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ABSTRACT: - The paper deals with an amslysis of 1adio fade-outs and magnetic
storms with a view to corvelating them with solar flares and sun-pot numbers. Data
for the years 1046-1949 have been analysed. Dellinger fade-outs have been obscrved
to be well correlated with salar flares. Based on the theory of corpuscular emission
from solar disturbances, delayed tvpes of fade-outs and magnetic storms have been
observed to go together and the delay time gives an approximate measure of the speed
of the corpuscles. Occurrence of a solar flare has also been found to agree with that
of high sunspot number. The analysis of the magunetic character figure indicates
that it has no regular relationship with sunspot numbers However, the central
meridian passagce of large sunspot groups is often found to he associated with flares,
fade-outs and magnetic storms. Various correlations have hien represented in the form
of graphs and tables. A very high percentage of radiv tade-outs has been found uncor-
related with solar flares and sunspot numbers. It has been postulated that such radio
fade-outs may be caused by M-region activity

1. INTRODUCTION

It is known for a long fime that certain disturbances happening in
the sun produce significant changes in the ionosphere and in the carth’s
magnetic ficld, Solar disturbances are in the form of sunspots, bright
chromospheric cruptions and very high frequency radio moise. In  the
jonosphere we have radio fade-outs, ionospheric storms, sudden phase
anomaly on very long waves and fading of ionospheric signals. The
magnetic disturbances are usually in the form of sudden variations in the
horizontal intensity of the carth’s magnetic field and the production of
“Crotchets” in the magnetograms.  Attempts have been made in the past to
correlate the ionospheric and magnetic disturbances with solar flares and
sunspot numbers but no regular relationship has yet been established.
It has, however, been obscrved that certain brilliant solar flares have
prodnécd simultancous radio fadc-outs and magnetic storms. But when
onc attempts to analyse statistically the solar, ionospheric and magnetic
data, any gencralisation regarding the “cause and cffect”’ relationship
cannot bhe obtained. The object of this paper is to present one

* 'This paper was read before the Indian Science Congress held in Januaty 1gst
at Bangalore and was later revised and extended.
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such statistical analysis of the data for radio fade-outs, magnetic storms,
solar flares and sunspot numbers covering the period 1946 to 1949. For
the purpose of clarity, we have divided the data in discrete groups and
individual analysis has been presented. The data are considered not
sufficient and as such the analyses might not yield highly satisfactory cone
clusions. Nevertheless, they may show some useful cotrelations.

In the present paper we have analysed the data for radio fade-outs
as recorded at the receiving station of All India Radio in Delhi (latitude
28° 35’N, longitude 77° 5’E). 'Thesc fade-out data are mnot based on any
continuous records of signal strength. But as the reception conditions of
regional and forcign stations arc regularly checked round the clock through-
out the year, the data may be considered to be fairly comprehensive.  The
data for solar flarcs and individual sunspot groups have been taken from
Kodaikanal (latitude 10° 14'N, longitude 77° 28’E! observatory. A few
flare data have also been noted from published reports of the observatories.
The magnetic data are mainly the geomagnetic character figures as supplied
by Greenwich (latitude=350° N, longitude=0"), The data for great
magnetic storm have been taken from records at Alibag (latitude =18°
45'N, longitude=73"I) magnetic obscrvatory. The sunspot numbers
have Dbeen taken from the data published by Zurich Obscrvatory in the
Journal of Geophysical Research  (previousiy named Terrestrial Magnetisin
and Atmospheric Electricity). The period under consideration is 1946 to
1049.

2. KFFECT OF SOLARTFTLARE

In this section we shall summarise the more recent work on the correla-
tion of ionospheric and magnetic cffects supposed to be due to solar flares.
1t is known that certain types of solar flares give rise to a train of terrestrial
effects including radio fade-outs. Different aspects of these cffects have
been discussed by Ellison (1949), Rydbeck and Stranz (1949). Some cffects
arc simultaneous which are supposed to be caused by wave radiations (mainly
ultraviolet). Almost simultancously with the occurrence of a flare, a newly
ionised layer is formed at a height of 70-go km. This layer affects the
sky-wave radio transmission in a profound manner. Depending upon the
amount of ionisation, short wave transmissions are completely or partially
interrupted. We shall describe this type of fade-outs in morc detail in
Section 3.

On very long waves the effect of this newly formed layer is completely
different. ‘These waves suffer alinost mirror-like reflection from the edge
of the layer and reflection is very much improved. Due to this reason,
increase in low frequency atmospherics is also neticed. Bracewell and
Straker (1949) have shown that on very long waves (16 kc/s) the phase
difference between the ground wave and the reflected wave shows sudden
change with the occurrence of solar flares, The nature of the sudden phase
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anomaly is such that it indicates sudden lowering of the reflecting layer
and they are always observed whenever there is a flare even though the
ionisation in the layer may not be sufficient to produce any noticeable fade-
out in the high-frequency sky-wave transmissions, The correlation between
the incidence of solar flare and the occarrence of sudden phase anomalies
on very long waves is so satisfactory that the observation of the phase of
the down-coming waves on very low freqmencies provides a powerful tool
unhampered by conditions of visibility for 'i.nvestigatiug the solar flares.

