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Table V. Continued.
1 2 3 4 ] 5 \ 6 | 7 | 8 \ 9 | 10
No. t |dur. | O |ARB, | & | L | BE| 2. |2,
m | mgz rad. | est. 0; ‘ AR; 6; Cosz | == EN AN
I | N &
Nov. 2/3, 1931
198  23h06m 3360.6 357°.9 67°.7 3°6 (36.6) 60.8 41
40 85 ... 0s1 33303 354°6 67°5 .810 30 2190 2450
199 . 2307 ,.. 1565 1781 70.8 6.6 (91.8) 144.8 121
3.0 02... 0.2 1658 1874 71.3 .300 27 . 204 210
200 2313 .. 56.6 79.6 740 2.9 (12.0) 185 29
40 31... 03 529 759 73.0 .690 27 103 38
201 2319 0.14 2558 2804 60.7 32 325 466 51
40 20 ... 253.5 2781 59.9 .420 30 259 295
202 2351 0.75 2049 2375 69.6 85 331 480 23
25 —03 ... 2154 248.0 689 .306 30 159 131
203 015 0.60 291.3 3299 762 10.1 23.3 328 10
1.5 05... 293.1 - 831.7 71.7 .644 30 163 98
204 042 ... 3236 89 727 32 (12.6) 194 36
40 33... 03 320.6 59 736 .730 30 270 328
Nov. 3/4, 1931
205 1958 0.08 2861 2614 73.0 2.7 395 577 84
3.5 24... 284.6 259.9 740 .610 30 31 22
206 2008 336.7 8145 716 7.5 (24.8) 395 50
40 34 Rb 035 3262 3040 711 .757 30 271 308
207 2107 ... 100.3 929 684 4.0 (26.7) 440 46
48 32 Rb 025 1036 962 69.9 .500 26 259 292
208 2129 050 737 717 59.6 57 142 194 30
28 1.7 Rb 648 628 711 .620 28 256 321
209 2144 ... 2421 2439 623 74 (640) 984 176
20 —0.6... 0.3 2453 2471 59.6 .330 30 215 298
210 2152  0.76 1349 1387 722 87 294 422 48
2.5 —0.1 Rb 1484 1522 718 .333 25 263 294
211 2202 070 189.1 1954 772 3.9 132 181 34
35 12Rb ... 1916 1979 758 .378 28 274 328
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Table V. Continued.

1 2 3 4 | 5 | 6 7 8 ] 9 | 10
No. ; dur. | 6, | AR, | L | 52|38 | &_
m myz rad. | est. @; AR; 6; Cosz ﬁ £ 8% EX
I | & g
Nov. 3/4, 1931 .
212 22h25m 30597 31797 64%2 3°9 (16.0) 25.1 37
4.0 3.2 Rb 0s.3 80201 81491 6421 .705 80 2640 318°
213 2248 046 154 832 740 7.0 147 202 30
30 23 Rb 58 23.6 764 .148 29 254 320
214 2306 ... 2707 293.0 844 6.0 (23.7) 380 44
3.8 2.4 Rb 0.4 2527 275.0 83.0 .543 29 262 302
215 2316 0.58 2959 320.7 61.7 6.8 16.3 22.8 33
2.8 1.7 Rb 289.8 3146 615 634 29 260 319
216 23 22 ... 304.3 3830.6 54.6 6.5 (22.7) 36.3 41
3.2 24 Rb 0.835 299.7 826.0 54.6 .700 28 259 301
217 2333 . 0.13 95.3 124.3 81.9 2.4 28.8 40.7 47
4.0 2.6 Rb 108.0 1370 82.9 .548 27 266 301
218 23 35 0.40 ' 14.1 43.7 1T72.6 5.3 14.8 20.3 37
3.0 2.4 Rb 13.1 427 752 M66 29 276 327
219 024 e 329.6 11.4 68.8 54 (15.1) 24.0 38
5.0 4.4 RDb 0.4 325.1 6.9 70.6 .764 30 269 321
220 043 ... 149.5 1961 81.1 3.7 (24.0) 38.4 26
4.2 23 ... 0.3 159.7 206.3 80.7 .440 28 221 267
. Nov. 4/5, 1931
221 20 02 0.43 96.2 73.5 7T4.1 6.4 19.5 27.1 38
4.0 2.7 Re 98.5 75.8 T77.1 .580 28 267 315 .
222 23 32 1.20 1249 1542 66.6 19.1 35.6 51.7 26
3.0 0.8 C 137.1 166.9 73.8 .380 26 181 181
223 23 42 . 73.7 106.0 88.8 24 (1.7 177 46
3.5 22 .. 0.3 85.7 118.0 86.9 .580 28 1 0
224 2356  1.00 400 759 821 142 169 232 31
3.2 2.5 ... 23.2 59.0 764 .741 28 106 46
225 000 e 21.5 58.83 178.6 2.3 (26.7) 445 37
5.5 4.7 .. 0.1 18.5 55.3 79.1 .710 28 234 273
226 0 08 ... 98.2 187.0 69.2 4.6 (54.5) 85.0 108
2.0 02 ... 0.15 98.9 1377 671 .469 23 351 353
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Table V. Continued.

0

1 2 3 4 5 6 7 \ 8 9 1

: $e| 8 3
No. t dur. | 6, |AR, | 6 | L | %% | & f o
m | mg rad. | est. 6, | ARy | 6, | Cosz | g E™ - R

- S| & | &

- Nov. 4/5, 1931

227  0hl5m 0s.20 38130.3 385309 66°.4 8°7 500 740 58
40 82... ... 80206 3432 655 .708 30  228° 250°
228 031 ... 612 1058 695 3.5 (42.5) T1.0 46
45 36C 01 588 1034 710 .68 25 185 188
229 035 ... 2258 2714 73.0 35 (238.7) 375 37
4.0 16... 035 2243 2699 717 .358 30 246 293
230 040 012 38170 3.0 852 47 560 835 172
45 83 ... ... 2922 3390 852 .600 29 237 256

231 0 46 ... 8317 200 535 5.8 (192) 29.7 15
25 22... 038 8271 154 527 .873 30 210 284

232 048 0.23 8151 3.9 719 40 196 272 43
35 26... ... 3106 3594 792 .665 30 278 321
233 103 ... 181.1 2337 69.6 2.2 (48.9) 800 84
4.0 09... 015 179.9 2325 687 .250 29 269 289
234 114 ... 221.8 2771 635 30 (56.8) 895 85
40 04 ... 02 2198 2751 626 .220 30 252 271
235 133 0.13 278.8 3388 547 8.7 472 696 170
38 283 Re ... 2761 3361 547 523 29 259 283
236 142 ... 876 1499 610 7.7 (46.9) 1730 82
20 03... 0.3 943 156.6 585 .470 21 288 302
237 142 ... 2497 38120 711 4.9 (25.0) 89.7 49
38 18... 0.4 2437 3060 709 .418 30 - 268 306
238 146 024 1723 1356 604 56 324 465 51
85 28Rec ... 763 139.6 61.0 .600 21 268 292
239 149 ... 626 126.6 543 6.0 (37.5) 584 49
08 —01... 02 659 1299 559 .670 19 232 250
240 203 ... 671 1847 627 54 (18.3) 28.7 24
85 24... 04 710 1386 63.8 .630 22 233 281
241 211 ... 1609 2305 79.7 4.4 (459) T24 T4

2.8 07... 02 1609 230.5 T7.7 .400 29 261 284
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Table V. Continued.

1 2 l 3 | 4 | 5 | 6 |7 8 | 9 | 10
39 © 3
NO. t dur. 6 AR1 61 L gﬂ 2 E‘J éj =)
m | mz rad. | est. 92] ARy | 6y |Cosz| = £ | g~ R
| 3 | & &
Nov. 4/5, 1931
242 2r18m (0s.40 164.92 .2350.5 7509 700 41.0 59.9 68
—1.0 —3.7 ... 16307 2850.0 17207 .320 29 2710 2970
243 242 333.0 50.8 76.9 4.0 (31.1) 507 23
3.5 27 C 0.15 325.0 423 1764 720 29 168 156
244 247 0.11 251.3 329.9 79.0 2.5 322 46.2 60
3.8 2.6 ee 246.6 325.2 788 591 29 - 282 311
Nov. 5/6, 1931

245 19 38 ... 280.7 253.0 85.7 2.2 (21.1) 33.8 54
4.5 3.2 .. 0.15 271.7 244.0 84.9 .580 29 299 326
246 1941 v 184 3514 70.9 23 (9.3) 13.9 21
3.8 3.3 ... 0.25 154 3484 70.6 .810 30 219 336
247 20 17 0.05 46.0 28.0 84.5 44 74.0 111.5 140
4.0 28 ... 55.0 370 858 .601 29 342 346
248 20 27 0.70 23.1 77 56.9 85 12.0 16.3 38
1.5 1.3 ... 19.3 3.9 599 .24 30 287 336
249 2035 010 834 70. 899 32 573 856 91
3.2 1.9 . 2314 218. 88.6 .578 29 270 289
250 20 48 ... 3364 3262 704 3.5 (9.6) 13.3 38
—0.5 —1.1... 0.4 331.8 321.6 714 7182 380 301 343
251 21 35 0.90 324.6 326.2 65.1 11.7 14.3 19.6 35
1.8 11 ... 3125 314.1 64.1 .749 30 266 325
252 21 42 0.54 1022 1055 85.0 6.5 17.6 24.5 30
3.8 24 ... 132.7 136.0 86.9 .540 28 250 310
258 21 50 cee 69.0 74.3 67.4 5.9 (18.2) 20.3 43
4.0 29 ... 0.6 70.5 75.8 64.2 .630 27 52 22
254 22 06 042 310.6 3199 69.2 56 154 21.1 40
3.8 3.0 ... 303.7 3813.0 69.4 .700 30 282 329
255 2229 0.52 237.0 252.0 84.9 10.8 32.1 46.0 .49
3.5 1.7 ... 232.0 247.0 80.2 465 29 258 292
256 22 49 vee 23.4 - 43.4 53.9 3.1 (7.2) 10.9 33
3.5 3.3... 0.4 23.1 43.1 55.2 29 282 342

900
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Table V. Continued.

1 2 3 4 [ 5 | 6 7 8 9 10
No. | ¢ ‘|dur. | @ | AR, | 6, | L | 28| & | & _
m | mgz rad. | est. 9, | AR, 621 Cosz | & | E% | EX
. NS g
Nov. 5/6, 1931
257  23h23m ... 27004 29990 7204 10°5 (21.0) 315 37
1.5 —02 ... 0s9 25804 28700 69°.6 .473 30 2550 3050
258 2326 ... 1451 1744 1713 44 (188) 286 38
30 04... 06 1499 1792 1701 .330 30 261 312
250 2384 . ... 559 872 598 56 (132) 199 26
85 27... 05 574 887 616 .20 24 251 313
260 2335 ... 123 439 812 4.0 (102) 157 34
45 36... 05 136 440 827 670 29 276 332
261 2341 ... 290 620 761 52 (124) 191 37
40 32... 05 338 668 1779 .710 28 284 331
262 039 010 172 648 721 24 271 382 50
45 89... ... 179 655 731 .80 28 276 310
263 042 ... 3031 8514 586 3.5 (20.8) 322 22
25  17... 02 3005 3488 582 .703 30 223 286
264 118 ... 660 1233 759 7.0 (345) 558 47
30 21... 025 565 1138 1769 .680 26 122 94
265 125 ... 2599 8189 1772 3.6 (17.6) 276 42
45 29... 035 2517 8107 771 500 30 273 318
266 131 ... 666 1272 639 42 (145) 223 21
32 22... 04 697 1303 649 .640 22 237 297
267 203 ... 3353 439 672 50 (51.8) 859 65
40 85... 01 3306 392 682 .800 29 217 232
268 204  0.26 270.7 3395 580 40 292 418 39
32 14... ... 2677 3365 57.6 .467 29 244 286
269 209 ... 1929 2629 701 28 (46.7) 714 67
25 —0.8... 02 1914 2614 69.0 .250 30 249 273
270 228 025 193.2 2680 840 3.4 224 311 36
85 17... ... 1910 2658 820 .469 29 252 303
271 233 ... 169 929 710 60 (131) 198 27

