 4 + 14 8 9 26 - 2 + 11 + 7 7 3 8 + 69 12 + 5. 7 19. 1° 

28 0 24 32 14 40 31 8 31 32 43 64 34 353 12 29. 4 20. 6° 

29 53 46 68 31 58 58 79 60 89 82 55 79 758 12 63. 1 22. 7° 

30 97 113 91 131 91 120 149 121 161 158 171 127 1540 12 128. 3 24. 9° 

31 

* convectional values for the eccentric dipole field. 

Note 

Amp: failure 
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Table 1 (b). 

December, 1959 Cosmic Ray Data, corrected for barometric pressure. 

Day j 1h [ 3h I 5h I 7h I 9h j nh j 13h j 15h j 17h j rnh I 21h I 23h I Sum I N I Mean I GeL:�
g

· I 

1 148 161 180 165 185 186 193 205 
2 197 180 208 218 216 207 223 230 
3 233 227 222 232 230 214 209 196 
4 198 236 247 255 246 267 250 269 
5 270 287 287 298 294 301 329 323 

6 306 319 321 335 341 331 336 345 
7 331 346 350 352 330 351 367 354 
8 358 357 358 377 358 370 358 364, 

9 375 387 388 394 384 379 388 377 
10 384 378 358 365 356 343 -

11 404 401 396 403 415 391 393 387 
12 400 388 392 393 374 394 385 386 
13 385 378 371 393 401 380 400 394 
14 384 391 390 368 376 399 395 398 
15 401 407 365 382 389 - - 381 

16 370 368 377 383 354 379 389 375 
17 384 370 391 405 404 414 408 400 
18 391 424 361 379 399 398 388 414 
19 422 430 423 425 425 440 434 433 
20 444 448 460 445 451 466 459 443 

21 463 444 475 465 385 478 485 494 
22 478 430 474 479 461 483 473 485 
23 453 441 458 458 456 443 465 459 
24 458 467 429 443 431 425 455 457 
25 414 429 436 427 447 440 450 450 

26 442 448 457 462 431 454 458 472 
27 464 460 467 456 461 424 432 423 
28 419 421 420 428 406 415 412 423 
29 421 419 408 410 387 393 424 435 
30 413 412 403 377 417 423 426 416 
31 418 413 403 419 413 404 424 423 

215 192 
228 232 
206 223 
271 278 
326 336 

333 329 
347 345 
375 369 
415 374 

- -

390 404 
370 365 
385 386 
413 398 
395 371 

390 370 
393 392 
409 414 
429 420 
461 449 

481 469 
480 475 
466 472 
441 452 
456 459 

470 464 
432 441 
426 431 
417 409 
430 442 
418 429 

,. 

216 185 
221 216 
218 209 
272 265 
311 322 

340 344 
349 344 
376 386 
393 388 
403 407 

384 374 
416 380 
385 398 
381 385 
386 360 

397 406 
388 423 
412 413 
434 437 
459 466 

480 470 
474 462 
466, 461 
440 423 
439 434 

480 465 
432 I 438 
414 420 
412 I 400 

417 436 
433

1 

419 

2231 12 185.9 26.9° 
s 

2576 12 214.8 27.6° 

2619 12 218.3 29.2° 

3054 12 254.5 30.1° 

3684 12 307.0 31.2° 

3980 12 331.7 31.0° 

4166 12 347.5 31.3° 

4406 12 367.5 33.0° 

4642 12 386.8 33.1° 

2994 8 374.3 33.6° 

4742 12 395.2 32.3° 

4643 12 383.6 " 
4656 12 388.0 " 
4678 12 389.8 " 
3837 10 383.7 " 

