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FOREWORD

This compilation is the fourth in these series of reports continuing this type of international
cooperation recommended by the Inter-Union Commission on Solar-Terrestrial Physics. The Chairmen or
Co-Chairmen of IUCSTP Working Groups 2, 7 and 12 suggested at the IUCSTP Symposium in Leningrad, May
1970, that this period around March 6-10, 1970 was worthy of study.

Dr. Akasofu stated this period included the greatest magnetic storm to date in this solar cycle.
In addition, a total solar eclipse took place on March 7.

Therefore, in July 1970 contributions were solicited from the international community. Original-
ly it bhad been anticipated the report would be completed by the end of 1970. Contributions continued
to be received into January 1971. Thus, the processing has only now been completed. Because of the
large number of papers the report is in three parts to facilitate handling. The ones dealing primar-
ily with the eclipse are grouped as an Appendix to Part III. There has been no attempt to cover com-
prehensively the March 7, 1970 total solar eclipse. The reader should refer to the collection of
eclipse papers published in Nature, June 1970. A "Symposium on 1970 Solar Eclipse" will be held at
the XIVth Meeting of COSPAR, June 21 - July 2, 1971 in Seattle, Washington. TIUCSTP is coordinating
the organization of this Symposium in consultation with all interested Unions and COSPAR. Proceedings
of this Symposium are expected to be published.

This present report also includes selections from the data normally sent to World Data Centers
which the compilers felt help complete the account of the solar-terrestrial phenomena for this study.
The many participants are thanked for their submissions of their special data or contributions.

The compilers wish to acknowledge with special thanks the huge task of typing and correcting the

manuscript that was done by Mrs. Lorraine Bower and Miss May Starr.

J. Virginia Lincoln
Dale B. Bucknam
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1. INTRODUCTION AND SUMMARY OF GENERAL ACTIVITY
by

J. Virginia Lincoln
Aeronomy and Space Data Center
National Oceanic and Atmospheric Administration, Boulder, Colorado

As with previous reports of this series, the scientists submitting contributions have not had the
benefit of seeing each other's contributions. This leads to some repetition, but from different view-
points. In a few cases the compilers have supplied introductory text to the data submitted. Some
minor editing has been done to make the contributions comsistent or to clarify the English, Some data
as published in "Solar-Geophysical Data' are repeated here for the user's convenience.

General Activity

The Abbreviated Calendar Record from "Solar-Geophysical Data', Number 314, Part II, pages 86-87,
shows a rise in the level of activity on March 6 continuing through the storm on March 8.

- The two McMath regions mentioned as candidates for the source of the solar disturbance are Regions
10595 and 10614. Their region histories are reprinted in Table 1 below. See "Solar-Geophysical Data'
Descriptive Text for units used. The calcium plage data are from McMath-Hulbert Observatory; the sun-
spot magnetic field data from Mt. Wilson Observatory; the area, count and Zlrich classification from
NOAA, Boulder, Colorado; and the 9.1 cm data from Stanford University.

Table 1

Histories of McMath regions 10595 and 10614

MCHMATH PEGION 18595 CMP DATE 27.0 Feb RETURN OF REGION 10549 & 10561 RCTATION 2
CALCIUM PLAGE DATA SUNSPOT DATA S¢1 CH

YR MO DA MG NO. LAT CHO L AREA INT MW NO. LAT CMD L MAG. H AREA CONT C INT FLUX
70 2 29 1059% ‘Ni5 E88 273 608 2,0

7o 2 21 19585 Ni6 E76 230 2Wes 3.5 17759 Ni6 E70 232 [} 106 15 D 19 8
70 2 22 19535 N16 £62 232 4000 3.5 17759 Ni5 ES59 234 (D) 4 430 9 0D 25 11
70 2 23 18595 Ni6 E&7 274 4000 3.5 17759 N16 £u4 234 (D) 4 4 20 D 41 17
70 2 24 1953% Ni7 E3&4 234 4106 3.5 17759 Ni6 E£31 234 (0} 5 430 44 E 33 13
79 2 23 14595 N17 E20 225 4530 3.5 17759 N16 Ei16 236  (BY) & 260 48 E 35 14
70 2 2+ 19595 N17 €05 2386 4000 3.0 17759 Ni5 Eg& 235  (BY) &4 260 38 E 41 17
70 2 27 195385 N17 W18 246 4100 3.5 17767 Nii W26 249 0 10 3 B 38 16
70 2 17759 N15 Wiy 237 0 180 44 O

78 2 28 10595 N17 W22 237 4020 3.0 220 43 O 33 13
70 3 i 19595 N17 W36 237 3830 3.5 250 3% D 21 8
79 3 2 13595 200 7 G 19 8
70 3 3 10595 160 65 G 63 25
70 3 4 10595 1] 3 0 i9 8
79 3 E 10595 N17 W39 238 700 1.0 12 5
70 3 6 10595 4 2

MCMATH REGION 10614 CMP DATE 7.6 Mar RETURN OF REGION 10567+% ROTATION 4

CALCTUM PLAGE DATA SUNSPOT DATA 9.1 CM

YR MO DA MC NO. LAT CMD L AREA INT MW NO. LAT CMD L MAG, H AREA CNT C INT FLUX
70 3 i 10614 §10 E80 121 800 1.5 70 4 0 13 5
70 3 2 60 K D

70 3 3 100 4 0

70 3 0 14

70 3 10 1 A

70 3 50 1 6

70 3 4 10814 80 13 D 18 7
70 3 L] 2 B

70 3 10 4 C

70 3 20 1 G

70 3 5 10614 S10 E28 121 3708 3.5 17770 S12 €26 120 (BP) & 13 S
70 3 6 10614 S10 E16 119 3200 3.5 17770 S12 E15 120 (8P} 4 8 3
70 3 7 10614 $10 WO1 122 2800 3.0 17770 Siz wWoz 123 (8P) 3 40 20 C 6 2
;0 3 8 10614 $18 Wig 123 2400 3.0 17770 512 Wit 12z (BY}Y 3 50 18 O 9 4
0 3 0 1 A

70 3 3 10614 S10 W28 124 2400 3.0 17770 S11 W26 124 (D )y & 40 18 ©O 6 2
70 3 30 7 D

70 3 10 10614 S18 W40 123 2208 3.0 8 3
70 3 1 10614 S10 WS3 123 1800 3.0 17770 S12 W54 122 (AF) 2 14 5
70 3 12 10614 S11 Wee 122 1600 3.0 14 5
70 3 13 10614 S11 wWao 123 800 2.0 9 3




The University College London-Leicester University 9.1-10.54 x-ray maps from 0SO-5 indicate acti-

vity in Region 10595 as it passes the west limb on March 6, 1970.

N

[132-1232 UT

Table 2 and the histogram (Figure 2) present the final Rz sunspot numbers and 2800 MHz solar flux

6 MARCH 1970

S

Fig. 1.

RES = 2 ARC MIN
UNIT =108 ERG/CM2/SEC

associated with the passage of these two regions February 20 - March 13, 1970.

Table 2
2800 MHz solar flux (S) and final Zurich sunspot numbers (Rz) for February 20 - March 13, 1970
Rz § Rz S Re S Rz S
Feb. 20 125 201 Feb. 26 143 182 Mar. 4 107 168 Mar. 10 125 160
21 128 195 27 150 180 5 107 173 11 103 158
22 132 187 28 146 178 6 103 170 12 88 166
23 164 188 Mar. 1 137 179 7 111 171 13 104 154
24 166 190 2 129 176 8 118 175
25 173 183 3 113 170 9 120 167
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Fig. 2. Daily solar flux at 2800 MHz, S, and final relative sunspot numbers, Rz.

The confirmed solar flares for March 6-8, 1970 are reprinted on the following pages.




SOLAR FLARES

Confirmed
MARCH 1970
OBSERVED UT L.OCATION DURA- M- OBS. MEASUREMENTS REMARKS
OBSERV- APPROX TION POR-
ATORY  pATE START END MAX CENTRAL MCMATH  cyp —— TANCEconD. TYPE TIME MEAS CORR MAX.  MAX.
1970 PHASE  LAT. gIES"RI" DISTANCE :lE—éIZi DAY  MIN. " o 5:?5:; s:.Rg:;, winTH T
MAR
GRP28512 05 0426 0522 0436 Ni5 W88 1.000 16595 26.6 56 iN 70 4 2
CRON 05 0412 0428 0416 Ni4 W90 1.000 10595 26.4 16 -N C 04186 «30 1.20
MANI 05 (0L21E 0521D 0436 N15 W86 .999 10595 26.7 60D 1IN 2 0436 «77 2430
CUuLG 05 0430 0522 0436 Ni6 W87 1.000 10595 26.7 52 iN C 0436 62 A
SIBE 05 0447 0458 Ni5 WS90 1.001 10595 26.4 11 -F v H
4 STATIONS REPORTING GROUP 28516, 1 STATIONS OBSERVING AND NOT REPORTING.
GRP268516 05 1226 1304 1234 NOS W85 .229 10607 5.1 38 - 1.73 & 4
CATA 05 1225 1310 1248  NOS W05 229 10607 5.1 45 -N 1240 1.39 1.43 141
RAMY 05 1227 1306 1234 NB5 W06 .236 10807 5.1 39 -8 [+ 1.29 FH
HERS 0B 1228E 1250 1228E ND& W03 .235 10607 5.3 220 1N P 1230 3.40 3,50 BE
MCMA 05 1242E 1308 NOS W06 .236 10607 5.1 260 ~B C 1242 +83 .90 E
16 CATA 05 1235 1240 1235 N06 ED2 .232 10607 5.7 5 *-N 123% 23 24 153
4 STATIONS REPORTING GROUF 28518, 1 STATIONS OBSERVING AND NOT REPORTING.
GRP28518 05 1455 41529 1505 Si2 E29 .484 10614 7.8 34 -N 1.03 2 2
CATA 05 1455E 15100 1505  S12 E29 .484 10614 7.8 15D =B 1505 133 1.53 204
MCMA 05 1504E 1529 S11 E29 .482 10614 7.8 250 ~F C 1504 72 2 80 E

28518 05 1436 4513 1450 S10 E29 .482 10614 7.8 37 *-F «80 2 2
RAMY 05 1435 1510 1453 S18 E29 .482 10614 7.8 35 -N c «88 F
HTPR 05 1437 1515 1447 Si0 E29 482 10614 7.8 38 -F C 1447 72 « 80 EU

GRP28521 05 1616 1645 1623 S16 E70 .933 10618 10.9 29 iB 1.21 3 3
MCHMA 05 1615E 1640 1623 Si6 E70 .933 10618 10.9 25D 18 C 1623 1.29 3.70 EHV
RAMY 05 1816 1649 1623 Si6 E71 .939 10618 11.0 33 iB c UH
HTPR 05 1618 16290 1623 S15 E70 .933 10618 10.9 11D 1B ¢ 1623 1.13 H

F22 MCMA 05 1822 1910 1826 Nii W90 1.000 10595 27.0 48 =-~F C 1826 AK

523 MCMA 05 1825 18580 S15 E45  ,704 10618 9.1 25 =~F C 1830 «72 1.00 E

GRP28524 05 1909 1937 1915 S15 E72 .944 10618 11.2 28 -N 33 2 2
MCHA 05 1909 1936 1912 S16 E70 .933 10618 11.0 27 ~N C 1912 62 1.80 E
RAMY 05 1911E 1938 1917 ' Si4 E74 .955 10618 11.3 27D 1N c 1.24 F

GRP28525 g5 1919 1958 1931 S13 E26 442 10614 T.8 39 -=N 78 2 2
RAMY. 0% 1917 1955 1929 S15 E23 .404 10614 7.5 38 =N c .93 F
MCMA 05 1921 2000 1932 S11 E28 .468 10614 7.9 39 -N C 1932 62 70 £

GRP28526 05 1921 1932 1922 Ni2 W90 1.000 10595 27.1 11 -=F 2 2
RAMY 05 1920 1929 1922 N13 W90 1.000 18595 27.1 9 -N v DE
MCMA 05 1922 1935 Ni1i W90 1.000 10595 27.1 13 -F C 1825

GRP28527 05 1940 1953 1942 NO5 W09 .262 16607 S.1 13 ~--F 49 2 2
RAMY D05 1939 1951 1942 NO5 W10 .272 10607 5.1 12 -F c 46 DEH
MCMA 05 1940 1955 4942 NOS5 W07 244 10607 5.3 15 -F C 1942 52 «50 E

P28 RAMY 05 2042 2103 2044 S15 E73 .950 10618 11.3 21 --N c 21 DE

529 RAMY 05 2103 2108 2104 . S07 €14 .240 10614 6.9 5 =-F c 46 DE

05 2158 2235 NOUO FLARE PATROL

GRP2853Uf 06 0015 0033 0048  NO3 Wi7 339 10607 4.7 18 -N »99 3 3
MANI 06 0013 0048 0018  ND4 W17 348 10607 4.7 35 -N 2 0g18 1.03 1.10
MITK 06 0015 0028 0018 @ NO4& W17 348 10607 4.7 13 ~N C 0018 293 1.00 E
VORC 06 0016 0022 0018 NOD2 W18 ,345 10607 4.7 6 -B C 0018 1.02 1.07 74 EJ

GRP28532i 06 0545 06i4 0553 . S09 E65 .904 10618 11.1 29 iN 1.38 2 2
CULG 06 0543 0612 0553 | S10 E64 ,893 10618 11i.0 29 iN P 0553 1.65 3.20
CRCN 06 0546 0615 05520 S08 E65 ,902 10618 11.1 29 iN C 0552 1.10 2.30

6 SI“TIDNS REPORTING GROUP 28534, 0 STATIONS OBSERVING AND. NOT REPORTING.

GRP28534 06 0747 0821 0751 Sik E18 324 10614 7.7 34 -N 2+33 4 4
CRON 06 0745 0825 (0755 Si4 E18 .324 18614 7.7 40 iN c 0755 2440 2.50
BUCA 06 0745 0824 ~ 0748 , 514 E16 .2%4 10614 7.5 39 ~N C 0748 1.99 2,10
TACH 06 0748E 0810 © 511 E19 .328 10614 7.8 220 1F vV 0749 3.19 3.39 2.20 4B EHM
CATA 06 0750 0825 0750 @ S15 E17 .315 10614 7.6 35 -B 0750 1.73 1.84 263

g .

28534 06 0755 0816 0808 Si4 E19 .339 10614 7.8 21 *-N 1,78 3 3
HTPR 86 0747 0817 0866 S15 E418 .330 10614 7.7 30 1N C 0806 2037 2.40 E
MANI 06 (0758E 0813D Si4 E19 .339 10614 7.8 150 =-F 1 0860 1.86 1.96
CATA 06 0800 0825 0810  S11 E20 .344 10614 7.8 25 =N 0810 58 «62 199
CATA: 06 0805 0815 0810 S17 E22 400 10614 8,0 10 -B 0810 52 57 204

536 RAMY 06 1241 1300 12531 NO4 H27 488 10607 4.5 19 ~=-F c 46 DEH




SOLAR FLARES

Confirmed
MARCH 1970

OBSERVED UT LOCATION DURA- M- oBS. MEASUREMENTS REMARKS
OBSERV- TION POR-
ATORY MAX APPROX  cenTRAL MOMATH  CMp — TIME MEAS  CORR MAX.  MAX

OATE START . END puasE  LAT. MER pistance PLACE  oay TANCE conn. e - AREA - AREA . wiDTH T

1¢70 DIST REGION uT Sq. Deg.  Sq. Deg. Ha A

MAR
GRP28537 06 1321 1341 1326 S14 E6G0 .859 18618 11.1 20 iN 1.97 4 4 3 5

RAMY 06 1318 1349 1326 Si2 ES59 850 10618 11,0 31 iN c 2.27 F

NERA 06 1319E 1335D 1323 S15 E60 .859 10618 11.1 160 2N 2

HTPR 06 13231 1350 1327 Si4 E62 .876 10618 11.2 29 iN ¢ 1327 1.55 3.00 E
ZURI 06 1326 1329 1326 Si4 E66 .859 10618 11.1 3 iN c 1326 2.10 4.00
(RP28538 06 1447 1510 1458 NO3 W26 468 10607 4.7 23 ~--F 270 4 4 L4
RAMY 06 1445 1517 1452 NO2 W27 477 10607 4.6 32 ~-F C W72 DEH
HTPR 06 1449 1508 1458 NO3 H26 468 10607 4.7 19 -F C 1458 1.03 1.10
CATA 06 1500£ 1510D 1505 NO3 W25 454 10607 4.8 10D ~B 1505 75 « 85 282
MCMA D06 1501E 1506 NO3 W27 482 10607 4.6 50 ~F C 1583 31 o 40 EH
GRP28539 06 1534 1544 1536 NO8 W23 462 10607 4.9 10 --F 231 2 2 1 4
RAMY 06 1533 1543 1536 NO7 W23 .454 10607 4.3 10 -F c «31 DE
BOUL 06 1534 1544 1536 NO8 W22 450 10607 5.0 10 -F S
GRP28540 06 1700 1747 1703 NO3 We? .482 10607 4.7 17 =-F «26 3 3 2 3
RAMY 8B 1658 1724 1703 NO3 W27 .482 10607 4.7 26 -F c 231 DEH
BOLL 06 1700 1709 1703 NO3 W26 .4B68 10607 4.8 9 -N v 1703 «50
HTPR 06 1702 1703D NOG4 W28 582 10607 4.6 ib -F C 1703 21 220
GRP28541 06 1723 1743 1726 S07 E12 .206 106i4 7.6 20 -N 1.27 2 2 2 2
RAMY 06 1723 4746 1726 S06 E12 .208 10614 7.6 23 =N c 1.03 DE
BOUL 06 1723 1737 1725 S08 E13 .223 10614 7.7 14 =N [ 1.50 1.50 E
BOUL 06 1724 1740 1725 SO07 E12 .206 10614 7.6 16 -N vV 1725 2.00
542 BOUL 06 1749 1805 1752 S21 W67 .913 10621 1.7 16 =N Vv 1752 250 2
GRP28544 06 2057 2115 2100 S12 E37 .598 10618 9.6 18 =--F 052 2 2 1 2
RAMY 06 2057 2114 2100 S12 E39 .625 10618 3.8 17 ~F c 52 DE
BoUL 06 205%9E 2115 205% S12 E3% .571 10618 9,5 16D =N v
545 BoLL 06 2i41 2200 2143 NO7 W29 4534 10607 4.7 19 --F V2143 280 1
546 BOUL 06 2217 2221 2219 NO3 W29 .511 10607 4.8 4 ~-F v 2219 - 80 2
GRPZ28548 06 2348 (004 2349 Sit E2¢ .48% 10618 9,2 13 ~--N 78 3 3 2 5
BOUL 06 2348 2352 2348 S15 E30 .506 10618 9.2 4 -N S 2348 1.00
MANI 06 234%E 0040 2350 S1i3 E29 .486 10618 9.2 21D -8B 1 2350 72 281
MITK 06 2352E& 0000 S15 E28 o477 10618 9.1 80 -F ¢ 2352 2«83 1.00 £
GRP28549 07 0117 0132 0121 NO7 W33 .586 10607 4.6 15 =N 1.02 2 2 2 4
MANI 07 0115 04138 0121 N1i W33 .610 10607 &.56 23 -N 3 0121 1.13 Lok
CRON 07 0118 0125 0121 NO3 W33 566 10607 4.5 7 -N c 0121 90 1.10 H
GRP28550 07 0138 0331 0152 S12 E10 .190 10614 7.8 113 28 8,37 6 4 L b
CULG 07 0131 0329 0153 Si11 E09 .168 10614 7.7 118 3e P 0153 13.41 13.00 HLRSUY
MANI 07 0140 0410 0148 S11 E09 168 10614 7.7 150 28 3 0148 5.98 6.03
CRON 07 0141 0240 0150 Si12 E1f .205 10614 7.9 59 iN C o1ise 5.00 5.00
MITK 07 0141 0333D 0146 S13 E10 .198 10614 7.8 112D 2N C 01k4e 9.08 9.20 , FH
KGBA 07 0143E 0254 0202 S11 EQ8 .15Z 18614 7.7 710 28 C 0203 10.44 10.40 2.00 CIKU
VORO D7 0244E 0330D S11 E10 .183 106414 7.9 46D 1B P 0246 3.88 3.90 81 EJ
GRP28558 07 0630 0703 0641 Si4 E55 .813 10618 1i.4 33 ~--F «87 L 4 3 7
TEHR 07 0625 06500 §i2 E53 .792 106418 11i.2 25D 1F
HTPR 07 0632 0700 0636 Si3 ES55 .812 10618 11.4 28 -F C: 0636 241 070 £
ABST 07 0634 0658 0646 Si6 ES55 .813 10618 11i.4 24 -F C 06u6 1.07 1.80 D
MANI 07 0636E 0712 $13 ES57 .832 10618 11.6 360 =N 1 0640 1.13 1.89
GRP28563 07 (0718 (0752 0719 S20 W78 .972 10602 1.5 34 iN «90 3 3 110
TEKR 07 (065SE 08100 S15 W7¢ .977 10602 1.4 750 1F
ABST 07 0716 0730 0719 S21 W77 967 10602 1.5 14 iN C o719 «90 D
ISTA 07 0720 10755 S24 W78 .971 10602 1.5 35 -8B
GRP28564 07 0722 0735 0725 ND4 W35 .598 10607 4.7 13 iN 1.83 7 7 5 9
TEHR 07 0720E 0735D 0723 NO4 W30 .530 10607 5.1 150 4N
CAPE 07 0721 0735 0724 : ND4 W37 624 10607 4.5 14 -N C. 0724 1.41 1.80 H
HTPR 87 0721 0733 0724 NO4 W35 .598 10607 4.7 12 ie C 0724 2.06 2.40
ABST 07 0722 0736 0724  NO4 W36 o611 10607 4.6 14 iN C 0724 2.25 2.80 D
MANI 07 0723E 0726D " NO4 W35 .598 10607 4.7 30 1F 1 0725 2027 2671
CATA 07 0725 0735 0725  N0O3 W36 .607 10607 4.6 10 -B 8725 1.16 1.45 234 H
ISTA 07 0725 10737 0727 NO3 W35 4593 10607 4.7 12 iN




SOLAR FLARES

Confirmed
MARCH 1970

OBSERVED UT LOCATICN DURA- 1M~ 0BS. MEASUREMENTS REMARKS
OBSERV- APPROX TION POR-
ATORY DATE  START END MAX CENTRAL MCMATH cmp = TANCE conp. TYPE TIME MEAS CORR MAX MAX
1970 PHASE’ LAT. ;“iiv DISTANCE :é‘é‘%i DAY  MIN. = Si.Rge/:, S*Q.RDE:;‘ W!D;'H ”j;Tf
MAR
bRP28565 07 0803 0815 0809 N7 W33 .586 10607 4.9 12 --F o4 4 & 2 7
TEHR 07 0737E 08150 I N0B& W32 .567 10607 4.9 38D ~F
TEHR 07 0750E 0810D ND& W30 530 10607 5.1 200 ~F
TEHR 07 (0755E 08120 . NO8 W31 .566 10607 5.0 17D ~F
ISTA 07 0800 0804 ( NO5 W30 .535 10607 S.1 4 =N
HTPR 07 0805 0812 0808 N0O8 W35 .617 10607 4.7 7 ~-F C 0808 ol <50 E
CATA: 07 0810 0830 0810 @ NO7 W35 .612 10607 4.7 20 -N 6810 «87 1.08 199 Z
GRP28567 07 0840 0907 0843 ' S06 EQ4 .073 10614 7.7 27 -N 2.03 S 9 8 10
MONT 07 0837 0943 0842 ' SO4 EOD4 .090 10614 7,7 36 iB C 0842 2.58
CAPE D7 0839 0900 0843 S06 EO03 .056 10614 7.6 21 -F C 0843 1.20 1.2¢0
ZURI 07 0839 08500 0840 S06 E02 .0k1 18644 7.5 11D 4N P 0840 3.16 3.20
HTPR 07 0840 0904 0842 - S06 EO4 .073 10614 7.7 24 ~E C 0842 2.06 2.00
CATA 07 0840 0920 0845 S86 EO3 .056 10614 7.6 40 -8 0845 1.91 1.92 339
MANI 07 0840E 09060 S06 EO4 073 10614 7.7 260 -N 1 0845 144 1.44
uccL 07 0841 DS04D 0841 SO05 E02 .052 10614 7.5 230 4N P 0841 2.06 2,10 E
ISTA 07 0844 0903 0848  S09 EO7 .124 10614 7.9 19 -N
ABST 07 0845E 0905 0845  S06 EO4 .073 10614 7.7 20D ~-N P 0845 1.79 1.80 E
GRP28572 07 10613 1036 1015 Si% WBD .979 10621 1.4 17 -N <59 5 2 2 9
TEHR 07 0900E 1150D 0943 - S15 W79 977 10621 1.4 170D 1B v
MONT: 07 1012 1038 1017  S21 W77 .967 10621 1.6 26 -N C 1047 52
UCCL 07 1012 1039 1014 ' S18 WBD .979 10621 1.4 27 iN C 1014 77 D
ZURI 07 1013 1016 1015 | S22 W77 967 10621 1.7 3 -N C 1015 57
HTPR 07 1014 1021 1016 . S20 W80 .979 10621 1.4 7 ~N C 1016 o1

5 STATIbNS REPORTING GROUP 28573, 3 STATIONS OBSERVING AND NOT REPORTING.

GRP28573 07 1046 1150 1056 @ NO9 W45 740 10606 4.1 64 -F 1.20 3 3 3 7
MONT, 07 1045 11020 1055 NOB8 Wuk4 o725 10606 4.1 17D =N C 1055 1.55
CAPE 07 1045 1450 41100 NO8 W43 .713 10606 4.2 65 -F C 1igoo 1.02 1.50
UCCL' 07 1047 11100 1054  N11 W47 o768 10606 3.9 230 1F P 1054 1.03 2.40 F

28573 07 1045 1210 1109 NO7 W44 721 10606 4.1 85 *=-pB 2.08 2 2 2 6
CATA 07 1045 41210 1110  NO9 H4bt .728 10606 4.1 85 iB 1110 2.61 3.83 ’ 234
RAMY, 07 1107E 11300 1107U NOS5 W43 702 10606 4.2 23D =N c 1.55 F

574 TEHR 07 1050€ 12050 N08 W35 617 10607 4.8 75D 2N v 6
7 STATIONS REPORTING GROUP 28576. 0 STATIONS OBSERVING AND NOT REPORTING.

GRP28576 07 1122 1205 1128 : S14 E48 L.738 10618 11.1 43 iB 2,35 § 5 4 7
NERA 07 1448E 11350 1125  S15 E47 .727 10618 11.0 4170 18 2

RAMY 07 11214 4217 1127  S11 E43 ,749 10618 11.1 56 1B c 2,48 F
HTPR 07 1122 1136 513 E49  .749 10618 11.1 14 1B C 1124  1.65 2.60 EH
CAPE 07 1123 1212 1130 . Si4 E48 .738 10618 11.1 43 1B C 1130 2.03 3.00
CATA 07 1125 1215 1130 S15 E49 750 10618 11.2 50 1B 1130 3.25 4,85 372
28576, 07 . 0000 1205 (1139) Si4 E49 749 10618 18.7 725 *1N 62 3 2 1 8
TEHR 07 - 1122E 11220 (S13 ES50 .760 10618 11,2 18 VE
ONDR 07 ' 1133E 1159 { Si4 E48 .738 10618 11.1 26D 2N Vo 1134 2.70 K
HTPR 07  1142E 1210 | S13 E49 .749 10618 11.2 28D =N C 1143 .62 1.00 B
sapzasanﬁ 07 1604 1637 1609 Si4 E45 .703 10618 11.0 36 1N 2463 5 4 2 &4
MCMA 07 = 1600 1650 . S15  E45  .704 10618 11.0 S0 1N C 1608 1.55 2.20 E
RAMY 07 ' 1601 1651 1608 S13 E46 .714 10618 11.1 50 1B c 3.71 UF
BOUL 07 : 1601 41635 1610 Si3 E42 .665 10618 10.8 34 2N V1610 6450
ONDR 07 1607E 1613 | S15 E45 704 10618 11.0 6D 2N vV 1611 2.40
S84 BOUL 07 1919 1930 1920 S17 W21 .386 10626 6.2 11 --F v 1920 1.00 2
GRP28585 07 = 2017 2043 2020  NO6 W54 .824 10606 3.8 26 <--F 52 2 11 2
RAMY 07 = 2017 2043 2020 : NO6 W54 ,824 10606 3.8 26 -F c .52 DE
BOUL 07 2021 2050 2031  Ni0 W55 .843 10606 3.7 29 -F v
07 2044 2057 NO FLARE PATROL
GRP28586 07 = 2115 2139 2122 ' S21 W83 .987 10621 24 1N 2 10 3

1.7
BOLL 07 2115 2139 - 2122 , S21 W83 .987 10621 1.7 24 iN v.o2iz22 4,060
RAMY 07 : 2119 2143 2123  S23 W88 .997 10621 1.3 24 =N c DE

587 RAMY 07 2139 2156 2144  NOG6 W45 .729 10607 4.5 17 --F c «83 DE 2
GRP28589 08 0009 D124 8114 S21 HWBY .998 10602 75 --F 251 2 2 2 &4

1.3
MANI 08 0009 0127 0111 S2i W88 .997 10602 1.4 78 -F 2 0111 52 1.60
CRON 08 04108 0421 0111 ' S21 W90 999 10602 1.3 13 =N C 0111 50 2,00 IE




SOLAR FLARES

Confirmed
MARCH 1970
OBSERVED UT LOCATION DURA- M- 0oBS MEASUREMENTS REMARKS
OBSERV- APPROX TION  POR-
ATORY DATE  START END MAaX CENTRAL MCMATH MP m=  TANCE conp. TYPE TIME MEAS CORR MAX.  MAX
1970 PHASE LAT. bDAlES?r DISTANCE :é(;%i DAY Min " ! -L; SI:RgcAg S:RDE:; W'HD;H HT‘(T
MAR
FRP28594 08 0657 0708 0701 Si2 W08 160 10614 7.7 11 ==N 65 4 4
KODA 08 0656 0702 0700 Si2 W08 .175 10614 7.6 6 -N V 0658 65 B.60 1.64 co
MANI 08 0657 0712 0782 Si1 W08 .152 10614 7.7 15 -N 3 0702 okl o 42
ONDOR 08 065%E 0707 S12 M08 .160 10614 7.7 8D -N v 0701 2.20 CD
ABST 08 O700f 0710 0701 Si4 W08 180 10614 7.7 10D =N P 0701 «90 - 90 D
GRP285395 08 0714 0730 0718 NO8 W4E 747 10607 4.9 16 iN 1.32 5 5
CULG 08 0712 0735 0717 NOB8 W44 .725 10607 5.0 23 iN c 0717 1,75 2655
CRON 08 0715 0722 0717 NO09 W46 .750 10607 4.9 7 ~N c 0717 «70 1.10 E
MANI 08 0716 0738 0719 NO8 W45 .736€ 10607 4.9 22 -F 3 9719 1.03 1.50
ABST 08 0Q747E 0725 0717 NO9 W46 750 10607 4.9 8D 1F P 0717 1.79 2.70 D
ONCR 08 0718E 0732 NO7 W47 755 10607 4.8 14D 1IN v 0719 2.20 CE
GRP28598 08 1218 1243 1224 NO8 W04 .272 10616 8.2 25 =~-F <36 2 2
CATA 08 1215 1250 1223 NO7 W03 .251 10616 8.3 35 -N 1223 1.39 1.43 135
RAMY 08 1221 1236 1225 NO8 W05 .276 10616 8.1 15 -F v s52 F
GRP28600 08 1330 1356 1341 Si0 E16 .277 10618 S.8 26 -N 97 4 3
ONGR 08 1327E 1356 S16 E30 .509 10618 10.8 2380 1IN v 1330 2.40 CK
RAMY 08 1329 1351 1341 S10 E1€ .277 10618 9.8 22 -N v 1.03 F
CATA D8 1330 1405 1340 Si1i1 E16 +280 10618 9.8 35 -B 1340 1.27 1.33 278
MCMA 08 1343E 13530 S10 Ei1€ .277 10618 9.8 10D ~N P 1343 062 «60 E
GRP28601 08 1335 1403 1348 NO8 W51 .800 10607 4.7 28 ~-=N 46 4 &
RAMY 08 1334 1406 1350 NO8 W53 .81¢ 10607 4.6 32 =N v 52 DE
CATA 08 1335 1400 1350 N11 W51 .808 10607 4.7 25 ~B 1350 34 -59 246
MCMA 08 1343E 1353D 1345 NO7 WS2 .807 10607 4.7 10D -N P 1345 52 +90 E
ONDR 08 1349E 1402 NO7 W47 755 10607 5.1 13D ~F Vv 1358 2.00 DH
GRP28604 08 1513 1524 1515 Si2 Wiz2 .221 1loei4 7.7 411 =--B <79 2 2
RAMY 08 4511 1523 1515 S12 W12 .221 10614 7.7 12 -N v +83 DE
CATA 08 1515 4525 1515 Si2 Wi2 .221 10614 7.7 10 ~-B 1515 75 77 251
LRP28605 08 1607 1649 1618 S16 E29 ..495 10618 10.8 42 -N 1.13 2 1
RAMY 08 1607 1649 1618 S16 E29 .495 10618 10.8 42 ~N v 1.13 DE
MCMA 08 1630E 16393D S16 E31 .523 10618 11.0 90 -N P 1630 <31 <40 E
68 1817 1836 NO FLARE PATROL
08 1840 1853 NO FLARE PATROL
08 1854 1952 NO FLARE PATROL
GRP2860U6 08 1933 2007 (1955) S12 W15 .268 10614 7.7 34 -F 62 2 2
BOUL 08 1933E 19520 Si1 Wi5 .263 106i4 7.7 419D 1IN S
MCMA 08 1952E 20070 S13 W15 273 10614 7.7 15D ~-F ¢ 1955 =62 <60 £
b07 MCMA 08 2002 20070 2004 NO8 W52 o809 10607 4.9 50 --F C 2004 31 «50 3]
08 2007 2016 NO FLARE PATROL
GRP28608 08 2244 2314 2259 S11 W17 .296 10614 7.7 30 -N 1.53 4 4
CULG 08 2234 0011 2302 Si2 W17 .299 10614 7.7 97 iN ¢ 2302 258 2462
BOUL 08 2248E 22540 S03 W17 .291 10614 7.7 6D =-N S .
VORO 08 2249 2306 2256 S12 W16 .283 10614 7.8 17 ~-B C 2256 1.29 1.33 98 EJ
MANI 08 2250E 23210 Si1i1 W17 .296 10614 7.7 310 =N 1 2255 72 o 75
GRP28613 09 0416 0508 0423 S13 E25 o427 10618 11.1 52 iF 2.24 3 3
MANI 09 0415 0513 0421 S12 E25 .424 10618 11.1 58 1F 2 0421 2.48 2.70
CULG 09 0416 0510 0427 S13 E24 .412 10618 11.0 54 iF C 0427 2.68 2.86
MITK 09 0416 0500 0422 Si4 E25 430 10618 11.1 44 =N C 0422 1.55 1.70 E
GRP28614 09 0535 0633 0541 S15 E25 .434 10618 11.1 658 ~F 2.58 3 3
MITK 09 0534 0539 Si5 E27 .463 10618 11.3 S -F c 0539 1.75 2.00 E
CULG 0% 0535 0638 0539 S16 E24 .424 10618 11.0 63 iN P 0539 Le64 4,95 RS
MANI 09 0537 0627 0543 - S15 E25 434 10618 11.1 50 -F 2 0543 1.34 1.40
GRP28615 09 0802 6815 0805 S11 E15 .263 10618 10.5 13 ==N 46 3 3
MANI 09 0800 0818 0805 Sii E15 .263 10618 10.5 18 -F 2 0805 B2 « 65
HTPR 09 0802 0811 0805 S11 E15 .263 10618 10.5 9 -F C 0805 31 -30
CATA 039 0805 0815 0805 sS12 E15 .268 10618 10.5 10 -8 0805 46 48 234
GRP28616 09 1104 1116 1140 Si12 W22 378 10614 7.8 12 ~==N 67 3 3
HTPR 09 1103 11416 1113 ! S12 W22 .378 10614 7.8 13 -F ¢ 1113 62 «60
RAMY 09 1104 1118 1106 S12 W22 .378 10614 7.8 14 ~F c 52 DE
CATA 09 1105 1115 1110 Si13 W22 .381 410614 7.8 10 -8 1110 87 «95 209
18 MCMA 09 1700 1726 1708 S10 W29 .482 10614 7.5 26 ~=-N C 1708 .36 40 E




2. SOLAR DISK AND LIMB PHENOMENA

"Synoptic Chart of Solar Magnetic Fields"

by

Robert Howard
Mount Wilson Observatory
Hale Observatories
Pasadena, California

This Synoptic Chart is constructed from the digital data of the daily magnetograms obtained at
the 150-foot Tower Telescope at Mount Wilson. The spectrum line employed is A 5250.2, Fe I. The
magnetograph at the Tower Telescope measures only the longitudinal component of the Zeeman effect.
The aperture is 17 arc seconds on a side, and the whole area of the sun is generally covered in one
magnetogram with no overlapping.

