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WSITIOK DATA 

Class 

A 

B 

C 

D 

E 

F 

G 

- 
H 

J 

Serial  Sunspot MI spots Plage Serial  
NO. Mt.Wilson Green Category McM Lat. Long. CMP inPlage So. Table In 

119 

120 

121 

122 

123 

12031 17782 

12039 17789 

12040 17790 

12040 17794 

12046 17797 

L 

57, L, M 

L 

L 

56, L 

3794 

3800 

3801 

3801 

3804 

S 25 

S 16 

N16 

N1B 

N34 

75 

21 

17 

1 

327 

D ?c. 
21.40 12031 

12048 

25.51 12039 

25.76 12038 
12040 

26.96 Same as 121 

29.59 12046 

101 

LO2 

11482 
FEB 25 
19% - .  
11482 
FEE 27 , 19% . .  

11811 @ .'.. . I SEPT 19 . 1956 

11811 
SEPT 1: e., ' 

, * j', 

Qfl&x"  
11440 

1956 
JAN m 

@, .':11643 JAN 20 

19% 

Whole 
:m. spot 

85 

191 

115 

52 

96 

964 

1136 

695 

743 

570 

ZURICH 

. 11874 
* .  OCT 01 

lP% 

1 I710 0 . AUG I 8  .. 1956 

AUG 17 ' 8  19% 

AUG 14 

11717 

19% 
a JULY 29 

I 



TABLE II 1954 - 1956 (CONTIN 

. 11953 
' NOV 13 

19% 

110% 
SEPT 30 
lq% @ %  

1 -  

@ 11622 
MAY 1 1  
19% 

MAXIMUM AREA 

Gr. F l a re  F l a n  
~ Position Dry Day AT 

?\ ' . .  
1 . 8  9"" 

11971 
t 40V  NI 
19% 

E * 1197A 
NOV 2 
19% 

19% 

Dee. i L  27.48 - 

Dec. 
S 1 6  E27 23.30 26.6 -3 

1 ~ 1 6  ~ 7 2  20.28 

N l 9  E 7 3  21.50 - 

N34 E 7 0  24.28 22.4 +2 

SCTSPOT MEAX DATA 
Mt. wslson 

.Area Whole Mag. 
Umb. Spot Cl. 

44 

138 

118 

37 

83 

291 

863 

597 

359 

436 

37 

l p p l  33 

, CLASSIFICATION OF SUNSPOTS 

11763 
A u t  2I 

11815 
SEPT 13 
19% 19% 

' * AUG 18 
19% 

11652 
J U N E  Bl 
'956 

11753 
AUG 24 
17% 19% 

MAJOR FLARE DAY DATA 

Area Zurich &fag. 
Cmb. Whole Class class H Posltion 

133 1002 E py 23 SI7 W13 

Not seen 

Sunspot composed of a small  single spot o r  a rery sma l l  group of spots, 
mostly of short  duration, concentratedinaregionof 2-3 Sq. Deg. with no 
systematic Structure of the group. The spots a r e  without penumbra. 

A bipolar group of spots without penumbra. the long axls of which is 
directed roughly E-W, concentration of spots on the E & W ends. 

Bipolar group like B tmt with at least one main spot with penumbra. 

Bipolar group, the largest spots having penumbra. 

Large bipolar group showing a complicated structure. The two malor 
spots each having a penumbra. Numerous smallspots between the major 
spots. Group a t  least  10" distance in longitude. 

Very large bipolar or complexgroup.Dimensionin1ongitude a t  least 15'. 

Large bipolar group. without small  spots between the two malor spots. 
Dimension in lonmtude a t  least  10'. 

Lnipolar spot w t h  penumbra, sometlmes unth complicated structure. 
Diameter > 2.5'. 

Unipolar Spot with penumbra. round shape, Diameter C2.5.. 

1. II -9 



JED) 

DISK P.USAGE DATA 

Davs Seen, Position Seen, Zurich Class,  
Mag. Class,  Magnetir Class 

Dec. 15 Dec. 28 
E76 W81 
C C C C C C C C J J J A - -  
* p  a (ai u u 0 /3p (a) P u (01 (ai - - 
17 15 - 15 16 18 15 - 15 11 - - - - 

Dee. 19 Dec. 31 
E78 W76 
b b b b G G G E E E G G -  

f;J &r &-‘!T) @ ti f (f) (a) 
E82 w73 
Dec. 19 Dec. 31 

- G G G E E E G G G G G H  

- 24 2 8  - 32 32 - 36 34 35 - - - 
Dec. 19 Dee. 31 
E82 w73 
- G C G E E E G G G G G H  

PP B (BY) P r  PY ( P ,  PP PP Pp MPJ IPPJ(@PJ 

1 Dec. 23 Jan. 4 
I E78 W71 
I -  G G G  G G  G G  G G  C G  G 

RETURY SEQUESCES 

Creenaich 
andior  
Mt.Wi1son 

17133 

11974 

Same Region as 11981 

GREEXWICH DESCRIPTIOS 

A smal l  regular spt, with some close companions between 
December 20 and 24. On the next day a s t r e a m  appears which 
becomes a large composite spot as i t  passes  from view. 

A bi-polar group. The leader remains a regular spot,  while the 
follower becomes c o m m i t e  and the la reer  comwnent. After 
December 28 the group begins to break up rapidly. 

A stable regular spot with a few smal l  close companions until 
December 28. Leading part  of Mt. Wilson 12040. 

A pair  of composite spots which disintegrate and die out before 
reaching the limb. Tailing part  of Mt. Wilson 12040. 

A stable regular spot, with smal l  distant companions until 1957 
January 1. 

MT. WILSON MAGNETIC CLASSIFICATION OF SUNSPOTS 

I. UiiIPOLAR SPOTS 

4- The flocculi is fairly symmetrically distributed on the 
preceding and following s ides  of the center of the group. 

n p  - The center of the group precedes that of the surrounding 
flocculi. 

of - The center of the group follows that of the surrounding 
flocculi. 

II. BIPOLAR SPOTS 

p - Both members a r e  approximately equal area.  

pp - The header is the principal member. 

I pf - The trailer is the principal member. 

P r  - The t ra i ler  and header a r e  accompanied by small  COm- 
ponents of opposite polarities. 

In. MULTIPOLAR SPOTS 

- Irregularly arranged spots of opposite polarities which 
cannot be calassified a s  bipolar spots. 



Ill. CATALOGUE OF 

PLAGE DATA FOR 1954 - 1956 



TABLE III. cATAux;uE OF PLAGE DATA FOR 1954-1956 

The data i n  this catalogue include plage regions associated with 
major soler flaxes, plages with average maxinnrm areas equal t o  or 
greater than 10,OOO millionths of the solar hnn4p&eze, g2-e~ wltn 
an avezqp 5=5&%tii~8s greater than 3.0 duriag disk passage, aad plages 
where 30 or nore f la res  of a l l  importance equal t o  or greater than 1 
occurred wing disk passage. The categories are indicated in Column 4 
by the symbols L = large, B = bright,  and N = 30 or more f la res .  Theee 
data were obtained f’rm the Math-Hulbert unpublished plage catalogue 
(reference 9 ) .  

. _  

column 1 

col\mur 2 

column 2 

Column 4 

COl\mm 2 
Calm 6 

Column 7 

Column 8 

column g 

Column 10 

Column ll 

Column I 2  

catalogue Ser ia l  Number. 

McMath Plage Number. 

The Major Flare or Flares Ser ia l  Numbers and/or Plage 
Categoq. , 

Mean Latitude During Disk Passage. 

Greenwich Date of Central Meridian Passage. 

Life in Rotations. 

Date F i r s t  Seen. 

Number of Days Seen. 

Average Maximum Area. 

Intensity. 
E = E 9  t o  E45O 

Three regions are used, E/C/W, where: 

c = E450 to w450 
w = w450 t o  wgoo 
The intensi ty  is estimated on a scale of 1 = f a in t  t o  
5 = very bright. 

Number of Flares During Disk Passage E/C/W 
E =E900 toE45O 
c = E450 to  w450 
w = w450 t o  wgoo 
Total Number of Flares During Disk Passwe. 
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Column 13 Life Histories. If the plage region is the return of a 
plage or plages fran the previous rotation or rotations,  
the McMath plage numbers a re  given in the return sequence. 

ASSOCIATED SUNSPOTS - C O U S  14-17 

Column 14 

column 15 

column 16 

column 17 

Mt. Wilson Sunspot Numbers of A l l  Spots Covered by the 
Plage 

Mt. Wilson Mean Megn e t i c  Classification of the Spots 

Field Strength in Units of 100 gauss. A bracket in- 
dicates an estimated value. 

Days Seen. 
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CATALOGUE OF SOLAR ACTIVITY FOR TKE PEARS 1954-1956 

INTRODUCTICW 

The data cunpiled i n  t h i s  mime of the Catalogue covers the three 
years 1954-1956. This includes the Y e a r  of Solar Minirmrm which occurred 
on 1954.3 (April) and two years on the ascending branch of the solar cycle. 

The solar  ac t iv i ty  data !'!EST h e n  arranged i n  eight tables, o r  
C S $ & h g W S  : 

I. 
11. 
111. 
m. 
V. 
VI. 
VI1 . 
VIII. 

Catalogue of Major Solar Flares and Related Terrestrial Effects 
Catalogue of Important Sunspot Groups 
Catalogue of Important Plage Regions 
Catalogue of Outstanding Solar Radio Emissions 
Catalogue of Geamagnetic Storms 
Catalogue of Impartant Solar-Terrestrial  Effects 
Catalogue of Balloon Flights 
Chronological Catalogue of Major Solar Events 

There is  a considerable amount of duplication between the different  
catalogues. 
without making the  number of colunns unwieldy. Each of these catalogues 
is described i n  detail i n  the subsequent sections and i n  the description 
of the tables. 
are l is ted in Table1.9, of references, pages1.13 and I.&. 

This has been done t o  keep cross references at a minimum 

The data have been obtained from many sources. These 

This work has been carried out a t  LTV Astronautics Division under 
NASA Contract NAS 9-2469. 
prepared the data f o r  the Chronological Catalogue (Table VIII). I n  
addition, they have made valuable contributions t o  the other tables 
through discussions and data contributions. 
by the Office of N a v a l  Research. 

Dr. Helen Dodson-Prince and Miss E. Ruth Hedeman 

Their work w a s  supported 

We wish t o  express our appreciation t o  D r .  Howard for  use of the 
M t .  Wilson daily work sheets of sunspot magnetic c lass i f icat ions.  
Virginia Lincoln at  the National Bureau of Standards, Central Radio 
Propogation Laboratory, has made valuable suggestions and data at  the 
World Data Center A (airglow and ionospheric) available. Many of the 
authors l i s t e d  in  the reference table have generously supplied reprints  
of t h e i r  papers and i n  sane cases have made unpublished data available. 
Other sc i en t i s t s  throughout the world have made valuable contributions 
through discussions and helpf'ul suggestions during the period when m y  
of the data were being obtained and the idea of a solar  ac t iv i ty  cata- 
logue was generated. 

Miss 
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1. Major Solar Flares Durinp the Period 1954-1956 

The IAU Quarterly Bulletin (reference 28) lists 2316 solar flares 

There were only 16 reported in 1954, 
during the period from 1 January1954 through 31 December 1956, with 
importances ranging *can 1 to 3+. 
292 in 1955, and 2008 in 1956. 
importance for each of the three years is given in Table 1.1. 
counting the flares for Table 1.1we have included importance 2- in 
the 1+ column and the 3- flares in the importance 3 column. 
included a column 2+ ( 22). 
observatories with importance 2+; i.e., are considered as major flares 
in the catalogue. In all cases the count of flares by importance uses 
the highest importance assigned to the flare in the IAU Quarterly Bulletin. 
The total number of observing hours is the actual hours the sun was under 
observation, as reported in reference 34. 

The number of flares by months and 
In 

We have 
These are flares reported by two or more 

For the purpose of this catalogue, a flare is classified as a 
major flare if at least one observatory reported it with an importance 
3, or 3+, or if at least two observatories reported it with an importance 
2+. 

Because of the lack of uniformity among observatories in classi- 
fying flares, we have included two different reclassifications of all 
flares in our catalogue. 

(a) The importance assigned to the flare in the McMath-Hulbert 
working list of solar flares (unpublished). 
was used is described in the IGY Solar Activity Report Series 
Number 12. 

The method that 

(b) The importance assigned to the flare in reference 35. 
malized solar flare data July 1955 through June 1957. 

Nor- 

Major flares that were reduced to minor flare importance in the 
McMath-Hulbert working list are listed in Table I-A. 

Table I-B lists the flares that were reported by only one obser- 
vatory--IAU importance 2+. 

Table I-C gives other flares that have an importance of 2+ in the 
McMath-Hulbert working list that are not included in the Catalogue of 
Major Flares. 

Table I-D lists all flares that have an importance of 2+ in 
reference 35 that are not included in tne Catalogue of Major Flares. 
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I 

S ~ p u g b s  m lDucoBsmwm2RlQs - 1954 
hsQrtuLce 

Yo.0b.erviDg 
1 1+ l e  Tutal  Eraus * 

SUI. 0 0 0 0 lk6 20 

h b  . 0 0 0 0 295 44 

yr. 7 0 0 7 m 35 

AF. 0 0 0 0 3 %  42 

l(p 0 0 0 0 335 45 

;lam 0 0 0 0 292 41 

0 0 0 0 291 39 

h 3 .  6 0 0 6 371 51 

tlept. 0 0 0 0 357 50 

oct . 0 0 0 0 342 46 

nw. 1 1 0 2 210 29 

Doc. 1 0 0 1 150 20 

Tot& 15 1 0 l6 3358 38 

60- pugbs A D  TOML - V I E  - 1955 

lmDmtulce 
U Ilc.m.ersiqe 

1 l+ 2 & 2 + ( 2 ) 3  3+ Toul BOIP. $ 

Jan. n 0 1 0 0 1 0 1 3 2 2 2 3 0  

lab. 6 0 2 0 0 0 0 0 2 5 2 3 7  

*. 0 0 0 0 0 0 0 0 2 3 5 ~  

m. 4 1 0 0 0 0 0  5 4 4 8 6 2  

ILV 1 1 :  P o 0 0 0 14 420 56 

JUJM 25 10 4 3 0 - 0  45 68 

Julv 21 0 2 1 0  0 0 24 592 80 

m. 37 10 7 1 0 0 0 55 535 72 

B@,. 2 6 4 3 0 0 0 0 3 3 4 4 8 6 2  

Oct. 41 6 2 2 o 0 0 51 381 52 

nor. 23 2 3 1 0  1 0  30 344 48 

DeC . 10 2 1 1  0 1 0  15 346 46 

~0t.l 215 S n 9 0 6 0 293 4720 54 

SDUB ruBgs AH) T0w.L msmm - lllRHi 1956 
mmrtance 
ci no.m.enriog 

1 1+ 2 2+ 2 4  2) 3 3 + Totrl BWB $ 

Jan. bl 8 23 0 0 1 0 73 392 53 

Rb. 53 8 2 5  2 0 7 0 95 388 56 
YU. 6 5 7 1 5 1 0 3 0 9 l 4 6 0 6 2  

&a. 83 10 P 0 0 3 0 ll8 425 59 

Ihy 149 22 37 0 1 5 0 2l4 5X, 70 

June 1W 15 23 2 0 2 0 142 52l 72 

July 176 3L3 33 2 0 1 0 250 609 82 

Aug. 179 61 37 8 0 2 1 288 614 83 

Sept. 149 & 28 4 0 5 0 226 584 81 

Oct. 77 38 20 3 1 5 0 144 472 63 

Sov. 109 42 27 6 1 4- 1 1 9  hZ7 59 

Dec. 103 35 31 0 2 - 0 - 1 7 7  480 64 

1264 3 2 4 3 3  20 5 44 22008 5892 67 

C. A t  kut 2 obsrrvatmies rrpmtwl YL imprtmce of 2+. 

abe i q w r t a n c e  3- fLue in June 1955, o ~ e  in AovFmber md 
one in Dee- of 1956, f k n  Ilo. 3. 46, m d  55 in the catalc8ue. 