Another direct effect is the formation of geomagnetic ‘Crotchet’. Ilem-
ing {1936) and McNish {1937, have poiited out that the magnetic cffect is
an augmentation of the normal daily variation over the sunlit hemispherc,
probably due to increase in ionisation of the atmosphere, by ultraviolet
light trom the solar eruption, at the bottom of or below the Ii-layer.

After the discovery of the emission of solar radio noise, attempts have
been made from time to timce to correlate the emission of solar noise with
radio fade-outs and happenings on the sun, It has becn observed that varia-
tions in noise intensity are closely linked with sunspot activity. Allen i1947)
has shown that thc average intensity of solar noisc at 1.5m wavelength
follows the variation of the integrated projected area of sunspots. DBetter
correlation has, however, been observed between noise intensity and the
central meridian passage of largce sunspots, This has been cxplained by
directive emission of noise when sunspots are near the central meridian.

Allen (loc. cit) has analysed the records of short period increases in
noise intensity over w year at r1.5m wavelength with a view to correlating
them with visual phenomena. He remarks, ‘‘We could find no chromospheric
or photospheric features which appeared to have an invatiable physical
copnection, or high shcrt period correlation, with the solar radio noise ',
Appleton and ey (1946}, on the other hand, have reported instances when
large increases in solar noise at 4.7m wavelength were associated with solar
flares. Covington (1948' has also observed substantial increase in noise
intensity at 1o cm accompanied by sudden ionospheric disturbances which
are usually attributable to solar flares.

Attempt has also been made to correlate the occurrence of radio fade-
outs with the cmission nf noise-bursts at various wavelengths (Payne-Scott,
Yabsley and Bolton, 1947). No conclusion has yet been arrived at. Con-
siderable amount of data spread over a large number of years is needed
before any correlation can be established.

Some effects of solar flare are delayed. These are con;«sidered to be due
to corpuscular emissions. Magnetic storms and aurore are the most con-
spicuous phenomena amongst the delayed effects. The time-delay depends
upon the travel-time of the particles from tlne.su'n to the .earth. F2-layer
jonisation and layer-height show abnormal variations during and after a

magnetic storm, thereby, adversely affecting radio transmissions on high

frequencies.
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Considerable attempt is now being made to correlate cosmic ray bursts
with solar flares and sunspot activity. But no conclusive evidence regarding
the increase in cosmic ray iutensity after an intense solar flare (after a few
minutes to an hour or so, depending on whether the constituent of the ray
is high speed electron or proton) 1s yet available.

32 RADIO T"ADEOUTS AND SOLAR TFTLARES

In this section we shall consider the radio fadc-outs that may or may
not have heen caused by solar flares. Now, it is known that therc are two
types of fade-outs usually observed. In one type, suddenly within the
space of a minute or so, short-wave {10-50 metres) channels of communica-
tion suffer a part.al or complete interruption, at least if any part of them
happens to lie in the sunlit hemispheie of the earth. These are termed
Dellinger type, named after their discovery by Dellinger in 1935. In the
other type, however, the process of interruption to communication service
is rather slow and gradual. We shall first describe the Dellinger type.

Since in the Dellinger fade-outs, the propagation through sunlit
hemisphere is affected, it can be deduced that the cause is a wave and not
a particle effect. Some such fadc-outs have been found to be synchronous
with certain solar flares and their duration comparable with the visibility
of the flare in Ha light. The immediate cause of the fade-out is the forma-
tion of a mewly ionised mom-reflecting layer at a hceight of 70-go km, the
cause of which is usually ascribed to the resonance line of hydrogen, Lymanx.
This cmission linc (1215.7 A°) in a flarc must have an intensity and a
line width far exceeding those recorded in the visible spectrum for Ha,
This in itself would not give rise to atmospheric ionisation ; but it so happens,
as first noted by Chapman and Price (1937), that thc resonance line of
atomic oxygen has a wavelength of 1217.6 A°. ‘1he wide wings of Lx
will certainly overlap this oxygen line for the greater part of the lifctime
of a flare. ‘The oxygen in thce atmosphere will therefore be excited and in
the denser part of the atmosphere (70-go km) collisions will be sufficiently
frequent to prevent re-radiation. Extra ionisation will thercfore take place and
as soon as the ionising agincy is removed, the disappearance of the ionised
layer takes place. As the cause of the fade-out is absorption by the newly
formed layer, lower frequencies are more affected and in the case of a
complete fade-out, higher frequencies are the first to recover.

3(0) ANALYSIS OF DATA

In this section we describe the analysis of the data for Dellinger fade-
outs with a view to ascertaining their cause. .