The Synoptic Chart is made up of computerdrawn segments from individual day's observations.
In order to get a standardized chart covering one half of a solar rotation, the chart has been re-
drawn. There is no averaging done at any point from more than one day's observation.

The solid horizontal lines represent the equator, * 20°, = 40°, and * 60° latitude. This is
an equal-area projection, so that the line at the top of the chart represents the north pole, and
the line at the bottom of the chart represents the south pole.

The Carrington longitudes are given at the bottom of the chart. The solid vertical lines rep-
resent each even 10 degrees in longitude.

Straight horizontal dashed lines represent the dividing line between regions where there is
data and regions where there is no data due to incomplete observations.

Vertical dashed lines represent the dividing lines between observations from different days.

The longitude of central meridian at the time of observation is indicated by a short vertical
line and date at the bottom, and by the caret at the top of the chart.

Solid magnetic contour lines represent positive fields (magnetic vector pointed toward the
observer), and dashed contour lines represent negative fields. Exceptions to this rule are made
when a contour line represents a lower rather than a higher value. Thus if there is a positive
10 gauss contour line that is solid surrounding a dashed contour line, the latter represents
positive 10 gauss, and within it is less than positive 10 gauss. This rule applies only to con-
tours which are not open at a boundary.

The gauss levels are & 5, * 10, * 20, * 40, * 80 gauss. Corrections are made to compensate
for 1imb darkening or any other decrease in the brightness of the signal, but no corrections are
made for possible geometrical effects such as the inclination of the line of sight to the lines of
force at high latitudes,

Positions are generally accurate to about 15 arc seconds. There is some smearing of the data
at high latitudes because of the geometry of the situation. Data greater than 40° from central
meridian should be treated with some caution. Serious inaccuracies of fit at the boundary between
two day's observations are normally due to rapid growth of a region.
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"The Solar Active Region Associated with Geophysical Events 6-8 March 1970"

by

Patrick S. McIntosh
NOAA Environmental Research Laboratories
Boulder, Colorado

The geophysical activity during the period 5-8 March 1970 can be associated with two separate
active regions on the sun. The minor geomagnetic disturbance which commenced about 0805 UT on the
Sth may be associated with the central meridian passage of McMath region 10607 at N06 and Carrington
longitude 158 degrees, This region produced numerous X-ray flares during its eastern disk passage
[Solar-Geophysical Data]. The polar cap absorption and satellite-detected protons beginning late
on 6 March must surely be associated with an energetic flare event on west limb at 0926 UT that day.
The event was described as an importance two limb surge, but its rapid motion may classify it better
as a spray. It was located at N0O9 and it was associated with an X~-ray burst of 2.8 x lO‘zergs em™?
sec™! in the 1-8 Angstrom band, placing it in the M category on the scale devised by the NOAA Space
Environment Services Center (formerly Space Disturbance Forecast Center of ESSA). The event was
followed by importance one loop prominences, which continued until the occurrence of an importance
three spray at 1838 UT (see Figure 1). The severe geomagnetic storm beginning on 8 March followed
by 43 hours the west limb event at 06/0926 UT.

The source of the 6 March flare was McMath region 10595, located at N15 and nine degrees beyond
the west limb at the time of the event, Figures 2 and 3 illustrate the abnormal evolution of this
region prior to the west limb event,

The region formed on the disk on 1 February in the trailing portion of an old and distended
region, McMath plage 10547, The new region was designated region 10561, Tt reached maximum sun-~
spot area on 2 February as a small type-D group of 150 millionths hemispheric area. Its location
was N18 and Carrington longitude 236,

The return of region 10561 on 21 February as region 10595 brought a bright calcium plage (3.0
to 3.5) with area of about 4000 millionths of the hemisphere. The calcium plage area and brightness
remained nearly constant throughout the disk passage, although the H-alpha plage appeared to fade in
overall brightness as the region approached west limb (Figure 3).

The sunspot group on 21 February was small and growing, as if new magnetic fields had emerged
through the old region only a day or two prior to east Limb appearance, The spots developed into
a type-E group of about 400 millionths area by 24 February. The total spot area declined during
the remainder of the disk passage, but on every day some new spots appeared so that the area de-
cline was irregular and the group configuration changed radically during the western disk passage.

Two principal growth phases were evident. The first was the overall region growth to maximum
area from 21 through 24 February. The second phase began on 27 February with the appearance of
bright H-alpha plage and small spots south of the strong spot near the center of the region (last
frame of Figure 2). Simultaneously, north polarity spots came into contact with the large leader
spot of south polarity, and the joining of the spots apparently led to their rapid decay over the
next four days. During the same four days the central spot became darker and new spots and plage
encircled it. On 2 March spots of south polarity were detected on the edge of penumbra which also
enveloped two, strong north-polarity spots, thus creating a delta-configuration with the line of
polarity change oriented nearly east-west. This magnetic configuration is highly correlated with
proton flares [Warwick, 1966].

Foreshortening interfered with observations of sumspot evolution after 2 March. The increase
in H-alpha plage brightness south of the strong spots on 3 and 4 March indicates that the south-
polarity magnetic fields may have continued growth until the last observations on & March. This
growth would have enhanced the magnetic field gradients across the longitudinal neutral line in
the delta configuration, and we might infer that the conditions for a proton flare were improving
during west limb passage of region 10595,

The occurrence of the significant flare activity in region 10595 is plotted on time-lines in
Figure 4, Preference was given to events associated with X-ray bursts exceeding 10~2 ergs cm™
sec~! in the 1-8 Angstrom band. Other events were included if they were at least importance one
on the disk or at least importance two on the limb. Two periods of high activity are evident,
corresponding well with the two phases of sunspot growth described above. Large surges at east
limb and several small X-ray events were associated with the general growth of the region until
24 February. A sudden increase in strong X-ray events, including a large X-event, accompanied the
growth of new magnetic fields in the center of the region. FEnhanced activity continued until well
after west limb passage, presumably due to the gradual complication of magnetic fields near the
central spot. The lack of X-ray events near central meridian may be due in part to center-limb
variations in X-ray emission, with a tendency toward limb brightening.
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SPOTS AND POLARITIES
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Fig. 2.

—
I ARC MIN

H-ALPHA PLAGE
1970 : Lo

21 Feb

15820 UT
1222 UT

22 Feb

1600 UT
1339 UT

23 Feb

2030 UT
1425 UT

24 Feb

1800 UT
1208 UT

25 Feb

1550 UT
1401 UT

26 Feb

1620 UT
1238 UT

27 Feb

1600 UT
1349 UT

T,

Eastern disk passage of McMath region 10595. Sunspot drawings from the

NOAA/NASA SPAN Observatory in Boulder. Spot polarities from Crimean
Astrophysical and Mt. Wilson Observatories, H-alpha patrol photographs
from Ramey Air Force Base, Puerto Rico.
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SPOTS AND POLARITIES H-ALPHA PLAGE
1970 . : :

27 Feb

2135 UT
1621 UT

28 Feb

2200 UT
1349 UT

| Mar

2200 UT
1438 UT

2 Mar

| 2226 UT
1604 U

3 Mar

2230 UT
1208 UT

4 Mar

1500 UT
1202 UT

4 Mar - E W

I ARC MIN
2145 UT S

Fig. 3. Western disk passage of McMath region 10595, White~light photographs
from Culgoora Solar Observatory, C.S.I,Ri0., Australia. Polarities from
Crimean Astrophysical Observatory. He-alpha patrol photographs. from
NOAA/NASA SPAN Observatory in Boulder (27 Feb,) and Ramey Air Force
Base, Puerto Rico.
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The choice of region 10595 as the source of the energetic particle effects on 6-8 March is
strengthened by the occurrence of a proton flare from this region on its subsequent disk passage.
A portion of McMath region 10641 represented the third rotation for the region. The early part of
the disk passage brought another phase of redevelopment, with a maximum sunspot area of over 500
millionths of the hemisphere in a type-D group. Class X flares occurred at 1203 UT on 25 March
and 0011 UT on 29 March., The latter was followed by satellite-~detected protons and a small polar
cap absorption event [Solar~Geophysical Datal]. Weak plage with no sunspots returned in April,

The outstanding feature of the solar active region with McMath numbers 10561-10595-10641 was
the repeated emergence of strong new magnetic fields at nearly identical heliographic coordinates
during a period of two months. The interaction of each new field with older fields was accompanied
by increases in energetic flares. The birth of new spots near older spots was seen to be related
to proton flares in other regions [McIntosh, 196%9a, 1969b, 1970].
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"Geoactive Phenomena Bevond the Western Limb on March 6, 1970"

by

L. Krivsky
Astronomical Institute of the Czechosl. Acad. Sci.
Ondrejov near Prague

and

S. Pinter
Geophysical Institute of the Slovak Acad. Sci.
Hurbanovo

An H-J type active region (position ~ N15), which had displayed increased activity with flare occur-
rences (McMath No. 10595) on the disk in the preceding days, set on March 3, 1970. Great flares, the
upper parts of which were at a minimum height of 20,000 ~ 25,000 km above the photosphere and represent-
ed sources of exceptionmally intense x~-ray emissions, occurred in this region when it was about 13° be-
yond the W-limb on March 6, 1970. The first great phenomenon occurred after 0926 UT. A second great
phenomenon, originating beyond the limb of the disk after 1200 UT, the central and upper parts of which
emerged at about 1300 UT, represents a typical case of a perfectly developed proton flare of the ascend~-
ing magnetic channel type in the shape of a loop channel as can be seen from the photographs of this
phenomenon [Krivsky 1968, 1969a,b, 1970]. This flare was also the source of sub-cosmic particles which
caused a minor PCA effect beginning at 1410 UT on the same day, and one and a half hours later 20 - 70
MeV particles were detected by the geostationary ATS-1 satellite.

The purpose of this report is to compare direct x-ray emission measurements made by the SOLRAD 9
satellite with the SEA effects on 27 and 35 kHz. As regards the former phenomenon from beyond the limb
it was possible to determine the variation of the electron temperature of the source and the approximate
vertical dimension of the flare nodes which ascended rapidly above the disk limb and radiated in the
x-ray emission.

Characteristics of x-ravy emissions and SFA effects

If the variation of the x-ray emission on the three channels observed is compared with the vari-
ation of the SEA effects on 35 kHz (Figure 1) very good agreement can be seen in particular as regards
channels 0 - 3 A and 1 - 8 &, including secondary increases; as regards SEA there is, of course, a
time delay of several minutes as a result of the reaction time of the ionosphere. Unfortunately, there
are gaps in the satellite x~ray emission records corresponding to the time of passage through the
Farth's shadow; then the better record is that of the variation provided by SEA effects where there
are no interruptions.

Firstly, the characteristic variations of the x-ray emission and of the SEA effects are quite ana-
logous: the first effect after 0930 UT is a typical flare effect with a sudden increase and a gradual
decrease. This effect and its emission are probably affected by the emission from a very weak flare of
important SF after 1049 UT, but only towards the end. The second, less typical SEA effect due to the
increase of the x-ray emission after 1200 UT was caused by a series of active phenomena located beyond
the W-1imb of the disk, as well as by phenomena on the disk. All the data pertinent to the commence=
ments of the observed phenomena are in Figure 1, denoted by arrows on the SEA record. As a result of
the complicated multiple events after 1200 UT the electron temperatures were not calculated.

Secondly, provided x-ray emission satellite measurements are available outside the shadow it is
also possible to observe the response of the secondary increases, e.g. around 1330 or 1500 UT, on the
SEA 35 kHz records. This again substantiates the previous results concerning the importance of SEA
effect recordings on some frequencies for obtaining an idea of the variation of the original x-ray
emission. A suitable choice of atmospherics frequencies may provide a rough idea of the anomalous x-
ray emission in some different intervals [Krivsky and Nestorov 1968]. An SEA record on 27 kHz (Ondre-
jov, Czechoslovakia) was also available for analysis; with the exception of certain detailed features
it displayed a variation similar to that of the 35 kHz record from the observatory of Vsetin (Czecho-
slovakia). The comparison of both frequencies affected by the slightly different x-ray emission ranges
will be the subject of a future paper.

Table 1 gives a comparison of some of the characteristic of the observed x-ray emission with the
characteristics of SEA effects on 35 and 27 kHz. The time data and the comparison of the maxima of
the emissions and of the SEA effects are sufficiently representative and also important for certain
calculations concerning the reaction time of the lower ionosphere.

The first observed x-ray emission burst in the 1-8 A range reached an intensity of 0.05 erg cm=2 -
s‘l, and in the 8 - 20 A range an intemsity of 0.12 erg cm~2 s=1,
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Table 1

First burst of the x~ray emission and SEA
2 Start Max. End Duration Duration of
UT uT uT of event the phase of
min increase min
0 -3 (0931) (>0938) 2 ? (D)
1 -38 0930 0940 1136 126 10
8 - 20 0931 0943 1148 137 12
SEA 35 kHz | 0937 0944 (1143) 126 7
f1-8,sma) | “(1-8,sEA) |"(1-8,58A) | T(1-8,sEA) | T(1-8,5EA)
7 min 4 min 7 min 0 -3 min
t t t t t
(8~20,SEA) (8-20,SEA) (8-20,SEA) (8-20,SEA) (8-20,SEA)
6 min 1 min -5 min ~11 min -5 min
SEA 27 kHz 0935 0942 (1113-1143) (128) 7
t t t t t
(1-8,SEA) (1-8, SEA) (1-8, SEA) | (1-8, SEA) | (1-8, SEA)
5 min 2 min (7) min (2) min -3 min
t t t t t
(8-20,SEA) (8-20,SEA) (8-20,SEA) (8-20,SEA) (8-20,SEA)
4 min -1 min -5 min -11 min -5 min E

The Height and the Vertical Dimension of the Source Emitting the X-ray Emission (first phenomenon
0926 UT)

It is known that this x-ray emission burst was not caused by a phenomenon on the disk but by a
phenomenon based beyond the limb at a distance of about 13°. The. nature of the phenomenon cannot be
critically assessed because photographs in KX were not available. This phenomenon was classified at
the time by the now NOAA Space Environment Services Center as BSL, imp. 2, NO9 at its beginning. It
later was transformed into loops, imp. 1, N15 lasting for about five hours. The X-ray emission was
radiated towards the Earth only when the radiating "sources' reached a minimum height of about 20,000
km above the photosphere. The existence of an X-ray emission due to these phenomena from beyond the
limb at these heights has already been described before [Kleczek and Krivsky 1960, Krivsky and Nesto-
rov 1969].

Let it be assumed that the ascending nodes of the phenomenon, which were the source of the X-ray
emission, emitted the emission prior to appearing over the disk limb; also assume that the rate of
ascent could have amounted to about 30 km/s in the first instance, and to about 100 km/s in the second
instance, and also that the emission did not vary too much in the course of the emergence of the '"nu-
cleus'. It is known that in the harder interval of 1 - 8 & the increasing phase lasted for 10 min,
and in the softer of 8 - 20 for 12 min. One can also consider the fact that exposure of the source
of the x-ray emission when the emitting sources are ascending lasts over an interval from the onset
of the x-ray emission to its maximum (to the full exposure of the "nucleus"). As regards the 1 - 8 }
channel the following vertical dimensions of the "nucleus'" are obtained for the two alternatives of
the rate of ascent considered: 1) 18,000 km and 2) 60,000 km; for the 8 - 20 & channel: 1) 22,000 km
and 2) 72,000 km, Should the actual rates:of ascent of the bright nodes of the phenomenon above the
disk limb be available these data could be made more accurate. It is also necessary to point out that
the dimensions of the "nucleus" with the first alternative of the rate of ascent roughly correspond to
the he;ght of the brightly radiating nodes in HY at the peaks of loops of proton flares [Rrivsky
1969 b].

Electron Temperatures and Source Fnergy (First Event)

Since measurements of the intemsity of the x-ray emission burst are available for two frequency
ranges, 0.5 - 3 and 1 - 8 A, the electron temperature, Te, can be computed according to Bogen [ 1968].
The computed temperature is shown in the bottom half of Figgre 1., One can see that the temperature
increased sharply at the time of the increase in the 1 - 8 A intensity, and that the temperature de-
creased quite rapidly at the time of the decline of the x~ray emission intensity. The maximum elec-
tron temperature Te amounted to 5.8x107 °K. Tt appears that the temperature determined in this man-
ner should characterize the temperature of the small "nucleus" itself.

As regards the comprehensive study of the phenomenon it is very important to have data on the
overall radiated energy for various X-ray emission ranges. The energy was computed by means of the
time integral of the radiation intensity curve. The computed energies are given in the following
table; it can be seen that the total energy radiated decreases with decreasing wavelength.
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Fig. 1. The upper three records represent the x-ray emission on three channels of the SOLRAD 9

satellite. The middle record is a copy of SEA effect recording (sudden enhancement of
atmospherics) on 35 kHz, the bottom boundary line is the zero level, the dashed line is
the fitted normal level corresponding to days with no effect. The arrows on this record
indicate the beginnings of all confirmed and unconfirmed flares together with their po-
sitions, the adopted data are also given concerning the character of the active events
beyond the W-1limb, and the interval in which the flare-loops channel probably emerged on
the disk is also marked at the lower boundary. Arrows indicate the beginnings of radio
bursts giving the observed frequency range. The bottom curve represents the computed
electron temperature, Te, of the 'nucleus'" emitting the x-ray emission according to
Bogen's formula [1968].
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Passbands | Energy erg Satellite

soft |8 - 20 A |5 x 1029
soft 1-824 5 x 1028 }Explorer 37

hard ] 0-5 -~ 3 & |6 x 1026

Using a large amount of statistical data the total energy radiated in the said energy ranges was deter-
mined in dependence on the importance of the flare [Pimter 1970]. By comparing the energy from the
flare from beyond the 1limb on March 3, 1970 with the values of the energy computed for the various
flares, it is possible to conclude that the flare was of importance 2B or 2F,

Proton Flare Bevond the Limb (Second Event)

Using the photographs of the flare beyond the limb, furnished by the NOAA Space Enviromment Ser-
vices Center, Boulder, Colorado, it was possible to determine the trend in the rate of ascent of the
upper nodes in the interval 1406 - 1539 UT as about 4.5 km/s, which is the usual trend of the rate
for the second slower phase of ascent of the peaks of the nodes on the loops in proton flares [Kriv-
sky 1969 a,b]. By extrapolating the second trend into the past (since the authors did not have photo-
graphs made prior to 1406 UT) and considering the approximate onset of the first trend to be about
20 km/s, one arrives at the conclusion that the peaks of the loop-tunnel flare with their base beyond
the limb by 14° emerged approximately at 1300 UT =+ 20 min. This could agree with the radio emission
in the 245 - 15,000 MHz range which began at 1317 UT and with another emission at 1325 and 1339 UT
[Solar-Geophysical Data, U.S. Department of Commerce (Boulder, Colorado U.S.A. 80302)]. See Figure 1.

With a view to the character of this event one may judge that this flare was the main source of
the ejection of particles of sub-cosmic radiation which caused the PCA effect on the same day. More-
over, it may be said that the particles which were responsible for this effect and the increase in the
particle flux at the satellites were generated in the first instance in the regions of the peak nodes
on the loop tunnel [Krivsky 1968, 1970], whereas the particles with much higher energies were gene-
rated in the bottom parts of this formation unobservable from the Earth, and this was probably the
reason why they did not arrive at the region near the Earth.

The authors would like to thank Mr. D. Horan of the NRL Research Laboratory, Washington, for pro-
viding them with the measurements of the x-ray emission from the Explorer 37 satellite prior to their
publication. The authors would also like to extend their thanks for cooperation to Mr. T. Skandera
and Mr. Z. Kamarad of the observatory in Vsetin.
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"Green Corona in Connection with the Possible Proton Event March 6, 1970"

by

M. Rybanskf and J. kaora
Astronomical Institute of the Slovak Academy of Sciences
Skalnate Pleso, Czechoslovakia

Our short note is written with the assumption that McMath region 10595 was the source of the
possible proton event of March 6, 1970 which caused remarkable manifestations in the whole spectrum
and which was accompanied by extraordinary geophysical effects. This is chiefly suggested by low
energy solar cosmic ray measurements carried out by spacecrafts Pioneers 6 and 8. At the time the
possible proton flare occurred, the region 10595 was already behind the solar limb. From the fact
that disturbances occurred in the Earth's atmosphere and from the known positions of Pioneers 6 and
8 it is clear that a sector of the interplanetary medium more than 180 degrees in extent was affected

The position of region 10595 (N15, L = 238°) in the period March 4 - 7, 1970 was very suitable
for coronal observations. The region was crossing the sun's west limb. Unfortunately, during this
period there were no observations at any corona station, except for a March 4 observation of Kis-
lovodsk, evidently owing to bad weather. In consequence of the generally small number of observa-
tions in the winter period it was not even possible to construct synoptic coronal charts separately
for the east and west limb passages of the given region. Therefore, we approached a certain com-
promise. Coronal activity, brightness of the green corona emission line - 5303 A, was calculated
for the central meridian as an average of values when the proper meridian passed the east and west
limbs. When the observation from only one limb existed, as in most cases, this observation was con-
sidered as belonging to the central meridian. ‘

Measurements of the different stations (Pic du Midi, Kislovodsk, Lomnicky Stit, Norikura) were
transformed to a common Pic du Midi photometric scale by the method designed by Gnevyshev [1963].
Systematic errors between different corona station data were eliminated using results of S{kora
[1971].

In Figure 1 five synoptic charts of the five successive passages of the studied region through
the central meridian are demonstrated (Carrington rotations No. 1556-60). It can be clearly seen
that in rotation No. 1558, which is associated with the critical period of March 6th, there is a
remarkably enhanced green corona intensity just at the location of the 10595 region, N15, L = 238°.
The intensity reaches 175 so-called absolute coronal units. This is an intensity about 3-4 times
higher than one could expect in this part of the solar cycle and in heliographic latitude N15.
There is a justifiable assumption that at the time when the possible proton event occurred the
corona intensity was even significantly higher. High corona intensity occurred during all five
rotations in the neighborhood of this heliographic position. This implies that the 10595 region
was a part of an active complex in which the active regions were successively occurring and fading
out.

In Figure 2 the daily maps of the green corona for March 16 and 17 are shown. The studied
region was just about to appear at the east limb. The isophotes were obtained by measuring a
radial slit spectrogram. On such spectrograms it is possible to measure the corona intensity from
the limb outwards. The intensities are expressed in the scale of Lomnicky Stit and measured by the
method as described by Lexa [1965] and Rybansky [1967]. Except for generally enhanced intensity,
150 absolute units, in comparison with, for example, the southern hemisphere, no clean-cut details
can be seen in the NE quadrant.
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16.3. 1970

17.3. 1970

Fig. 2. Daily maps of green corona. The outermost isophote is 20 absolute units, and the
dotted contours are shown in increasing steps of 10 units. The intensities equal
or larger than fifty absolute units are shown by the solid lines and they are
graduated in fifty unit steps. The linear scale is four times enlarged in com~-
parison with the dimensions of the sun's disk.
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A Two-Ribbon Flare on March 7, 1970"

by

Eijiro Hiei and Fumio Moriyama
Tokyo Astronomical Observatory
Mitaka, Tokyo, Japan

Introduction

An importance 2n flare took place in McMath region No. 10614 on March 7, 1970. This flare was
observed simultaneously with a 14 cm monochromatic heliograph at Mitaka and an echelle spectrograph
of the solar telescope at the Okayama Astrophysical Observatory. The active region, which produced
the flare, appeared at the east limb on March 1. On March 2, a small sunspot of type C appeared.
The development of the sunspot as observed at Mitaka is shown in Fig. 1.
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Fig. 1. Disk passage of the sunspot.

The flare activity of the region was very low and only the flare of March 7 was observed in this ac-
tive region during its disk passage at Mitaka.

Instrument

The solar telescope is of Coude type with a 65 cm objective mirror and makes a solar image of
36 cm in diameter on the spectrograph slit. Sunlight passing through the slit is collimated by a
mirror with 500 cm in focal length and 15 cm in aperture. The collimated beam is directed to a
transmission grating of Bausch & Lomb with 83 grooves/mm blazed into A 7700 A lst order. In order to
save an area of "inter-spectra' of an echelle spectrogram, the lst order spectrum of the transmis-
sion grating is used from A 4900 A to X 6700 A and the 2nd order from A 3400 A to A 5000 A. Then
the beam falls on an echelle grating of Bausch & Lomb with 73.25 grooves/mm of a size 128 mm x 254 mm
and is diffracted into a series of 36th- to 7lst- order spectra. The spectra of 40 cm x 18 cm is
formed by a camera mirror with 400 cm in focal length and 100 em in aperture. A camera is set at
the center of the mirror and the echelle grating, and the image forming system is of a correctorless
Schmidt. A field flattening lens is put just before the image of the spectra. A date, time, 12
marks from a tube sensitometer for the blue, and the other 12 marks for the red are impressed at
one corner of the film. A roll film of 24 cm x 60 m is loaded in the camera, and the spectrum can
be taken at a maximum speed of 1 frame per 15 sec. A slit jaw picture is simultaneously taken with
spectra by a reflecting light through a Lyot filter of 0.5 A passband at HX.

Development of Flare

At about 0010 UT on March 7, a dark filament was formed on the east side of the spot as is shown
in Fig. 2. The filament gradually extended towards north and south with increasing darkness, and
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attained maximum visibility at 0040 UT.
circling the north and south sides of the active region, respectively.

At 0045 UT it joined with pre-

After that the filament began

existing dark markings, each en~

to fade from the southern part, followed by diminution of the northern part. At 0135 UT the southern
part was completely gone, but the northern part left faint traces of darkness. At 0140 UT the flare
started as brightening of two regions, one (A in Fig. 2) along the fading northern part, and the
other (B in Fig. 2) previously occupied by the southern part of the filament. At 0143 UT another
brightening appeared parallel to the pre-existing flare at A, and they advanced rapidly towards north
and south to take the shape of two-ribbon structure. The flare developed into two prolonged bright
filaments which were receding one from the other, and attained maximum brightness at 0145 UT. After
that the brightness fell gradually. See Figure 3.
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Fig. 5. Separation of flare ribbons.
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Figures 4 and 5 show the lateral displacement of flare ribbons. In the earlier phase the separ-
ation proceeded with a velocity of about 12 km/s, but in the later phase the motion was decelerated
and the velocity decreased to about 3 km/s. In particular the one ribbon at west side appeared to
be stopped near the sunspot.

The HY patrol observation at Mitaka ceased at 0330 UT because of unfavorable weather, and the
last phase of the flare was not observed.

Spectrographic Observation

The observation with the echelle spectrograph was made from 1 min. before the time of maximum
brightness of the flare. Total 18 spectrograms were obtained during 90 min. of the whole development
of the flare with an exposure time of 1 sec. A slit of 50 i in width and 3 mm in length was used.
The slit jaw picture was taken at the same time as the exposure of the spectrograph by a Nikon Motor
Drive with an exposure time of 1/4 sec. Figure 6 shows a spectrogram of the flare taken at 1 min.
before the maximum time. Linear dispersions on the spectrogram are ranging from 0.25 A/mm at 3500 A
to 0.50 A/mm at 7000 A.

order

Fig. 6. Echelle spectrogram.

slit jaw picture




Microphotometer tracings were made for the lines of KX, He, Ca IT H and K, Si T A 3905.53 A,
and Fe T A 3719.95 A at the brightest region of the flare. Figure 7 shows the tracings for these
lines. A red asymmetry of profiles for some lines is seen in the figure.
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Fig. 7. Line profile of emission lines
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Fig. 7. Line profile of emission lines.

The asymmetry varies from line to line.

The strong lines like HX, Ca II H and K show a displace-
ment to the red corresponding to about 40 km/s, and Fe I,x.3719.95 A,line is shifted by about 10 km/s.
The asymmetry is hardly seen in Si I4A 3905.53 A,line.

The line asymmetry at each line is greatest at
the earlier phase of the flare and becomes gradually weak as shown in Figure 7. The observation that
the red asymmetry is larger for the stronger lines is in agreement with Banin's result [ 1965].
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"Optical Flares and VLF Anomalies Related to the Great Magnetic Storm of March 8, 1970"

by
Richard A, Miller, S.J. and Allan R. Trinidad
Solar Division, Manila Observatory, Philippines

Introduction

This paper will confine itself first to a description of the photographic aspects of two of the
three largest solar events, as rated by x-ray emission, in the three and a half days preceding the
most severe part of the March 8, 1970 great magnetic storm, and second, to a description of some of
the VLF effects, especially at the height of the storm.

Observations of Flares

A glance at Solar-Geophysical Data [ESSA, 1970] shows that of the three largest x-ray events,
in the range 1 - 8 &, measured by satellite Solrad 9 - Explorer 37, for the period March 5 to March
10, 1970, two were occasioned by the double flare of March 5 at 0420 UT and by the flare of March 7
at 0130 UT. The double flare at opposite sides of the sun, on March 5, possibly predisposed the

Fig. 1. Double flare at opposite limbs, March 5, 0457 UT, 1970, taken near maxima of SPA's,
but after optical maximum. Arrows point to flares.
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Fig. 2. Sudden Phase Anomalies corresponding

a) to the double flare of March 5, 0457 UT and
b) to the flare of March 7, 0130 UT

magnetic field about the sun for the penetration of the particles from subsequent flares.
spheric effacts were strong and lasted on the local VLF circuits from 0418 UT to 0656 UT. Practi-
cally simultaneously two flares began, one at S15 E71 and the other at N15 W86 to the limb. Figure
1 is a photograph of this event taken near SPA maximum, twenty minutes after the maximum of the
western flare. The 1IN rating for the western flare may have been an underestimate, due chiefly
to spotty coverage of the flare here through clouds. Figure 2a shows major SPA's on all three of
our locally monitored transmissions. The advances were 134°, 148° and 142° on circuits tuned to
GBR, Rugby, England, NLK, Jim Creek, Wn. and NAA, Cutler, Me., respectively. Duration for the
longest SPA, on the GBR circuit, was two hours and thirty seven minutes.

Iono-
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Fig. 3. Major flare of March 7, 0150 UT, S11 E09, at end of flash phase with parallel
ribbon emission.

Figure 3 shows the hydrogen alpha filtergram of the event of March 7, 1970. The photograph
taken at 0150 UT is of flare maximum. Figure 2b shows the corresponding VLF disturbances. Maxi-
mum phase advances on the NLK and NAA circuits were 97° and 144°, respectively. The original filter-
gram of Figure 3 was photometered at one of the brightest regions and found to be 0,47 in log in-
tensity above the local background. This is considerably below the 0.63 log increase of the October
31, 1968 3b flare, photographed through the same telescope [Miller and Trinidad, 1970]. The March
7 flare, while not especially bright, was of considerable tenacity.

It would not have been easy to predict a large flare in this region. There was a wishbone~
shaped formation or a gamma configuration in hydrogen alpha emission. This configuration has been
observed at Manila as a necessary, but not sufficient condition for a vigorous flare. The calcium
spectroheliogram taken shortly before the flare (Figure 4a) shows one particularly sharp corner and
three angular bends in that part of the plage region which flared, in contrast to the spectrohelio-
gram taken the next day (Figure 4b) after the flare. This latter photo shows that the tubes of flux
were by then well rounded. Arrows point to the location of the sharpest feature.

There was nothing impressive about the spot group of the region, which was classified as D 14
by the Manila Observatory just prior to the flare. An accurate superposition of a simultaneously
photographed white-light heliogram and an H-alpha filtergram, taken before the flare on March 5 at
2321 UT, shows a cross formed by the intersection of a dark fibril coming out from a small spot at
the NE side of the group and another dark fibril just appearing off the south end of a line of three
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Fig. 4. K, spectroheliograms of flare region (McMath plage No. 10614) taken (a) before the
fiare, March 7, 0040 UT and (b) after the flare March 8, 0024 UT. The flux tubes
have considerably rounded and smoothed in the interim. Arrows point to the location
of the sharpest feature.




faint north-south oriented spots. This is a somewhat common phenomenon in white light. The "X" was
at the location of the most vigorous part of the flare at the beginning of the flash phase. Curious-
ly, the area of the spot group of the flare region notably declined near flare time. It measured

2.4 square degrees a day before the flare, March 5, 2321 UT, 1.3 square degrees at 2354 UT March 6,
shortly before the flare, and then 2.5 square degrees by the next day, March 7, 2320 UT. The region
showed only very minor flare activity for the rest of its disk passage.

At 0015 UT, March 7, shortly before the flare, a dark filament in hydrogen alpha intensified
along the stronger or western edge of the gamma configuration on the inside (eastern) edge. The
film patrol showed fluctuations in the filament at 0023 UT and more intensification at 0030 UT. The
filament cut across the weaker (eastern) arm of the gamma configuration.