3.0 24 ... 05 211 971 734 .1TT 26 250 316



T.P. 30. ¢ Observations of Meteor Velocities 1931—1938
Table V. Continued.
1 2 3 4 5 6 7 | 8 9 10
g | o 2
No. t dur. (0] AR d L 5 K 2o
m | mzrad. | est. | - @; AR; d; Cosz | < i 8% | EY
IN | & g
_ Nov. 5/6, 1931
272 2h50m 0520 17996 259°.9 7205 5°.0 105.0 158.0 132
0.0 —29 ... 18701 267°4 7200 .294 30 1570 1510
o Nov. 6/7, 1931
273 . 1944 72 3420 782 1.7 (40.0) 650 88
35 27.. 005 51 3899 79.0 .T10 30 312 326
274 1951 010 2973 2739 720 3.0 440 649 63
48 38 Re 2948 2714 1708 .660 30 253 280
275 2018 ... 2138 1971 69.0 7.0 (51.4) 826 76
38 09 Re 04 2199 2032 668 .290 27 245 264
276 2118 0.80 336.8 8351 - 742 91 141 193 30
28 21 Re 320.6 3189 1732 .730 30 250 321
277 - 2128 330.2 331.00 66.6 22 11.7 159 43
1.0 05 ... 328.4 329.2 67.2 .803 30 320 346
278 2132 0.30 641 659 671 45 212 295 36
32 23 Re 640 658 69.1 .666 28 258 307
279 2150  0.85 1472 1535 838 41 199 277 82
38 21Re 1647 1710 838 .488 28 251 307
280 2154 ... 2892 2965 701 27 (183) 29.6 40
52 41 Rec 02 2852 2925 69.6 .610 30 264 313
281 . 2200 ... 1469 1557 685 25 (151) 230 18
45 15... 05 149.9 158.7 688 .280 24 224 295
282 2202 015 445 538 821 44 401 586 65
35 2.5 Re 447 540 841 .637 29 269 296
283 2243 ... 8001 3197 574 45 (189) 295 36
30 21 Rc 03 2966 3162 57.0 .678 29 257 308
284 2249 ... TL3 923 662 T4 (352) 566 58
30 18Rc 03 769 979 688 .600 25 262 287
285 159 ... 201 887 680 87 (320) 50.6 65
1.5 09 Re 03 801 987 694 .780 26 293 314
286 205 ... 90.6 160.6 643 6.0 (13.6) 205 30
40 23 Rec 08 965 1665 630 .470 23 269 318
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Table V. Continued.
1 2 3 4 | 5 6 7 8 9 10
; °8 | 38 3
No. Lt dur. | ©; | AR ) L | 5% ¢ 2o
m | mz rad. | est. 0, AR; 612 Cosz | & | E& | EX
€| & |2
Nov. 6/7, 1931
287  2r30m 0531 310°.7 ' 27°.0 50%.9 4°3 150 205 10
3.0 24 ... 3080.1 24°4 49°4 760 30 171° 17°
288 242 323.9 432 749 47 (26.1) 423 18
85 27... 015 3165 358 739 .22 29 160 128
289 247 ... 1281 203.7 685 5.1 (181) 272 35
25 00 Re 0.7 1256 2062 66.5 .340- 28 259 311
290 252 ... 2437 3255 692 24 (18.0) 280 23
45 23 ... 03 2409 3227 684 .387 30 227 297
291 256 0.16 820.3 431 624 25 224 311 46
45  40... 319.8 426 634 .790 29 280 318
292 307 ... 1868 2724 7T1.0 48 (150) 228 30
40 15 Rc 08 1831 2687 745 .340 30 248 315
293 313 ... 603 147.3 614 50 (127) 192 25
35 26... 05 646 151.6 61.4 .670 22 254 313
294 316 ... 701 1579 638 5.5 (49.5) 179.6 56
28 1.7... 015 1739 1617 658 .620 24 188 191
205 318 ... 2671 3554 1762 28 (44.2) 1720 42
40 25... 01 2641 8524 751 .532 30 - 184 187
296 333 0.08 246.0 3380 83.0 20 231 325 38
1.5 0.0 Re 2420 3340 827 .520 30 253 303
297 401 0.10 3288 678 67.8 55 662 99.0 72
50 4.4 ... 3228 61.8 681 .780 28 187 189
298 411 ... 2958 374 727 17 (2L.7) 347 28
45 85... 01 2941 357 718 .650 29 129 76
299 414 0.10 38124 547 601 3.6 448 66.0 47
40 33 ... 309.9 522 609 .755 29 217 239
300 422 ... 3190 633 69.6 35 (39.2) 638 37
35 28... 01 3150 59.3 694 .740 28 171 165
301 426 012 2744 197 677 3.7 445 656 55
35  21... 2749 202 66.0 .550 30 123 96
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Table V. Continued.

1 2 3 | 4 5 6 7 | 8 9 10
28| o 2
No. ¢ dur. | 6 AR, | ¢ L | ®%| & 2O
m | mzrad. | est. 612 AR; 612 | Cosz | = i B | EN
38 | & Sy
Nov. 6/7, 1931 .
302 4h29m - 107 1070.7 6497 205 (24.2) ' 39.6 19
4.0 37 ... 0s1 359°8 10598 65°4 .870 24 160° 135°
303 441 0.30 679 176.9 70.6 5.8 28.0 40.2 19
28  17... 724 18t4 732 .620 26 168 219
504 451 ... 2281 389.7 1752 2.7 (14.0) 21.0 38
3.5 14 ... 04 2234 885.0 75.6 .410 30 273 326
305 510 0.20 251.6 7.9 81.2 3.0 29.8 42.9 15
4.5 29 ... 244.1 0.4 804 .500 29 189 208
306 513 ... 2928 49.8 68.6 27 (12.0) 185 40
4.0 3.0 ... 0.3 294.3 51.3 69.3 .650 29 293 335
307 516 e 43.4 161.2 55.8 5.8 (12.2) 184 13
3.0 25 ... 0.5 425 1603 58.4 810 21 144 61
Nov. 13/14, 1931
308 1911 .o 55.6 29.2 64.7 24 (18.9) 29.6 53
3.5 27 ... 015 55.6 29.2 659 .712 30 308 334
309 19 51 0.20 50.1 38.7 69.9 3.0 197 27.3 45
4.0 3.2 ... 49.6 33.2 71_.2 17 380 283 324
310 20 00 .. 69.0 54.8 * T71.7 28 (94) 144 36
5.0 3.9 ... 04 70.2 56.0 73.6 .630 30 282» 337
311 20 17 ... 185.8 125.8 80.2 3.4 (15.8) 24.7 39
4.5 27 ... 0.4 123.6 133.6 80.5 .460 28 278 323
312 20 25 cee 35.0 27.0 85.2 2.9 (26.1) 41.8 59
3.0 19 ... 015 35.0 27.0 86.7 .620 29 294 321
313 20 47 ..o 2275 2251 62.2 3.7 (15.4) 229 38
4.0 06 ... 085 2275 2251 609 .240 29 272 323
314 2118 ... 291.8 2958 68.6 41 (18.6) 30.1 25
5.0 3.9 ... 0.3 290.0 294.0 67.1 .629 30 229 294
315 21 30 0.20 814 89.7 172.2 3.8 324 46.4 67
2.0 0.6 ... 854 93.7 73.0 .550 26 315 331
316 21 42 ... 163.8 175.1 178.8 24 (51.8) 817 85
3.2 1.0 ... 0.1 167.6 785 .394 28 268 287

R¥

178.9
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Table V. Continued.

1 2 3 | 4 5 | 6 T [ 8 | 9 | 10
22| g 3

No. t dur.| 6, | AR, | & |'L | T | & | <,
m | mz rad. | est. 9; AR; d‘; 1Cosz | = 5 E™ fé
' ' ' 3w | &

. Nov. 13/14, 1931

817 22h01m 0s12 25805 27405 86°3 203 30.4 436 35
3.5 22... 2600.0 276°.0 85°5 .570 29  233° 2750
318 2225 257.5 279.3 723 141 (7.8) 11.6 40
3.8 28... 30 2504 2724 795 .517 30 33 10
319 2240 ... 2352 261.0 821 89 (36.5) 587 32
30 15... 04 2506 2764 79.0 .518 30 197 212
320 312 ... 642 1580 -88.0 2.8 (480) 785 88
40 27... 008 862 180.0 87.7 .575 29 280 299
821 335 0.29 156.0 255.6 77.0 25 192 267 44
48  26.... 1541 253.7 75.6 .380 30 281 323
822 388 ... 960 1963 56.8 5.6 (54.3) 87.0 64
80 11... 02 1000 2003 588 .430 26 158 149
323 343 ... 2625 41 782 45 (725) 1164 87
82 17... 01 2585 01 765 .520 30 170 167
824 345 014 839.0 810 632 7.7 492 728 59
40  385... 3359 77.9 66.7 .821 28 229 250
325  406. 020 2204 3277 731 3.0 393 574 61
30 06... 2154 3227 1732 .359 30 264 294
326 410 ... 834 1417 69.0 3.5 (25.0) 412 19
45 39... 015 314 1397 70.6 .780 25 164 142
| Nov. 14/15, 1931 .
327 1916 0.25 323.3 2989 555 54 240 337 52
30 25... 3185 2941 556 .821 29 291 322
328 1928 052 670 456 828 41 123 167 45
1.5 03... 834 620 83.8 .585 29 345 355
329 1949 150 821 159 57.8 253 17.7 242 34
0.0 —0.3 ... 10.6 3544 61.7 .890 29 257 314
330 2019 0.24 359.0 3504 662 50 179 249 25
3.8  85... 353.8 8452 652 .865 29 234 306
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Table V. Continued.
1 2 3 4 5 6 } 7 ' 8 j 9 10
No. ¢ dur. | 6, | AR, | ¢ L | &2 38 | & _
m me rad. | est. 9; AR; J; Cosz ’éo - EM £
39 | & &
Nov. 14/15, 1931
331 20h24m 21303 20599 7792 497 (64.0) 102.8 92
3.5 14 ... 0s.15 “ 21994 21200 7603 .409 28 2420 2580
332 2118 1.00 1574 163.5 82.6 7.0 15.0 20.5 46
4.0 20 ... 162.5 168.6 79.7 420 28 327 346
335 21 49 0.25 64.6 784 68.1 45 24.6 34.7 53
4.0 3.0 ... 68.1 819 69.6 .635 28 295 324
334 2213 0.33 1242 144.0 824 49 25.8 36.3 42
3.0 1.3 ... 140.1 159.9 81.8 .482 28 279 308
335 221 0.41 17.1 98.9 67.8 8.7 24.1 34.0 48
4.0 3.5 ... 26.0 107.8 69.9 .794 26 284 316
336 232 .o 49.7. 134.3 67.6 2.1 (12.1) 183 41
3.5 28 ... 02 51.0 1356 66.9 .730 24 335 349
337 2 35 ... 8458 T71.2 60.9. 4.3 (40.9) 68.6 54
4.5 42 ... 0.1 343.3 68.7 624 .873 29 229 252
338 242 0.27 307.9 35.0 T74.2 6.3 _27.4 385 61
4.0 31... ... 308.8 359 7T7.2 .684 30 303 328
339 248 0.21 288.7 17.8 527 47 354 51.2 37
2.8 16 ... 284.8 134 52.7 .585 29 225 258
340 2 54 ee. 2922 22.3 55.9 3.0 (18.7) 20.7 15
3.5 24 ... 0.3 289.4 19.5 557 .623 30 210 318
241 301 ... 201.8 293.6 66.3 3.8 (30.7) = 448 55
00 —3.17... 0.5 199.2 291.0 65.6 .209 30 272 ‘ 305
242 312 0.05 2344 3290 842 24 70.5 105.6 82
3.8 22 L 2349 829.5 83.00 .5b11 30 149 139
343 332 335.2 74.8 70.5 0.0 0.0 . 0.0 29 point
3.0 25 ... 793 29 0  met.
344 358 v 42,5 148.6 , 54.8 4.5 (47.5) 1764 70
2.0 15 ... 0.1 46.5 152.6 5b5.6 .790 21 244 260
345 431 0.16 3529 107.8 77.9 42 274 38.5 22
4.0 35... 3524 106.8 78.9 .829 . 26 213 254
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Table V. Continued.
1 2 3 4 5 6 7 8 9 10
No. ¢ dur. | 6, |am, | & | L | BE| 3 |8
m | my rad. | est. 9; AR; 621 Cosz | 2 & EN ER
5 | & | &
Nov. 14/15, 1931
346 ~ 4h42m 0s15 23803 35504 7905 204, 435 641 34
40 22 L 23508 35209 787 .468 30  186° 191°
347 - 448 253.3 119 57.1 3.7 (64.6) 987 70
20 —07L 015 2515 101 557 .318 29 171 167
348 507 014 248 1482 675 64 482 TL4 40
85 30L 23.3 1467 70.3 .803 25 167 160
- Nov. 16/17, 1931