F l a r t S  and 
TABIB 1.1 

wserving Times 
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2. Sunspots During the Period 1954-1956 

Solar ac t iv i ty  reached a very l o w  level  during 1954. Solar minimum 

Reference 21 shows a t o t a l  of 241 spotless days. 
occurred on 1954.3 (April) wi th  a mean re la t ive  sunspot number of 3.4 
fo r  the month of April. 
There were two long periods of spotless days, 12 January t o  7 February 
(27 days) and 2 June t o  2 J u l y  (3  days). The spotless days during 1954 
were : 

L I 

Jan.  1-10, 12-31; Feb. 1-7, 10-28; March 5-11, 25-31; 
April 1-6, 25-31; May 1-4, 6-13, 16-31; June 1, 3-30; 
July 1, 2, 4-7, 9-11, 19-23; Aug. 15-20, 28-31; Sept. 1-3, 
6-14, 17-19, 21-29; Oct. 1, 6-11, 27-31; Nov. 1-4, 20-30; 
Dec. 1-6, 8-14, 27, 28. 

Forty-six sunspot groups were observed with 2'7 i n  the Northern Hemisphere 
and 19 i n  the Southern. 
31 were new cycle. 
of the year. 
group (No. 17127) with a maximum area greater than 500 millionths(area 
712 on March 16 a t  SO8,  El l ) .  
millionths, CMP March 17.14, 1954. 

Fifteen of the spot groups were old cycle and 
Of these 22 appeared during the second six months 

The Greenwich catalogue (reference 26) l ists  only one spot 

The mean area of t h i s  spot was 403 

Nineteen large spots (maximum area greater than 500 millionths) 
crossed the  solar disk during 1955; 7 of these had a mean area greater 
than 500 millionths. 
lo00 (maximum area lG9, mean area 1026). 
a t o t a l  of 6 major flares. 
complex, one produced one major f l a r e ,  the other produced three. 

Only one of these had a maximum area greater than 
Four of these spots produced 

Two of the large spots were a l so  magnetically 

The number of large spots increased t o  90 i n  1956. Nine of these 
were a l so  magnetically complex. Twenty-nine of the large spots had 
maximum areas greater than 1OOO. 
disk between September 5 and September 17, wi th  a mean area of 1830 
millionths. 
of the 29 were also magnetically cmplex. 
major solar  f la res  that were reported during 1956. 

The largest  (No. 87) crossed the solar 

The maximum area of t h i s  spot was 2306 millionths. Only 8 
They produced 16 of the 51 

A summary of the spots major f l a r e  productivity is  shown i n  Table 1. 

1.4 
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Number 
Number of Major Flares Total N-er 

spot Type spots Per Spot Major Flares 

Large spots 81 0 0 
15 1 15 
2 2 4 

( L) 

1 3 3 

Large and 1 0 0 
Map?% i c a i y  4 1 4 
C c r n P l a  (L,M) 2 2 4 

3 3 9 
1 4 4 

Total Large 29 43 
Spots with Flares 

small spots 13 1 13 

No spot 0 1 1 

TABLE 1.2 
Major Flare Distribution 

Among the Spot Groups 

3. Important Plages fo r  the Period 1954-1956 

Our catalogue of important plage regions includes: 

A I L  plages tha t  produced one or more solar  f la res .  

Plages tha t  had an average maximum area equal t o  or greater than 

3.1 

3.2 
10,OOO millionths of the vis ible  solar hemisphere (L). 

3.3 
or  greater (B). 

3.4 
during disk passage (N). 

Plages tha t  during disk passage had an average brightness of 3.5 

Plages that produced 30 or more f la res  of importance 1 or greater 

This catalogue includes the 41 plages tha t  produced one or more 
of the  major f l a r e s  l i s t e d  i n  Table 1.1 as shown i n  Table 1.3 

1.5 



Number of Number of Total 
Plage Regions Major Flares Each Major Flares I 

I 

31 1 31 
5 2 10 
4 3 12 
1 4 4 

Total 41 57 

TABLE 1.3 
Major Flare Distribution bong Plage Regions 

Twenty-one of these plage regions also satisfied one or more of the 
characteristics for inclusion in the catalogue, i.e., Bright (B), 
(L), and Flare Productive (N), as shown in Table 1.4. 

Large 

F FB FBN FLN FBLN 

1954 0 0 0 0 0 

1955 2 1 1 0 0 

1956 18 10 2 1 6 

Total 20 11 3 1 6 41 
Total 
Major 23 13 8 1 12 57 
Flares 

TABLE 1.4 
Plage Type that Produced Major Flares 

The number of major flares associated with each of the ccrabinations 
of plage characteristics is shown on the last line of Table 1.4. 

The distribution among the various characteristic contributions 
that did not produce major flares is shown in Table 1.5. 

B BL BN L BLN 

1954 7 0 0 0 0 

1955 15 0 0 0 0 

1956 33 1 3 1 1 

Total 55 1 3 1 1 61 
TABLE 1.5 

Outstanding Plage6 Without Major Flares 
1.6 



I 
1 
t 

I 
I 

It is  interesting t o  note tha t  the great sea level  cosmic ray flare 
of February 23, 1956 (No. 13, Table 1.1) occurred i n  plage 3400 (No. 29, 

were very bright, large,  and flare productive. 
sunspots ll462 (7 type) and I lk70 ( /3 type); 114.62 was a return of the 

I Table l.III), which was a return of plage 3379 (No. 27). Both plages 

old 7 type spot 11440. 

The flare occurred between 

I 
While the number of major flares (T&;Sla 1.1; and associated plage 

regisas (Tabie i.mj in  this catalogue is a statisti- s m a ~  sample; 
it is interesting t o  note that the plages i n  t h e i r  first and second rota- 
tions produced almost 6U$ of the major flares (38.69 i n  the first rota- 
t ion and 2 9 . s  in the second rotation) as shown in Table 1.6. 

I k e  i n  Rotations 1 2 3 4 5 TotaJ. 

Number Plage Regions 13 ll 8 3 6 41 

EO. of Major Flares 22 17 9 3 6 57 

NO. of All Flares 246 222 ,179 35 121 803 

TABLE 1.6 
Flares  Associated with Plage Regions 

These 41 plage regions produced 34.49 of all flares reported during 

McMath-Hulbert observed 152 plage regions during 1954 of which 108 

1954-1956 (803 of the 2330 reported). 

did not contain sunspots, 42 had me spot and 2 had 2 spots each. 
first plage i n  1954 (McMath-&llbert Ser ia l  Number 2895 crossed the central  
meridian on January 14, a t  a mean la t i tude S O L  
100 millionths of the vis ible  solar hemisphere. 
H u l b e r t  Ser ia l  Number 3056) crossed the central  meridian on December 29.5, 
the mean maximum area of 1500 millionths. 
(-4) , which was first seen on December 30.0 with a mean latitude S 23'. 

Number 1, Table 1.11) was in McMath plage 2923 which wasflrst seen an 
March 12, and crossed the central  meridian on March 17. 
a mean la t i tude  S Og with a brightness of 31313 and an average nmcimum 
area of 2000 m i l l i m t h s .  
spot 2/3/0. 

dWb3 1955; 145 of the plages were spotless. The last P h 3 e  ( m t h  
No- 3364) crossed the central  meridian on December 31.5. 
had a maXirnwn area of 2500 millionths, a mean la t i tude  N 22, end a bright- 
ness 2/3/0. 

The 

The maximum area was 
The last plage ( M a t h -  

The plage contained a fip spot 

The only large spot seen during 1954 (Mt. Wilson No. 11172, Serial 

This plage had 

Five flares were associated with t h i s  plage and 
The plage was last seen on March 24. 

A t o t a l  of 307 plages were observed by McMath-Hulbert ObserVatory 

This Plrrge 
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I 

The number of plages observed during 1956 was 442, with 99 without 
sunspots. 

The number of plages, sunspots, major f l a r e s ,  and all flares for  
the three years 1954-1956 is given in Table 1.7. 

Plages Sunspots Major Flares A l l  Flares 

1954 152 46 0 16 

1955 307 208 6 292 

1956 442 6 k  5 1  2008 

Total 901 896 57 2 3 6  

TABLF: 1.7 
Summary of Solar Regions and Flares 1954-1956 

I 

Because of the large percentage of the  time when there was no f l a r e  
patrol  of the sun (6@, 46$, and 3% during 1954, 1955, and 1956, respectively, 
Table l.l), the numbers given i n  Columns 4 and 5 of Table 1.7 
much as 40$ on the low side. 
these three years must include a weighting factor.  

4. 

ma;y be as 
Any s t a t i s t i c a l  study involving data for  

Important Radio Emissions from the Sun During 1954-1956 

Sweep frequency operation at the Haxvard Radio Observatory, Fort 
Davis, Texas, did not begin u n t i l  October 1956. 
any Type I1 or Type IV emissions in  the frequency range 100-580 Mc/s. 
Spectral observations were s ta r ted  a t  Dapto (Australia) i n  1952 with a 
frequency range from 40 Mc/s t o  240 Mc/s. No spectral  Type IV bursts 
were reported in the U U  Bulletin (reference 28) during the three year 
period of t h i s  catalogue, although McLean (reference 16) reports one 
Type I V  burst  (Jan. 19, 1956) f r a n  a study of the Dapto records. 
be kept i n  mind that  during t h i s  three year period the radio patrol  of 
the sun covered a very s m a l l  f ract ion of the Greenwich day. 
make our catalogue as complete as possible, we have included Type IV 
emissions derived fram single frequency data. 
Pick-Gutmann (reference is), 8 cases by Sinno (reference 20) and 2 cases 
derived by both Pick-Gutmann and Sinno. 

They did not report 

It must 

In  order t o  

We have 18 cases by 

The single frequency radio observation of the sun was very l imited 
during t h i s  period with only eight observatories in operation 
This was increased t o  12 observatories by the last quarter of 1956 as 
shown on Table 1.8. 
or more frequencies at  the time of 45 of the 57 major f la res .  

i n  1955. 

We do, however, f ind radio emissions reported a t  one 
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On the other hand we f ind  that 20 of the 27 Type I1 emissions 
reported by Sydney occurred at times when there was no f l a r e  reported 
or no flare patrol. only 3 of the 28 derived Type I V  emissions cannot 
be associated w i t h  a f lare .  The one remaining case reported by McLean 
(reference 16) fran the Dapto (Syd.) sweep frequency records occurs at 
a time of no f l a r e  patrol .  Ten of the derived Type IV emissions can be 
associated w i t h  major f lares .  

5. Geamagn e t i c  Storm During 1954-1956 

A comprehensive search of the l i t e r a tu re  fails  t o  reveal a mi- 
versal l i s t  of geanagnetic storms or agreement on s ta r t ing  times except 
fo r  the sac's published i n  the IAGA Bulletins (reference 3). I n  the Case 
of moderately severe and severe sudden camnencement storms the variation 
of s ta r t ing  times reported by the magnetic observatories seldan differ by 
more than a few minutes; on the other hand, some observatories w i l l  report 
a storm duration of two or  more days, while others may report two or more 
storms during the period. 
gradual beginning the start times may d i f f e r  by several hours. 
catalogue of geomagnetic a toms has been l imited t o  those storms that 
reached a planetary three-hour index Kp of 5 or  greater. 
in sane cases, a probable s o l m  f l a re  association. 
the storm-flare association has been given in  the sc i en t i f i c  l i t e r a tu re  
as indicated i n  the reference or source column of the table. 

6. Solar-Terrestrial  Effects During 1954-1956 

This portion of the catalogue i s  l imited t o  shortwave radio 
fadeouts (SWF) selected geomagnetic storms, solar f l a r e  e f fec ts  (SFE), 
polar-cap absorptions, and Forbush decreases. 

In the case of geomagnetic storms wi th  a 
The 

We have included, 
In  each of these cases 

6.1 Short Wave Radio Fadeouts 

In  the case of the SWF we have included those of importance 3 or 
greater that lasted for  30 minutes of more, and those that occurred at  
the time of a major flare, i r respect ive of their  importance or duration. 

6.2 Geomametic Storms 

I n  general, the geamagnetic storms l isted in t h i s  portion of the 
catalogue a re  limited t o  those that have been classified as moderately 
severe (Kp = 6 or  7) and severe($ = 8 or 9). 
(I$ = 5) have been included i f  i n  the l i t e r a tu re  they have been associ- 
ated wi th  a flare ( i r respect ive of the f lsre importance) or a polar-cap 
absorption. 

6.3 Solar Flare Effects 

A f e w  moderate storms 

Solar f l a r e  effects  (SF'E) (Magnetic crochets) have been taken f'rW 
reference 3. 
SFE'S. 

They are  l imited t o  those tha t  are unistakable or  def in i te ly  

1.10 
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! 6.4 Polar-Cap Absorptions 

A armber of papers i n  the sc ien t i f ic  l i t e r a tu re  have discussed 
polar-cap absorption and t h e i r  correlation with solar f la res ,  solar radio 
emissions, geanagnetic storm and other t e r r e s t r i a l  effects.  There is, 
i n  general, good agreement between the different investigators, although 
the choice of the f l a r e  responsible for  the PCA is, i n  sane cases, not 
uniqw. These are cases &.en 
take place within the acceptable t i m e  limit. 

6.5 Farbush Decreases 

cr iiiixe r^iases of importance 2 or greater 

The data for  the Forbush decreases listed i n  t h i s  catalogue were 
reported by Lockwood (references 14 and 1 b ) .  
were res t r ic ted  t o  those decreases with a magnitude greater than 5$ 
and a maximum decrease r a t e  m a t e r  than 1% per hour. 
two  i n  1955 and three in 1956. Five additional slow (maximum r a t e  of 
decrease l e s s  than 1% per hour) decreases are given in reference 1h. 
We have included all but the decrease on February 16, 1955 (No. II, 
reference 14a). 