At 0115 UT, March 7, there began an SN flare at N1l W33, with a dark surge pushing out from
this flare at 0124 UT. Possibly the disturbance gave rise to a brightening on the edge of the fila-
ment mentioned in the preceding paragraph, at 0130 UT, which may be taken as the beginning of the
importance 2 flare. Propagation would be <1400 km/sec. The brightening gradually increased till
0141 UT and then in nine minutes, from 0141 UT to 0150 UT it flashed to a maximum. The flare formed
parallel streamers at about 0145 UT. These streamers then separated. At 0150 UT they were one de-
gree apart, two degrees apart by 0216 UT, and three degrees apart by 0252 UT. This was at a slightly
increasing rate. The average rate was seven km/sec. Divergent motion of two parallel streamers is
common especially to many proton flares [Bruzek, 1964]. At 0252 UT two faint parallel emission rib-
bons filled the gap between the main parallel flare ribbons. The flare lasted for as long as three
hours, if ending is to be taken as 0430 UT, though any ending time between 0410 UT and 0430 UT would
be satisfactory.

At the beginning of the flash phase the curved filament to the NE of the region disappeared,
and reappeared after the flare. The filament to the SE almost disappeared completely at 0145 UT
midway in a five minute interval of fade and restoration. At 0159 UT, five degrees to the SE of
the flare center, a glob of matter approached a ribbon. The ribbon, as though hinged at its inner
end, swung towards the glob. At the junction, when the glob and the ribbon met, a dark surge moved
out to the SE. There was no visible shock wave, on band, at least.

VLF Circuits

The Manila Observatory monitors three VLF stations, GBR, NLK, and NAA. The first two paths are
geographically similar, going from Manila NW and NE to Rugby, England and Jim Creek, near Seattle,
Wn. The third, to Cutler, Me., is a transpolar route, running two degrees from the pole at its
closest. The GBR trace reaches its apex at N, Lat. 62.5° and E. Long. 47° which is 76° magnetic
north, whereas the NLK route reaches its apex at the tip of the Aleutian Peninsula, N. Lat. 54°, W.
Long. 160°, which is 66° magnetic north., The GBR path runs above ‘the 74° magnetic line for a third
of its length, namely from Tomsk, (N. Lat. 56°, E. Long. 85°) to Petrozavodsk, (N. Lat. 62°, E. Long.
34°). The highest magnetic latitude of the NLK path, 70°, is at Seattle, its terminus.

Worthy of note is the sensitive performance of the GBR circuit to the magnetic storm and espe-
cially to the very severe phase of the storm. Signal attenuation for the most part cut out our signal
from NAA, except at the height of the storm, and the NLK path did show the disturbance but not spec—
tacularly. The GBR circuit shows an SPA-like advance of 30 degrees, beginning March 7 at 2008 UT,
ending at 2100 UT and with maximum at 2019 UT. The amplitude correlates negatively. The maximum
was two minutes later than the 2.4 dB maximum in riometer absorption reported by Shepherd Bay.

The severely disturbed geomagnetic field began March 8 at 1418 UT. Vela low energy proton
counts reached a maximum March 8 at 1617 UT. Figure 5 shows that by 1440 UT the phase trace of the
GBR circuit was definitely advancing, peaking at 1615 UT and at 1840 UT. There is negative corre-
lation with the amplitude trace. The sharp advance to a pre-maximum at 1458 UT may be related to
Thule's maximum riometer absorption, 5.9 dB, at 1455 UT. NLK's advance shows much the same as a
typical SPA, with start at 1550 UT, end at 1640 UT and maximum of 50° at 1620 UT. This maximum
nearly coincided with the maximum of Vela low energy proton counts at 1617 UT after which the count-
ing rate began declining. The dotted lines on Figure 5 indicate the normal direction of the phase
traces for the three circuits. The added advance on the GBR trace, upbending sharply at 1820 UT and
maxing at 1837 UT is reflected in the more gradual advance of the NLK trace, shown to begin about
1845 UT at the latest. The advance of GBR at 1837 UT reached 144° or minus 25 micro-seconds. NAA
showed some disturbance, an advance of 72°, beginning March 8 at 1628 UT, ending at 1900 UT and
maximizing at 1715 UT. The local circuits seem to respond to the particles which cause both polar
cap absorptions as well as the lowering of the ionospheric side of the VLF wave guide.

Figure 6 has been constructed with nine days of data from the phase trace of the GBR circuit.
The first three days, March 3, 4 and 5, have been used to establish a norm, much in the manner of
Potemra et al. [1959]. The points have been chosen from the base line in the case of an obvious
SPA. The mean of the hourly values for these days has been established and then a five hour running
mean used to give the sinusoidal curves used as reference. Hourly values for the days from the 6th
to the 11lth were then graphed with a horizontal time scale, and smoothed out with a solid line.
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Fig. 5. The VLF circuits, at time of the most severe part of the magnetic storm, March 8,
1430 UT to 2100 UT; top to bottom: GBR amplitude, phase of GBR, of NLK and of NAA.
All paths are to Manila.

The norm appears as a series of X's. The Kp daily sums of the three-hour Kp indices for the 3rd
through the 1lth are 23+, 24+, 20, 29-, 37, 53~, 36+, 13-, and 5+. The days which have a higher
index than the norm tend to advance in phase, while the days with lower index than that here taken
as an average, on the Kp scale, tend to fall below the average in phase. The same conclusion would
hold for the Ap indices. As the magnetic index changes so inversely does the height of the upper
side of the wave guide, especially for the GBR path. The end of the severe part of the magnetic
storm, about March 9, 0700 UT is reflected in the curve of Figure 6.

Conclusion

This study shows that not only the transpolar VLF paths, but those which pass under the polar
cap for a substantial part of their length, should be monitored for confirmation of Polar Cap
Absorption. Though central meridian passages of regions with flares of importance three correlate
well with geomagnetic storms, [Smith and Smith, 1963) the flare of March 7, 0130 UT treated in
the study, does not seem sufficient of itself to produce the observed intensity of the magnetic
storm. Undoubtedly a congeries of events determined that the path of the particles to the earth
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should be so unobstructed. The whole picture will be clarified by the many contributions in this
UAG report and by studies certain to follow.
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Fig. 6. Phase traces (solid line) of GBR - Manila VLF circuit March 6 to March 11, 1970
compared to the smoothed averaged (x x x x) of March 3 to March 5, 1970. Days
with higher Kp values than the average are advanced and these with lower values
are retarded in phase.
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"High Velocity Mass-Ejection Evidence Related to a Solar Flare of March 8, 1970"

by

Marta Rovira, Marcos Machado and Hugo Grossi Gallegos
Observatorio Nacional de Fisica Cosmica
San Miguel, Argentina

Mass motion in the solar atmosphere can be analyzed by means of off-band filtergrams taken
systematically. On our flare-patrol material at San Miguel's Observatory, we can get filtergrams
at the center and both sides of Ho by using a line-shifter mechanism. This mechanism has been
installed on a 140 mm aperture telescope (SECASI) which takes one photograph every 15 seconds.

One of the main investigating subjects on our work is to analyze motions in dark features
recorded on our films., The phenomena that we are considering here may be observed on the film of
March 8, 1970, and can be described as follows. Figure 1 shows a dark filament at it's maximum
visibility in the center of Ho, at 1408 UT. Figure 2 shows the development of this filament in the
center of Ho and in the violet and red wings.

a) in the first series of photographs, taken at 1335 UT, the presence of a dark conden-
sation near the active zone can be seen.

b) 1357 UT: We can see now enhanced evidence of a mass condensation constituting a dark
filament which traverses the flare, and reaches near the West limb. One may not de-
termine a general movement of the dark feature as it can be seen on both sides of Ho;
but it is evident that the violet wing is preponderant.

c) 1400 UT: Note the definite enhancement of the violet image, as an evidence of the
ascending movement of the material.

d) 1430 UT: The fourth series of photographs shows that the dark filament has disappeared
as it has been ejected to the upper zones of the solar corona. This has been suggested
by the ascending movement noticeable on the previous series of photos.

A further evidence of the mass ejection is given by the 73 cm registered band obtained with the solar
radiotelescope of San Miguel's Observatory, showing a growth of the integrated flux coincident with
the optical evidence of this phenomenon. This can be taken as another evidence, considering the re-
sults obtained by Westin and Liszka [1970], that shows a high percentage of coincidences between this
kind of mass~ejection and radiation in metric and centimetric waves.

REFERENCE

WESTIN, H. and 1970 Motion of Ascending Prominences, Solar Phys., 11, 409.
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Fig. 1.

Filament at center of Ho March 8, 1970 at 1408 UT.
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"Importance 2 active prominences at limb observed at
Catania Astrophysical Observatory on March 8, 1970

by

G. Godoli, O. Morgante and M. L. Sturiale
Osservatorio Astrofisico di Catania
) Universita di Catania
Consiglio Nazionale delle Ricerche

EPL at S40 E90

At the beginning of the observations on March 8, 0720 UT a quiescent prominence was observed
at S40 E90.

At 1125 UT the prominence started developing rapidly and subsequently the phenomenon was fol-
lowed continuously up to its disappearance.

Pictures showing some phases of the active prominence are given in Figure 1.

The first picture shows the quiescent prominence at 0720 UT. From 1125 to 1142 UT morphologi-
cal changes are visible but the prominence can be considered as a whole. Between 1142 and 1145 UT
the object breaks in two parts: one of these is moving southwards as a suspended prominence, the
other part keeps steady with quite unchanged shape. It must be pointed out that the shape of this
quiescent part is similar to the previous prominence, before its activation, as is shown from the
two pictures of 0720 and 1200 UT,

The disappearance of the suspended part of the prominence was observed at 1200 UT. The event
has been classified as importance 2.

In Figures 2 and 3 radial and tangential distances of the lowest south point of the detached
prominence have been plotted versus time.

Both Figures 2 and 3 show that, at the time when the active prominence detaches, the curves
became steeper.

This fact shows that the velocity of the suspended prominence was greater than the velocity of
the whole prominence before its breaking up.

BSL at N43 W90

On March 8 a BSL was observed at N43 W90 in a place where no activity had been visible in the
preceding days. ;

Phases of the surge are shown at the bottom of Figure 1. TFor this event, drawings are given
instead of pictures for the brightness of the surge was too low to permit the printing of filter-

grams.

The phenomenon was visible from 1440 to 1453 UT and it has been classified as importance 2.
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Fig. 1. Active prominences at limb on March 8, 1970, observed at Catania.
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Fig. 2. Radial distance of the lowest south point of the detached
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Fig. 3. Tangential distance of the lowest south point of the detached
prominence versus time.
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3. SOLAR RADIO PHENOMENA
"Summary of Worldwide Outstanding Solar Radio Emission Events - Fixed Frequency and Spectral'
by
Hope I. Leighton and J. Virginia Lincoln
Aeronomy and Space Data Center
National Oceanic and Atmospheric Administration, Boulder, Colorado
The tables are reprinted from "Solar-Geophysical Data'. The outstanding events from the world-
wide observatories reporting to World Data Center A are presemted for March 6-8, 1970, The station
abbreviations are explained in the table below.
Code Station Alternate Geographic Frequencies
Name Name Lat Long Reported (MHz)
Fixed Frequencies

ABST Abastumani 42N 43E 221

ARCE Arcetri 44N 11E 9285, 1420

BERL Berlin=-Adlershof 52N 13k 9489, 2920, 1470

BORD Bordeaux Floriac 44N o 930

BOUL Boulder 40N 105w 18 (Univ. of Colo.)
184 (ESSA)

CRIM Simferopol Crimea 44N 34E 3100

GORK Gorky Zimenki 56N 44T, 9100, 3800, 2950, 650,
200, 100

HARS Harestua Blindern 60N 10E 225

HIRA Hiraiso 36N  140E 500, 200

HUAN Huancayo 128 75W 9400

IRKU Irkutsk Siberian IZMIR 52N  104E 9570

IZMI Moscow IZMIRAN Krasnaja Pakhra 55N 37E 202

KIEL Kiel 54N 10E 1420, 420, 240

KIEV Kiev 50N 30E 204

KISV Kislovodsk 43N 42E 15000, 6100

KODA Kodaikanal 10N 77E 100

MANI Manila 14N 121E 8800, 4995, 2695, 1415

MCMA McMath-Hulbert 42N 83w 18

NERA Nederhorst 52N 05E 9500, 3000, 610, 200

NEUS Neustrelitz 53N 13k 9139, 1490

ONDR Ondrejov 49N 14E 9400, 808, 536, 260

OITA Ottawa ARO Algonquin 45N 78W 2800

PENN Penn. State Univ. 41N 78W 10700, 2700, 960, 328

PENT Penticton 49N 119w 2695

POTS Potsdam Tremsdorf 52N 13E 234, 111, 23

SANM San Miguel 348 58W 408

SAQOP Sao Paulo 228 4L6W 7000

SLOU Slough 51N (610):4 71000, 19000, 2800

SGMR Sagamore Hill AFCRL 42N 72W 35000, 15400, 8800, 4995,
2695, 1415, 606, 245

TOKO Tokyo Mitaka 35N  139E 17000, 612

TRST Trieste 46N 14E 239

TYRW Toyokawa 34N 137E 9400, 3750, 2000, 1000

UCCL Uccle Humain 50N 04E 600

VORO Voroshilov Ussurisk 43N 132E 208

Spectral

BOUL Boulder (U. of Colo.) 40N 105W 7.6-80

CULG Culgoora (C.S.I.R.0.) 308  150E 8-222

HARV Fort Davis 31N 104%W 10-580

SGMR Sagamore Hill (A,F.C.R.L.) 42N 71w 19-41

WEIS Weissenau 48N 10E 30-1000
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SOLAR RADIO EMISSION

OUTSTANDING OCCURRENCES

MARCH 1970

MAR

TIHE OF

FLUX DENSITY

STARTING RATH ! /! .
1970 | FREQUENCY STATION | TvPE TIHE waxiuy_ | DURATN 02um? 2! Wt REMARKS
_ 0T i RINUTES PEAK HEAN
2] - 600 UCCL 20 115845 12015 8,5 400 2.0
- 9500 BERL 46 1158.8 1201.5 217 14.0 3.6
l— 4995 SGMR 4 115848 1201.5 <] 5600 235
[ 3000 NERA 45 1158a1 1201.6 10 6400 2060
—2950 GORK 3 11583 1201.7 T3 230 8.6
— 1500 NEUS 4 115865 1201.8 19 2740 4ol
- 1415 SGMR 4 115849 120166 469 2566 1364
— 950 GORK 1 11598 12018 469 504 202
— 245 SGMR 6 1159.2 1200.6 261 6940 3510
— 237 TRST 42 1159.6 120046 10.9 17540
2800 SLOU 4 1159 1201.5 8 5630
— 2695 SGMR 4 1159 1201.6 5¢5 5940 2743
— 650 GORK 1 1200.9 1201.8 32 9 Qo
- 9400 SLOU 4 1200 1201 4 2440
- 111 POTS | 45 1203 U 1254 160.0U
E 100 GORK 41 120803 1209.6 245 900
408 SANM 42 125446 1349 6265 26040 2545
2800 OTTA 21 1305 1415 200 1640 Lo
EZBOO OTTA 4 1318 132467 14 8440 1440
2800 OTTA 20 1320 1345 35 28 let
600 UCCL 3 135065 1 11240 40,0
2800 OTTA 8 1417 14171 5 766
237 TRST 41 144505 1445,.8 a6 220.0
536 ONDR 45 1450 145045 2 115%.0
2800 OTTA 1 14579 145861 o7 204 le2
408 SANM 3 155563 155647 17 11840 33.5
2700 PENN 24 1609 20374 310
10700 PENN 24 161646 1929.2 19.5
9400 HUAN 21 16176 1842.6 26101 11e2 T7e5
9400 HUAN 45 161801 1621.3 11.2 1608 10.1
9400 HUAN 45 161841 1622.1 2463
2800 OTTA 24 1618 3 602
10700 PENN 3 1620.8 162164 8.2 1967 5.1
960 PENN 8 16214 16214 el 16.7
2800 OTTA 40 1621 1625.7 5 2560
EBOOO NERA 5 162566 1625.8 3 2360 13.0
2700 PENN 3 162546 1625.8 ol 28.5 9.0
408 SANM 3 164567 1645,.8 5 820.0 26000
2800 OTTA 20 1655 E 1700 30 D 28
2800 OTTA 21 1830 1925 115 540 25
15400 SGMR 1 1908.9 1911 209 605 3.3
10700 PENN 3 1908.5 1909,.4 405 197 9.3
9400 HUAN 45 1908.2 190904 3.3 1847 9.7
9400 HUAN 45 1908.2 1911 2264
8800 SGMR 45 1908.5 1911 562 3561 1964
4995 SGMR 45 1908.4 1911 566 155.0 7260
2800 OTTA 2 1908.7 1911 5 828 bok
— 2700 PENN 3 190844 1910.9 7.8 12.2 4o9
2695 SGMR 3 1908.8 1911 5 9.3 447
9400 HUAN 29 19115 191165 7062 15.0 1142
EBBOO SGMR 29 1913.7 1913.7 5163 13.3 67
4995 SGMR 29 1914 1914 51e1 15.0 Te5
2695 PENT 20 2035 2037 15 202 1ol
6 3750 TKYW 5 0234 0234,.,9 2 8.0 3.0
EZOOO TKYW 5 0234 0234,9 3 240 1.0
3750 TKYW 5 0237 0238,3 4 110 5.0
3750 TKYW 29 0241 45 300 1.0
3750 TKYW 5 041365 0414.3 1.5 240 1.0
3750 TKYW 5 0436 0438.3 g 60 2.0
100 GORK 44 0520 E 22¢C 540
100 GORK [} 05404 054007V «8 400D
E3750 TKYW 5 0540 0547 30 600 240
2000 TKYW 5 0546 0548 10 2.0 1.0
100. GORK 41 0643.1 0644.5U H 1000.0
E 100 HIRA 45 064345 0644 le5 390.0 10040
100 GORK 41 071504 071765 4 125.0
3000 NERA 45 0745 074646 266 900 4540
2800 SLOU 4 0745e3 07465 17 1420
2695 MANI 4 07459 074603 l.6 8840° 41.8
3100 CRIM 3 0746 32
3100 CRIM 3 0746 0747 2 410 13.0
600 UCCL 2 074865 o6 500
3100 CRIM 29 0748 0756 30 1440 540
3000 NERA 5 0753 0757 27 110 6.0
204 KI1EV G 0755 1035 255 D 100.0D 2340
221 ABST 0758.3 0856,3 61.3 2900 2.0
100 GORK ] 075844 0759.2U 1.3 120.00 3060
100 GORK 6 0845 0845.4 o5 130.0
606 MANI 4 0851 085143 «8 158 6.3
8800 MANI 4 0851 0851.3 «8 1541 745
4595 MANIT 3 0851 0851.3 +8 24a0 9.0
2695 MAM! 3 0851 0851.3 «8 146 603
== 1415 MANI 3 0851 0851.3 8 10.6 Belt
~- 111 POTS 40 085445 0857.8 3otk 800.0 16,0
237 TRST 4] 085643 08564 ol 46000
234 POTS 45 085664 085645 o2 10040 150
202 1ZMI 6 085601 085646 1 200.0 3540
r— 100 GORK 0900 180 D 140.0
r2950 CORK 21 0922 0939,7U 30 10.0




SOLAR RADIO EMISSION
OUTSTANDING OCCURRENCES

MARCH 1970

HAR STARTING TIHE OF | pupaTioN FLUK DENSITY |
1970 | FREQUENCY STATION | Tvpe TINE HAXIMUN 0%%m? e INT REMARKS
Ut o1 HINUTES PEAK HEAN
[ L 202 1ZMI & 09336 0936 45 30.0 2040
4995 MANI 4 0933,2 0933,9 3.5 92.0 42640
3000 NERA 45 0933.6 0934 ° 11.5 72540 22540
—2950 GORK 45 0933.5 0934,2 3.6 12040
—2950 GORK 093345 0934.9 6440
—2800 SLOU 47 0933.5 0934,2 8.3 750.0
F—2695 MANI 4 0933.2 0933,.9 345 1140.0 2150
— 1500 NEUS 46 093365 0934,.3 9 3040
1500 NEUS 46 0933.5 0941,.3 9 3340
— 1415 MANI 4 0933.2 093443 3s5 2604 11.9
— 950 GORK 40 0934 094142 Te9 40
— 650 GORK 40 0934 0935,.3 9 6ot
— 600 uUcCCL 22 0934 0942 35 740 2.0
—9500 BERL 22 0934 0934.2 2.5 469 3.0
9400 SLOU 45 0934 0934,1 1 2566
9100 GORK 1 0934.1 0934,3 3.2 150 4.0
— 3100 CRIM 3 0934 11 100.00D
- 111 POTS 40 0935.6 0935.7 1.5 280040 150.0
111 POTS 45 1013 U 102244V 119 Uy 20040 4040
111 POTS 40 1013.9 101644 6ol 1000.0 50,0
237 TRST 5 101541 1015.2 2 15540 400
600 ucCCL 8 1016.8 o6 122.0 6060
EB}OO CRIM 45 1019 1021 17 3940 30.0
3100 CRIM 1019 1026 5840
r— 606 SGMR 40 120069 1211,2 26.1 910 30.0
[— 600 ucCcCL 4 1200 1212 27«5 90.0 2540
— 536 ONDR 45 1205 1301.5 22 12040
— 408 SANM 27 1205 1213 25 3445 13.0
— 260 ONDR 41 1220 1232.5 37 60.0
— 3000 NERA 5 122148 122445 20 10.0 5.0
1500 NEUS 20 1221.5 1229 21.5 3.6 244
— 23 POTS 40 1247.9 1248 1.3 4000.0 800.0
= 9400 HUAN 28 1317.2 1323,9 6.7 T+5 3e7
[— 4995 SGMR 23 1318.5 132747 318 1564 646
— 3000 NERA 45 1318.5 1319.6 845 9040 20.0
— 2800 SLOU 3 131844 1324,.,6 11.7 7640
—2700 PENN 3 1318,.5 1324,9 16.6 8545 10.1
— 2695 SGMR 23 1319 132645 12.1 7.3 3.5
1415 SGMR 21 131945 132645 12.1 6.5 2.9
15400 SGMR 20 132043 1324.8 8e2 2643 11.8
— 8800 SGMR 21 13208 132646 1645 Bet 349
— 245 SGMR [ 1322.8 1323,3 1 135.0 1840
—10700 PENN 3 1323,.9 1324,8 9.7 39.7 8.4
— 606 SGMR 46 132342 132443 245 4043 18.0
9500 BERL 3 132345 1324.8 11 39.0 83
[ 9400 HUAN 3 1323.9 1324,7 1.6 58.1 2449
— 4995 SGMR 3 132346 1324.8 4ol 13040 6500
— 2695 SGMR 3 13239 132447 2.6 560 2840
1500 NEUS 3 132343 1324.8 1742 34.0 4a3
1415 SGMR 3 1323.8 132446 247 37.8 1869
— 960 PENN 1 1324 132449 Teb 79 2.3
— 600 uccL 2 1324.3 132445 1 120 6.0
— 9500 NERA 40 132442 1324,9 8 12.0 PERCENT INC.
9400 SLOU 3 1324.8 132547 8 84.0C
— 8800 SGMR 3 132441 132448 245 4640 2340
E9400 HUAN 29 1325.5 132545 5542 169 5.0
3000 NERA 29 1327 8 10.0 540
245 SGMR 20 133847 1406 S54e1 110.0 5540
— 234 POTS 45 1338 1400 53 U 50,0U
- 225 HARS 45 1340 1405 50 120.0 4040
— 200 NERA 27 135442 140645 24 130.0 800
— 1500 NEUS 20 14045 142005 38.5U 4e3
I—3000 NERA 5 1405 1415 30 1le0 5.0
‘— 9500 BERL 20 .1419.5E 1419,5 52
— 111 POTS 40 144047 144947 9 180040 640
— 23 POTS 40 144047 1449,8 9.5 4000.0 55,0
— 606 SGMR 3 1449.1 144942 «8 147 7.3
—— 600 ucCcCL 3 1449.2 s 1840 640
— 245 SGMR 7 1449,.1 1449,8 1.2 29040 740
— 237 TRST 41 1449.2 1449,7 .9 140040
2800 OTTA 20 1720 1735 50 22 lel
2800 OTTA 20 1825 1832 20 2+8 let
E 606 SGMR 1 183647 1838 203 le2 +6
245 SGMR 6 183649 1839.8 3ets 92.0 T.2
E2700 PENN 24 1905 2030 12.9
2800 OTTA 20 1910 1918 20 342 1e6
100 HIRA 45 21095 1 211065 2 330.0D 60.0D
100 HIRA 44 2243 0100
7 606 MANI 1 0050.9 06051 «2 3e2 1.1
E2695 MANI 3 0050.9 0051 .2 1041 440
1415 MANI 1 0050.9 0051 o2 4el let&
200 HIRA 45 0115.5 0lzo0 8 380.0 30.0
208 VORO 40 0lle 0l22 7 19240
100 HIRA 45 0116 7 340.0D 60.0D
1415 MANI 46 013846 Cl4a.3 22.9 69040 307.0
100 HIRA 45 013945 2545 360+0D 150.00
606 MANI 46 0141.5 0148.3 21 10440 4944
500 HIRA 45 0141 0ls8 19 110«0 2540
208 VORO 45 0l4l 0l45 19 36040 200.0
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SOLAR RADIO EMISSION
OUTSTANDING OCCURRENCES
MARCH 1970
HAR STARTING TIHE OF DURATION FLUXDERSITY
1970 | FREQUENGY STATION | TYPE TINE HAXIMUM 10 %m™ W, INT REMARKS
uT uT HINUTES PEAK MEAN
7 [— 200 HIRA 45 0141 0144 21 210040 50.0
3750 TKYW 45 Cl4l 0145,2 135 730 12.0
— 3750 TKY¥W 5 0141 0155 135 3040 11.0
2000 TKYW 45 0141 0145,2 30 41060 4040
F— 9400 TKYW 45 0142 0158 135 4540 14.0
F—9400 TKYW 5 0142 0155 135 4040 13.0
L8800 MANI 22 0142.2 0158.2 43 6040 279
4995 MANI 4 014242 0l4444 1244 87.0 40+6
- 2695 MANI & 014242 0l4b .4 12.4 1190 5600
= 9400 TKYW 5 0143 0145 4 2040 840
F— 3750 TKYW 45 0143 014502 4 5540 2340
— 612 TOKO 45 01457 0148 3.5 6740
— 1000 TKYW 45 0145 0155,.2 20 11640 4040
l— 3750 TKYW 5 0147 0148.2 3 5e0 240
3750 TKYW 45 0150 0152.8 5 60 440
4995 MANI 29 01546 01546 629 4367 1847
—2695 MANI 29 0156446 015446 6269 30.2 1441
M= 9400 TKYW 5 0157.5 0158 1 5.0 2.0
L— 3750 TKYW 5 0158 0158.3 2 640 200
1415 MANI 29 0201.5 0201.5 56 649 2.7
E91¢00 TKYW 5 0209 0209.3 1 2.0 1.0
2000 TKYW 29 0211 110 90 540
9400 TKYW 45 0255 0258 25 5¢0 240
E3750 TKYW 5 0255 0300 25 240 1.0
2000 TKYW 5 0255 0305 25 2.0 1.0
100 GORK 44 0551 69 5.0
E 100 GORK 48 0551 0553,2 263 1400.0
650 GORK 3 055243 055244 o7 1640 800
221 ABST 0600 0722.3 180 41.0
950 GORK 1 0607.3 06074 «3 449 24
650 GORK 1 060743 0607.9 1.7 1e6 [
100 GORK 41 0607+2 0608 U 546 40.0D
100 GORK 0607.2 0612.3 4040
3100 CRIM 20 0608 112
3100 CRIM 20 0608 0636 112 4940 15.0
9400 TKYW 5 0610 0635 70 8e0 4.0
3750 TKYW 5 0610 0635 70 940 4e0
2000 TKYW 5 0610 0635 70 5.0 3.0
100 GORK 6 06335 0635,1U 1.9 500D
E 100 GORK 6 064541 0645,8U 9 400D
950 GORK 2 06464 064646 «b 345 le4
C 111 POTS 45 065643 065842 2.7 20040 1040
100 GORK 48 065604 0658.8 34 1800.0
[: 23 POTS 5 0707.7 0707,.8 o6 400040 1500.0
100 GORK 3 070802 070843 1 5040
— 237 TRST 41 07207 0723.8 462 4200
. 234 POTS 45 0720.8 0723.8 3.7 200.0 10.0
— 202 1ZIMI 48 0720 0722.3 448 8000 35040
F— 200 HIRA 45 0720 0722 5 610.0 45,0
l— 200 NERA 45 07203 0722 4o 5750 25040
— 111 POTS 45 072042 0722.5 46 120040 120.0
- 100 HIRA 45 0720 0723 545 450.0D 130.0D
— 950 GORK 46 07219 07226 2.8 700
F— 950 GORK 07219 072248 4640
M~ 650 GORK 46 072169 072245 3.1 390
l— 650 GORK 07219 072441 46400
I~ 610 NERA 45 07215 0724 3 14040 25.0
l 100 GORK 48 0721 072345 47 2000040
I— 606 MANI 4 0722 0723.9 5 17240 550
— 600 UCCL 4 0722 0724 3 81la.0 25.0
l— 500 HIRA 45 07221 0724 2.5 150.0 2540
I— 23 POTS 45 0722.1 0722.8 3.8 2500040 3000.0
|— 4995 MANI 4 0722 0723.9 5 Geb 32
— 3750 TKYW 45 0722 072243 3 10.0 3.0
—3000 NERA 45 0722 0723,9 2.1 17+0 640
2950 GORK 40 072242 072441 2e¢4 1340
— 2695 MANI 4 0722 0722.3 5 161 840
— 2000 TKYW 45 0722 072348 3 75.0 10.0
I—1500 NEUS 46 6722 0724 9 u 15440
1415 MANI 4 0722 072243 5 22660 5440
F— 1000 TKYW 45 0722 07223 3 120.0 15.0
“— 3100 CRIM 3 0723 0724 2 4940 12+0
100 GORK 44 0736 220 D 10.0
— 950 GORK 1 081648 0817,1 6 9e2 546
L 234 POTS 40 0816 0826.41 18.6 17540 1+0E
— 202 IZMI [ 081648 0817.2 2 1100.0 60040
— 111 POTS | 40 0816 0826,1 24.8 140060 20,0
I 100 GORK 48 08le 0817 3¢5 130060
— 100 HIRA 45 0816 0818 5 45000D 110.0D
— 23 POTS 40 081642 0817.3 2445 400040 10040
F—1500 NEUS 1 0817 £ 0817 361
1500 NEUS 1 0819 E 0819 22
— 1500 NEUS 1 0823.8E 0823.8 le3
— 950 GORK 1 082549 0826.1 o7 3e2 le&s
— 650 GORK 1 0825.6 0826,1 1.8 200
P 202 I1ZMmI & 0825.4 0826.1 12 150.0 3040
200 MNERA 45 0825,.8 0826,1 3 40040 20040
600 UCCL 40 083343 0839,8 11 270 540
100 GORK 6 083343 0834,8 1e7 160040
950 GORK 1 0834e4 0834,7 5 let Ce7
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SOLAR RADIO EMISSION
OUTSTANDING OCCURRENCES
MARCH 1970
AR STARTING THE OF | puraTioN FLUX OBNSITY
1970 | FREQUENCY STATION | TYPE TINE HAXIHON 0%m? e NT REMARKS
T uT MINUTES PEAK MEAN
7 — 650 GORK 41 0834.1 0837.2 65 8.7
- 650 GORK 0834,1 0839.8 1940
—~1500 NEUS 2 0836.6E 0836.6 3.5
— 950 GORK 1 0837.1 0837.2 ol 35 1.7
— 606 MANI 4 0838.5 0839.7 3 21.8 1069
4995 MANI 4 0838.5 0838.9 3 9.6 3e2
F— 2695 MANI 2 083865 0838.9 3 640 240
1415 MANI 4 083845 0839.7 3 8.0 2.7
— 950 GORK 4 083943 0839.8 8 260 8.7
—2950 GORK 1 0839.6 0839.9 o7 245
t—1500 NEUS 2 0839 0839.7 1 Ts7 1e3
204 KIEV 44 0840 E 1100 U 380 © 80.0D 31.0
— 650 GORK 3 095342 0953,.8 «8 403
- 600 UCCL 41 0953 0955 2.1 2040 440
I~ 111 POTS 45 0953.3 0953,3 o6 3000 4060
— 23 POTS 45 095345 0953,6 5 1500.0 37500
L— 650 GORK 3 09549 0955 o 9.9
950 GORK 1 104546 104547 3 Te0 3.5
E 650 GORK 1 10455 1046.3 1e2 le3 0.6
100 GORK 24 1045 30 D 200.0
— 950 GORK 40 105563 105641 2.5 609
— 600 UCCL 4 105505 105645 1.3 12.0 3.0
M~ 100 GORK 4] 105548 105644 1 800.0 20040
- 650 GORK 4 105647 1058.3 3 8.6
L— 111 POTS 45 1056 105641 3 300.0 7500
— 600 ucCcCL 4 1103.3 1103.6 3.5 1240 200
1500 NEUS 20 110465 1130.5 66 248 1.3
3000 NERA 27 1110 1129.2 65 2040 10.0
— 245 SGMR b4 1115 E 240 D
r—2800 SLOU 20 1117 112448 53 1730
~—9500 BERL 21 1121.5 112643 4145 3060 T3
—9500 NERA 5 1121.8 1127.3 945 11.0 540 PERCENT INCa
- 3000 NERA 45 11219 1124 63 230 13.0
I—9400 SLOU 21 1122 1129 42 840
9400 SLOU 3 1124 1126 2 3440
— 9500 NERA 5 1126 112644 o7 10.0 520 PERCENT INC.
1500 NEUS 20 121765 123065 20 246 1.3
240 KIEL 44 1346 E 1346 2000.0 20,0
23 POTS 5 1349.3 1349.5 7 600040 200040
23 POTS 5 140802 1408.4 «5 150040 50040
9500 NERA 5 154848 1549.3 1e2 13«0 6.0 PERCENT INC.
2800 OTTA 21 1550 1615 60 D 2490
3000 NERA 28 1555 10 2240 1040
4995 SGMR 4 160048 160646 8 14540 70,0
—2695 SGMR 4 160044 160647 9.6 11040 55,0
1415 SGMR 4 1600.5 16074 Be5 10560 5240
15400 SGMR 3 1602+ 4 1606.5 66 3345 160
— 606 SGMR 3 1602.9 1607.8 7 Bel 420
8800 SGMR 4 160448 160645 347 59.0 2840
2800 SLOU 3 1604 1606 | 6 1100
2800 OTTA 4 160445 160645 8 12540 3340
9500 NERA 45 1605 1606.7 2.4 1340 7.0 PERCENT INC.
— 9400 SLOU 3 1605 1607 5 760U
—3000 NERA 45 1605 1606.9 3.3 110.0 5540
L— 600 UCCL 2 160648 160745 1.8 1040 440
— 9500 NERA 29 160744 4045 11.0 640 PERCENT INCe
—8800 SGMR 29 160865 1608.5 21.5D 2743 13.0
4995 SGMR 29 1608.8 1608.8 21.2D 5040 2500
F—3000 NERA 29 1608.3 82 D 3840
15400 SGMR 29 1609 1609 21 D 170 840
l— 1415 SGMR 29 1609 1609 21 D 17«2 80
2695 SGMR 29 1610 1610 20 D 229 11.0
[: 200 NERA 40 16514 165341 12 900.0
600 UCCL 3 165265 5 180
606. SGMR 4 1731 173247 244 52,7 2043
E3750 TKYW 5 2347 2349 5 3.0 1.0
2000 TKYW 45 2348 2349 3 4e0 2.0
8 E9400 TKYW 5 0037 0037,.,8 3 60 2.0
~3750 TKYW 5 0037 0037.8 [} 3.0 240
3750 TKYW 5 0103 0l20 30 4o 240
E9l+00 TKYW 5 0108 0109 10 1240 3.0
3750 TKYW 5 0108 0109 2 4e0 1.0
3750 TKYW 5 0150 0151.2 6 540 240
EZOOO TKYW 5 0150 015143 [} 3.0 140
9400 TKYW 5 0151 0151,2 1 240 1.0
9400 TKYW 5 0325 032662 3 540 240
E3750 TKYW 5 0325 032604 4 560 260
2400 TKYW 5 035065 0351 9 1340 3.0
3750 TKYW 5 035065 035142 S 4a0 1.0
9400 TKYW 5 0447 0447.7 3 12«0 340
9400 TKYW 5 0510 051047 2 440 20
221 ABST 0600 065444 180 3540
E 100 GORK 44 0630 330 D 2540
100 GORK 24 0645 0752.8 120 20000
100 GORK 48 06578 06594 26 2500.0D
100 GORK 065748 0659.9U 2500400
200 HIRA 45 0658 0659.8 2 23060 4500
111 POTS 45 0658 0659.9 269 4400.0 15040
100 HIRA 45 0658 0659 3 340,0D 60.0D
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SOLAR RADIO EMISSION