349 2331 042 94 508 734 112 277 390 16
25 19 ... 353.2 346 T4l 776 30 203 249
350 2333 ... 127.3 "169.1 68.0 57 (52.7) 83.0 85
30 02... 03 1327 1745 674 .308 26 264 282
351 2348 160 1775 2331 1726 345 546 813 52
3.8 13 1L 230.5 2761 683 .352 30 176 174
352 2352 070 1142 160.8 628 52 21.6 300 36
3.2 05 ... 1189 1655 623 .320 23 264 304
353 2354 ... 715 1249 572 60.4 (53.4) 87.0 58
28 23L 12 75 546 1725 811 29 176 174
354 003 010 93.2 1426 579 4.8 86.6 1304 139
35 17E 97.0 1464 576 .455 21 289 298
355 009 010 2612 3120 654 4.0 83.7 1260 123
40 21 E 257.0 307.8 649 .442 29 258 271
356 016 2048 2574 80.3 167 257 362 T
38 19L 237.3 289.9 1754 .443 30 177 161
357 030 ... 816 877 558 4.0 (134) 202 36
30 26... 03 3.5 916 575 .852 26 284 328
358 033 1.10 161.3 2181 69.0 9.2 283 407 12
40 10L 1732 2300 686 .279 29 182 188
359 038 0.40 2039 262. 833 121 603 90.3 61

85 19 L 2344 2925 801 .504 30 176 175
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Table V. Continued.

1 9 .3 4 5 6 7 | 8 [ 9 10
? ' 33| o S
No. 1 dur. e} AR f) L | %% 2 2 S
m | mgrad. | est. 9; AR; 6; Cosz | 3 £ EN | EN
S | & |
Nov. 16/17, 1931

360  Ohdlm 34707  46%.5 67°.0 56 (3.6) 54 31
48 © 45 ... 1s5 85009 4997 66.0 .868 30 820 80
3861 046 050 100.8 160.9 78.9 7.8 304 437 52
15 —02 E 1153 175.8 779 .481 28 269 302
362 047 ... 2627 3231 79.9 43 (70.0) 1138 109
40 24D 01 2595 3199 793 511 30 252 267
363 113 040 153.2 220.0 67.2 109 1035 153.0 124
15 —18 L 1664 233.2 67.7 .247 29 180 180
364 119 0.13 3221 305 66.3 58 405 592 66
35 .29 E 8171 255 681 .57 30 270 296
365 120 024 307.7 163 574 4.0 170 233 40
40 33 E 3049 135 579 .T40 30 273 323
366 135 ... 1356 208.0 624 4.9 (37.8) 552 29
—05 —41L 05 139.6 2120 625 .218 27 188 196
367 1837 011 141.8 2141 69.0 4.8 1455 219.0 190
30 02L 1467 2195 69.8 .308 29 180 180
368 146 ... 92842 359.3 619 55 (27.5) 44.0 15
28 151 0.3 2823 38574 589 .572 29 174 162
369 150 ... 113.9 - 190. 83.0 3.0 (47.5) 1787 50
50 35L 01 1179 194, 842 530 29 185 188
370 150 ... 2014 2775 722 42 (17.8) 1248 96
40 12L 015 2050 2811 703 .300 30 194 198
371 153 ... 190.6 2674 782 9.8 (74.0) 111.6 84
05 —18 L 03 2080 2848 765 .377 30 163 158
372 200 ... 1408 2194 651 4.1 (45.83) 7T0.6 43
30 —02L 08 1441 2227 657 259 29 166 157
373 210 033 18.6 99.7 761 158 52.6 1783 50
30 23L 353.8 749 769 .139 29 166 159
374 213 126.5 208.3 652 3.7 (48.5) 76.6 54
35  08... 02 1302 2120 662 .320 28 152 138
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Table V. Continued.

1 2|3|4|567

0

Qo
©
—

No. t dur. 0, AR, dy. L
m mz rad. | est. | O, AR, ds | Cosz

Wz deg/sec
1 Tg km/sec

T xmi/sec
P

| To xm/sec
Po

Nov. 16/17, 1931

375 2h16m 0545 6402 14608 6002 10°6 34.5 50.1 27
00 —09 L ... 6107 14403 6505 .684 24 170° 160°

376 226 ... 3165 416 680 80 (447) 727 46
30 23 L 02 3099 350 656 .51 30 159 145

377 229 0.50 317.0 428 764 9.8 275 387 9

25 16 L ... 2998 256 751 .668 30 180 180
378 241 ... . 822 1710 53.3. 6.0 (47.2) 69.9 49
—20 —35 L 02 833 1721 559 .530 22 167 162
379 304 ... 2044 2990 708 22 (3L.7) 512 58
45 16... 02 201.9 2965 705 .290 30 267 298
380 805 ... 289.7 245 574 62 (30.0) 486 22

3.5 23 L 03 2865 213 551 .591 30 164 141

381 308 024 708 1664 56,5 5.0 340 494 28

—10 —21 L ... 727 1683 582 .610 22 177 175
382 311 0.35 2629 359.3 59.2 6.8 46.7 689 41
05 —17 L ... 2603 3567 56.4 .390 29 175 171
383 320 ... 162.6 2612 734 3.9 (49.3) 788 54

3.5 09 L 02 168.6 2672 732 .329 380 156 - 142

384 324 ... 1463 2459 79.6 12.3 (128.0) 179.0 149
—50 --71 L 0.2 1723 2719 775 .400 30 175 174

385 338 0.32 170.7 273.8 69.3 42 524 776 49

25 —09 L ... “174.5 2776 688 .236 30 170 164
386 343 035 724 1768 61.7 88 432 637 39
10 —02 L ... 76.9 181.3 65.2 .98 25 175 172
387 3456 ... 2373 3421 644 52 (388.1) 598 31

30 01 L 04 2361 3409 625 .288 29 182 184

388 350 ... - 2081 9.2 711 6.1 (21.6) 345 12
5.0 33 L 05 2612 7.3 68.1 .480 30 160 105 .
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Table V. Continued.

1 2 |3 £ | 5 6 | 7 | 8 9 | 10
No. t |dur. | 6, |4R, | & | L | EE| 2. | &,
m myz rad. | est. 6, AR; d; Cosz | 8| BN | &

3 | N &
Nov. 16/17, 1931 ' .

389 8h52m 21803 31999 80°1 6°9 (385.0) 53.1 25
05 —1.6 L 0s4 22203 32809 17605 .417 30 1700 158°
390 404 165.1 2747 67.3 4.2 (425) 691 39
1.5 —22 L 04 1682 2778 665 .208 30 177 175
291 410 ... 2168 3279 834 7.3 (66.4) 1047 176
2.5 07 L 02 2220 3331 802 .460 30 167 162
392 412 0.27 1789 1905 704 4.5 283 40.5 18
3.0 17 ... ... 815 193.1 1726 ..582 27 159 126
393 419 005 2721 255 739 45 114.0 1720 142
3.5 20 L 2609 1483 731 .527 30 180 180

894 422 0.82 356.'5 110.6 67.2 21.8 287 413 50

5.0 45 E 227 1368 70.7 .793 25 275 305
395 422 022 337.8 919 1720 4.0 234 33.0 20
8.5 27 D 3315 856 719 .722 28 142 84
396 429 0.22 f 32.0 1487 66.3 6.8 368 534 30
1.5 09 L 824 1482 687 .78 25 172 166
397 438 . ... 3085 66.6 61.0 85 (51.4) 811 52
2.0 1.1 L 0.2 3005 585 . 610 .690 29 184 186
398 440° - 021 831 2017 63.6 44. 39.7 -~ 580 32
3.0 1.5 L 86.9 2055 651 .530 27 172 . . 167
399 . 442 0.12 1459 265.0 745 4.8 87.8 132.0 103
08 —1.7 L 152.6 2717 741 .350 ‘80 169 - 166
400 - 445 2921 519 70.7 5.3 (25.2) 41.0 12
4.0 28 L 03 28.7 455 704 .600 30 187 204

401 447 ... 38292 89.6 69.7 52 (37.8) 63.6 57
45 39 D 015 3296 90.0 721 .759 28 243 269
402 - 510 0.08 464 1725 610 6.0 481 T1.2 50

30 . 23... 50.1 176.2 62.3. .749 24 203 204
403 514 - ... 2737 -40.8 666 5.1 (33.3) 536 26
3.0 1.4 L 025 2648 319 654 .510 30 166 151
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‘Table V. Continued.

1 2 3 | 4 [ 5 | 6 | 7

Q@
©
—
[}

(4]

m | mz rad. | est. 6, | AR, dy | Cosz

wz deg/sec

Tg km/sec
T xm/sec
P
To km/sec
P,

Nov. 16/17, 1981
404 5h17m 1587 9007 21805 7508 1300 173 23.7 34
38 22E ... 97°8 22501 70°1 .497 29  259° 316°

405 524 ... 2603 299 629 50 (30.5) 482 18
30 09 L 035 2568 264 621 .400 30 176 169

406 529 ... 8423 11381 757 128 (53.8) 811 54
—15 —24 L 03 3195 90.3- 789 .680 28 169 163

executed on the basis of directly observed mean heights of the
shower meteors, determined separately for each shower; therefore
the velocities. of the shower meteors as quoted in Table IV are
not identical with their velocities found in the procedure of
standardization; also a slight systematic difference in the veloci-
ties of the shower meteors of the table may have been produced
in such a manner.

The lower figure of the 9% column gives P, the apical direc-
tion of motien. of the. meteor; the angle P is counted counter-
clockwise from the direction toward the orbital apex of the earth,
P =00 thus corresponding to an apparent motion from the ant-
apex toward the apex. The last, 10 column, contains Ty, the helio-
centric tangential velocity, and P,, the heliocentric apical direc-
tion of motion of the meteor; these figures define the motion of
the meteor, freed from- the effect of the orbital motion of the
earth and projected on the plane at right angles to the line of
sight; the vector (To, Py) is evidently the geometric sum of the
vectors (T, P) and (T, 0); the geometric summation was made
graphically ; the perturbing effect of the earth’s gravitational field
(zenithal attraetion) is, however, still contained in both 7T, and
P,, being fortunately small in most cases; for obvious reasons
the correction for the earth’s attraction cannot be made individu-
ally when only projected velocities are observed. The remarks
behind the table refer chiefly to trains (tr.) and their durations
(in seconds). '
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Table V contains similar data for the Arizona observations
of the writer; it differs from the preceding table in the 4t», 5t
and 6% columns, where the lower line (0, AR, §) refers to
the coordinates of the centre of the trail, instead of the end-
point, in conformance with the method of reduction applied to
the Arizona results; further, the upper line of the 8t column con-
‘tains w, [according to (11)], instead of w quoted in Table IV.
Table V contains 279 velocities derived from observed oscillations
of the rocking mirror and 127 cases of estimated duration, thus
approximately the same proportion as for the Tartu observations;
these figures, however, need a correction: during the first lunation
of the Arizona Expedition, between October 6 and 21, 1931, the
writer registered only the cases with observed oscillations, omit-
ting the rest, so that estimates of duration were not made except
occasionally in one case; complete records were made only during
the second lunation, between October 30 and November 16, 1931;
during this period 118 cases of observed oscillations and 126
cases of estimated duration were registered; thus, in the Arizona
observations of the writer the percentage of observed oscillations
was 48, whereas in the Tartu observations it was 61 (both figures
are, nevertheless, considerably higher than the percentage, about
20, recorded by the other two Arizona observers) ; the lower per-
centage in the first case is probably explained by the larger field
of vision obtained without the reticle and the window glass, when
many objects are seen by side-vision which does not favour the
observation of much detail in the trail ‘

In Tables IV and V, column 2, the demgnatlons of the radi-
ants of the shower meteors are:

P — Perseids; L = Leonids; G = Geminids; O = Orionids;
Q = Quadrantids; Ra (AR = 420, § = +20°), Rb (AR = 540,
- 8 = +159), Re (AR =560 to 640, § = 280 to -{-259), all three

active in the first days of November; A (AR = 170, § = -}30,
Oct. 8); B (AR = 3559, § = +359, Oct. 13); F (AR = 320, 6 —
= 59, Oct. 13) ; C (AR = 1350, § = +179, Nov. 4); D (AR =
= 840, § = 170, Nov. 16); E (AR = 570, 6 = 4259, Nov. 16).
The less known radiants are those found to be conspicuous in the
records of the Arizona Expedition (c¢f.6).
4. The Relative Quality of Rocking Mirror Observations and of
Estimated Durations for Different Observers. Reliable observa-
tions must satisfy the following conditions: the observational
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error must be small enough; the observed and the true quantities
must show a good correlation of a monotonous slope; the observ-
ations must be sensitive to differénces in the measurable quantity.
The smallness of the apparent observational error dispersion is
not always a sufficient check of the reliability of the observations.