The data in reference 14 

Lockwood reports 

7. Catalogue of Balloon Flights 

A search of the l i t e r a tu re  for  reports 0x1 Bauoon Flights during 
the period 1954-1956 revealed very f e w  flights within four w s  after 
major flares (only 2 of the 1955 flares and 9 of the 1956 f la res ) .  
Because of the importance of quiet sun data we  have included all of the 
1954 balloon flights that  were reported in the l i t e ra ture .  The s w c e s  
of the information are given in the last column of the table  and un 
pages 1.m-iii t 6  1.VII-v. 

8. Chronol0g;ical Catalogue of Major Solar Events During 194-1956 

This table summarized many of the data contained in  Tables I 

I n  
through V I  of the catalogue. However, Tables I through VI give many 
events and more detailed data than was possible i n  Table VIII. 
Table VI11 f la res  were limited t o  those of importance 3 or  3+ in the 
McMath-Hulbert working l i s t  and those of lower importance t h a t  were 
unquestionably associated w i t h  a solar or so lar - te r res t r ia l  phenamena. 
Because of the very l o w  level  of solar ac t iv i ty  during 1954, a number of 
phenomena have been included i n  the chronological catalogue for  that year, 
that w o u l d  be considered a s  minor events during the other years of the 
solar cycle. 
CUI aster isk)  are: except as noted above for the 1954 data, 

The c r i t e r i a  fo r  inclusion as a major event (indicated by 
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8.1 

8.2 
or nore. 

Flares of importance 3 or 3+ i n  the  Mcblath-Hulbert working l is t .  

Short-wave fades of importance 3 or 3+ that las ted fo r  30 minutes 

8.3 10 an. radio emissions w i t h  a peak flux of 500 or  more (units of 
10-22 wm-2 (c/s)-l)  

8.4 
import- disk passage. 

8.5 
vis ib le  solar hemisphere, based on M t .  Wilson data, or  had a 
magnetic classification during disk passage. 

8.6 Dynamic spectral  emissions includes outstanding Type I and Type I11 
bursts reported in the IAU Bulletin, and a l l  reported Type I1 and Type IV 
bursts. 

P1 e re  ions t h a t  were the sources of 30 or more flares (of a l l  

Sunspot groups tha t  had a mean area of 1000 millionth of the 
or Py- 

8.7 Polar-cap absorptions included in  Bailey's catalogue (reference 1) 
and those weak'events generally reported in  the l i t e r a t u r e  from Riometer 
recordings. 

In addition t o  these major events, the  catalogue includes: 

200 Mc/s radio emissions tha t  occurred at the time of other solar 8.8 
events . 
8.9 
w i t h  other solar events. 

Radio emissions a t  other frequencies unquestionably associated 

8.10 Geomagnetic storms 

8.11 
associated w i t h  one or more of the  major events. 

8.12 
are given as footnotes on the appropriate pages. 

A l l  events of lower importance t h a t  are def ini te ly  or  reasonably 

Notes and comments ccncerninq some of the  so l a r - t e r r e s t r i a l  events 
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I -  TABLE I-C IAU IMPORTANCE 2+ FLARES NOT LISTED AS MAJOR FLARES 

Beg. End Max. IAU Ob. Rpt. Imp. Reported by CSW CSW McM Area Sq. Deg. 
Serial No. Imp. Plage No. Range No. Rpt. Mean Date UT UT UT Position Max. Imp. Max. Imp. Other Stations 

1955 
June 

17 1135 1956 1848 S23Wll 2+ Mt. Wilson 1 

July 

?? i2Gi lusz 1020 S23W09 2+ Capri 1 3182 4 - 1 3  2 8 
3182 - _ -  

04 0930 1030 0935 S35E09 2+ Capri  S. 2. 2,2 11 2- 3195 5 - 1 2  3 8 

Aug. 
08 1739 2306 2054 N16E29 Z+ Mt. Wilson 1 70 2- 3240 - 
Oct. 

3 - 1 2  4 Capri  2, 2, 1, 1 189 2 3309 25 1154 1440 1202 S24E47 2+ 7 

191 2 3309 25 1848 2033 1900 S22E42 2+ McMath 2, 1 3 1 3 

NOV. 

1420 

I 5  E 1328 - N28WO8 2+ Capri  7 240 2+ 3326 12 1 12 

Dec. 
02 1321 1445 1404 N22E17 2+ Wendelstein 1 4 - 5  2 5 269 2- 3342 

1956 
Feh. 
16 

June 
14 

J ~ Y  
22 
31 

Aug. 
07 
09 
11 
16 
21 
28 
30 
30 

Sept. 
07 
12 
16 

Oct. 
02 
04 
04 

Nov. 
01 
01 
12 
1 9  

22 

1805 2039 1837 N20E08 2c -- 
1220 1350 1316 S25W19 2+ -- 

1624 1720 1641 N29W54 2+ 
0905 0953 0927 S19W50 2+ 

- 1237 1254 1238 N23W28 
0543 0622 0557 N21E42 
0942 1128 - N22E16 
0530 0620 S16W13 
1945 2200 2007 S2OW17 
2220 2405 2252 N17E51 
0750 0938 - N 2 W 4  
0952 1159 1003 N17E32 

1144 

2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 
2+ 

1245 1401 1306 S16E42 2+ 
2235 2353 2249 S22E47 2+ 
1004 1113 1040 S26E16 2+ 
- 

1142 

1149 1233 1215 S21E60 2+ 
0715 0930 0825 N19E31 2+ 
1510 1605 1516 N22E30 2+ 

1104 I l l 8  1107 S19W38 2c 
1215 1245 1218 S15E86 2+ 
0514 0557 - S15W43 2+ 
0834 1056 0850 S14W44 2+ 

0907 0832 0916 S15W88 2+ 

- _  

0936 

McMath 2, 1, 

Capri  S. 2. I+, 1 

Mt. Wilson 2, 1 
Capri  F. 1, 1, 1 

Crimee I+ 
Capri F. 
Capri  F. 2 
Capri  F. 2 
McMath 2 
Mt. Wilson 2 
Capri  F. 2, 1+ 
Meridan 

2, 2, 1+. 1 ,  1 

2, 2, 2-, 1 ,  1 

Herstmonceux 2, 1+, It, 1+, 1 
Sac Peak 2 
Kiev 1+, 1, 1 

Crimee 2, 1, 1, 1 
Capri  F. 
McMath IC, IC 

2, 2, 2-, 1 

Crimee 2-, 1+ 
Crimee 2. I+, 1 
Tachkent 2 
Mendon 2. 2-, 1, 1 

Herstmonceux 1, 1. 1 

454 

1295 

1659 
1753 

1817 
1831 
1851 
1908 
1994 
2113 
2141 
2149 

L+, 1, I 2261 
2349 
2416 

2581 
2604 
2608 

2822 
2826 
2964 
3049 

3092 

2 

2- 

2 
I+ 

1+ 
I C  
2 
2- 
2 
2+ 
2 
2- 

1+ 
3- 
1- 

I+ 
1- 
2- 

2+ 
2 
2+ 
2- 

2- 

3400 

3531 

3577 
3586 

3598 
3607 
3601 
3615 
3625 
3643 
3629 
3643 

3656 
3666 
3666 

3695 
3694 
3694 

3731 
3746 
3751 
3757 

3751 

4 - 1 0  2 

3 2 -  5 2 1 

3 1 
3 - 1 0  3 
5 1 

10 1 
7 1 

10 1 
9 1 
1 - 1 0  3 

3 -  8 4 
14 1 
8 - 2 3  3 

3 -  5 3 
2 - 1 2  4 
4 -  5 2 

3 -  I 3 
3 - 2 1  4 

21 1 
8 - 1 4  3 

9 1 

7 

3 
4 

3 
6 
5 

10 
7 

10 
9 
6 

6 
14 
14 

4 
7 
5 

5 
10 
21 
12 

9 
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TABLE I-D NATIONAL BUREAU OF STANDARDS NORMALIZED 

FLARE DATA FOR IMPORTANCEr2+ NOT INCLUDED IN TABLE 1 

CSW Beg. End Max. csw-  MU 
Date SerialNo.  UT UT UT Position Imp. Imp. Observatory 

1955 
July 
10 32 0549 0553 N29W45 2+ 2 Mitaka 

NOv. 
15 240 1251 1328 - N28WO8 2+ 2+.? Capri ,  Nera  ICX 

1956 
Jan. 
16 338 
16 343 
17 344 

Feb. 
15 440 
19 474 
21 500 
25 535 
27 543 

Mar. 
02 575 
15  613 

Apr. 
10 739 
19 793 

MW 
10 939 
31 1207 

June 
12 1283 
22 1369 

July 
16 1586 
22 1661 

Aug. 
09 1830 
28 2113 
Sept. 
06 2277 
12 2349 

Nor. 
01 2822 

08 2905 
12 2964 
15 3007 

DfC. 
01 3181 
15 3311 
17 3333 
17 3339 

1;; E 
26 3427 

0258 - N20E60 2+ - 2335 2359 2335 N20E49 2+ 
0025 M)38 0025 N20E49 2c 

- 0018 0058 - N20E20 2+ 
0616 0706 - S2OW05 2+ 
0435 0515 - S20W05 2+ 
1020 1030 - S18E89 2+ 
- 1120 1140 1123 N24E77 2+ 

0754 0813 - N35E60 2+ - 0301 0405 - N25E35 2+ 

0930 0947 0934 N17E75 2+ - 1823 1853 1851 S31W35 2+ 

- 0208 0234 0220 S25E64 2t 
0516 0534 - S2OW80 2c 

0333 0455 - N28E90 2t 
- lo00 1020 - S31E81 2c 

0302 0353 - S23W75 2t 
- 2300 2340 2315 S24E55 24 

0141 0204 0145 N21E48 2t 
2220 2405 2252 N17E51 2+ 

- 2145 224q 2212 S25E41 3- 
- 2235 2353 2249 S23E47 3- 

- 

- 1104 E 1107 S19W38 Z+ 

0613 0631 - S13E19 2+ 
0514 0557 - S16W43 Z+ 
- 2150 2220 2156 S26W66 2+ 

0249 0329 0309 N16W36 2+ 
0520 p545 0525 S25W30 2+ 
0453 0554 0500 N15E55 2c 
1227 1204 - S12W90 2+ 
2045 2313 2204 S22W78 2+ 
2131 2313 2204 S24W76 2+ 
0507 0626 0539 S15W06 2+ 

2 
2 
2 

2 
2 
2 
2 
2, 2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2. 2+ 

2+ 
2, 2+ 

1+,2,2+ 

2 
2, 2+ 
2 

2 
2 

2 
2, 2 

;I 

Mitaka 
Mitaka 
Mitaka 

Mitaka 
Mitaka 
Mitaka 
Kiev 
Kazzelhohe, Ondreiov 

Capr i  S. 
Mitaka 

Ondrejov 
Sac Peat 

Kodachanal 
Tachkent 

Tachkent 
Kiev 

Tachkent 
Sac Peak 

bit. Wilson 
Sac Peak, Mt. Wilson 

Mt. Wilson 
Sac Peak Mt. Wilson 

Crirnea, Capri  F.. 
Herstmonceux 
Mitaka 
Tachkent. Nizamiah 
Sac Peak 

Mitaka 
Kodackunal 
Mit, Kcd. 
Capri ,  S. 
McMath 
Mt. Wilson 
Mitaka 



TABU3 I. CATAIxK;uE OF MAJOR SOLAR FLARES DURING 1954-1956 

The meaning of the  various columns and a description of the data 
contained i n  Table I - Catalogue of Major Solar Flares, are given below. 

A major flare is defined as a f la re  which has been reported with 
* LYvI .n-.r..+ vo..Icc _- 3 or 3+ by at least one solas observatory, or with importance 
2+ by at least two observatories and published in  the Quarterly Bulletin 
of the IAU (reference 28). 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Major Flare Ser ia l  Number. 

Solar Event Se r i a l  Nuniber. This is the event number 
assigned t o  the solar or terrestrial. event i n  the 
Chronological Catalogue, Table VIII. 

Greenwich Date of the Flare. 

Beginning of the Flare U.T. 
reported i n  the IAU Bulletin. If the observatory reported 

This i s  the  earliest time 

th& the start of the f l a r e  was observed, the fact is in- 
dicated by underlining the start time. 

End Time U.T. 
the  IAU Bulletin. 
the end time is  underlined. 

This is the l a t e s t  reported orid time in  
If the end of the flare was observed, 

Time of Maximum. Since different observatories often 
report  different  maximum times for  the same flare, the 
time (or in a f e w  cases, times) entered i n  t h i s  column 
has been taken from unpublished McMath-Hulbert data. 
I n  general, the tabulated time is the  arithmetic mean 
of the reparted times of maximum fo r  all observations 
tha t  covered the principal maxirmun of the  flare. 
second time is given, there is an indication tha t  a 
secondary maximum may have occurred as indicated by two 
well developed phases or  that several observers reported 
them as two separate f lares .  

If a 

Position. 
logue are arithmetic means of the values reported in 
the IAU Bulletin. 
deriving the mean i f  the value deviates by a large amount 
from the other reported positions. 

Plage X?umber. This is the serial number of the McMath 
plage i n  which the flare occurred. 

The heliographic posit ion given i n  t h e  cata- 

A reported value is excluded in 

1.1-i 



Column 9 Active Region. This is the s e r i a l  number assigned t o  
active regions by the Meudon Observatory i n  the IAU 
Quarterly Bulletin. 
at the beginning of each quarter. 
there is not always a one t o  one correspondence between 
the plage and the act ive region; a plage may cover two 
or more regions. 

The numbering starts with E 
It w i l l  be noted tha t  

Column 10 M t .  Wilson Ser ia l  Number of Sunspot Group Where the 
Flare Occurred. Occasionally a f l a r e  occurs between 
two groups and two spot numbers a re  recorded. 

Column ll Greenwich Ser ia l  Number of the Spot Group. 

Column 12 Flare Importance. This is the maximum importance re- 
ported for  the f l a r e  i n  the IAU Quarterly Bulletin. 

Column 11 No. Rep./No. Max. This column gives the number of obser- 
vatories reporting the f l a r e  in  the IAU Bulletin and the 
number that  reported it with the maximum importance. 
Occasionally an observer reports the same flare two or 
more times. These separate reports are a l l  considered 
in  the selection of the start, end, and maximum times 
use in Columns 4, 5 ,  and 6, 
of reports. 
with the importance shown i n  Column 12 i s  indicated by 
the second number i n  t h i s  column. 

but only once for  the number 
The number of observers reporting the flare 

Column 14 This is  the importance assigned t o  the f l a r e  i n  the 
table  of normalized f l a r e  data (reference 35). 
data start from July 1955. 

These 

Column 15 This column gives the importance assigned t o  the f l a r e  
in unpublished McMath -Hulbert Observatory data. 

FLARE AREA SQUARE DEGREES 

Reported areas of f l a r e s ,  i n  square degrees, frequently vary over a 
wide range. 
different times at which the estimate, or measurement was made, and other 
factors. In order t o  give the tabulation of t h i s  parameter as much value 
as possible, we have given: 

These differences are due t o  the methods used by the observer, 

Column 16 The range of areas reported in  the IAU Quarterly Bulletin: 
Smallest area and largest- area. 