OUTSTANDING OCCURRENCES

MARCH 1979

FLUX DENSITY

MAR STARTING TIME OF DURATION ! ! R
970 | FREQUENCY STATION | TYPe TINE HAXIHUM ° 0%Wm e pe T REMARKS
- ot i HIRUTES PERK HEAR
8 [~ 23 POTS 45 065869 0659.9 263 10000.0U 10000V
950 GORK 1 0659.6 0700 l.2 8.8 3.0
650 GORK 3 065946 0700 1.3 963
— 606 MANI 4 065941 0700 304 1166 563
— 600 UCCL 1 065945 0659.7 06 10.0 560
- 500 HIRA 45 06597 0659.7 o3 7040
— 237 TRST 42 0659-3 0700.2 545 2030.0
L~ 234 POTS 45 065908 0659.8 02 120040 25040
— 200 NERA 45 065963 0659.9 1.5 25040 8540
F— 4995 MANI 3 06591 0700 2.9 9.5 362
F-3750 TKYW 5 065948 0700 6 10.0 340
— 2950 GORK 3 0659.8 0700 b 1460 643
— 2695 MANI 3 065921 0700 2.9 17.0 6ol
F— 2000 TKYW 5 065948 070001 o6 640 240
1415 MANI 1 065941 0700 2.9 606 2.6
1000 TKYW 5 065908 070001 b 9.0 3.0
~— 204 KIEV 44 0700 E 0730 U 410 4400 1940
— 200 HIRA 45 070265 070345 2 500 15.0
t— 100 HIRA 45 070245 2 330.0D 110.0D
L— 950 GORK 1 0703 070344 9 1.3 0e6
I— 650 GORK 3 0703.3 070346 lot 90
— 600 UCCL 1 07034 070346 o7 100 50
— 500 HIRA 45 070345 070346 2 20.0 50
— 2950 GORK 1 070343 207 3.2 245
2950 GORK 1 070803 0708.9 2e1 bab 262
— 9400 TKYW 5 0716 071665 2 15.0 340
— 9100 GORK 1 071642 071647 1.8 2300 9.0
— 8800 MANI 4 0716 0716.6 367 7.9 39
— 4995 MANIL 3 0716 071606 3.7 2504 965
3750 TKYW 5 0716 071667 2 7540 20,0
= 3000 NERA 5 071602 07165 *8 18.0 9.0
2950 GORK 3 07162 071666 la2 2660 63
L2695 MANI & 0716 071606 347 8a2 4ol
111 POTS 40 102862 1028,2 8.9 20040 2.0
111 POTS 45 11214 1121.8 3 2000 3060
23.POTS 45 124048 124049 ob 200040 50040
600 UCCL 1 130948 3 2040 460
E 111 POTS 45 130948 1310 o3 400000 500.0
23 POTS 45 1309.9 131061 °5 400040 10000
23 POTS 40 1334 1334.9 1.7 3500.0 400.0
245 SGMR & 1412 143843 60.9 36.1 1648
606 SGMR 22 142267 143542 Tle4 1461 6e4
600 UCCL 22 1422e5 1435 70 16«0
2800 OTTA 20 1428 1500 70 Selt 2.7
808 ONDR 45 1429 1430 345 3.0
2800 OTTA 20 1550 1620 120 468 24
2700 PENN 24 1924 2109.3 76
E2695 PENT 2 20035 200445 le5 3e2 le6
2700 PENN 8 200445 200445 ol 5761
9 3750 TRYW 5 0020 0lo4 80 Te0 340
9400 TKYW 5 0240 0243.5 10 460 240
612 TOKO 45 034002 034064 X} 810
606 MANI 3 0340 0340.6 245 104.0 3267
500 HIRA 45 0340 034045 1 54040 24040
200 HIRA 45 0340.2 034045 o7 600 20.0
100 HIRA 45 0340 034044 1 340.0D 100.0D
4995 MANI 1 0340 034004 205 58 209
3750 TKYW 5 0340 034046 2 740 240
2695 MANI 3 0340 034048 245 9.9 369
2000 TKYW 5 0340 034048 3 12.0 3.0
1415 MANI 1 0340 034047 245 56 248
1000 TKYW 5 0340 034045 15 15.0 50
2000 TKYW -5 0415 0421 45 7.0 240
E9400\TKYW 5 0416 0423 55 40 200
3750 TKYW 5 0416 0423 35 30 1+0
E 200 HIRA 45 052645 052645 5 3000 90,0
100 GORK 6 052647 052649 o6 30400
9400 TKYW 45 0530 0540 40 540 3.0
E3750 TKYW 5 0530 0537 40 400" 240
2000 TKYW 5 0530 0537 40 Te0 240
100 GORK 6 053248 053249 o7 20.0
100 GORK 6 055441 0554,4U *8 30.0D
221 ABST 065243 065544 6 2540 540
200 HIRA 45 0658 0701 10 35040 540
I: 1p0 GORK 6 065841 07015 546 30.0D
9500 BERL 3 073342E 073342 15.0
204 KIEV 48 0827.9 0829.7 3.2 90.00
204 XIEV 6 0911.9 0912.6 o7 90.0D
260 ONDR 45 0930 0933 5 100.0
536 ONDR 5 0933 0933 1 950
100 GORK [ 102444 1025 1 2040
100 GORK 6 121863 121845 5 30.0D
4995 SGMR 3 130045 130166 463 343 11le4
3000 NERA 5 1300 13016 3eb 1440 6.0
2800 OTTA 3 1300 1301.5 3 10.0 408
2695 SGMR 3 130045 130146 4a3 Te5 2.8
9500 BERL 21 1301.5E 1301.5 622
9100 GORK 1 1301.1 130149 1e7 13.0 400
8800 SGMR 1 13014 1301.6 3.9 bots 1e5
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SOLAR RADIO EMISSION
SPECTRAL OBSERVATIONS

MARCH 1970

TINES OF EVENTS
,MAR OBSERVATION DECIMETRIC -BAKD HETRIC BAND DEKAMETRIC BAND
870 STATION SPECTRAL TYPE
START UT] 4D 0T START UT | EHD UT | INT.| STARTUT | EHDUT | INT.| START UT | EWDUT | 1T
05 0000 {0029 HARV 0000 0029 1 1
0000 {0817 CULG 0000 0723 1 1
CULG 0000 0813,5 | 1 ITIN
HARV 0026 0027 1 ITIG
CULG 0026 0535 1 TIIGsNsW
HARV 0028 0029 1 0028 0029 2 ITIGG
cuLe 0149 1 I1IBsU
CULG 0549 1 I118su
WEIS 082746 0827.8 | 1 ITiB
0945 [1633 WEIS 1024,7 1024,9 | 1 1118
WEIS 1038 1505 1 IS
WEIS 1159.8 120844 |2 I11GsDP
WEIS 1209.7 1210,3 {1 111G
1330 2400 HARV 1350 1351 1 1342 1448 1 I
WEIS 135063 1350.8 | 1 ITIG.DPsRS
HARY 1448 1520 1 IN
HARV 1625 1626 3 1625 1626 3 1116
WEIS 162546 1625.8 | 3 I1is
1100 2315 SGMR 1625.6 162603 1118
HARV 1800 2400 1 IN
HARV 1803 1911 1 ITIN
SGMR 19099 1911.8 111G
HARV 1918 1920 1 111G
1712 2400 80UL 2014,.7 2015 1 111
BoOUL 2057,3 2058 1 111
1948 2220 CULG 212705 2359 1 I1IGeN
HARY 2128 2129 1 111G
BOUL 212864 21289 |1 111
BOUL 2155,9 215643 |1 111
HARV 2156 2329 1 I1IN
BOUL 220045 2201,7 3 2200,.5 2201.7 13 111G
HARV 2201 2202 2 111G
BOUL 2220.8 2221.3 |1 222048 22213 |1 Irl
2225 (2400 CULG
BOUL 2256.8 2313 1 2256,8 2313 1 CONT
BoOUL 2300.2 2302.4 | 3 2300,2 2302.4 |3 111G
HARYV 2302 1 2300 2302 2 ITIGG
80OUL 2309 2312.3 | 3 2309 2312.3 |3 111G
BOUL 232741 2327.6 | 3 2327.1 2327.6 {3 111
BOUL + 2358 2358.3 | 1 2358 2358,3 |1 111
06 0000 (0817 cULG 0007 0815 1 ITIN
0000 {0030 HARvV 0010 0023 1 IN
CULG 0013 0759.5 | 1 TTIGsN
HARV 0014 0018 2 T11GG
0000 |0104 BOUL 0015.1 0023.,9 | 2 0015,.1 0023.9 |2 111G
CULG 0138 0138,5 | 1 ITIGsVslU
CULG 0644 0647 1 ITIGsU
0634 1639 WEIS 0644 0644,5 | 1 UNCLF
WEIS 071762 0717.6 | 1 1116
WEIS 0758 1545 1 IS
WEIS 075865 0759,5 | 1 IT1IGSDP
WEIS 082042 0821 2 UNCLF
WEIS 083842 0838,5 | 1 1118
WEIS 084448 0845.5 | 1 111G
WEIS 085604 0858 2 IT1G
WEIS 0931.5 0932,5 | 2 ITIG
WEIS 0931.5 0955 2 UNCLF
WEIS 100743 1007.7 | 1 111G
WELS 1014 10620 1 111GG
1100 |2315 SGMR 1220 122202 111G
WEIS 12478 1249 2 111G
SGMR 1248 12493 111G
WEIS 125844 125846 | 2 1118
1332 |0057 BouL 1337 E| 1500 2 1337 E |1500 2 CONT
SGMR 1338 1338.6 Irie
SGMR 133846 1530 CONT
1330 |2400 HARYV 1355 1415 2 Iv
HARV 1356 1357 1 111G
SGMR 1437 143748 1118
WEIS 1438 1514 1 IT1+GG
BOUL 143802 14414 | 3 1438,.2 1444 i3 111G
SGMR 1439 144003 1118
HARV 1440 1441 2 111G
WEIS 144046 1441,3 | 3 11IGsDP
HARV 1442 1542 1 1400 2246 1 IN
SGMR 1448,9 1451 111G
HARV 1449 1450 1 1449 1451 2 1449 1450 2 111G
WEIS 1449 1450 3 ITIGsDP
BouUL 1449,1 1451,2 | 3 1449,.1 145102 |3 111G
HARV 1454 1458 1 111GG
BOUL 151246 1514 1 15126 1514 1 111G
SGMR 16177 161864 ITiB
BouL 1617.7 1618.8 | 2 1617.7 1618.8 |2 111G
HARV 1618 2 1618 2 111G
HARV 1653 2246 2 ITIN
BOUL 1836,2 1841.2 |2 111G
SGMR 1836,6 1837.5 1118
HARV 1837 1 1836 1841 2 I11IGG
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SOLAR RADIO EMISSION
SPECTRAL OBSERVATIONS

MARCH 1970
TIMES OF EVENTS
S0 | OBSERVATION DECIHETRIC 8AND HETRIC BAKD DEKAHETRIC BAHD
1870 STATIOM i SPECTRAL TYPE
START UT] €MD 0T START UT | EMDUT | INT.| STARTUT | EwpuT | WT.] START UT | EWDUT [T
06 SGMR 1840,6 1841.6 I11e
SGMR 1934,3 1934,9 1118
SGMR 1946 194645 1118
1948 {2400 CULG 2040 2331 1 IEIGHN
HARV 2057 2059 2 UNCLF
HARV 2110 2111 1 2110 2117 2 2110 2114 2 11166
CULG 2110 2115 2 1116
BOUL 211043 211461 | 3 2110.3 211401 |3 111G
SGMR 2110.4 211166 111B
SGMR 2113.4 2114 1118
CULG 2141 2245 1 1
BOUL 2210.9 2219 3 2210,9 2219 3 1116
HARV 2218 2 2213 2219 2 2218 1 11166
CULG 2218 2219 1 111GsU
HARV 2232 2233 1 u
BoUL 223243 2232.7 | 2 2232,.3 2232.7 |2 111
CULG 2245 2400 2 1
BOUL 224546 224642 | 2 2245,.6 224602 |2 irl
HARV 2246 2400 2 T+0C
BOUL 2313 0000 1 CONT
07 0000 0031 HARV 0000 0029 1 140C
0000 0802 CuLG 0000 0613 1 1
CULG 0000 0817.5 | 1 1TIN
HARV 0015 0016 1 1116
CULG 0015 0817.5 |1 I1IGN
HARV 0019 0023 1 11166
CULG 0115 0122 1 1116
CULG 0144 0145 1 0139 0148 1 0140 0146 1 11166
CULG 0146 0150 1 11
CuLG 0156 0158 1 111GV
CULG 0224 0303 1 1
CULG 0536 0537 1 111G
CULG 05515 0553 1 1116
0630 11638 WEIS 0634 1446 2 is
WEIS 0656 0700 1 T11GGDP
WEIS 070745 0708 2 111G
WEIS 072002 0725 3 IT1IGGsDP
CULG 0723.5 0724 1 0720 0725 1 111GG»V
WEIS 0816 0819 2 I111GG:DP
WEIS 0825.8 082664 | 3 111
WEIS 083345 0841 2 1T1GGsRS
WEIS 0953 0954 2 1116
1100 }2315 SGMR 1152 1154 1116
SGMR 1217.2 12177 1118
1330 |2400 HARV 1336 1440 1 I
HARV 1349 1350 1 1349 1350 1 111GG
WEIS 134942 1349,8 | 1 1116
SGMR 134%,.2 1350 1118
SGMR 1433,.2 1433.8 1118
WEIS 143343 1434 1 1116
1318 0058 BOUL 1433.4 1433,7 {1 143304 1433.7 |1 111
HARV 1440 1620 1 IN
HARV 1604 1608 1 1
HARV 1652 1653 1 1651 1656 2 1654 2 111GG
BOUL 1653.5 1654.1 | 2 1653,5 165441 |2 111
SGMR 165347 165445 1118
HARV 1700 1701 1 1659 1703 2 1116
HARV 1724 1819 1 IN
BOUL 1732,.3 1733.2 |1 111G
1948 |2400 CULG 203245 2346 1 ITIN
HARV 2249 2250 2 2249 2250 2 1116
CULG 2249 2250 2 1116
80UL 22493 2249,6 | 2 2249,3 2249.6 |2 111
BoUL 234561 23453 | 1 It
08 0000 0032 HARV
0000 |0816 CULG 0008 0815 1 TIINsW
0628 [1600 WEIS 0633 1530 1 IN
CULG 0655 0803 1 1w
WEIS 0658 0704,3 | 3 111GG
CuLG 0659 0700 1 0653 0706 1 ITIGG
1100 |2315 SGMR 1309.7 1310.8 1118
WEIS 1309.8 131044 | 3 TTIGsRS
WEIS 133369 1335,3 | 2 1T1GG
SGMR 1334 1336 1116
SGMR 1420 1700 1v
1330 2400 HARV 1427 1600 2 I
HARV 1434 1506 1 1
1342 0102 BOUL 1434 £} 1800 2 1434 E 11800 D2 CONT
HARV 1557 1558 2 1557 1558 1 1116
HARV 1600 1700 1 1
HARV 1642 2021 1 ITIN
BOUL 164604 1648 3 164604 1648 3 111G
SGMR 164607 164843 1118
HARV 1647 1648 2 1647 1648 2 111GV
HARV 1700 1939 1 1726 1740 1 IN
1948 [2400 CULG 202145 1 111BsW
CULG 2152 2345 1 1
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SOLAR RADIO EMISSION
SPECTRAL OBSERVATIONS

MARCH 1970
TIMES OF EVENTS
.';‘}% OBSERVATION DECIMETRIC BAND HETRIC BAND DEKAMETRIC BAND
STATION SPECTRAL TYPE
START UT] 4D 0T staRT uT | ewour | Nt startut | ewour | wrl START uT | Ewour | iaT
08 HARV 2204 2 2204 1 111G
CULG 2204 2205 1 2201 2400 1 ITIN
CULG 2210 2300 1 111GG
HARV 2215 2216 2 111G
HARV 2223 2258 2 1
BouL 2235 2305 Dj1 CONT
CLRO 2242 2259 1 CONT
HARV 2253 2258 2 T11IGG
BouL 2254.1 2256.9 | 2 2254,1 225649 |2 1116
2052 {0000 CLRO 225403 2255 2 225443 2255 2 111G
HARV 2302 2 1116
09 0000 {0033 HARV
0000 (0802 CULG 0007.5 0718 1 IIIN
CULG 0129 0130 1 0129 0130 1 111G
CULG 0339 0341 1 0340 0341 1 034045 0341 1 111G
CuLG 0448 0502 1 0449,5 0550 1 111GG
cuLG 052645 0527 1 052645 0527 1 052645 0527 1 1116
0655 |[1640 WEIS 065948 0702 1 111G
1630 {0000 CLRO
1318 [0105 BOUL 174807 1749.1 | 2 174847 174901 |2 111
1100 }2315 SGMR 1748,8 17494 1118
8OUL 1754.6 1755,5 | 2 1754,6 1755.5 |2 111!
1330 {2400 HARV 1755 1756 1 1754 1756 1 1755 2 111G
SGMR 1755 1756 1118
HARV 1842 1845 2 1842 1845 2 11166
SGMR 18424 184501 1116
BOUL 1842.5 1845 2 1842,5 1845 2 111G
1948 |2400 CULG 2313 2313.,5 | 1 I1IGW
10 0000 [0034 HARV
0000 |0815 CULG 022265 0810.5 | 1 ITIGsN
0625 |[1644 WETS 0810,2 0810,6 |1 1118
WEIS 0820.8 0821.5 | 1 1116
WELS 0837 0842 2 I11GG
WEIS 0912 0912,7 |1 111GsDP
WEIS 0918.2 0938 2 I'11GG
WELS 1002 1004,5 | 1 I1IG
WEIS 1101.6 1114,5 | 1 111GG
13306 |2400 HARV 1340 1 1338 1340 1 11IGG
HARV 1346 1347 2 111GG
WEIS 134642 1347.3 | 1 1116
1100 [2315 SGMR 134646 134766 188 ;:]
HARV 1407 1408 1 1116
HARV 1411 1412 1 u
0625 |1644 WELS 1411.3 1411.,5 |1 UNCLF
HARV 1440 1441 1 U
HARV 1455 1456 2 111G
SGMR 1455,8 14564 1118
HARY 1459 1500 2 111G
HARV 1516 1931 1 1652 1921 1 ITIN
SGMR 1516 151648 1118
1318 |0100 BOUL 16516 1651.9 | 2 165106 1651.9 |2 ITI
SGMR 1651,6 165202 1118
1605 |0000 CLRO 1651.8 165242 | 2 1651,.8 1652.2 |2 11t
SGMR 170443 1705 111B
BoUL 1704 e4 1708 2 170404 1708 2 111G
HARV 1707 1708 2 1707 1708 2 1116
SGMR 170764 1708 1118
BOUL 1740 1835 1 CONT
HARV 1742 1748 1 1742 1800 2 1744 1758 2 111GG
SGMR 1743,2 1744 1118
80OUL 1746,8 174841 |2 Iz
SGMR 1747 1749 111G
CLRO 17475 1749 2 1747,5 1749 2 18 81
CLRO 1751 1759 1 1751 1759 1 111G
SGMR 17512 1752 1318
SGMR 17572 1758 111B
BOUL. 1757.3 175805 |2 111G
HARV 1815 1820 1 111G
HARV 1829 1832 1 111GG
SGMR 1830,8 18315 1118
SGMR 1920 192045 1118
HARV 1933 1935 1 1934 1935 1 1934 1935 1 ITiG
SGMR 1933.5 1934 1118
BOUL 193349 1934,9 [ 1 1933,.,9 1934.9 |1 111
HARV 1945 1949 1 11166
1951 12400 CULG 2048 2351.5 | 1 ITIGsN
HARY 2049 2051 1 111G
HARV 2119 2121 1 11166
HARV 2146 2147 1 1116
cuLG 215345 221145 | 2 11166
HARV 2154 2211 2 2153 2211 2 2158 2211 2 111G6G
CLRO 2154 2212 2 2154 2212 2 CONT
BOUL 2154 2211 2 2154 2211 2 CONT
HARV 2308 2309 1 1116
CULG 2353 1 I1IBsW
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"Type I Noise Active Regions and Energetic Electrons from 1 to 10 March 1970"

by

Kunitomo Sakurai¥*

Radio Astronomy Branch
Laboratory for Extraterrestrial Physics
NASA/Goddard Space Flight Center

Greenbelt, Maryland 20771

ABSTRACT

Type I noise activity and its relation to energetic electrons from 1 to 10 March, 1970
are discussed by using the observational data on type I noise storms, flare occurrence and
solar cosmic rays. During the period mentioned above, there were two typical type I active
regions which were located above the active regions McMath Nos., 10607 and 10618 (oxr 10614),
respectively. The interplanetary space, especially the near~by space of the sun, was im~
mersed by solar cosmic ray protons which were seemingly generated by four proton flares
which successively occurred on 6 and 7 March.

It seems that two typical coronal magnetic streamers extended upward from the two type I
noise active regions mentioned above. It is estimated that enormous numbers of energetic elec-
trons were trapped along such streamers and were closely connected to the origin of highly
polarized visible continuum observed at the total eclipse on 7 March. Discussion is given on
a possibility of the generation of relativistic electrons within coronal streamers.

Introduction

From 1 to 10 March, 1970 there were two type I noise active regions associated with the active
regions McMath Nos. 10607 and 10618 (or 10614), This type I noise activity suggests that enormous
numbers of energetic electrons of kinetic energy 10 - 10% kev are generated within such type I noise
active regions [e.g., Takakura, 1963; Kundu, 1965; Sakurai, 1970]. These energetic electrons are
thought of as being responsible for the emission of type I noise storms. 1In the period from 1 to
10 March, 1970 it seemed that many energetic electrons therefore, existed within the active regions
McMath Nos., 10607 and 10618 (or 10614).

On 6 and 7 March, 1970 solar proton flares occurred three or four times over the visible hemi-
sphere of the sun since the increase of solar cosmic ray flux (5 - 100 Mev) was observed by the
ATS-1 satellite and the riometer (30 MHz) at Thule from 6 to 10 March [Solar-Geophysical Data, April,
1970].

The total eclipse of the sun on 7 March really occurred under such a situation as mentioned
above, The data on polarization observation at visible continuum [Saito, 1970] show that, in gen-
eral, highly polarized continuum is emitted from somewhere along the two streamers or more extend-
ing into the outer corona as shown in Fig. 1 and these streamers seem to be associated with the
type I noise active regions mentioned above. This polarized continuum may be interpreted as being
emitted by relativistic electrons. If this is the case, high energy electrons of wide energy range
from 10 kev to 10 Bev would be required to be ambient in the outer solar corona, especially along
the coronal streamers extending from somewhere above type I noise active regions.

In this paper, we will first consider some characteristics of type I noise activity associated
with the active regions McMath Nos, 10607, 10614 and 10618. Consideration will then be given on
the high energy particles in the solar outer corona and possibility of generation of relativistic
electrons and their contribution to visible polarized continuum,

Characteristics of Type I and Other Activities Associated with the Active Regions McMath Nos. 10607
and 10618

Around 7 March, there were five large active regions as seen on the solar disk. The active
regions McMath Nos. 10607 and 10618 and/or 10614 were associated with type I noise activity. The
former and the latter were located in the northern and the southern hemisphere, respectively, as
shown in Fig. 1. The result from the Nangay interferometric observation at 169 and 408 MHz is
shown in Fig. 2. It is clear from this figure that, at the frequency 169 MHz, the type I noise
activity of the region McMath No. 10607 is much higher than that of the region McMath No. 10618,

The radio data at 200 MHz (Hiraiso, Japan) and at 245 MHz (AFCRL, Sagamore Hill, U.S.A.) show
that the daily mean flux at metric frequency range decreased from 1 to 10 March, This result is
shown in Fig. 3 together with the daily occurrence number of solar flares, irrespective of import-
ance, associated with the active region McMath No, 10607, The radio flux at metric frequency tends
to decrease with the decrease of flare occurrence at the region McMath No, 10607, This result

* NASA Associate at University of Maryland
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V.C. POLARIZED VISIBLE CONTINUUM
7 MARCH, 1970

Fig. 1. The location of the active regions McMath Nos. 10607 and 10618 and their
relation to the coronal streamers. The direction of E-vector of visible
continuum at the total eclipse on 7 March, 1970 is shown.

suggests that main contribution on type I radio emission at metric frequency comes from the active
region McMath No. 10607 since most solar flares are followed by type I noise storm emission [e.g.,
Dodson, 1958; Le Sequeren, 1963].

In relation to radio continuum emission at decametric frequency range, we have analyzed the
data obtained by the Clark Lake Observatory, but unfortunately we are not able to say anything about
the position and the frequency range on the radio activity at decametric frequencies from 3 to 7 March
on account of the malfunction of the observing apparatus. However, it is certain that there appeared
radio continuum active regions at decametric frequencies if we refer to the observational data on
1 -2 and 8 -~ 10, March., This radio activity seems to be associated with the two type I noise ac-
tive regions as shown in Fig. 2. According to our preliminary estimation, the positions of those
radio active regions at decametric frequencies are located, high above those at metric frequencies.
The height of the one of these radio active regions is about two solar radii above the active regions
McMath Nos. 10607 and 10614, in association with the activity of these active regions. It must be
remarked that type III radio bursts were often observed.

If we take account of these observational results, we can build a picture on the position and
structure of those type I noise active regions and their relation to the plage and sunspot active
regions. This picture thus derived is shown in Fig. 4, The one type I noise active region is lo-
cated above the region McMath No. 10607, whereas the other is over the regions McMath Nos. 10614
and 10618. The active region McMath No. 10614 also seems to be responsible for the formation of
the latter radio active region because its flare activity is much higher than that for the region
McMath No. 10618.

As is seen in Fig. 5, from 1 to 10, March, many solar flares occurred in association with the
passage of the active regions mentioned above on the solar disk, On the middle of 7th March, the
active regions McMath Nos. 10607, 10614 and 10618 were respectively located around 30°~ 40°W,
around the central meridian and 40° to 50°E in heliographic longitude. The patterns of their mag-
netic configuration were of op, Bp and Bp (or Ba), respectively. In this figure, four plausible
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Fig. 2. Type I noise activity at metric frequencies (169 and 408 MHz)
observed by Nancgay interferometer [Solar-Geophysical Data,
April 1970].

proton flares are shown by open circles. These flares seem to have generated solar cosmic rays as
observed by the earth's sateliite ATS-1 on 6 - 10, March,

As has been discussed earlier [Kai 1970; Sakurai, 1970 ], the coronal magnetic streamers are
usually formed high above the type I noise active regions, If this relation is applied to the case
which we are considering, such streamers are perhaps formed above the two type I noise active
regions over the active regions McMath Nos. 10607 and 10614 - 10618, extending into the outer coromna
and further into the interplanetary space. It seems that enormous numbers of energetic electrons
are guided outward along such streamers from type I noise active regions. Hence, the radic contin-
uum emission at decametric frequencies described above seems to be generated by such electroms.

The observational result on the visible continuum at the time of total eclipse [Saito, 1970]
shows that this emission is highly polarized in the plane perpendicular to the coronal streamers as
mentioned earlier. By drawing a schematical picture on the relation between such polarized visible
continuum sources and the type I noise active regions, we obtain the following view, The former
sources are mainly located above the latter and along the coronal magnetic streamers which are in-
dicated in Fig. 4. This result suggests that the emission mechanism of such polarized visible con-
tinuum is closely connected with that of Type I noise storms at both metric and decametric frequen-
cies.
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Fig. 3, Variation of the daily average flux of metric radio
emission (200 and 245 MHz) and the number of solar
flares from 1 to 10 March, 1970.

‘Solar Cosmic Rays and Energetic Electrons in the Cororal Regions

As has been described above, several proton flares occurred during the period from 1 to
10 March, 1970. They are estimated as tabulated in Table 1 with their characteristics,

Table 1 - Solar Proton Flares on 6 and 7, March 1970

Time UT Position Imp. MeMath No.
March 6 1318 512 E50 2N 10618
March 7 |0143 S11 E09 2B 10614

0721 NO4 W35 1B 10607
0837 S06 E04 1B 10614

As is shown in Fig. 6, the data obtained by the ATS-1 satellite [Solar—Geophysical Data, April 1970]
show that the intensity of solar cosmic rays of Mev-energy began to increase around 1400 UT on 6
March and the excess intensity was continuously observed until the early morning on 10 March.

Around 1040 UT on 7 March, the start of riometer absorption increase at 30 MHz was observed at
Thule. Due to the lack of observational data by ATS-1 satellite, we can not examine the time var-
iation of solar proton flux on 7 March in detail, but it seems that the sharp decrease of the flux
of energy 5 - 21 Mev started after the onset of the SSC geomagnetic storm which occurred at 1417 UT
on 8 March, The proton flux near the earth was about 6,8x10" particles em~2sec? on that day before
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MARCH 7, 1970

S

Fig. 4. The location of two type I noise active sources and their relation
to the active regions McMath Nos. 10607, 10614 and 10618,

the onset of this geomagnetic storm. This suggests that in association with its passage, the storm
plasma cloud responsible for the geomagnetic storm just mentioned took a sweeping action for solar
proton particles of Mev-energy ambient in the solar neighborhood and interplanetary space according
to the mechanism as discussed by Obayashi [1962; 1964].

On account of successive occurrence of solar proton flares, solar protons and other particles,
including electrons, were generated from the sun on 6 and 7 March and so some of them might be
trapped near the sun by the magnetic field lines extending from the active regions and their neighbor-
hood in the outer solar corona and interplanetary space, Furthermore, there might exist disturbed
magnetic regions within 10 solar radii which played an important role on scattering and trapping of
solar protons and other particles [e.g., Lust and Simpson, 1957; Sakurai and Maeda, 1961; Reid,
1964]. When the total eclipse occurred at 1743 UT on 7 March, the space near the sun seemed to be
immersed by solar cosmic ray particles.

As is shown in Fig. 4, there were two type I noise active regions on 7 March. This means that
enormous numbers of energetic electrons of kev energy were ambient in these active regions. It seems
that many energetic electrons were trapped along the coronal magnetic streamers extending from such
active regions into the interplanetary space., Some fraction of those electrons were seemingly
ejected outward either continuously or intermittently under the guidance of the magnetic field lines
along the coronal streamers,

Since type I noise storms are, in general, generated by the energetic electrons of kinetic
energy 10 - 10% kev {e.g., Takakura, 1963; Sakurai, 1970], it is concluded that such energetic elec-
trons were continuously accelerated due to some instability such as flares within or near the type I
noise active regions from 1 to 10 March. The acceleration process of those electrons may be related
to solar flares because they seemed to occur four times (Table 1), There might be a possibility
that some solar flares generated relativistic electrons of Mev and, occassionally, Bev energy.
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Fig. 5. The passage of the active regions McMath Nos. 10607, 10614 and 10618
over the solar disk and their flare activity. Four white circles
indicate possible solar proton flares (see Table 1).

A Possibility of Generation of Relativistic Electrons in the Coronal Streamers

It has been estimated in the last section that many energetic electrons and, perhaps, protons
were trapped along the magnetic field lines within the coronal streamers, Since electrically neu-
tral layers are possibly formed within the coronal streamers some instabilities would probably occur
along such layers [e.g., Farth, Killeen and Rosenbluth, 1963; Sturrock, 1966]. Triggering process
for such instabilities seems to be mainly associated with the onset of solar flares which occur
within the sunspot active regions located beneath the base of coronal streamers,

Energetic particles in such neutral layers would be accelerated to higher energy with the growth
of instability related to neutral layers, It is estimated that energy range of energetic electrons
responsible for type I noise bursts is 10 - 102 kev le.g., Takakura, 1963]. These energetic elec-
trons seem to be generated almost continuously below and near the type I noise active regions. If
a solar flare occurs, these electrons would, therefore, be accelerated to higher energy as Mev range
or more and then would be ejected into the coronal magnetic streamers.

These high energy electrons may be, furthermore, accelerated in association with some instabil-
ity conmnected with neutral layers within the coronal magnetic streamers. A minor part of those
electrons may be accelerated to 100 Mev or more. The generation of these high energy electrons
would have been much more efficient in case of solar proton flares.

Consequently, such electrons would have been temporarily trapped within the coronal magnetic
streamers over both of the active regions McMath Nos. 10607 and 10614 - 10618.
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Fig. 6. Solar proton flux observed by the ATS~1 satellite from 1 to 10 March, 1970.

The observational data on optically visible continuum show that this continuum was highly polar-
ized perpendicular to the direction of these two coronal streamers, as indicated in Fig. 1 [e.g.,
‘Saito, 1970]. At present, synchrotron radiation mechanism has been used to interpret such polarized
visible continuum [e.g., Kellogg and Ney, 1959; Ney et. al., 1961]. Since relativistic electrons
would be produced along the coronal streamers as discussed before, there may be a possibility that
such continuum is emitted due to the synchrotron radiation by relativistic electroms.