9 )
4o " S )
7
 50—'
25
Eren
16—

10

T T l T RS
0 5 10 15 20 25 30 ©
Fig. 1. Correlation of observed (0,) and computed (w,) angular velocity
for the -sho-wer meteors; oscillations observed by E. 0. at Tartu. ‘

A small dispersion may be obtained by writing down arbitrary
figures of a low dispersion, whithout any connection with the true
quantity; a small dispersion of the true quantity corresponding
to a given observed quantity may be the result of the smallness
of the dispersion of the true quantity itself, without any influence
of the accuracy of the measures. Thus, the quality of the correla-
tion must be considered in the first place.

The correlation of the observed and computed Ve1001t1es or
durations for different observers is represented on Figures 1 to 8.
From these ﬁgures it is obvious that the condition of reliable
correlatlon is fulfilled for all four cases of velocities derived from
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Fig. 2. Correlation of observed (w;) and computed (»,) angular velocity
for the shower meteors; oscillations observed by E. 0. in Arizona.

observed oscillations of the rocking mirror, although the material
is somewhat scarce in the case of D. H. (Fig. 4); a few out-
standing cases may be explained quite plausibly by stray meteors
which moved accidentally in the approximate direction required.
Of all the correlations, the correlation for the: Tartu angular
velocities by E. 0. (Fig. 1) is doubtlessly the best one. Very good
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correlations are also shown by Fig. 5 and 6, or by the estimated
durations of E. 0. On the contrary, Fig. 7 and 8 reveal bad cor-
relations which are irregular, of a low slope, i. e. insensitive, and
of a large error dispersion. These two cases refer tp duratiens

o ,
45 ,
401
351
307
251
207

157

| 1

— I l | T T—G)
O 5 1o 15 20 25 30 35 40
Fig. 3. Correlation of observed (w;) and computed (w.) angular velocity
for the shower meteors; oscillations observed by R. W. in Arizona.

estimated by Roger Wilson (R. W.) and Donald Hargrave (D. H.)
when they were observing with the rocking mirror; in addition
to that, the durations estimated by the same observers without
the rocking mirror, as well as the durations registered by the
other two principal Arizona observers, Robert Harris (R. H.)
and George Peters (G. P.) were examined on the basis of an
sbundant material; the correlations found in these four last
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mentioned cases turned out to be at least as béd, or even worse
than those shown on Fig. 7 and 8 and are not reproduced here:
it was thought that Figures 7 and 8 sufficiently illustrate the
character of the bad correlations for the estimated durations.

. T T T 0.

£ 10 15 20 s 30 35 40

Fig. 4. Correlation of observed (w;) and computed (». ) angular velocity for
the shower meteors; oscillations observed by D. H. in Arizona.

On the accompanying figures the full line represents the true
correlation (drawn by neglecting a few outstanding cases,
supposedly stray meteors) ; the two dotted lines on Fig. 1—6 re-
presen’t the approximate limits of the possible observationa] error;
the logarithmic character of the error dispersion appears to be
highly probable for all these cases, as can be judged from the
divergence of the dotted lines starting at the origin of the coordi-
nates, which circumstance indicates a constant relative error in
wor 7.

The low quality of the estimates of duration obtained by the
four Arizona observers (except E. O.) is also obvious from the
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following' table, referring to the true correlation, the
dispersion of the estimates by E. O. (Tartu -+ Arizona) being
assumed ‘as unit of the relative error dispersion.

Relative

Tost 01,02 | 03|04 | 05|06/ 08 (1.0 | 1.2 error
disp.
‘ 7 true
R. W., rock. m. 0.04 0.30 0.68 123 2.04 .... .... .... .... 3.0
5, , without 0.03 0.20 0.70 0.92 1.05 .... 1.64 220 .... 2.7
D. H.,, rock. m. 0.13 031 0.78 1.10 175 2.80 .... .... .... 1.7
, ,» , without 0.06 0.12 0.22 0.34 049 0.66 1.70 2.90 .... 3.0
R. H. - 0.02 0.20 0.38 0.89 1.28 .... 290 .... .... 3.9
G. P. 0.03 0.10 0.24 042 061 .... 119 .... 2.08 3.1
Test
4.3...
1-2 - o .
14
1.0
0-9-
08 P
0.3 ‘r“ :
0.6 L
05— '
04— ©
0.3
0.2
0.4
0.0 T

T 1 T T T T T T T 1 !
00 04 02 03 O 05 0-¢C 07 08 09 40 15 - 20

o .
Fig. 5. Correlation of observed (7es:) and computed (7,) duration for
the shower meteors; estimates of duration 3{0 the rocking mirror by E. O. at
o Tartu. o

None of the conditions of a reliable correlation (c¢f. above) is
here fulfilled; the figures are of such a character that we feel
justified to disregard altogether the estimates of duration made
by these four observers. On the other hand, the success of the esti-
mates obtained by E. O. indicates that estimated durations may
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in certain cases compete in individual accuracy with rocking
mirror observations.

5. The Observational Error Function. The derivation of
the true distribution of meteor velocities cannot be made satisfac-
torily without a knowledge of the distribution of observational
errors. The concluded spread in the meteor velocities varies accord-
ing to the size of the assumed mean error; the larger the assu-
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Fig. 6. Correlation of observed (7..) and computed (7,) duration for
the shower meteors; estimates of duration at the rocking mirror by E. O.
in Arizona.

med error, the smaller is the resuiting spread of velocities. In
former researches the writer, having estimated the probable size
of the observational error (cf.1), found a considerable spread in
the velocities of meteors; the variety in meteor velocities appeared
to be much greater than anticipated by former inyéstigators. To
judge upon the reliability of this conclusion, based to some extent
upon the rejection of a few large deviations considered real
(stray meteors, cf.1), also to set a lower limit to the possible
variety in meteor velocities, it is desirable to use in the discussion
of the statistical data a value of the observational error which is
intentionally overestimated. A maximum maximorum of
the error dispersion we obtain by assuming that all the deviations

A
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of observed angular velocity from the computed values are errors
of observation; thus none of the shower meteors is rejected; as
at least about twenty per cent of the presumedly shower meteors
are stray objects for which the hypothesis of the shower radiant
with parabolic velocity fails, the inclusion of all the deviations
into the error function means doubtlessly overestimating the
spread of the latter. Moreover, from the present material, which
includes over two hundred shower meteors, the frequency func-
tion of observational errors can be derived and used, instead of
simply using the mean error alone.

0-3 RAOWX XXX P X X xx X ]
0.2-4 X XX 3 X MpRx X X X X 00 X

01 Fxogroxx ox X xxxx x

0-0 I | | [ T [ | ! I T T T T T T T T T T T T T T |7:¢
00 04 02 03 04 05 0¢ 0% 08 09 40 44 12 43 14 45 4¢ 17 18 1.9 20 24 22 23 24

Fig. 7. Correlation of observed (’Cést,) and computed ( .z ) duration for the
shower meteors; estimates of duration at the rocking mirror by R. W. in
' ' Arizona. '

Table VI contains'a summary of the _comparison of observed
(w) and eomputed (w,) angular velocities for all the assumed
shower meteors of E. 0. The observed angular velocities are al-
ready corrected with the'aid of the corresponding correction fac-
tors (f, f’). The distribution of the observational errors is a loga-
rithmic one; therefore, the table is arranged according to loga-
rithmic limits of the ratio wﬂ" the tabular unit of log'('oﬂ being

JC C

equal to'%log 2, the same as used in all our statistics of meteor
velbciti"e{s'., . Thér.:di.stfiibution' of thé_ deviations Idgwﬂ is slightly

asymmetrical, in spite of the fact that.our correction factors



83

1938

Observations of Meteor Velocities 1931

T.P.30. 6

“BUOZITY
ul ‘H ‘@ Aq I0IITWl SUIYOOI 9Y3 JB UOIJRIND JO SOJRUIIISd §SI0930Ul JoMOUS 93}
I0y uorjeinp (°2) pagndwoo pue (*°°z) pearesqo Fo uoe[RaIo) '8 "SIq

. . . . ‘T 8T £T 9 T 4T ST TT BT OT 6L O8b tb v SV vk v TV bk O GO 80 t0 90 SO 40 €0 TO
n.m ﬂ_m .-ﬂ O_n hr m_ il o_ﬂ m_ Q_ 1 | 1 | 1 1 1 1 | 1 1 | 1 1 I 1 1 1 1 L

o o0
1

s

X X oxx fomwoox x Bogxx x nx\

* m.ud

| g .
x x  x x X 300 X g X - b0

00

20
)
)
50

—£0
— 80
— 60
— 0
— bl

— Tl

lﬂ‘F




84

ERNST OPIK

T.P.30.6

Table VI.

Distribution of logwﬂ for the Shower Meteors, E. O.
C

None rejected.

Arizona

Tartu

(1o wﬂ) :(0,0752) An, | an, | ‘Max
i error
— rock. | est. | rock. | egt. |observ.|smooth. frequency

limits | mean | mirr. mirr.
— 175 :
— 1 0 0 0 1 1 0.005
—6.5 -
' —6 0 0 0 0 0 1 0.005
— 5.5
—5 1 1 0 0 2 1 0.005
—4.5 '
—4 1 2 0 0 3 6 0.030
— 3.5
—3 6 6 5 2 19 14 0.070
—25 '
—2 11 4 6 2 23 22 0.110
—15 '
—1 T 9 6 6 28 31 0.150
— 0.5
0 10 9 17 7 43 14 0.220
0.5
+1 13 3 9 8 33 31 0.150
1.5
+2 6 4 -5 6 21 22 0.110
2.5
+3 4 4 5 1 14 14 0.070
3.5 _
+ 4 3 1 0 0 4 6 0.030
4.5
+5 2 1 0 1 4 3 0.015
5.5 -
- +6 e 1 0 0 1 2 0.010
6.5
+17 4 0 0 0 4 2 0.010
7.5
+ 8 0 0 0 1 1 1 0.005
8.5
+9 0 0 0 1 1 1 0.905
9.5 ' _ ‘
Sum 69 45 53 36 202 202 1.000
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(f, ') are supposed to make the mean value of logw equal to
logw, ; the asymmetry, however, is entirely -due to a few large

positive deviations of loga)w— , corresponding to high velocities,
C

in which cases the meteors most probably are not real members
of the corresponding showers, and the deviations are not errors
of observation. Thus, if the distribution of the deviations as given
in the last column of Table VI is assumed to represent the law
of observational errors, the result is that the frequency of large
positive errors is especially overestimated; when this “maximum
error”’ distribution is used to free the observed distribution of
velocities from the effect of observational errors, the resulting
corrected distribution is believed to show a too small dispersion
and to contain too few large velocities; a lower limit to the fre-
quency of large velocities is set in this case. Further, by using the
~asymmetrical “maximum error” frequency of Table VI, a lower
value of the mean velocity is also obtained, as compared with the
velocity which would follow from the assumed value of the reduc-
tion factors (f, f’); in other words, the “maximum error” hypo-
thesis leads probably to a minimum value of the mean velocity
of meteors. The underestimate in the resulting dispersion of me-
teor velocities is enhanced by the fact that in the “maximum
error” distribution the cosmic spread of the assumed meteor
heights is fully included; the effective error dispersion is thus
exaggerated by an amount corresponding to the double quadratic
spread in the heights (cf. 1, Section 5).

