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PREFACE 

The history of the "Coordinated Observations of Type I Noise 

Storms" organized during the Solar Maximum Year (SMY) in 1980 and 

after the SMY (in 1981} is given by A.Tlamicha in the Proceedings 

of the 4th CESRA Workshop on Solar Noise Storms, held at Duino 

Castle (Trieste, Italy) in 1982. 

The decision to compile and publish the analysis of groundbased 

and satellite observasjons carried out during the period May 16-

24, 1981 was made at the closing session of the meeting in 

Duino. 

In this "Supplement" we present contributions from the partici

pants in the coordinated observations. 

The selected period. May 16-24, 1981 seems to be well suited for 

a detailed analysis; coordinated observations were made over a 

broad band of frequencies, positional measurements were obtained 

and differe.it types of optical observations were performed. 

The chosen time interval covers the development of two noise 

storms lasting for several days and associated with the active 

regions HR 17653 and 17644. 

The present publication contains information which should be of 

interest to everybody studying noise storms. 

We wish to express our gratitude to all participants who have 

taken part in the cooperation and who have submitted manuscripts 

for the present report. 

This supplement was sponsored in part by CNES grant no. 82217 

from the Meudon Observatory and by Institute of Theoretical 

Astrophyics, University of Oslo. 

0. Elgarøy 

C. Mercier 

A. Tlamica 

P. Zlobec 

http://differe.it
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COORDINATED OBSERVATIONS OF TYPE I 
NOISE STORMS 

First campaign: September 1 - 3 0 , 1980 SMY 
Second campaign: May 15 - June 15, 1981 post SMY 

Organizing committee for the coordinated observations: 

J. -L. Bougeret Secretary 
C. Mercier 
V. Ruzdjak 
A. Tlamicha Chairman and Coordinator 
P. Zlobec 
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SUMMARY AND CONCLUSIONS 

By 

Mercier.C, Elgarøy,0-, rlamicha.A. and Zlobec,P. 

Introduction. 

The most important and new results emerging from the cooperative 

study are summarized and commented upon in the following. For 

details the reader is referred to the individual contributions. 

In the text references are without dates when they apply to 

contributions in the present issue. 

The Noise Storm Activity and the Associated Active Regions. 

Three noise storm centers have been observed during the period 

May 16-24, 1981 {Mercier, Stewart and Eason). Using the notations 

of Messier the centers were: 

- center "A", visible until May 18 and associated with the leading 

part of the active region HR 17644, 

- center "B", visible from May 18-20 and associated with the 

following part of region HR 17644, 

- center 'C", visible from May 17 to 24 and associated with the 

active region HR 17653. 

The radio emission was poorly associated with soft X-ray activity 

(Farnfk and Valnic'ek). 

Center "C"wa9 the most long-lived and the more intense one. 

The associated active region HR 17653 showed a simpler magnetic 

structure and also a much weaker flare activity than the region 

HR 17644 (Ambroz, Krivsky, Zlobec and Messerotti). 
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The Structure of Noise Storm Sources. 

Results, mainly from the Nancay Radioheliograph observations 

(Mercier), confirm those of Kerdraon and Mercier (1982), and are 

as follows: 

- Noise storm centers consist of one or several sources of con-

tinua and bursts separated by 0.15 - 0.25 R . (As regards 

continuum sources there are at most two distinct sources). 

- The sense of circular polarization is uniform for all sources 

within a given noise storm center. It is constant with time 

and corresponds to the ordinary mode of the underlying large 

scale photospheric magnetic field. (LH for'A'; RH for "B" and "C") . 

- individual continuum sources show apparent motions with 

velocities of 10 - 100 km/s (Mercier, fig 2) and have a com

plex stucture. It is suggested that they, in fe-;t, consist of 

several close sources (< 0.05 R ) with lifetimes ~ 1 - 2 
ø 

hours. 

- Changes in position from one day to another of sources within 

a given noise storm center (when correction has been made for 

the rotation of the Sun) reach 0.5 R , (Mercier, fig 3.). 
o 

Coronal Magnetic Structure. 

Noise storm centers are not radially above the associated active 

regions (Mercier, Stewart and Eason). This is, in particular, 

true for center "C" which is shifted westward from the active 

region HR 17653. The sources of this center were all polarized in 

the RH sense. During observations from May 17 to 23 they were 

scattered above a large, quiet area with south magnetic polarity 

(same polarity as the leading part of region HR 17653). 

A model may be proposed (Mercier, fig.5) in which radio 

sources are located above this area, in the wide and descending 

part of magnetic flux tubes connecting it with the following part 

(north magnetic polarity) of the region 17653. 

A similar model (Mercier, fig.6) is proposed for the center 

"B": radio sources are located in magnetic flux tubes connecting 

the leading part (with north magnetic polarity) of the westward 
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group of the region HR 17644 with the extended following part 

(having south magnetic polarity). 

Thus noise storm sources appear to be located in large mag

netic arches connecting active regions with their surroundings. 

A similar conclusion was arrived at by Urpo and Terasranta 

who found no correlation between positions of noise storm sources 

as determined with the Nancay radioheliograph and positions of 

bright regions at 8 mm observed at Metsahovi (see their figs. 1, 

5, 6 and 8). One has: 

- sources "C* are above an area of low brightness at 8 mm, which 

can be explained if they are located in large scale magnetic 

arches connecting this photospherically almost quiet area with 

the active region HR 17653. 

- sources "B'are above 8 mm brighter regions, which is consistent 

with the model given by Mercier in his fig. 6 : sources are 

located above the following part of the region HR 17644 and on 

it's close surroundings, which have a higher brightness at 8mm 

than the quiet area westward of region HR 17653. 

Further support for the above conclusion is gained from the study 

made by Ambroz of the relation between 169 MHz Nancay source 

positions and the coronal magnetic field (extrapolated, on the 

current free hypothesis, from the average distribution of photo-

spheric magnetic fields for the period May 12-23). Ambroz found 

association between the positions of sources and positions of 

large magnetic arches connecting the active region to the sur

roundings (see his fig.2, in particular as regards center 'Cl . 

However, he found the location of the radio sources to be at the 

top of the arches. Such a position of noise storm sources was 

proposed by Sheridan (1982), but seems difficult to reconcile 

with the above mentioned relation between the sense of circular 

polarization and the magnetic polarity of the underlying photo-

spheric area, and also with the generally accepted fact that the 

radio emission would be beamed along the magnetic field lines 

(Elgarøy, 1977). 

The location Sound for radio sources, at the top of magnetic 

arches, may be an artefact for the following possible reasons: 
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- use of a magnetic map averaged over a large period (11 days), 
- application of the current free approximation, 
- assumption of a constant altitude of 0,3 R for radio sources, 

o 
which is larger than that of o.22 R that was derived by 
Kerdraon and Mercier (1982). 

- small errors in the radio positions, etc.... 
One particularity of the model outlined in the present discussion 
should be noted: There is no observed storm emission from that 
leg of the flux tube which is nearest to the flaring site; the 
noise storm sources are observed in the other leg, above the 
nearly quiet photosphere. An explanation would be that the radio 
emission is beamed backward relative to the injection of energy 
from the active region. Thus the emission in the "most energetic 
leg" should be directed towards the photosphere ^nd so not be 
visible from the Earth. 

Directivity of Radio Emission. 

The argument of Stewart and Eason for calculating the beaming of 
radio emission in the magnetic field direction (in the case of 
center "C" see their fig. 6), and the tilt of the magnetic field 
at the emission level, seems too rough because it requires that 
the radio source would be stationary for a long time: it would 
have been visible at the same coronal position during all the 
period, and it's intrinsic intensity would have remained 
constant. But this appears not to be the case: sources adhering 
to noise storm center "Care widely scattered (Mercier, fig. 3) 
and the observed maximum intensity on May 22 may be affected by 
the tail of the type IV of May 21. (Cfr. the detailed study of 
noise activity and type IV phenomena at 237 MHz by Zlobec and 
Messerotti). 

However, it can be noted that the positions in source C have 
the tendensy to evolve from west to east (Mercier, fig.3). This 
would be explained (Fig.l) if the radio emission is beamed along 
the magnetic field. The apparent shift seen by the observer would 
be due to the change in orientation of magnetic field lines which 
are about tangent to the line of sight at the 169 MHz emission 
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level. 

Of course, an alternative possibility is a slow change of 

the place of injection of fast electrons in the active region HR 

17653. Further observations of such apparent motions of sources 

during their passage over the disk are needed before a choice is 

made between the two possibilities. 

Fig.l. Possible explanation of the "movement" of the noise 
source. The Sun is considered to be fixed and the Earth 
moves rightwards. 

Conclusions. 

The usually accepted bipolar model (cfr. Elgarøy, 1977) of noise 

storm centers is irrelevant for the present observations. We have 

proposed an alternative model in which the different sources of a 

noise storm center are located in different flux tubes connecting 

active regions with their surroundings. Radio emission is ob

served from the wide, descending branch of the flux tubes, (oppo

site to the flaring site). 

The relation between the sense of circular polarization of 

the radio emission and the magnetic polarity has been more pre

cisely defined: the radiation is in the ordinary mode with re

spect to the underlying large scale photospheric magnetic polari

ty. Thus the "irregular" polarity of noice storm center "B" is 

explained. As regards center "C" one should note that although 
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the observed radio emission is polarized in the ordinary mode 

with respect to the leading spot of region HR 17653, center'C is 

not situated in flux tubes originating from the leading part of 

this region according to the proposed model. Rather; the radio 

sources are located in the wide and descending part of flux tubes 

connecting a large, quiet area of south magnetic polarity with 

the following part of the region HR 17653 (of north magnetic 

polarity). Thus it is the polarity of the extended area which 

determines the polarization of the radio emission. Kerdraon and 

Mercier (1982) were the first to state that the sense of polari

zation of sources corresponds to the ordinary mode with respect 

to the underlying large scale photospheric magnetic structure. 

This result emerged both from a statistical study as well as from 

detailed studies of some specific cases. Thus the observed 

polarization should result rather from the emission process than 

from complicated conditions of propagation for the radio waves. 

Acknowledgements. The organizing committee wishes to express 

sincere thanks to all participants for their collaboration. 
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THE RADIO EMMISION AND ACTIVE REGION DEVELOPMENT 
DURING THE MAY 15 - 25, 1981 PERIOD 

H. Aurass, A. Bohme, A. Kruger 
Academy of Sciences of the GDR, Central Institute of 
Solar-Terrestrial Physics (Heinrich Hertz Institute) 

V.V. Fomichev, A.A. Gnezdilov 
IZMIRAN, 142092 Troitsk, Moscow Region, USSR 

C. Mercier 
Meudon Observatory, F-92190 Meudon, France 

A. Tlamica 

Astronomical Institute of the Czechoslovak Academy of 
Sciences, 251 65 Ondrejov, Czechoslovakia 

S. Urpo 
Metsahovi Radio Research Station, Metsahovi, 

02540 Kylmala, Finland 

Abstract. 

A comprehensive description of some aspects or. the activity de
velopment during the noise storm period May 15-25, 1981 is given. 
The main points are-. 

- the generally complicated spatial structure of the metre wave 
emission sources at this time 

- type IV burst on May 21-22. 1981 masking a type I noise storm 
- some special metre-wave fine structure phenomena 
- the discussion and comparision of S-component and 8 mm burst 

effects and the noise storm development. 

Observations. 

Solar radio activity in the metre-wave range could be observed in 
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the May 15-25, 1981 interval. To obtain a comprehensive de

scription, we used the observations of five different stations 

(Tab. 1). 

Table 1 

Participating stations and type of observations 

Station 

Tremsdorf, GDR 

IZMIRAN, USSR 

Meudon, Nancay, 
France 

Ondrejov, 
Czechoslovakia 

Matsåhovi, Finland 

Type of observations 

Solar patrol observations; 64 MHz, 234 MHz, 
2 GHz, and 3 GHz radiometers and 113 MHz, 
1.5 GHz and 9.4 GHz polarimeters (paper 
tape- film- and sometimes magnetic tape 
records were used). 

Solar patrol observations at 74 and 204 MHz, 
radiospectrograph in the 45-236 MHz range. 

Radioheliograph at 169 MHz. 

Solar patrol observations at 260, 536, 808 
and 3000 MHz, radiospectrograph 100-1000 

MHz, and 100-130 MHz, 29.5 MHz and 32.8 MHz 
at Upice station. 

37 GHz (8mm) receiver, 14m radio telescope, 
2.4' spatial resolution, Is time reso
lution. 

Table 2 summarizes the radio-burst development and gives the 

relation to flare activity and to the active regions. 

Figures la, b, c and 2a show the metre-wave flux and polari

zation data. 

The burst activity can roughly be described as follows: 

1) more or less intense noise storm activity during the whole 

interval 

2) a type IV burst at 08 30 UT May 16 followed by a type IVmB 

burst at 11 40 UT, probably lasting till May 17 

3) a decimetre burst on May 18 at 0800-0920 UT 

4) a type IV burst on May 21 with typical type IV burst 

structure, lasting for a long time. 



Discussion. 

This activity is essentially connected with the active regions of 
Hale numbers 17644, and 17653. Figure 2b gives the Hale numbers, 
the positions and the 8mm fluxes of the different regions visible 
on the disk at this time. 

The spectral diagram of the whole-Sun S-component of Figure 
3a shows a spectral decline after the type IV burst on May 16 and 
a relative minimum between May 21 and May 24 . The reason is the 
high S-component efficiency of the very complex region 17644 
(which dominates the activity complex before May 19, 1981) and 
the very low part of the S-component emission from region 17653 
(which is responsible for the noise storm on May 19 and later). 
This behaviour is evident from figure 2b, but also from the cm-
wave scans published in Solar Geophysical Data. 

Figure 3b illustrates the low microwave burst activity cor
responding to the low flare activity already stated in Table 2. 

Figure 4 presents an attempt at a compact description of 
simplified 169 MHz radioheliograms together with some magneto-
grams and H-alpha features taken from Solar Geophysical Data. It 
appears that -.he spatial structure of the sources is in general 
complicated: 

- on May .16, the polarization sense reversal observed by global 
flux instruments near 11 30 UT in fact corresponds to the 
growth of a new source of opposite polarity belonging to the 
same active region, while the preceding one decays and disap
pears (see fig. 4a). 

- one can note that in several cases two or several close 
sources exist simultaneously and have the same sense of 
polarization (see fig. 4 for May 17, 19, 20, 22 and 23). 

- on May 18, three sources exist both in the N and S hemisphere, 
associate!' with different active regions, and exhibit differ
ent polarization senses. 

- on May 18 and 19, noise storm sources are relatively far from 
region 17653 (see fig. 4c and d). 

It is evident that observations with bpatial resolution are es
sential for a comprehensive description of the phenomena. 
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The noteworthy noise storm recrudescence and enhancement on 
May 21, 1981 (point 4, under Observations) requires special at
tention: 

The event exhibits features of both a flare-related and a non-
flare-related noise storm amplification (Bbhme 1978). The 
prompt Solar Geophysical Data do not report an associated 
optical flare. It cannot be decided for certain whether this 
is only due to a flare patrol gap. But regarding the complete 
absence of burst at 9.4 GHz it can be presumed that at the 
most a very weak flare could have been present during the 
onset of the event. 

The noise storm recrudescence consists of two different steps 
which can be identified using Tremsdorf (HHI) single frequency 
records (fig. 5): 

a) a very slowly developing continuum onset with a typical non-
flare-related noise storm frequency "drift rate" (starting 
time at 234 MHz near 10 45 UT; at 113 MHz near 11 20 UT; at 64 
MHz near 11 35 UT). The continuum rise at 234 MHz starts (10 
45 UT) definitely before the decimetre GRF onset at 3.2 and 
1.5 GHz (near 11 10 UT). 

b) an extremely steep enhancement near 11 51 UT with a typical 
flare-related noise storm "drift rate" (commencement within a 
1-min interval over the whole 234-64 MHz frequency range). The 
steep development of the enhancement at 64 MHz without a 
marked time delay to higher frequencies is the uncommon 
feature of the event. 

c) On May 21, 1981 a type IV burst commenced at 12 42 UT. At its 
beginning this event is smooth and increases slowly. The 
Nancay radiospectrograph (152-468 MHz) data indicate that it 
is more pronounced at lower frequencies. However, also at 
higher frequencies the increase is evident. The maximum is at 
13 00-14 00 UT (flux density 300 S.U. at 470 MHz and 5000 
S.U. at 150 MHz), (Poquerusse, 1983) and it remains at a 
higher intensity level till the end of observations (18 00 
UT) . 

Afterwards this event shows typical type IV burst structures 



- ?1 -

and the flux density was at about the same level over the 
whole observed range as at the end of the previous day. During 
the afternoon of May 21 and in the morning of May 22, the type 
IV burst was so strong that it masked any noise storm ac
tivity. 

The 1.5 GHz GRF was most strongly developed between 13 00 and 14 
10 UT, coinciding in time with the metre-wave enhancement maxi
mum. 

Finally, some further interesting phenomena should be noted: 

1) The metre-wave continuum of the May 16, 1981 type IV burst 
shows rare fine structures (broadband emission pulses, see 
fig. 6a). 

2) The decimetre burst on May 18, 1981 was accompanied by pul
sating (or type III structures in the 45-90 MHz range (fig. 
6b) and a very rare fine structure (a fiber burst with the 
emission feature at the low frequency side, together with 
other "normal" fiber bursts, see fig. 6c). 

3) Until 12 10 UT the noise storm continuum on May 20 and May 21, 
1981 shows strong and long period variation on a 2-hour time 
scale especially well expressed at 64 MHz, but also inde
pendently noted on the IZMIRAN 204 MHz record. 

4) According to Solar Geophysical Data the typical decimetre 
event on May 18, 1981 was coupled with a moderate soft X-ray 
event, only. But the small gradual decimetre burst and the 
strong metre-wave continuum enhancement on May 21 (point 4 
above) were asociated with a rather strong soft X-ray out
burst, starting at about 11 00 UT and ending after 16 00 UT. 

5) From 07 50-08 10 UT on May 22, 1981 during the noise storm and 
type IV burst broadband pulsations with periods between 10 and 
15s were observed at 45-190 MHz, see fig. 6d). 

6) A comparision of figures 2a and 2b reveals a correspondence 
between the 8mm flux from active region 17644 and the metre-
wave emission on May 16, 20 and 22, 1981. 
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Conclusions. 

Type I burst noise storm lasted throughout the examined period 
continuously. From the above we may conclude that the solar radio 
activity on metre wavelengths in the May 16-24, 1981 period, with 
regard to type I burst noise storms, was of an average intensity, 
see fig.la,b,c. 

On May 16, 1981, the type I bursts noise storm originating 
above active region HL 17644 was complicated by a two-ribbon 
flare (Farnik et al.,1983) starting at 07 43 UT and followed by a 
complex of types II, III and IV. On May 21, 1981 a type IV burst 
commenced at 12 42 UT and lasted until May 22, 1981 (whole day) 
which partly masked the type I burst noise storm coming from the 
source above active region HL 17653. 

The flare activity as a whole was also of average intensity 
in the period examined. 

The flare activity clearly indicates that no flare triggered 
a type I burst noise storm, or stopped it, in the period of May 
16-24, 1981. 

REFERENCES 
Bohme, A.: 1978, Contribution to the IX. Consultation on Solar 

Physics, Wroclaw. 
Parnik, F., Kaastra, J., Kalman, B. , Karlicky, M. , Slott je, C , 
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Poquerusse, M.: 1983, private communication. 
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Figure captions: 
Fiu, . la, b, c : 10-min mean continuum flux values at 234 and 113 

MHz (HHI). The 64 MHz record is given for days of 
special interest, only. 