Concluding Remarks

On March 6-7 solar cosmic ray protons of Mev energy were generated by four solar flares inter-
mittently (see Table 1) and were occupying the space near the sun as diffusing gradually outward.
Enormous numbers of energetic electrons were also generated and mainly trapped within the coronal
magnetic streamers, At the base of such streamers, there were type I noise active regions where
electrons of kev kinetic energy were being continuously generated., Thus, we obtain a model as
shown in Fig. 7 as regard to the active region and its comnection to the coronal magnetic streamers.
At the time of total eclipse on 7 March, solar cosmic rays and energetic electrons from kev to Mev
or more were existent near the sun., It seems that such a situation as observed on 7 March is rare-
ly realized in the sun's neighborhood and its cause is closely related to successive occurrence of
solar proton flares before the total eclipse,
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Fig., 7. A model of the coronal streamers and associated active regions over the
visible hemisphere at the time of the total eclipse on 7 March,
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"Solar Radio Emission for March 6-10, 1970"

by

H. Tanaka
Toyokawa Observatory, Nagoya University, Japan

[The compilers have prepared the following paragraph and illustrations from notes provided by H. Tanaka.]
The following figures illustrate the solar radio emission as observed at Toyokawa during the peri-

od March 6-10, 1970. 1In all cases, noise outside the observable special frequencies is rejected.

Figure 1 shows radiocheliograms on 3,2 cm for March 7-10, respectively (March 6 was not available).

To these the following comments apply:

(1) Half-power beam width after smoothing (negative side lobes < -20 dB)
East-West - 2.25', and North-South - 2.9' (om March 10).

(2) Unit of apparent brightness temperature is 22,000°K.
(3) The number of samples is 4095 for 40x40 cos Z square arc minutes, where Z is zenith distance.

(4) Observed at 0305 - 0326 UT (March 7 - 10).

(5) Reference: H. Tanaka et
Univ., 17 (1970).

1., 3-cm Radioheliograph, Proc., Res. Inst. Atmospherics, Nagoya

Figure 2 shows East-West Scans on 3.2 and 8 cm using the 32-element grating. The observations
were at about 0301 UT daily. TFor these:

(1) Half-power beam width is 1.1', and the number of samples is 256 in 40 min. of arc.

(2) Normalized so that one square division corresponds to 50 and 25 Flux Units for 3.2 and 8 cm,
respectively.

(3) The radius of optical solar disk is 2.048 divisions.

(4) The center of drift curves should be shifted by 0.016 and 0.038 divisions to the Fast for
3.2 and 8 cm, respectively.

Figure 3 shows East-West Scans on 8 cm using the (32+2)-Element Compound. Data for 3.2 cm
are not available. Observations were at about 0301 UT daily.

(1) Half-power beam widths are 0.38' for the unsmoothed upper curves and 0.57' for the smoothed
lower curves (negative side lobes < -20 dB). The number of samples is 256 in 40 min. of
arc.,

(2) Normalized so that cne square division corresponds to 50 Flux Units.

(3) The radius of optical solar disk is 2.048 divisions.

(4) The center of drift curves should be shifted by 0.068 divisions to the East.

(5) Reference: H. Tanaka et al., A High-Resolution Quick-Scan Interferometer for Solar Studies
at 3.75 GCHz.
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Fig. | Radioheliograms on 3.2 cm, Toyokawa, March 7-10, 1970.
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Fig. 2 East-West Scans of 3.2 and 8.cm, 32 element Fig. 3 East-West Scans on 8cm, (32 +2) element
gratings, March 6-10, 1970, compound, March 6-10, 1970.
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"The Microwave Spectroheliograms of March 6 - 10, 1970"

by

J. S§. Deuter and R. N. Bracewell
Radio Astronomy Institute
Stanford University
Stanford, California

Special spectroheliograms were prepared for March 6-10, 1970, the days around the eclipse of
March 7, 1970, from observations made at a wavelength of 9.1 cm with the microwave spectrohelio-
graph at Stanford University [Bracewell, 1961; Descriptive Text, Solar-Geophysical Data].

The outermost contour corresponds to 20,000 K and the contour interval is 20,000 K. The con-
tours, which are intended as a visual aid to interpretation of the numerical values, were prepared
in the same way as the 50,000 and 100,000 X contours that are published in Solar-Geophysical Data,
i.e., the contours refer to a smoothed map in which each reading is replaced by the mean of the
nine values centered on it.

Each reading occupies three spaces, and refers to a point on the sun centrally between the
units and tens digits. The horizontal spacing of adjacent readings was 1.64 and the vertical
spacing was 1.82 minutes of arc. The brightness temperature unit is 5000 K.

The response of the instrument to a point source has four spikes resembling those seen on
some photographs of bright stars, and this effect is a noticeable accompaniment of the brightest
region. The position of these effects is geographic north-south and east-west, and so rotated
23 degrees anticlockwise from the axes of the page, since the sun's rotation axis is shown vertical.

The observations were supported by the Environmental Science Services Administration under con-
tract E22-26-67(N) and the preparation of the special spectrcheliograms by the Air Force Office of
Scientific Research under contract F44620-70-C-0076.
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"Solar Emission at 8.3 mm on March 6 ~ 12, 1970"

by

G. Feix
Department of Physics and Astronomy
Ruhr-University Bochum, G.F.R.

Flux density measurements of local active regionms with absolute accuracies of 2% of the quiet
sun level or 0.8 x 10-2%ym-2?Hz-! respectively are made on a daily basis at Stockert Radio Observa-
tory, Germany.

The general solar situation as observed at mm-wavelengths in the interval March 6 - 12 appears
to have produced only minor events, The flux densities of the associated plages were of the order
of 2 to 4 x 10-%%Wm~2Hz~!, The greatest change in intensity observed occurred in plage McMath No.
10618 on March 7 with flux rising gradually from about 4 to 9.4 x 10~22Wm-2Hz-! and lasting from
1126 to 1300 UT; the peak mm—flux appeared at 1202 UT. The time of the onset of this "sub"-burst
coincides fairly well with the record of a cm-burst as reported by Solar Radio Data, Slough,

[March 1970]; maxima of 8 x 10~2%Wm~2Hz~! at 1129 UT and 34 x 10-22Wm~2Hz~! at 1126 UT were ob-~
served at 9.4 GHz by the RSRS-Observatory, Slough, England. Fig. 1 shows the scan-profile at mm~
wavelengths (36 GHz) observed at Stockert Radio Observatory at the same time. This burst was ac-
companied by a flare of the importance 1B to 2N with a high velocity dark surge; published in
Solar-Geophysical Data, [April 1970]. Maximal phases have been observed at 1125, 1127 and 1130 UT.

Out of all plages observed, the daily flux of four plages have been plotted in Fig. 2. Also
indicated in this plot is the daily flux at 9,1 cm taken from solar maps of Stanford University,
U.S.A., as issued by the Solar~Geophysical Data, [May 1970]; finally, area- and brightness-Ca data
furnished by McMath-Hulbert Observatory to the bulletin mentioned have been used to derive am in-
tegrated brightness factor for these plages. As can be seen in Fig. 2, the flux sequence of the
mm~-radio emission does not correspond with the sequence of the 9.1 cm emission. This result ap-
pears to be consistent with a model of different layers for the slowly varying component depending
upon the wavelength. On the other hand the trace of the normalized Ca-brightness is nearly in ac~
cordance with mm-intensities and almost constant for the whole period observed. However, for the
purpose of comparison a larger period should be taken into account; recently, more statistical
material has been applied to this problem over a period of five to six months [Feix, 1969].

Conclusion

Summarizing, we can judge, on the basis of the data obtained, that this observation period was
of a very low activity at mm-wavelengths.

Acknowledgement

The mm -data were kindly supplied by E. Furst, MPI for Radioastronomy, Bonn Germany.
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"Characteristics of Noise Storms and the S~Component of Solar Radio Emission in March, 1970"

by

A. Bohme and A. Krﬂger
German Academy of Sciences
Central Institute for Solar-Terrestrial Physics
(Heinrich-Hertz~Institute)
Berlin-Adlershof, GDR

The first decade of March, 1970 was characterized by enhanced components of the slowly varying
centrimetric radiation and noise storm emission. Table 1 shows the observed daily means of solar
flux density at different frequencies measured at the Heinrich-Hertz-Institute. As is well known,
in the centimetric region these data refer to the action of the S-component and in the metric region
to the noise storm emission, respectively.

Dynamic spectra of these components deduced from single frequency observations are represented
in Figures 1 and 2. For comparison, for each day the existing spot groups are introduced into Figure
1 taken from the Maps of the Sun of the Fraunhofer Institute, Freiburg. In this way, representative
global information about three distinct levels of the solar atmosphere are available. As indicated
by Figure 1, during the period under consideration, especially, two centres of activity were dominat-
ing, one in the northern solar hemisphere, the other in the southern. But it must be supposed, con-
sidering both, that the S-component and the noise storm radiation came from the northern group which
was associated with McMath Plage No. 10607. This region was very active also some days before the
time interval here under consideration.

Table 1

Daily means of solar flux density
during the period 1970, March 1 - 20 from HHI observations

Date s—component
1970 (+ basic component) Noise storm
Mar. 9500 2000 1490 510 234 111 64 40 23 Remarks
MHz MH=z
1 336 - 121 40 140 186 702 <125 <100
2 329 - 122 35 28 59 =313 <126 <100 9500 MHz values
3 330 - 122 35 18 25 <25 <50 <100 according to
4 327 - 130 48 56 125 <64 =116 <100 latest absolute
5 329 - 128 35 14 43 <56 =203 <100 calibration
6 331 - 126 35 13 29 <64 =263 <100 2290 MHz
7 324 - 129 35 20 31 =54 =253 <100 equipment
8 315 - 132 39 13 30 <50 =216 <100 under recon-
9 320 131: 131 35 9 <8 <25 <50 <100 struction
10 316 129: 132 35 9 <8 <25 <50 <100
11 311 - 126 35 10 <8 <25 <50 <100 2000 MHz level
12 314 - 128 35 9 <8 <25 <50 <100 according to
13 306 - 120 35 8 <8 <25 <50 <100 Nagoya absolute
14 302 123 113 35 8 <8 <25 <50 <100 calibration
15 299 122 112 35 8 <8 <25 <50 <100
16 298 121 113 35 9 <8 <25 <50 <100
17 299 117 105 35 10 <8 <25 <50 <100
18 299 117 104 35 11 <8 <25 <50 <100
19 296 118 103 32 9 <8 <25 <50 <100
20 302 124 109 32 9 <8 <25 <50 <100

As a remarkable feature, the radiation of the S-component exhibited relatively high fluxes in
the 3 cm-range during the first six days of March, 1970. This fact reflects processes of a storage
of energy in deeper levels of the solar atmosphere (i.e. near the transition region chromosphere-—
corona which is believed to be responsible for the production of energetic flare-burst events
[Kriger, 1969, 1971]). However, these processes are more or less loosely connected with the forma-
tion of noise storms demonstrated by Figure 2. This storm must be regarded as indicative of a
separated heating process taking place in coronal heights of, say, about 0.2 - 1.0 solar radii
above the photosphere., Sometimes, such centres of storm radiation have been supposed to be stores
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Fig. 1. Plot of dynamical spectra of the S-component in comparison with spot groups in March 1970.

for protons of low energy escaping and coming to the earth, producing auroral phenomena, geomagnetic
storms, etc. [Fan, et al., 1968; Denisse, 1952; Pick, 1970].

Figure 2 demonstrated very nicely indeed the close connection between the spectrum of the noise
storm emission and the arrival of low-energy protons near the earth. The latter data have been de-
duced from IMPG (EXP 41) measurements as published in the ESSA Solar- ~Geophysical Data [1970]. About
two days after the maximum of the storm radiation on March 6 on 40 MHz the peak of the proton emis~
sion arrived at the vicinity of the earth. A comparison with Table 2 compiling the major type IV
bursts in March, 1970 shows, that no type IV event was detected which could be connected with the
onset of the particle event. Thus, no explosive solar process may be responsible for the expella-
tion of the particle emission in the range <10 Mev at least for the first phase of the event.
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Table 2

List of type IV bursts during 1970, March 1 - 15

Burst Flare
Date Start Dur, 3 cm~flux Freq. Range Start Position Imp. Plage Reg.
Mar. UT min. s.u. Mz Ut
0L 05 00 80 550 100-17000 05 00 NO6 E52 -B 10607
01 09 15 75 1250 23-19000 09 36 NO5_E48 1B 10607
01 |1105 | 130 930 23-19000 {ﬁ o N o 1000t
01 13 00 60 190 23-19000 (13 58 N23 W57 -N 10592)
02 13 03 300 61 23-15400 13 17 NQ6 E32 -B 10607
07 01 39 135 60 100~ 9400 01 38 S12 E10 2B 10614

It should be noted (Figure 3), that the spectrum of the noise storm shifted from shorter to-
wards longer wavelengths so that accordingly a displacement of the source region into greater coronal
heights can be assumed.

Summarizing the observational results of the March 1970 event it can be stated, that

~ there is an evidence of a strong association between the complex of the noise storm
emission and the occurrence of the particle event, and

- there appears a confirmation of the suggestion of a general dependency of the average
energy of solar particle emission on the level of its origin inside the solar atmos-
phere in such a sense that the harder the emission, the deeper the level of origin.
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"Radioheliograph Observations of Harmonic Type III Bursts"

by

D. J. McLean
Division of Radiophysics, C.S.I.R.O.
Sydney, N.S.W.

[Permission has been received to reprint this article from the Australian Journal of Physics, 24 (2),
1971.]

® ABSTRACT

Observations have been made with the Culgoora radioheliograph and spectrograph
of type III bursts which show clear fundamental and harmonic components. The signif-
icance of these observations is discussed.

Introduction

Smerd, Wild, and Sheridan [1962] have shown that observations of the relative positions of fun-
damental and harmonic components of type III bursts are important for an understanding of the process
of emission of these bursts. In 2% years of observations with a two-element interferometer they re-
corded only eight clearly identified harmonic bursts (of which three occurred on one day). It is
highly fortunate therefore that on 1970 March 7, in one day's observation with the Culgoora radio-
heliograph, we observed sixteen clearly recognizable harmonic type III bursts and recorded 80 MHz
images of both fundamental and harmonic components. In this paper we shall describe the observa-
tional records of these bursts.

Observations

Four distinct groups of type III bursts are included in the observations. Other type IIL groups
also occurred on the same day but either contained no recognizable harmonic bursts, or took place
outside the heliograph observing period.

A type I storm was in progress from March 6, 1970, 2141 UT (before the start of heliograph
obseryations) to about 0100 UT on March 7. Figure 1(a) shows the source of this storm as it appeared
at 80 MHz just prior to the first group of harmonic type III bursts. From the position and starting
time of the type I storm, we can safely relate it to an importance 3 bright spray observed at N15°
on the west limb at 1838 UT and associated with a centre of activity some 10° behind the west limb.

The first group of harmonic type III bursts started at 0026:20 UT. No chromospheric flare was
observed near this time; it is likely that the ejections responsible for these bursts came from the
centre of activity behind the west limb which was responsible for the type I storm. This deduction
is based on the close proximity of the two sources at 80 MHz and on the high loop actiyity of this
centre observed optically during the previous few hours. It is also consistent with Kai's [1970]
observation that type I and type IIT bursts from the same centre of activity occupied different po-
sitions.

The dynamic radio spectrum of the type IIL group appears in Figure 2(a). Eight clear harmonic
type IIT bursts are marked on this spectrum with the letters b, -~- i. From their remarkable simi-
larity these eyents may be considered homologous. The bursts of the subsequent groups (Figures
2(b), 2(c), 2(d)) are quite different in appearance from the first group, although some of them also
form homologous sequences.

Figure 1 shows contour plots taken from the 80 MHz radioheliograms for the type I storm, event a,
and for the type III events, b, ——— i. In each case the fundamental source is shown by full contour
lines and the harmonic source is shown dotted. The events are identified by the same letters in
Figures 1 and 2(a). For events shown in Figures 1(b), 1(f), and 1(i) the type I storm was comparable
in brightness with the type III burst, and so is clearly visible in the contour plots. In our dis-
cussion we shall ignore the contribution from the type I source. The other five type III bursts in
Figure 1 were more intense and the type I source does not appear. Figures 2(b), 2(c), and 2(d) show
the spectra of the three other groups to be considered here. The heliograph data for the eight har-
monic type III bursts labelled j, --~ q are plotted in Figure 3 and identified by the same letters.

Both the third (m,n) and fourth (o,p,q) groups of harmonic type III's can be associated with a
subflare at N11° W33°, which started at 0115 UT. If, therefore, our assumption about the origin of
the first group is correct, these later bursts originated in a different centre of activity. No
flare was observed at the time of the second group but the 80 MHz positions suggest the same origin
as for the third and fourth groups.
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Fig. 1. Contour plots, from radicheliograms of a type I

storm (a) and harmonic type III bursts (b, --—- i).

The heavy contours are at half-power and the light
contours at quarter-power. For each of the harmonic
type IIT bursts, the first time corresponds to the
fundamental component of the burst (full-line contours)
and the second time to the harmonic component (dotted).
All the type III bursts on this figure occurred in a
single group; the spectrum is shown in Figure 2(a).

The positions marked by a + are the average positions
of the centroids of the three sources. They are the
same for all nine parts of the diagram. In (a), F
indicates the presumed position of the related flare.

The degree of polarization of all these bursts is interesting. The type I storm centre showed
about 70% right-handed circular polarization. The fundamental components of the first group of har-
monic type III bursts were also polarized in right-handed sense, about 50% if we assume that there
was no linear polarization, but the harmonic components showed no circular polarization,

None of the type III bursts in any of the other groups showed such strong circular polarization.
However, with the possible exception of one burst, the fundamental components do appear to show a
systematic 107 of right-handed circular polarization while the harmonic components are unpolarized.
The exceptional case at 0033:50 UT (event j) does not appear to have been polarized at all, There
is no sign of bi-polar structure in either the type I source or the various type III bursts. All
the contour plots in Figures 1 and 3 were made from observations in the right-handed circular sense
of polarization.

Discussion
The data presented here are of particular interest for a number of reasons,

(a) Homology. As mentioned earlier, the type ITI bursts of Figure 2(a) are strikingly alike,
and different from those in the other groups discussed here and also from other groups on the same
day. It is also evident from Figure 1 that the positions, sizes, and shapes of each harmonic pair
in the first group are remarkably similar. However, the second and third groups of type III's
(Figures 2(b), 2(c)) are also reasonable examples of homologous spectra, yet here the heliograph
observations, although similar for bursts £, k, and 1 are not so for bursts m and n.
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radio emission at each point is represented by the brightness of the spectrum at that
point., Narrow horizontal bright lines are due to man-made interference. The times
corresponding to the 80 MHz radioheliograms in Figures 1 and 3 are indicated by the
letters a, --- q.

(b) Limb Events. Wild, Sheridan, and Neylan [1959] found that harmonic type III bursts are
more commonly observed near the limb than near the centre of the disk. Their observations and the
heliograph observations presented here, disagree with the simple theory based on refraction in a
smooth corona, which predicts that the fundamental component will only be obseryable from the centre
of the solar disk. A number of authors [Roberts 1959; Wild, Sheridan, and Neylan 1959; Shain and
Higgins 1959] have discussed the effect of scattering on small-scale irregularities to explain this
discrepancy, and Fokker [1965] has performed calculations which confirm this hypothesis for 200 MHz
sources and give plausible sizes for sources. Similar calculations have not yet been performed for
80 MHz fundamental emission nor has any attempt been made to calculate the effect of scattering on
the appearance of harmonic sources.

(¢) Relative Position of Fundamental and Harmonic Bursts. Smerd, Wild, and Sheridan's [1962]
observations of harmonic type III bursts were inconclusive in that they did not fit either of the
proposed interpretations. It was predicted that the position of the harmonic component of a burst
near the limb would fall several minutes of arc outside the position of the fundamental, if seen
directly, or several minutes of arc inside the fundamental, if seen after reflection by the corona.
However, as these authors point out, their observations with a two-element interferometer left open
the possibility that the harmonic components of type III bursts were observed at the Earth both
directly (due to forward emission) and after reflection on the corona (due to backward emission)

with comparable intensities. Figures 1 and 3 show that all the sources on March 7, 1970. were simple
(except for the peculiar feature near the centre of the Sun in Figure 3(k)). This does not mean that

the sources were not double; in that case, however, the brightness of the second component must have
been less than about 10% of that of the main component. (Labrum [1971] has observed one case where
the source is indeed double, and he is able to draw some interesting conclusions from this observa-
tion.)
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the fourth (Fig. 2(d)). In (m) F indicates the ob-
served position of the related flare.

Although we cannot yet explain why the position of the harmonic was so close to that of the
fundamental, it would seem that in the present sample the harmonic components were seen after re—
flection by the corona, not directly. However, Morimoto [1964] has suggested that type III sources
appear to come from above the plasma level deduced from optical data, because of the effects of
coronal irregularities near the plasma level. Presumably the second harmonic emission coming from
much higher in the corona, would not be affected in the same way. The apparent position of the
fundamental would consequently lie much higher, and closer to the true position of the harmonic
source than for the simple model used by Smerd, Wild, and Sheridan [1962]. This might suggest that
for the present observations the harmonics were seen directly, except that they actually lie inside
the positions of the fundamentals., At the same time Morimoto's [1964] argument makes the discrep-
ancy between these observations and the simple model (assuming that the harmonic radiation is seen
by reflection) still more difficult to explain. We conclude that a careful study, based on a real-
istic model, of the effects of propagation through the corona is needed before we can interpret
these and similar observations successfully.

A further unpredicted feature is the tangential shift to the harmonic source relative to the
fundamental. However, this is not surprising if one takes into account the large departures from
spherical symmetry apparent in optical observations of the solar corona.

(d) Polarization. Type III bursts rarely show such strong polarization as was obseryved in the
first of the groups described above. The contrast with the three later groups suggests that the
extreme solar longitude of the first group may be a significant clue to the cause of this strong
polarization., Once again we are faced with the need to consider in detail the effects of propaga-
tion through the corona from the source to the observer.
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"Solar Radio Emission, Hiraiso, Japan'

by
F. Yama h
Solar Radio Re h Section
Radio Researc h Laboratories
Nakamin shi, 311-12

Ibar k k n, Japan

Copi of original records for several dates at the beginning of March 1970 were sent to WDC-A,
Upper Atm ph re Geo phy . Repr d d below are the bursts on 200 MHz and 500 MHz associated with
the importance 2B flare, h ch began at 0138 UT March 7. The flux unit is 10~22Wm~2Hz-1, and the
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"The Type IV Event om 6 March, 1970"

by

L. Fritzova-Svestkova and J. Olmr
Astronomical Institute of the Czechoslovak Academy of Sciences
Ondrejov, Czechoslovakia

This contribution contains some conclusions deduced from the radio observations made at Ondrejov
during the critical period from 6 to 10 March 1970. Because of bad weather conditions, there were
only short periods of optical observations, for several hours on 7, 8 and 10 March. During this time
two flares with importance 2, and seven flares with importance <l were observed, but none of them had
any connection with radio events registered at Ondrejov. In opposition to the incomplete visual ob~-
servations the radio measurements were made every day continuously from about 0730 to 1530 UT on
three frequencies: 808, 536 and 260 MHz, Table I contains data about all outstanding occurrences
during the mentioned perlod date, beginning, duration, type and intensity (expressed in the units
]_0"22Wm"2Hz—1 for frequencies 536 and 260 MHz and in the relative units of the base level for fre-
quency 808 MHz),

Table I
Date Beg. Dur. Type Peak Flux Freq.

Mar,1970 UuT Min, MHz
8 1429 3.5 Ccb 3 808

6 1205 22 CD 120 536

9 0933 1 SD 95 "
6 1220 60 M(CD) 60 260
1358 21.5 CD 45 "

9 0930 5 ECD 100 "
1319 15.5 ECD >110 "

From all our material only one event seems to be of actual interest. It is the radio outburst
on 6 March registered at our observatory on 260 MHz (Figure 1). The record is characteristic for
type IV, but surprisingly at the same time no increase was recorded on the frequencies 808 and 536
MHz. A slight peak on these frequencies can be suspected, but its existence is very problematic,
the size being close to the treshold sensitivity. The situation can be understood when comparing
registrations on different frequencies obtained at other solar stations. The curve on Figure 2
made from data of maximum flux at single frequencies indicates the U-shaped type IV burst which is
characteristic for proton events [Castelli et al., 1967]. But in contradiction to the similar
known type IV events the intensity of this event is extremely weak and obviously did not exceed
50 units on 536 and 808 MHz, which is the treshold sensitivity of our device on these frequencies.,
In spite of it, this flare was the most probable source of energetic particles recorded near the
Earth on 6 March at 1410 UT,

Thus, this event leads to an interesting conclusion: It confirms the fact discovered by
Castelli et al. that a U-shaped type IV burst is usually associated with proton ejections on the
Sun, but it contradicts to the other conclusion made by the same authors that at the same time
the flux must be very high. The discussed event is one order weaker than the ones mentioned by
Castelli et al. and in spite of this the flare was a particle source., Another interesting obser~
vation concerns the time delay from centimeter to meter wavelengths. The curves on Figure 3 show
the delay of the type IV on meter waves which was extraordinarily great in comparison with similar
other cases. This seems to confirm the conclusion made by Svestka [1970] that the weaker is the
observed event, the greater delay of type IV on meter wavelengths can be expected.
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"Microwave Burst of 6 March 1970 Proton Flare"

by

V. L. Badillo
Manila Observatory
P. 0. Box 1231, Manila
Philippines

Events occurring on the invisible side of the sun can have geophysical effects. The PCA of
March 6 and the sudden commencements of March 7 and 8, 1970 may be attributed to a proton flare oc-
curring in McMath region 10595 behind the west limb on March 6, 1970 at about 0930 UT. (The time
delays for these geophysical effects are about 6, 35 and 53 hours respectively.) The solar micro-
wave burst recorded at this time shows peculiar characteristics which may provide information about
the proton flare.

The time evolution and the spectrum of the radio burst are shown in Figures 1 and 2, respective-
ly, while in Table 1 are listed comparative data for three similar proton flares. The duration of
the March 6, 1970 burst is very short compared with the other two radio bursts also originating from
behind the west limb., An explanation for the brevity of the duration will be proposed below. The
bursts in the 4995 and 2695 MHz bands correlate well with each other, but not with the burst in the
1415 MHz band. The peak at 1415 MHz comes 0.1 minute after the peaks in the higher frequencies. Al-
so noteworthy is the narrow bandwidth of the burst compared with bursts associated with proton flares.

Table 1
Burst Data for Proton Events Behind the West Limb
Date Maximum Duration | Behind ssc References
(UT) (Min.) Limb Delay
(Hrs.)
4 Nov 1968 0520 20 5° ? Castelli, et al. (1970)
Lafferty, et al. (1970)
B0 Mar 1969 0249 105 15° 19 Badillo & Salcedo (1969)
6 Mar 1970 0934 4 10° 35,53 | This paper.
| ! l I | l I
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Fig. 1. Burst observed on 6 March, 1970 at Manila Observatory.
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Fig. 2. Spectra of radio bursts from behind-the-limb proton flares.

Nothing measurable was recorded at 606 MHz and lower frequencies for the burst of March 6. The
spectra of the three events are similar in the decrease of flux density with decreasing frequency.
These spectra differ from the U-shaped spectrum characteristic of proton-producing flares [Castelli
et al., 1967]. However the U-shaped spectrum arises from flares on the disk. The spectral index of
the March 6, 1970 burst is -6, while that of the other two is -1.5. The absorption at lower frequen-
cies of the March 6 burst is stronger than for the other two bursts. But what makes the March 6
burst different from the other two is the absence of radiation at 8800 MHz. TIn all the radio bursts
coming from this region before March 6, radiation at 8800 MHz was never absent. In fact, Sagamore
Hill recorded a Great Burst from this region on March first.

Since radiation in the 8800 MHz band is always intense in radio bursts associated with proton
flares, some suppression of this radiation must have occurred on March 6, 1970. A mechanism to be
considered is occultation by the solar limb of the lower chromosphere, the source of radiation at
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the higher frequencies. This mechanism does not seem to have affected the bursts on November 4, 1968
and March 30, 1969. But this mechanism would be enhanced if the electrons and protons were acceler-
ated during the flare not just radially outward but in a decidedly westward direction, that is, in
the direction away from the earth. This would explain the suppression of the radiation at the higher
frequencies, the brevity of the burst duration and the longer time delay of the sudden commencements.
Protons initially accelerated away from the earth could still reach the earth because of the "water
hose" effect, but would have longer paths to travel. A longer travel time would allow a more pro-
nounced bunching of protons with different initial velocities. '

We are grateful to the following: H. Tanaka for Toyokawa data, T. Takakura for Tokyo data,
J. Salcedo for careful measurements at Manila and J. Hennessey for encouragement and use of facilities.
This research is funded by Air Force Cambridge Research Laboratories.
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"High-Resolution Observations of a Microwave Burst on March 7, 1970"

by

Shinzo énomé
The Research Institute of Atmospherics
Nagoya University

Observations

A microwave burst, which took place on March 7, 1970 at 0141 UT near the center of the solar
disk [Tanaka, 1970], was one of the most rare events in the sense that there was no S~component
before the burst at 3 cm and 8 cm. According to optical observations made at Mitaka and Okayama
[Hiei, 1970], the associated flare had the form of a so~called "two ribbon" flare, which appeared
just after the sudden disappearance of the overlying dark filament. These facts show that this is
a typical "disparition brusque" [Hyder, 1967a, 1967b], but it occurred, uniike the usual case, un-
accompanied by a pre-existing coronal condensation.

The single frequency observations (Figures la, 1b) show two distinct non-thermal features super-
posed on a thermal spectrum. The non~thermal spectra at 0145 UT and 0158 UT are plotted in Figure 2,
which shows that the peak in the spectrum falls around 2000 MHz at 0145 UT and lower than 1000 MHz at
0158 UT. This, if we take an optically thin model of solar microwave radiation, means sub-rela-
tivistic electrons gyrating in a magnetic field of 250 Qersted at 0145 UT and 120 Oersted or less
at 0158 UT at the source of the non-thermal compoments. This suggests that the latter activity
occurred higher in the solar atmosphere than the former. The quick-scan record at 8 cm [Tanaka
et al., 1969; Tanaka and Enome, 1970] shows no appreciable motion of the source of the burst even
during its non-thermal activity. From this we can say that the source of the radio burst did not
coincide with the position of the "two bright ribbons", since their separation increased with time
[Hyder, 1967a; Hiei, 1970], and further that the position of the non-thermal components cannot be
distinguished from that of the thermal, though we have not analyzed yet the absolute position of
the source of the burst.

Another character of the non-thermal spectra is that there was a reversal of the sense of the
circular polarization with frequency. The reversal frequency was between 2000 MHz and 1000 MHz.

As non~thermal activities ceased around 0200 UT, we can derive from the thermal spectrum at
0210 UT (Figure 3) the emission measure and the electron temperature of the source. N, %V is
10*® cm~® and temperature is about 3 x 10° °K, if the effect of gyro-resonance absorptlon is neg-
lected [Kakinuma and Swarup, 1962]. 1In fact, the thermal source showed the right-handed and left-
handed circular polarizations of a few percent in the western and the eastern part of the source,
respectively, at 9.4 GHz. This suggests that there was a small thermal component which was due to
gyro-resonance absorption and that there was a magnetic field of 1100 Oersted at this thermal com-
ponent. Comparing with the field-strength at the source of the non-thermal components, it may be
that the thermal source was located lower than the non-~thermal.

The observed size of the source was 1.4 min. of arc, while the theoretical beam width at the
time of observation was 1.3 min. of arc at 9.4 GHz, which reveals that the size of the source was
smaller than 1 min. of arc. Thus, the volume of the source may be 10%® cm® and N, may be 10° cm—®.

Discussion

Phenomena associated with disparitions brusque have been studied and compactly summarized in
papers by Hyder [1967a, 1967b]. The importance of infalling materials has been stressed in his
study. An interaction between infalling gas and a coronal condensation, however, must also be
taken into consideration. In this context, the March 7 event, although it was not so large in scale,
has a significant meaning, since it was not associated with a coronal condensation.

The thermal energy of this event was 3 x 1028 ergs for the electron density of 10*? cm~®. The
estimation of the non-thermal energy depends much on the model, but it is much smaller than the
thermal energy if there was no ejection of a plasma cloud. The gravitational energy of the dark
filament has been calculated by Hyder [1967a]. It well covers the thermal energy loss calculated
above.

As for the sense reversal of circular polarization with frequency, there are several reports of
observations [Kakinuma, 1958; Tanaka and Kakinuma, 1959 and 1962; Tanaka and Enome, 1970]. Recently
Ramaty and Holt [1970] have attempted to explain the polarization reversal by gyro-synchrotron self-
absorption at the source; namely, with the optically thick model by Holt and Ramaty [1969]. Takakura
and Scalise [1970] have criticized the theory of Holt and Ramaty for the following reasons; that
their model requires a very efficient acceleration mechanism up to relativistic energies, that rela-
tivistic electrons should emit strong radio emission at higher frequencies, or that extremely aniso-
tropic pitch angle distribution is necessary in order to suppress an excess radiation at higher fre-

quencies.
88




I970 MARCH 7

9400 MHz

FLUX DENSITY
- 400

3750 MHz

- 300

- 250

- 150

1

0200
ia

0300

I270 MARCH 7

2000 MHz

0400 UT

FLUX DENSITY
- 500

- 300

- 200

1000 MHz

200

- 100

b 0200

0300

0400 UT

Fig. la and Ib. Records of the burst on March 7, 1970 at 9400 and 3750 MHz (Fig. la) and at 2000
and 1000 MHz (Fig. Ib). Units are 10722 wWm2Hz"!
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Here we would like to present observational facts that are unfavorable to the explanation by
Ramaty and Holt [1970]. The reversal frequency falls usually between 3750 MHz and 2000 MHz and it
does not depend on the intensity of bursts [Kakinuma, 1958]. The latter fact means that the optical
thickness is independent of the intensity of bursts, if we take the viewpoint of Ramaty and Holt.
Then the size of the source would be proportional to the square root of the intensity of bursts. The
size of sources have been determined observationally to be less than 1 min. of arc and probably 0.5
min. of arc for impulsive bursts of hundreds of flux units [Enome et al., 1969]. 1In the case of the
bursts on September 3 and November 14, 1960 the intensity was as high as 12,000 and 4,300 flux units
at 3750 MHz, respectively, and they underwent the reversal of polarization [Tanaka and Kakinuma,
1961]. Thus, the size would have been larger than 5 min. of arc in these cases. Such a large size,
however, could be measured even with the interferometers with poor resolution at that time. And
from the results of high-resolution observations which have been made in this solar cycle we can
hardly believe that.