| The “maximum error” hypothesis as represented by Table VI
serves to set certain limitations to the characteristics of the
distribution of meteor velocities. The most probable distribution
of velocities can be obtained, however, only by using the most
probable law .of observational errors; to derive such a law, we
must take into account that stray meteors are partly responsible

for the spread in log wﬂ , and that this spread is influenced by
C

the dispersion in the heights as mentioned above. The probable
frequency of observational errors we derive below by a procedure
which differs from the procedure applied in former papers (cf.1
and 3). Instead of an arbitrary rejecting of a few very large
deviations, we try the following more definite procedure. To avoid
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an arbitrary diminution of the apparent.error dispersion, the
stray meteors must be picked out on the basis of their observed

velocities, instead of their deviations (log wﬂ ) ; also, the probable
. c

number of stray meteors can be computed (cf.6) from indepen-
dent criteria. Let F/(T)d T and Fo(T)d T be the observed distri-
butions of tangential velocities for the “sporadic” and the “show-
er’” meteors respectively, and let the fraction of stray meteors
among the shower meteors be 1 — r (¢f. 7, Table XXX, where the
corresponding fraction is called 1 —v, 7) ; the stray meteors may
be assumed to have the same distribution of velocities as the
sporadic, or non-shower meteors; thus the distribution, or fre-
quency function of observed velocities among the true shower
meteors may be set equal to

[F (T) — (1 ——fr)F(T)]dT

The actual application of this principle leads to fractional num-
bers, which is somewhat inconvenient in the present case. Instead
of that, from a given group of shower meteors (grouped according
to the direction, P) the supposed stray objects were marked in-
dividually; let n, be the predicted number of stray meteors within
the group; the shower meteors of this group were subdivided into
n subgroups of observed velocity (7), the limits of velocity
being chosen to satisfy the condition
‘ Ti+1
F (T dT_—fF (T) dT— -
)

In each subgroup one of the shower ‘meteors was designated
as stray, the choice depending also upon other criteria such as
the direction of motion (the largest deviation from the expected
direction), the magnitude (in the case of the Leonids which are
mostly bright, so that faint objects are more likely to be stray),

the length of the trail, partly also upon the ratio g— (when the
. ‘ . .

other criteria were indefinite) ; the latter circumstance may have
some influence upon the concluded size of the observatlonal error,
but the influence can be only slight.

Further, already from the data of Table VI it appears that
- the observations at different epochs and by different methods are
of unequal accuracy, the Tartu observations appearing to be more
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.accurat'e than those obtained in Arizona. The observational error
is therefore determined below separately for each set of data.
The actual deviations are given in Table VII.

The deviations are printed in the order of their size. The
apparent error dispersion in log w, given in the last column of the
table in units of 0.01 is the mean square of log g for the “pure

. C :
shower meteors”. .
The exclusion of the stray meteors has made the distribution

@ . A .. .
of log o symmetrical and very similar to a regular Gaussian, as
c

can be judged from the following data referring to the frequency
of large deviations:

Number of deviations Number of deviations
exceeding 1.41 times ~ exceeding 2.12 times
the dispersion the dispersion
negative positive all negative positive all
Observed 13 11 24 2 5 7
Theoretical 12.85 12.85 25.7 275 2175 5.5

The difference between theory and observation is here well within
the natural uncertainty, =1/; the slight excess of positive devia-
tions is uncertain and may be explained by 2—3 stray meteors
left in the list; it appears that a Gaussian represents well the
law of errors.

Subtracting quadratically from the apparent error dispersion
" twice the spread in the heights (¢f.1, Section 5) assumed equal
tc +0.060 (mean square devi.), the effective probable errors (to
be used in the procedure of freeing the observed distribution from
the influence of accidental errors) are found as follows:

Arizona Arizona Tartu Tartu
rocking estimates rocking estimates
mirror : mirror
Probable error #£0.105 *+0.092 #+0.039 *0.063
in log T
p. e. of prob- #+0.010 #+0.011 =*0.004 #+0.008
able error

Counting with the relative number of meteors observed by
the two methods in Arizona and Tartu, the effective errors given
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Table VII.

(0.01 taken as unit).

@
c

Individual Errors of Observation, log
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Table VIII.

Most Probable Error Frequencies for Different Directions
of motion, combined observations of E. O.

Deviation in log T (unit = 1/, log 2)

o | =1 | =2 | =3 ‘:4 | =5

L Frequency
P = 15°; 345° gsporadic 0.28 0.20 0.09 -0.04 0.02 _ 0.01
» .» Shower
P —= 45°; 315° sporadic 0.32 0.21 0.08 0.08 0.01 0.01
» ,»  shower
P = 750; 285%° gporadic 0.30 0.20 0.09 0.04 0.01 0.01
» , Shower 0.22 0.18 0.11 0.06 0.03 0.01
P = 105%; 255° sporadic 0.28 0.19 0.10 0.04 0.102 0.01
’s ,» Shower 0.28 019 0.10 0.04 0.02 . - 0.01
P = 185%; 225° sporadic 0.30 0.20 0.09 0.04 0.01  0.01
” ,» Shower 0.40 0.22 0.06 0.01 0.01 0.00
P = 165°; 195° sporadic 0.34 - 0.20 0.08 0.03 0.01  0.01
’ ,, Shower 0.28 0.20 0.09 0.04 0.02 0.01

above lead to the laws of observational errors as represented by
Table VIII.

6. Statistical Discussion. The probable error of the Tartu
rocking mirror observations (with observed oscillations) is found
to be so small that these observations seem to be much superior
as compared with the Arizona observations; it may be interesting
to inquire whether this more accurate material differs in its
statistical composition from the less accurate former data. The
distribution of Ty, the heliocentric tangential velocities, is com-
pared in Table IX; the accidental error for the Tartu series being
small, the observed distribution without correcting it for obser-
vational error dispersion is quoted *), whereas the combined
Arizona data are corrected for error dispersion by a provisional |
method (cf.1, Section 3, where the.data given in- the present
Table IX appear as an intermediate step and are not published).
As appears from Table IX, the two sets if reduced to the same
total number reveal a closely similar distribution, within the

*) The influence of the accidental error dispersion is proportional
to the square of the mean error and rapldly decreases with the decreasing
error.
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Table IX.

Comparison of the Distribution of Heliocentric Tangential Velo-
cities (T,) for Arizona (three observes, c¢f.1) and Tartu (E. O.)
' Rocking Mirror Observations.

Same, divided Tartu rocking

Ty km/see Arizona ! by 6.16 mirror

Number of Meteors

< 15 71 115 20
15— 17 33 5.4 6
18— 21 ' 57 : 9.3 5
22— 25 ' 71 : 11.5 12
26— 29 T4 12.0 15
30 — 35 218 35.5 26
36 — 42 291 47.3 45
43— 50 229 , 37.2 33
51— 59 189 30.7 30
60— 71 . 112 18.2 24
72 — 84 51 8.3 . 5
85 — 100 11 ‘ 1.8 6

> 100 29 4.7 6

All 1436 (233.4) 233

‘natural uncertainty =+ )/n; even the slight excess of very high,
and very small velocities, and the slight deficiency of medium
velocities revealed by the Tartu set would ‘doubtlessly disappear
after the correction for accidental error dispersion. Thus, from
the standpoint of the distribution of heliocentric velocities without
regard to direction, the Tartu observations of E. O. do not show
a perceptible systematic difference as compared with the already
published Arizona combined data of three observers; the similar-
ity persists in spite of the considerable difference in geographic
latitude between the two observing stations.

The above refers to sets of observations obtained by the rock-
ing mirror procedure; Table IX establishes the fact that the par-
ticular method of observation with the rocking mirror and the
individual differences between the observers do not seem to have
a perceptible influence upon the observed distribution of velocities.
Table X shows how much of a difference in the statistical data
may be revealed by the method of estimated durations, as
compared with the rocking mirror observations. Both sets are
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Ta.ble X.

Comparison of the Distribution of Recorded Geocentric Tangential
Velocities (T') for Rocking Mirror Observations and Estimates
by E. 0., Tartu and Arizona Combined.

‘ Rocking Same, divided . ’
T km/sec mirror by 1.88 Estlmates
Numbers of meteors
0.0
0 0.0 4
7.5
1 0.5 0
8.9
3 1.6 2
10.6
4 2.1 4
12.6
2 1.1 8
15.0
17 9.1 4
179
38 20.2 21
21.2 :
43 22.8 12
25.2
: 34 18.1 20
30.0 .
46 24.5 26
35.8
47 25.0 28
424
51 27.2 27
50.4
49 26.1 28
60.0
63 33.5 26
71.6
37 19.7 27
84.8
25 13.3 17
101 19 10.1 11
1
20 12 6.4 3
144 21 11.2 5
(0)
All 512 (272.5) 273
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uncorrected for accidental error dispersion, but are well com-
parable owing to the small difference between the mean errors
(¢f. preceding section). The comparison indicates a general,
" rather close similarity of the relative distribution of observed
velocities; the estimates yield definitely a somewhat larger fre-
- quency of very small velocities, and perhaps a deficiency of very
large velocities; the difference, however, is so slight that it can-
not have a considerable influence upon the concluded distribution
of space velocities. The difference must be attributed to the com-
bined effect of the mw-selection and the specific selection of
E. 0. (cf. 1, Section 2) ; the character of the difference corresponds
to the mw-selection which evidently is the more important one
of the two. The smallness of the effect of selection revealed by
Table X must be to some extent ascribed to the fact that the sta-
tistics refer to the linear velocity, T, whereas the selection depends
directly upon the apparent angular velocity, w; in the transition
from w to T, the variable factor secz effaces partly the original
effect of selection. On the other hand, it is only the influence of
selection upon linear, not upon angular velocity we are interested
in. Thus, the data of Table X remove a source of uncertainty
which we had to admit in former researches because of the lack
of a method of testing (cf.1); rocking mirror observations seem
to represent a selection which but slightly differs from the general
selection in ordinary observations of meteors.

On the other hand, the possibility that the mw-selection
may be present in general observations of meteors must not be
overlooked ; slow faint meteors may remain more often unnoticed
by the observer than ‘the fast ones because at side vision such
a faint and slow object among surrounding fixed stars does not
sufficiently attract the attention of the observer. In such a case
it would be difficult to draw conclusions regarding the correlation
of velocity and magnitude, even from the present complete data
freed from the specific selection of the rocking mirror. The
question was re-examined on the basis of the Arizona data (cf.1,
Section 2) ; it was found that the coefficient of perception is re-
presented well by a product of two factors, a selection factor in
magnitude independent of velocity, and a selection factor in angu-
lar velocity independent of magnitude, the evidence for a residual
- me-selection being megative; allowing for the statistical uncer-
tainty of the data (Table III in1), it is improbable that the
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Table XI.

Distribution of T, the Observed Tangential Velocity,
in different Directions,
for E. 0. (Tartu + Arizona) as compared with the Combined
Observations of R. W. + D. H. (Arizona).

P = 150 - 3450 P = 450 4 3150 - - P = 750 | 285V
3|38 | * |58 5|%F |58 ¢
~ | B BT A Bl BT | 2B | BT H

G K~ p & &
0.0
0 0.0 1 0 00 1 4 23 1
7.5
2 0.8 1 5 34 3 6 34 1
10.6
7 3.0 3 9 60 3 18 102 7
15.0
15 64 9 12 81 13 35 19.9 20
21.2
12 51 *1 18 121 6 37 21.0 31
30.0 | |
10 42 4 12 81 8 50 284 29
424
6 25 2 11 74 10 25 142 13
60.0 _
6 25 0 7 47 T 28 159 13
84.8 |
1 04 3 0 00 0 8 46 4
120
| 0 00 1 - 2 13 0 0 0.0 1
- ‘ 3 |
All 59 - (24.9) 25 76 (51.1) 51 211  (119.9) 120
0.0 ‘ T
0.8 2, . 34 4. 57 2
10.6 | | |
, 94 12 .. 141 16 .. 30.1 27
21.2 | | o
. 93 5 .. 202 14. .. 494 " 60
424 L
. 50 2 B 121 17. .. 301 26
84.8 | '
04 4. ... 1.3 0 46 5
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mw-selection produces a variation in the coefficient of perception
as large as five per cent, within the limits of apparent magnitude
1.0 and 4.0, and of angular velocity from five to forty degrees per
second ; for statistical purposes such a small variation, if it exists

Ta‘bleA XI. Continued.