Fig. 2a : Hourly mean continuum flux values at 234, 113 and 
64 MHz (HHI) and 113 MHz polarization 
(d=disturbed). 

2b : 8mm fluxes of different active regions 
(Metsahovi). The different symbols mark measured 
values. 

Fig. 3a : Daily mean values of flux density and whole-Sun 
S-component spectral diagram following the 
microwave observations of HHI, OTTA, NAGO and AFC 
(SGMR). 

3b : Microwave and decametre burst activity. 
Fig. 4 : Rough scheme of the burst source structure at 169 

MHz (Nancay) in relation to the Kitt Peak and 
Stanford magnetograms, and the Sacramento Peak 
Ha - filament data (from Solar Geophysical Data). 
The magnetographic and Ha-data were copied around 
m-wave features, only. 

Fig. 5 : Single frequency records (ZISTP (HHI)) of the 
start of the noise storm recrudescence and 
enhancement on May 21, 1981. The arrows mark the 
starting times given in the text. 

Fig. 6 : IZMIRAN spectrographic observations showing some 
spectral fine structure phenomena. Time parallel 
stripes are TV station disturbances, 

a : Broadband pulsations during the May 16, 1981 type 
IV burst, 

b : Spectra taken during the most intensive phase of 
the decimetre burst on May 18, 1981. 

c : Fiber bursts with normal and abnormal emission -
absorption sequence during the decimetre burst on 
May 18, 1981. 

d : Broadband pulsations on May 22, 1981 observed in 
the 45-190 MHz range. 



Table 2 
Decription of the event evolution 

Day 
(May 
1981) 

Time 
(UT) 

Radio burst development 
(polarization data at 113 MHz resp. 169 MHz) 

Flares (from 
SGD prompt 
reports) 

Remarks 

15 1240 Noise storm starting from high to low 
frequencies 

Hale region 
17644 

16 0808-1240 Type IV burst 

0840-1000 

0841-0854 
1030-1050 

1130 

two m-contirua of opposite circular polari
zation 0.25 R Q apart. The left-handed com
ponent disappears after 1030 UT. 
broad-band pulsations on a second time scale 
observed at 120-190 MHz 
recrudescence of a right-handed type IV con
tinuum 
predominance of a third left-handed conti
nuum 0.10 R„ north 

N10E16 3b 
(0754-1040) 
17644 

N06E11 IN 
(1137-1426) 
17644 

Fig. 4a 
Fig. 6a 

Fig. 4a 

17 0600-1500 Type IVmB(?) continuum with only a few type 
I bursts. Two positions 0.2 R apart with 
the same left-handed polarization sense at 
169 MHz. 

Fig. 4b 

18 0600-1500 Nearly unpolarized weak noise storm in a 
somewhat broader frequency range than the 
day before 

regions 
17644 and 
17653 



Table 2 (continued) 
Description of the event evolution 

Day T ime 
(May (UT) 
1981) 

Radio burst development 
(polarization data at 113 MHz resp. 169 MHz) 

Flares (from 
SGD prompt 
reports) 

Rema rk s 

18 0800-1013 Right-handed polarized decimetre and metva 
burst 

0800-0855 pulsating (or type III) structures in the 
45-90 MHz range observed 

0810-0815 drift of the low-frequency edge to lower 
frequencies with about 0.05 MHz/s 

0830-0832 fiber burst with abnormal emission and ab
sorption patterns observed at 190-23*) MHz 

1030-1500 three separate noise storm centres at 169 
MHz 

N19W01 IN 
(0757-0915) 
17644 
Sz?W17 SN 
('^1-0910 
17652 

without any 
effect at 
8mm 

Fig. 6b 
Fig. 6c 
Fig. 4c 

19 0600-1500 70...80% right-handed polarized weak noise 
storm; the 113 MHz flux rises on 1040 UT 
and crosses the 234 MHz flux near 1230 UT. 
Two continua coexist 0.2 
some polarization sense. 

R apart with the 

region 
17653 

Fig. 4d 

20 0600-1500 100% right-handed polarized enhanced noise 
storm. The mean continuum spectrum rises 
from high to low frequencies. Strong and 
long period (about 2 h) continuum variations 
at all the observed metre-wave single fre
quencies. A changing occurrence frequency 
of type I bursts and chains was observed in 
the 45-90 MHz range 

Fig. lb 



Table 2 (continued) 
Description of the event evolution 

Day Time 
(May (UT) 
1 9 8 1 ) 

Radio burst development 
(polarization data at 113 MHz resp. 169 MHz) 

Flares (from 
SGD prompt 
reports) 

Remarks 

20 Two noise storm centres occur with the same 
polarization sense, one in the N hemisphere 
(region 17644), the other in the S hemisphere 
(region 17653). 

Fig. 4e 

21 0600-1100 
1045 

=»1100->1600 
1108 

1151 

1240-1410 

60% right-handed polarized noise storm start 
start of the first metre-wave noise storm en
hancement, several close continua with the 
same polarization sense 
soft X-ray enhancement 
start of a GRF at 3, 2 and 1.5 GHz with some 
small right-hand polarized pulses 
second strong and broadband metre continuum 
enhancement near region 17653, well defined 
moving source. 
after a short break at 64 MHz further rise 
to Fg4 = 3 000 s.u. (solar units) 
F,,, = 1 600 s.u. and F 0, Æ = 650 

166% 
= 1 600 s.u. and F 2, 4 

right-hand polarized. 

no flare 
observed 

S25W17 SF 
(1245-1446) 
17653 

S27W08 IF 
(1328-1706) 
17653 

N31W09 SF 
(1349-1415) 
17655 

N18E54 SF 
(1354-1407) 
17656 

Fig. 5 
Fig. 4f 



Table 2 (continued) 
Description of the event evolution 

Day Time 
(May (UT) 
1981) 

Radio burst development 
(polarization data at 113 MHz resp. 169 MHz) 

Flares from 
SGD prompt 
reports) 

Remarks 

22 0600-1500 

0750-0810 

Decay of the noise storm continuum. 
The spectral maximum is near 113 MHz; the 
continuum is 100% right-hand polarized; low 
type I burst occurrence frequency. Several 
close continua coexist with the same polari
zation sense. 
broad band pulsations with a 10..20 3 period 
observed at 45-190 MHz 

N16W63 2 B 
(0621-0653) 
17644 

Fig. lc 

Fig. 4g 
Fig. 6d 

23 0600-1500 Weak noise storm activity with a declining 
-25 continuum spectrum from high to low frequen

cies. 
N05E36 2B 
(0723-0759 
on May 25) 
17663 

Fig. 4h 
Fig. 4i 
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METRE - WAVE STRUCTURES IN THE SOLAR RADIO EMISSION 
DURING THE PERIOD MAY 17 - 24, 1981 

C.H. Barrow 
Institut fur Astronomie, ETH, Zurich, Switzerland 

Solar radio observations were conducted during the period May 
17-24, 1931 at the ETH Zurich-Bleien Radio Astronomy Observa
tory using analog spectrometer DEADALUS over the frequency band 
100 to 1000 MHz and the digital spectrometer IKARUS. The latter 
system was programmed to cover several bands within the above 
range of frequencies in 3 MHz steps with a sweep-rate of 1.0 
Hz. This gave an effective single-frequency time resolution of 
about 0.4 sec. 

The digital bands of most interest in the present study 
are 100-172 and 229-394 although the Bleien spectrometers do in 
fact cover the band 100 to 1000 MHz. Analog data and digital 
data are available during the period May 17-22, 19B1 but, un
fortunately, both systems were inoperative on May 23 and May 
24. The events recorded during the period May 17-22 are sum
marized in Table I. Of these, the most interesting periods of 
activity occurred on May 21, notably from about 12.25 to 13.50 
UT. A series of analog spectral records of the period 12.15 to 
13.15 UT are presented in Fig.l. Section of time-intensity 
profiles during this period are shown in Figures 2a, b and 
3a, b. 
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Table 1 

Date Observation Decimetric Events Metric Events Type 
Period 

1981 UT UT UT 
Begin End Begin End Begin End 

May 17 0440 1745 0553.8 0556.0 

1213.7 1217.4 

May 18 0440 0655 
May 21 0757 1750 

May 22 0430 1750 
1221.5 1600 

0622.0 0631.8 
1126.2 1126.2 
1225.6 1226.B 

0548 .1 0556 .0 IHGG 
0653 .2 0656 .9 IIIG 
0741 .2 0748 .3 IIIG 

IIIG 
1353 .5 1354 .7 IIIG 
1554, .8 1554, .8 IIIG 
0440 0656 I 
0757 1200 I 
1221 .5 1600 IV, F 
0430 1400 C 
0455 0535 I, DC 
0622 .0 0631 .8 IIIGG 
1126, .2 1126, .2 IIIB 
1225, .6 1226 .8 IIIG 

Acknowledgements• 

Figure 1 was kindly provided by Mr. T.E. Bernold. Table 1 is 
based upon notes in the Radio Astronomy Group log-book. 
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SPECTRA OF NOISE STORM CONTINUUM EMISSION 

By 

Øystein Elgarøy 

Institute of Theoretical Astrophysics 
University of Oslo, Blindern, Norway 

Introduction. 

During the noise storm of May 17-24, 1981 observations were 

performed with radiometers at many different European stations. 

Frequencies above 200 MHz were relatively well covered, but 

there was a lack of observations at lower frequencies. 

Using available material a characteristic continuum 

spectrum nr»y be determined for each day in the period. The data 

do not permit a detailed study, but some main features in the 

behaviour of the storm are revealed. 

Quiet background. 

As a result of the calibration campaign which was carried out 

in 1979 (Elgarøy et al., 1981), it was s'own that the absolute 

calibration of European radiometers were in satisfactory con

cordance. The solar radio spectrum for May 12, 1979 was de

termined. At that day the sun was almost completely quiet at 

metric waves, but it was more active in the shorter decimeter 

wavelength range. It was concluded that the spectrum which was 

derived might serve as reference for futire determinations of 

noise storm continua. 

Since the sunspot relative number was higher in May 1979 

than in May 1981, it is probably more correct to attempt to 

determine the quiet background emission of the sun at a time 

quite near to the observational interval. May 17-24. On June 7, 
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Fig. 1. Radio spectra obtained on two different quiet days, 
lsfu=10-22Wm-2Hz-1• 

1981 the sun was rather quiet, and the radio spectrum for this 
day has been derived. The result is shown in Fig. 1. As com
pared with May 12, 1979, the radio spectrum on June 7, 1981 was 
displaced to lower intensities, as would be expected. Ac
cordingly the June 7, 1981 spectrum is taken to be representa
tive for "quiet conditions" during the observational period May 
17-24, 1981. 

Noise storm spectra. 

In order to determine spectra for the May 17-24 noise storm, 
daily average flux values from different observing stations 
were plotted and a smooth curve was fitted to the points 
(Fig.2). Then the quiet sun spectrum for June 7 was subtracted 
and the storm spectrum was found. 

Daily average flux values were derived from observations 
carried out simultaneously at the various stations, usually 
between 0700 and 1500 UT. There were type IV bursts on May 18 
and 21 . In order to avoid interference with the typical burst 
emission, the storm spectra for these days were derived from 
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Fig. 2. Intensities observed on May 24, 1981 compared with 
intensities on the quiet day June 7, 1981. 

more restricted time intervals, i.e. 1200-1500 UT and 0900-1200 
UT on the respective days. Data for frequencies below 200 MHz 
are less systematic and were not always available. 

In Fig.3 the resulting noise storm continuum spectra are 
shown. One solar flux unit (sfu) is equal to 10- 2 2Wm- 2Hz~ l -

Discussion. 

The spectra which are displayed in Fig.3 emerge as the dif
ference between two uncertain quantities (daily average flux 
minus contribution from the quiet sun) and may contain signifi
cant errors. It is therefore necessary to concentrate the dis
cussion on some main features. 

There is a systematic variation in the sequence of noise 
storm continuum spectra. On May 17 and 18 the spectrum shows a 
well defined maximum in the 300-400 MHz range. Then the in
tensity at lower frequencies comes up, the storm intensifies 
and reaches a maximum on May 22. Subsequently the intensity de
creases at low frequencies, and on May 24 the spectral distri-
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bution is confined to the higher frequencies. The following 

day, May 25, storm emission is absent. 

The low frequency part of the storm increased in intensity 

more slowly than the high frequency part and decayed more 

quickly. When the storm was intense, the spectrum was wide. It 

should be remarked that the spectrum obtained for May 22 may be 

influenced by long-lasting continuum emission at low frequen

cies following the type IV burst of the previous day. 

There is no unambiguous interpretation of the observed 

continuum spectra per se. Firstly, the emission does not come 

from an isolated, small source volume on the sun. It is the 

integrated emission from large coronal regions. Secondly, visi

bility effects have to be taken into account. The emission oc

curred from two active regions, one in the northern and one in 

the southern hemisphere of the sun. Emission from the latter 

dominated. When the storm was intense and covered a wide fre

quency band, the positions of the active regions were very 

favourable; in the western hemisphere. It is well known that 

there is an east-west asymmetry in the distribution of noise 

storms on the sun (Elgarøy, 1977). More intense storms occur 

on the western hemisphere than on the eastern. Thirdly, 

spectral variations are connected with physical changes in the 

active region corona. 

Information on the continuum spectrum as derived from 

whole sun observations may be valuable when it is combined with 

other information, for instance from radio heliographs. How

ever, a physically more interesting procedure would be to de

termine the brightness temperature of individual sources by 

using multifrequency radio heliographs. 
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SOLAR RADIO EMISSION MEASUREMENTS AND HIGH RESOLUTION 
OBSERVATION OF ACTIVE REGIONS DURING THE 

MAY 16 - 25, 1981 PERIOD 

Han Tie, Yu Ning, Li Yungyang, Wu Xiaotao, Liu Xuzhao 
Beijing Astronomical Observatory 

Introduction. 

The interval of May 16 - June 25, 1981 was devoted to "Cooper
ative observations of noise storms", a project sponsored by the 
Committee of European Solar Radio Astronomers (C.E.S.R.A.). It 
is especially interesting that high activity of noise storms 
was observed in the interval May 15-25, 1981. 

The 460 MHz radiometer and "4X16" compound interferometer 
were operating in that interval at the "Miyun" station. But no 
data are available for May 20 and 22 because of the power 
cuts. 

Using the above instruments, the following parametres were 
obtained: the solar radiation fluxes forms of radio bursts, 
two- or one dimensional positions, angular sizes, fluxes of 
sources, etc. The behaviour of the noise storms observed in the 
interval is simply discussed in the paper. 

Observation. 

The total solar flux was observed 9 hrs every day, approxi
mately, from 0000 UT to 0900 UT. The relative error of solar 
flux measurements is 12% (Yu et al., unpublished). The total 
flux excludes burst components, but includes the effects of 
noise continua because the duration of the continuum is so long 
and its variation is so slow that the continua cannot be dis
tinguished from the flux of the quiet sun. The flux curve is 
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plotted -n Fig. 1. 
The compound interferometer operated 6 hrs every day, 

approximately from 0100 UT to 0700 UT. The time that the sun 
passes the upper transit of. the "Miyun" station is around 0400 
UT. The resolution of the interferometer is 0.8 (see Zhang X. 
et al.). When the sun transits through the lobes of the inter
ferometer, measuring the times when typj I sources pass the 
lobes, their two-dimensional positions could be determined and 
their proper motion could be analysed (see Liu X. et al. ) The 
one or two-dimensional positions of the type I sources are 
plotted in Fig.2 along with drawings of sunspots and of 169 MHz 
sources (after Aurass et al.). In Fig.2 the sunspot drawings 
are from S.G.D.. The time derived from the sunspot drawings is 
different from that derived from the radio sources. The obser
vation times of the two radiowaves are also different from each 
other. Consequently in analysing their relative position, the 
time difference must be noticed. The positions of the radio 
sources are the ones at the local upper transit and the times 
derived from the sun-spot drawings are given in Fig.2. In Fig.2 
the positions of the 460 MHz type I sources are marked with the 
symbol " + "; when only one-dimensional positions of sources are 
determined, they are indicated by a dashed line. The sizes of 
the symbol "+" express position errors, but not Uie angular 
sizes of sources or fluxes. Some type I sources were not always 
observed in the observation intervals. The periods in which the 
sources existed, can be found in Fig.3. It is clear from Fig.2 
that the type I sources observed in the observational interval 
are associated with the 4 active regions. The active region 
associated with the westernmost source on May 25 cannot be 
distinguished. For the different active regions, the daily 
characters of the type I sources are listed in Table 1. 

The solar type I storms consist of a continuum and type I 
bursts. On the one-dimensional solar image the areas producing 
the continua, i.e. type I sources, are compact cores within a 
hot environment (slowly varying sources), (Liu X. and Han T., 
1981). The flux curves of the type I sources associated with 
the different active regions are plotted in dependence on time 
in Fig.3. 
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Summary and discussion. 

The following points should be noted: 

1. Fig.l shows that even if the time difference effect is ex
cluded, the 169 MHz sources are always near the leading 
position. For Hale active region No. 17644 the 169 MHz 
sources approached the leading sunspots, and the 460 MHz 
sources followed. For the Hale active region No. 17653, the 
169 MHz and 460 MHz sources are on either side of the spots. 
It is only situations for the two active regions. It is not 
clear whether it is common for other active regions. 

2. It can be seen from Fig.l that the daily variation trend of 
the solar 460 MHz fluxes before May 21 is different from the 
one of the microwaves (see Aurass Fig.3), but since May 21, 
they had the same trend. 

3. The characters of the sunspot group associated with Hale No. 
17653 plage and measurements of the proper motion associated 
with the sources are listed in Table 2. From Table 2, it can 
be seen that there were no flares of importance 1 or larger 
in the region when the associated type I sources were not 
moving; but there were flares of importance 1 or over as 
soon as the source had proper motion. It should be noticed 
that the flares appeared when the magnetic field was 
weakening and the area of the sunspots decreased. The type I 
source associated with the Hale active region No. 17644 had 
proper motion in its whole period. Of cource, there are some 
flares of importance 1 or over in the region. As concerns 
the relation between the proper motions of type I sources 
and flares, a detailed discussion is presented elsewhere 
(Liu X. et al.). 

4. From Fig.3 d, h, it can be seen that the fluxes of the dif
ferent active regions seem to be varying synchronously with 
time. Such a phenomenon has been observed on meter waves 
(e.g. Liu X., 1980). Synchronous variations on such a large 
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scale reflect the global relations of the field and the 
matter between them. 

5. Measuring the angular sizes of the type I sources at dif
ferent moments, two kinds of variations were found. The time 
scale of the first kind of variation is tens of minutes or 
1-2 hours, and the amplitude of its angular size variation 
is larger than the other. The angular size variation of the 
May 24 source was the first kind (Pig.4). For the second 
kind of angular size variation, the angular sizes vary 
slowly and monotonically in the whole observation period. 
This angular size variation seems to reflect that the forms 
of the type I sources are not circular, but quasi-elliptic 
(e.g. the May 23 source). 