Finally, we have not yet finished the analysis of data. Determination of the absolute position
of the radio source is most important, since it may bring us some new evidence about the relation
between optical and radio phenomena or thermal and non-thermal phenomena.

90




ENOME, S.,
T. KAKINUMA and
H. TANAKA

HIEI, E.

HOLT, S. S. and
R. RAMATY

HYDER, C. L.
HYDER, C. L.

RAKINUMA, T.

KAKINUMA, T. and
G. SWARUP

RAMATY, R. and
S. S. HOLT

TAKAKURA, T. and
E. SCALISE, JR

TANAKA, H.

TANAKA, H. and
ENOME, S.

TANAKA, H. and
T. KAKINUMA

TANAKA, H. and
T. KAKINUMA

TANAKA, H.,
T. KAKINUMA,
S. ENOME,

C. TORIIL,

Y. TSUKIJI and
5. KOBAYASHI

1969

1970

1969

1967a

1967b

1958

1962

1970

1970

1971

1970

1959

1962

1969

REFERENCES

High=Resolution Observations of Solar Radio Bursts with
Multi~Element Compound Interferometers at 3.75 and

9.4 GHz, Solar Physics, 6, 428.

Private communication

Microwave and Hard X-ray Bursts from Solar Flares,
Solar Physics, 8, 119

A Phenomenological Model for "Disparitions Brusques'

followed by Flarelike Chromospheric Brightenings

I; The Model, its Consequences, and Obseryations in
Quiet Solar Regions, Solar Physics, 2, 49

A Phenomenological Model for "Disparitions Brusques"

followed by Flarelike Chromospheric Brightenings

II: Observations in Active Regions, Solar Physics,
2, 267.

Polarization of Solar Radic Bursts at Microwave Fre—
quencies I, Proc, Res. Inst. Atmospherics, Nagoya
Univ., 5, 71.

A Model for the Sources of the Slowly Varying Compo-
nent of Microwave Solar Radiation, Astrophysical
Journal, 136, 975

Polarization Reversal of Solar Microwave Bursts,
Nature, 226, 68

Gyro-Synchrotron Emission in a Magnetic Dipole Field
for the Application to the Center-to-Limb Variation
of Microwave Impulsive Bursts, Solar Physics, 11, 434

In this issue, pp. 61-64

High Resolution Observations of Solar Microwave Bursts,
Nature, 225, 435

Polarization of Bursts of Solar Radio Emission at
Microwave Frequencies, Paris Symposium on Radio
Astronomy, ed. Bracewell, R. N. (Stanford Univ.
Press), p. 215

Some Comments on Type IV Bursts, Intern. Conf. Cosmic
Rays and Earth Storm, J. Phys. Soc. Japam, 17, Suppl.
A-IT, 211

A High-Resolution Quick Scan Interferometer for Solar
Studies at 3.75 GHz, Proc, Res. Inst. Atmospherics,

Nagoya Univ., 16, 113

91




"Data submitted by Ahmedabad, India for the period March 2 - 10, 1970"
[Editor's Note: The compilers have prepared the following paragraph from correspondence from
Dr. K. R. Ramanathan.]

The following data tabulations and copies of recordings were submitted by Dr. K. R. Ramanathan,
Physical Research Laboratory, Ahmedabad, India. They detail the solar radio spectral events (Table 1
and Figure 1, prepared by R. V. Bhonsle), riometer SCNA events (Table 2 and Figure 2. prepared by
S. S. Degaonkar), and 164 kHz, Tashkent to Ahmedabad, field-strength (SES) events (Table 3 and
Figure 3, prepared by R. G. Rastogi) as recorded at Ahmedabad. Included in the tabulation of radio
spectral events (Table 1) are also events reported by Weissenau, Germany and Culgoora, Australia.
Table 4 (prepared by R. G. Rastogi and S. C. Chakarvarti) gives solar x-ray events from Explorer
37 which correspond to those recorded on the 164 kHz field~strength monitor.

The following data, tabulations and graphs, recorded at Ahmedabad have been submitted:

Table 1
Solar Radio Bursts (Frequency Range: 40-240 MHz)
recorded at Ahmedabad from 2 - 10 March, 1970
March | Time of Observation Station Metric Band Spectral
1970 ‘Start UT End UT Start UT End UT Int Type
02 0330 1130 A'bad 0335:00 0335:10 1 III B

" 0337:20  0337:45 2 I1T
" 0339:40  0340:10 1 III G
" 0342:30 0344:30 1 III G
" 0406:40 0407:30 1 IIT
" 0418:40  0419:05 2 III G
" 0430:30  0440:20 2 III G DP
" 0505:50 0506:30 2 11T G
" 0523:10 0523:20 2 III B
" 0600:40 0601L:15 2 III
" 0632:40 0633:30 2 IIT G
" 0639:20  0641:45 2 III G
" Weis 0719:20  0720:50 2 III G
" " 0803:45 0804:30 2 III G
" " 0815:30 0815:35 1 IIT B
" " 0827:40 0828:00 1 ITT
" 0903:10 ~0903:20 1 IIT
" Weis 0921:40 0921:50 2 III B
" " 1025:50 1036:30 3 ITI GG

03 0330 1130 A'bad |Culg 0628:30 0629:30 1 III G
" 0630:30 0632:30 1 III G
" Culg 0638:10 0646:50 1 IT,III G
" 0944:40  0945:00 1 III G
" 0950:20  0951:10 2 IIT G
" Weis 0954:30  0955:10 1 11T G

04 0330 1130 " 0510:00 0516:00 2 III G
" 0601:45 0602:00 1 III
" Weis 0659:20 0700:00 2 III
" " 0739:05 0739:20 1 ITI B
" " 0910:00 0910:10 2 III B
" " 0929:00 0944:00 3 ITII GG DP
" " 0955:30 0956:25 2 III G

05 0330 1130 " 0949:20  0949:40 1 U

06 0330 1130 " Weis 0644:10 0645:00 1 IIT W
" Y 0717:25 0717:45 1 III G
" " 0758:40  0759:40 1 III G DP
" " 0838:30 0838:35 1 IITTI B W
" " 0844:50  0845:50 1 ITTIG W
" " 0856:40  0858:00 1 ITTIGW
" " 0931:40 0937:30 1 UNCLF W
" 0952:40 0954:20 1 UNCLF W
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Table 1 (continued)

Solar Radio Bursts (Frequency Range: 40-240 MHz)
recorded at Ahmedabad from 2 - 10 March, 1970

March | Time of Observation Station Metric Band Spectral
1970 Start UT End UT Start UT End UT Int Type
06 A'bad 1017:00 1017:40 1 ITIT W
" 1047:00 1047:40 1 UNCLF
07 0330 1130 " Weis 0656:50 0659:20 1 IIT G W
" " 0707:40 0708:00 1 IIT
" " 0720:30  0725:30 3 III GG DP:
" " 0816:30 0819:30 2 III GG DP
" 0826:20 0826:40 2 ITI B
" Weis 0834:30 0841:00 2 I1I G
08 0330 1130 " " 0659:15 0735:50 3 IIT GG
09 0330 1130 " Culg 0340:10 0341:40 1 ITTIGW
" 0343:30  0345:50 1 III G
" 0346:36  0349:20 1 III G W
" Culg 0526:50  0527:00 1 III B
10 0330 1130 " 0412:20  0412:45 1 IIT G
" 0417:20  0417:45 1 ITITI G W
" 0528:30 0528:45 1 ITI B
" 0602:40 0602:50 1 IIT B
" Weis 0838:40 0840:10 2 III G
" " 0918:40  0920:30 2 III GG
" " 1002:20 1003:00 1 IIT G
" " 1102:00 1104:00 1 III G
A'bad - Ahmedabad (INDIA)
Weis - Weissenau (GERMANY)
Culg - Culgoora (AUSTRALIA)
The symbols used in comnection with the spectral type in
describing the important bursts are as follows:
B - Single burst
G - Small group (<10) of bursts
GG - Large group (»10) of bursts
DP - Drifting pairs
W = Weak
UNCLF - Unclassified activity
U - U-shaped burst of type III
Details of solar radio spectrograph at Ahmedabad:
1. Frequency range - 40-240 MHz
2. Sweep rate ~ twice per second
3. Frequency resolution - 300 kHz
4. Operation time - 0330 to 1130 UT on all days
5. Antenna ~ Three rhombic antennae
6. Antenna mounting ~ Steerable equatorial
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DYNAMIC SPECTRA OF TYPE II AND III
SOLAR RADIO BURSTS AT AHMEDABAD
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Table 2

Details of the sudden cosmic noise absorption
recorded at 21.3 MHz at Ahmedabad

Date Start End Max. Maximum Remarks
March Time Time Time Absorption

1970 dB

05 0432 0515 0500 1.0 Gradual; no

sharp maximum
06 0932 0955 0937 1.9 "

RIOMETERIC RECORDING ON 21:3 MHz AT AHMEDABAD
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Table 3

Details of timings of the flare effect observed in
the field-strength records of 164 kHz radio waves

Tashkent to Ahmedabad

Date Start End Peak Remarks
March Time Time Time
1970
02 0415 0430 Small
0714 0724 0716 Small
0910 1030 0925 Fairly big
03 0629 0745 0656 Fairly big
0841 0925 0852 Fairly big
04 0603 0630 0615 Small
05 0415 0620 0446 Big
1155 1223 1207 Small
06 0932 1058 0940 Big
10 0652 0852 0735 Fairly big
Table 4

X-ray flare events (Explorer 37, %1-8R) corresponding
to those recorded on 164 kHz field-strength

Date Start End Peak

March Time Time Time
1970

02 0417 0430 0428

0910 0930 0929

1007 1108 1034

03 0630 0649D 0649

0905 0916 0905

05 0418 0801 0444

1200 1240 1207

06 0934 1105 0940

10 0700 0857 0746

* from Solar-Geophysical Data, 309 Part I, 80-81, May 1970,
U.S. Department of Commerce, (Boulder, Colorado, U.S.A. 80302).
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4. SOLAR X-RAYS

"Solar Activity and Earth Atmospheric Densities in March, 1970"

by

D. E. Knight, R. J. Uribe and B. E. Woodgate
Mullard Space Science Laboratory
Holmbury St. Mary
Dorking, Surrey, England

The 080-6 satellite was launched on August 9, 1969 into a 500 km high circular orbit of inclin~
ation 33° to the equator. Its orbital period is 96 minutes. Its operation has continued beyond
March, 1970. -

On board is an experiment from University College, London. It is a grazing incidence grating
spectrometer which measures the EUV flux from the whole Sun in several spectral lines every 4 seconds.

Figure 1 shows relative daily average fluxes in the lines tabulated for the period February 19
to March 26, 1970.

Wavelength Resolution Contiiz:ting Ionization Potential ngéngzgié gg ?2§;

3044 58 HeII, SiXI 54.4 €V, 476 eV 4.9, 6.2
11752 3.5% CITI 47.9 eV 4,75

5844 58 Hel 24,6 eV 4.5

5378 1.0 Hel 24,6 eV 4.5

1804 1.0% FeXI 290 eV 6.1

2568 0.5% HeII, SiX 54.4 eV, 401 eV 4.9, 6.0

8354 0.9% 0 II, 0 III 35.1 eV, 54.9 eV 4.h, 4.8

#* Mostly taken from Jordan [1969]

It may be seen that the 304& line peaks on March 11 and the 11758 line peaks on March 21. Each
of these peaks may be identified as originating from different plages, McMath-Hulbert regions 618
and 641, respectively, by comparing EUV flux variations with X-ray and radio flux variations and
positions, and plage and sunspot positions using the ESSA Solar-Geophysical Data [1970]. These two
lines are primarily formed at similar temperatures and so would be expected to vary together. How~
ever, CIIT has triplet and singlet states, and the 11758 line upper level is populated from the
triplet metastable pseudo-ground-state, and has an extra density dependence [Jordan 1971]. It ap-
pears that Region 641 is denser than Region 618 at their times of maximum activity.

Earth's Upper Atmosphere

By monitoring the Hell 304& line at satellite dawn and dusk, profiles of tramsmitted flux versus
probing point height were obtained. (The Probing point is defined as the point of minimum height
above sea level for the central solar ray to the satellite.)

Theoretical profiles of transmitted 304& through the upper atmosphere versus probing point
height were calculated using the Spring/Fall models from the US66 Standard Atmosphere Supplements,
together with the absorption cross sections of molecular oxygen, atomic oxygen and molecular nitro-
gen to 3048 given by Huffman [1969]. (They are 17, 9 and 12 megabarns, respectively.)

Exospheric Temperature is the parameter used in the US66 Standard Atmosphere Supplements to
describe the height density relation of the model composition. The observed profile was referenced
to the theoretical profiles and hence, an exospheric temperature and standard deviation were derived.
The referencing of the observed to theoretical profiles wds restricted to the regions of .3 and .8
transmitted relative intensity and thus to a height range of approximately 300 km to 400 km.

Figure 2 shows exospheric temperatures at satellite dawn and dusk computed in the above manner
for time period of February 28 until March 16, 1970. The * 0 levels for each exospheric temperature
point are included. The latitudes of the probing points for sunrise and sunset are shown and for
comparison purposes the 3 hour Kp indices are plotted.

REFERENCES
HUFFMAN, R. E. 1969 Can. J. Chem., 47, 1823.
JORDAN, CAROLE 1969 Mon. Not. R. Astr. Soc., 142, 501.
JORDAN, CAROLE 1971 to be published in 'Highlights of Astronomy'
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"Physical Models of Two Plage - Associated X-ray
Emitting Regions during the Period March 1 to 14, 1970"

by

P. R. Sengupta
Department of Electronics
I.I.T., Kharagpur, India

A large number of X-ray flares were associated with the McMath plage regions 10607 and 10618
during the period March 1 to March 14, 1970,

Physical data of the 0-204 X~ray emitting regions associated with these two plage regions cal-
culated from the daily 9.1 cm. Radio-Spectroheliograms made by Stanford University, Radio Astronomy
Laboratory, and published in Solar-Geophysical Data, NOAA, Boulder [Number 309, Part I, 1970], em-
ploying the empirical relation developed by the author [Sengupta, P. R., 1970] are listed in the
first three columns of Tables 1 and 2. Tip,, is the maximum emission temperature, nepsx the maximum
electron demsity and 'y' the total emission measure of the region. The decay of the active region
associated with McMath region 10607 and growth and decay of the active region associated with McMath
region 10618 are evident from the calculated data. In column 4 are listed the total 0~204 flare
energy, E(0-208), emitted from the region during the day. 1(0-20&) listed in column 5 are the emit-
ted flare energy per unit emission measure, The daily E(0-20R) yvalues and the ratio of the 0.5-34
and 1-8& flux, F(0.5-3%)/F(1-8R) are obtained from the reported X-ray flux values from the NRL ex-
periment on SOLRAD 9. In some cases extrapolation became necessary for computing E(0-20A) as the
data are not always continuous for all the flares, The X~ray flares associated with the regions are
identified from their coincidence with the optical flares from the regions. The daily flux ratio
listed in the tables is for the hardest flare of the day. The F(l—8§) values used are corrected for
the spectral distribution.

Table 1

Calculated and Observed Physical Data for 0-20R&
Emitting Region Associated with McMath Region 10607

Date | Tijp . ne, . y E(0-204) 1(0-204) F(0.5-38) ¢+ 140
Mar. |(10° °K) (10° /em®) (10*®) (10°° erg) (10-1%) F(1 - 8%)
1| 2.0 4 5 4.2 8.4 10
2 2.0 4 7 5.9 8.4 10
3 | 1.9 3 4 2.8 7.0 8
4| 1.8 2 2.5 1.4 6.0 6
5 | 1.8 2 1.5 0.85 5.8 8
6 | 1.8 2 1.3 0.76 6.1 -

7 1.7 1.5 1.0 0.50 5.0 5
8 1.6 1.0 1.0 0.42 4.2 5
9 1.6 1.0 0.5 0.22 4ot -

The flare X~ray emission is seen to be closely related to the calculated physical data of the
emitting regions. This agreement is significant. In Figure 1, the daily I(0-~20&) is seen to be
exponentially related to the calculated Tip,y and nep,y values in case of both the regions. But
the slopes are different for the two regions, as also the I(0-20&) from the two regions for a given
value of Tipay and ney... This shows that while for an individual region log I(0-20R) is directly
proportional to Tipgy or ney,y, the quantity of flare energy is also dependent on other parameters
like the location of the regions and the associated magnetic fields, etc, It is interesting to note
that the non-flare X-ray emission, on the other hand, has been found to be dependent only on Ti and
ne [Sengupta, P. R., 1970].
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Table 2

Calculated and Observed Physical Data for 0-204 Emitting
Region Associated with McMath Region 10618

Date Timax nepax y E(0-20R) 1(0-204) F(0.5 - 3K)X 100
Mar . (10% °K) (10%/cm®) (10%#) (103%° erg) (10-%?) F(1 - 8R)
3 1.9 3 6 0.56 0.91 5
4 2.0 4 12 1.4 1.10 6
5 2.05 4.5 20 2.8 1.40 6
6 2.1 5.0 17 2.7 1,60 6
7 2.1 5.0 16 2.4 1.50 6
8 2.1 5.0 16 2.5 1.55 -

9 2.1 5.9 14.0 2.1 1.50 -
10 2.1 5.0 7.0 1.1 1.56 6
11 2.1 5.0 7.0 1.05 1.43 -
12 2.1 5.0 7.0 0.95 1.40 6
13 2.1 5.0 2.0 0.28 1.40 -
14 2.1 5.0 2.0 0.28 1.40 -

According to existing models the major part of the flare-emission in this wavelength region is
thermal emission, i.e. due to flare time heating of the emitting plasma. For a thermal spectrum,

I (0-208) =~ ¢ exp(-7.0/Tig)
The value of constant C depends on the physical property and the volume of the emitting plasma.
Tig is the flare emission temperature. The exponential relation between I(OwZO&) and Tipgy OF
nepax makes Tig directly proportional to Tip,y or nep,, of the region.
The temperature and electron demsity are not uniform over the regilon. The computed temperature
and electron density distribution in the active region associated with McMath region 10618 on March

6 are shown in Figure 2. This was the day of peak activity for the region (see Table 2).

Concluding Remarks

The physical model of the 0-20& emitting regions derived from the 9.1 cm spectroheliograms using
the method developed by the author are consistent with the flare emission from the region.

Acknowledgement

The author is grateful to Dr, R. W. Kreplin of the Naval Research Laboratory and Miss J.
Virginia Lincoln of the World Data Center-A, Upper Atmosphere Geophysics, NOAA, Boulder, for the
X-ray flux data.
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"Solar X-Ray Emission March 5-10, 1970"

by

D. M. Horan and R. W. Kreplin
E. O. Hulburt Center for Space Research
Naval Research Laboratory
Washington, D. C. 20390

During the period March 5-10, 1970, the Naval Research Laboratory's SOLRAD 9 Satellite (Explor-
er 37, 1968-17A) provided solar X-ray data which are sufficiently continuous to say that no major
solar X-ray event escaped detection. Gaps in the data due to satellite night do not exceed 35 min-
utes in duration and it is unlikely that a major solar event could completely run its course in so
short a time.

Figures 1 through 6 are plots of the solar X-ray energy flux vs. time during the period of in-
terest. In each of the plots the top curve represents the solar X-ray emission in the 8 to 20 &
band, and the next lower curve represents the solar X-ray emission in the 1 to 8 A band. 1In both
cases a gray body solar emission spectrum with a 2 x 10° K color temperature was assumed in convert-
ing from ionization chamber current to energy flux units. The third curve from the top represents
emission in the 0.5 to 3 R band assuming a gray body spectrum with a 10 x 10° K color temperature
for the emitting solar region. Since the 0.5 to 3 g band solar emission is generally below the
threshold level of the detector, the curve representing these data will be quite intermittent.

The X~ray emission is plotted in units of ergs/cm?/sec on a logarithmic scale. The abscissa
is linear with the integers denoting hours in Universal Time (UT). Charged particle interference
with the X-ray detectors, which can cause the plotted flux levels to be higher or lower than the
actual flux, is indicated by the lowest data curve. The ionization chamber current caused by the
charged particle background is digitized and recorded as a "count." The number of "counts" is lin-
early related to the current generated in the 0.5 to 3 A ionization chamber by penetrating charged
particles when the detector is facing away from the sun. Counts of 10 to 15 indicate no particle
interference with the detectors. Counts of 20 to the maximum value of 127 indicate increasing a=-
mounts of particle interference. However, the data processing computer program does not plot data
obviously contaminated by particle interference, and this feature causes randomly spaced data gaps
of 30 minutes duration or less.

o The record of X-ray emission for March 5, Figure 1, shows high background levels in the 1 to 8
A and 8 to 20 & band throughout the day and several Class M flares. (NOAA's Space Environment
Services Center has defined a flare whose flux in the 1 to 8 A band exceeds 1 x 10~2 ergs/cm?/sec
as a Class M event.) The first Class M event began at about 0417 UT and corresponds to a Class 1B
H-o flare located at S15 E71.* The second Class M flare, which had the largest peak flux and the
longest duration of the day's events, began a few minutes later and corresponds to a Class 1IN H-o
flare at N15 W86. Other Class M events achieved peak flux levels in the 1 to 8 & band at 1207, be-~
tween 1615 and 1655, and at 1914 UT.

The background levels in the 1 to 8 X and 8 to 20 & bands remained high throughout March 6,
Figure 2. A Class M flare emitted peak flux in the 1 to 8 X band at 0940 UT, followed by another
event which emitted peak 0.5 to 3 & band flux at 1005 UT. The plot shows that the 1 to 8 X band
flux exceeded 1x10-2? ergs/cm?/sec between 1230 and 1430 UT and, although the plot indicates that
there were two distinct Class M events, gaps in the data due to satellite night prevent precise
identification of starting and peak times.

The data for March 7, Figure 3, also show high background levels throughout the day with sev-
eral Class M events. The first Class M event emitted peak flux in the 1 to 8 R band at 0156 UT.
Two other events were above the Class M threshold level as the satellite emerged from the Earth's
shadow at 1129 and 1625 UT, but their beginning times and peak values do not appear on the plot.
The path of SOLRAD 9 never crossed regions of total or partial solar eclipse, and therefore the
data were completely unaffected by the eclipse,

Figure 4 shows that the background emission remained at a near high level throughout March 8
with many small events occurring. Only one event, which began at 1930 UT, could be rated as a
Class M X-ray flare., The data for March 9, Figure 5, show moderate to low background levels and no
significant X-ray events. Moderate to low background levels persisted throughout March 10, Figure 6.
A single Class M event occurred with peak flux in the 1 to 8 A band emitted at about 0740 UT.

In summary, the solar X-ray emission during the period between March 5 and March 10, 1970 was
not unusually interesting. About a dozen flares qualified as Class M events, but not one could be
considered a major solar event.

* All references to H-o Flare Class and location on solar disk were obtained from "Solar-Geophysical
Data", No. 308 Part I, April 1970, U.S. Department of Commerce, Boulder, Colorado, U.S.A. 80302,
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5. SUDDEN IONOSPHERIC DISTURBANCES

"Sudden Tonospheric Disturbance Summary from WDC-A Archives'

by

J. Virginia Lincoln
Aeronomy and Space Data Center
National Oceanic and Atmospheric Administration, Boulder, Colorado

SID events for March 6 - 8, 1970 as published in ""Solar-Geophysical Data' are repeated here for
the user's convenience.

Universal Time Wide Number of Station Reports by Type

Mar. Spread LF- Known

1970 Start End Max Tmp| Index SWE | SCNA | SFA | SPA | SPA | SES | SFD | Flare Region
06 0933 1033 0938 3 5 5 2 7 4 2 0931 x-ray
06 11447 | 13550 1248 3 3 1 2 2 NF
07 0145 0202 0158 2 5 2 8 6 6 0140 10614
07 0620 0724 0645 1 1 1 0625 10618
07 0633 0635 1 3 2 2 0632 10618
07 0723 0733 0727 1- 3 1 1 0723E | 10607
07 0841 0852 0844 1 1 1 0840 10614
07 0918 0933 0924 1 1 1 0917 10607
07 1123 1208 1133 2 3 5 1 5 3 1 1121 10618
07 1603 1644 1622 2+ 5 3 5 7 1 1 1601 10618
07 1843 2000 1930 1 1 1 1841 10607
08 0655 0715 0702 1- 1 1 0657 10614
08 1609 1658 1625 1- 3 2 1 1607 10618
08 1930 2220 1943 1 5 3 4 1 1925 10614
08 1950 2050 2000 1 3 2 1 1952E | 10614
08 2205 2255 2208 1 1 1 1 2203 10607
08 2254 2312 2300 1 3 2 1 2250E | 10614
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"Multi-frequency Radiowave Observations of SID events during 1 - 6 March, 1970"

by

T. B. Jones and R. E. Evans
Physics Department
University of Leicester
United Kingdom

Introduction

Two distinct types of ionospheric disturbance are associated with solar flare activity. The
first is produced by an enhancement of solar ionizing radiations and results in a rapid change in
the electron density distribution known as a sudden ionospheric disturbance (SID). Some 10 to 20
hours after an SID a further disturbance sometimes occurs as a result of the solar particle emis-
sions during the flare. This second type of event is usually long-lived and often results in iono-
spheric and magnetic storm activity. Radiowave observations of events of this latter kind during
March 1970 are described elsewhere in this report (page 247).

Sudden ionospheric disturbances can influence the propagation characteristics of ionospheri-

cally reflected radiowaves throughout the wide frequency range from about 10 kHz (VLF) to 20 MHz
(HF). The object of this paper is to present simultaneous observations of the effects on VLF, LF
and HF propagation of some of the SID events during 1 - 6 March, 1970.

Radiowave Observations

At VLF the phase and amplitude of signals received over both long and short propagation paths
have been recorded at Leicester. Since SID effects can differ on the two types of circuit, the
phase records for both the short 16.0 kHz GBR (Rugby) and 19.6 kHz GBZ (Criggion) to Leicester paths
are presented together with those for the long 12.0 kHz Trinidad to Leicester circuit.

Measurement of the total field of the LF (272 kHz) transmission from Uherske - Hradiste
(Czechoslovakia) indicate that both ground and sky waves are received at Leicester. The effects
of SIDs can readily be detected since the changes which occur in the sky wave path produce 'beat-
like' oscillations in the received field strength.

Two types of propagation anomaly have been recorded on HF transmissions due to flare enhanced
ionization. Increases in the D-region electron density resulting from the enhanced flux of solar
x-rays in the wavelength range 1 - 104 produce attenuation of waves passing through the region to
be reflected at higher levels in the E and F layers. On occasions the effect can become so great
that the signals are totally absorbed and these events are therefore termed short wave fadeouts
(SWF). Changes can also occur in the electron distribution in the E: and F regions due to flare
increases in long wavelength x-rays and some EUV line emissions. As a consequence, the reflection
levels of HF transmission will vary and small 'Doppler' like frequency shifts (SFD) will be observ-
ed in the reflected signals. The magnitude of the Doppler shift will depend on the rate of change
of the reflection height. Only one SFD was detected during the flare activity of 1 - 6 March, 1970.
A summary of the transmissions monitored is presented in Table 1.

Table T

Transmitter Path Length Parameter SID
Frequency Location km Monitored Effects
12.0 kHz Trinidad 7200 Phase and SPA SES

Amplitude

16.0 kHz Rugby UK 28 " " "
19.6 kHz Criggion UK 130 " " "
272 kHz Uherske-Hradiste 1400 Total field Beats

Czechoslovakia i
6.09 MHz Luxembourg 610 Absorption SWF
7.0 MH=z Weybourne UK 160 Doppler SFD
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Experimental Results

Observations are available throughout the disturbed periods of early March, 1970, and the re-
cordings for three of these days are reproduced as examples of the effects observed. The records
for 1, 5 and 6 March have been selected since they illustrate a wide range of SID events.

March 1, 1970

Four large SIDs produced disturbances on all the transmissions monitored as illustrated in
Figure 1. The first event commenced at about 0936 UT and SPAs are evident on both long and short
path VLF transmissions. An interesting feature is the marked difference in the rate of phase re-
covery observed on the Trinidad and GBZ paths. At LF the characteristic quasi-sinusoidal beat pat-
tern was observed on the field strength recording. The HF (6.09 MHz) record indicates a typical SWF
event with a sudden fall in signal strength, the period of low signal being followed by a rapid re-
covery to the pre-flare level. This flare was the only one during the 1 - 6 March which produced an
SFD and it appears therefore that large enhancements of solar radiations ionizing at E and F region
heights occurred only during this flare.
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Fig. 1. Multi~frequency radiowave observations of SIDs for March 1, 1970
(broken lines represent normal diurnal variations).
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The second SID is a long-lived event starting at 1104 UT. The VLF phase records show that the
disturbance persists until about 1350 UT and that marked structure is present with phase minima at
1120 and 1140 UT. In contrast to the first SPA the phase recovery times on both VLF transmissions
are identical for the event. The LF recording shows little effect and no SFD was observed. Short
wave fadeout conditions persisted from 1100 to 1248 UT. There is an interesting increase in signal
level at the start of the HF disturbance between 1100 and 1110 UT.

The SID at 1400 UT is a typical small event and its effects are evident on the 12.0, 19.6, 272
and 6090 kHz transmissions. The final disturbance commenced at 1530 and is similar to the event of
1104 UT. Structure is evident in the SPAs on both VLF frequencies and also to a smaller extent in
the SWF event. Maxima in the phase disturbance are evident at 1536 and 1610 UT and the phase of both
circuits has returned to its undisturbed level by about 1645 UT. The LF total field strength is dis-
turbed throughout the period 1532 to 1630 UT. The SWF is of considerably shorter duration than the
SPAs, and although there appears to be a secondary minimum at 1540, normal conditions have returned

by 1545 UT.

March 5, 1970

During this day two SID events were observed, as shown in Figure 2, but neither produced SFDs.
The SID commencing at 1200 is a typical small disturbance and has no special features apart from the
different recovery times of the long and short path SPAs.

The second SID which starts at 1618 UT is a large event, the VLF phase anomaly persisting until
about 1840 UT on the Trinidad transmission. Events of this duration (140 mins.) are rather uncommon.
The SWF event is again characterized by a rapid fall in signal strength to a fairly constant level
which is maintained throughout the main phase of the flare. There follows an extremely fast recovery
to the normal undisturbed signal level at 1645 UT. Once again the SWF event is considerably shorter
than the VLF phase anomalies.
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Fig. 3. Multi-frequency radiowave observations of SIDs for March 6, 1970
(broken lines represent normal diurnal variations).

March 6, 1970

The experimental observations are reproduced in Figure 3 and this day is of particular interest
since a rather rare type of SID was recorded. The first event at 0934 UT is a typical SID and has
no unusual features apart from the second minimum in the HF signal strength recorded at 0958 UT.

The second event starting at 1158 UT is however of considerable interest. The VLF observations in-
dicate a very slow phase advance in contrast to the rapid onset usually associated with SPAs. The
minimum phase is reached at 1254 UT, i.e. about 50 mins. after the start of the disturbance. There
is some indication of a second maximum at 1330 UT on the 12.0 kHz transmission, but this is not
clearly defined on the GBZ record. The phase recovers to its undisturbed value at about 1540 and
1610 UT for the 16.0 and 12.0 kHz transmissions, respectively. Thus, the phase disturbances pro-
duced by this SID last for over four hours. No LF or SFD effects were detected which is consistent
with the absence of a sudden change in the electron density profile. The slow rate of phase change
indicates a slow rate of enhancement of the solar x-ray spectrum, although this cannot be confirmed
as direct observations of the solar x-ray flux have not yet been published. The HF amplitude de-
crease is again of much shorter duration than the VLF phase anomalies. For comparison the average
diurnal amplitude variation for early March is superimposed on the HF signal strength record (dashed
curve in Figure 3). The signal starts to decrease at 1200 UT and very low levels are recorded from
1224 until 1334 UT. 1In contrast to the other SWFs reported in this paper a gradual increase in
signal strength takes place from 1334 until 1417 UT when the signal returns to its undisturbed level.
This result suggests that the flare enhancement of the solar radiations which ionize at heights where
the absorption of the HF signals occurs does not persist as long as the enhancement of penetrating
x-radiations which ionize at the reflection levels of the VLF waves. Alternatively, the recombina-
tion coefficients at the respective levels could differ considerably giving a slower recovery of the
enhanced ionization at low levels in the D-region. This seems rather unlikely, but more definite
conclusions will have to await the publication of direct observations of the flux changes in the
solar ionizing radiations.

113




Conclusions

Ground based observations of SID events have been made simultaneously using a wide range of
frequencies (VLF to HF). The data indicate the different responses of the various types of propaga-
tion to the flare enhanced ionization and emphasize the importance of multi-frequency experiments
for studies of SIDs.

Three flare active days are discussed during which some typical and one rather rare type of
SID events were observed. No attempt has been made to interpret the disturbances quantitatively
in terms of electron density variations, but this will be undertaken as soon as the relevant solar
x-ray data become available.
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"On the SID Activity of early March 1970"

by

P. Triska and J. Lastovicka
Geophysical Institute
Czechoslovak Academy of Sciences

Prague, Czechoslovak

A high SID activity was observed during early March 1970 according to the data from
Panska Ves Observatory (50°32'N, 14°34'E) of the Geophysical Institute, Prague. Except March 4,
at least one SID event per day occurred from 1 to 7 March. The following types of SID's have
been monitored:

SWF events on field-strength records (A3 method) made at 2614, 2775 and 6090 kHz,
the transmitter-receiver distances being about 610, 520 and 610 km, respectively.

SFA events (sudden field anomalies) at 155 and 164 kHz; these are indirect measure-
ments of the phase reflection height recognized from the interference between
the ground wave and the one~hop sky wave; the transmitter-receiver distance for
both paths is about 1000 km.,

SEA and SDA (sudden decrease of atmospherics) events occurring on the integrated
atmospheric-noise level at 27 kHz and 5 kHz, respectively. No SDA was detected
during the period under consideration, as it is usual for March and April
[Triska and Lastovicka].

Table 1 gives a list of all SID events from 1 to 14 March. Table 2 contains some more detailed
data on the events from March 6 and 7.