Column 17 Number of Observatories Reporting an Area 

Column 18 The Arithmetic Mean of the Reported Values 
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I RELATED FIARE ACTIVITY 

Column 12 

Column 20 

Column 21 

Column 22 

column 23 

Column 24 

column 25 

Other Flares. This column l ists  the number of minor 
and major f l a r e s  associated with the active region during 
disk passage (IAU active region, reference 28) before 
and after the major flare.  

This column gives the heliographic longitude (or central  
meridian distance) of t h e  f irst  flare associated with the  
region and the importance of the  first f lare .  
example: EgO/2 indicates t ha t  the  first flare occurred 
at Ego, and at least one observatory reported it with 
an importance 2. 

For 

Short Wave Radio Fadeouts (S.W.F.). Short wave radio 
fadeouts associated w i t h  major flares are l i s t e d  with 
the following notation: 
importance. 
tha t  lasted 30 minutes or more a r e  given in Table V I ,  

Beginning/Duration i n  minutes/ 
Complete data fo r  S.W.F.'s of importance 23 

Catalogue of S o h - T e r r e s t r i a l  Effects. 

Solar Radio Emissions at 10 cm. 
approximately 10 cm. wave lennth. 

Peak f lux  reported at 
(The freauencies may 

be-2800, 2 6 ,  o r  3000 Mc/s.)'- Detailed dats f o r  impor: 
tant  solar radio emissions are given i n  Table IV, CataloRue 
of S O W  Radio anissions. The information given i n  Columns 
22-24 is limited t o  an indication of the radio ac t iv i ty  
of the region a t  the time of the flare. 

Peak f lux  reported a t  1.5 m. wave length (200 Mc/s). 
If the peak flux was reported as greater than the recorded 
flux, the recorded flux h a s  been underlined. When the 
f lux  given in  Columns 22 or 23 represents a smoothed 
flux (peak flux not reported), the value i s  enclosed in 
a bracket. 

Emissions at  Other Wave Lengths. The notation a. in 
t h i s  c u l m  indicates that emissions are reported (and 
given i n  Table IY at one or more frequencies greater 
than 600 Mc/s (except approximately 3000 Mc/s). 
the notation m. indicates t h a t  emissions are reported at 
frequencies less than 600 Mc/s (except 200 Mc/s) and de- 
tailed data are given in Table IV. 

Simi lar ly ,  

Dynamic Spectral Emissions. The notation I1 or IV in 
t h i s  column indicates that emissions of Type I1 (slow 
dr i f t ) ,  or broad band continuum, Type N, are reported 
by e i ther  the Sweep Frequency Observatory at Sydney, 
Australia, or  the Harvard College Radio Observatory at 
Fort Davis, Texas. 

If no spectral  observations are reported, but a broad band 
continuum, Type IV, has been derived Ran discrete  frequency 
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observations by one or more of several . investigators,  
the symbol has been enclosed i n  a bracket - (IV). 
(Detailed data are  given in  Table IV.) 

SOLAR TERRESTRIAL EFFECTS 

column 26 

C O ~ W  27 

Polar-Cap Absorption. Polar-cap absorptions reported 
within a reasonable time a f t e r  a major f l a r e  (generally 
between one and seven hours) are  l i s t ed .  The data i n  
t h i s  column are  limited to: 
time U.T./absorption in  db. 
references, a re  given in  Table V I ,  Catalogue of Solar- 
Terrestr ia l  Effects. 

Geomagnetic Storms. Geomagnetic storms wi th  a maximum 
Kp 1 5 -  reported by three or more observatories within 
a reasonable time a f t e r  the major f l a r e  (generally 
between twelve and seventy-two hours). 
t h i s  column are  l imited to:  
time, U.T./type/degree of activity/maximm reported Kp. 
Additional data, including: references, duration, 
number of reports,  e tc .  a re  given i n  the Catalome of 
Geanagnetic Storms, Table V,  and the Catalogue of Solar- 
Ter res t r ia l  Effects, Table V I .  

Greenwich day/beginning 
Additional data, including 

The data in  
Greenwich day/onset 
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I I .  CATALOGUE OF IMPORTANT 

SUNSPOTS DURING 1954 - 18% 



illAatE: 11. CATALOGUE OF IMPORTANT SUNSPOT GROUPS m G  1954-19% 

This catalogue will ljcst a l l  sunspot groups that, during disk 

(a) A l l  sunspot groups with a maximum area, during disk passage, 
equd. t o  or greater than 500 mll l i a t f i  rf tine soiar hemisphere, 
us recorded in Royal Greenwich Observatory Bulletins (reference 

(b) All sunspot groups that  have aT or p r  magnetic c lass i f icat ion 
as reported by M t .  Wilson Observatory i n  reference 30. 

(c) A l l  sunspot groups associated wi th  the major solar f l a r e s  
catalogued in  Table  I. 

passage, meet one or more of the following requirements: 

26). 

The column headings together with any necessary explanations Pollaw: 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Catalogue Serial  Number. 

M t .  Wilson Sunspot Number. 

Greenwich Sunspot Number. 
cation of a Mt. Wilson spot with a Greenwich spot was 
difficult and may be subject t o  change. Occasionally 
two M t .  Wilson groups correspond t o  one Greenwich group 
and vice versa. The associations given i n  this cata- 
logue were obtained by studying microfilm of the M t .  
Wilson sunspot drawings, the Zurich maps and spot posi- 
t ions  given in reference 36 with the dai ly  spot data 
given i n  reference 26. 

I n  a few cases the ident i f i -  

Catalogue Classification from a, b, or c Above. A sunspot 
wi th  a maximum area greater than 500 millionth is desig- 
nated i n  this column by a l e t t e r  L. 
due t o  the nagnetic c lass i f icat ion,  the letter M is used. 
If the sunspot groups a re  associated with a major flare, 
the  f l a r e  serial nrmiber or nmbers are  used. There w i l l  
be cases where all three symbols may appear i n  the column, 
as well as m o r e  than one major f lare .  

If the entry is 

McMath Plage Number . 
Sunspot Mean Latitude During Disk P a s w e .  

Sunspo t Mean Longitude During Disk Passage. 
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Column 8 

Colmn 9 

Column 10 

Column 11 

Column 12 

Column 13 

Column 14 

column 15 

column 16 

Column 17 

column 18 

Time of Central Meridian Passage. 
the nearest one-hundredth of a day i f  the group crossed 

This date i s  given t o  

the central. meridian. If the spot was last s&n east 
of the central  meridian or  was first seen west of the 
central  meridian, t he  CMP time is estimated and given t o  
the nearest tenth of a day. 

Spots in the Plage. 
for  all sunspots i n  the  plage during disk passage, these 
are  fran McMath-Hulbert unpublished data. 

We have given the M t .  Wilson numbers 

Plage Catalogue Ser ia l  Numbers. If the plage is in- 
cluded i n  the Table 111 catalogue, detailed data for  
the sunspots l i s t e d  i n  Column 9 &e given i n  tha t  table. 

Maximum Area. 
Greenwich ReDort. The first number gives the area of 

This i s  the corrected area given in  the 

the umbra, the .second number i s  the &ea of the whole 
spots that make up the group. Both values a re  expressed 
i n  un i t s  of millionth of the solar hemisphere. 

Position of the Maximum Area. 

Greenwich Day of Maximum Area. 

Flare Day. 
with the sunspot. 

This i s  the time in te rva l  in  days frm the date of 
mex- area t o  the date of the flare (when applicable). 
A negative number indicates that  the flare occurred 
a f t e r  the spot group had at ta ined the maximum =ea. 

Mean Area. 
Greenwich general catalogue of sunspots. The first 
number i s  the mean unbra area, the second number gives 
the corrected mean area for the whole spots. 

This i s  the date of the major flare associated 

This is  the corrected value given i n  the 

Mean Mametic Class. 
is used. 

The value given i n  reference 30 
(The symbols are  defined on page 1.11-9) 

Mean Mametic Strength. The values i n  un i t s  of 100 
Gauss have been taken fran reference 30. 

give the values on f l a r e  &y when applicable: 
f l a r e  day, corrected area: (20) Zurich 

d l a i s i f i c a t i i - ;  (21) Magnetic 'c ias i i f icat ion;  (22) 
Magnetic f i e l d  strength,  and (23) Position. 
than one major flare occurred i n  the spot the f lWe 
day data are  given i n  successive lines corresponding t o  
the flare serial numbers given i n  Column 4. 

If more 
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Column 24 Disk Passage Data. The f ive  l i nes  in  t h i s  column give 
the following data: 

Tap Line - The lef t  hand number gives the date on which 
the sunspot was first seen; the right hand number gives 
the date on which the  sunspot was last seen. These 
data have been taken from the three references 26, 30: 
and/er $. 
Second Line - The lef t  hand number gives the longitude 
f’romthe central  meridian where the  spot was first seen; 
the r igh t  hand number gives the  longitude distance f’ran 
the cent ra l  meridian where the spot was last seen. 

Third Line - This line gives the Z u r i c h  c lass i f icat ion 
of the  spot for each day (on which a classif icat ion was 
made) during disk passege’as recorded i n  reference 36. 
(An explanation of the classif icat ion is  given ~1 

page 1.n-9.) 

Fourth Line - The M t .  Wilson magnetic c lass i f icat ion of 
the sunspot on each day t h a t  a classif icat ion was made 
during disk passage. 
estimate, the symbol is enclosed in brackets. The 
data f o r  this l ine  are taken Fran a microfilm of Mt. 
W i l s c o l  daily work sheets. 

If the classif icat ion is an 

(Reference 29). 

Last Line - This gives the magnetic f i e l d  strength i n  
uni t s  of 100 gauss for each day on which the f ie ld  strength 
was measured and shown on the M t .  Wilson daily sunspot 
maps. The values given on t h i s  l i n e  are the marimun 
values shown on the map. 

of a previous group determined by Mt. Wilson and/or 
Greenwich, the serial ntrber, or nunibers, of the groups 
aUring the  previaus rotat ion or rotations are given. 
The top numbers give the Greenwich sequence, the bottom 
numbers give the Mt. Wilson sequence. 

fran reference 26 is given. 

Colum 25 Recurrent Spots. If the sunspot group is the return 

Colwm 26 Remarks. A general description of the spot group adapted 
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IV. CATALOGUE OF IMPORTANT RADIO 

EMISSIONS FROM THE SUN DURING 1954 - 1956 



TABLE IV. CATAUXUE OF ZMPORTA" RADIO EMISSIONS 
FRCM lXE SUN IluRINc 1954-1956 

This table  will include all important radio emissions fran the sun 

(a) The major flares reported i n  Table I. 

(b) All reported spectral  emissions of the Type II (slaw drift 
bursts)  and Type IV (broad band continuum). 

(c) All important radio emissions at frequencies between 9400 
Mc/c and 62 Mc/s that occurred at  the time of a major f l a r e  
or a spectral  emission of Type I1 or 

tha t  occur wi th in  an acceptable time of: 

IV. 

I n  order t o  make t h i s  phase of the catalogue as canpleted and useful 
as possible, we have included emissions for a wide range of frequencies 
f r a n  9500 Mc/s t o  167 Mc/s, and whenever significant fluxes were reported 
at low frequencies data are also included. These single frequency data 
have been taken frcm reference 28. 

N d  observing hours of the solar radio observatories i n  both the 
discrete  and sweep frequency programs are sham on page1.9. 

A l l  fluxes at single frequencies are  reported in uni t s  of 

The fouawimg symbols, singly or i n  gruups (reference 38 ), illus- 
t r a t ed  on page 1-IV-iv a re  used t o  describe single frequency reports of 
outstanding occurrences: 

b h r 2  
(c /s  ) -1. 

S = simple r i s e  and f a l l  of intensity. 

C = canplex variation of intensity. 

A = appears t o  be part of general act ivi ty .  

D = dis t inc t  Pram (apparently superposed upon) the general backgruund. 

M = mult3ple peaks separated by re la t ive ly  long periods of quietness. 

F = multiple peaks separated by re la t ive ly  short periods of quietness. 

E = sudden cumencement of r i s e  of act ivi ty .  

ECD = a canplex d is t inc t  disturbance with very sharp r i se .  

CD = complex disturbance of moderately sharp rise. 
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Not a l l  emissions reported i n  reference 28 at the time of the flare 
a re  included i n  the  catalogue, and no general minimum flux has been used 
as a cutoff point. 
i s  included. 

Occasionally more than one report at  a given frequency 

I n  general the peak flux, i f  reported, i s  given. If the peak flux 
i s  not available, the smoothed flux is  used, and indicated by enclosing the 
value i n  a bracket ( ). 

If the peak flux i s  greater than the reported value, the recorded 
f lux  has been underlined. 

A l i s t  of the observatories, t he i r  ident i f icat ion code, and normal 
operating times fo r  1955-1956 are  given on Table 18. 

Table IV is arranged in  three general columns. 

( a )  FLARE, if any, associated with the radio emission. 

(b)  RADIO PlISSIONS OF TKE SPECTRAL TYPE 

(c )  RADIO EMISSIONS AT SINGLE FREQUENCIES 

The column headings together with any necessary explanations follows: 

FLARE DATA - (Columns 1 through 7) 

Column 1 Date. 

Column 2 Beginning Time UT. If the start of the f l a r e  was observed, 
the time is underlined. 

Column 3 End Time UT. When the end of the flare was observed the 
time is underlined. 

Column 4 Maximum Time UT. 

Column 5 Heliographic Position. The posit ion of the f l a r e  i s  taken as 
the arithmetic mean of the values reported in  the IAU 
Bulletin. 

Column 6 ~mp ortance. The method used for  major f l a r e s  has already 
been described i n  connection with Table I. The minor f l a r e s  
are reported as 2+, 2, 1+, 1. as the highest importance given 
reference 28, subflares are denoted with importance 1-. 

. !  
I 
I 

1 
. I  
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I 
I .  

Column 7 Flare Serial Number. This is the se r i a l  numbers of the 
major f l a r e  i n  Table 1.1. 

SPEClIRAL EMXSSIONS 

Outstanding spectral  emissions of Types I, 11, I11 and IV are given 
The en t r ies  in t h i s  table  w i l l  be limited to &asic~s sf i n  Table VIII. 

Type If axd 
Astronamy Observatory (Har )  at Fort Davis, Texas did not start operating 
until October 1956. They did not report ryPe I1 or Type IV emissions i n  
1956. 

We have also included spectral emissions of the Type I V  that have 
been derived by Pick-Gutman (reference 18) or Sinno (reference 20) *an 
single frequency observations. 

TYPE II SLOW DRIFl' BURSTS (Columns 8 through 10) 

TS' r+ar,i-ted by CsfRO Sydney (Syd) . The Harvard Radio 

Column 8 Beginning Time UT. 

Column 9 End Time UT. 

Column 10 Observatory or  Reference. 

TYPE IV BROAD BAND CQNTlMRIM (Columns ll through 14) 

Column ll Beginn- Time. 

Column 12 End Time. 

Column 13 Intensity. 

Column 14 - Observatory or Reference. 