P = 1050 4 2550 - P = 13504} 2259 P = 1650} 1959
@ 10 - A A Al o
O A B e O I T el B 1 -
~ |B| BT | M B =" Al e | BT|H
. o~ & 4 ~ R~ R~
0.0 o ,
1 07 0 0 0.0 0o 0 0.0 1
7.5 : .
3 1.8 1 1 0.6 0 0 0.0 0
10.6
11 79 *2 5 2.9 2 5 4.3 1
15.0 _ . :
46 33.0 21 20 11.7 10 14 119 7
21.2 :
57 409 48 34 19.8 12 29 24.7 *11
30.0 , _
68 488 41 53 30.9 26 61 52.0 39
42.4 .
43 30.8 41 55 320 35 79 67.4 54
60.0
28 20.2 23 53 30.9 41 73 62.3 62
84.8
8 58 11 20 11.7 12 26 22.2 *42
120 ,
0 00 2 6 3.5 6 12 10.2 **31
w .
All 265 (189.9) 190 247 (144.0) 144 299  (255.0) 255
0.0
25 1 0.6 0 0.0 1
- 10.6
- : 40.9 *23 14.6 12 16.2 8
21.2
89.7 89 50.7 38 76.7 *50
42.4 _
: 51.0 64 62.9 176 129.7 128
84.8 ,
: 5.8 13 152 18 82.4 **73
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at all, is negligible, especially when the statistics refer to zenithal
magnitudes and linear velocities, instead of apparent magnitudes
and angular velocities (ef. also 1, Section 10, where however the
selection must have been more conspicuous than for the present
data, on account of the selectivity of the rocking mirror observa-
tions which was especially pronounced for the Arizona observers).

Table XI contains a comparison of the combined observa-
tions of E. 0. with those of the two Arizona observers, R. W. and
D.  H.; the table refers to the observed geocentric velocities, un-
corrected for error dispersion; the comparison is made separa-
tely in different apical directions, attention being paid only to the
absolute value of the angle P; the mean value of P for each sec-
tor is cited, instead of the limits; thus, P = 459 + 3150 means the
combination of P =300...590 and P = 3000... 3299, In the
table three columns correspond to each P-group; the first
column gives the number recorded by the two Arizona observers
(n,) ; the second column gives the same divided by a ratio (k)
which makes the total equal to the total recorded by E. O.; the
third column contains the number recorded by E. 0. (ny), rock-
ing mirror observations and estimates for Tartu and Arizona
being joined together. Thus, the figures of the second and third
columns are adjusted for direct comparison; in the comparison it
must be taken into account that the natural uncertainty of a

difference %—ng is equal to iV%—l—ing (standard dévi-

ation). The table consists of two sections; the upper portion, with
the velocity intervals spaced in the ratio |/2 :1, and the lower
portion spaced in the ratio 2 : 1. The cases when the difference
between the figures of the second and third column equals from
two to three times the standard deviation (probability 0.042) are
marked with single asterisks; those exceeding the triple standard '
deviation (probability 0.0027) — with double asterisks.

Both portions of Table XI indicate concordantly a great simi-
larity of the two sets of velocity observations; the differences,
with one exception, are all reasonably within the limits of the
natural uncertainty; thus, the relative frequency of velocities
recorded in a given direction by R. W. and D. H. with the rocking
mirror agrees very well with the frequency found by E. 0. from
rocking mirror observations and estimates; the agreement is the
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more remarkable because the selectivity of the velocity records
of R. W. and D. H. was very high (one velocity for five meteors
seen), whereas the present material of E. O. represents complete
records and is practically free from this sort of selectivity.

The only real difference between the two sets refers to
P = 1650 | 1950, where E. O. has 73 velocities exceeding
84.8 km/sec, against 32.4 expected from the data of R, W. 4- D. H.
The probability of an accidental difference of this size is only
6.10—5. The excess of the high velocities of E. O. appears in his
different sets of observations as follows:

" Rocking

Rocking Estimates,

Set of observations, . At Estimates,
A E. 0. An;;r(’)%ré Arizona n,i};;g;’ Tartu
Number recorded _ ‘ '
by E. 6. 35 10 17 11
Number expected ‘ '
from R. W. + D. H. 10.5 C4 10.8 6.4
Excess +24.5 +5.3 +6.2 -+4.6

- It appears that the excess is chiefly due to the Arizona
rocking mirror series of E. O.; this case has already been dis-
cussed (cf. 1, Sections 4 and 9), the excess being attributed to two
possible causes — the effect of observational selection, and the acti-
vity of a cosmic stream of high velocity in October, 1931. The
above data seem to indicate that the second cause was the chief
one (in October, 1931, estimates of duration were not made, which
explains the absence of the large excess in the Arizona estimates
which were -made only in November). At the same time, the per-
sistence of a moderate excess in the three remaining series of
E. 0. indicates that observational selection is also partly respon-
sible for it.

The general conclusion-which may be drawn from the above
discussion is that effects of selection and systematic influences of
the particular method, as well as the personality of the observer
are found to have little influence upon the statistics of meteor
velocities; in any case, for the present observations of the writer,
consisting - of rocking mirror observations supplemented by the
estimates of duration, the effects of specific selection must be
negligible. The observational material referring to meteor velo-
cities appears to be well established; little new can be expected
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from observations continued along the same lines as before. If
there - exists some uncertainty in the conclusions, the method of
interpretation is responsible for that. Namely, in comparison
with observational selection, a mueh greater effect upon the
final conclusions may be exercised by the hypotheses upon which
the distribution of space velocities is derived; these hypotheses
refer to the observational error function, and to the distribution
of the projection ratios (tangential velocity: space velocity). The
larger the assumed observational error dispersion, the smaller is
the resulting spread in meteor velocities and the smaller the rela-
tive number of high velocities concluded. The influence of the
assumed law of projection ratios is different: the greater the
spread in the projection ratios, the higher is the mean velocity
and the larger the fraction of high velocities found. By assum-
ing certain limiting cases for these hypothetical frequency func-
tions, the probable extreme limits to our knowledge of the true
distribution of meteor velocities may be outlined.

Without taking recourse to hypotheses, the fundamental
problem of the difference between sporadic and shower meteors
can be treated qualitatively, on the basis of the uncorrected dis-
tribution of the observational records. Table XII contains the
comparison referred to the heliocentric projected velocities un-
corrected for observational error dispersion. The ratio of the
number of sporadic to shower meteors is given in each third
column of a subsection of the table; the ratio generally increases
toward higher velocities, indicating that high velocities are more
frequent among sporadic meteors than among the supposed shower
meteors; most clearly this fact is shown by the last section of
the table, referring to the combined observations of E. O.

The recorded velocities of the shower meteors may exceed
the parabolic limit, 42 km/sec, for the following reasons: 1) the
observational error dispersion; 2) the presence of stray hyper-
bolic meteors among the apparent members of a shower; 3) the
possibility for some of the showers to have hyperbolic velocities.
The first cause is probably the most important one. To judge
upon the second cause, the theoretically estimated numbers of
stray meteors are given at the foot of Table XII; these figures
are comparatively small, but for some reasons they may be under-
estimated (cf. 1, Section 1). The third cause may perhaps be re-

7
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Table XII.

Comparison of the Apparent Distribution of Heliocentric
Tangential Velocities for Sporadic and Shower
Meteors (E. 0.).

P=0°... 59 _ 0 0
and 3000 3590 P=600...119° and 2400... 299

T, knifsec (antapex directions) (transversal directions)

Tartu Arizona Tartu Arizona
sp. l sh. | sp. ‘ sh. | sp. ' sh. ‘ratio sp. ~ sh. ’ ratio
0...14 0 0 0 0 0O 0 ... 0 0 )
15...21 0 0 0 0 0 0 e 0 0 ...
22...29 3 0 1 0 5 2 25 11 1 11.0
30 ...42 8 0 7 O 43 12 3.6 57 29 2.0
43 ... 59 15 0 11 1 35 4 88 35 15 2.3
60 ... 84 8 1 10 O 11 3 16 9 1.8
85...119 3 0 5 0 . 4 0!53 12 '2} 3.3
> 120 1 0 2 0 1 0 1 2
All 38 1 36 1 99 21 4.7 182 58 2.3
Stray
expected R | 1 5 ... ... 12
P—1200...2390
(apex directions) All directions
Ty km/sec Tartu Arizona. Tartu + Arizona
sp. ‘ sh. l ratio| sp. l sh. ' ratio Sp. l sh. | ratio
0...14 15 15 1.0 11 5 22 26 20 1.3
15...21 11 8 14 16 6 2.7 27 14 1.9
22...29 - 21 13 1.6 16 8 20 57 24 24
30 ...42 30 15 2.0 17 9 1.9 162 65 2.5
43 ... 59 41 10 4.1 24 14 1.7 161 44 3.7
60 ... 84 22 4 5.5 15 7T 21 82 24 34
85...119 ‘9 0 11 2 44 4
5 120 s 1 } 140, } 42 50 n } 6.2
All 154 66 2.3 124 55 2.3 583 202 2.9
Stray
expected 12 T ... 38

sponsible for the weakness of the correlation of the “ratio” of
sporadic to shower meteors with velocity in the second section of
Table XII, the “transversal directions”, Arizona series, in which
the correlation is practically absent; the shower meteors of this
group belong all to radiants near o = 400—600, § = 4200, active
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the end of October and the beginning. of November; these may be
partly in connection with Hoffmeister’s Taurus stream, in
which case hyperbolic velocities of many true shower meteors may
occur as a rule; of course, this is only a possibility which needs
special confirmation; owing to the small number of meteors, the
absence of the correlation in this particular case may be purely
accidental. The Tartu observations give a much more persistent
and strong correlation with velocity of the ratio (sporadic: sho-
wer) than the Arizona observations do; the smaller accidental
error of the Tartu series is apparently responsible for that. For
the apex directions, Arizona, the ratio of the numbers qf sporadic
to shower meteors shows a peculiar correlation: the ratio attains
a minimum at medium velocities, increasing toward both large
and small velocities; this may be interpreted as an indication of
the presence of short period, low velocity solar meteors in the
sporadic group, in addition to the high velocity hyperbolic meteors
(cf.1, Section 8).

Table XIII.

Heliocentric Tangential Velocity (7T,) and Zenithal
Magnitude (m,), Sporadic Meteors (E. 0.).

T, km/sec <35 |35..42 |43..50 [51..59)60..71| > 72| An
-

n 17 5 5 7 8 10 62

—10 { % 28 24 8 11 13 16 100

n 53 30 33 26 20 38 200

+15 {% 26 15 17 13 10 19 100

n 64 - 37 3¢ 2 9 32 202

25 { % 32 18 17 18 4 16 100

. n *32(29)  *30(27) 17 13 11 22 125

3.6 { % 26 24 14 10 9 17 100

o *166 *112 89 72 48 102 *589

All {% 28 19 15 12 8 18 100

In the same manner, namely from the distribution of re-
corded velocities, the correlation of velocity and luminosity may
be studied. Table XIII contains the corresponding data. The
recorded velocities, as well as the recorded zenithal magnitudes
are here used ; on account of error dispersion the true mean values
of m, must exhibit a smaller range than the mean recorded values

7*
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quoted in the table (¢f.7, Section 6). The present data of E. O.
are free from the mew-selection except for the period from Octo-
ber 6 to 22, 1931, when estimates of duration were not made at
all; on the basis of certain former data (¢f.1, Table III) it was
- found that the selection influenced appreciably only the magnitude
group mz = +3.6 for T, < 42 km/sec; the effect of selection was
estimated and the data for the October lunation corrected for it;
the corrected figures (only two cases) are marked in Table XIII
with asterisks, the uncorrected figures being given in parentheses.
As can be seen from the table, the correction for mw-selection is
unimportant, amounting to only six units or one per cent of the
total number; so small a correction might have been neglected
without changing perceptibly the results, which circumstance in-
creases our confidence in the objectiveness of the data of Table
XIII. As to the conclusion, the similarity in the distribution of
velocities within the different magnitude classes of the table is
quite close; thus, within the range of luminosity covered by our
" statistics no systematic change in the distribution of wvelocities
depending upon luminosity can be traced. The conclusion differs
from the combined Arizona data! which indicated a sensible
deficiency of high velocities in the brightest magnitude class. The
guestion of the peculiar distribution of velocities for very bright
meteors is thus still ppen; whereas the present material is free
from mco—:selection, the Arizona data are more numerous (2.5 times -
more meteors in the brightest magnitude class) and more uni-
formly distributed over the whole year; therefore at present we
cannot. decide in favour of either conclusion.