Table 1
Date Start Max End Importance
Mar. UT Ut uT

1 0810 0832 1
0938 0941 1023 3

1106 1140 1300 2

1400 1404 1448 2

1531 1536 1600 2

2 0736 0746 1
0910 0949 1

1032 1035 1051 2

1101 1152 1

1340 1359 1517 2

3 0847 0856 0909 1

5 1202 1210 1252 2

6 0933 0942 1112 3
1220 1425 2

7 1123 1133 1223 2
1607 1622 1654 2

14 1201 1218 1

The sudden ionospheric disturbance which started at 0936 UT on March 6 was one of the strongest
events observed during March 1970. Its time development correlates very well with the X-ray flux as
measured by the SOLRAD-9 satellite (1 - 8 & band). This solar flare caused a typical strong SID
event (Figures 1 - 4). The SWF at 2775 kHz started suddenly, the field strength went rapidly down
to zero (to the receiver noise level, i.e. about 0.5 M input voltage), the recovery phase being
interrupted at 1155 UT by another slowly starting SWF event. Very typical are also the other three
events, i.e. SEA at 27 kHz and SFA at 164 and 155 kHz. SFA's were caused mainly by the decrease of
the sky wave reflection level, by about 9 km in this case. Figure 5 shows the phase~height daily
variation derived from the 164 kHz field-strength record. Finally, Figure 6 shows the diurnal
variation of ionospheric absorption (A-3 measurements at 6.09 MHz) with pronounced maxima of the
SWF events. 115




Table 2

Freq. Reflec- 6 March 7 March

type tion Universal Time Universal Time Universal Time Universal Time

of SID |point Start Max End TImp |Start Max End Imp | Start Max End Imp {Start Max End Imp

6090 kHz [50°04'N 10936 0942 1036 3 1220 1425 2 | 1123 1133 1156 1 Q

SWF 10°20'E

2775 kHz|52°27'N |0935 1037 3 E | 1123 1145 2 Q

SWF 12°27'E

2614 kHz|{52°08'N C Cc | 1123 1147 2 Q

SWF 11°00'E

164 kHz |[49°00'N [0933 1025 3 Q Cc | 1605 1628 1

SFA 08°01'E

155 kHz [48°13'N |0933 1021 2 Q | 1123 1150 1 N

SFA 20°20'E

27 kHz 0936 0947 1112 2 N | 1123 1142 1223 2 | 1607 1622 1654 2

SEA A= 4 dB A= 2,5 dB A=3dB
Remarks: The time is UT. N - no effect; E - large increase of absorption, time develop-

ment not clear; Q - small or nearly no effect; C - measurement can not be
evaluated for technical reasons.
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Fig. 1. Shortwave fadeout at 2775 kHz, start 0935 UT on March 6, 1970.

On the contrary, the afternoon effect on 6 March between about 1220 - 1425 UT was a non-typical

one, with a slow commencement and of a relatively long duration.

shown in Figure 6 reached again nearly the same maximum value of about 43 dB.
effect can be found on LF records of 155 and 164 kHz signals, and also no SEA at 27 kHz was detected.
Thus, it can be concluded that this second SID event affected mainly the upper part of the D-region.
This seems to correspond to the satellite X-ray data [Solar-Geophysical Data] that show much softer

X-ray spectrum for this latter event compared with the former one at 0935 UT.

The HF absorption on 6.09 MHz as

However, only a slight

On March 7, also two SID events were detected at Panska Ves, the principal data of which are

given in Table 2 above.
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The event at 1605 UT occurred at a solar zenith angle of more than 80°




Fig. 2. Sudden field anomaly at 164 kHz, start 0933 UT on March 6, 1970
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Fig. 3. Sudden field anmomaly at 155 kHz, start 0933 UT on March 6, 1970.
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Fig. 5. Phase-height daily variation derived from the 164 kHz field-strength
record (indirect phase measurement) on March 6, 1970. Dotted curve
denotes the approximate quiet-day variation.
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for all reflection points of all paths used and therefore it is marked either only slightly or not
at all, i.e. at 164 kHz (X = 81°) SFA could be found whereas the 155 kHz path (Y = 86.6°) was not

influenced.

TRISKA, P. and
J. LASTOVICKA
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"Atmospherics and SEA during the Period 1970 March 4 - 10"
by

V. Barocas
Wilfred Hall Observatory
Preston, England

At the beginning of the month of March the general level of atmospherics, as recorded at 27
The previous two months had been generally quiet with

kHz, began to show some signs of increase.
a rather low level of atmospherics and with the occurrence of only 4 SEA, two in each month, none
showing an index of importance greater than 1.
In the first two days of March, 3 SEA were recorded and after that, on March 4, the level of
atmospherics began to increase and by March 5 had increased by 3.52 dB. During this particular
These two events were widely re-

day two SEA were recorded, both having an index of importance 2.
corded as the first was reported by 5 stations and the second by 7 stations.
This SEA was not only of high intensity but
Fol-

Following this activity the level of atmospherics remained the same on March 6, but a rather

Never-

was also of long duration and appeared to be related to a solar flare observed at the time.
on the level measured on March 4, that is at the time before the onset of the increased activity.

large SEA of importance 3 was recorded by 7 stations.
lowing the decay of the SEA the level of atmospherics remained fairly high for the rest of the day,
on the level before the SEA occurred, and an increase of 7.96 dB

showing an increase of 4.40 dB
By March 7 the level of atmospherics was once again back to the value as on March 4.
theless, on the same day two SEA were recorded, the first was reported by 5 stations and the second
After the events of March 7 the general level of atmospherics decreased and very

by 7 statioms.
little activity was detected for several days.
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Table I summarizes the data relating to SEA recorded at our station during the period March
5 - 10.

Table 1
Date SEA Time of McMath
Mar. Beg. Max. End Max. A known flare Plage
1970 (uT) () (1) (dB) Imp. (dB X t) (UT) Region
5 1200 1212 1300 6.15 2 369.0 1157 X - ray
5 1620 1630 1730 6.61 2 462.7 1615 10618
6 0933 0940 1115 8.30 3 846.6 0931 X - ray
7 1124 1135 1215 3.11 2 149.3 1121 10618
7 1610 1618 1720 6.18 2+ 432.6 1601 10618

The index of importance of an event is still a very empirical gquantity and is subject to the
estimate of the observer. In Table I the index of importance quoted is that obtained from the
"Solar-Geophysical Data", because these are considered to be much more satisfactory than an in-
dividual estimate, since they are based on all the values given by reporting stations.

At our observatory we have been trying for some time to find some less empirical system which
could give us more homogeneous results. Bearing in mind that the importance of an SEA depends both
on the maximum intensity and on the duration of the event, we have adopted a system of using a value
A which is the product of the maximum intensity expressed in dB , relative to daily average value,
by the duration in time expressed in minutes. These values A are given in Table I.

One interesting feature of Table I is the evidence of a strong correlation between the solar
flares and the SEA over the three days under consideration. From our investigations the correlation
is not generally as strong as this, particularly in the case of flares of importance less than 3.

The other point which is worth noting is that the SEA reported in Table I have all been ob-
served by a considerable number of stations. Now from an earlier investigation we carried out a
few years ago, it appeared that generally the recording of one particular SEA by several stations
occurred only when the SEA was associated with a large solar flare.
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6. SOLAR WIND
"Wela 5 Solar Wind Observations during the Geomagnetic Storm of March 8, 1970"

by

Michael D, Montgomery and S. J. Bame
University of California, Los Alamos Scientific Laboratory
Los Alamos, New Mexico

Vela 5 solar wind observations during the sudden commencement associated with the large geomag=
netic storm of March 8, 1970, showed the passage of an unusually strong interplanetary shock wave.
Flow speed, density, and temperature during the time of interest are shown in Figure 1. Since the
angle between the satellite spin axis and the sun-satellite line was less than 35°during most of the
time interval shown, most of the protons missed the edge of the instrumental acceptance fan before
shock arrival preventing reliable determination of proton temperature. The last Xeliable proton tem=-
perature measurements were obtained at 0930 UT when the tempterature was 1.5 x 107 °K. Sample error
bars appear on those curves where uncertainties are large enough to be shown, The closely spaced
points are derived from data transmitted in real time--the widely spaced ones come from data stored
on the satellite., Solar ecliptic coordinates of the satellite at the time of the event were: lati-
tude, 19°; longitude, 340°; and radial distance, 18.4 RE

The estimated shock velocity, using values of flow speed and density on both sides of the discon-
tinuity of V1 = 440 km sec”!, Vy = 860 km sec'l, ny = 5.5 em=3, and ny = 13 em=3, was 1150 km sec-l.
Assuming a preshock proton temperature of 1.5 x 10% °K, the sonic Mach number was 2l--almost an order
of magnitude higher than typical. The dynamic pressure rise at encounter was very nearly an order of
magnitude. An integration of the energy flux excess (above ambient) over time yields a total energy
of ~1032 ergs at 1 AU. This energy is mostly contained in a large, relatively narrow spike thus dis-
playing the characteristics of a blastwave. The event is energetic, but a factor of 3 less so than
the most energetic omes analyzed by Hundhausen et al., [1970] using Vela observations from 1965-1967.
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Vela 5A observations of solar wind bulk velocities, density and temperatures
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However, the Mach number is the highest yet measured by vela spacecraft, and the total energy is high-
er than usual for the total amount of mass in the disturbance. AllL 19 events studied by Hundhausen

et al. [1970]} could be characterized by a nearly constant energy-per~particle of 3 kev/nucleon, but
the average energy-per-particle in this event is about 9 kev/nucleon.

The Vela nuclear test detection satellites have been designed, developed and flown as a part of
a joint program of the Advanced Research Projects Agency of the U. S. Department of Defense and the
U. 5. Atomic Energy Commission. The program is managed by the U. S. Air Force.

REFERENCES
HUNDHAUSEN, A. J., 1970 Large-Scale Characteristics of Flare-Associated Solar
8. J. BAME and Wind Disturbances, J. Geophys. Res., 75, 4631,

M. D. MONTGOMERY
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"Energetic Electrons and Protons Observed on 0G0O-5, March 6-10, 1970%"

H. I. West, Jr., J. R. Walton and R. M. Buck
Lawrence Radiation Laboratory
University of California
Livermore, California

and

R. G. D'Arcy, Jr.
Bartol Foundation of the Franklin Institute
Swarthmore, Pennsylvania

Introduction

At the start of the March 8 magnetic storm (V1418 UT) 0GO-5 (1968-14A) had just exited from
the magnetosphere. It returned to the magnetosphere about the completion of the storm on March 10;
hence, we were unable to observe the main phase effects of the storm. O0GO-5 was, however, in a
position to observe the accompanying solar particle event and the condition of the magnetosphere
at the completion of the storm. In March of 1970 the orbit of 0GO-5 was at an inclination of
50.7° (was 31° at launch March 4, 1968) apogee 20.5 R, and perigee 2.58 R,. Apogee was on the
morning side of the earth at a solar ecliptic azimuth, ¢ 311.9° and elevation, A 33.0°.

se?
The orbital period was 62.5 hours.

se?

Instrumentation

These data were obtained by the LRL electron and proton spectrometer experiment on 0GO-5.
The electron analyzer consisted of two magnetic 180° first order focusing spectrometers. Solid
state detectors in the focal plane provided both particle detection and secondary energy analysis.
Shielded background detectors provided an accurate measure of the background. Data were obtained
from energy channels centered at 79, 158, 266, 479, 822, 1530 and 2830 kev. The proton data were
obtained from a range energy telescope and single adjacent detector located in line with the aper-
ture of the larger of the electron spectrometer magnets. The energy channels were 0.10 to 0.15
Mev for the single detector and for the telescope 0.23 to 0,57 Mev, 0.57 to 1.35 Mev, 1.35 to 5.4
Mev and 5.6 to 13.3 Mev. An alpha channel derived from the telescope provided a chanmel at 5.9 to
21.6 Mev. 1In order to obtain directional information on the earth-sun oriented satellite, the ap-
erture of the spectrometers were scanned relative to the satellite at a rate of 3°/second through
an excursion of 230°. The axis of the scan was about the radius vector passing through the center
of the earth.

Electron Observations

Figure 1 shows the time history of the lowest energy channel (79 kev) of the electron spectro-
meter. At the lower counting rates, data were averaged for 9.6 minutes per data point and the
backgrounds subtracted. The residual flux observed just prior to the arrival of solar electrons
at 1100 UT March 6 is believed to be real. The electron fluxes were low and showed no obvious
anisotropy although there may be some evidence of anisotropy in the period 1200 to 2400 on March
6. The counting rates in the other electron channels were too close to background for us to show
their time history during the splar particle event. However, data averaging 0000 UT March 7 gave
a spectrum dN/dE = 6 x lOGE—(3'°i°'5§ electrons/cm®-kev-sr-sec. The integral above 100 kev is
3.8 £+ 1 x 10° electrons/cm®-sec.

Magnetospheric entry normally produces a very obvious signature in the data; we find a marked
rise in the counting rates and scan modulation in the rates characteristic of trapped radiation.
Multiple entry occurred on March 7. In sequence we have entry at 2139 UT (R = 9.92, Am = -27.7°,
L =12.73, ¢ = 342.8°, Xse = -20.0°) exit at 2149 UT (9.74, -28.7°, 12.75, 343.3°, -21.0°) in
at 2225 UT ?9.07, -32,5°,712.85, 345.2°, -25.1°) and out and in at 2233 UT (8.91, -33.3°, 12.89,
345.7°, =25.9°).

Just prior to the start of the storm on March 8, electron fluctuations (momentary gusts of
particles above an isotropic level) were observed 1320 to 1403 UT, coordinates (14.33, 48.9°,
33.27, 282.6°, 62.39°) to (14.86, 46.7°, 37.6, 286.1°, 61.0°). No special effects were observed
at the start of the storm at 1418 UT however.

The entry in to the magnetosphere during the late recovery of the storm on March 10 was
significant. TIn Figure 2 we show the details of the entry near the front of the magnetosphere.
Here we have picked off the peak fluxes in the scan modulated counting rates. There was a well

* This work was performed under the auspices of the U.S. Atomic Energy Commission and NASA P.O.
§-70014G.
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Fig. 1. Observation of electrons in the 79 kev channel March 6-10, 1970.
The electron fluxes were averaged over direction.

defined entry at 0644 UT (R = 14.10, Am = -22.3°, L, = 16.52, by = 334.1°, Ase = -9.6°). The count-
ing spikes at 0535 (14.96, -21.9°, 17.39, 331.3°, 1.5°) show a signature somewhat similar to the
well defined entry at 0644; however interpretation as magnetospheric entry is quite uncertain.

There were drop outs in the scan modulated counting rates at 0738 UT (13.36, -22.5°, 15.74, 333.6°,
-4.5°) and at 0831 UT (12.60, -22.8°, 14.96, 334.8°, -7.4°). 1In previous observations we have been
able to show that such drop outs were the result of magnetopause crossings through examination of
magnetometer data. Magnetometer data is presently not available to check this point. The observa-
tion of the magnetopause at 14.1 R, probably is indicative of a greatly inflated magnetosphere re-
sulting from the enhancement of the trapped fluxes during the magnetic storm. The magnetopause
crossing on the next orbit as shown by the electrons was at 0018 UT March 13 at coordinates (11.31,
-32.2°, 15.85, 334.6°, -13.1°). The outer magnetospheric regions on March 10 showed well developed
wave structure in the amplitude of the electron counting rates. The wave structure was also evident
on March 13. Electron spectra observed on March 10 are shown in Figure 3.
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Fig. 2. Electron observations in the magnetosphere on March 10, 1970.
The peak observed in the scan modulated counting rates provided jl.

Proton Observations

The proton observations are shown in Figure 4. Prior to the start of the solar particle event
measurable fluxes of protons were observed in the lowest four energy channels. The fluxes were most
obvious in the lowest energy channel (0.10 to Q.15 Mev) showing up as sharply directed fluxes (10
to 20 degrees) coming from approximately the solar directjon. Protons associated with the solar
particle event were first observed about 1800 March 6. The protons in general (when outside the
magnetosphere) showed a great deal of anisotropy. In an effort to show this we have resorted to a
bar graph superimposed on the average of the data, the bar showing the maxima and minimum. At the
lower counting rates the anisotropies were not particularly easy to observe so that only averages
could be obtained. Also, in general the anisotropy decreased at the higher energies. For P5 and
the o~channel the fluxes were too low to check on anistropy except on March 8.

The plane of the aperture scan was inclined at about 40° to the plane of the ecliptic when
0GO-5 was near apogee, and deviated from this during the rest of the orbit depending on the ele-
vation of the satellite relative to the plane of the ecliptic. The aperture scan did not always
include the solar direction. The angle of closest approach is given by 0 min in Figure 4, denoted
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Fig. 3. Electron spectra for the flux profiles of March 10, 1970 as shown in
Figure 2.
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Fig. 4. Proton observations for March 6-10, 1970. The solid line shows the data

averaged over direction. Superimposed are bars to represent the maxima
and minima when anisotropic fluxes were observed. Because of the great
fluctuations observed in the 0,10 - 0.15 Mev channel, these data are not
included in the plot.
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E or W as to whether the aperture was looking to the east or west at the time of © min. Fortunately,
at the start of the storm the scan came close to including the solar direction. At “1312 UT March 8
thée proton fluxes at 0GO-5 changed from isotropy to marked anisotropy. Isotropy is usually observed
in solar fluxes observed in the magnetosphere. Tt is not obvious however that 1312 UT, coordinates
(14.21, 49.4°, 33,53, 281.8°, 62.5°), was the time of a magnetopause crossing. Over the period of
the next hour there was a marked rise in the fluxes and in the anisotropy, this being most marked

at the lower energies. A significant jump in the counting rates was observed at V1418 UT the time
the magnetic observatories indicate to be the start of the storm.

129




7. SOLAR ENERGETIC PARTICLES

"HEOS-Al Solar Proton (1< E < 13 Mev, E > 30 Mev, E > 360 Mev)
and Interplanetary Magnetic Field Data for March 6-10, 1970"

by

A, Balogh, C. Dyer, A. Engel,
P. Hedgecock, R. Hynds and J. Sear
Physics Department
Imperial College, London

Introduction

The HEOS-Al satellite (1968-109A) was launched from Cape Kennedy in December, 1968, into a
highly eccentric orbit. Apogee is 222,000 km, perigee V1800 km, and the period V106 hours. The
inclination of the orbit is 44 degrees. During the period of the observations presented here, the
angle between the satellite and the earth-sun was approximately 84 degrees. The satellite spin-
axis was tilted at an angle of approximately 25° to the solar ecliptic plane.

The Tmperial College Group has 3 experiments on the satellite, A 3-axis, fluxgate, magneto-
meter, and 2 particle telescopes. The magnetometer has a range of * 64y, and a sensitivity of
0.5y per digitization step. Full details are available in Hedgecock [1970].

One of the particle telescopes detects protons of E >360 Mev. It can also make an omni-direc-
tional measurement, when protons of E >30 Mev and electrons of E >1 Mev are detected. The tele-
scope, which points radially outward from the satellite spin-axis has a geometric factor nIem®sterad
and a viewing half-angle of V20 degrees. The omni-directional geometrical factor is 43 cm?. The
detector and the method of directional measurement are fully described in Engel [1970].

The second telescope is designed to measure protons in a number of energy ranges. The data we
present here is for protons of 1 to 13 Mev., This telescope also points radially outwards from the
satellite spin-axis. It has a geometric factor of 0,21 cm®sterad and an effective half-angle of
V35 degrees. This experiment is fully discussed in Balogh and Hynds [1970].

Interplanetary Observations

The data presented here cover the period 0000 hours UT on the 6th March to 2400 hours UT on
the 10th March 1970, All measurements are presented in the form of hourly mean values except those
for protons of E >360 Mev, which are shown as 6-hourly mean values. Representative errors are indi-
cated where appropriate.

The directional particle data is represented by averages of the radial pointing detectors.
Data from similar detectors pointing along the anti-spin-axis direction are not given. In the case
of protons of E >360 Mev it was not significantly different from that of the radial pointing measure-
‘ments. For protons in the 1 to 13 Mev range, overflow of the counting system causes the data to be
indecipherable,

Figure 1 shows the observations. The energy ranges of the various measurements are indicated,
During some parts of the period shown the satellite was inside the magnetospheric bow shock. The
crossing points of the bow shock are indicated on the magnetic field data.

Close to the maximum of the particle increase observed for the 1 to 13 Mev protons, some dif-
ficulty was experienced due to overflow of some of the data stores. However, by cross-correlation
between the 8 radial sector measurements we have confidence that we have correctly interpreted the
overflow. The period affected is indicated in Figure 1.

The magnetometer experiment contained a core store device. This showed the shock front ob~-
served on the 8th to pass the satellite at 16011™54% YT, The magnetic field strength was observed
to increase from 13y to 33y in a sampling time of 1.4 seconds. At this time the satellite was at
a geocentric distance of 33.74 earth radii,

REFERENCES
BALOGH, A. and 1970 Intercorrelated Satellite Observations related to Solar
R. J. HYNDS Events; edited by V. Manno and D. E, Page; published by
D. Reidel.
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"Observation of Fnergetic Solar Particles during March 6-10, 1970"*

by
R. P. Lin

Space Sciences Laboratory
University of California
Berkeley, California 94720

and

K. A. Anderson
Physics Department and Space Sciences Laboratory
University of California
Berkeley, California 94720

We present here observations of energetic solar electrons and protons for the period March 6-10,
1970. These observations are from the University of California energetic particle experiment aboard
IMP-5. Six Geiger-Mliller detectors cover fout integral energy channels for electrons and three in-
tegral channels for protons. In addition, two pairs of identical GM detectors are pointed at 90° to
each other to provide some directional information. The energy ranges covered are >18 kev, >45 kev,
>80 kev and >120 kev for electrons and >0.25 Mev, >1.5 Mev and >2.3 Mev for protons. Also, 3-20 kev
and 1-20 kev solar x-rays are observed by the El and E3 counters respectively.

An ionization chamber similar to ones flown on IMP-4, Explorer 33 and 35 completes the detector
complement. Table 1 presents the detector characteristics.

The data is presented in Figure 1 in the form of hourly average count rates over the five day
period. These can be converted into flux using the geometric factors given in Table 1. Background
due to galactic cosmic rays is indicated by a B on each detector count rate scale. Except for the
short intervals marked on the figure the fluxes are all solar in origin.

Table 1

IMP-5 Detector Characteristics

Geometry [Look
Detector Sensitivity Factor Mngle Angle to
Designation | Type of Detector Window Electrons Protons X-ray cszter FWHM |Spin Axis
Pl LND 705 GM tube 0.5 mg/em*| >18 kev = >0.25 Mev Nome | 2.7%x10-2 | 40° 0°
mica
P2 LND 7041 GM 1.5 mg/cm?| >45 kev -- Nonme | 6.3%10~2 | 70° 0°
tube in scatter mica
configuration
P3 LND 7041 GM 3.0 mg/em?| >80 kev >1.5 Mev Nome | 0.75 70° 0°
tube with Al foil [mica and
4.5 mg/em?
Al
El LND 7041 oM 13 mg/em® [>120 kev >2.3 Mev  3-20 1.03 70° 90°
tube, thick mica kevies
window
E2 LND 7041 GM 1.5 mg/em? |[>45 kev -- None | 6.5%1072% | 70° 90°
tube in scatter mica
configuration
E3 LND 7041 GM 2.7 mg/cm?| >80 kev >1.5 Mev 1-20 0.86 70° 90°
tube with mica and kewviH
Al foil 4.5 mg/cm?
Al
Ic 4" diameter 210 mg/cm?|>0.7 Mev >12 Mev 220 |~80 cm? -- --
spherical, Neher | Aluminum maximum kev jomni-
type integrating skin sensitivity Hirec-
ionization ~17 Mev tional
*% X-ray range -- 0.1% efficiency points

* This research supported in part by the National Aeronautics and Space Administration under contract
NAS 5-9091. 132
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"Solar Protons and Alpha Particles in the March 6-9, 1970 Eyents"

by

J. C. Armstrong and C. O, Bostrom
The Johns Hopkins University
Applied Physics Laboratory
Silver Spring, Maryland

This note presents proton and alpha particle data measured with solid state detectors aboard
the IMP-G (Explorer 41) satellite during the period March 6-9, 1970.

The IMP-G satellite has an apogee of ~°28.5 Re, perigee of ~250 km, and inclination of 84°.
During the period of interest, the local time of apogee was V2000 UT; magnetospheric coordinates of
apogee are X ~12 R,, Y =25 Rgs 2 =5 R,. Thus, the bulk of the data to be presented will represent
measurements in the evening sector of the tail and near the ecliptic plane.

Detectors

The portion of the Applied Physics Laboratory's experiment of primary interest here consists of
‘a single, thin (96 J) solid state detector inside a copper housing. The field of view is conical,
with half-angle 30°. The detector has a large active area (V2 cm ) and a relatively large geometric
factor of V1.7 cm®ster. There are two discrimination levels, one at 0.9 Mey, the other at 4.14 Mev.
From AE vs. E curves (and considering the effect of a thin light shield), the data from this detector
represent particles with 1 SEP <10 Mev (Detector 4A) and 4 ,SEQ 236 Mey (Detector 4B), or approx-
imately the same energy/nucleon for both protons and alphas. Each data point to be presented repre~
sents an accumulation time of 38.4 seconds (i.e., over "20 spin periods of the satellite; thus, elim-
inating any possibility of detecting anisotropies which might be present in the particle fluxes).
The statistical uncertainty in individual data points can be found from (C/38.4)", where C is the
counting rate plotted, For the proton to alpha ratios to be presented, this uncertainty is given by
L
1 1 1 )2

EWA (E—~+ o times the ratio.
P ¢}

A detailed description of the E 210, =230, and 260 Mev detectors is given in Solar-Geophysi-
cal Data (Descriptive Text), No. 306 (Supplement), February 1970, U.S. Department of Commerce,
(Boulder, Colorado, 80302), and will not be repeated here.

We now consider several possible contributors to the background in detector 4B. The two most
likely are proton pile-up and penetrating protons which enter the detector edge and haye a long path
length in the sensitive volume. For proton pile-up to cause counts in detector 4B, one of the fol-
lowing must occur: (i) Two protons with total energy of 4.14 Mev must have exact coincidence {least
favorable double coincidence situation), (ii) two protons with total energy greater than 4.14 Mey
have coincidence within some time t < T, T is a maximum when both protons have E_ = 3.0 Mey (maximum
energy which a proton can deposit in the detector) and a minimum when the energies are 3.0 and 1.14
or 7.5 Mev. Laboratory measurements with the IMP-G spare package, using a calibrated double pulser
with variable time between pulses, give values of T ranging from 30 nancseconds for E., Eppy = 3.0
and 1.2 Mev, respectively, to 145 nanoseconds for Epl = Epz = 3.0 Mev. These values of T represent
a 50% chance that the proton pile-up pulse will cause a count in detector 4B. The number of counts
in 4B due to proton pile-up is, thus, dependent on the proton spectrum to some extent. However,
calculations using reasonable proton spectra and various "effective" values of T indicate an essen—
tially negligible contribution to detector 4B count rates. The actual data taken during this event
support this conclusion. Radiation belt measurements with detector 4A count rates of 40,000 c/s
and detector 4B count rates of 40 counts/sec (at L " 2.4, B v 0.09 gauss) give a proton/alpha ratio
of V1000, in accord with previous measurements [Krimigis et al., 1968]. If for this case we assume
that all the detector 4B counts are due to proton pile-up and use the simple coincidence formula

— 2
Cu = 2Tepe (Cyp)
we get

Teff 750 nanoseconds

where we have assumed that half the counts in detector 4A are due to protons which could contribute
to pile-up. But even this value of T must be a considerable over-estimate, else we would not have
gotten a proton/alpha ratio in the radiation belts in substantial agreement with preyious experi-
ments. Additional evidence comes from obserying that at times the count rate of detector 4A is in-—
creasing while that of 4B is decreasing even during periods of very high count rates for detector
4B (see, for instance, Figure 4 between 06-14 UT).
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The other area which must be investigated before concluding that 4B counts are indeed due to
alphas is side penetration of energetic protons with a long pathlength in the detector. Side pen-
etration requires protons with E_ =230 Mev. The E_, 230 Mev protons show a maximum increase during
the events being considered of a factor of 3. For the background rate for E_ 2 30 Mey, detector 4B
count rates are “0.l c/s, and if we attribute this entirely to penetrating protons, it is seen that
an increase in E_ = 30 Mev by a factor of 3 can cause a maximum of 0.3 c¢/s in detector 4B, which is
negligible for data taken during the event. Thus, we conclude that detector 4B is indeed measuring
alpha particles.

Data

The higher energy protons will be considered first. Protons with E, 2 60 Mey showed no dis-
cernable change for the period of interest. For E_ =30 Mev, there was an increase in c.r. from
0.65 ¢/s at V1424 UT to 0.96 c¢/s at V1912 UT on Ma%ch 6, with a sloy decrease to 0.8 c/s at 1800 UT
on March 7, at which time there was another increase to 1.6 ¢/s at 00 UT on March 8, followed by an
essentially uneventful decrease to background at 2030 UT on March 8., One-hour averages of these
data are published routinely in the Solar-Geophysical Data, U.S. Department of Commerce, (Boulder,
Colorado, USA, 80302); in particular, the data for the March 1970 period appears in the September
1970 (No. 313) Part II issue.

A time history of count rates for E, 210 Mey is shown in Figure 1 for the period of interest
(these data are also published in Solar—geophysical Data, but only as l-hour averages). Certain
relevant occurrences, such as boundary crossings, etc., are noted on the Figure. We point out that
the occurrence of a sudden commencement had little effect on the Ep > 10 Mev particles, in contrast
to the lower energy particles.

A time history 6f the protons with 1 SE_ <10 Mev is shown in Figures 2a, 3a, and 4a. The in-
teresting oscillations in intensity from %01—86 UT on March 7 are not correlated with large magnetic
disturbances on the earth. In contrast, the oscillations from “v1400-1900 UT on March 8 are closely
associated with a sudden commencement and magnetic disturbances which reached a peak amplitude of
"4000y at the College, Alaska magnetic observatory.

A time history of alpha particles with 4 SEy £36 Mev (1 SEa/ nucleon <9 Mev) is shown in
Figures 2b, 3b, and 4b. Although the general behavior of these particles as a function of time is
similar to that of protons with 1 < E;, <10 Mev, there are interesting variations when the two are
compared in detail. This is seen in Eigures 2c, 3c, and 4c, where we have plotted the ratio J,(1
SE, £10 Mev)/Ja(l £ E_ /nucleon £ 9 Mev) as a function of time. This ratio ranges from =30 to
a3 560, in general accord with the results of Armstrong and Krimigis [1970]. The maximum occurs
with the satellite in the magnetosheath and rather late in the event, in exact coincidence with the
arrival of the sudden commencement.

As concluding remarks, we would like to make the following comments for this event:

(i) Protons and alphas with E 2 1 Mev/nucleon might or might not be affected by the boundary
between the magnetosphere and the magnetosheath, apparently depending on interplanetary conditions
(compare, for instance, the periods 09-11 UT, March 6, and 07-10 UT, March 8, with the period 2000~
2230 UT on March 7).

(ii) The plasma (shock) causing the sudden commencement for this event carried with it pro-
portionately more protons than alphas with 1 X E/nucleon £ 10 Mev than were present at other times
during the event.

REFERENCES
KRIMIGIS, S. M., 1968 (Abstract) Mariner 5 Observations of Magnetospheric Protons and
J. A. VAN ALLEN and Alpha Particles, Trans. Am. Geophys. Union, 49, 268
A. L. BURNS
ARMSTRONG, T. P. and A Statistical Study of Solar Protomns, Alphas, and
S. M. KRIMIGIS Z =z 3 Nuclei in 1967-68, APL Preprint, October, 1970
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Fig. 1. A time history of solar protons E, =10 Mey from March 6<9, 1970. The
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"Proton, Alpha and Bremsstrahlung Fluxes Measured Aboard OV5-6"

by

G. K. Yates, L. Katz and J. G. Kelley
Air Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Mass.

and

B. Sellers, F. A. Hanser and P. R. Morel
Panametrics, Inc., Waltham, Mass.

Satellite OV5-6 (International designation 1969-046B) measures solar fluxes of protons, alphas
and gamma rays. Its ephemeris for one revolution on 6-7 March 1970 is shown in Figure 1. This
ephemeris is essentially valid for all revolutions during this event. Its orbital period was 3116.7
min.

The proton-alpha particle detector on 0V5-6 consists of two totally depleted silicon surface
barrier detectors in a telescope configuration. The detectors each have a 2 cm® area and are sep-
arated by 2.54 cm. The outer one is 200 microns thick and the inner ome 750 microns. The outer
detector is shielded from light by 0.6 mil of aluminum foil. In the coincidence mode of operation,
the telescope has a geometric factor of 0.52 cm®-sr, with a detection cone of 30° half angle. The
average angle of detection is 17°. A coincidence is set by an energy loss window on the first de-
tector and a threshold on the second detector. The resulting coincidences detect protons and alpha
particles (principally) in the following ranges: protons 5.3 to 8 Mey, 8 to 17 Mev, 17 to 40 Mev,
and 40 to 100 Mev; alpha-particles 20 to 32 Mey, 32 to 68 Mev, and 68 to 100 Mey. The telescope
cycles sequentially through these seven ranges, each range is counted and then read out. The com-
plete cycle is completed in approximately two minutes. The telescope looks in the equatorial plane
of the satellite. This plane was inclined about 45° to the earth-sun line during the March 1970
event. Since the spin period during this time was 4.8 seconds, the telescope accumulated counts in
a given particle energy range for approximately two satellite rotations.

The telescope also has a calibration mode which allows some lower energy proton data to be ob-
tained during high flux periods. Each coincidence count is followed by a single count from one of
the detectors. The differential energy loss is measured in the 200 micron detector, and in the 750
micron detector the integral emergy loss is measured. The detectors alternate in readout. Thus,
each detector is read out once for each two coincidence count cycles (approximately 4 minutes) and
each read out covers seven points. The calibration mode count time is 1.8 seconds, and the detectors
sweep out about 130° during the count time. For this mode the 200 micron detector has a geometric
factor of 3.2 cm®-sr and provides information on protons in the energy ranges 1.25 to 1.41 Mev, 1.41
to 1.79 Mev, 1.79 to 2,71 Mev, 2.7 to 4.8 Mev, and 4.8 to 5.6 Mev.

Figure 2 shows 50 minute averages of the data from the four coincidence proton channels and the
lowest energy alpha particle channel. Fluxes are given in particles /cm®~sec—sr-Mey s most gaps
correspond to periods of no telemetry; a few points when the satellite is within the trapped radia-
tion belt are omitted. Figure 3 shows the time structure observed near 2000 UT on March 7. Each
point represents one coincidence mode measurement; successive points are about two minutes apart.

Spectra at certain times during the event are shown in Figures 4, 5 and 6. These include the
calibration mode proton data averaged over spin to make it comparable to the coincidence mode data.
The lower energy data have been corrected for the contribution by high energy protons and for back-
ground from a weak alpha source normally used to check the gain of the detector electronics. The
energy ranges are shown by horizontal bars, and where significant one sigma statistical uncertainties
are shown by vertical bars.