RADIO EMISSIONS AT SINGLE OR DISCRETE FRJQUENCIES (Columns 15 through 20) 

Selected frequencies between 9500 Mc/S and 167 Mc/s associated in 
time with the major solar f l a r e s ,  solar-terrestrial .  events, or spectral  
emissions a re  tabulated in a descending order of frequency with the 
following data. 

1.R-iii 

Column 15 Frequency. 

Column 16 me. 
Column 17 Beginning Time. 

Column 18 End Time. 



Column 19 Peak Flux (or smoothed flux) 

Column 20 Observatory. 

CLASSIFICATION OF SINGLE-FREQUENCY 
SOLAR RADIO BURSTS AND ENHANCEMENTS 

Short Wavelengths Long Waveleneth 

Duration: Minutes 

Duration: Hour 

Duration: Seconds to Minutes 

Duration: Minutes to Tens 
of Minutes 

Durntlon: Hour 
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SOLAR RADIO OBSERVATORIES NORMAL OBSERVING T I M E S  

FIGURE IV-1 1ST QUARTER 1955 

0 1 2 3 4 5 6 I 8 9 10 11 12 13 I4 15 16 11 18 19 20 21 22 23 24 

I I 1 
1 I 

Nag 3150 Cav 81 I 
I TO* 100 Cam 115 

1 c o r  200 I 
I 

Ned 200 

I os1 200 I 

I Syd 82, 98, 200, 600 & 1200 1 
I on 2800 I 

Syd 62.98, 200, M)o & 1200 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 I5 16 17 18 19 20 21 22 23 24 

FIGURE IV-2 4TH QUARTER 1956 

0 1 2 3 4 5 6 I 8 9 10 11 12 13 I4 15 16 17 18 19 20 21 22 23 24 

I 
I 

Nag 9400 I 
I 
I 

Nag 3150 

Syd 600 

Cav 81 I 
I Cam 115 

I c o r  200 I 
I I I Syd 1420 Ned 540 

I Tok 100 

1 Ned 200 I 
I os1 200 1 

I on 2800 1 

0 
n 

I Tok 2W 1 1  "I e400 1 
I I *  I 

I "I 1500 J 
NBS 464 

NBS 161 

I P m  536 I 
I Ucc 6 W  I 

I Ucc 169 1 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 
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TABLE IV CATALOGUE OF IMPORTANT SOLAR RADIO EMISSIONS DURING 1954-1956 

FLARE 

24 

h e  
09 

15 

18 

18 

19 

21 

J ~ Y  
05 

01 

*pt. 
10 

19 

NOV. 
12 

15 

15 

18 

24 

30 

Dec. 
03 

No Flare Patrol 

No Flare Rcportea 

No Flare Patrol 

1315 1292 929 w25 3 

- 1904 * 1910 s22 w21 3- 

1451 1549 - S22 W38 3 - -  

No Flare Patrol 

- 1116 1159 - N 2 I  E 2 1  3 

0428 - N26 W09 1+ - 
No Flare Reported 

No Flare Reported 

No Flare Reported 

No Flare Patrol 

1112 1245 1112 N22 E10 3 

1956 
Jail. 
16 No Flare Patrol 

19 No Flare Patrol 

Feb. 
10 E O  x 3  2120 N21 E 9 0  3 

14 0 2  0730 0551 N21 E33 3 

1E No Flare Patrol 

11 e 6  0 6 3  0452 S 2 0  E25 3 

SPECTRUL 
TYPE U 

k t  End 
R UT ob.. 

I104 

a01 

iloo 

I330 

I215 

)509 

I152 

n 4 i  

2205 

0242 

0442 

0544 

0124 Wd 

o m s -  
m S y d  

2555 Syd 

0224 syd 

0213 Syd 

0520 Syd 

om syd 

0505 Syd 

2208 Sgd 

0253 Sgd 

0513 Sgd 

0549 SYd 

1031 OM9 Sgd 

I026 0051 SJdJt 

E54 0620 Svd 

3SERVAllONS 
TYPE N 

Bcg. End Max. 
UT UT Int. Ob.. 

0100 0226 2 1( 

1804 2' 

SINGLE FREQUENCY RADIO EMISIONS 

Beg. End 
Freq. Type UT UT F l u  ota. 

9150 CD 0102 0104.5 
200 CD 0104 OlOB 
m CD 0105 0111.1 

200 CD oooo m . 7  

62 CD 0105 0112.1 

3150 CD 0359 0412.1 
1200 CD 0102 0407 
6i& L-" VIUZ MOQ 
200 CD MM M M . 5  

62 CD MM MM.8 

2800 CD 1222 1315.5 
545 CD 1223 1300 
200 CA 1222 1335 
200 CA 1295 1450 

2800 BD 1901 1931.5 
545 CD 1905 1920 
200 CA 1905 1'312 

2800 9) 1451 1454.8 
545 CD 1555 1605 

3150 9) 2318 2925 
3150 CD 2330 2339 

62 CD 2311 2345 

3150 CD 0209 0212 
200 CD 0203 0213 
62 CD M05 0221 

3150 SD 0201 OWL5 
200 CA 0200 0200.1 

62 W 0201 0201.6 

3150 9) 0448 0452 

3150 CD 0146 0159 
200 CD 0146 0148.5 
62 CD 0141 0149.5 

545 CD 1128 1138 
200 CD 1128 1135 

3150 9) 0445 0445.1 
200 CD 0439 0441 

460 CD 2204 2206 

3000 CD 0238 0241.5 
98 CD 0229 0235 
62 9) 0223 0229.3 

62 CD 0444 0449 

3000 CD 0539 0542 
62 CD 0541 0542 

545 CD 1108 1128 
545 0 1136 1210 

(1410) Nag 
3600 Tolr 

16500 Syd - 860 syd 

150 a d  

(W Nag 
asYd 
58 a d  

800 sYd 
(W OH 
600 Ned 
400 Ned 
220 os1 

(1580) Ott 

6% Syd 

- 250 Ned 
'800 os1 

(9) on 

(4) Nag 

100 Ned 

40 Nag 
8880 Syd 

(12) Nag 
400 Tot  

13510 Syd 

(6) Nag 
540 Syd 

8110 syd 

(6) Nag 

(11) Nag 
140 Tot 
510 Syd 

- 120 Ned 
rn o s 1  

(20) Nag 
120 syd 

140 NBS 

183 Tot  
1910 Syd 
100 Syd 

290 syd 

180 syd 
148 Tok 

350 Ned 
340 Ned .~ 
120 Cav - 115 CA 1101 1321 

3150 CD 0023 0024.8 (426) Nag 
200 CD 0024 0030 - I50 Tot 
200 CA 0030 0120 500 Tot 

2800 CD 2113 2142.5 (346) Ott 
2800 9) 2141 2200 (46) on 
460 CD 2046 2041 1200 NBS 

1800 NBS 
460 CD 2116 2416 NBS 
460 CD 2101 2102 - 

3150 9) 0538 0538.1 
3150 CD 0541 0656 
3000 CD 0541 0101 
200 CD 0555 O X O  

2800 CD 1156 1841 
IM) CD 1158 2423 
200 CD 1805 1820.5 
161 CD 1804 2521 

(15) Nag 
(2120) Nag 
1080 Tok 
- 2400 Tok 

(623) Ott 
420 NBS 
- 199 c o r  
620 NBS 

3000 CD 0449 0455 325 Tok 

200 CD 0521 0527.1 L00 TO* 
200 CD 0545 0545.3 400 Tot 
200 CD OW 0548.5 550 Tolr 

3wO 9) 0526 0521 217 rok 
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TABLE IV 1954-1956 (CONTINUED) 

FLARE 

Gr. Bsg. End Max. 
Day UT UT UT Pmition Imp. 

11 

21 

23 

20 
Mar. 
02 

08 

15 

29 
Apr. 
09 

12 

18 

25 

26 

27 

04 

13 

W 

16 

16 

11 

30 

30 

31 

June 
02 

04 

20 

22 

llM, 

1330 

0334 

2x0 

1220 

1625 

- OM0 

0530 

1241 

1242 1120 N20 W(w 3 - 

- N4O W72 3 

O X O  - N23 WE0 3 

2308 - 930 W21 3 

1340 - N21 W64 3 

- 
No Flare Patrol 

1635 N22 E21 3 

No Flare Reported 

1050 lo00 N22 E27 3 - 

0557 - N19 E65 2 

1535 1342 N20 W16 3 - 

No Flare Reported 

0200 02 0212 N14 WOE 1 

2050 2150 2100 N17 W21 2 

1033 1105 1035 N19 E54 3 

1150 1850 1800 S18 W30 1 

- 

- 

1x0 1250 S I 6  W65 3 

2290 2404 2305 524  Wl8 3 

0933 OM5 N24 E53 3 

U O  2357 2330 520 E02 1 

0152 0831 0156 N24 E38 2+ 

2230 2254 N23 E03 2 

0835 1025 0943 N22 E l 9  3 

NO Flare Reported 

1525 1612 S 2 0  W16 3 - 

- 
Flare 
Serial 
No. - 
11 

12 

13 

14 

15 

16 

18 

10 

21 

23 

24 

25 

26 

21 

28 

- 

SPECTRUM 
TYPE n 

eg. End 
T UT O h .  

1321 

536 

353 

I154 

001 

!331 

0342 

0552 

2410 

0210 

0030 

2351 

3335 

2224 

2054 

1152 

2234 

2246 

1938 

20 

20 

20 

20 

20 

18 

18 

ERVATIONS 
TYPE IV 

beg. End Max. 
IT UT UT O b .  

1.w-2 

SINGLE FREQUENCY RADIO EMlSSlONS 

Beg. End 
Freq. Type UT UT Flux O h .  

545 CD 1111 1139 1200 Ned 
200 CD 1115 1142 480 os1 
115 CA 1100 1230 (1AO) Cav 
81 E 1110 - (1~0)  c a v  

2800 SD 1343 1351 (12) ott 
545 CD 1421 1421.5 185 Ned 

3750 CD 0334 0349.5 (l8WO) Nag 
3000 CD 0333 0423 (700 To* 

200 CD 0335 0400 20000 Toll 
200 CA 0100 50000 Tok 

2800 SD 2217 2210 (525) Ott 

200 9) 1216 1211 

3750 CD 0320 0349.5 
200 CD 0319 0331 

2800 9) 1621 1644.5 
2800 SD 1644 1117 
460 CD 1626 1751 
200 CD 1623 111;1 
200 CD 1624 1816 

161 CD 2300 2505 

545 CD 0939 0951 
200 CD 0942 loo0 
115 SD 0945 0955 
81 SA 0948 1001 

2800 SD 1312 1902 
2800 SA 1322 1331 

536 CD 1319 1326.5 

161 CD 2353 2354.8 
161 CD 2438 2446 

200 CD 0154 0209 

2800 SD 2051 2101 

536 CD 1032 1035 

2800 SD 1146 2320 
2800 SD 1801 1831.7 
460 CD 1747 1820 
200 CD 1143 1818 
167 CD 1752 2549 

2800 CD 1244 1251.2 
545 CD 1257 1301 
536 CD 1239 1308 
460 CD 1240 1327 
200 9) 1241 1258 
200 CD 1242 1254 

2800 SD 2230 2320 
2800 SA 2252 2252.5 
2800 SA 2321 2331 

161 CD 2234 2406 

536 CD 0029 0946.5 
200 CD 0932 0935 
200 CD 0933 0936 

536 CD 0151 0817 
200 CD 0853 0754.5 
200 CD 0156 0156.5 

2800 SD 2228 2433 
2800 CA 2246 2329 
460 CD 2251 2607 

200 CD 0837 1001.5 
200 CD 0941 0951.5 
I15 M 0940 1007 
81 M 0945 IO10 

2800 CD 1938 2001 

2800 SD 1542 I818 
200 CD 1603 1603 5 

280 o s 1  

421 Nag 
3 9  Tok 

(1320) Ott 
(195) Ott 
1- NBS 
SA0 Os1 
200 c o r  

200 NBS 

260 Ned 
300 Ned 
65 Cav 

(E&@) Cav 

(25) Ott 
(208) on 
100 P r a  

1800 NBS 
1800 NBS 

1600 Tok 

(315) Ott 

- - 

75 Pra  

(23) Ott 
(161) Ott 
260 NBS 

QQ c o r  
530 NBS 

(238) Ott 
380 Ned 
220 Pra  
320 N E 3  

55 os1 
85 Ned 

(35) Ott 
(14) Ott 

(9) o t t  
590 NBS 

- 300 Pra 
120 os1 
215 Ned 

230 Pra  
200 Ned 
340 Ned 

(31) Ott 
(110) 011 
100 NBS 

60 Os1 
130 Ned 
120 cav 

( 5 )  C3" 

(340) 011 

1331 o t t  



TABLE IV 1954-1956 (CONTINUED) 

o(00 - m r m a  

No Flare Rcpor(.d 

0157 OQI ND w50 a- 

a m  
T UT O b .  

I1 

to 

11.m 

11 

11 

11 

I1 

16 

I5 

9 :  

175 CD 1240 1555 
81 E 1238 - 
460 Y 1445 1446.1 

200 CD 1718 17w 

2400 CD 1zM 1309 
5S6 CD 1247 1309.5 
167 CD 1253 1255.7 
81 CD 1251 1516 

a w m  a z a a l t s s  
16? w pu aa4I.Z 

m o a ,  QIF)o?5l  
m 0 C D  0)QImOo 

Z M O Q  loSrm 
tM0 CA 1045 lSS5 
100 CD 1911 1048.5 

0400 CD W51 W5S.2 

Jooo CD mu w u . 5  
Jooo CD w s 5  w u . 4  
JODO CD 0411 M46 

mo CD o w  0352.5 

545 CD I016 1016.5 
us 8D 1011 1010 

OOO 8D 1411 1511 
SO00 BA 1411 1415 

WOO 1105 I l l 5  
I W  E 1107 I615 

16a CD 101s llzo 
II CA ims IUS 

iwo CD iiw ixso 
0400 CD 1103 1325 

6oO CA 1117 1221 
U(I CD 1100 1X54.5 
a00 CD 1114 
100 0 1115 la00 
I 1  E 1115 - 
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TABLE IV 1954-1956 (CONTINUED) 

FLARE 

Cr. Beg. End MU. 
DW UT UT UT Position h D  

13 

14 

19 

a0 

l2 

Dee. 
02 

17 

18 

10 

20 

a0 

2s 

26 

19 

m7 1421 1055 520 W5S 3 

No Flare Reported 

- 1002 1310 1020 SI5 W56 3 

a 
1312 1341 S1S W83 2 

1400 1406 1402 SI5 E81 I+ 

- 1535 1105 1551 S24 WS2 3 

0808 1028 0856 525 W68 2+ 

- 1452 IS40 1451 N15 E21 2+ 

0432 M> - N12 E1S 1 

0603 M30 - N13 E 1 1  3- 

2150 2211 2215 S16 WO2 2 

1401 1442 1412 517 W11 3 

W QZ#l 004s N16 ESO It 
0220 

Flare 
Serlal 
No. 

47 

40 

51 

52 

54 

55 

SI 

SPECT 
TYPE ll 

eg. End 
T UT Ob. 