' 
4540 12 378.3 " 
4772 12 391.8 " 
4802 12 400.2 33.5° 

5152 12 429.3 36.0° 

5451 12 454.3 40.4 ° 

5689 12 474.0 44.7° 

5694 12 474.6 48.2° 

5498 12 458.1 52.5° 

5331 12 444.2 56.3° 

5271 12 439.2 60.8° 

5503 12 458.6 64.4° 

5330 12 444.1 67.9° 

5035 12 419.5 
4935 12 411.2 
5011 12 417.6 
5017 12 417.6 

Note 

Recording failure (R. F.) 
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January, 1960 

Day I 1 h I 3h I 5h I 7h I 
1 I 405 , 
2 421 
3 443 
4 452 
5 442 

6 423 
7 419 
8 423 
9 422 

10 424 

11 420 
12 402 
13 429 
14 405 
15 380 

16 387 
17 382 
18 391 
19 376 
20 399 

21 402 
22 406 
23 403 
24 429 
25 400 

26 
27 
28 
29 
30 
31 

418 
420 
424 
419 
398 
408 

407 
415 
427 
442 
438 

417 
415 
434 
396 
403 

409 
407 
417 
395 
383 

379 
387 
408 
378 
419 

407 
391 
392 
403 
420 

425 
417 
420 
415 
422 
407 

407 
426 
429 
454 
436 

430 
401 
418 
399 
405 

404 
404 
420 
378 
389 

387 
3-96 
400 
376 
392 

379 
408 
413 

407 
411 

·
1 

432. 
418 
407 
409 
415 

400 
428 
438 
451 
433 

420 
392 
436 
394 
397 

409 
426 
407 
379 
397 

379 
389 
383 

404 

399 
427 
376 
406 
409 

421 
420 
431 
413 

419 

I I 
I 

I 

Table 1 (c). 

Cosmic Ray Data, corrected for barometric pressure. 

9h I llh I 13h I 15h I 17h I 19h I 21h I 

420 410 I 420 I 420 
1

1 

4341 4261 445 I 

432 441 423 464 438 I 446 398 I 

428 424 426 434 I 453 I 457 448 ·

1 461 449 430 460 i 444 
I 

443 432 
429 432 432 451 I

I 

440 425 
1 

412 I 

419 I 417 4451 429 422 !

I 

436 
1
· 437 I 

401 409 414 426 1 397 397 , 402 1 

433
1 

419 
390 406 
403 393 

410 418 
424 404 
420 428 
365 391 
388 361 

364 382 
395 398 
389 390 

- 393 
- -

410 403 
428 427 
384 414 
410 425 
401 420 

436 426 
414 409 
431 407 
415 423 
394

1 
415 

402 406 

,I'.)'.) 

- - -
I 

401 
437 
423 
397 
379 

376 
372 
385 
394 

-

406 
440 
404 
412 
428 

438 
404 
422 
428 
413 
427 

418 
406 
412 

424 
423 
433 
392 
369 

389 
386 
379 
391 
379 

422 
427 
392 
424 
405 

425 
401 
436 
419 
403 
395 

421 
I 

428 
417 407 
404 I 401 

430 I 424 
418

1 
427 

420 426 
363 I 355 
380 I 385 

3871 393 
371 I 371 
400 I 402 
398

1 

385 
425 404 

401 411 
428 427 
396 403 
421 414 
411 430 

419 
I 

420 
398 I 405 
415 I 433 
417 I 418 

430 412 
428

1 
407 

412 
401 
415 

419 
434 
422 
380 
392 

394 
380 
379 
391 
411 

389 
427 
421 
418 
411 

419 
417 
434 
417 
406 
415 

23h I Sum I N 

418 
437 
440 
432 
446 

434 '1 

428 
413 
417 
415 

405
1 420 

423 
367 
393 

378 
362 
381 

I 401 
413 

399 
419 
416 
416 
412 

420 
409

1 
447 
427 
399

1 412 
I 

5012 12 
5169 12 
5247 12 
5350 12 
5216 12 

5129 12 
4901 12 
5088 12 
4858 12 
4863 12 

4973 12 
5026 12 
5068 12 
4567 12 
4596 12 

4595 12 
4589 12 
4687 12 
3883 10 
3746 9 

4834 12 
5055 12 
4814 12 
4989 12 
4954 12 

5099 12 
4932 

J 
12 

5107 I 12 
5020 12 
4919 12 
4114

1 
10 

I 

Mean I 
Geo mag. 