The bremsstrahlung (or X-ray and gamma) detector utilizes a 0.5" dia. x 0.5" long NaI (TL)
scintillator cemented to an RCA C70102M photomultiplier tube using a soft epoxy (Solithane), and
the entire unit encased in a machined nylon shell. The shell was cut out, except for three strxips,
around the sensitive side area of the crystal to permit optimum X-ray transmission. This instru-
ment was furnished by TRW, Inc. The signals from the bremsstrahlung detector were input to a series
of four stacked discriminators to provide measurements of photons in the energy intervals 19.4 to
76.5 kev, 76.5 to 232 kev, 232 to 1175 kev, and all photons of energy greater than 1175 kev. The
outputs of the discriminators were input to log count rate meters which convert the count rate to an
analog voltage for telemetry. The omnidirectional geometrical factor is 1.89 cm®. The highest en-
ergy channel is also semsitive to electrons of energies greater than 1.83 Mev and protons of energies
greater than 17.2 Mey, Figure 7 depicts the observed fluxes in these energy intervals. No attempt
has been made to coxrect for possible contaminations by Van Allen belt particles or high energy pro-
tons or electrons, except for the deletion of data points at perigee.
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Time yariation of particle fluxes near 2000 UT, 7 March.
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"Pemporal Variations in the 100 kev to 8 Mev Protons Over
the Northern Polar Cap during the March 7, 1970 Event"

by
H. R. Lindalen, K. Aarsnes, R. Amundsen and F. Séraas

Department of Physics
University of Bergen
Bergen, Norway

This paper presents preliminary results from the S71C experiment (University of Bergen, Norway,
and Danish Space Research Institute, Denmark) for the time period March 7 to March 10, 1970.

The experiment is flown onboard the ESRO IA (Aurorae) satellite launched on October 3, 1968,
into a near polar orbit with inclination 94°, apogee 1533 km and perigee 258 km. During the period
considered, the satellite passed the northern polar region at an altitude of about 400 km. The
satellite is magnetically stabilized.

The S71C experiment employs three totally depleted surface barrier detectors, two unshielded
detectors, Dl and D2, and one background detector, D3, shielded by 0.3 mm of aluminum. The detec-
tors D1, D2 and D3 make the following angles with the satellite axis: 0%, 90° and 45°. The orien-
tation of the detectors in the northern hemisphere is such that D1 detects particles that will be
absorbed in the atmosphere, wheras D2 detects particles that mirror at the satellite altitude. A
collimator restricts the solid angle of each detector to 0.074 sr., and the directional geometric
factor is 0.037 cm2?sr. Magnets in front of the apertures sweep away electrons with energies less
than 500 kev. The detector output is analyzed in a six channel differential pulseheight analyzer.
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Fig. 1. Average values of intensities of (115-180) kev, (210-350) kev, (475-880) kev, (1080-2000) kev,

(2900-8000) kev and (7000-9900) kev protons above invariant latitudes 80° plotted vs. time.
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The different energy channels are counted sequentially taking two adjacent channels each time,
the counting period being 0.345 seconds. A complete energy spectrum from all three detectors is ov-
tained every 3.6 seconds. A description of the instrument is given by Séraas et al. [1969].

In order to study the time history of solar protons, from each satellite pass 10 samples above
invariant latitude 80° were averaged. The results are shown in Figure 1, where the directional dif-
ferential flux of precipitating protons in the following energy channels (115-180) kev, (210-350)
kev, (475-880) kev, (1080-2000) kev, (2900-8000) kev, are plotted versus universal time. Also plot-
ted is the (7000-9900) channel from detector D3.

Between 2230 UT and 2400 UT on March 7, there was a sudden increase in the count-rate in all
energy channels. The (2900-8000) kev channel reached its maximum count-rate during this time inter-
val. The differential energy spectrum could not be approximated with a simple exponential or power
law, as can be seen from Figure 2.
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Protons below 3000 kev continued to rise until noon on March 8. Between 1240 UT and 2325 UT on
March 8, we have no available observations. From around midnight March 8 the flux in all energy
channels tended to decrease.

Comparing these data with the data referring to locally mirroring protons (D2) and taking into
account the statistical uncertainties, the measured pitch angle distribution is consistent with iso-
tropy over the upper hemisphere. This is shown in Figure 2 where data from all three detectors are
used to obtain the proton differential energy spectrum referring to different phases of the event.
On March 7 and 8, the differential energy spectrum is fairly flat up to around 2 Mev. The intensity
versus energy relation could from March 9 be approximated with a simple power law. As time progres-
sed, the intensities decreased slowly, but little change was observed in the spectral slope. The
lines in Figure 2 have only been drawn to indicate the spectral form.
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"Prapped Particles over the Northern Polar Cap between 6 and 10 March 1970"

by

V. Domingo, D. E. Page and M. L. Shaw
Space Science Department (ESLAB)
European Space Research and Technology Centre
Noordwijk, Holland

The temporal and spatial pattern formed by solar particles across the polar cap now present a
rather complicated picture. The observed particle distribution apparently depends not only on time
and position but on energy and type of particle and on the direction of pointing and acceptance angle
of detectors used. One feature which has been studied is the relationship between the poleward bound-
ary of the Van Allen belts and the low latitude limit of solar particles. Data recorded at high
northern latitudes is reported in full here in order to avoid arbitrary or subjective definitions of
boundary, etc.

A geiger counter* with a geometric factor of 8.5 x 10~3 cm2 sterad and an opening angle of about
16°, was located perpendicular to the magnetic field aboard the field-aligned satellite ESRO IA/Au-
rorae. The geiger responded to electrons above 40 kev (defined in the usual way) and to protons
above 500 kev. The output of the geiger was handled by a logarithmic rate-meter over the range 4 to
4,7 x 103 counts/sec (saturation). The ratemeter output with a time constant of approximately 3 secs.
was sampled by an analogue telemetry channel each 12.8 secs.

The ESRO IA satellite which was launched on 3 October 1968 had at the time of the event an in-
clination near 94°, apogee of 800 km and perigee of 240 km. The orbital plane was near the dawn-dusk
meridian, the satellite passing from approximately 0600 to 1800 IMT (local solar time) over the north
pole. Data were recorded in real time from Trgmso, Spitzbergen, Redu, and Fairbanks (the tape record-
er lasted for 6 months).

The counting rates from 6 March 1970 at 0000 UT until 10 March 1970 at 1800 UT have been plotted
against invariant latitude in Figures 1 through 4., Table 1 gives the height and time of passage of
the satellite over the point nearest to the north pole. The northern edge of the radiation belt is
generally clearly visible and it can be seen that it suffers large fluctuations during the event.

TABLE I
ORBIT DAY UNIVERSAL[HEIGHT] ORBIT DAY UNIVERSALJHEIGHT | ORBIT DAY UNIVERSALIHEIGHT
TIME TIME TIME

(hours) | (km) (hours) (km) {hours) (km)
7515 |6 Mar. 70 1.264 687 753% 17 Mar. 70| 15.259 655 7563 9 Mar. 70 5.234 624 -
7516 " 2.847 686 17540 " 16.832 654 7564 " 6.816 622
7517 " 4,429 684 7541 i 18.414 653 7565 " 8.399 621
7518 i 6.012 683 17542 " 19.997 651 7566 " 9,982 620
7519 " 7.595 682 7543 " 21.580 650 7567 " 11.564 618
7520 " 9.178 680 7544 " 23.162 649 7568 1 13.147 617
7521 " 10.760 679 7545 |8 Mar. 70 0.745 647 7569 " 14.730 616
7522 " 12.343 678 {7546 " 2.328 646 7570 ! 16.313 614
7523 " 13.926 676 |7547 " 3.910 645 7571 " 17.895 613
7524 " 15,508 675 {7548 " 5.493 643 7572 " 19.478 612
7525 " 17.091 674 7549 " 7.076 642 7573 # 21.061 610
7526 " 18.674 672 7550 " 8.659 641 7574 " 22.643 609
7527 " 20.256 671 17551 " 10.241 639 7575 110 Mar. 70 0.226 608
7528 " 21.839 670 {7552 " 11.824 638 7576 " 1.80% 606
7529 " 23.422 669 |7553 " 13.407 637 7577 " 3.391 605
7530 |7 Mar. 70 1.005 667 |7554 " 14,989 636 7578 " 4.974 604
7531 " 2.587 666 7555 " 16.572 634 7579 " 6.557 603
7532 " 4,170 665 7556 " 18.155 633 7580 " 8.140 601
7533 " 5.753 663 {7557 " 19.737 632 7581 " 9.722 600
7534 " 7.335 662 7558 " 21.320 630 7582 " 11.305 5389
7535 " 8.918 661 7558 " 22.903 629 7583 " 12.838 597
7536 " 10.501 659 7560 |9 Mar. 70 0.486 628 7584 " 14.470 595
7537 " 12,083 658 [7561 " 2.068 626 7585 " 16.053 595
7538 " 13.666 657 7562 " 3.651 625 7586 o 17.636 593

* Supplied and calibrated by the Norwegian Defence Research Establishment, Kjeller, Norway, and the
Danish Space Research Institute, Lyngby, Denmark.
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The normal quiet time count rate over the central polar cap is below 10 per second. In Figure
5 we have plotted the median count rate obtained in the ''plateau" region above 75° invariant lati-
tude. The particle flux over the polar cap is visible from 6 March at 1500 UT until 10 March at 1200
UT. On 8 March there is a clear peak at 0200 UT and a dubious peak at 1500 UT. The latter is dubi~-
ous because at that time the satellite orbit is rather far from the magnetic pole and may therefore
be near the "auroral zone enhancements' of solar particle flux. We regard the definition of a "pla-
teau' as not being very meaningful in the light of the present knowledge of structure across the polar
cap. However, it is a way of illustrating how the event intensity progressed with time.

Figures 1-4 show counting rate versus invariant latitude. The numbers refer to the pass numbers
of the satellite (see Table 1). The curves with an M refer to data measured in the morning side of
the pass and those with an A to the afternoon side of the pass over the north pole.
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"Redistribution of Trapped Protons following the 8 March 1970 Magnetic Storm'

by

S M. Krimigis and P. Verzariu
Applied Physics Laboratory
The Johns Hopkins University
Silver Spring, Maryland

D. Venkatesan
Department of Physics
University of Calgary

Calgary, Alberta, Canada

and

B. A. Randall
Department of Physics and Astronomy
University of Iowa, Iowa City, Iowa

Introduction

The period 6 to 13 March 1970 represents a time interval when the interplanetary medium was
filled with large fluxes of low emergy (<10 Mev) particles [Armstrong and Bostrom, 1970]. On 8
March a magnetic storm occurred at 1417 UT which induced severe disturbances on the trapped ener-
getic particle population in the magnetosphere. In this paper, data are presented which show the
redistribution of protons in the energy range 0.3 <E_ < 0.45 Mev. The data were obtained with
equipment on the University of Iowa satellite Injun 5p(1968—066B) which has an apogee of 2525 km,
perigee of 644 km and inclination 80.7°. The detector system is described in detail elsewhere
[Krimigis and Verzariu, 1970]. Briefly, it consists of a solid state detector telescope with a
full angle of v30° and points to within * 10° of the normal to the local B vector.

Observations

The onset of solar particles for the period of interest occurred at 1700 UT on 6 March and
the intensity of 1-10 Mev protons reach background by the end of 14 March [Armstrong and Bostrom,
1970]. Data coverage with Injun 5 was relatively sparse during the two days prior to the sudden
commencement (SC) (1417 UT, 8 March) so that a satellite pass immediately prior to the SC is not
available. Judging from magnetic activity before the SC, however, one infers that no significant
trapped proton redistribution could have taken place prior to this time.

Figure 1 shows a series of satellite traversals of the radiation belt for the period March 3
to 14, 1970. Note that all of these passes are taken in the early evening to local midnight sec-
tor in magnetic local time (MLT) and that the B range covered is approximately the same for all
passes. The pass on March 3 (day 62) is believed to be representative of the steady state situa-
 tion prior to the SC on 8 March. One observes the following:

(a) The shape of the intensity profile has been severely distorted V50 minutes
after the sudden commencement., The peak flux has increased by a factor of
V2 and the boundary has apparently moved inward. The intensity below "55°
invariant latitude A has not changed significantly,

(b) Further distortion of the intensity profile has not as yet occurred on the
following pass two hours later at V1715 UT on the same day.

(c) The pass at V2115 UT shows additional effects in the intensity profile with
such changes extending down to at least 50°., The intensity maximum has
moved inward to A "52° and the peak flux has increased to V4 x 10°(cm®sec
sY Mev)_l, i.e., a factor of 20 higher than the maximum pre-event flux.

We note that this pass follows a major recovery in the geomagnetic field
at high latitudes, which occurred at N2020 UT. This recovery may be
associated with the onset of bay activity.

(d) Passes on days 69 to 73 (10 to 14 March) show the establishment of a new
steady-state distribution with a much sharper peak located at A V57° (L n3.4).
The peak intensity is about a factor of 20 greater when compared to that prior
to the sudden commencement. One also notes that there is no significant change
in the location of the boundary.
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Fig. 1. A plot of the differential proton intensity versus
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(e) The polar plateau intensity profiles are generally similar to those that
have been observed in the past. A detailed investigation of these plateaus
is beyond the scope of this study.

We note here that intensity changes for higher energies (up to 1.4 Mev) appear to be similar
(although less pronounced) to those observed at 0.3 Mev and shown in Figure 1.
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Fig. 2. A plot of the differential proton intensity for three L values and
in the indicated B range. Note the local time asymmetry and the
reversal in its sign as one progresses from L V3,5 to L ~2,7. The
error bars do not exceed the size of the plotted point except where
shown.
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Figure 2 shows the differential intensity as a function of time for the period 2 to 15 March
at L values of 3.5, 3.0, 2.7 and B range 0.21 to 0.25 gauss. The points are coded according to
the magnetic local time (MLT) at which the observations were obtained. There are several remarks
to be made regarding this figure:

(a) The intensity began to increase immediately after the sudden commencement
and continued to build up until at least day 71 (12 March). The post-
storm intensity was at least a factor of 25 higher than the prestorm
value.

(b) There exists a local time asymmetry in the intensity profile for the same
values of L and B. Specifically, (1) at L = 3.5 * 0.1 (top panel) the
intensity at V1800 MLT is higher by a factor of 5 than that at "0500 MLT;
(2) at L = 3.0 + 0.1, on the other hand, the converse is true, i.e., the
intensity at 0500 MLT exceeds that at 1800 MLT by a factor of ~5; (3) the
same holds true at L = 2.7 % 0.1 as in (2) but the intensity at 0500 MLT
is greater by a factor of 20 than the one at 1800 MLT. The scatter in
the data at the two respective local times is probably due to the wide
range in B and the sharp gradients in the L profile as seen from Figure 1.

We consider the dawn-dusk asymmetry to be one of the most important observations obtained during the
March 1970 magnetic storm.

Summary and Discussion

The results presented in Figures 1 and 2 may be summarized as follows: (1) The peak differ-
ential intensity of 0.3 <E; <0.45 Mev geomagnetically trapped protons increased by a factor of
V20 following the 8 March 3970 magnetic storm; (2) there exists a dawn-dusk asymmetry in the
intensity increase which is a strong function of L in the range 2.7 to 3.5.

Because of the preliminary nature of the present study, it is not possible to attempt a com-
plete and full interpretation of the data. There are, however, some features that clearly stand
out. First, the magnitude of the increase exceeds anything that has been reported so far for
protons in this energy range and at L values as low as 2.7 earth radii [for a review see Williams,
1970]. Secondly, the bulk of the increase must be accounted for by locally accelerated particles
of either solar wind or exospheric origin rather than direct injection of energetic solar parti-
cles into trapped orbits, since the trapped particle intensity far exceeds the solar particle
intensity observed over the polar caps. Further, there was a build-up in the intensity over sev-
eral days, during which the solar particles had decayed to insignificant fluxes (Figure 1). Third-
ly, the local time asymmetry and the reversal in its sign in going from L 3.5 to L A3 suggests a
direct connection between the ring current and the energetic particle population. 1In particular,
protons present at 1800 MLT are not able to drift to 0500 MLT at L ~3.5, while protons at 0500 MLT
at L V2.7 are not able to drift to 1800 MLT, suggesting that’ 'there is a sink of particles at some
local time on either side of L V3,2, That this effect persists for several days is indeed remark-
able, since the ring current must have presumably decayed by this time. We emphasize here the
fact that the data are preliminary and stress the tentative nature of the conclusions, pending a
more complete study.
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"Proton and Alpha Particle Measurements Over the Northern Polar Cap with
the Satellite GRS~-A/Azur During the March 1970 Solar Proton Event"

by

E. Lammers and J., Moritz
Institut fur Reine und Angewandte Kernphysik
Universitat Kiel
Germany

Some data taken with the satellite GRS-A/Azur over the northern polar cap during the March 1970
solar proton event are presented.

The satellite GRS-A/Azur was launched November 8, 1969, 0152 UT into a nearly polar sun synchro-
nous dawn-dusk orbit with a perigee of 383.84 km and an apogee of 3,145.43 km., The inclination is
102.975 degrees, the period 121.876 minutes., The satellite is magnetically aligned to the magnetic
field lines. During the period from March 2 to 17, the period for which data are given here, the apo-
gee moved from 27° to 50° N on the evening side of the orbit.

The experiment EI-92 of the satellite measures with two solid state detectors the directional
intensity perpendicular to the magnetic field lines of protons in the energy range 0.25 to 13.5 MevV
and of alpha particles in the energy range 2.0 to 6.4 MeV., The full opening angle of the direction-
ality defining aperture is 20.4 degrees, the geometry factor is 0.0137 cm?sterad, Pulse height dis-
crimination of the detector pulses in combination with coincidence constraints defines 6 separate
count rate channels. These channels are sampled every 10 seconds and the data are transmitted in
real-time, The 6 channels represent:

Channel 1: protons in the energy range 1,65 to 13.5 Mev
Channel 2: protons in the energy range 0.25 to 12,5 Mev
Channel 3; protons in the energy range 0.25 to 1.65 Mev
Channel 4: protons in the energy range 0.5 to 1.65 Mev
Channel 5: protons in the energy range 1.0 to 1.65 Mev
Channel 6:  Alpha particles in the energy range 2.0 to 6.4 MeV

In the process of data evaluation the time~ordered data are supplemented with the magnetic coordinates
B, L, and Ausing the GSFC 12/66 model. Multiplication of the count rates per 1C sec with the factor
7.39 leads to particles/cm® sec sterad.

During the March period only passes over the north polar cap have been received and due to the
distribution and function of the receiving ground stations not always all of the 12 polar passes pex
day were covered, Depending on the time of the day the satellite's orbit reaches to different maximal
geomagnetic latitudes in respect to invariant latitudes.

Gount rate profiles of polar passes are shown in the Figure 1 through 3. They give examples of
three different types of profiles to be discerned during the period of enhanced count rate over the
polar caps. Figure 1 gives a pass reaching up to 86.61° invariant latitude beginning at 0231 UT on
March 8. The total polar cap is filled with protons exhibiting only little structure. There is a
small indication of lower intensity on the evening side of the pass, a feature that can be recognized
on some of the polar passes with smooth intensity profile. In contrast passes with more structure
very often show an enhancement on the evening side,

Pigure 2 gives one of the two passes following the ssc at 1420 UT that show a completely differ
ent appearance of the count rate over the pole than all other passes. These two are a pass at 1506 UT
(not shown here) that reaches up to only 70° invariant latitude and the one at 1857 UT shown in Figure
2 reaching to 73.5° invariant latitude, These two passes show very disturbed flux conditions reach-
ing down to 55° invariant latitude, a region normally filled with trapped particles. Another pass
from 1705 UT in between the two passes with rapidly varying fluxes shows in contrast a rather smooth
flux profile comparable to the one given in Figure 3. This might be an indication of direct particle
access to the polar caps if one correlates this to the large negative excursions on the magnetic re-
cords of high latitude stations at 14 to 16 and 19 to 21 hours UT, whereas the value goes back to al-
most normal between 16 and 19 hours UT when a more smooth intensity profile is measured.

Figure 3 gives a pass from early March 9, that shows the typical flux enhancement at auroral
latitudes, which seems to be the normal distribution of particles over the polar caps as it is seen
in most of our passes.

The time development of the measured intensities of protons and alpha particles for the period
March 2 to 17 is given in Figures 4 through 6 for an invariant latitude of 70°, This latitude was
chosen as it gives the maximum of contacts well beyond the normaly observed trapping boundary which
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can be defined, at 68° for the low energy and at 60° invariant latitude for the higher energy protons,
as the point where the count rate at magnetically quiet times falls into the normal background rate.
The intensity of the 0.25 to 1.65 MeV protons started to rise on February 26, not shown on the plot,
and mainly stays over the background intensity for the whole time period. Maximum intensity is observed
immediately following the ssc on March 8, 1420 UT. The intensity of the 1.65 to 13.5 MeV protons is

not enhanced until March 6, around 18 hours and the onset coincides with the > 10 MeV flux increase ob~
served with IMP G [Solar-Ceophysical Data, Number 313 - Part II, U. S. Department of Commerce (Boulder,
Colorado U.S.A. 80302)]. Again maximum intensity is observed on the passes following the ssc. As for
the low energy protons a second slight intensity increase appears on late March 12. The alpha particles
in general exhibit a behavior comparable to the high energy protons.

If the assumption is correct that the passes immediately following the ssc are exempt because of
direct particle access to the polar caps an envelope can be drawn to the intensity~time profiles lead-
ing to different times of the intensity maximum for different particle energies and a nearly exponen-
tial decline from maximum with a time constant of 12 hours which is independent of particle energy.
Then the 1.65 to 13.5 MeV protons reach maximum intensity about 8 hours earlier than the 0.25 to L.65
MeV protons. The maximum for alpha particles lies closer to the maximum of the lower energy protons.
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"Observation of Solar Particles in March 1970 and Correlated Effects in the Outer Radiation Belt'"

by

E. Achtermann, B. Hausler, D. Hovestadt and M. Scholer
Max-Planck-Institut flr Physik und Astrophysik
Institut fur extraterrestrische Physik

Garching

Introduction

It is the purpose of this paper to present a collection of experimental data which has been ob-
tained during the March 1970 solar proton events. The events were associated with one of the largest
geomagnetic storms which occurred to date of this solar cycle. The data we report were obtained be-
tween March 6 and March 18, 1970.

The instruments were carried by the polar orbiting satellite GRS-A/AZUR (inclination 102.94, peri-
gee 383 km, apogee 3145 km, period = 122 min.). The satellite is magnetically stabilized. Two pro-
ton alpha-particle telescopes (88/1 and 88/2) are oriented perpendicularly (88/1) and at an angle of
45 degrees (88/2) with respect to the geomagnetic field vector. TIn the northern hemisphere telescope
88/2 is pointing upwards. The telescopes cover the energy range from 1.5 to 104 MeV for protons in
six energy channels, and 6 to 19 MeV for alpha-particles in one energy channel. In addition, two
omnidirectional proton-electron detectors are employed, which cover the energy range from 20 to 72 MeV
for protons and >1.5 MeV for electrons.

Instrumentation

The telescopes 88/1 and 88/2 are particle range devices consisting of a stack of seven fully de-
pleted silicon detectors. The energy channels are defined by the thickness of the detectors and of
the absorbers placed in-between.

The stacks are surrounded by a plastic anti-coincidence scintillator and a heavy shielding (only
protons with energies >75 MeV are able to penetrate).

Table 1 shows the energy ranges and the logical condition of the different channels Kl to K7.

Table 1
Channel Logic Particle Energy
K1l ABTTS protons 1.5 - 2.7 MeV
K2 ABDS alpha 6 - 19 MeV
K3 BCDS protons 2.7 = 5.2 MeV
K4 CDET protons 5.2 =10.4 MeV
K5 DEFS protons 10.4 - 22 MeV
K6 EFGTS protons 22 - 49 MeV
K7 FGS protons 49 - 104 MeV

Geometrical factor: 5.80 x 1072 cm? ster (telescope 88/1; 90°)
5.95 x 1072 cm? ster (telescope 88/2; 45°)

Response of the telescopes 88/1 and 88/2 of the satellite AZUR.
A to G = Silicon detectors, S = Anti-coincidence scintillator.

The geometrical factor of the instruments are 5.80 x 10°2 cm? ster for telescope 88/1 and 5.95 x
1072 cm” ster for telescope 88/2.

As calibration measurements show [Achtermann, et al., 1970], the sensitivity of the instruments
to emergetic electrons is less than 1076 for all coincidence channels as long as pile-up effects can
be neglected. This is true for all measurements reported here.

The omnidirectional counters 93/1 and 93/2 consist of cubical lithium-drifted silicon detectors,
heavily shielded on one side and covered by a hemispherical shield over a 217 solid angle on the other
side. The thickness of the hemispherical shield determines the lower energy threshold for protons and
electrons. The upper energy limit for protons is determined by the energy loss in the silicon cube
in relation to the electronical threshold., Electrons and protons are separated by the electronical
threshold (300 keV for the electron channels and 5.0 MeV for the proton channels).

Table 2 shows the relevant parameters of the devices. The geometrical factor for electrons was

determined in calibration measurements. A detailed description of the experiments and an analysis
of the calibration measurements are published elsewhere [Achtermann et al., 1970].

168




Table 2

Channel Shielding Threshold Particles Energy Geometrical Factor
K1 0.53 g/cm2Al 0.3 MeV e” >1.5 MeV | energy desendent
0.53 g/cm2Al 0.3 MeV P > 20 MeV | 2.7 x 1072 cm?
K2 0.53 g/cm?Al 5.0 MeV p 20-45 MeV | 1.95 x 10-2 cm?2
K3 2.34 g/em2Cu 0.3 MeV e- > 4 MeV | energy dependent
2.34 g/em?Cu | 0.3 MeV P >40  MeV | 4.7 x 10-2 cm?
K4 2.34 g/em2Cu 5.0 MeV p 40-72 MeV | 3.4 x 1072 cm?

Response of the Omnidirectional Particle Counters of Satellite AZUR

History of the March 7 Solar Particle Event

The time history of the solar particle influx into the polar cap for different proton energy
channels is given in Figure 1. The lower curves show the results of the 45° AZUR telescope (88/2)
as obtained at a geomagnetic invariant latitude of A= 70° + 0.5. At the time of measurement the
apogee (3100 km) of the orbit was near the polar region. Therefore most of the measurements were
obtained above 2900 km altitude.

A region of observation at an invariant latitude of A = 70° has been chosen because of an ap-
parently easy access of solar flare particles from interplanetary space into this region [Williams
and Bostrom, 1969; Evans and Stone, 1969; see also "Entry of Solar Particles into the Polar Region"
of this paper].

The top curves of Figure 1 give the proton flux above 13.9 MeV [Pioneer 8 data, Solar-Geophysi-
cal Data 1970] as observed at a heliocentric longitude of about 45°FE and the proton flux above
10 MeV as observed in the vicinity of the earth outside the magnetosphere [Explorer 41, Solar-
Geophysical Data 1970]. In addition the time history of the proton/alpha-particle ratio:

Protons (5.2 € E < 22 MeV)
Alpha-particles (6 < E < 19 MeV)

is given.

In the lower part of Figure 1 we plotted the major flares, their solar longitudes [Solar-Geo-
physical Data 1970], and the sudden commencement which occurred in the time considered here. In
Figure 2 the solar proton energy spectra are given at the times indicated in Figure 1.

Early on March 7 in nearly all energy channels there was a sudden flux increase. Since the 2B
flare started at a later time, this increase may be due to the 1IN flare which occurred at the west-
ern limb of the sun more than one day earlier. At the same time an enhancement in the E > 10 MeV
proton flux at Explorer 41 can be seen. For several hours: (8h) the proton flux roughly remains
constant with some fluctuations. During this period the proton/alpha ratio stays also constant at
a value of about 30 1+ 10.

On March 7 at about 2230 UT a second fast flux increase by about one order of magnitude occur-
red in all energy channels. In the following time span, until the sudden commencement on March 8,
all proton channels reach their maximum flux values. During this period the proton/alpha ratio is
roughly constant at a value of about 8 to 10,

Associated with the sudden commencement a sudden decrease in the counting rates occurs in all
energy channels, which slowly continues for several days until nearly background level is reached.
Also, the proton/alpha ratio drops to a value of about 5.

Later, on March 12, another flux increase occurs which probably is associated with a 2B flare
at west 45° solar longitude, since no flux increase has been observed on Pioneer 8 at a position of
45° east solar longitude.

The second flux increase of the March 6/7 event appears about half a day earlier at Pioneer 8
than at AZUR and Explorer 41. Because of the spiral structure of the interplanetary magnetic field
the lines of force at the position of Pioneer 8 are rooted about 0° east heliocentric longitude.
Therefore it is very likely that this flux increase is associated with the 2B flare at 10° east
solar longitude, which occurred on March 7, 0150 UT.

Entry of Solar Particles into the Polar Region

Figure 3 shows a sequence of 3 polar passes (Orbit 1415, 16, 18) at a time before, during and
after a strong increase in the interplanetary proton flux (1 - 8.8 MeV) on March 7, 2228 UT [ Simp-
son 1970]. With a delay of a few minutes the observed flux at an invariant latitude of 70° roughly
represents the flux observed on IMP5 outside the magnetosphere. 1In the second pass (Orbit 1416)
the flux of low energy protons at high latitudes A > 75° remains on the level of orbit 1415. Four
hours later (Orbit 1418) the polar region uniformly shows the higher flux level. The short time de-
lay at low latitudes and the longer delay at higher latitudes as well as the energy dependence sug-
gest that for these particles diffusion across the magnetospheric tail might playian important role
[Michel and Dessler, 1965; Williams and Bostrom, 1969].
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suggest that for these particles diffusion across the magnetospheric tail might plan an important
role [Michel and Dessler 1965, Williams and Bostrom 1969].
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fast flux increase in the interplanetary space.

During the period of non-uniform flux distribution over the polar cap (March 7, 2250 UT) the
proton/alpha-particle ratio has been investigated. An attempt has been made to correlate the proton
flux of various energy channels with the flux of alpha-particles. In Figure 4 the counting rates of
the proton channels of telescope 88/2 between 1.5 MeV and 49 MeV are plotted versus the counting
rate of the 6 to 19 MeV alpha-particle channel. The best correlation, a line with the slope of
about 1.06 is obtained for channel 4 (5.2 - 10.4 MeV) and for the sum of channel 4 and 5 (5.2 - 22

MeV).
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The correlation for lower and higher energy channels deviate considerably from a slope equal to
one. Assuming a proton/alpha ratio outside the magnetosphere which is constant over the period of
measurement we conclude that during this period the conditions for propagation into the polar cap of
protons and alpha-particles of the same energy are the same. Since protons and alpha-particles of the
same energy carry the same magnetic rigidity, it follows that the entry of the particles was mainly
ruled by effects dependent on rigidity and not on velocity.

Variations of the Quter Zone Electron Flux

Figure 5 and Figure 6 show a sequence of polar cap passes with the time flux profiles of elec-
trons with energies >1.5 MeV and >4 MeV as measured with the omnidirectional detectors 93/1 and 93/2.
During all passes the satellite had a minimum altitude of 2900 km.

Figure 5 shows the long time behavior of the outer zone electron fluxes over a period of eight
days including the time before arrival of flare particles. Figure 6 shows the short time sequence
after the sudden commencement (SSC) on March 8, 1418 UT.
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Fig. 5.
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to 4. The peak with the higher intensity represents electrons >1.5 MeV,
the lower peaks electrons E >4 MeV. Orbit 1401l and 1413 were measured
before the ssc.

The main features of the passes are:

D

2)

Before the sudden commencement (Orbit 1401 to 1413):

a) A strong peak for electrons (E >1.5 MeV) at about L = 4.2 with a hump at
L~ 3.4,

b) A double peak for electrons (E >4 MeV) at L~ 4.2 and L~ 3.4 with a remark-
able slot in-between at about L = 3.8.

In connection with the magnetic disturbances of the ssc event (several hours before
and after ssc):

a) 1Initially a short increase and then a fast decrease of the peak intensities
for electrons (E >1.5 MeV).
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b) A simultaneous shift in L to lower L-values.

c) Few (~ 4h) hours after the ssc there remains only one electron peak at
L~ 2.9 for both energies. The flux peak is lowered by a factor of about
10 for E >1.5 MeV and of about 10 for high energy electrons (E > 4 MeV).

OUTER ZONE ELECTRON FLUXES (MARCH 9 -10, 1970)
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3) Several hours after ssc:
a) Gradual recovery of low energy and high energy electron flux at L~ 2.9.

b) Appearance of an additional peak for both electron energies at about L ~
4,2 one day after ssc.

'4) Until March 14 the second peak slowly shifts to lower L-values and finally merges with
the peak at L~ 3.0 to form a broad peak with a high electron flux (the peak flux is
about a factor of 2 higher than before the event). This structure remains present
over a long period (at least until March 18, 1970).

TIME VARIATIONS IN THE OUTER ELECTRON BELT (Ee » 1.5 MeV)
GRS-A/AZUR EXP 93

=
o

H~ 3000 km
8 p
6 .
4 4
2 -
0 i L mnl 1 [—_(——]i i rﬂ"
[8)
%
Q| .
o [ ]
20 . ]
§ i x JX X ,!l,_(fn l‘.".'f’ff. o IR x5
A N ':T-T.‘," X i
’0 ;;l = x X . K fuli Ty ’ E
10’ ' .
“aa x ]
"‘ - ‘“ r-% 2 :
2 & & SCHEMATIC ELECTRON FLUX PROFILES
0 (E>15 MeV) E
A AN AN :
[ L— L— L— L= L-— L— |
PEAK L-VALUE
5+ i
LI ,
2048 a .
3 L a & “ oo R © xw e xx xn xRRARRRRE XERRGOC K RXROURKK ey ey % XRXxRFRX gxxKxx X xFA
WO K AT 30 4y W80 70 @0 90 1500 1) 70 30 ORAI

6 7 8 9 10 1 12 13 14 15 16 ' 17 MARCH 1970
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flux values of both E >1.5 MeV peaks as a function of time.
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These experimental results are summarized in Figure 7, which shows the peak intensity of the E
>1.5 MeV electron flux and the peak position in L-values as a function of time.

A comparison with the two onboard proton telescopes 88/1 and 88/2 leads to the conclusion that
this time characteristic is really due to electrons. Beside this the proton channels of both onmi-
directional counters do not respond at all in this region of space.

For electrons comparable with the lower energy range similar results were obtained for previous
magnetic disturbances by other authors [Frank 1965, Williams 1966, 1967; Craven 1966; Williams et al.
1968] .

An interpretation of the rather complex phenomenon is difficult and should await additional in-
formation from other experiments on electrons of lower enmergy. Nevertheless, the rapid shift (within
~ 1 day) of the outer electron belt from L = 4.2 to L = 2.9 during the first part of the event and
the slower shift (within 4 days) of the secondary electron peak one day after the ssc from L = 4.2 to
L = 3.0 probably can be attributed to radial L-shell diffusion under violation of the third adiabatic
invariant.

Another question is the fact of appearance of energetic electrons well within the trapping re-
gion at L = 4.2 one day after the ssc and its slow increase in the intensity which occurs simultane-
ously with the inward L-diffusion. Correlated measurements at lower energies should show whether the
slow flux increase for electrons E >1.5 MeV and E >4 MeV is due to the energizing of lower energy
electrons (with a steep energy spectrum) by the inward L-shell motion.
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