The above-mentioned discordance is practically of little im-
portance and does not influence perceptibly our former conclusion
that the direct observational data recorded by different observers
in Arizona are statistically similar to the present data obtained
by the writer; therefore, with the same method of reduction both
observational series should yield more or less similar results; in
other words, the present data, being apparently more accurate
than the former ones, still only confirm the results arrived at in
the preceding publication (cf. 1), if the same assumptions with
respect to the laws of observational and cosmic errors are made.
It appears thus unnecessary to apply in full the complicated method
of discussion to the present material; on the other hand, by a
varlatlon of the basic assumptlons we try below to estimate the
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range of uncertainty produced by these assumptions in our final
results. . ’

- The uncertainty in the observational error dispersion may be
studied on the basis of the two extreme cases of the law of ob-
servational errors: the “maximum error hypothesis” as represented
by Table VI, and the “most probable error hypothesis” represented
by Table VIIL. The third case, the “minimum error hypothesis”
which assumes the observational error to be zero is obviously of
little interest and is not further considered here (in this case
the true distribution of projected velocities is identical with the
observed one). The correction for error dispersion was made
separately for each sector of the apical direction of motion, the
method being described in1, Section 5. The result is given in
Table XIV; the four columns corresponding to a given sector P
contain: the observed distribution; the smoothed observed distri-
bution; the distribution corrected with the law of errors repre-
sented by the last column of Table VI; the distribution corrected
with the law of errors represented by Table VIII. The table
refers to sporadic meteors only. The difference between the
cases @ and b may give an idea of the maximum degree of
uncertainty produced by the inaccurate knowledge of the ob-
servational error function; whereas for the antapex direc-
tions the difference between the two solutions is compara-
tively small, for the apex directions the difference is more consi-
derable, case a yielding as a rule a smaller number of very small
and very large velocities. The bearing of this difference on cos-
mic problems is more clearly revealed by the distribution of pro-
jected heliocentric velocities as given in Table XV; this table
is based upon the data of Table XIV, which were redistributed
according to the heliocentric limits of velocity computed according
- to the formula

T02.—_—T2—|—ng—l—2 TT'q.cosP_. . . . (15);

the mean value of T, = 27.8 km/sec. was assumed; the value was
found to be the actual mean projected orbital velocity of the
earth and was practically independent of P. For P the mean
values of each sector as printed in the heading of Table XIV were
used.

From Table XV we infer that the concluded frequency of
heliocentric velocities does not much depend upon the assumed
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Table XIV.

Correction for Observational Error Dispersion of the Distribution
of Geocentric Tangential Velocities (E. 0., Tartu 4+ Arizona).

Sporadic Meteors.

a = distribution corrected on the basis of the “maximum error
hypothesis” ;
b = distribution corrected on the basis of the “most probable
error hypothesis”.
P =159 and 3459 =450 and 3150 | P =175° and 2850
Q
& S | a | b S| a | b s | 4 b
E y g |eorr.|corr.| . | § |corr.|corr. 8 | corr. | corr.
2 g | III IIT | <2 g III IIT g ITI IT1
BN o) (7] =) 71 17
0.0
1 06 02 05 1 10 02 0.6 1 09 04 05
7.5
0 04 00 00 1 09 05 0.8 0 09 04 0.8
8.9
1 07 00 00 2 13 01 07 1 14 03 04
10.6
1 13 00 06 1 21 08 15 4 24 07 1.6
12.6
2 25 34 80 2 34 386 3.0 2 38 09 21
15.0
5 85 64 55 5 52 88 7.1 4 6.3 41 49
17.9
4 81 50 41 8 54 90 73 14 98 105 9.8
21.2
0 20 15 15 8 40 41 39 13 132 189 16.0
25.2
1 14 03 06 2 28 01 13 12 146 214 183
30.0
2 13 08 11 4 29 08 18 18 138 199 173
35.8
) 2 1.2 11 12 4 85 29 32 8 10.5 11.7 10.6
42.4
1 11 1.0 11 4 45 65 5.3 5 70 39 5.0
50.4
1 10 08 09 5 48 82 62 3 51 25 37
60.0
0 1.0 10 10 6 43 34 62 7 389 25 35
71.6
0 09 06 10 1 23 0.0 0.1 5 80 25 3.0
84.8
1 09 11 0.9 0 06 0.0 0.0 1 2.0 0.4 1.8
101 *
2 09 14 1.0 0 00 0.0 0.0 3 1.3 00 10
120
1 08 04 10 0 00 00 0.0 0 08 00 04
144
0 0 04 00 0.0 0 0.0 00 0.0 0 0.3 0.0 0.0
All 25 = — — 49 = — — — — —
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Table XIV. Continued.

g P = 1059 and 255Y P = 1359 and 2259 P = 165% and 1959
(] .
2z S a b < a | b 5 a b
E u 8 |corr.|corr. | . g |corr. [corr.| . 8 | corr. |corr.
| & |E|\m| 1 || E (v |m|&|§|IV|IV
0.0 )
0 0.0 0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 0.0
7.5 ;
0 0.0 0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 0.0
8.9
0 0.0 0.0 0.0 0 0.2 0.0 0.0 0 0.0 0.0 0.0
10.6
1 05 00 0.0 0 05 0.0 0.0 0 006 00 0.0
12.6
1 2.1 0.0 0.0 2 1.2 0.0 0.0 0 0.4 0.0 -0.9
15.0
4 6.0 0.0 1.8 1 2.8 0.0 14 1 1.0 0.0 0.2
17.9 ’
12 10.6 9.0 11.9 8 5.5 8.3 7.9 4 2.2 0.0 1.7
21.2 : : :
15 13.8 19.5 16.3 5 6.0 9.1 71 4 3.7 3.1 3.5
25.2
15 154 . 20.3 17.8 6 6.0 4.7 5.1 4 54 4.1 4.3
30.0 :
15 156 19.3 17.2 6 6.6 1.5 4.1 6 7.8 6.0 7.0
35.8
12 151 18.0 . 16.6 9 8.8 3.9 6.7 15 10.8. 8.7 9.8
42.4
18 13.5 151 144 14 121 116 113 11 144 131 13.7
50.4 '
11 114 121 11.7 11 16.8 26.2 20.5 18 184 21.0 19.0
60.0
8 9.1 9.3 89 23 18.0 35.7 26.2 21 22.0 31.1 26.3
71.6 '
8 7.0 71 7.0 11 134 11.0 16.6 25 224 83.3 26.17
84.8
6 48 03 4.5 8 65 00 22 19 197 274 23.6
101
3 26 00 1.6 3 34 00 0.5 13 139 127 127
120
0 1.2 0.0 0.0 1 1.9 00 04 9 94 55 74
144
1 1.3 0.0 0.3 4 28 00 20 16 14.5 0.0 101
oo .
All 130 = = = 112 = = = 166 = = =
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Table XV.
Distribution of Heliocentric Tangential Velocities (7)
corrected for Observational Error Dispersion.
Sporadic Meteors.
Cases a and b as in Table XIV.
0,:3 P=15° | P =45° | P="75° |P=1050 | P=135° | P=165°| All direc-
‘g | and 345° | and 315 %and 285° [and 255° | and 225° | and 195°| tions
-
s? a}b a‘b a)b a | b a‘b a’b a‘b
0.0 |
0 0 0 0O O O O 0 0 0 187229 187 229
15.0 .
0 0 0 0o O O O O O 0 46 51 46 5.1
17.9 : :
0 0 0 0 O 0 0 0 196186 58 6.0 254 246
21.2 . ,
, 00 0 0 0 0O 0 0 0 40 68 72 73 112 141
25.2
01 02 01 02 03 04 71112 3.9 68 109 9.9 224 287
30.0 ' .
0.1 03 0.7 18 44 7.6 44.6 39.2 10.3 10.2 141 125 742 71.6
35.8 |
3.3 3.5 13.2 11.7 33.1 29.7 27.7 25.1 19.6 15.6 18.0 15.2 114.9 100.8
42.4
©12.2 104 13.1 11.6 38.4 33.2 20.6 19.4 26.5 19.8 20.8 17.0 131.6 111.4
50.4
1.5 1.9 1.5 3.3 14.9 141 14,0 13.6 21.1 18.6 23.1 18.7 76.1 70.2
60.0 : _
1.8 21 7.8 71 43 59 97 92 7.0 11.1 19.7 17.0 50.3 524
71.6 .
1.3 15100 86 3.0 42 61 67 0 1.7 118 11.1 322 338
84.8
1.3 14 26 47 23 32 02 40 0 04 76 82 140 21.9
101 ' _
11 1.2 0 0 03 1.7 0 13 0 - 03 37 54 51 99
120 |
1.7 1.3 0 O 0 0.8 0 0.0 0 04 0 3.6 17 6.1
144 ' .
_ 06 12 0 0 0 02 0 083 0 17 O 61 0.6 95
w .
Al 25 = 49 = 101 =130 = 112 = 166 = 583 =



T.P.30.6 Observations of Meteor Velocities 1931—1938 105

law of observational errors; even the two extreme cases, ¢ and
b, give distributions which are very similar in their general
features. Only in the case of very large velocities the assumed
law of errors considerably influences the results; for T, > 120
the difference between the two hypotheses is so large that with
case a the reality of heliocentric velocities exceeding 120 km/sec
becomes doubtful, in spite of the not inconsiderable number of
such velocities resulting in case b. Although case @, the “maxi-
mum error hypothesis”, doubtlessly exaggerates the observational
error dispersion, so that the frequency of 7T, > 120 must be
larger than in Table XV, a, the frequency is so small that we
feel justified to look for independent proof of these large veloci-
ties before we accept their reality as established. Except for that,
the similarity between cases a and b is close; thus, the relative
frequency of the projected heliocentric velocities exceeding 42.4
km/sec, the parabolic limit, is 53.4 per cent in case a, and 54.1
per cent in case b; these, practically identical figures represent
at the same time the minimum frequency of hyperbolic objects
among sporadic meteors; this is a minimum, because the space
velocities may exceed, never fall below the projected velocities
to which the above figures refer.

Table XVI.

Law of Projection Ratios for Geocentric Velocities,

All Directions.

I = semi-empirical law according tol, sin 4 = 0.785.
II = random distribution ~ sinl = 0.785.
sin A I II sjn A I II sin 2 I 11
1.000 0.421 0.177

0.530 0.540 . 0.080 0.028 0.005 0.005
0.842 0.354 0.148

0.167 0.167 0.020 0.020 0.003 0.004
0.707 0.297 0.125

0.096 0.097 0.014 0.013 0.002 0.003
0.594 0.250 0.105

0.069 0.062 ’ 0.010 0.010 . 0.005 0.004
0.500 0.210 0.000

0.042 0.041 0.007 0.006

0.421 0.177 Sum  1.000 1.000
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With that we approach the question of the influence of the
law of projection ratios upon the concluded distribution of space
‘velocities. The true frequency function of projection ratios is
unknown in the present case, but can be derived upon certain
assumptions. In1 the frequency of geocentric projection ratios
in separate apical directions was derived from the observed
total frequency of meteors in different directions, supplemented
by the assumption of certain smooth laws of variation of the
radiant density with the distance from the apex and with the
declination (cf.1, Table XVI); the semi-empirical law thus ob-
tained should contain very -little hypothetical element, as the as-
sumed laws of radiant density are used only for interpolation
between observed figures. In the present case we want a law of
projection ratios for all directions combined; from Table XV of 1
_ the law is found as given in the present Table XVI. It is sur-
prising to find the law almost identical with a random distribu-
tion, which is given for comparison.