Generally, both kinds of angular size variation exist at the 
same time. For further analysis refer to the other paper. 
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Table 1 

Hale No. with Date Anc jular 
Type I source size 

17644 16 3' 
17 
18 
19 

1.8 1.5 
1.1 
1.2 

17652 18 1.1 
17653 18 

19 
0.9 
1.4 

21 
23 
24 
25 

1.4 1.3 
0.9 
1.4 
2 

17668 25 1 
undetermined 25 1 .1 

Characters of the Type 1 sources 
Class§ 

single source I 
double source 
single source I 
multiple source 
s"ngle source I 
double source 
multiple source 
multiple source 
multiple source 
multiple source 
sinle source II 
single source I 
single source I 

Max. flux Proper 
mot ion 

13s.f.u. Yes 
5 Yes 
2 undetermined 
1.4 Yes 
2 undetermined 
1 .6 undetermined 
0.8 undetermined 
17 No 
4 No 
8 Yes 
2 undetermined 
5 undetermined 
2 undetermined 

*When sources are multiple, only the angular size of the strong sources are listed 
§Cla^sification of sources can be seen in the paper (Liu X. and Han T.) 
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Table 2 
Hal e No. 17653 Active region 

Date Mag. H Area Proper motion Flare* 
18,1981 (BP) 5 540 undetermined No 
19 ( ) 530 undetermined No 
20 430 no data No 
21 (BP) 5 660 no No 
22 ( ) 520 no data No 
23 (AP) 4 420 no No 
24 (AP) 4 390 yes IB, IN 
25 (AP) 4 undetermined IN, IB 

IN or IB respectively express one flare of importance IN or 
IB. 
§The data in Table 2 were adopted from S.G.D., except for the 
proper motion. 
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165: 1981 

The solid line in the Fig 
expresses the position of 
the 169 MHz source. 

1650 17, 5, 1981 

Fig. 2. 
Sunspots and the position of the radio sources 
at 169 MHz and 460 MHz in the interval May 16-25, 1981. 
circle: 169 MHz 
dashed line: 460 MHz 
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DRIFTING CHAINS OF TYPE I RADIO BURSTS IN THE EARLY 

STAGE OF THE TWO-RIBBON FLARE OF MAY 16, 1981 

M. Karlicky and K. Jiricka 

Astr -nomical Institute of the Czechoslovak Academy of 
Sciences, 251 65 Ondrejov, Czechoslovakia 

Abstract. 

In the early stage of the two-ribbon flare of May 16, 1981, a 

close relation between drifting chains of type I radio bursts 

and an activated rising filament was found. The generation of a 

weak shock wave is very probable in this phase of the flare, 

i.e. the model of type I radio bursts by Spicer et al. (1981) 

is in good agreement with our observations. 

Introduction. 

Chains of type I bursts belong to the most important character

istics of type I radio bursts (Elgarøy, 1977). There are 

several explanations of this phenomenon (Wild and Tlamicha, 

1965; Hanasz, 1966; Wentzel, 1981; Spicer et al. 1981), but 

further observational evidence is necessary to verify them. 

This paper presents the observation and the interpretation of 

drifting chains in the early stage of the two-ribbon flare of 

May 16, 1981. 

Observations. 

The complex study of this flare based on Debrecen Ha, 

Westerbork, Dwingeloo and Ondrejov radio data and Ondrejov X-

ray data was made by Farnik et al. (1983), therefore, only the 

most important facts concerning the problem under study are 

summarized here: 
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The flare of May 16, 1981 at 07:43-10:00 (times are in UT) 
is a typical two-ribbon flare with filament activation. It 
started with X-ray and radio precursors at 07:43 and 07:47, 
respectively, which were interconnected with the subflare at a 
position distant from that of the main two-ribbon flare. At 
07:50:49, a reverse drift burst, indicating a downvard motion, 
was recorded in the frequency band 506-666 MHz ten seconds 
after a sharp increase of the burst at approximately the po
sition of the subflare (see Farnik et al. , 1983). At 07:55, a 
filament became visible in the Ha wings and started to rise. 
During its ascent, the direction of fibrils in the filament 
changed. In the beginning, at 07:58, they were parallel to the 

o zero line, later, at 08:03, the angle grew to 30 . 
The first important phase of the ,nain flare was at 08:10-08:16, I.e. at the time of the Hn ribbon formation and the rise 

in the soft X-ray emission. This rise in X-ray emission was 
connected with the radio bu. st (spike) on 6 cm at 08:10. At 
about the same time (08:10:00-08:13:40) a group of type III 
radio bursts with negative (in the second frequency band with 
positive) frequency drift was observed in the frequency bands 
300-480 MHz and 509-666 MHz. Moreover, in two cases (at 
08:12:52 and 08:12:56) a time correlation between a type III 
radio burst with positive frequency drift in the 509-666 MHz 
band and a type III radio burst with negative frequency drift 
in the band below 480 MHz was found. After that, at 08:13:40-
08:15:10, a type I noise storm started developing in the fre
quency band below 260 MHz and at 08:15:10-08:16:10 we observed 
a very intensive chain of type I drifting from 258 to 231 MHz. 
(Fig.l. The radio spectrum in the frequency band 150-1000 MHz 
obtained by the Ondrejov radiospectrograph. The emission is 
shown in black). It seems that this chain had a continuation in 
the drifting chains observed next at 08:19:10-08:20:20 in the 
166-151 MHz band. Furthermore, between 08:16:54 and 08:18:50 
we observed an unusual radio burst with slow positive frequency 
drift (Fig.l) in the 380-900 MHz band. 

Subsequently (at 08:18:50-08:26:00), we observed a very 
interesting sequence of bursts (dm-spikes, quasi-periodical 
structure and type II-IV bursts) which proceeded continuously 
towards lower frequencies and probably belonged to a single 
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process of ejection of a flare plasma cloud an'l generation of 
•n interplanetary shock wave. 

A more detailed and comprehensive description of this 
flare is published in the paper by Farnik et al. (1983). 

Interpretation and discussion. 

On the basis of these observations, it is reasonable to suppose 
that the two-ribbon flare was triggered by the external dis
turbance (reverse drift burst at 07:50:49) moving from the 
distant cubflare. The beginning of the two-ribbon flare was 
connected with the activation and rise of the filament. 
Assuming a strictly vertical ascent and knowing the distance 
from the disk centre we could derive the height of the filament 
from its displacement from the zero line, which was marked by 
emission features. Between 07:57 and 08:12 its height increased 
from 24000 to 62000 km above the photosphere, which corresponds 
to a mean velocity of 42 km s-1, but we could also observe slow 
acceleration. Moreover, the magnetic shear in the filament was 
getting smaller. During this process the closed magnetic field 
of the filament bacame elongated which resulted in a recon
nection process in the region under the upper part of the 
rising filament system (Priest, 1981 - Figure 1. 12c, p. 32). 
This reconnection was probably related to the spike at 6 cm. In 
the region where the reconnection took place, an energy source 
was formed which gave rise to fast electrons moving upwards and 
downvards to the footpoints, resulting in both negative and 
positive frequency drift bursts (type III) at 08:10:00-
08:15:30. 

All the described processes belonged to the early stage of 
the two-ribbon flare and culminated in a slowly positively 
drifting burst (at 08:16:54-08:18:50) which can be interpreted 
as r conduction front (Brown et al., 1979) or as the herring
bone structure of a high-frequency type II radio burst. For 
further details, refer to Farnik et al. (1983). At the same 
time (06:15:10-08:20:20), i.e. at the time when the whole fila
ment structure was rising, we observed strong intensity chains 
with a negative frequency drift. Using the kinematic interpre 
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tation of these chains and the model of coronal electron densi
ty (Kriiger, 1979), we can derive a velocity of about 350 km s-' 
for the corresponding disturbance. This means that a dis
turbance moved from the height of about 120000 km above the 
photosphere upwards with a velocity of 350 km s-' . This dis
turbance can be interpreted as a weak shock wave. Simultane
ously with this weak shock wave, we observed a filament rising 
with a velocity of 42 km s-1 at lower heights. From the com
parison of the shock wave velocity and position, corresponding 
to the type II radio burst, with the velocities and positions 
of Ha features we know that the latter have a much lower velo
city and are delayed behind the shock wave (e.g. Krivsky et 
al., 1982). Supposing that the same rule holds in our case, we 
can consider the weak shock v/ave, which generated the type I 
chains, and the rise of the activated filament as two manifes
tations of a single process. There is a high probability of 
generation of a weak shock wave at the upper front of a rising 
filament system. A similar case of generation of a weak shock 
wave at the upper boundary of a newly emerging magnetic flux 
was assumed in the model of the type I radio bursts by Spicer 
et al. (1981), and it is in this sense that our observations 
support this model. It is necessary to emphasize that the shock 
wave which was responsible for generating the type II radio 
burst, was formed in a later phase of the flare (after 08:23 -
see Farnik et al., 1983). 

Moreover, in this early phase of the flare with increasing 
density at coronal heights, we observed the enhancement of the 
noise storrc. This fact is in agrement with the results by 
Kerdraon et al. (1963). 

Conclusion. 

In the early phase of the flare of May 16, 1981, which started 
with the activation and rising of the filament, the generation 
of a weak shock wave at the upper boundary of the rising fila
ment system is very probable. In accordance with the model of 
Spicer et al. (1981), this weak shock wave generates the ob
served type I chains. 
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THE STRUCTURE OF NOISE STORM SOURCES 
AT 169 MHz. 

C. Mercier 
Observatoire de Meudon (DASOP) LA 324 

Abstract. 

We present Nancay Radioheliograph observations for the period 
May 16-23, 1981. Results concerning the structure and polari
zation of 3 noise storm centers associated with regions 17644 
and 17653 are given. Qualitative magnetic field models of emis
sion regions are proposed. 

Introduction• 

We present results of observations obtained with the Nancay 
Radioheliograph during the period May 16-25 1981. This period 
was selected among the whole period of coordinated observations 
because of particularly intense noise storm activity. 

The results consern the structure and polarization of 
noise storm sources. The comparison with photospheric magnetic 
fie'd maps led us to propose a possible model for the magnetic 
structure of one of the noise storms. 

Observations. 

The Nancay Radioheliograph is described in The Radioheliograph 
Group (1983). We briefly summarize here its main character
istics. 

- observing frequency : 169 MHz 
- observing time : 9h 00 UT - 14h 40 UT. 
- nature of data : two one dimensional images (in EW and NS 
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directions) for the Stokes parameters I and V (respectively 
total and circularly polarized intensities). 

- spatial resolution 1.3' of arc or 0.08 R (EW) 
© 3.6' of arc or 0.23 R (NS), a for this period 

- time resolution used in this study : 0.1 sec. 

The spectral identification of activity has been checked from 
data of Nancay Multichannel Radiospectrograph data which gives 
the spectrum in the 152 -468 MHz frequency range (Bougeret et 
al. 1983). 

For each day, radioheliograms have been obtained, which 
give the position and polarization of radio noise storm 
sources. Detailed studies were made for : 

May 16, 17, 18, 19, 20, 22 and 23. 

THE SOLAR ACTIVITY AT 169 MHz DURING THE PERIOD MAY 16-24. 

During the May 16-24 period, the radio noise storm activity is 
related to active regions with Hale numbers 17644, 17652 and 
17653. We briefly describe the 169 MHz daily observations. 
Figure 1 gives simplified radioheliograms. 

- May 16 (fig. la) 
A type IV burst begins at 8h 24 UT above region 17644. At 

the beginning of Radioheliograph observations (9h 17 UT), it 
consists of two components A and B with opposite polarities. 
The A component (L.H.polarized) fades and disappears after 
lOh 00 UT ; the B component (R.H. polarized) has a strong in
crease at 10th 30 UT, and then fades out rapidly. A third long 
lasting C component (L.H. polarized) appears at llh 20 UT. Its 
degree of polarization increases strongly within a few minutes; 
its intensity is maximum at ~ llh 40 UT and then decreases very 
slowly. A less intense D component (L.H. polarized appears in D 
after 12h 50 UT). 

A detailed study shows that A, B, C, D are in fact complex 
and that each of them consist of several sources with the same 
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sense of polarization. 
Simultaneously a faint and sporadic noise storm activity, 

coiitirma and type I bursts with R.H. polarization, exists in E 
and is associated with the active region 17652. 

- May 17 (fig. lb) 
Intense and permanent noise storm activity (mainly con
tinual, L.ll. polarized, is associated with region 17644. 
Its location is the same as for C component of type IV in 
May 16, if one takes account of the rotation of the sun (see 
fig. 4) 

. Noticeable increase, after 12 : 00 UT of the noise storm 
source (continuum and bursts R.H. polarized) associated with 

o active region n 17653. 
. Faint and sporadic activity (only R.H. polarized bursts) 

o associated with region n 17654. 

- May 18 (fig. lc) 
. Strong activity associated with region n 17653. Type IV at 
8 : 00 UT. Continuum and type I bursts R.H. polarized. 

. Noise storm continuum, almost without bursts, L.H. polar-
o ized, associated with the leading part of region n 17644. 

It decreases and disappears after 13 : 50 UT. 
. Faint activity (continua and bursts), RH polarized and asso
ciated with the trailing part of region 17644. 

- May 19 (Fig. Id) 
. Strong continua and type I burst activity, R.H. polarized, 
widely scattered between regions 17653 and 17652. 

. Faint and sporadic activity of type I bursts R.H. polarized 
associated with the trailing part of region n 17644. 

- May 20 (fig. le) 

. Strong activity of continuum and type I bursts, R.H. polar
ized, associated with region 17653, with intensity de
creasing ifter 10 : 00 UT. 

. Less intense activity of continuum and type I bursts R.H. 
o '• ; i: '• y. pi. iss"i'n'.ed with the trailing part of region n 
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17644, with maximum intensity at ~ 10 : 00 and decreasing 
afterwards. 

- May 21 
. Type IV burst, R.H. polarized, beginning at 12 UT and as
sociated with region 17653. This day was not studied in 
detail. 

- May 22 (fig. If) 
o 

. Very intense activity associated with regioi. n 17653, re
ported as noise storm activity in Solar Geophysical Data. From 
Nancay R.S., the activity starts with an intense continuum 
(probably the end of type IV m B burt.' ) with a large number of 
rapidly drifting features that look like type III bursts, but 
are strongly polarized. After ~ 9 : 30 UT the activity rather 
looks like a noise storm with bursts similar to type I bursts 
but with a much wider frequency band (~ 25 MHz). We report here 
this second type of activity. 

- May 23 (fig. lg) 
. Intense activity of continua and type 1 bursts associated o with region n 17653. 

- May 24 
. Activity continua and type I bursts at the SW limb probably 
associated with region n 17653 (or perhaps with region 
17666). 

Hence we have been able to study in detail three noise storm 
centers: 
- a center "A" associated with the leading part of region 
17644, visible on May 17 and 18. 

- a center "B" associated with the trailing part of region 
17644, during all its lifetime: from May 17 to May 20. 

- an important center "C" associated with 17653, from its 
birth on May 17 and during all its passage on the disk, 
until May 23. 

Centers "A" and "B" are *x>th associated to the large active 
region 17644 but are clearly distinct: 
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- the region 17644 is a very complex one and includes several 
groups of spots. Between May 16 and 20, flares are located 
in two distinct groups near the two largest spots, one in 
the leading part and the other in the trailing part of the 
active region. The centers "A" and "B" can thus be consider
ed as associated with distinct active parts of the region. 

- they are separated by = 0.5 R and there are not intermemed-
iate noise storm positions between them. 

- the time evolutions of their intensities differ: "A" is at 
maximum and decreases more than 2 days before "B". 

Results. 

1) Relative positions ot radio-sources and active regions. 
The radio sources continua and bursts may be quite far from 
the associated active centers, and more precisely from the 
associated flaring site: 

- center "B" on May 18 (fig. lc and fig. 4) 
- center "C" on May 17, 18, 19, 20, 22 and 23 (fig. lc to g 
and fig. 3). 

Moreover, when there are several radiosources, the most intense 
one is not necessarily the nearest to the flaring site: on May 
19 and 20, the most intense sources of center "C" are the 

o western ones, the farthest from active region n 17653. 

2) Structure a.id polarization of noise storm sources. 
Two or more positions of sources, continua and type I 

bursts may be simultaneously observed in a noise storm center. 
However, the number of coe.xisting continua does not exceed 2. 
All these sources have the same sense of circular polarization. 
For instance: 

- center "A" shows 2 positions of continua and one position of 
type I bursts on May 1" (fig. lb), all L.H. polarized. 
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- center "C" shows: 
2 positions of continua and at least 2 positions of type I 
bursts on May 19 (fig. Id). 
1 position of continuum and 1 position of type I bursts on 
May 20 (fig. le). 
2 positions of continuum on May 23 (fig. Ig) all polarized 
in the R.H. sense. 

The distance between sources in a given center is ~ 0.1 - 0.2 
R , and the positions can be scattered over 0.5 R (center "c" o o 
May 19). These positions do not coexist permanently. Sources 
(continuua and bursts) may appear and disappear in ~ 10-40 min. 

The continua themselve have a complex structure: they have 
sizes up to ~ 3' of arc and their shape may evolve. In several 
examples this is clarly due to changes, within few minutes, of 
relative intensities of very close sources (~ 1' of arc) which 
otherwise could not be distinguished. 

A striking feature is that all sources of a given center 
have the same sense of polarization (fig. 1) During the whole 
period of our study we did not find any source, continuum or 
burst, with polarization opposite to that of other sources of 
the same center. 

3) Apparent shifts in position of sources during one obser
vation (~6h) . 

Noise storm sources are generally not stationary. They 
show rather erratic and irregular motions with amplitudes ~ 0.1 
R and time scales ~ 1-2 h (fig. 2). The corresponding apparent 
velocities are ~ 10-20 Km/sec. 

It is unlikely ionospheric effects may account for these 
changes in position. Indeed ionospheric effects: 

- are weak and rare in May, 
- occur rather early in the morning, 
- are recognizable because of tl.eir quasi periodic behaviour 
with the time scale ~ 20-30 min, and may be corrected. 

- they would produce parallel shifts for all sources on the 
sun which is not the case (e.g. centers "A" and "B" on May 
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18, "B" and "C" on May 20 and 2 sources in "c" on May 22). 

4) Position changes of sources from day to day. 
For convenience, we have calculated the positions of 

sources for dates at which the associated active regions were 
close to the central heliographic meridian: 

- May 20 for center "C" (fig. 3 ) . 
- May 18 for centers "B" and "A" (fig. 4 ) . 

Assuming that the 169 MHz sources have an altitude of 0.22 R 
above the photosphere (Kerdraon and Mercier 1982), their shift 
in position due to solar rotation can be calculated. Since the 
correction of rotation does not exceed 3 days, the error on the 
calculated positions, due to uncertainty on real altitude, is 
relatively small, say < 0.1 R . 

Figures 3 and 4 give regions where the centroids of 
sources (continua and bursts) were located between: 

- May 17 and 23 for center "C" (fig.3). 
- May 17 and 20 for center "B" (fig.4). 
- May 17 and 18 for center "A" (fig.4). 

The sources of center "C" are scattered over more than 0.5 R , 
o 

and are much shifted westward from active region 17653. Both 
scattering and shift are considerably larger than usual 
(Kerdraon and Mercier 1982). Some positions correspond quite 
well (May 17-18) or overlap very much (May 18 and 23, 19 and 
20, 19 and 23), while others do not (May 18 and 20, 19 and 20, 
20 and 22). It is remarkable that, despite their widely scat
tered positions, all sources of center "C" have the same sense 
of polarization. 

The sources of center "B" do not show such changes (fig.4) 
Between May 17 and 20, they cover the same area. The sources of 
center "A" show a noticeable position shift (~0.15 R ) between 

Q 
May 17 and 18. 

The sense of polarization remains constant in each center. 