0225 syd 

7 
d OBSERVATIONS 

TYPE IV 

Beg. End Max. 
UT UT UT O b .  

1431 

1035 

1008 

1323 

1354 

0831 

0444 

2218 

1403 

0043 

18 

A 18 

A 18 

18 

18 

18 

18 

20 

18 

i n  

SINGLE FREQUENCY RADIO EMISSIONS 

Beg. End 
Freq. Type UT UT Flux Ob. 

8400 CD 
2800 SD 
1504 SD 

545 CD 
168 E 

8400 CD 
1500 CD 
600 E 
545 CD 
536 CD 
200 CD 
200 CD 
200 0 
175 CD 
168 E 

8400 0 
1500 CD 
600 E 
545 CD 
536 CD 
200 CD 
168 E 

81 CD 

8400 CD 
2800 51) 
2800 SA 
1500 CD 
545 CD 

2800 SD 
200 CD 
168 E 

2800 SD 

8400 CD 
536 9) 

2800 9) 

8400 CD 
3000 CD 

8400 CD 

167 CD 

2800 CD 
200 CD 
160 CD 
168 E 

9400 CD 
3000 CD 

1433 1445 
1431 1448 
1428 &il 
1425 1445 
1431 1601 
1035 1230 
1032 1145 
1038 1120 
1033 1034.5 
1030 1157.5 
1031 1038.5 
1037 1139 
Io40 1110 
1050 1150 
1036 1226 

1000 1322 
1010 1345 
1014 1244 
loll 
1008 1244 
1017 1137 
1016 1310 
1018 1218 

1245 1405 
1323 1803 
1336 1356.3 
1328 1413 
1330 1334 

1354 1418 
1358 1410 
1348 1407 

1539 1555.5 

0837 1045 
0809 0808.5 

1451 1458 

0444 0451.5 
0444 0508 

0640 0644.5 

2218 2324 

1403 1648 
1438 
1409 1415 
1415 

0045 0100 
0043 0213 

(325) HHI 
(175) Ott 
(256) HHl 
840 Ned 
7_0 ucc 

(1045) HHl 
(820) HHI 
69 ucc 

220 Ned 
- 300 Pra 

Ned 
600 Os1 

4000 Ned 

E Cav - ucc 

(Jooo) HHl 
(1500) HHl 
LO ucc - 3000 Ned 
3w Pra a Ned 
70 ucc 
(E) Cav 

(610) HHI 
(64) Ott 

(1000) ott 
(418) HHI 
180 Ned 

(360) Ott 
8 1  c o r  

1% ucc 

(335) Ott 

- 

(632) HHl 
100 Pra 

(107) Ott 

(3650) Nag 
530 Tok 

(745) Nag 

4600 NBS 

(800) Ott 
cor 

'zp ucc 
- 100 ucc  

(2110) Nap 
1150 TOk 
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V. CATALOGUE OF 

GEOMAGNETIC STORMS DURING 1954 - 1956 



I -  

This catalogue of geanagnetic starm data has been prepared from 
many sources. 
ture arc rei?e-~~c& is the k s t  C G ~ G Z S  ~f the *&le. The i iete  02 s u a n  
c-encement storms published i n  the Journal of Geophysical Research 
(references 4, a), and Bulletins 121, l2j, l2k published by the I4GA 
(reference 3) have been used t o  obtain the basic list. 

Data derived *an papers published in the sc i en t i f i c  l i t e r s -  

The table  has been set up in several sections that w i l l  be described 
in sane detail under the column headings; these sections are as follows: 

1. 

2. 

3. 

4. 

5. 

Geaeral storm classification. 

Number of observatories reporting the storm and type of 
etorm reported (Pram reference 3). 

Sudden colllmencement reports i n  references 3, 4, and 3. 

Planetary three hour Greenuich interval  indices dur ing the storm. 

Values fo r  D, H, and 2 and other storm data from six selected 
magnetic observatories. In  a few cases other observatory data 
have been used. 

Geographic Geamagn e t i c  - ut. &E!L - 2 9 3 %  Lat. 

Co College Alaska N64O52' 2 l 2 O 1 0 '  N64.5 255.4 

Fr Fredericksburg N38O32 ' 282O38' ~49.6 349.9 

G f l  Greenwich N5lo00 ' 355O31' N54.6 79.0 

Ho Honolul N21'18' 201°54' N 2 l . 1  266.5 

S i  Sitka N57OdC' 224O40' ~60.0 275.4 

Tu Tucson N32015 ' 249'10' Nb.4 312.2 

* Date published by the Rayal Greenwich Observatory in references 17 & 23 

The column heading, together with any necessary descr ipt ims or 
defini t ions,  follows: 

Column 1 Storm Serial Nunib-. 

Column 2 Greenwich Dag. 

l.v-i 



GENERAL STORM CLASSIFICATION (Columns 3 through 8) 

Column 3 Onset time UT 

Column 4 End, Greenwich Day/UT 

Column 5 

Column 6 

*, g - gradual, sc - sudden canmencement 

Maximum Intensity,  m - moderate ( K  - index as great as 5 )  
m s  = moderately severe ( K  = 6 or 7) , s = severe (K = 8 or 9 )  

Column 7 Maximum three hour Kp 

Column 8 Average Storm Kp. 
Kp for  the period shown in Columns 3 and 4. 

This has been calculated as the average 

NUMBER OF OBSERVATORIES REPORTING THE GEOMAGNETIC STORM (Columns 9 through 12) 

These data have been taken frm the IAGA Bulletins 121, l2j, and 12k 
(reference 3) .  
are  given in  that  reference. 

The names of the observatories reporting i n  each category 
The meanings of t h e  column symbols follow: 

A - The phenomenon is a very d is t inc t  ssc 

B - It is a f a i r ,  ordinary, but unmistakable ssc 

C - It is a doubtful ssc 

D - The ssc was decidedly not recorded on the magnetogram although 
the records were satisfactory 

The number of observatories reporting i n  each of the categories i s  
given. 

NUMBER OF ssc I N  THE FUBLISHED LISTS (Columns 13 through 15) 

Column 13 Frm reference 3. 
Columns 9 and 10. 

Column 14 From reference 9. 

This i s  the sum of t h e  A ' s  and B ' s ,  

column 15 From reference k. 
PLANETARY THREE-HOUR INDICES AND OTHER DATA DURING THE STORM PERIOD 

Column 16 Planetary three-hour indices (fkm reference 5) 

Column 17 Sum of the KD for the Greenwich (reference 5) 

l.v-ii 



A list of a l l  storms during 154-1956 with at least one 14, equal 
to or greater than 7+ is given on Table V-A, page 1.V-4. 
taken Fran reference 3: pages 87, for 154; page 121, for 1955; and 
we i53 ror 1356. 

These data are 

1.V-iv 



Colwm 18 Ap for the Greenwich day (reference 5) 

Column 19 The Greenwich day and three hour interval with the first 
Kp 14- 

Column 20 The Greenwich day and the first three-hour interval in 
which the Kp for three consecutive intervals was less 
than 4- 

Geomagnetic data for the six selected observatories listed on page 
l.V-i, with the exception of the Greenwich (Gr) data, the values given 
in Columns 21through 27 were taken f’rom reference 31. 
data were published in The Observatory (references 17 and 23). 

D-Magnetic Declination - This is the azimuth of the 
horizontal component or the magnetic intensity measured 
from the geographic north towards the east from 0 to 360. 
Unit in minutes of Arc. 

The Greenwich 

Column 21 

Column 22 H-Horizontal Intensity. The magnitude of the horizontal 
component, always considered as positive. 
gammas (10-5 gauss) 

In units of 

Column 23 Z-Vertical Intensity. The magnitude of the vertical 
ccmponent. 
in units of gammas (10-5 gauss). 

Positives if downward, negatives if upward, 

Column 24 Onset Time. 

Column 25 End Time. Reported by the observatory (Greenwich Day/UT) 

Column 26 MaximUm Kp. 

This is the time reported by the observatory. 

This is the maximum three-how Kp reported 
by the observatory. 

Column 27 

Column 28 

Name of the Observatory. 

R q e  of Starting Time. 
times reported. 

The code is given on page l.V-i. 

This is the range of starting 

l.V-iii 
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VI. CATALOGUE OF SOLAR-TERRESTRIAL 

EFFECTS DURING 1954 - 1955 



TABLE VI. CATAIxXxlE OF SOLAR-- EppEC!J!S 
1954-1956 

This table w i l l  include short wave radio fadeouts of importance 3 
ar greater tha t  lasted for 30 minutes cr mre, as well as S.W.F.'s that 
CCCA- =.t ths t h e 6  Soiar 
Flare Effects frcan reference 3. All polas cap absorptions reported in 
the  literature; Geauagnetic storms with a mxhnm % > 5 ;  and Forbush 
decreases. 

the ejUi. F k e s  cu-i;aioguedi in T a b l e  I, 

A brief note of explanation of the Forbush decrease data is neces- 
The only published list of Forbush decreases With onset t i m e  and 

This is limited t o  large decreases 
sary. 
other data i s  given i n  reference 14. 
at Mt. Washington. 

The column h e w s  together with any necessary description cr 
definit ions follow: 

Column 1 Date - 
Column 2 Major Flare Ser ia l  h b e r  fran Table 1.1 

FLARE DATA (Columns 3 through 7) 

A f e w  minor or sub flares a re  given when a clear  association with 
an SWF or  other terrestrial e f fec t  has been made i n  the l i t e ra ture .  

Column 3 Flare Beainning Time 

Column 4 Flare End 

Column 5 Time of t4ax5mum 

Column 6 

Column 7 Flare Importance 

Heliographic Position of' the Flare 

SHORT WAVE FADE (Columns 8 through 12) 

Column 8 Onset 

Column p Importan ce. 
scale f'rcm 1- t o  3+, based on the armplltude of the fade, 
duration of the event, and c e i d e n c e  i n  the reeality of 
the event. 

S.W.F.'s are given an impartance rat ing on a 

1.n-i 



Column 10 the following classif icat ions are used: 
sudden drop out and gradual recovery 

Slow S - SWF (SL) - drop out takes 5 t o  15 minutes and 

G - S W  (G) - Gradual disturbance fade irregular in  e i ther  
the drop aut or recovery stage 

gradual recovery 

Column IJ. Duration in  Minutes 

Column 12 Widespread Index, The degree of confidence i n  identify- 
ing the event by individual s ta t ions i s  combined in to  
an index of certainty that  the event is geographically 
widespread, ranging fram 1 (possible - single s ta t ion 
reporting) t o  5 (def ini te  - many stat ions reporting). 

SOLAR FLARE EFFECT (Columns 13 through 15) 

Preliminary reports of solar flare effects ,  sometimes referred t o  
as a magnetic crochet, 
Research, reference 4. 
t o  those l i s t e d  i n  reference 3. 
SFE (Classes A and B). 

have been published in the Journal of Geophysical 
The SFE's recorded i n  th i s  catalogue are l imited 

The l ist  of the reporting observatories i s  given 
As a "distinctly" SFE or an "unmistakable" 

i n  reference 3. 

column 13 

Column 14 

column 15 

Beginning Time 

Number of Observatories Reporting the Effect 

Intensitx. 
are marked by an as te r i sk  in reference 3. Insofar as 
possible the SFE has been associated in time wi th  a solar 
flare. 

Strong effects ,  indicated by the  l e t t e r  "S", 

POLAR-CAP ABSORPTION (Columns 16 through 22) 

column 16 

coi~mn 17 

Column 18 

Column 19 

Column 20 

Column 21 

Onset Time. 
the s ta r t ing  time has been taken frm that source. 

If reference 1 is  l isted i n  Column 21, 

Rise Time in H a u r s  from Reference 1 

Duration i n  Hours 

Absorption in db on the 30 Mc/s Riameter. 

Probable Flare -daybeg. 
association is given i n  the l i t e r a t u r e  the reference i s  
underlined i n  Column 21. 

If a polax-cap absorption-flare, 

The Sources Checked during the preparation of t h i s  cata- 
logue have been listed. 

1.m-ii 
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GEcMAomETIC STORMS (Columns 22 through 31) 

The geomagnetic storms l i s ted  in t h i s  portion of the catalogue are 
l imited t o  those with a maximum Kp > 5 .  
cluded if one or more investigators associated them with a major f l a r e ,  
or  it was preceded by a PCA and/or followed by a Forbush decrease. 

A few minor storms have been in- 

Column 22 Onset Time 

Column 23 End Time 

Column 24 w, the symbols g (gradual) and sc  (sudden commencement) 
have been used. In a few cases both a g and an sc  are 
indicated. In  these cases, three o r  more magnetic ob- 
servatories listed the  storm with a sudden camencement. 

Column 25 Maximum Intensity - The symbols m (moderate KP as great 
as 5) ns (moderately severe Kp = 6 or 7) and s (severe I$ 
= 8 or 9 )  have been used. 

Column 26 Maximum Kp 

Colunn 27 Number of Magnetic Observatories Reporting the Storm as 
an sc in reference 3. 

Column 28 &. 
day 

Column 29 Ap frcm reference 3. 

Column 30 Probable Flare dayfbeginniq - An entry i n  t h i s  column is 
based on one or more flare-storm correlations i n  one or 
more of the references l isted i n  Column 31. 

This is the sum of the 8 three-hour Greenwich 
IGp's, from references 3 and 4. 

Column 33. Sources of Flare Associations 

FORBUSH DECREASE (Columns 32 through 35) 

Column 32 Onset Time. 

Colmn 33 Magn itude of the Decrease i n  Percent. 

Column 34 Duration i n  Hours. 

The day and hour given i n  reference 14. 

Probable Flare (dayfiour) - A n  entry is  given if a flare - 
35. Forbush decrease association was given in reference 14. 

1 . V r - i i i  
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VII. CATALOGUE OF BALLOON FLIGHTS 

ASSOCIATED WITH MAJOR SOLAR FLARES WRING 1954 - 1956 



TABLE VII. CATAIxx;uE OF BALLOON FLIGHTS DURING 1954 
AND maim ASSOCIATED wm MAJOR SOLAR FLARES m u x  1955-1956 

A search of the  literature reveals 24 balloon f l i gh t s  during 1954. 
We have included a l l  of these f l i gh t s  in  the  Balloon Flight Catalogue 
(Table VII) even though there  were no major flares, polar cap absorptions, 
OF wc+;lw_l C-AL~ o m i n a j ~ ~ g ;  FTvp nf f'liMt_n ~ ~ r n ~ ~ p r l  vfthin fm-r 
&ays of importance 1 flares. 

Five f l i gh t s  during 1955 occurred within four days after major 
l o  flares, and one approximately 12 hours af'ter a Type 11 emission. 

flase association was possible with the ryPe I1 emission. We f ind  
balloon f l i gh t s  reported within four days after nine of the major f l a r e s  
i n  1956. 