The distribution refers to geocentric velocities, whereas we
are here concerned with heliocentric velocities; the direct calcula-
tion of this distribution is rather complicated, but we make use
of an indirect, practically equally accurate method. From
Table XVI of 1, as well as from the present Table XVI and from
Table II of ¢ we infer that, for the smooth functions considered,
their properties are well determined by one single parameter,
namely by the average value of the projection ratio, sin A.
By using the simplification applied throughout in1, i. e. by
assuming a whole sector of P to be concentrated in its centre
of radiation, the differential changes of sin 4 at the transition
from geocentric to heliocentric motion can be calculated,
assuming these equal to the differential changes of sin 4 of the
centre of radiation; the observed frequency of heliocentric velo-
cities as found in1 was used as weight in the calculation. In
such a manner sin } was calculated as follows, from the data
of Table XVIII of 1, jas compared with the data at the bottom
of Table XV of 1,

W km/sec <36 36—50 >50 All
sin 4, geocentric 0.803 0.792 0.750 0.785

sini, heliocentric  0.745 0.777 . 0.749 0.759
Here W is the heliocentric space velocity. '



T. P. 30. ¢ Observations of Meteor Velocities 1931—1938 107

- The mean heliocentric projection ratio for the observed
meteors is smaller than the geocentric one because more meteors

- come from the apex where the heliocentric radiants are displaced
mostly toward the region of observation (north pole).

The distributions corresponding to the above quoted values
of sin A are chosen from Table XVI of 1 and are given in columns
A, B, and C of the present Table XVII; these data represent
thus the semi-empirically derived distributions of the projection
ratios for different velocity classes of the 1436 velocities observed
in Arizona (c¢f.1). The concentration of the @stribution of sin A
for medium velocities (about the parabolic value W = 42) is
found to be greater than for the hyperbolic and the elliptical
velocities (the concentration can be measured by the relative
frequency of large projection ratios, sin 4 = 0.842 — 1.000, also
by the mean value of sin 1) ; this circumstance was partly anti-
cipated in an early publication (cf. 4, Table II) from purely theo-
retical considerations; the distributions conjectured there are
numerically in satisfactory agreement with our present results.

The explanation is given by the fact that the radiants of
the solar meteors are more strongly concentrated toward the
ecliptic, yielding thus a greater number of large distances from
the north polar region of observation. This explanation is strongly
supported by the data of column D which contain the observed
distribution of sin A for the 202 shower meteors of E. O.; the
concentration of the distribution in D is unexpectedly large,
indicating that very few shower meteors were observed near
their radiants; of course, the small number of radiants to which
these 202 meteors were supposed to belong makes the result
‘subject to considerable accidental uncertainty.

The distribution given under D corresponds to geocentric
velocities; the heliocentric velocities, as shown above, must show
a smaller concentration; further, the sporadic meteors have a
smaller concentration than the shower meteors; thus, case D of
Table XVII represents a distribution which is doubtlessly more,
probably considerably more concentrated than the distribution
of projection ratios for the heliocentric velocities of sporadic
meteors.
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Table XVII.

Frequency of Projection Ratios for Heliocentric Velocities.
‘ All Directions.

All Meteox's; Arizona

All velocities, E. 0.

Sin 2 A [ g ¢ | .D" E
W > 50 All ve- Shower Sporadic
W< 36 }W =36—50| Jocities meteors meteors
1.000 _ .
0.465 0.523 0.489 0.757 0.418
0.842 »
0.170 0.170 0.170 0.148 0.176
0.707 -
: 0.106 0.099 0.103 0.040 0.119
0.594
0.085 0.071 0.076 0.020 0.091
0.500
‘ 0.054 0.043 0.050 0.015 0.059
0.421 '
0.035 .0.030 0.033 0.010 0.039
0.354 _ :
0.025 0.019 0.022 0.005 0.026
0.297
0.017 0.014 0.017 0.002 0.021
0.250
0.013 0.010 0.012 0.092 0.015
0.210 :
0.010 0.007 0.008 0.001 0.010
0.177 ' '
0.006 0.004 0.006 0 0.008
0.148
» 0.004 0.003 0.004 0 0.005
0.125 ‘
0.003 0.002 0.003 0 0.004
0.105
0.007 0.005 0.007 0 0.009
0.000
Sum 1.000 . 1.000 1.000 1.000 1.000

The frequency of projection ratios for sporadic meteors can

be computed from the formula

fi=1o ‘i‘z—? (fo—S2)

*) Refers to geocentric radiants, or velocities.

(16),
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where f; is the frequency for the sporadic, fo — for the shower
meteors, fo — for all meteors, n; — the number of sporadic,
ng — of shower meteors. With n; = 621, n, = 164 (after sub-
tracting the probable number of 38 stray objects) for E. 0., and
with f, according to column D, f, according to column C of Table
XVII, the hypothetical frequency of projection ratios of sporadic
meteors as given under E of the same table is calculated. The
concentration of E is doubtlessly, although probably not very
much smaller than the true concentration of sin 4 for the spo-
radic meteors of E. O. because of the following causes which
act in the same direction: as the 1436 Arizona velocities contain
a smaller relative fraction of shower meteors (cf.1) than the
present set of E. 0., the concentration of C, Table XVII, must be
somewhat smaller than the true concentration of the distribution
of projection ratios for all meteors of E. O.; further, the distri-
bution under D has a greater concentration than the distribu-
tion of heliocentric velocities of the shower meteors. Thus, in
formula (16) the concentration of f, is underestimated, of fo —
overestimated ; as a result, the concentration of f; is doubly over-
estimated. |

Hence we are safe in assuming that the unknown true distri-
bution of projection ratios of the heliocentric velocities for the
sporadic meteors of E. O. is intermediate between cases D and E
of Table XVII, probably closer to E than to D. Iu applying these
limiting distributions to the data of the two last columns of
Table XV, we obtain altogether four limiting cases for the dis-
tribution of heliocentric space velocities which are contained in-
Table XVIII. The method of the solution for the distribution of
space velocities is described in 1, Section 6. The space velocity,
W, is represented by discrete values which are supposed to be
mean values for the corresponding groups; in the second column
of Table XVIII the velocities are given tentatively corrected for
the mean effect of zenithal attraction and for the probable ellip-
ticity of the orbits of shower meteors used for standardization
(cf.4, p. 5). In judging the data of the table, we have to take
into account that case a (a large observational error) is less
favourable to large and small velocities as compared with b,
whereas case D (a large concentration of projection ratios) is less
favourable to large, and more favourable to small velocities as
compared with E. From the table we find that the assumed size



110

ERNST OPIK

T.P.30.6

Sporadic Meteors, E. O.

Table XVIII.

Distribution of Heliocentric Space Velocities,

aD = maximum observational error and maximum concentration
of projection ratios;
aE = maximum obs. error and minimum concentration of proj.

r.;
bD = probable observational error and maximum concentration
of proj. r.;
bE = probable obs. error and minimum concentration of proj.
r.
c—"
W kmj/sec aD aE bD bE
uncoryr. Ccorr.
<15.0 < (12) 11 0 16 0
17.9 (15) 0 0 0 0
21.2 (18) 25 0 24 0
- 252 (21) 2 0 5 0
30.0 26 4 0 14 0
35.8 32 64 9 65 17
42.4 39 115 7 100 69
50.4 47 153 188 128 171
60.0 57 86 121 78 104
71.6 69 58 83 59 84
84.8 83 39 62 39 56
101 98 17 28 26 39
120 116 6 10 11 15
144 140 2 4 6 5
> 17 > 166 1 1 12 23
All ... 583 583 583 583
Short period ) n (W < 32) 106 9 124 17
solar % ... 18.2 1.6 21.3 2.9
Long period } n (W =39) 115 M 100 69
solar % ... 19.7 18.2 17.1 11.8
Hyperbolic n (W > 47) 362 497 359 497
% 62.1 85.2 61.6 85.2

of the observational error has little influence upon the number
of very small velocities which depends chiefly upon the law of
projection ratios; however, this latter but moderately influences
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the frequency of very high velocities which is rather sensible
to the assumed law of observational errors.

At the bottom of Table XVIII the summary of the distri-
bution for the wider velocity classes is given; it appears that
the relative frequency of small velocities, the "’short period solar
meteors”, is very uncertain and depends largely upon the assumed
law of projection ratios (which may in this case differ from the
laws valid for other velocities); very uncertain is also the fre-
quency of very high hyperbolic velocities, W > 116 km/sec, which
may amount to from two to nine per cent. The relative frequency
of intermediate velocities, from W = 39 to W = 98 km/sec, al-
though sensibly influenced by the different hypotheses, does not
show variations of fundamental importance and may be con-
sidered as satisfactorily established, independently of the assump-
tions regarding the law of errors and of projection ratios.

7. Summary.

a. Rocking mirror observations of meteor velocities were
obtained by the writer at Tartu by an improved method; the writ-
er’s estimates of duration, as compared with computed durations
of the shower meteors, are found to be of a satisfactory accuracy,
comparable to the accuracy of the rocking mirror observations.
The estimates of duration of the four other chief Arizona obser-
vers are found to be unusable.

b. The joint observations of the writer, consisting of 785
velocities determined at Tartu and in Arizona by the rocking
mirror method and from estimated durations, are published and
discussed. The 583 apparently sporadic meteors are considered
separately from the 202 supposed shower meteors which are
used for the purpose of standardization.

c. The frequency function of the observational errors in the
logarithm of velocity is investigated; two limiting cases for this .
function are established: the case of maximum observational error
dispersion, represented by the distribution of the ratios of ob-
served to computed angular velocities of the shower meteors,
none rejected; and the case of the most probable observational
error dispersion, derived by rejecting the probable number of
stray meteors from the shower meteors.

d. By comparing the different available sets of visual ob-
servations of velocities it is found that a similar relative distri-
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bution of recorded velocities is obtained, indicating that the
effects of selection for the different methods and observers are
not considerable. The present more refined observational material
is statistically similar to the 1436 Arizona velocities already dis-
cussed 1, confirming the latter; it is obvious that both sets if
reduced on the same principles must yield very similar results;
thus, the results derived from the 1436 Arizona velocities need
not be revised unless the basic hypotheses, especially the law of
projection ratios can be improved; this can be done only when
more accurate individual heights and real paths for the velocity
meteors are available (observations with such @ purpose in view
are in progress, supported by the Estonian Academy of Sciences).
- Until these data become available, the results obtained in1 may
be considered the most probable ones which can be derived on
the basis of the statistical mean heights and adopted laws of
observational and cosmical errors. , |
e. Without any hypothetical assumptions, the direct compa-
rison of the observational records indicates a conspicuous differ-
ence in the distribution of velocities for the sporadic and ' the
shower meteors; the sporadic meteors yield a Ilarger relative
fraction of high velocities and a higher mean heliocentric velo-
city, in agreement with their supposed extra-solar origin.

f. From the present observational material, the evidence for
a change of velocity with magnitude (sporadic meteors) is nega-
tive; in this respect the data differ from those of 1, but the
number of very bright meteors which decide the question is much
smaller than in Arizona. :

g. To get an idea of the influence of the assumed hypotheses
upon the final conclusions, the distribution of heliocentric velo-
cities is derived upon certain limiting assumptions regarding
the law of errors and of projection ratios; the assumptions are
chosen in such a manner that the true conditions must be found
somewhere in between. The comparison of the results indicates
that the relative frequency of very small (< 35 km/sec) and very
high (> 107 km/sec) heliocentric velocities is uncertain, depend-
ing largely upon the assumed hypotheses; the relative frequency
of intermediate velocities, although depending upon the assump-
tions, cannot be changed fundamentally by the adopted hypo-
theses and may be considered as 'satisfa(;torily established; these
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considerations are important for judging the conclusions arrived
at in 1. It is found that the fraction of hyperbolic meteors among

* visually observed sporadic meteors lies between 62 and 85 per
cent, the higher value being the more probable; the fraction of
long period (up to almost parabolic) objects is from 12 to 20
per cent, whereas the fraction of short period (planetary or
asteroidal) objects is from 2 to 21.

Tartu,

January 1940.
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Notation.

The notation is practically identical with the notation of 1.