,
' 

Lat. 

417.7 
430.8 
436.8 
445.8 
434.7 

427.4 
408.4 

uuv.u 

388.3 
416.2 

402.8 
421.3 
401.1 
415.7 
412.8 

424.9 
411.0 
425.6 
418.3 
409.9 
411.4 

Test " 

R.F. 

Note 
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Table 1 (d). 

February, 1960 Cosmic Ray Data, corrected for barometric pressure. 

Day i 1" I 3" I 5" I 7" I 9" 1 n" 113" 115" 117" 119" I 21" I 23" I S��-1 N I Mean 
I GeL�t

g

· I --- --

1 432 
2 416 
3 408 
4 400 
5 424 

6 442 
7 453 
8 468 
9 466 

10 446 

11 473 
12 470 
13 429 
14 456 
15 462 

16 440 
17 464 
18 430 
19 431 
20 481 

21 485 
22 457 
23 429 
24 421 
25 439 

26 397 
27 439 
28 465 
29 466 
30 
31 

41� I 4; 
421 414 
403 402 
409 419 
439 436 

448 448 
468 483 
470 449 
461 460 
459 451 

450 448 
477 468 
453 434 
429 417 
443 447 

420 438 
468 474 
442 444 
444 457 
482 490 

482 490 
466 447 
425 423 
421 432 
435 428 

418 411 
456 458 
459 460 
461 451 

423 
428 
402 
435 
435 

468 
464 
460 
455 
452 

460 
472 
443 
420 
467 

439 
468 
452 
464 
491 

465 
460 
440 
417 
441 

422 
452 
453 
467 

430 443 434 
422 421 418 
413 406 403 
434 432 430 
448 418 409 

462 465 479 
454 461 464 
487 467 468 
457 461 456 
475 494 477 

453 472 481 
473 461 478 
427 466 453 
440 444 442 
489 447 452 

446 453 473 
499 487 467 
460 - 462 
464 459 482 
482 491 466 

454 470 458 
469 468 465 
445 428 442 
421 428 435 
451 446 448 

428 421 428 
455 454 443 
464 461 471 
437 470 467 

4441 432 442 436 425 5191 12 432.6 
422 393 403 397 413 4968 12 414.0 
405 414 395 397 405 4858 12 404.4 
424 443 - - 407 4233 10 423.3 
434 451 438 459 461 5250 437.5 

454 468 439 440 462 5475 12 456,3 
428 445 441 432 454 5447 · 12 453.9 
471 469 492 476 471 5648 12 470.7 
464 475 455 443 456 5509 12 459.1 
469 445 468 461 459 5556 12 463.0 

470 457 485 474 460 5583 12 465.3 
447 459 458 479 466 5608 12 467.3 
429 447 435 432 456 5304 12 442.0 
454 439 427 423 409 5200 12 433.3 
466 466 455 446 444 5484 12 457.0 

474 460 463 425 442 5373 12 447.8 
479 481 451 463 435 5636 12 469.7 
445 452 459 455 424 4925 12 447.7 
481 459 479 474 491 5585 12 465.4 
487 480 477 467 459 5753 12 479.4 

472 490 479 469 434 5648 12 470.7 67 .2° 
s 

439 436 447 456 451 5461 12 455.1 64.0° 

450 429 436 437 436 5220 12 435.0 60.6° 

422 421 435 428 425 5106 12 425.5 59.3° 

465 460 422 449 433 5317 12 443.1 56.7 ° 

438 443 468 440 449 5163 12 430.2 53.8° 

455 423 452 464 447 5398 12 449.8 50.0° 

447 455 437 455 473 5500 12 458.3 47.7° 

464 443 455 440 420 5441 12 453.4 44.3° 

Note 

R.F. 