5) Polarization of radio sources and polarity of photospheric 
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magnetic fields. 
There is a good correlation between the sense of circular 

polarization of noise storm sources and the magnetic polarity 
of large scale underlying photospheric regions, such as given 
by Kitt Peak and Stanford magnetograms in Solar-Geophysical 
data: L.H. polarized sources are above regions of north mag
netic polarity (or very near to their boundaries), and R.H. 
polarized sources are above regions of south magnetic polarity 
(or very near to their boundaries), see figures 3 and 4. 
a) The situation for center "C" is more simple than for "A" or 

"B", and we studied it with more details. 
On figure 3 we have plotted the contours of a large area 
with south megnetic polarity, corresponding to an old and 
dispersed facula visible on Meudon K3 spectroheliograms. 
This area extends between active regions 17653 and 17652, 
and its magnetic polarity is the same as for the leading 
spot of region 17653. It is remarkable that the scattering 
of positions corresponds rather well to the extent of the 
old facula, except for one source on May 22, which is just 
beyond the eastern limit. 

b) From figure 4: 

- center "B" is clearly above the trailing part (with south 
mag-;tic polarity of the region 17653. 

- center "A" lies above a much more complicated photosphere 
magnetic structure. But according to the Stanford magneto-
gram which gives only large scale and smooth structures, 
center "A" is above a region of dominant north polarity. 

Discussion• 

We confirm and precise several of the results obtained by 
Kerdraon and Mercier (1982), from a larger number of cases, but 
with less detailed study: 

A) A noise storm center may consist of several (two or 
more) close sources with the same polarization. This cannot be 
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accounted for by the usually accepted bipolar model (see 

Elgarøy, Chap.3) derived from observations of Kai (1970), Mc 

Lean and Sheridan (1972), and Kai and Nakajima (1974). 

B) There is rather good correlation between the polari

zation of noise storm sources and the polarity of large scale 

photospheric magnetic structures. Considering that: 

- the polarity of such regions may be reasonably considered as 

representative of the sign of the vertical component of the 

magnetic field in the overlying corona at noise storm 

heights (-0.22 R at 169 MHz) 

- the boundaries between regions of positive or negative 

vertical magnetic field in the corona at the 169 MHz emis

sion level are not necessarily just above boundaries of 

photospheric magnetic plages with same polarity , it follows 

that noise storm continuum and bursts are emitted on the 

ordinary mode of the ambient coronal plasma. 

(§ For instance, this could be the case for the region of 

eastern sources of center "C" on May 22.) 

This result is in agreement but more explicit than the cur

rently accepted one: "The polarization sense is that of the 

ordinary mode corresponding to the leading spot" (Elgarøy, 

1977), which would not have accounted for the sense of polari

zation of center "B". The correlation with the underlying mag

netic polarity was reported only in one case and had no sta

tistical basis (Dulk and Nelson 1973). 

These two results, and the noticeable shift of noise storm 

sources from radial position above flaring sites, strongly 

suggest that noise storms are produced in magnetic flux tubes 

connecting active centers (from vicinity of flaring sites) 

to thsir surroundings. More precisely, for center "C" between 

May 17 and 23, the scatter of source positions above the old 

facula with south polarity suggests the existence of a bundle 

of magnetic field lines originating from the trailing part 

(with north polarity) of region 17653 (see fig.3), and covering 

most of the extent of the old facula. A schematic sketch of 

this model is given in figure 5. We emphasize that in this 
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model, if noise storm sources are polarized in the ordinary 
mode of the leading part of region 17653, they are not in flux 
tjbes originating from the leading part. 

A similar model was already suggested by Lantos-Jarry 
(1970) and Daigne et al (1971), but there is one difference: 
the dispersion in position of sources "C" and the constancy of 
their sense of polarization indicate that they are produced in 
the descending branches of flux tubes even when located near 
the active region. Hence they are very likely, in the wide part 
of flux tubes, since the photospheric magnetic fields is much 
stronger in the trailing part of region 17653 than in the old 
facula (see fig.5). 

The positions of noise storm sources are not stable (cf. 
Results 2) and 3)). This could be explained by physical motions 
of sources or by onset and succession of several close sources. 
Although it is difficult to choose without a detailed study of 
evolutions of shapes and positions of sources, arguments can be 
given in favor of the second hypothesis, at least in some cases 

- successive brightenings of close sources are observed in 
some cases. 

- velocities in the range 10-100 Km/sec are not characteristic 
velocities of the coronal medium. 

- there are examples of relatively isolated sources with 
growth time ~ 10-30 min, and lifetime ~ In - 2h. 

In the frame of the above model (fig.5) these position changes 
may be interpreted as follows: if noise storm sources are pro
duced in the descending and wide part of flux tubes, small 
variations (B + B') of excitation or injection of fast 
electrons along field lines near the flaring site, where the 
bundle of magnetic field lines is tightened, may produce notic
eable changes (A + A 1) in position of the noise storm source. 
The large day to day changes in position of sources of center 
"C", essentially from West to East when the region 17653 cros
ses the disX, could be also due to directivity effects because 
of the variation of relative positions of the Sun and of the 
observer, the sources visible from the Earth are not the same 
from May 17 to 23. 
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A similar model could be suggested for the center "B", 
with magnetic flux tubes connecting the trailing part of region 
17644 (with south magnetic polarity), which is just westward, 
near the "trailing" flaring site (fig.6). Noise storm sources 
would be located in the descending and wide branches of flux 
tubes, originating, in this case, from the leading part of the 
group constituting the east part of the complex region 17644. 

Alternative magnetic field models for centers "B" and "C" 
may be proposed: they might consist of open field lines above 
the old facula for "C" or above the tra. .ing part of the region 
17644 for "B". Energy accelerating particles and producing 
radio emission could be supplied by shock waves, for instance. 
Although we feel tnat these models are less likely than those 
involving magnetic arches, multifrequency radioheliographic 
observations and/or comparison, with soft X-ray images could be 
very useful for choosing the correct model. 

The magnetic configuration above leading part of region 
17644 is too complicated, and no model can be proposed. 

Conclusion. 

Noise storms centers consists of 1 or several (two or more) 
sources of continuum and burts with the same polarization. They 
are shifted from radial position above associated active 
centers, and are probably situated in magnetic flux tubes 
diverging from active regions and connecting them with their 
surroundings. This is in opposition with the currently adopted 
bipolar model. We have proposed a model for centers "B" and 
"C". 

The sense of polarization of sources corresponds to the 
ordinary mode of underlying large scale photospheric magnetic 
structure, as already accepted. But this result arises now from 
both a statistical study and from a detailed study of some 
specific cases. 

Noise storm sources exhibit apparent velocities of 10-100 
Km/sec. It is likely that this behaviour is due to successive 
illumination of distinct sources with lifetime ~ lh - 2h. 

Finally, we can stress unresolved problems: 
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- why is there no more than 2 clearly distinct continuum 

positions? 

- if we assume the fig. 5 model, why are continua and type I 

bursts emitted in the wide leg of a flux descending towards 

the old facula, and not in regions of stronger magnetic 

fields, nearer to the active center? 
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Figure captions 

Fig. 1. 
Simplified radioheliograms for May 16-23. Positions of continua 
and bursts are indicated by -+- and + (when L.H. polarized) and 
b y — and - (wl:=n R.H. polarized). The scatter in position is 
(eventually) indicated by light contours. Simultaneously ob
served sources are related by dotted lines. Approximate con
tours of faculae are indicated by dashed lines. Flare positions 
are indicated by small circles. 

Fig.2. 
Position shift of the main source of center "C", on May 22 
between lOh 00 and 14h 00 UT. Heliographic positions are given 
in solar radii. 

Fig.3. 
Composite radio-magnetic map established for May 20 : 
. Intense magnetic field areas from Kitt Peak magnetograms are 
in thick contours (south regions are dotted). 

. The dashed line is the approximate boundary of an old facula 
with south magnetic polarity. 

. Flare positions are indicated by small circles. 

. The light contours, labeled with the day number, delineate 
regions in which radio sources of center "C" are located 
from May 17 to 23, taking account of the rotation of the sun 
(see text). 

Fig. 4. 
The same as figure 3 but for centers "A" and "B" and active 
region 17644 on May 18. 

Fig. 5. 
Shematic coronal magnetic field model for center "C": widely 
diverging magnetic field lines connect the trailing part of 
active region 17653 (with north magnetic polarity), and the old 
facula (with south magnetic polarity). Noise source locations 
are hatched (see text). 

Fig. 6. 
Schematic coronal magnetic field model for center "B" (see 
text) . 
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THE LOW-FREQUENCY RADIO EMISSION OBSERVED BY PROGNOZ-8 
DURING SOLAR NOISE STORMS (MAY 17 - 24, lSJi) 

S. Pinter 
Geophys.ical Institute of the Slovak Academy of Sciences, 

947 01 Hurbanovo, Czechoslovakia 
V.P. Grigorieva 

Astronomical Institute of the Moscow University, 
Moscow, USSR 

Abstract 

In this paper, we shall show the existence of enhanced conti
nuum radiation observed at low frequencies during solar noise 
storms. There appears to be a very close: relation between these 
enhanced modulated emissions and the decimetric continuum. 

1. Introduction 

A noise storm is the most common solar phenomenon at metric 
frequencies. Storm bursts rarely occur above ~ 500 MHz. Noise 
storms occur in association with most of the major sunspot 
groups and typically consist of a background continuum an<? a 
component of enhanced radiation. During a period of intensive 
activity, the storm accompanied by continuum radiation may 
continue for several days. Hoang et al. (1980) have shown the 
existence of three different kinds of low-frequency continuum 
radiation: (1) the galactic radio spectrum; (2) terrestial 
kilometric radiation and (3) LF local continuum radiation ob
served in the solar wind. The latter does not propagate to 
large distances and it is not spin-modulated. In this short 
preliminary study, we shall attempt to show the existence of 
•no bilated, enhanced continuum radiation in the hectotietric and 
kilometric wavelength ranges, observed by the Prognoz-8 satel
lite during solar noise storms in the period between May 17 and 
24, 1981. 
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Prognoz-8 was launched on 25 December, 1980 into a highly 
eccentric orbit with an apogee of 197 390 km and a period of 
92.2 hours. The Soviet-Czechoslovakian radio astronomical ex
periment consisted of a magnetic loop antenna connected to a 
10-channel radiometer covering a frequency range of 114 kHz to 
2160 kHz. The radiometer has an 80 dB dynamic range, 10 kHz 
bandwith, and it samples each frequency once every 10 sees. The 
spacecraft is spin-stabilized with a rotation period of about 
120 sec. 

2• Results of Observations 

A very remarkable solar noise storm occurred in the period May 
17 - 25, 1981 at metric frequencies. This period of noise ac
tivity coincides with the passage or two large sunspot groups 
over the solar disk (Hale No. 17644 and 17653,Solar-Geophysical 
Data, Boulder, USA). In this connection, the observations at 
sub-megahertz frequencies are particularly significant. Data 
from the Prognoz-8 radiometer are available at frequencies of 
2160, 1540, 1140, 780, 540, 273, 215, 139, and 114 kHz. These 
observations show the presence of enhanced low-frequency con
tinuum radiation associated with the same solar active region, 
presumably responsible for the noise storm activity. 

The Prognoz-8 spacecraft is spin-stabilized wit! J.I--. _U -n 
axis parallel to the ecliptical plane. We used a magnetic loop 
antenna, the plane of which is not perpendicular to the spin 
axis of the spacecraft, so that the signals received from radio 
sources are modulated. The modulation pattern then shows a 
quasi-sinusoidal variation. An example of the enhanced con
tinuum observed in the Prognoz-8 experiment on 21 May, 1981 is 
shown in Figure 1, in which we can see the original spin-modu
lated data. The enhanced radiation covers a large frequency 
range of the order of 2000 kHz or more. Since the plane of the 
antenna is not perpendicular to the spin axis and the space
craft is oriented towards the Sun, a solar radio source pro
duces only weakly modulated signals at irequencies between 2160 
kHz and 7fa.' kHz (Due to the different distances of radio 
sources moving from the Sun). At frequencies between 540 kHz 
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and 144 kHz, the high modulation suggests that the radiation is 
strongly anisotropic in interplanetary space, i.e. collimated. 

The amplitude distribution of the spin-modulated radio 
emission shows a strong dependence either on heliographic 
longitude of the associated noise storm active region, or on 
the development of the intensity level of the radio source 
during its passage over the solar disk. This distribution can 
be seen in Figure 2 which shows the spin-modulated flux ob
served at 540 kHz for the May 16-25, 1981 storm continuum com
ponent. We selected 20 minutes of record at random for every 
day. On 16 May we observed unmodulated signals. The spin-modu
lated, enhanced radiation started on 17 May; we can see the 
maximum amplitude of the spin modulation on 22 May (Figure 2) 
and after 22 May the modulation of radio signals disappeared. 

The general behaviour of the distribution of the enhanced 
continuum can be seen in Figure 3 which shows the maximum flux 
observed at 540 kHz for the interval of 10 days that the solar 
noise storm was observed. The frequency of 540 kHz approxi
mately corresponds to a distance of 25 R if the emission is at 
the plasma frequency. Solar radio data from the AFCL and 
Ondrejov Observatories in the 410 MHz and 536 MHz frequencies 
are also shown in Figure 3. The observations show a very clear 
relation between the low-frequency radio emission and metric 
radio emission. On the other hand, no correlation between the 
radio emission and Kp-indices w.'.s found. 

The close correlation between the kilometric and metric 
radio emissions during solar noise storms indicates that they 
are the manifestation of the same phenomenon, probably the 
outward propagation of exciter producing radio emissions at 
widely separated distances in the solar corona and the inter
planetary space. 

3• Conclusion 

To summarize: several days before and after solar noise storms, 
a stable (unmodulated) component of the hectoraetric and kilo-
metric continuum is observed. During solar noise storms, en
hanced and modulated radio emissions are observed in the 
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above-mentioned LF wavelength range. The modulated signal of 
the LF continuum is not a rare phenomenon during periods of 
high solar noise storm activity. A close correlation exists 
between metric and hectometric radiation during solar noise 
storms. The maximum amplitude of modulation and intensity 
occurred on the day after the maximum of the netric radiation. 
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Figure captions 

Figure 1. LF radio emission as recorded by Prognoz-8 during 
solar noise storms. 

Figure 2. The radio flux observed at 540 kHz on May 16 to 25, 
1981. 

Figure 3. Relation between hectametric and metric radio 
emissions. 
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EVIDENCE FOR MAGNETIC BEAMING OF THE SP-AR RADIO NOISE STORM 
OF 1981 HAY 17-24 

R.T. Stewart and Helen M.C. Eason 
Division of Radiophysics, CSIRO, Sydney, Australia 

Abstract 
Culgoora radioheliograph observations at 160, 80 and 43 MHz and radio-
spectrograph observations over the frequency range 25 to 220 MHz are 
described fo r the disk passage of the solar radio noise sto>m of 1981 
May 17-24. This comprehensive set of data gives a deta i led p ic ture of 
the s t ructure of the noise storm source, i t s po la r i za t ion and d i r e c t i v 
i t y , which can a l l be explained by the beaming of thy radio emission 
in to a narrow cone d i rected outwards from the source region along the 
magnetic f i e l d d i r e c t i o n . This explanation also applies to the w e l l -
known but u n t i l now l i t t l e -unders tood east-west asymmetr - o f solar noise 
storms. 

I . In t roduct ion 

During the course of a comprehensive study of the Culgoora observa
t ions o f the solar radio noise storm o f 1981 May 17-24 we not iced a 
marked east-west asymmetry in the f l ux density p ro f i l es at 160, 80 and 
43 MHz, wi th the peaks occurr ing some t-3 days a f te r central meridian 
passage o f the source regions. Such an e f fec t has been observed before 
at frequencies o f 169 and 200 MHz (see Elgaroy (1ST) fo r de ta i l s ) anu 
can be explained i f the radio envision polar diagram is narrow and 
t i l t e d eastward of the radial d i rec t ion (Maltby 1960). Stereo observa
t ions from spacecraft and Earth (Steinberg e t a l . 1974) havt shown the 
polar diagram of noise storm emission at 169 MHz to be *S25° at ha l f -
power points and t i l t e d ~20° eastward of the radia l d i r e c t i o n . 

These e a r l i e r observations and the present set of data together 
suggest that the radio emission is strongly beamed outwards along the 
magnetic f i e l d through the source region. This conclusion should be o f 
considerable in te res t to theor is ts concerned wi th the emission and propa
gat ion o f rad ia t ion from near the plasma frequency in the corcna. Our 
f indings also confirm that radioheliograph observations o f noise storm 
source pos i t ions , p a r t i - • l a r l y at frequencies >160 MHz, can b*» used to 
locate the foot points o f coronal magnetic loops. 
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I I . Culgcora Observations 
Samples of the Culgoora radiospectrograph records for 1981 May 17-24 

are reproduced in Figure 1 . I t is readi ly seen that the noise storm 
reached maximum in tens i t y across the en t i re 25-225 MHz frequency band on 
May 22. The noise storm consisted of a mixture of Type I continuum and 
Type I bursts wi th occasional Type I chains on May 21 . In te rmi t ten t Type 
I I I storm bursts also occurred at frequencies =S80 MHz on May 20-21 . 

Plots of the da i ly noise storm f l ux density at 160, 80 and 43 MHz 
are given in Figure 2. The upper envelope refers to . ursts plus con
tinuum and the lower envelope to continuum only. Note that the emission 
a t each frequency peaked on May 22. Also p lo t ted on Figure 2 i s the 
degree o f c i r cu la r po la r i za t ion o f the main noise storm source measured 
at 160 and 80 MHz by the Culgoora radioheliograph (dashed curves). Note 
that the po la r i za t ion reached 90-100% at 160 MHz from May 20-24 and 
70-80S at 80 MHz and was in the r ight-hand (RH) sense. Inspection of 
the Culgoora spectro-polar imeter record confirms that the noise storm 
emission at 43 MHz on May 21-22 was also strongly (>50?i) polar ized in 
the RH sense but that the Type I I I storm bursts were almost unpolar ized. 

Scatter p lots o f the centro id posi t ions o f a l l sources observed at 

160, 80 and 43 MHz during the in terva l 0 1 h to 03 h UT from 1981 May 17-24 

are shown in Figure 3. For convenience one record every 24 s was sampled 

(g iv ing *S450 datum points per map). During th is period the Culgoora 
source posi t ions were scattered by i r regu la r ionospheric r e f r a c t i o n , 

2 
which produces the well-known f displacement e f f e c t . Before p l o t t i n g , 
the data o f Figure 3 were corrected fo r th i s e f f ec t by the method of 
Stewart and McLean (1982), which assumes tha t the 160 MHz pos i t ion i s 
f i xed fo r periods of ~1 min. However, some scat ter remains, especia l ly 
a t 43 MHz, and to lesser degrees at 80 MHz and 160 MHz. 

We note the fo l lowing main po in t s . 
(1) On May 17-18 the noise storm a c t i v i t y was stronger from act ive 

regions in the Northern Hemisphere, which are of no in te res t to th i s 
study. Weak a c t i v i t y was observed at 160 and 80 MHz from several regions 
in the Southern Hemisphere, the most westerly rource being of in te res t 

to th i s discussion (see F ig . 3 ) . 
(2) On May 19-20 two moderately intense noise storm sources were 

observed in the Southern Hemisphere at 80 MHz and one at 160 MHz 
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F ig . 1 - Reproductions of Culgoora ciynamic spectral records fo r the in te rva ls 01 00 to 01 30 UT for 
1981 May 17-24. Note the increase in i n t ens i t y and d r i f t of the noise storm to low frequencies on 
May 21-22. 
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F ig . 2 - Plots of the da i l y f l ux densi t ies ( f u l l curves) 
and polar izat ions (dashed curves) of the noise storm of 
1981 May 17-24 recorded at 160, 80 and 43 MHz a t Culgoora. 
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Fig. 3 - Scatter plots of the Culgoora source centroid positions recorded at 160 MHz (top row), 80 MHz 
(second row) and 43 MHz (third row) from 01" to 03 h UT during 1981 May 17-24. The source regions are 
summarized in the bottom row. Symbols are: small filled circles - sunspot; filled region - 160 MHz; 
hatched region - 80 MHz; dashed region - 43 MHz. The arrow indicates the radial direction above the 
sunspot. The circle represents the solar disk. The north pole is at the top. 
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(F ig . 3 ) . These sources were strongly RH polar ized. A t h i r d source, 
responsible fo r the Type I I I storm burst a c t i v i t y at 80 and 43 MHz, was 
located south of the noise storm sources (see F ig . 4 ) . 