A bibliography of paper published in the sc ien t i f ic  literature 
fram which the l ist  of balloon f l i gh t s  was canpiled, is given on pages 
1.VII-iii. 
Table 

These f l i gh t s  are referenced i n  the last column of the 

A description of the column headings follow: 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 

Column 7 

Column 8 

Greenwich Date 

Event Number frm Table V I I I  

Flare Ser ia l  Number. 
serial number i n  Table I. Minor f l a r e s  are those 

This refers t o  the major f l a r e  

associated with Type 11, or Ty-pe IV spectral  emissions, 
or polar-cap absorption, l i s t e d  in Columns 6, 7, or 8. 

Beginning Time of the  Flare 

Flare Importance 

Spectral Observations Type 11, Beginning Time 

Spectral Observations Type IV, Beginning Time 

Polar-cap Absorption, Greenwich day/b eginnina; UT 

BAwcX)cX DATA (Columns 9 thraugh 17) 

Column 9 Launch Date 

1.VII-i 



Column 10 

Column ll 

Column 12 

Column 13 

Column 14 

Column 15  

Column 16 

C O ~ W  17 

Time the Fl ight  Reached Recording Alti tude 

Time at Alti tude,  Hours, Minutes 

Maximum Altitude. 
o r  milibars as reported i n  the  literature. 

Name of the Place Where Balloon was Launched. 

Geographical Latitude and Longitude of the  Launch S i t e .  

Instrument Carried. Where: 
C = Single Geiger Counter 
CC = Cerenkov Counter 
SC = Scin t i l l a t ions  Counter 
T = Double Coincidence Counter Telescope 
EM = Jhulsion Pack 
I = Ionization Chamber 
N = Neutron Monitor 
BT3 = Boron Trif luoride Proportional Counter 

Group. 
Minn . 
New York 

C I T  

This i s  given i n  e i t h e r  kilometers 

These have been designated as follows: - School of Physics, University of Minnesota 
D r .  J. R. Winckler - Department of Physics, New York University 
D r .  S. A .  Korff - Norman Bridge Laboratory of Physics 
California I n s t i t u t e  of Technology 
D r .  H. V. Neher 

D r .  Peter Meyer, D r .  Gordon Lentz 

Iowa, D r .  J. A .  van Allen, D r .  C a r l  McIlwain 

Chicago 

SUI 

SIX - Southern I l l i n o i s  University,  0. B. Young 

- I b r b  Fermi I n s t i t u t e ,  University of Chicago, 

- Department of Physics, S t a t e  University of 

Published Balloon Fl ight  Data. 
the  data obtained during sme of t h e  f l i g h t s  refer t o  

References t h a t  discuss 

the  balloon f l i g h t  bibliography, page 1.VII-i i i .  
many cases several  of the f l i g h t s  are discussed i n  the  
reference. 
i n  the radiat ion count are discussed. 

lh 

I n  general ,  only l a r g e  or  outstanding changes 

1.VII-ii 



r 

I REFERENCES FOR TABU 1.VII 
BALLOON FLIGHTS 1954--1957 

1. Danielson, R. E., and P. S. Freier, Geomagnetic Effects on Heavy 
Primary Cosmic Radiation at 42ON, Phys. Rev. =(1958), 151-157. 

3. Fowler, P. H., C. J. Waddington, P. S. Freier, J. Naugle, and 
E. P. Ney, The Flow Energy End of the Cosmic Ray Spectrum of Alpha- 
Particles, Phil. Mag. Series 8, 2 (1957), 157-175. 
Fowler, P. H., R. R. Hilles, and C. J. Waddington, Interactions of 
the Heavy Nuclei of the Cosmic Radiation, Phil. Mag.  2 (1957), 

4. 

293-3040 

5. Fowler, P., P. S. Freier, and E. P. Ney, The Primary Alpha Particle 
Spectrum Over North America and Geomagnetic Cut-off Energies, 
Nuovo Cimento, Suppl. - 8 Series 10 (1958), 492-499. 

Freier, P. S., E. P. Ney, and P. H. Fowler, Primarya! Particles 
Intensities at Sunspot Maximum, Nature 3 (1958), 139-1321. 
Howitz, N., Cerenkov Counter Flux Measurement of Cosmic Ray Alphas 
at 41%, Phys. Rev. 98 (1955), 165-172. 
Koshiba, M., and M. Schein, Time Variation of Primary Heavy Nuclei 
in Cosmic Radiation, F’hys. Rev. 103 (1956), 1820-1824. 

Rays, Phys. Rev. - 101 (1956), 826-834. 

McDonald, F. B., Direct Determination of Primary Cosmic-Ray Alpha- 
Particle Energy Spectrum by New Method, Phys. Rev. & (1956), 

6. 

7 .  

8. 

9. Linsley, J., Cerenkov Counter Measurement of Multiply Charged Cosmic 

10. 

1723 -1729 

11. McDonald, F. B., Study of Geomagnetic Cut-off Energies and Temporal 
Variation of the Primary Cosmic-Radiation, Phys. Rev. 107 (1957), 
1386-1395 

12. McDonald, F. B., Study of Primary Cosmic Ray Alpha and Proton Energy 
Spectra, Geanagnetic Cut-off Energies and Temporal Variation, Nuovo 
Cimento, Suppl. - 8, Series 2, (1958), 500-507. 
McDonald, F. B., Primary Cosmic Ray Intensity Near Solas Maximum, 
Phys. Rev. - 116 (lS9), 462-463. 

13. 

1 .VII-iii 



14. 

15  

16. 

17 

18. 

19 

20. 

21. 

22. 

23 

24. 

25 

26. 

27 

McDonald, F. B. ,  and W. R. Webber, Proton Camponent of the Primary 
Cosmic Radiation, Phys. Rev, - 115 (1959), 194-205. 

Meyer, P., E. N.  Parker, ard J. A. Simpson, Solar Cosmic Ray of 
February 1956 and Their Propagation Through Interplanetary Space, 
Phys. Rev. 104 (1956), 768-783. 

Missert, R. F., High-Altitude In tens i t ies  of the Medium and Heavy 
Cosmic-Ray Nuclei and of the Sten-Producing Component over a 25 
Hour Interval,  Phys. Rev. 3 (1957), 1327-1330. 

Neher, H.  V. ,  Low-Energy Cosmic-Ray Part ic les  i n  1954, Phys. Rev., 
103, (1956), 228-236. 

Neher, H. V. ,  Cosmic R a y s  Near the  North Geomagnetic Pole in  the 
Summers of 1955 and 1956, Phys. Rev. 107, (1957), 588-592. 

Soberman, R .  K., High-Altitude Cosmic-Ray Neutron Intensity Varia- 
t ions,  Phys. Rev. 102 (1956), 1399-1409. 

Van Allen, J. A., and C. E. McIlwains, Cosmic Ray Intensity at  High 
Altitude on February 23, 1956, J. Geophys. Res. 5, (1956), 569-571. 

V a n  Allen, J. A.,  and J. R. Winckler, Spectrum of Low-Rigidity Cosmic 
Rays During the  Solar Flare of February 23, 1956, Phys. Rev., & 
(1957) 9 1072-1073. 

Waddington, C. J., Observations on the  Multiply Charged Part ic les  of 
Cosmic Radiation, Nuovo Cimento 2, (1956), 930-5155. 

Waddington, C. J., The Charge DistrAbution of Multiply Charged Nuclei 
i n  the Primary Cosmic Radiation, Phil. Mag. - 2, ( 1 9 7 ) ,  1059-1078. 

Waddington, C.  J., The Study of Cosmic Ray Variations with Nuclear 
Emulsions, Nuovo Cimento, 16 (1959), 1205-1216. 

Waddington, C. J., Note on Ending Part ic les  i n  Nuclear Emulsions 
Exposed t o  the Primary Cosmic Radiation, Nuovo Cimento, 18 (1960), 
820-822. 

Waddington, C. J. ,  The Relative Abundances of the  Heavy Nuclei i n  
the  Primary Cosmic Radiation, Phil. Mag. 2 (1960), 3ll-323. 

Webber, W. R . ,  and F. B. McDonald, Determination of t he  In tens i t ies  
of Low-Z Components of the Primary Comic Radiation a t  A = 41' 
Using a Cerenkov Detector, Phys. Rev. - 100, (1955), 1460-1467. 

1 . m - i v  



t 

. 20. 

29 

30 

31 9 

Winckler, J. R., Cosmic-Ray Increase at High-Altitude on February 23, 
1956, Phys. Rev. - 104 (1956), 220. 

Winckler, J. R., and L. Peterson, A Large Cosmic Ray Decrease 
Accompany in the Solar Maximum of 1957, nature, $& (1958), 1317-1319. 

Young, 0. B., and H. Y. Chen, Heavy Primary Cosmic-Ray at GeOmagnetiC ------ T a + i + r r A e  ~4 1110 E, mGrpi nevi 115 !l%?) 1719-1721. 

Young, 0. B., and F. E. Harvey, Charge Spectrum, Mean Free Paths, and 
Flux of Heavy Primary Cosmic Rays at the Top of the Atmosphere, Phys. 
Rev* 9 lOg, (1958)s 529-5320 



TABLE VI1 BALLOON FLIGHTS ASSOCIATED WITH MAJOR SOLAR FLARES DURING 1954 - 1956 
- 
- 
Cr. 
Day 

1954 
Feb. 

- 

AUK. 
06 

22 

24 

- 
195 
Jan 
I6 

3.. 
19 

JUP 
07 

195 
Fet 
10 

- 

17 

21 
23 

?.%a, 
16 

J"" 
22 

Jul) 
04 

Sep 
17 - 
fmf Notes 

FLARE 

Serial Beg. 
No. UT Imp 

1120 I 
1245 I 
1600 I 

- 

1525 I 
1604 1 
M43 I 

1 2130 3 

10 3 
11 3 
I2 1330 3 
13 0331 3 

23 E O  3 

26 3 3 

29 0925 3 

37 E 3 

0206 

0335 

1945 

- 
PCA 

Gr. D i p  

- 

Beg. UT - 

- 
955 
I*". 
6/2230 

- 

054 
'cb. 
2 1- 05s 

5 07W 

6 1Mo W 15 

9 l4m m o o  
2 M ( C  

Ime 
8 1m W W  
8 

UlY 
a 05 39 

1 1UP 

7 1 4 5 F  

0 14bW 

S 1455. 

US. 
U 1554. 

m 1300 21 00 
0 1435. 

7 1456. 

8 1553' 

0 14%* 

24 17.49 W 0 

20 1255 07. 00 

sept. 
I4  06 (5 

Oct. 
07 07 SO 

12 06W 

I 4  

NOV. 
I8 06 12 

1 

I?.* 

n 
so 
?I 

10 

12.5 

40 
100 

II 
1W 

30 
1W 

20 
100 

50 
100 

12 
13 
IW 

I6 

I6 

I 4  
100 

26 

27 

32 

15.4 

26 

32 

11.4 

Sm. 
17 1400 06 OO 13 

I430 06 W 11 
19 10 m 16 

24 1030 I 1  58 31 

JUlY 
07 1m 06 OO I1 

1956 
Feb. 
I1 9.: W W  

M M  32.2 
W 24 9.1 

10 20 
23 1300 W 20 

lWO m W 10 
IWO m m 10 
1933 01 39 

W=Y 
17 

JVnC 
22 

July 
07 

sept. 
18 06 15 36 

Northem It.L 

N31 WlOl 

N41'. 

NW.5 
P52.1 WlO7 

N S W  W W 

NU 
N46.8 M W . 7  

N56 
~ ( 6 . 8  ~ m . 7  

NE5 
N46.8 MOO.? 

NU 
N48.8 Wl100.7 

N O  
N46.8 WlW.7 

NU.0 W 93.3 
N80 
~46.1  wirn.7 

NIT 

NM 

N O  
N46.8 MW.7 

NU.9 W 93.1 

N44.9 W 45.1 

N16 

N4l.q 

NII** 

.%a Anplo, T a u  N31 WlO1 
yinne.polla, YLM. N U 3  W 93.: 
sm AIw10. T- N31 WlOl 

ymmlpou, yinn. NU.9 W 93. 

Yfonelpou. Idinn. N U 9  W 93. 

N31.1 WlW. 
N41.9 
N41** 

IbnnerpO1LI. Idinn. NU.9 W 93. 
Io-. ci ty ,  Io- N52 
Iowa Clty. Iowa N52 

WmkO". Iowa N13.9 W 91 

NU.9 W 93. Winne lpo lh .  burin. 

Minneamlis. Mlm.  NU.9 W 93. 

E M  

cc 
cc 
PC 

EM 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

I 

I 
I 

0% 

ET3 

EM 

EM 

EM 

EM 

EM 

SC 
c.sc,c 
c.cc 

EM 

r. sc - 
EM 
EM 
EM 

3 
T 

EM - 

- 

Ibinn. 

SN 

MIm. 

YUM. 
e.- 
I-. 

nmn. 
yinn. 

ylnn. 

ZIT 
CIT 

CIT 
ZIT 

CIT 
CIT 

C R  
CIT 

CIT 
CIT 

3UI 
CIT 
m 

rn 

CIT 

CIT 
CIT 

N.Y. limv 

N.Y. Uniu. 

h. 

SIU 

minn. 

blmn. 

SIU 

Rei. 

1 

30 

9 

9 

I? 

3 
5,6 

22.24.25 

17 
17 

17 
17 

17 
17 

17 
17 

17 
17 

16 
17 
I? 

17 

17 

17 
17 

19 

19 

22,23,24.25 

31 

24.25.26 

4 

30,31 

10J2 
11 11 

8 

10.11,12.14 

1 
30 
30 

15 
2n 
-5.28 
21 
20 

5.6 

29 

13 

2.24.25 
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TABLE V I I I .  ~ O N O ~ I C A L  CATALOGUE OF MAJOR SOLAR 
MIRmG 1954-1956 

This tab le  was prepared fo r  publication by Dr. Prince and Miss 
Hedeman at  the McMath-Hulbert Solar Observatory. 
the follawing (except as noted on page 1.9, paragraph 8). 

The en t r ies  include 

1. A l l  major flares tha t  are  l i s t ed  i n  the McMath-Hubert worbing 
l ist  of solar flares with importance 3 and 3+. 

2. A l l  great short wave fades of importance 3 or 3+ that  last for  
30 minutes or  more. 

3. A l l  great 10 cm bursts wi th  a peak f lux equal t o  or greater 
than 500 uni t s  (10-22 wm-2 (c/s-l). 

disk passage.) 

5. 

4. The most active plages. (Produced 30 or more f la res  during 

The greatest  sunspots (area 2 lo00 millionths i n  the M t .  Wilson 
l i s t ) .  

6. A l l  spectral  radio emission of Type I1 and Type IV. 
outstanding bursts of Type I and Type I11 have been included. 

In addition, 

7.  

8. 

Radio emissions a t  200 Mc/s a t  the time of major events. 

Radio emissions at other frequencies. 

9. Polar-cap absorptions. 

10. Geomagnetic storms. 

The en t r ies  i n  t h i s  section of the catalogue w i l l  bring together in  
chronological order many of the entr ies  already given in  Tables I through 
VI. The exceptions are  defined below: 

( a )  The major solar flare requirement fo r  Table I is based on the 
l ist  of flares reported i n  the IAU Quarterly Bulletin and includes sane 
of importance 2+ and a l l  f la res  of importance 3 and 3+. I n  Table VI11 
only flares of importance 3 and 3+ listed in the  McMath-Hulbert Obser- 
vatory working l is t  of flares are included. 