Noise 
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Day
/ 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
13 
19 
20 

March, 1960 

lh 3h 5h 7h 

457 428 44 7 420 
427 424 423 424 
406 382 416 399 
393 398 410 393 
401 402 418 396 

401 403 387 414 
403 399 388 413 
413 401 

406 396 383 I 394 
397 412 404 

I 
408 

368 354 367 I 358 

364 367 354 '

1

· 351 
315 301 302 292 

266 264 I 259 
230 225 I 245 I 221 
171 209 186 I 188 

21 148 180 I 158 I 173 
22 140 135 I 129 I 134 
23 91 83 

I 

81 I 56 
24 52 52 32 1 69 
25 32 16 I 9 I 18 

26 - 9 13 I 4 I 12 
27 -13 -36 - 5 i -11 
28 -56 -48 f -58 I -53 
29 -56 -66 -40 : -53 
30 -50 -46

1 

-71 I -68 
31 -96 -84 -102

1
-68 

Table 1 (e). 

Cosmic Ray Data, corrected for barometric pressure. 

9h 
j 

11h 
I 13h 15h 17h 19h 

I 
21h 

I 
23h I Sum N 

439 
424 
414 
409 
401 

388 
408 

439 
431 
408 
417 

415 408 426 416 
412 415 413 420 
416 394 401 406 
403 396 413 395 
401 394 390 402 

423 
425 
397 
393 
401 

419
1 413 

406 
393 
393 

393 I 401 442 422 398 I 407 I 406 
422 401 420 399 390 I 412 

5137 1 ,  12 
5051 12 
4845 12 
4813 12 
4399 11 

4862 12 
4455 11 

814 2 

374 383 408 408 420 411 410 I 415 4808 I 12 
412 411 387 378 364 376 380 

I 
366 4645 12 

372 368 -
1 

347 345 I 331 3210 9 

350 j 330 I 357 344 348 '

I 

340 349 I 361 4215 12 
302 I 286 289 287 302 258 252 : 275 3461 12 

266 259 260 245 243 225 I 233 2630 10 
221 I 221 202 225 212 I 195 209 ·

1 

200 2606 . 12 
171 196 195 207 165 I 182 175 175 2220 12 

138 157 149 157 1521 149 136 I 165 1862 12 
119 98 79 119 114 j 94 80 ,

1 
101 1342 12 

60 73 47 56 - 55 58 54 714 11 
64 41 56 50 26 47 52 I 17 558 12 
39 8 27 12 6

1 
13 4 I 19

1 

203 12 

l3 -24 - 9 I -16 0 -19 -22 1' -25 - 82 12 
-16 -24 -31 -19 j -35 I -37 1 -63 

1 
-50 - 340 12 

-50 -54 -31 -79 I -53
1 

-40 -82 I -69 - 673 12 
-65 -55 -42 -76 -77 -62 -68 I -62 - 722 12 
-86 -90 -89 -84

1
-83 I -99 -98 I -84 - 948 12 

-82 -87 -73 -71 -97 -117 -88 -96 -1061 I 12 
� ���-' I I __ I-�-

Mean Geo mag. 
1

, 

Lat. 

428 .1 40. 0 ° 
s 

420.9 32.3° 

403.8 II 

401.1 11 

399.9 II 

405.2 
405.0 
407.0 

400.6 
387.1 
356.7 

351.3 
288.4 
263.0 
217.2 
185.0 

155.2 
111.8 

64.9 
46.5 
16.9 

- 6.8 
-28.3 
-56.1 
-60.2 
-79.0 
-88.4 

II 

II 

II 

II 

II 

33.9 ° 

33.2° 

32.3° 

32.0 ° 

30.4 ° 

29.4 ° 

28.0 ° 

27.2 ° 

25.0° 

23.3° 

21.6° 

19.0° 

17.9 ° 

15.8° 

13.9° 

11.2° 

10.0° 

7.40 

4.6° 

Note 

Amp. failure 
II 

II 

II 

II 

H . T. failure 
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Table 1 (f). 