(3) The central meridian passage of the main noi^e storm source 
occurred on May 19 fo r 160 MHz, on May 20 fo r 30 MHz and on May 21 fo r 
43 MHz emission. This source region was the most westerly one in the 
Southern Hemisphere (F ig . 3) yet the noise storm f l ux peaked on May 22 
(F i g . 2 ) . East-west asymmetries in noise storm emission at a single 
frequency, usual ly >160 MHz, are well documented (see Section I ) . We 
believe tha t we can explain t h i s e f f ec t i n terms of rad ia t ion beaming 
(see Set ' ion I I I ) . 

i'4) On May 23-24, as the act ive region approached the western limb 
of the Sun the noise storm in tens i t y decreased (F ig . ?.) and the sources 
were displaced progressively outwards wi th decreasing frequency (F ig . 3 ) -
as expected fo r rad ia t ion near the plssma l e v e l . The c i r c u l a r po la r iza
t i on remained very high (F ig . 2) at 160 and 80 MHz, which is somewhat 
unusual fo r noise _,torm sources near the solar limb (Kai 1962). 

(5) By May 25 there was no sign of noise storm a c t i v i t y at 160, 80 
or 43 MHz (F igs . 2 and 3 ) . Presumably the noise storm was s t i l l in pro
gress but occulted by the solar l imb. 

I I I . I n te rp re ta t ion 

From Figure 5 i t is c l ea r l y seen that the main noise storm sources 
at 160 MHz (s t ipp led reg ion) , from Culgoora, and at 169 MHz (dashed 
c i r c l e s ) , from Nanqay (personal communication, C. Mercier (1982)), are 
located west o f the sunspot group (boxed region) and south-west o f the 
f i lament channel (heavy curve) which separates opposite p o l a r i t y mag
net ic f i e l d regions in the photosphere. This westward s h i f t of the 
radio sources is p a r t i c u l a r l y noticeable on May 19-20 near central meri
dian passage, when pro jec t ion e f fec ts are minimal. Note also that source 
locat ions above a negative po la r i t y photospheric region are consistent 
wi th the observed sense o f c i r cu la r po la r i za t i on : RH fo r fundamental 
plasma rad ia t ion propagating in a magnetic f i e l d d i rected away from the 
l ine of s i gh t . 

We note from Figure 2 that the peak f lux densi t ies f a l l sharply to 
half-power values in ~1 day, which is consistent wi th the d i r e c t i v i t y 
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F ig . 4 - Comparison of selected contour plots and dynamic spectra of the noise storm a c t i v i t y recorded 
at Culgoora on 1981 May 20. I refers to Type I , I I ! refers to Type I I I storm sources a t 80 and 43 MHz. 
The two contours on each p l o t are the 1//2 and 1/2 levels of source br ightness. The north-south 
p o s i t i o n - s h i f t s wi th time are due to ionospheric r e f r a c t i o n . 



Fig. 5 - Culgoora 150 MHz (stippled) and Nancay 169 MHz (dashed) noise storm 
locations on 1981 May i9, 20, 22 and 23 compared with the active region sun-
spots (boxed) and filaments (dark curves). + and - refer to polarity of 
photospheric magnetic fields. Nancay positions have been corrected for 10 h 
of solar rotation. 
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measurements of Steinberg et a l . (1974), who showed that the half-power 
emission polar diagrams of noise storms at 169 MHz was < 2 5 ° . Applying 
th is resu l t to our source locat ions we f i nd that we can explain the 
observed east-west asymmetry of the f lux density p ro f i l es of Figure 2 by 
postu lat ing that the noise storm emission is beamed outwards along the 
magnetic f i e l d . An eastward t i l t ~30° is required at 160 MHz, ~20° at 
80 MHz and -10° at 43 MHz to explain the time delays between the f l ux 
density peaks o f Figure 2 and the days of central meridian passage o f the 
main source regions shown in Figure 3. I f the noise storm emission 
occurs near the respective plasma level i n the leading magnetic f i e l d s o f a 
helmet streamer, as shown in Figure 6 , and i f the rad ia t ion is beamed 
outwards along the magnetic f i e l d d i rec t i on (F ig . 6 ) , then we can explain 
the observed east-west asymmetry. 

I t i s not c lear to us from the observations or from theoret ica l con
siderat ions of noise storm emission why the sources should be located 
p re fe ren t i a l l y in the leading magnetic f i e l d of the act ive region. How
ever, th i s i s a well-known phenomenon. 

FILAMENT 

F ig . 6 - Schematic o f the magnetic beaming 
o f solar radio noise storm emission at 
160, 80 and 43 MHz required to explain the 
Culgoora radio observations fo r the period 
1981 May 17-24 (see tex t fo r d e t a i l s ) . 
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Perhaps, as Elgaroy (1977) suggests, noise storms tend to occur in 
regions of the corona where the magnetic f i e l d is strongest. We note 
that the helmet streamer model proposed to explain our observations is 
very s im i la r to that proposed by Stewart and Labrum (1972) to explain 
Type I and Type I I I storm bursts recorded at SO MHz on an e a r l i e r occa
s ion . In the present event also the low c i r cu la r po la r i za t ion and the 
large east-west separation between the Type I I I storm source and the 
noise storm source (shown in F ig . 4) could be explained by postu lat ing 
that the Type I I I electrons escape along the axis of a coronal streamer 
located above part o f the Hci f i lament (F ig . 6 ) ; the north-south separa
t i on shown in Figure 4 requires the helmet s t ructure to extend in th is 
d i rec t ion a lso . 

IV. Discussion 
Our conclusion that Type I noise storm emission is strongly beamed 

along the magnetic f i e l d d i rec t i on has a number of in te res t ing conse
quences. F i r s t l y , observations at frequencies <S1G0 MHz (Stewart and 
Vorpahl 1977, Svestka et a l . 1982) have shown that noise storms occur 
above hot coronal loops v i s i b l e at X-ray wavelengths. Unfor tunately, 
because of the rapid decrease of density with height in the corona most 
X-ray loops are not v i s i b l e at the heights of <160 MHz radio sources. 
However, observations at a frequency of 327 MHz are now possible with the 
Culgooraradioheliograph. At th i s frequency the source density should be 
high enough to detect X-ray and EUV emission and hence we pred ic t that 
327 MHz noise storm sources w i l l be found to be located on the legs of 
X-ray and EUV lcop s t ruc tu res . Then we w i l l have a method of mapping 
magnetic loops by radio observations alone. 

Secondly, our observations indicate that noise storm emission at 
frequencies >80 MHz does not occur predominantly at the tops o f loops, 
as Svestka et a l . (1982) assumed (see discussion by Sheridan (1982)). 
The exception to th i s rule would be sources at the solar limb where, 
because of occu l ta t ion e f f e c t s , the emission would only escape towards 
the Earth from source regions near the tops o f coronal loops which are 
or ientated in an east-west d i r e c t i o n . In these events we would expect 
to see st rongly polar ized emission. Such was the case fo r the present 
set of observat ions, when on May 24 the 160 and 80 MHz noise storm 
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emission was highly polar ized even though the sources were above the 
solar limb (Figs. 2 and 3) Another good example occurred fo l lowing a 
coronal mass t rans ient event reported by Gergely e t a l . (1982). For 
those limb events which are unpolarized (Kai 1962) same other e f f ec t must 
occur to depolarize the rad ia t i on . One p o s s i b i l i t y is quasi-transverse 
propagation outside the source region (Melrose 1975) and another is 
second-harmonic propagation. 

Th i rd l y , a theoret ica l explanation fo r the magnetic beaming o f noise 
storm emission ir. terms of e i t he r propagation or emission processes would 
be very valuable. Some progress in th i s d i rec t ion was recent ly reported 
by Wentzel (1982). 

Acknowledgements. The authors are indebted to the s t a f f of the Culgoora 
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. JRUCTURE CF SOLAR RADIO TYPE I BURSTS "OISE STORÅS 

i:; TEE loo - 130 :.:KZ RA::GE I:-: THE MAY I ? - 24, 1981 

PERIOD 

A. Tlanicha, 0. Kepka, V. Snizek, Astronomical Institute 

of the Czechoslovak Academy of Sciences, Observatory 

Ondrejov 

G. Fonikvar, Popular Astronomical Cbserva-ory Pula, 

Yugoslavia 

Abstract 

The structure of solar radio type I bursts during 
noise storms in ^he 100 - 13C ifflz range is discussed. 
The basic parameters of the solar radio spectrograph, 
.vhich was prepared at the Astronomical Observatory in 
Or.drejov for the international project "Coordinated 
Observations of Type I Burst Noise Storms", which took 
place during and after the Solar Maximum Year of 1980-
-1561, are given. Froui the observations made on Kay 17-
-24, 1581 in the 100 - 130 :,Hz range, the average fre-
cuency band'.vidth of tyDe I bursts in the chains was 
found to be A f = 4.8 ;.*JJz. 
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I. Introduction 

During the Solar Kaximum Year of 1;~0 - 1951, the 
Committee of European Solar Radio Astronomers, 3£SSA 
announced the joint international project "Coordinated 
Observations of Type I Burst Noise Storms" for the in
tervals September 1 - 30, 1560 and Hay 15 - June 15, 
lsSl at its .','orkshop on"Type I Burst "oise Gtorits"held 
in Abbaye de ^-inanque on :.'.arch 17 - <il, 1_C0. 

For the interval "ay 15 - June 15, 1921, a solar 
radio spectrograph '.vas designed for observing the de
tailed structure of solar radio type I bursts in noise 
storms in the 100 - 130 KHz range. 

A large number of authors have dealt with the measu
rement and study of the detailed structure cf noise storm 
type I bursts in various frequency bands, and their papers 
have been summarized in the books by A'l~2roy, 1577, and 
"ruaer, 1375. 

Our task '.vas to observe the s-ructures and bandwidth 
of "hese type I bursts at a higher time and frequency re
solution. The solar radio spectrograph for the 100 - 130 
'..T.z range operated and still operates only at the time 
of solar activity. The purpose of this paper is to point 
out the peculiar manifestations of solar radio r.ype I 
bursts in the IOC - 130 f,:Hz range. 

II. Observations 

The aerial of the solar radio spectrograph is a wi
de-band half-wave dipole for the frequency range of 100 -
- 130 .VHZ, located in the horizontal plar.e i:: a parabolic 
reflector 7.5 m in diameter. The radio spectrograph re
ceiver is continuously tuned by a 50 Hz saw--ooth voltage 
and it operates with a bandwidth cf 150 kHz in the 100 -
- 130 :.Hz band. The intensity-modulated signal is recorded 
in analogue form by means of a display or. continuously rr.ov-
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ing film. 
The frequency range of 100 - 130 .'.'.Hz v;as chosen be

cause cf the .".igh occurrence rate of type I sjlar rsaio 
bursts in this ranse and with a viev.' to the low level of 
spurious signals of man-made ori;-in. The tuning frequency 
was selected to render tne whole receiving device suffi
ciently sensitive. 

In the following examples we shall .cive the mani
festations of the solar radio bursts which occur during 
type I noise storms, ,','hether type I noise storms were in
volved during the measurements, was tested with the aid 
of observations of a radio heliograph on the frequency 
io9 '-"Kz and with the aid of a sclar radio spectrograph 
operating in the 50 - 300 '..Hz range (multi-channel), Eancay, 
herder lgcl, and with one operating in the 100 - 1000 KHz 
range, Ondre^ov, Solar Radio Data li.EO - i'3£l. 

III. Effects during type I burst noise storms. 

The study of the fine structure of type I bursts 
in a narrower range may show much more varied properties 
than if the observations are conducted in a wide frequency 
band, e.g., ICO - 1CC0 '..'Hz. Type I bursts are usually se-
pare;ed, of short duration ('Sis) and narrow-band (a few 
:.>Iz), depending on the observation range, intensity and 
variability of the noise storm. During an intensive and 
variable noise storm, the bursts follow each oxher in very 
quick succession, they cover a wider frequency range and 
at times they combine into so-called chains. The type I 
bursts may be superimposed on other types such as the type 
III burst. The observations in various frequency ranges 
were used to classify the type I bursts, e.g., in the 140 -
- 340 ".Hz "cand, Zlgaroy, 1977. The following examples in 
rigs, la-e show the structure which occurs during type I 
r.oise storms in the observation period. Of course, the 
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shapes of the type I effects (provided type I effects 
are involved) say be affected by solar activity in the 
:~iven r.ediur., which takes place in the ctrona. i-'î ures 
la-e, snow sections of the solar radio spectru.T. on .".ay 
21 - 22, 1SS1 observed in the ICO - 13C '..Hz. Type I bursts 
and chains are seen on ?.'ay 21, at TS:27 - OF.28 UT. On !'ay 
22, at 3£2£ - C;44 UT, Fig. la, there occurred type IV 
burst with short-lived burst structure especially at 
0912 - CS16 l*T. 

Or. i.'ay 20, 21, 23, there are .jhains of type I burst?,. 
The r.ucber of type I bursts chains observed in the 100 -
- 130 '...Hz range during the period K?.y 17 - 24, 1961 was 
"•• = 53. She character of the chains was complex, i.e. po
sitive drift, negative drift and chains without any drift. 
The average frequency bandwidth A f of type I bursts in 
chains was measured from the total nunber of chains re
gardless of the chain drift. The value of A f = 4.8 f.'."Kz 
was obtained which agrees well with the results of Hlgaroy 
ul-aroy, 1277). 

TV. Conclusion 

From the observations made on <Tay 17 - 24, 1981 in 
the 100 - 130 '..~lz range, it was found that the average band
width of type I bursts in the chains is A f = 4.S JTHz. 
The occurrence of the total number of chains during the 
£ hours of observations per day on ,~.;ay 17 - 24, 1931 sho
wed various drifts, i.e. positive, negative, or no drifting 
chains in the ICO - 130 y.Hz range. 
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Figures la - e Sections of the solar radio spectrum 
in the 100 - 130 I.Uz range of the ty
pe I burst noise storm fine structure 
measured at the Astronomical Observa
tory in Ondrejov during the May 17 -
- 24, 1981 period. 
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THE NOISE STORM ACTIVITY FROM MAY 17 to MAY 24, 1981 
AS DERIVED PROM WEISSENAU RECORDS AND ASSOCIATED DATA 

H.W. Urbarz 
Astronomical Institute of Tubingen University 

Weissenau Station 

Abstract 

During the period in question, noise storm occurrence per day 
and association to subflares and type III bursts are investi
gated. Moreover, the origin of the events in coronal noise 
storm centers is discussed with regard to source position and 
association to chromospheric active region. The connection is 
illustrated by a graph and tables. The spectral features of the 
noise storm subtypes as recorded by the Weissenau Spectrograph 
are presented in detail. 

1. NOISE STORM OCCURRENCE AND ASSOCIATED EVENTS. 

Flare activity was high before the interval considered. After 6 
large events having occurred in two regions, the last one was a 
p-event on 16 May. Thereafter intense noise storm activity 
started on 18, and persisted until May 24. During this period a 
noise storm was in evidence all the time and only subflares 
occurred in two different regions. Active regions and spot 
groups observed at lower levels of the solar atmosphere are in 
general not associated with coronal enhanced radio regions and 
the slowly varying era- and m-coraponents of the total solar 
radio flux do not correlate. However, a certain connection has 
been suggested by Karlicky (1982). From May 16 to 24 intense 
regions were observed at 169 MHz as well as noise storms and 
continuum in m-waves. An intense 169 MHz coronal region crossed 
the W-limb when the noise storm activity ceased suddenly (Solar 
Geophys. Data). The E-W position of this region meets the one 
of active regions HR 17644 (p-region) and 17653 (medium 
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spot area); region 17655 need possibly not be considered due to 
the very smal spot area. The intense m-wave source on 16 May 
meets the location of the p-region 17644 and the intense suuiC3 
observed later on 19 May at the same disc position conforms to 
the position of region 17653, which may be acsumed associated 
with the noise storm center observed from 19 to 23 Hay. 

Figure 1 shows the noise storm coverage during each day, 
and the number of type III events and of subflares during May 
1981. One finds that the number of small events per day is high 
when noise storm coverage is high on the same day. The same 
association was found during Oct. 80 to Dec. 80 in the case of 
subflares, Urbarz (1983). We intend to study this association 
distinguishing low coronal origin and high coronal origin of 
type III bursts, while the latter are assumed to originate 
nearer to the noise storm sources. 

2. OBSERVATIONS 

Weissenau records show the development of the noise storm in 
dynamic spectra from May 15 to 22, 1981. A detailed list of 
events is given in TABLE 1, presenting more information than 
the data given in Solar Geophys. Data, Boulder, Spectral Ob
servation. On 24/25 May 1981, no noise storm was observed. 

An attempt was made to plot the absolute flux spectrum of 
the intense CONT from 13 to 18 UT May 21 based on Solar 
Geophys. Data, Outstanding Occurrences, but no values were 
found in this period on 140 to 30 MHz. Throughout the day all 
the m-wave fluxes were below 400 sfu. We intend to study the 
spectrum by means of rtoolute fluxes of the quiet and slowly 
varying solar flux of May, 1981 when they are published in 
Quarterly Bulletin on Solar Activity. 

Conclusion 

The period investigated shows the rise and decay of noise 
storms including all spectral features of different subtypes 
hitherto known. Type III storm activity began on May 15 and 
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Table 1 

Day of Start- Type In tens. 
May, 81 end UT 

Frequency Remarks 
MHz 

1 5 , 1340-1628 H I S 

20, 

2 1 , 

22 , 

23 , 

1425-1514 Cont. 
0610-1439 IIIN 
0720-1915 IS,DC 

0616-1841 IIIN 
0545-1841 IS 
0519-0600 IC DCP 
1258-1830 CONT 

0550-1300 IS 

1300-1430 I DC 
1430-1830 I DC 
0600-1901 I DC 
0734-1348 IIIN 
0520-0715 IS 
0715-1546 IS 
1205-1647 IS 

140-30 

70-30 
130-30 
140-100 

240- 30 
160-100 
130- 50 
40-120 
30-160 

140- 30 
100- 40 
140- 30 

' 30- 50 
70- 30 

160- 30 
260-100 
40-240 

low frequency 
drift 

(Sometimes 260-
100) 

(260-100) 

near start, 
later 
at start 
later, RS struc 

ceased on May 20. Sporadic DCs were found on May 20 and type I 
groups showing structured background broadened from 130 to 30 
MHz. On May 20 continuum started from 400 to 30 MHz which 
narrowed one day later and vanished on 21 May. On the same day 
sporadic DCs developed near 40 MHz when group activity ceased. 
On 23 May, sporadic DC activity occurred and thereafter noise 
sto m activity ceased completely. The activity started after a 
large p-event, the concommittant region of which also showed 
many small events. But at the same time another nearby region 
in the same hemisphere produced many small events probably 
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connected magnetically. The Nancay records presented only on 
May 20 two separated coronal noise storm centers, which seem to 
fit the active regions mentioned. Based on the data available 
here, the main question cannot be answered clearly; whether the 
versatile noise storm activity should be ascribed to two sepa
rated centers or not. Otherwise we find that the center ob
served is capable of diversified activity within a lifetime of 
8 days. 
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Figure captious 
Fig.l Activity of noise storms and of type IIIB/G bursts and 

activity of subflares during May, 1981. h : hours per 
day without noise storm coverage, n n i < ^CF number of 
respective events. High event numbers are found on days 
with high noise storm coverage, the same holds for para
meters n i r l and n s p. However, the subflare activity n s„ is due to two active regions near about ION which 
crossed the W limb on 22 and 24 May having produced 24 
important C-Xray bursts and 42 subflares, and 9 C-Xray 
bursts and 27 subflares respectively. Both the regions 
may be considered as connected. 