(b) The Table V I 1 1  requirement for "the greatest" sunspots is 
based on the M t .  Wilson l is t  and only those with an area greater than a 
lo00 millionth qualify. On the other hand, Table I1 includes all sun- 
spot groups frm the Royal Greenwich Observatory l i s t  w i t h  a maximum 
area, during d i s k  passage, equal t o  or greater than 500 millionth, and 
all groups w i t h  7 ,   an&^^, M t .  Wilson magnetic c lass i f icat ion.  
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. 
A s  i n  the previous tables, minor f l a r e s ,  s m a l l  sunspot groups, 

plages, and the other solar  and s o l a r - t e r r e s t r i a l  e f f e c t s  associated wi th  
any of the  major en t r ies  are included if an observgtion is  available.  

Descriptions o r  c r i t i c a l  comments about many of the events l i s t e d  
in  t h i s  catalogue a r e  given as footnotes on the  appropriate pages. 

A major entry,  i . e . ,  one qualifying under 1 through 6 above is  
indicated by a n  asterisk in  t h e  appropriate column. 
and explanations, where necessary, a r e  given below: 

The column headings 

Column 1 Event Number, s t a r t i n g  w i t h  one a t  t he  beginning of 
each year. 

Column 2 Greenwich date of the event. 

FLARE DATA (Columns 3 through 8) 

These w i l l  include a l l  3 and 3+ f l a r e s  as well  as minor f l a r e s ,  and 
in some cases - sub-flares t h a t  may be associated w i t h  a so la r  or  t e r r e s -  
t r i a l  event given in  subsequent columns of the table:  

Column 3 Beginning of t he  f l a r e  UT. 
was observed, the beginning t i m e  is  underlined. 

If the start of the f l a r e  

Column 4 End t i m e  UT. If the end of the f l a r e  was observed, t h e  
time i s  underlined. 

Column 5 Time of maximum, UT. 

Column 6 Imp ortance - T h i s  i s  t h e  value assigned t o  t h e  f l a r e  i n  
the McMath-Hilbert working l i s t  of f l a r e s .  

Column 7 The heliographic posit ion.  

Column 8 Number of observations. 

SHORT WAVE RADIO FADEOUTS (Colwnns 9 through 14) 

short  wave fadeouts (SW) , enhancement of low frequency atmospherics (SEA) , 
increase in cosmic absorption (SCNA), sudden phase a n m a l i e s  a t  VLF (SPA), 
and sudden s igna l  enhancements a t  VLF (SES) . 

Sudden ionosphere disturbances may be detected i n  a number of ways: 

The data included in  t h i s  catalogue are l imited t o  SWF's and in-  
cludes all outstanding short  wave radio fadeouts of importance 3 or  3+ 
t h a t  l as ted  f o r  30 minutes or  more. 
a t  t h e  time of the f l a r e s  catalogued in  Columns 3 through 8 are included. 
The following data a r e  given. 

In  addition minor SW's tha t  occurred 
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Column g 

Column 10 

Column ll 

Column 12 

column 13 

Column 14 

Type (S, SL, or G) . 
used: 
S-SWF (S): 
Slow S - SWF (SL): 
gradual recovery 
G-SWF (G) :  Gradual disturbance: fade i r regular  i n  
e i ther  the dropout or recovery stage. 

The following classif icat ions are 

sudden dropout and gradual recovery 
dropout takes 5 t o  15 minutes and 

Importance: 
scale from 1- t o  3+ based on amplitude of the fade, 
duration of the event, and confidence in  the r e a l i t y  
of the event. 

SWF's are  given an importance rat ing on a 

Beginning time UT. 

Duratian i n  Minutes. 

Widespread Index. 
ing the event by the individual s ta t ions is  cmbined into 
an index of certainty that the event i s  geographically 
widespread, ranging from 1 (possible - single s ta t ion)  
t o  5 (def ini te  - many stations).  

The degree of confidence in identify- 

Number of Observations: 
observatories reporting the event. 

"he column gives the number of 

SOLAR RADIO EMISSIONS AT 10 cm (Columns 15 through 19)  

column 15 

column 16 

column 17 

Column 18 

Column 19 

Column 20 

z: TWO different c lass i f icat ions a re  used: (1) 
numerical, on a scale frm 1 t o  9, used in  reference 24 
and defined in "Description of tables and graphs fo r  
CRPL-F, Part B. Solar-Geophysical Data," Alphabetical 
symbols used in  reference 28. These are defined i n  the 
introduction t o  Table IV and i l l u s t r a t ed  on page L I V - i V .  

Bepinning Time UT. 

Duraticn i n  Minutes. 

Time of Maximum Flux, UT. 

Peak Flux. 

Observatoq. 
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PLAGE DATA (Columns 21 through 29)  

The data i n  th i s  section of Table VI11 are taken from the McMath- 
Hulbert Plage Catalogues. 
plage regions tha t  were the source of 30 or more f la res  during disk 
passage, indicated i n  Column 20 w i t h  an as te r i sk ,  and/or plage regions 
associated with flares tabulated in  Columns 3 through 8. 
headings, in  general, self-explanatory, follow: 

The en t r ies  i n  t h i s  table are l i n i t ed  to: 

The column 

Column 21 McMath-Hulbert Plage Number. 

Column 22 

Column 23 Nean Longitude. 

Column 24 Mean Latitude. 

Greenwich Day of Central Meridian Passaae. 

Column 25 Average Intensitx - The intensity of calcium plages a re  
estimated on a scale from 1 ( f a i n t )  t o  5 (very bright).  
The values given in t h i s  column are the average inten- 
s i t y  during disk passage. 

Column 26 Average Naximum Area - In uni t s  of millionth of the area 
of the solar hemisphere. 

Column 27 Number of Flares - This i s  the t o t a l  of all f l a r e s  associ- 
ated with the plage during disk passage. 

Column 28 Age in Rotations - The number 1 indicates tha t  the plage 
i s  new. 

Column 29 Identification - This is  the number of the plage region 
during the previous rotation. I f  two or more numbers 
a re  given in  t h i s  column, those plages or pa r t s  of 
them combined t o  form the tabulated plage. 

SUNSPOT DATA (Columns 30 through 35) 

T h i s  portion of the catalogue i s  l imited t o  the sunspots i n  the  
p h g e  region given in Column 20. 

Column 30 M t .  Wilson W n e t i c  Classification from reference 

Column 31 Greenwich Day of Central Meridian Passage. 

Column 32 Mean Latitude During Disk Passage. 

Column 33 Mean Magnetic Field Strength H,  i n  units of 100 gauss 
from reference 30. 
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Column 47 Peak Flux. 

Column 48 Observatory. 

OTHER RADIO DATA (Columns 49 through 55) 

Column 49 

column 50 

column 51 

column 52 

Column 53 

Column 54 

Column 55 

Frequency Mc/s. 

3E- 
Beginning Time UT. 

Duration in Minutes. 

Time of Peak Flux. 

Peak Flux. 

Observatory. 

POM-CAP ABSORPTION DATA (Columns 56 through 61) 

Column 56 

Column 57 

Column 58 

Column 59 

column 60 

Column 61 

Greenwich Day. 

Onset Time. 

Time to Rise to Peak. 

Duration in Hours. 

Intensity. 

Observer. 

B - Bailey 
H - Hakura and Goh 

K - Kiruna 
L - Leinbach 

GEOMAGNETIC STOFMS (Columns 62 through 67) 

Column 62 Greenwich Day. 

Column 63 

Column 64 

BeginninR of the Storm. 

Duration of the Storm (h) indicates hours, (d) indicates 
days. 
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Column 34 When seen: The first number gives the date the sunspot 
was first seen; the second number i s  the last date on 
which the spot was seen. 

Column 35 Area (Mt. Wilsonl. 

Column 36 M t .  Wilson Sunspot Numbers, of a l l  spots located in  the 
plage of Column 21. 

DYNAMIC SPECTRUM DATA (Columns 37 through 42) 

Column 37 Type I Bursts. The following information is given: 
mount of ac t iv i ty  indicated by the Symbols IS, b, 
G, g, o r  s; duration of the burst  - beginning-time, 
end time; and the intensity on a scale fran 1 (weak) 
t o  3 (strong). The ac t iv i ty  symbols are defined as 
f ollars : 

A t  100 Mc s intensity 1 corresponds t o  
Wm-2 (c / s i - l ,  2 = 40 t o  200 x 
200 x 10- 2 wm-2 (c/s)-l 

IS - A noise storm 
C - A noise storm with a slowly varying enhancement 

b - Single bursts 
g 
G 
s 

t o  40 x 
Wm-2 (c/s)-l  and 3 

over a broad spectrum 

- Small group (<  10) of bursts - Large group (210) of bursts - Storm intermittent but apparently connected ac t iv i ty .  

Column 38 Type I11 bursts,  ac t iv i ty ,  duration and intensity. 

Column 39 Type I1 (slow drift) bursts, duration, and intensity.  

Column 40 m e  IV (broad band continuum) duration and intensity.  

Column 41 Observatory 

Column 42 Frequency Range 

200 Mc/s DATA (Columns 43 through 48) 

Column 43 Type, Alphabetical Symbols. 

Column 44 Beginning Time UT. 

Column 45 Duration i n  Minutes. 

Column 46 Time of Maximum Flux. 
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Column 65 ry~e. 

column 66 Intensity. 

m - moderate 
ms-  moderately severe 
s - severe 

Column 67 

Column 68 

Number of Stations Reporting the S h m .  

Maximum KD During the Storm. 
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- - 
:vent 
No. 
- 

1 

2 

3 

4 

5 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

1 
- 

- 
- 
Gr. 

- 
195 
Jan. 
01 

18 

Fet 
01 

15 

21 

11 

26 

h 
01 

13 

13 

13 

15 

15 

16 

22 

APr 
01 

11 

26 

w 
26 
JUn 
22 

JUl: 
17 

AU6 
06 

06 

06 

09 

22 

22 

23 

23 

26 

28 

S e C  
01 

03 

06 

13 - 
lis I 

ed ’ 

FLARE DATA 

Beg. ~ n d  MU. b p .  Pasition NO. of 
UT UT UT Oh. 

- 

1042 g5J 1 

0344 0134 0414 1 

1004 “05 1021 1 

0212 0302 1 

2207 2235 2211 1 

0810 0832 1 

l Z 0  1145 

1245 1307 

1600 

1525 1537 

1604 1650 

1 x 5  ‘420 1 

0443 0500 1 

s24w42 

SOBE57 

S OBE 52 

SOBE30 

S09E11 

S OIE 12 

N25E 16 

N25E 16 

N24E 17 

S3OWl8 

S 31W22 

S 3OW31 

S3OW65 

1 

1 

2 

2 

1 

1 

1 

2 

1 

2 

1 

1 

1 

r geomagnetic storm on January 2 is not assocl- 
any knom flare. or any other knom formal  

5. 

solar activity, and is not a member of any sequence of 
s t o r m .  

This gradual storm has no haam flare association, and is 
the first member of a sequence of storms that endures 
for four solar rotations. 

Tlus very minor disturbance follows a long period of seven 
days of very quiet geomagnetic conditions. As far as is 

4. This storm is the second member of a sequence which 

2. 

3. 

known, it is not nare-associated 

began on January 18 (Event N a  2). 

SHORT-WAVE RADIO FADECJUTS 

’ppe Imp. Beg. h r .  wide No. of 
UT Min. Oh. 

1220 10 

1024 4 

10 CM. EVENTS GFEFij 

1956.7 

2154.4 

1323 

1.5 1600.5 

3 1959.2 

1.5 2154.5 
2.5 

5 1321.5 
50 

~~ ~ 

us storm IS not assoclated vnth any known nare or other 
id of solar actlvity. 

spat, on ”, 
on March 1 (descrlbed q 

E. This l k m .  h r S t  IS the 4 y  event reported by Ottawa dur- 
ing the first four months of 1954. However, it is deaig- 
mated as “doubtful.” and DO nare DT SWF is reported in 
assx*iation with the Lwrst, nor were there any distinctive 

reported at any other single radio frequencies. 

This gradual Storm of February 26 isnot associated Pith any 
known flare actmty, but it  was preceded by an interPal 
of t w s t  activity at radio frequencies, during the period 
February 22-25. There are noknownnaresrelated to these 
radio hrsts  and, strangely, no sipificatnt calcium plages 
on the solar disk. ~awever. alarge, bight, new cycle plage, 

7. 

8. This flare in progress 
flare reported in the ne1 
disk on March 1. The 
reported with the nxa 
at any of the single freq 

9. These events describe 
10. occurred in plage re# 
12. bright and actlie plage 4 
13. data for events No. 10, 
14. for event No. 9. As ill 

accompanied by any rq 
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Ob. 

l o t t  

e o n  

l o t t  
2 

i o t t  
5 

disk, arest 
Event No. 

n March 

n 2923. This region is a large, 
the old cycle. The plage and spot 
12, 13 and 14 are  the same as that 
u is holm, these flares sere not 
rted SWF's, or any related events 

16. Thh SWF was not accompi3dd by any known b e  event, 
nor were there any @istlncUve events reported at any of the 
single radio frequencies. 

The gradual storm of April  11 is the farrth member of a 

IO. No b e  observations were being d e  at the time of the 
10cm. turst May 26 at 1057 UT, therefore plage or spot data 
are not avdlable. There is no accompanying SWF, ned m 
known radio events at any other frequencies are reported at 17. 

TABLE Vlll CHRONOLOGICAL CATALOGUE 

PLqzE DATA SPOT DATA 

CMP Mean Mean Ave. Max. NO. Agein Iden+ Mt. Wllson CMP Mean H When Area MtWiLson '- Gr. Day Long.  at. bt. he& Flares Rocahon . ?ppe Gr. Day L ~ I .  Seen No. No. 

1954 1954 
Feb. Feb. 

Mar. Mar. 
2915 26.5 344' S25 3 800 1 1 NEW d&d 26.2 S25  15 1- I 11171 

11172 2923 17 93' SOB 3 2wO 5 1 NEW 

2923 

d p p l  11.2 SOB 33 12-21 

2923 

2023 

2923 

AUg. mg. 
2073 8.0 349' N25 3.5 2200 3 2 2960 1-pd 01.6 N23 13 1-10 11186 

2973 

2973 

2882 21.0 178' S30 4 1500 4 1 NEW dPf1 21.0 532 20 20-26 11188 

2982 

2882 

2882 

of the central mendiam, 
8). 

1 at 1042 UT Is the only 

at any of the sin@= radio frequencies, wth one e~ceptlon. 
A 5 a r p  of mhor hvsts aI 480 Mc mas reported during the 
wstmaxtmum w e  of the flare event No. 13. 

sequence arhich begm on January 18. 

18. This gradual storm of April 26 was reported by only tm 
statiolls, tmt it represents a real thMlgtr brief e- in the 

-2 m -11 
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