April, 1960 Cosmic Ray Data, corrected for barometric pressure. 

Day I 1• I a• I s• I 7• I 9• j 11• I 13• j 15• j 17• j rn• I 21' I 23• I Sum I N I Mean-
1 

G'f�tg
· I 

1 - 68 - 69 - 99 - 93 -1101-105 - 84 -104 - 97 - 95 - 74 - 73 -1071 12 -89.31 7 .1 ° s 
2 - 67 - 69 - 87 - 97 -123 - 94 - 85 - 91 -117 - 89 - 84 - 70 -1073 12 -89.4 9.7° 

3 - 67 - 71 - 44 - 80 - 85 l-107 -100 -102 - 92 - 82 - 74 - 82 - 986 12 -82.2 9.8° 

4 - 71 - 74 - 68 -109 - 82 - 79 - 61 - 89 - 67 - 84 - 72 -100 - 956 12 -79.7 " 
5 - 79 - 65 - 52 - 77 - 80- - 69 - 80 - 61 - 46 - 20 - 88 - 81 - 798 12 -66.5 " 
6 - 75 - 69 -100 - 85 - 73 - 63 - 70 - 64 - 48 - 92 - 92 - 79 - 910 12 -75.8 " 
7 - 90 - 74 - 75 -100 - 78 - 76 - 53 - 63 - 61 - 81 - 84 - 93 - 928 12 -77.3 8.8° 

8 -103 - 75 - 83 - 49 - 81 -106 - 69 - 89 -109 -100 - 69 - 98 -1031 12 -85.9 5.3° 

9 - 57 - 76 - 82 - 75 -100 - 78 - 77 - 96 - 75 - 76 - 90 - 85 - 967 12 -80.6 3.6° 

10 - 69 - 72 - 82 - 85 - 81 - 60 - 74 - 59 - 77 - 54 - 66 - 37 - 816 12 -68.0 0.6° s 

11 - 65 - 59 - 51 - 63 - 62 - 51 - 79 - 76 - 45 - 57 - 66 - 67 - 741 12 -61.8 2.1°N 
12 _: 45 - 52 - 35 - 59 - 62 - 62 - 42 - 54 - 37 - 37 - 37 - 50 - 572 12 -47.7 6.0° 

13 - 25 - 16 - 36 - 47 - 40 - 53 - 32 - 17 - 20 - 35 - 19 - 32 - 372 12 -31.0 8.6° 

14 - 7 - 25 + 33 + 19 + 25 0 - 23 - 22 - 5 - 11 + 5 + 13 2 12 0.2 12.5° 

15 - 16 + 5 - 13 + 48 14 8 19 7 29 17 40 0 158 12 13.2 14.5° 

16 26 66 30 18 14 42 14 43 12 24 36 50 375 12 31.3 15.4° 

17 15 36 - 5 20 16 35 24 36 37 45 50 45 354 12 
I 

29.5 15.4° 

18 34 36 33 38 6 10 21 25 33 23 14 37 310 12 25.8 16.0° 

19 53 34 38 46 24 52 22 46 39 39 20 40 453 12 37.8 19.9 ° 

20 37 28 38 19 44 60 46 71 81 79 102 91 696 12 58.0 21.8° 

21 74 103 97 97 126 112 117 126 124 122 129 123 1350 12 112.5 23.0° 

22 117 131 130 127 124 146 140 139 135 125 148 141 1603 12 133.6 24.5° 

23 130 149 279 2 139.5 
24 
25 

26 
27 
28 
29 
30 
31 

I 

Note 
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