Fig.2a. to Fig. 5d show samples of dynamic noise storm spectra 
mentioned in the list. 
Fig.2a: Groups of pulses, partially clustering negative 

drifting features, diffuse bubbles, horizontal chains. 
Fig.2b: Single positive drifting chain. 
Fig.3a: Clustering patchy features on narrow band Cont. back

ground with negative drifting pulsations. Vhe pulsating 
features are due to ionospheric propaga -.ion effects 
after sunrise. 

Fig.3b: 80-60 MHz horizontal to positive chains of intense 
pulses, partially clustering, 140-100 MHz connected 
groups of pulses, diffuse features with both positive 
and negative drifts. 

Fig.4a: Smooth, intense Cont 400 (350)-30 MHz, fainter in chan 
1 due to lower sensitivity. 

Fig.4b: 46-35 MHz diffuse features with positive and negative 
drifts, 140-46 MHz clustering groups of pulses with 
diffuse structures. 

Fig.5a: 46-35 MHz chains with positive and negative drifts 
diffuse reverse drift structures, 130-50 MHz diffuse 
structures. 

Fig.5b: 130-120 chains with positive drifts 140-46 MHz, diffuse 
groups, drifting pairs with both drifts. 

Fig.5c: 140-50 MHz diffuse groups, feather structures with both 
drifts, 80-50 MHz positive DC. 

Fig.5d: 140-100 MHz diffuse groups, 70-50 Mhz double DC. 
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• I• -_h_:jf THE SUN DURING TYPE 1 NOISE STORMS 

S. Urpo, H. Terasranta 
•rsi'v of Technology, Radio Laboratory, Espoo, Finland 

jrch Station participated in the cooperative type I 
studies by measuring solar microwave radiation at 
GHz) with a 14-meter radio telescope. During the 

1JS1 the whole Sun was daily mapped with the 2.4 arc 
elected active regions of the Sun were tracked with 

in order to detect impulsive or gradual bursts in 
Tne intensity of the 8 mm radiation does not seem to 

h fie type I noise storm activity. The 8 mm radiation 
the type I noise storms are typically occurring 
e regions of the 8 mm radiation. Because these low 
are situated between two active regions it seems 

ie I noise storms are occurring in the long inter-
structures between active regions. 

Intm 

The Mef.ii •,-. ̂ ; M Research station has participated in the cooperative 
solar i.,.. : i;f,e storm measurements in 1980 and 1981. The results of 
tne ".HI 3-v '-.epte-nher 1980 measurements have been published elsewhere 
by '.irpo ;•'-'.; and i« Cfanov et al. (1981). The main purpose of the 
meas.ireiv ;'.= at "tetsahovi was to detect possible changes in the micro
wave rajiiiinn tron the lower chromosphere during the noise storm 
events. !" this report practically all the measurements at Metsahovi 
dijrin.: - , ,ie-;>j May 17-24, 1981 are presented with some comments and 
COnCl'JS' ""-.. 

Measurene rH_< 

The measurements were done using a 14 meter radio telescope at the 8 mm 
wavelength (37 GHz). The beamwidth of the telescope at 8 mm wavelength 
is 2.4 arc ni n and 1 second time resolution was used. During the 
measurement period at least one map of the whole Sun was measured daily 
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by scanning in right ascension and changing the declination between the 

subsequent scans. The data were recorded in digital form on a magnetic 

tape and the maps of the Sun were drawn off-line by a computer plotter. 

Each day some interesting regions were mapped several times. The 

intensity of the radiation from a selected active region was monitored 

by tracking the region with the telescope beam. In this way the possible 

8 mm radiation bursts were detected. 
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Figure 1. Maps of the Sun at 8 mm wavelength on May 17, May 19, and 
May 20. 
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"es;ilts 

Figures !, 2, and 3 are the 8 mm maps measured on May 17, May 19 (2 

nap-.', May 20 (2 maps), May 21, May 22 (2 maps), May 23 (3 maps), and 

May 24, 1981. The contours represent 150 K difference in the brightness 

temperature. The Hale regions are pointed and the positions of type I 
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noise storms measured by the Meudon Observatory are indicated by black 
dots. The date and the UT time of the measurement of the map is on the 
top of each map. 

RELATIVE RIGHT ASCENSION IN SECONDS 

Figure 3. Haps of the Sun at 8 mm wavelength on May 23 and May 24. 

During this observing period there were on the Sun two active regions 
which may have correlation with the type I noise storms: a strong 
complex region Hale number 17644 on the northern hemisphere and a 
smaller region number 17653 on the southern hemisphere. On the 8 mm 
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naps there were also two prominent low temperaturt- regions: one east of 
the region 17ci44 and one west of the region 17663. 

The region 17653 is more closely related with the type I noise storms 
during the period May 17-24, 1981. The development of the 8 mm radiat ion 
of th is region is shown in Figure 4. I t is clear that the region 17653 
was very stable at 8 mm during the noise storms. The same conclusion can 
be drawn from the enlargements of the maps shown in Figures 5, 6, and 7. 

CTSAH0V1 SUN CHZ 37 MAY 17 ~ 2 4 1961 

RELATIVE R1CHT ASCENStCM IN SECONDS 

Figure 4. The development of the active region 17653 during the period 
May 17-24. 

Figure 5. Detailed maps of the Hale region 17653 on May 17 and May 19. 
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Figure 6. Detai led maps of the Hale region 17653 on May 19, May 20, and 

May 2 1 . 
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Figure 7. Detailed maps of the Hale region 17653 on May 22, Hay 23, and 
May 24. 
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Similar enlargements of the region 17644 give evidences of the continuous 
development of this complex region. These enlargements are shown in 
Figures 8 and 9. 

• 

...0 

.--"' 

~~-

Figure 8. Detailed maps of the Hale region 17644 on May 17, Ma> 19, and 
May 20. 
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Figure 9. Detailed map of the Hale region 17644 on May 2 1 . 

T E M P E R A T U R E 

„ MALE 

H 1 1 H 1 1-
- . , LOW EAST OF 176U 

LOW WEST OF 1T65T 

IT ' IS ' 19 ' 20 ' 21 ' 22 ' 21 ' 2 i 
MAY 1981 

Figure 10. The development of the 8 mm brightness temperature of the 
Hale regions 17644 and 17653 during the period May 17-24, 
1981. Also the development of two low temperature regions 
(temperature less than the estimated quiet Sun level) are 
shown. Temperatures are shown in relative to the estimated 
quiet Sun level; the zero line is equal to 7500 K. 
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The daily development of those solar regions which may have correlation 
with the noise storms is shown in Figure 10. Two active regions, Hale 
no. 17644 and no. 17653, are included as well as two low temperature 
regions close to the regions 17644 and 17653. The Hale region 17653 and 
the low temperature region east of the region 17644 were very stable 
during the period May 17-24, 1981. The intensity of the 8 mm radiation 
from the low temperature region west of the region 17653 decreased 
slowly. The radiation from the region 17644 was variable. Considerable 
enhancements in the radiation were observed on May 20, 1981 before 
0640 UT and on May 22 at 0627 UT. Before May 17 the region was even 
more intensive: brightness temperatures 3750 K and 20100 K above the 
quiet Sun temperature were measured on May 14 and May 16, respectively. 
The region 17644 produced also some microwave bursts. Two of them, one 
impulsive burst and one gradual rise and fall event, are shown in 
Figure 11. 

13^5 00 

i 

-. 2.3 sfu 

V- J I-, i , 

1315 1JJ6 ; 1317 1318 

Figure 11. Two 8 mm bursts measured from the region 17644 on May 18. 
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Correla''on with the noise storms 

The intensity of the 8 mm radiation was not correlated with the noise 
storms. ;ne same is valid with the measured microwave bursts. 
The position of noise storms is clearly correlated with the low tempera-
tare regions in the 8 mm radiation. This is evident when the positions 
of the noise storms are marked on the 8 mm maps, see Figures 1-3 and 5-9 
where black dots indicate positions of the noise storms, measured by 
the Meudon Observatory and reported by C. Mercier (1982). In Figure 12 
the positions of noise storms during the period May 17-24, 1981 are 
indicated in a relative temperature scale: the minimum temperature of 
the closest low temperature region is the reference (marked by zero) 
and the ma x i mun temperature of the closest active (high temperature) 
region is normalized to 1. Figure 12 shows that most of the noise storms 
are above low temperature regions of the 8 mm radiation. 

TEMPERATURE 

.1. 

— • — MAY 17 18 19 

• 1164* RELATED 
0 1 1 6 5 3 HALE 
• 11652 REGIONS 

20 

oo oo 

MAY 21 

oo 

^MAXIMUM TEMPERATURE 
" ^ ) F THE CLOSEST ACTIVE 

REGION 

. MINIMUM TEMPERATURE 
r r ~ 1 " ^ F T H E CLOSEST LOW 
2 2 TEMPERATURE REGION 

DAY 1981 

Figure 12. The por i t i on of noise storms in re la t i ve to the 8 mm 
radiat ion brightness temperature. Values 0-0.5 are low tem
perature regions and values 0.5-1.0 are high temperature 
regions. 
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This correlation can be explained with a model where noise storms occur 
in long interconnecting magnetic loops between two active regions. The 
8 mm radiation is originated in a layer which is much below the noise 
storms but due to a geometric viewing effect noise storms seem to be 
above 8 mm low temperature regions. The region 17644 is so large and 
complex that long magnetic loops can be closed inside the same region. 
This explains why there are also some noise storms above the region 
17644. 
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NOI Sl: 3TCWM ACTIVITY DURING MAY 17-24, 1981 RECORDED AT 
TRIESTE OBSERVATORY 

P. zlobcc and M. Messerotti 
Trieste Astronomical Observatory 

Abstract 
Observations of noise storm radio data recorded at 

Trieste Observatory are described for the period May 17 - 24, 
1981. Two active regions were responsible for the observed 
noise storms during this period; for both of them the polar
ization turned out to be in the ordinary mode of the magneto-
ionic theory with regard to the preceding polarity of the 
active regions considered. 

Active iiegions Producing Noise Storms 
In preDaring this communication, we used the data 

published in Solar-GeODhysical Data bulletin no. 442 part I, 
no. !''•>' part I and no. 447 part II to understand the photo-
spheric benaviour and other characteristics of the active 
regions considered. Such data are of basic importance to 
obtain a general idea of the phenomena accompanying and caus
ing the noise storm activity. 

During the period May 17 - 24, 1981, essentially 
two active regions were responsible for the noise storm 
activity. The first region was 17644 according to the Hale 
numeration (.'It. Wilson no. 22276), which was located at 14°N 
and crossed the solar central meridian on May 17.5. This 
region was in its second rotation and had a complex (delta) 
magnetic configuration with a large number os spots (59 on 
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Kay 17); the maximal area covered was almost 2000 units (on 
May 12). After crossing the central meridian, it decayed 
quite rapidly. In the following, this region will be consid
ered the first one. The second active region was 17653 (Mt. 
Wilson no. 22289); its latitude was 26°S and it crossed the 
central meridian on May 20.5. This active region was in its 
first rotation. Its magnetic configuration was simpler than 
the one in the first region (generally beta with the preced
ing magnetic field stronger than the following); not as many 
spots were visible (24 on May 21) and the are covered by the 
spots was less than 1/3 of the area occupied in the first 
region. However, during the chosen period this second region 
was much more powerful in producing noise storm activity than 
the first one. Meanwhile, starting on May 19 he spot area 
of the second region exceeded the area of the first one, thus 
indicating a stronger magnetic field, which was also confirm
ed by direct measurements (Solnechnye Dannye no. 5, 1981) 

Radiopolarimetric Development 
The period involved was studied on the basis of our 

low-speed paper strip records (20 cm/h) at 237 and 408 MHz 
separately in the two circular polarizations. We also have 
some records at 327 and 606 MHz, as well as some high time-
-resolution digitized data mainly at 237, 327 and 408 MHz. 
In the period studied the observing time was normally from 
6 to 18 h UT. The hourly mean flux density values at 237 
and 408 MHz are reported in Tables I and II. 

On May 16, a strong type IV event developed from the 
first region; it was r.h. polarized at the beginning, but 
afterwards is changed to l.h. polarization. A type 3B flare 



nsible for this event which was detected on 29 MHz 
•••.-, and was accompanied by an X—ray increase. 

<=• fallowing analysis is based essentially on 237 
nn Kay 17, the backgroun was highly l.h. polar-

.: phenomenon is typical for the day after a strong 
.?rt, and consequently this enhanced radiation was 
u) the first region. Superimposed on this background, 
t'.inauish a few low type I bursts, strongly r.h. 

• •> •, ..'."ich oriqinated in the second region (correspond— 
'-,•:• 169 "Hz data of the Nancay radioheliograph -
:; . 'lercier). 

'•-'• "ay 18 records showed a low-intensity r.h. polar-
storm up to 8 10 . A type IV event started then 

...'.ne polarization and lasted until about 9 20 . 
- situation became very similar to that before the 
vent; a low continuum together with low and rare 
sts, both strongly r.h. polarized. Even if the 
««rit had no influence on the noise storm, it was 
•! the range from 200 to 9400 MHz and at our observaing 
..t was recorded at 237, 327, 408 and 606 MHz with 
polarization pattern. 

'.•? noise storm activity during May 19 has the same 
•: i .r••• -is hies as those of the day before. The region pro-
•..i., these storms was essentially the second one, and it 

x * ^tlied the activity for almost all the following days 
;.orr»d. 

The :-*ay 20 records started very similarly to those of 
« • rpvious day, but at 7 h 40 h the 237 MHz record showed 
cacKqround increase until about 10 ; later, the decrease 
.sted for an hour, and there was no change in polarization. 
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The bursts occurring simultaneously with this increase were 
not reinforced but became denser. This phenomenon looks like 
a feebly developed metric type IV event. At the same fre
quency (237 MHz) the type I bursts became remarkably denser 
and stronger from 11 to 12 30 m; later they were less inten
sive and less numerous. The polarization of the continuum 
and of the bursts was always strongly r.h. 

Until ll h 40 m of the following day, May 21, the con
tinuum and the ytpe I bursts were at a low level, and the 
polarization was unchanged; this confirms the Nancay 169 MHz 
data: the second region was active in noise storm production. 
A strong type IV event started at about 11 40 ; it was ob
served in the 260 - 930 MHz range, and an increase in X-rays 
accompanied it. We observed it at 237, 327 and 408 MHz as 
a strongly r.h. polarized phenomenon. It increased slowly, 
and the superimposed, strongly r.h. polarized bursts were 
low (as compared to the bac1--- und) even if quite dense. The 
maximum occurred at about 14 10 m (at 237 MHz). The aspect 
of this event did not change until the end of the observing 
time. 

The highly r.h. polarized continuum was present during 
the whole of the following day. May 22, and it decreased ir
regularly. Bursts were dense and low, all displaying strong 
r.h. polarization. The records look like a typical post-type 
IV phenomenon, and the Ondr"ejov spectral data also show type 
IV-like spikes (courtesy of A. Tlamicha). 

On May 23 the noise storm was at a low level; the 
bursts and continuum were still strongly r.h. polarized. There 
was a typical noise storm enhancement between 12 40 and 
14 30 m, with an increase in the continuum and in the burst 
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density and intensity. Figures 1 and 2 show samples of activ
ity at 237 and 327 MHz which are related to this time interval. 
This enhancement of noise storm activity was the most typical 
of the whole period involved (almost at 237 MHz) (Zlobec and 
Zanelli, 1979). 

For the last day concerned, May 24, the noise storm 
activity was very low; the continuum and bursts were still 
strongly r.h. polarized, and the region which supplied the 
noise storm activity was still the second one. Groups of 
stronger bursts were present from 8 40 to 10 50 (see 
figures 3 and 4). 

'.'onelus ions 
For the period May 17 - 24, 1981, two active regions 

triggered off and sustained noise storm activity. The first 
one was only active during May 17, while the second region 
produced storms throughout the period considered. From our 
polarization measurements and from current positional data at 
169 "Hz (Nancay Observatory) we may conclude that the storm 
emission was in the ordinary mode of the magneto-ionic theory 
all the time with regard to the preceding polarity of the two 
active regions involved (Suzuki, 1961). During the whole 
period in question, the noise storm activity was not present 
at 408 MHz. The probability of noise emission is hardly cor
related with the spot group classification (Elgaroy, 1977). 
However, we noticed that complex (delta) photospheric 

magnetic fields are generally less favourable for producing 
noise storm activity than active regions with simpler (bipolar) 
magnetic configuration; complex magnetic configurations are 
more involved in large falre production and, therefore, in type 



- 166 -

IV radio bursts. The period we have studied confirms this 
tendency. 
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?. Arrbroo 

Astror.orr.ioal Institute of the Czechoslovak 
Acadecy of Sciences, 
A.-crejov Observatory, Czechoslovakia 

A estrast 

A comparison is rrade of the positions of sources of solar 
radio noire stents, observed at 165- I'.V.z, with the structure 
of the lines of force of the extrapolated coronal magnetic 
,'icld ir. ?. current-free approximation. The typical position 
of the permanent radio source .vas found at the top of the 
coronal arch connecting the active region with the opposite 
pol-irity of the ceckground magnetic field in its immediate 
vicinity. Ao direct relation was found between the flare 
activity ir. the active region and the presence of the radio 
ooirce. A hypothesis is presented concerning the relation 
between the occurrence of noise storm sources and the pro
cess of evolutionary reconnection of the coronal magnetic 

I. Introduction 

I'he special observation interval included in the 

" Coordinated Observations of Type I Bursts A'oise Storrus" 

in the post-SAY phase, Hay 17 - 24, 1SB1, is exceptional in 

that the position of a perrr.ar.ent radio source could be de-

:er:r.in«d daily in the course of eight observation days. The 

results of positional observations made by the radioheliograph 

in "ar.eay on a frequency of 16S -AHz were made available by 

Aeroier and presented summarily by Auras et al. (1S23). The 

objective of the project was to make use of these positional 

observations and to compare the positions of the individual 

radio sources :.ith the structure of the magnetic lines of 

f^roe, calculated for actual and corresponding times by nume

rical extrapolation of the results of observations of the 

http://Astror.orr.ioal
http://perrr.ar.ent
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photospheric magnetic field. The actual calculation is ba
sed on the solution presented by Calcurai and Û -.ida (1977), 
jsing a computer program written by the present author for 
-he HC luiO computer of the Astronomi cal Ir.stivute of the 
Csecnoslcvak Academy of Jciences i:'. C.drejov. A -ore de
tailed report on the prog-ran is being prepared for publi
cation in the Bull. Astro.n. Ir.at. Czech. 

II. Calculation of the magnetic field lir.iis 

To compute the model configurations of magnetic linos 
of force in the s^lar corona, .ve have used the daily observa
tions of the longitudinal component of photospheric magnetic 
fields made at the f.'t. .Vinson Observatory. C:i the basis of 
the daily maps of L'.ay 12, : 3, 14, 17, 21, 22 and 23, 1SS2, 
the synoptic map for Carrin -ton rotation :;o. 170B was con
structed in the usual way for heliographic longitudes ranging 
from 0° to ISO and heliographic latitudes ranging from -50° 
to -30 . This map was used to determine the positions, dimen
sions and intensities of the magnetic field for 338 circular 
solenoids, giving the best descr-ption of :he disrribution 
of the observed intensities of th<; magnetic field and, simul
taneously, optimally satisfying the requirements of the model
ling and extrapolation technio.ue. 

As regards computations of this type, '.ve know that the 
way in which the origins of the magnetic lines of force are 
generated has a decisive effect on determining the character 
of the computed line-of-force configurations. It can be guaran
teed that the origins of the lines of force vT.ll be generated 
in regions of the solar surface .'.here measurable magnetic 
fields are present. Drawing on experience with comparing si
milar computations with available pictures of the solar co
rona, made in the soft UV radiation range, the author is of 
the opinion that the computed line-of-force configurations, 
Particularly in places where their divergence is small, are 
very close to coronal formations which actually exist as den-
sified plasmatic coronal archs. The density and temperature 
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profiles across u.nd along the arch depend strongly on the 
.~eom-.;trio .:.".upe of t.nese formations, the intensity and degree 
of .iiver-cnoe of the magnetic field, as well as on the thermo
dynamic properties of their anchoring on the solar surface. 

.'•.3i"j~.e that "he coronal arches represent magnetic flux 
tubes r.r.c, or.oe established , they are stable relative to 
the slow '.-volution of magnetic fields at the level of the 
cr.otosphere. ĥar.̂ es in the magnetic flux distribution at 
the level of the photosphere may be a combined process of 
vertical field divergence from the lower subphotospheric 
layers, cut also the result of horizontal cor.vective motion 
of plasma which may be responsible for the redistribution of 
the magnetic flux. From this point of view, we consider the 
continuous evolution of the magnetic field in the corona as 
a normal r.r.d r.aiural development. Por example, the generat
ion ;.f a new island of the opposite polarity, or the generat
ion -;f a r.ew active region '.vill cause substantial changes in 
the structure of the coronal magnetic field which can be cha
racterised by relatively slow, principal reoonnections of the 
v.hole cor.firoration. On the other hand, also very rapid pro-
oec-ses are observed here, '.vnich are connected with the gene
ration of macnetohydrodynumic instabilities associated with 
flcres or with the activation of eruptive prominences. 

The calculated configurations of magnetic lines of force 
are cased or. the assumption of an integral effect of all gi
ver, return-flux sources on the overall distribution of the 
".-.'r.ctic potential in the space above the spherical surface 
of the photosphere on which the boundary conditions are de
fined. All the computed configurations are current-free and 
are cased on the distribution of boundary conditions obtained 
by the synoptic method, i.e. gradually over a 12-day period. 
The computation has been conducted simultaneously for a sub
stantial part of the solar surface with a single set of input 
cat", "oiisecu :r.tly, the computation does not take into account 
" -term evolutionary changes in the course of the interval 
i ;d. For these reasons, the computations do not include 
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the contributions of the :r,2gr.etic flux frorr. the individual 

sunspcts in the active centres. 

The situation in -he distribution of the rægnetic li

nes of force shown in Figs la - Id, therefore, is based on 

a single definition and single computation of -he co.nfi-urat-

ion. 7 he figures represent an orientation of the extrapola

ted configuration of the coronal magnetic field and solar 

disk which corresponds to the actual orientation of the so

lar disk relative to the observer at the "..irce the positions 

of the radio iouroes were determined. 

III. Jcrtparison of the calculations and ooce-rvatians 

In the first stage of the project, the positions of the 

separate detected radio sources cr. frequency lo-j .' Hz were ana

lyzed relative to the appropriately criontcd ct-nfifturations 

of the coronal magnetic field i.'. tr.e interval between i..ay 17 

and 24, 15S1. The positions of the radio sources in the nort

hern hemisphere is related primarily to the extensive active 

rerion Hale ICo. 17&44. In the southern hemisphere, where all 

the radio sources observed after :.:ay JO, 1961 were located, 

their distribution was divided :r.ainly between active regions 

Kale 17632 and 17653. 

.•'.iLong all the observed radio sources, we looked for sour

ces which we could assume to belong, with the highest probabi

lity, to a single permanent radio source. It was found that 

only one radio eource satisfied this condition sufficiently. 

Special emphasis the literature on noise storms is 

being put on the question of typical location cf the radio 

source relative to the structure of the corona and, particular

ly, relative to its magnetic field. Figure i. shows all the 

radio sources observed by .Vercier during the whole interval 

sche~>ati;ally as dotted clouds in a projection which positions 

the ::.ost probable location of the permanent source of the noise 

stor.T. close to the solar disk centre. The compilation was made 

using the relations between the observed position of radio 

sources and lines of force for every day as indicated by rigs 1. 
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.he problem v.as to render the typical .noise storm source an 
a-~Io me ration, of ma.-.y individual positions derived from par
tial observations. 

The found permanent noise storm, source car. be located 
ir. a single arch-like formation originating in active region 
hale l'o. i?6-;3 towards the south-west. The position of this 
zlruoture and the most probable mean position of the perma-
..e.-.t radio source correspond very well with each other and, 
therefore, the probable distance of the source from the solar 
centre © can be estimated from the known height of the points 
computed on the lines of force. By analysing the geometry of 
the points of intersection of the lines of sisht to the same 
source on several days, we were able to determine the follow
ing statistical mean values of all three heliographic coordi
nates of the source: 

£ = -J:O.O - 1.4 , 

^ = ( 1.332 - 0.075) Il3 • 

In the course of i.his analysis, it was found that the mea
sured positions of the permanent source did not correspond 
to a single stationary source. As evidence by the probable 
errors of the results of the measurement p;iven above and also 
by the scatter of the superimposed sources in Fie;. 2, the per
manent •••ource is confined to a single concrete ma/rr.etic con
figuration, however, within it its position varies within 
small intervals in all three coordinates, '-his, together with 
tne analysis of the distribution of the photospheric magnetic 
field in the rejrior. studied i?ig. 3), where structural changes 
were observed, is considered ;o be an argument in favour of 
the opinion that substantial evolutionary restructuring of the 
coronal magnetic field takes place in the region where the 
permanent radio source is observed. 

The positions of all 35 radio sources, observed during 
tne pertinent interval and referred to the solar disk, consti-



tuted the initial data for the following statistical ana
lysis. 

The first question concerned the location of sources 
illative to any arch-like structure ;;' the lir.e-cf-f oree con
figuration. I:'y comparing the position of the source direct
ly, relative to the distribution of -.he lines of force for 
the corresponding orientation of the solar disk, it ras pos
sible to determine quite unambiguously that 25, i.e. 71.1,j, 
of all observed sources were located at the top of the line-
-of-force arch. Cf the regaining 10 sources 4, i.e. 11.5*, 
.vere projected on to the arrr. of the arch r-r.d 6, i.e. 17.lw, 
-r. to the foot of the arch. However, it ci.culd be emphasized 
that the foot of the arch, for exa::.pie, is in a number of 
oases the seat of the active centre where :he configuration 
of lines of force is very compact and, consequently, is not 
reflected in our extrapolation r.ocel at all. One say, there
fore, very well assume that the percentage representation 
of sources which coincide .vit!: :he sop of the loop arch is 
even larger and, therefore, that this location is statisti
cally dominant. 

Another question is the relation of the position of 
the noise storr, source to the active retior. and the type of 
arch-like structures in the corona. An absolute majority of 
;8 observed sources, i.e. 60. of all observed cases, is lo
cated on the arch-like structures which start in the well de
veloped active centres and connect their, with the ambient back
ground magnetic field of opposite polarity, fot a single ra
dio scarce is located on the lines of force which connect the 
separate active centres, .teven sources, i.e. 2.0x, are located 
outside these characteristic formations. Only in four cases, 
i.e. ll.S,.!., are the sources projected or. to the position of 
the active centre. 

The determined permanent radio source satisfies both " 
of the statistical conclusions reached above and is located 
on the line-of-force arch which connects the positive polarity 
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of ;he magnetic field of Hale region V.o. 17053, positioned 
•̂  o 

a; I = 113.7" , £ = -21.3 > .". ith the region of norative 
polarity of the back-round magnetic field, positioned at 
ii = 14C.J , t = -jo.o . 

IV. Discussion 

A. Photospherical magnetic field evolution 

Using the daily Ivit. ,','ilson observations, charts of the 
distribution of the magnetic field intensity at the level of 
the photosphere has been constructed in Pig. 3; it reflects 
the intensity level of 5 Gauss so that the positive polarity 
is shown by the full line and the negative by the dashed li
ne. The depicted region covers the whole magnetic system 
which has lost probably taken part in forming ihe noise 
storm source. By comparing the situation in the polarity 
distribution between Lay 17 and 23, 1;.31, we can see that cer
tain changes occurred in the distribution of the magnetic 
field in the very bipolar magnetic region coupled with acti
ve region Hale ".'0. 17653. as well as in the space where the 
opposite foot of the line-of-force arch is located. .Vhereas 
the magnetic fields in active region 17653 displayed a simple 
configuration with the S (-) polarity as leading and I] (+) po
larity as following at the beginning of the studied interval, 
the map of Lay 17 already shows that the following polarity 
in its southern part is moving very conspicuously to the west, 
surrounding the S polarity, and as of i.'.ay 21 has moved in 
front of the region of leading polarity. 

The data for extrapolating the lines of force in this 
region were compiled from magnetic observations made on Lay 
17 and 21, 1SS1. The extrapolation calculation clearly indi
cates that the connection of the magnetic lines of force in
side active region ICo. 17653 is so close that, on the scale 
.ve are using, the lines of force could not be plotted at all. 
This means that the bipolar system itself does not reach up 
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very high into the corona and apparently has no ;r,ore subs
tantial significance for our deliberations. On the other 
hend, the connection of the positive polarity ir. the east
ern part of she active region with IMs r.esauve polarity 
located at L = 140.3' , E = -3c.b , does reach up into 
"he corona quite distinctly and, with regard to the compu
ted configuration, runs out to a distance of a = 1.25 -
- 1.30 3„ from the solar centre which corresponds to 175 -
- 200 thousand km above the solar surface. This distance 
agrees very v."ell with the level of the corresponding cri
tical plasma frequency for 1-SS MHz. As in the interval from 
May 1" to 17, 12&1, conspicuous qualitative changes occurred 
in the morphology of the field distribution in the neigh
bourhood of active region Kale Mo. 17553, so equally marked 
changes occurred in the sector of heliographic longitudes 
between 125 and 150° on May 21 - 23, 1331. i'he dor.inantly 
distributed negative polarity is interspersed by small islands 
of positive polarity which cause the region of negative po
larity to disintegrate. As a result of horizontal displace
ments of the regions with opposite polarities, beginning 
with May 23, 1SS1, at position L = 140 , E = -22 J we can 
observe the interaction of the two opposite polarities and, 
at the same time, the emergence of the active region and 
sunspot group denoted Hale Mo. 17666. 

In connection with this very rapid change in the dis
tribution of the photospheric magnetic fields, one rr.ay also 
expect dramatic changes in the force conditions in the upper 
and middle corona, which will probably be reflected in chan
ges of magnetic connections and, consequently, also in the 
structure of lines of force above the region in question. 
3ne ".ay, therefore, assume that the space above the region 
being studied, in which the permanent noise storm source 
was observed, was a place of principal restructuring of the 
ctrona, its magnetic field, the distribution of the plasma 
density 3nd, possibly, of the current density during the 
time of observation. 



.'. i'lnre activity 

croz; the point of viiw of -.••r- -.-• . c; ::or i.; activity, 
active re.~ion hale "o. 17i5J; c it ;J .i;:•'•:'. wry :'-:•:• "orpnoio-
-ical cha.'.ges and v;-ry fe.v flarer. J.-. :.:,e jthcr .•:u::d, the 
r.ewiy created region 17666, ir. ,•..••.:';.••. :.-.- :"!:-.?-•.• a ;tivity 
was very lively, appeared and iv-ar, to . •; :ue<t ."'it;ros only 
or, Lay -J, l^'l when the perr:w:?:.i . .'.."?e .-.-.!£ Iror.dy above 
.he western li.tb of the Sun. 

ior the purpose of analysing the relation between the 
observed radio sources and flare activity f ::>~-2rI.y all re— 
-ions simultaneously present en "he ::r> ::"in.-- r he obser
vation interval, su.~jr.ation curves ol~ :he flare index F were 
constructed using ."rivsky s method •.!:"- '. . .' -r o.-.plete.nes? 
also the very ar.ple flare activity tf active rs-ic.n h'sle '.'.o. 
176-'-i in the northern hemisphere was ;. eluded. ..i.tce ir. prin
ciple the slope of the supination curve- i.-::rcaser with the 
energy produced by the flare per unit ;ir.e, 
that the onset of flare activity in tre nev. 
.tien Maie '.'.o. 17656 is quite co.t.pa'.ible wit 
the development of region it. ]76'••'. . .'.;•• *••:. f 
twe regions, 17652 and 17&3J, we can cay tr 
very little flare activity witn the exception cf the flare 
of "..ay 21, 1981 of importance IF. Nevertheless, the persianar:t 
radio source was indeed observed in the irtrr.ediate vicinity 
:f region wo. 176-33 during the whole interval involved. 

V. Conclusion 

:ve clai .7, 
i.y crcn-led r e 
h •<,': :e t ; read i n 
?. rd: 3 -n.e e t h e r 
a t -hey d i s p l a y ed 

.Ve may conclude, therefore, that radio noise storm 
courses, observed on 169 l~Az, usually cocur at the tops of 
coronal archs which connect the active centres with the cur-
rcunding magnetic regions of the background magnetic field, 
it 1SS '.E? the height of the source corresponds to the height 
of the critical frequency at a level of about _)0 thousand 
irr. above the photosphere. Ihe presence of '.ha ;-jrc.ar.ent sour
ce is most probably associated with the macroscopic restruct
uring of the corona, its magnetic field, distribution of 



- 180 -

plas::.a density and current density. This i:.valves restructu
ring of an evolutionary nature .-.hich tako^ place continuous
ly over a number of hours- or ever. .~"-.ys. ..'e assume that this 
is so because v.e have observed .;irectly the evolutionary 
cnar.ges in the distribution of '.:.e Masurtd magnetic fields 
at the photosphere level and, at the sa::.e ti.T.e, also snail 
changes in the position of the "per~.ane.it" radio source in 
the region of the corona. The flare activity, v/hich essen
tially represents a catastrophic process, does not affect 
tne existence of noise storn sources conspicuously as can 
be seen fror. the behaviour of the surjLation curves of the 
flare index. As far as any connection have beer: outlined, 
this was only done in the sense that the changes in tne co
rona and flare situation in the chromosphere are the con
sequence of a single evolutionary process at the lei/el of 
the photosphere and below it. .'..oreover, t.ne effects result
ing in noise storms are apparently due to quasi-stationary 
development, whereas flare :ranifestations represent the 
catastrophic consequences of sudden de-stabilization. 
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MAY 17,1981 t„: 154.6 
B.: -2.» 

'£ 

MAY 16,1981 L„: 141.4 
B.: -1.3 

Fig. la - Id - Comparison of positions of radio sources (circles) 
or. a frequency of 169 MHz with the structure of linea of force of 
the extrapolated coronal magnetic field in a current-free aproxi-
mation for the individual days from May 17 to 24, 19B1. 



MAY W,MM 1.: 12». 1 
B„: -2.2 

HAY 20,1911 t.: 114.9 
fe -2.1 

Fig. lb - The aair.e aa Tip;, l a . 



MAY 21,1181 I.: 101.7 
B.: -2.0 

HAY 22.1981 l»: 88.» 
B.: - 1 » 

Fig. ic - The sane as Fig. l a . 
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MAY 23,1981 I.: 7S.2 
B.: -1.7 

MAY 24,1981 L.: 61.0 
B,: -1.6 

?ig. Id - The same as Fi»:. la . 
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CHARACTERISTICS OF THE SOLAR X-RAY EMISSION 
DURING THE PERIOD 16-24 MAY 1981 

F. Farnik and B. Valnicek 
Astronomical Institute of the Czechoslovak Academy of 

Sciences, 251 65 Ondfejov, Czechoslovakia 

Abstract 

A brief description of X-ray data for the discussed period is 
given. The data are presented in two forms - the time history 
of the integral flux in the 4-8 keV band with a time resolution 
of 1 minute for the whole period and full resolution data for 
some events. 

1. INSTRUMENTATION 

The paper is based on the X-ray data measured by the 
Czechoslovak photometer aboard the Soviet satellite Prognoz 8. 
Thanks to its very eccentric orbit, this satellite enables 
neo "ly continuous measurements (apart from a short period in 
the radiation belts near the Earth and periods of telemetry 
transmission). The photometer recorded the integral flux in
tensity in six energy bands using two detectors: a proportional 
counter for the soft region (two bands 2-4 and 4-8 keV) and a 
scintillation detector for the hard region (four bands 20-40, 
40-80, 80-160 and 160-320 keV). The time resolution of the 
received data is 10 seconds on the two bands (2-4, 80-160) and 
20 seconds in the remaining four. More detailed information 
about Prognoz-type photometers can be found in the paper by 
Valnicek (1979). 
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2. CHARACTKRISriCS OF THE X-RAY KMMISSION 

From the p.->i.nt of view of X-ray emission, the period under 
Study was very quiet on the average. The only exception was the 
big flare on lo May starting at around 0B:00 (times are in UT). 
This flare has already been studied in detail (see for example, 
Hu et al. (1981) and Farnik et al . (1983)) and that is why we 
will limit its description to the X-ray emission only. The 
event started at 07:43 in the two soft bands. At 07:57 the flux 
reached the first maximum in these bands and began to drop. 
During this time the hard X-radiation did not exist, or it was 
below the sensitivity threshold. At 08:10 the flux started to 
grow again, this time in the harder bands too. At 08:25 the 2-4 
>ceV band reach..-d its scale limit and till 09:50 the flux was 
off scale. In the 20-40 keV band, three peaks can be found, the 
first one at 08:24, second and largest one at around 08:38 and 
the third one between 08:48 and 08:51 (there is a small gap in 
the data). No X-ray emission harder than 80 keV was recorded 
during the whole event which was our sensitivity threshold. In 
comparison with the optical importance, it seems the X-ray 
spectrum was extremely soft. The time development of the flux 
in different energy bands is shown in Fig.1. The described 
flare was probably the last onu in a series of big flares which 
originated in active region Hale No 17644, See Farnik et al. 
(1983). 

The X-ray emission characteristics in the period after May 
16 can be seen well in survey plots, Fig. 2a-2e. Each of these 
plots shows the time development of the flux in the 4-8 keV 
band during one day with a time resolution of 1 minute. Evi
dently, the whole period was very quiet apart from some 5 very 
small events. The full time and energy resolution plots of the 
flux intensity development of two of these 5 events are shown 
in Fig. 3. Excluding the flare on 22 May at 06:30, which was 
classified as 1N-2B in the optical region (see SGD), the re
maining four events were caused by flares of SN-1N optical 
importance. Purely from the point of view of the X-ray emis
sion, these flares were very unimportant, practically without 
the hard component, and as isolated events they had no inter
esting features. 
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3. CONCLUSION 

Correlating our X-ray data with the radio data we can conclude 
that there was no direct connection between the X-ray activity 
and type I burst noise storms on May 16-24, 1981. 
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Figure captions 

Fig. 1. The time development of the X-ray emission during the 
flare of May 16, 1981 in four energy bands. 

Fig.2. Survey plots of the flux intensity development in the 
a - e 4-8 keV energy band. The flux is in arbitrary units. 

The time resolution is 1 minute. 
Disturbed periods: 15 May 12:00 -• 16 May 06:00 

(plot of the 20-40 keV band) 
18 May 06:30 - 24:00 missing data 
16 May 21:00 - 17 May 07:00 
20 May 21:00 - 21 May 06:00 
24 May 21:00 - 25 May 06:00 
radiation belt 

Fig.3. Full resolution plots of the X-ray amission development 
(like in Fig.l.) for two events. The energy limits in 
the bands are from top to bottom as follows: 2-4, 4-8, 
20-40, 40-80, 80-160, 160-320 keV. It can be seen that 
the emission was over the sensivity threshold only in 
the three softest bands. The periodical structure in 
the softest band on May 22 plot reflects the rotational 
stabilisation of the satellite. 
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Fig. 1 
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SHORT CHARACTERISTICS OF THE EVOLUTION OF AR 26° S, 
CMP MAY 20, 1981 WITH NOISE STORM 

L. KMvaky" 
Astronomical Institute of the Czechoslovak Academy of 
Sciences, 251 65 Ondfejov, Czechoslovakia 

Abstract 
According to photospheric characteristics, the ' 
observed region reached the peak of its develop
ment during May 17-24, 1981, with types F-G and 
H, and with insignificant flare activity. The spots 
in the corresponding longitude L and latitude posi
tion appeared in revolutions -2, 0, +1, +2. To 
provide a general idea of the state of activity, 
pictures of particular groups of aunspots, as well 
as of the solar disk in Hoc. are added. 

I. AR 26° S, CMP May 20, 1981 
The general photospheric situation is shown in the 

drawing (Fig. 1) for May 21, 1981, where also the 
numbering of active regions is indicated, while the 
chromospheric situations on May 16 and May 17, 1981 
are shown in Fig. 2a and b. 

The active region No 17653, studied under the radio 
noise storm program, was in position 23° - 30° S, CMP 
May 20, 1981, L=117°. During this revolution, the main 
group No 17644, together with significant flare acti
vity, was in position 08° - 18° N, CMP May 17 - 18, 
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1981, L=148° - 160°; it represented a complex of at 
least two /groups of sunspots (Fig. 4). During the 
revolution from east to west, the group with the observed 
noise storm (AR 17653) had the following parameters 
(the data of the rising and setting of the active 
region have been omitted): 

Table 1 

Day Type Type Spot area Number 
May Z magn. (10 - 6 surf, 

hemisph.) 
of spots 

14 R ? ? ? 
15 H oC 587 C 

16 H oC 554 4 
17 H csC 639 5 
18 FrG 0 588 10 
19 F<-0 a 632 14 
20 Fi-G OC 541 11 
21 FrG a 524 23 
22 F-G a 534 1? 
23 H oL 545 6 
24 H <X 579 9 
25 H ? 507 6 
26 H ? (412) (1) 

All data were excerpted from Solnechnye Dannye (5,1981), 
the magnetic types were deduced by us from polarities 
of the spots using the same data source, their Zurich 
types were determined from our pictures. 
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It is evident that the 'magnetic field lines were 
anchored in surrounding islands of opposite magnetic 
polarity (N) - which were not measured - even during 
days, when the classification was of type °C (unipolar). 

The flare activity of AR 17653 and AR 17644, processed 
by the method of summation curves during the studied 
revolution, is described in P. AmbroS paper in this 
issue). It is evident that AR 17653 with the studied 
radio noise storm had a very weak flare activity. 

II. Occurence of spota at ru 26° S, L=117° in the preceding 
and the following revolutions 

Apart from occurences of sunspots at this longitude 
(L=117°) and latitude position, we could observe activity 
already in the preceding revolution (-?), 18 S, CMP 
March, 1981 (type B), lasting only through March ?7. 
There were no sunspots in the last revolution (-1). 
In the following revolution (+1) we observed a group 
of sunspots of the late types, and a complex of several 
groups of sunspots (extensive in length, 60°) was 
in the vicinity at latitudes of 20 - 30° S; the group 
under study 26° S passed the CM on June 17, 1981. The 
activity in the northern hemisphere disappeared and appe
ared in the south. In revolution (+1) the observed group 
was mostly of type H (again with prevailing S polarity) 
and in the next revolution (+2) its place was taken by 
a group of type C-»B, which disappeared after July 12, 
1981 (=CMP). 

As regards the occurrence of sunspots, this longitude 
was evidently active (with certain breaks) for a number 
of revolutions and at the peak of its development 
(considering the interval March - July, 1981), and was 
apt to form a compact configuration of mostly late tapes 
(F-G, G, H), During the above mentioned revolutions 
AR ?S S, L=117° reached its largest araal development 
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(with respect to the photosphere) on May 17 - 24, 1931, 
e.g. on the very days when the radio noise storm was 
observed. This also agrees with the results obtained by 
J. §uk (19820 claiming frequent occurrence of radio noise 
storma in F - G type groups of sunspots (Tab. 1). 
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Fig. 1. Photospheric picture with sunapet active regions 
facular fields, May 21, 1981, 06 01 UT 
(Observatory Rimavake Sobota, Czechoslovakia) 



H 
Fig. -< 

spectrogram, May 16,' 
flare in AR 17644; (J. 

•'lth proton 
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Fig. 2b 
H^ - spectrogram, May 17,1981, 19 45 UT; (Big Bear 

Solar Observatory, California) 
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AR 17653 

c May 19 08 07 UT d May ?2 06 37 UT 
Fig. 3 

Orientation: top N, bottom S, 
left W, right E 

AR 17644 

# \ * « 

a May 14 09 00 UT b May 15 07 48 UT 
Fig. 4 

(All photospheric pictures from the Observatory of 
Val. MezirfSi, Czechoslovakia 
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Hot I.IKB IH3N0MENA OBSERVED AT THE .VROCiAW ASTRONOMICAL 

OBSgRTATOfflT BSWa'v'N 17-22 Cf KAY, 1981 

B. Rompolt and I . N . Garczyi i ska 

A s t r o n o m i c a l Observatory, ' of t h e Wroclaw U n i v e r s i t y , .V ro c J aw, 
1 o l a n d 

1. INTRODUCTION 
Observations reported here have been carried out within the 
frame of "Cooperative Observations of Type I Bursts Noise 
Storms". We intend to present all the results of our obser
vations for the period 17-22 May 1981 in oder to five a com
plete information on limb Hot events. 
The observations during the reported period were carried 
out in the following days and time intervals: 

17.05.1981 082 5 DT - 0957 VT 
19. 0645 - 1131 
20. 0615 - 1325 
21. 0615 - 0730 
rto 0615 - 1249 

The corono^raph of the Wroclaw Observatory enables us to ob
serve both stable and fast moving phenomena. The stable pro
minences are fiven in Figure 1 where the scale o/ prominences 
is preserved and the positions on the limb are marked. All 
active phenomena observed on the limb in the investigated 
period are listed in Table 1. 
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Cbnec-t ] o s i t i o n HL 

AJ/in/ N^O-'rf 17638 
X J l / : / 312--: 17660 
rai/s/ 302-3 17640 
BJl/m/ N12-rf 17660 
I P / s / 302-'? 17640 
A: /m/ K15-E 17662 
:? /m/ N15-3 17662 
J i a / i / N15-W 17644 
. i l l / s / N14-.V 17644 

The symbols used here mean: 
331 - bright surge at the limb 
313 - spray 
•'I: - erurtive prominence at the limb 
] ? - j imb flare 
A! - active prominence 
,/R/, /m/, /l/ - stand for the small, medium and large scale 
events, respectively. 
Time of the "Start'' and of the " ?nd" of the observation is 
fiven in UT. 3 f the recorded moment of time js underlined, 
it indicates the real time of the start an?1/or the end of 
an event. 

2. 023CIU3T1CH OF TES aVJNTS 

The discussed active events are illustrated by the sketches 
showing the outlines and in some cases the evolution of the 
events, a3 well as by the heifht-time diagrams /H-T and 
3-T/, in the diaprams of this type H represents the heirht 
above the limb and 3 means the displacement of material 
aloi" its trajectory both measured in the plane of the sky. 
""hus the riven heirhts H, and displacements 3, as well as 

Day 

20.05 

21.OS 

22.05 

Table 1 

5 t a r t 3nd 

0<T>5 DQ56 
Ol">5f 07 10 
0709 0717 
0°53 1005 
1054 .Wl 
0633 064 3 
0650 0728 
0637 0718 
1108 1245 
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the derived v e l o c i t i e s are the p ro jec t ions of the r ea l va
l u e s . 
17.05. 1981_ AI/m/ 0^05 - 0°56 riale no. 17638 

The active prominence exhibits slow chances and slow move
ments of knots. A general outline of the prominence and one 
of the knots denoted by "A" is presented in Figure 2. The 
knot A flows down to the chromosphere with an averape velo
city of 15 km s~ . The heipht-time diagrams for this knot 
are piven in Fieure 3. 

AP 1705.1981 

Fig. 2 
"The oolar Teonhysicai 7)ata" /SOD/ reports neither flares, 
nor mass e.iections or radio spectra active events but only 
a week noise storms-?'!, on selected fixed frequencies -
245 "Fz and ••'• 10 f'Hz, which started at 0°24 and lasted for 
about 8 h. 
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Fig. 3 

19.05. 1°81 BSI/1/ 0656 - 0719 Hale no. 17660 

A large surse erupts vertically up with a velocity decrea
sing from 80 km s~ to 30 km s~ ,, The maximum height rea
ched by the surre at 0707 is 43 000 km above the chromo
sphere. The consecutive phases of eruption of the surge 
are presented in Figure 4. The H-T diagram of the surge 
is given in Figure 5. 
The 3GD reports that a 1F flare appeared in the same place 
where the surge and at the same time /0657 - 0705/. 
The H«» mass ejection has also been reported: 0656 -0712. 
There is a lack of observation data on the selected fixed 
frequencies. The bursts of type 1 dc were recorded on ra
dio spectra during the time O634 - IS 16 while types "slow-
drift", Ills, during the time 0644 - 0650. 
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20.0"^ 1?S1 _ 2-S1/W "958 - 1005 Hal's no . 17640 

The surpe ascendinr with a veloci fcy 64 km s" reaches the 
maximum height of ?"5 °00 km and then d i sappears . The H-T 
diagram for t h i s event i s riven in Figure 6. 
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Fig . 6 
The oGD repor t s only the Hot mass e j e c t i o n a t the same 
time /0951 - 1006/. 

20i05_._J°8J l?£§l J05J. 1206 Hale no. 17660 
The top part of the flare mound elevates with a velocity 
V„=20 km s and after reaching the maximum heipht of 

-1 22 '000 km collapses with a velocity Vj,=6 km s . During 
the phase of the collapse of the flare a bright knot is 
seen at a height of 40 000 km in the corona which then 
flows down to the chromosphere along a loop-like trajec
tory with the velocity V R=15 km s~ /see figure 7/. 
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Fig. 7 
3GD does not report any flares during the time of the obse
rved by us limb flare. Mass ejection is given for the pe
riod 1147 - 1200 in the discussed limb region. The radio 
emission on selected fixed frequency -2800 MHz is enhanced 
at 1130 - 1200 exactly during: the time of the coronal knot 
existence. 

?1.05. 1°81 Al/m/ 0633 - 0643 Hale no. 17662 
----- 0 6 5 0 _ Q728 Hale no. 17662 

The active prominence of a height 30 000 Km initially rises 
Jurinp- the reported period and then dissolves. Soon after 
the active prominence disappearance, a small flare briphtens 
up exactly in the same place. The flare expands to a heipht 
of 1? OOO km only. These events are shown schematically in 
?ipure 8. 

LF 20.05.1981 
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APandLF 21.05.1981 

AP 6 35 06 

LF 6 50 05 

In the fime interval of the active prominence and the limb 
Hare, +fce f/>:> rerorts two flares - the first in the dis
cussed ~ep-ion, anr the second, on the disk at B U ^ S . 
mhe radio spectra bursts of type 1} K occur between 0634 -
1301. 

Ili21i..l^l élUU ° 6 ' 7 " n71? Hale no. 17644 
Tho individual blobs of the spray erupt perpendicularly to 
the limb as seen in projection in plane of the sky /Figure 
9/. Observations of the spray started when the spray was at 
a height of 100 OOO km above the limb. Initially compact 
Tass of the spray falls into individual blobs. Two leading 
knots nenoted by A and B are shown in Figure q. H-T diagrams 
for these two knots are presented in Figures 10 and 11. The 
knot A was being observed up to a height of 165 000 km and 
at that time it attained a maximum velocity V..= 100 km a - 1 and 
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Pig. 9 
V =170 km s . It is probable that the spray has been ejec
ted from a flare site according to SGD localized at N16<V61. 
Importance of the flare riven by various observatories ran
ges from 1N to 2B. Irovided the assumption that the spray 
explores vertically from the flare site /as usually sprays 
do/, it is possible to derive the real values of heiphts 
an J the real space velocities. Thus, the corrected values 
of the maximum heicht anri velocities are H=20 000 km, 
V„=120 km s _ 1 and V =200 km s" 1. 
The SGD reports some associated events. 
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The enhancement of radio emission on selected fixed 
frequencies: 

3200 MHz between 0618.0 - 0623.2 
2695 0618.5 0623.5 
8800 0620.1 0623.3 
2695 0631 0631.5 
3800 0631.1 0631.3 

The radio spectra: Culj; 0622 - 0631.5 DC I 
Blend 0622 0631.8 III GG 
CUIF 0630.5 0632 III G 

A sutfrten ionospheric d is turbance /SID/ was observed 
between n621 - 0804-. 
There i s lac'-,: of a mass e j ec t i on r e p o r t . 
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Pig. 11 

Taking into account the velocities reached by the spray, 
we evaluate this spray as an event of low energy. The ra
dio bursts, especially that of type III, seem to be asso
ciated with the initial phase of the event. 
22.ns i 1°R_1_ . H I / V 1108 - 1245 Hale no. 17644 
Jrurtlon of the prominence is of a small scale and is typi
cal of the eruptive prominences, evolution of the prominen
ce is demonstrated in Figure 12. The compact mass of the 
prominence breaks up into several knots in the later phase 
of eruption. The prominence lifts with a small velocity of 
*> - 10 km s in an early phase of eruption up to a height 
M 000 km /see Jipure 13/. Two distinct knots flowing 
down to the chromosphere along curved trajectories exhibit 
the velocities of around 100 ion 9~1. 
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EPL 22.05.1981 

FlF. 12 

DurinF the time of the erupt ion no observat ions of f l a r e s , 
mass e j e c t i o n s and radio b u r s t s on se lec ted fixed frequen
c i e s were repor ted . The radio b u r s t s type I I I were obser
ved only in time 1126.2 - 1126.2 and 1224 - 1657. 
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3. CONCLUSION 
Concluding, we would like to stress that the active region 
Hale no. 17644 displayed a quite pronounced- activity during 
its disk passage as well as during +he west-limb crossing, 
as we have observed. 

In the observations reported here the following observers 
participated: G. Brombszcz, I. N. Garczynska, P. Majer, 
J. Paciorek, B. Rompolt, and J. Wasiiscionek. 
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5303Å CORONA CONNECTED WITH McMATH PLAGE REGION 17653 

V. Rus'in and M. Rybansky' 

Astronomical Institute, Slovak Academy of Sciences, 

Tatranska Lomnica, Czechoslovakia 

Abstract 

A close correlation is shown to exist between photospheric and 

coronal activity in McMath Plage Region 17653. A type I noise 

storm is generated when growth in the emissivity of the green 

corona is observed. 

1. Introduction 

This report summarizes the observations of the green (5303Å) 

emission corona from the following coronal stations: Sacramento 

Peak, Norikura, Kislovodsk and Lomnicky Stit for McMath Plage 

Region 17653. Observations of this corona were made above the 
o 

sun's limb in steps of 5 from the north pole of the sun. The 

observations from different stations differ in the positional 

angle, as well as in the absolute value and in the height, and 

therefore, it is necessary to reduce them to a uniform scale. 

This was done on the absolute scale of the Lomnicky Stit Ob

servatory using Rybansky's method (Rybansky, 1975) and for a 

height of 40". The enhanced emissivity of the green line (Fe 

XIV) reflects very well the photospheric activity during the 

cycle (see for example Rusin et al., 1979) in the solar corona. 

The relations between the development of the green corona and 

type I noise storms are not fully explained. This problem is 

studied in the following. 
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2. Observations and results 

The observed data are presented in isophote maps in Figs, la, 
lb, lc, and Id. Two charts of line intensities in longitude vs. 
latitude are shown, left: as measured at east limb, right: as 
measured at the west limb. Solar longitude is given at the top, 
the observing dates are at the bottom and the solar latitude is 
at the left hand side. Charts have been prepared for a period 
of several rotations before, and one rotation after, the time 
of interest (HL 17653). This is marked at the left for the east 
limb (-2.5 E in Fig. la) and at the right for the west limb (+1 
W in Fig. Id). 

70* 200° ?0° 200° 

70* 200° 70° 200° 
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The intensities are exoressed in absolute units. The 
lowest isophote is generally at 25 units. The step between two 
isophotes is 25 units. Isophotes above 100 units c.re shown by a 
bold line. The region where the noise storm of interest oc
curred is shown by a box. The Hale number (HR) of the associ
ated active region in the underlying layers is given in the map 
0 W of its actual west limb passage; the date of its west limb 
passage is given in the first box (Fig. la). 

Based on the above charts we can see that the enhanced 
intensities of the green corona, connected with HR 17653, begin 
to appear just above the east limb when the region rises on to 
the visible disk (Fig. lc) . Two rotations earlier (Nos. 1706 
and 1707), lower intensities were observed at the same place 
(nearly at the center of the box). V.'e note that this active 
region is only one part of a greater complex of activity in 
area, as well as in time, so that the enhanced intensities of 
the neighbouring areas may partially mask the area under study. 
No conclusions about its energetic characteristics can be 
drawn. Nevertheless, one may say that the coronal activity 
connected with HR 17653 originated at places, where the lower 
intensities were observed earlier, mainly in latitude (Fig. la 
and lb). The resonance of neighboring areas definitely ended in 
April 1981 and was connected with the west limb passage of HL 
17596, a new region in the place of 17541, or of 17542 which 
passed the west limb in rotation No. 1706 (Fig. la). 

o 
The occurrence of the new region HL 17653, L = 115 , B = 

o 
-26 , in rotation 1708 was already connected with enhanced in
tensity of the green corona. Its maximum was observed at L = 

o o 
105 , B = -26 . During its passage across the visible solar 
disk, one could observe further growth in the area (of about 5 
times) at the same or slightly lower intensity (Fig. lc). 

The next return of this region to the east limb was again 
accompanied by low intensities (Fig. Id, left). Its passage 
across the visible part of the sun's disk during this rotation 
(No. 1709) was connected with growth in intensity. The enhanced 
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intensity values obtained in the period under study are given 
in Fig. Id, right. 

This picture of evolution of the emission corona agrees 
very well with the assumption of Benz and Wentzel (1981) of the 
intimate connection between Type I radio bursts and the evo
lution of the solar corona. The higher intensity of the green 
corona is a function of N 2 and T . We assume the increase of 

e e 
both values to be connected with the dynamical processes, oc
curring inside active regions, which are responsible for this 
type of radio bursts. 

Apart from this we can say that a very close connection 
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exists between coronal intensities and photospheric activity. 
Intensities inside the same activity region are not constant in 
time, but vary. Similar results were obtained for other mani
festations of solar activity (Svestka, 1972; Rusin, 1981). 
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