From the list of fade-outs, recorded in the Recciving Station (Todapur)
.at Delhi for the years 1046-1049, 41 fade-outs are found tp have clear Dell-
inger characteristics. Of these 12 were recorded during the forenoon period
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and 29 in the afternoon. Five forenoon fade-outs are found to coincide
unmistakably with solar flares observed at Kodaikanal. Whereas, in the
remaining seven, there is some uncertainty since the observations of solar
flares are limited due to weather condition. For the afternoon period there
is no coincidence since practically no solar flare data are available from
Kodaikanal during this period. It is, ho\vc\ér, observed that some of the
outstanding flares recorded eclsewhere and ci_tcuning during Indian day-light
hours have not been reported from Kodaik'mﬂ% Obscrvatory, probably due to
poor visibility. Unfortunately all such ﬂa?e data cannot be utilised for
sur purpose as somctimes ounly the dates }of occurrence are given, Kven
then eight of the tweatynine afternoon Ia‘ﬁe-outs‘were found to coincide
with flares. ’

The simultaneous occurrence of 13 fade-outs with solar flares is indicated
in figure 1. In this figure time is reckoned from the start of the fade-out
which is known correct to within a few minutes. Whereas, in the case of
solar flare, time of start is not very often known. In some cases, only the
time of peak intensity of the flare is given. If these uncertainty factors
are taken into account, figure 1 clearly brings out the simultaneity of the
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occurrence of D:llinger fade-outs with corresponding solar flares. Since

the fade-out data are not based on any continuous record of signal strength,
variation with time of intensity in the received radio wave cannot be compar-
ed with the variation of Ha line-width of the solar flare. Attempts f»b‘a:Ve been
made by Bracewell and Straker (1949 .to COfllpal‘e the amoun.t. ? Sdud(.len
nhase anomaly’’ (in degrees) with the line-width of Ha emission during

4—1853P—12



568 S. N. Mitra and S. C. Mazumdar

the solar flare of Jume 7, 1948. Ellison (1949) has shown graphically the
correspondence between the intensity of solar radio noise and the line-width

of Ha emission line during flares.

3.() OTHER FPADEROUTS

In the previous section we have seen the correspondence between Dell-
inger fade-outs and solar flares. In this section we shall analyse all the
fade-outs, and attempt to find out how many of themm may bc ascribed to be
due to ultraviolet emission from solar flares and how many due to corpus-
cular emission from them.

As many as 122 fadc-outs were recorded during the years 1946-1949.
These fade-outs were of various intensities and durations. The frequency
ranges affected and the geographical locations of the transmitters so affected
are also different in different cases.

Table I gives the number and duration of the following three classes
of fade-outs:

(1) Fade-outs which more or less coincided with an observed solar
flare (ultraviolet effect) ;

(2) Fade-outs which were observed 20 to 40 hours after an observed
solar flare (corpuscular effect) ;

(3) Fade-outs unassociated with any obseived solar flare, In consider-
ing solar flares, lower intensity flares were not discriminaled against,

TanLe 1.
’ i ; Total Average
Oreur vo | adaive | duation | dwation
' Hrs. Mins. | Hrs, Mins.

1. Fade-outs which more 11 9% 44 45 4 4
or less coincided with
an observed flare
(Kodaikanal data).

2. Fade-outs which were 12 9.8% 39 1
observed 20 to 40 his. s 5
after an observed flare.

3 Fade-outs unassociated 99 81 29 260 48 2 43
with any observed flare, ’

Tctal 122

1t will be seen from Table I that about 20% of the total number of
fade-outs have either direct or delayed correlation with a solar flare. Such
a Jow percentage of correlation does not necessarily prove that most
fade-ouls ate unassociated with solar flares.

The observation of flares is highly dependent upon weather conditions
and for a Letter correlation, if any, one needs observing flares in any climatic
condition, For this purpose the sensitive method of detecting a flare by

e
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sudden phase anomalies on very long waves may prove useful and when
systematic data are available over a large number of years, better correlation
between radio fade-outs and solar flares may be obtained. Furthermore,
on a very long distance circuit, the receiving point lying in the dark hemi-
sphere may report a fade-out when a flarc has actualiy affected the propaga-
tion condition in that part of the ionosf)here lying on the sunlit side. In
this case the flare data may not be ordii:arily available, Again, for the
delayed type of radio fade-out, the corresponding solar flare may not necess-
arily be observable at the receiving point. All these factors indicate a poor
correlation between radio fade-outs and sofar flares. A world-wide coordina-
tion of fade-out and flare data is therefore ‘necessary for the purpose of a
more effective correlation between the two data.

Table II shows the correlation betwecen flares of different intensities and
the radio fade-outs associated with them. It will be observed from the
table that relatively small number of flaves of intensity 3 has been effective
in producing larger number of fade-outs, simultaneous or delayed.

TasLe II

Flare Simul- Delayed Percen-

type Number Relative taneous Relative | fade-outs | Relative tage corre
(inten- | observed |abundance fade- abundance{ (20-40 |abundance lgati o :
sity) outs hrs) n

| - - -

1 I 141 79-7% 6 54-5% 7 58 3% 10%

2 23 13.0% 1 9.1% 2 16.7% 13%

3 and 13 7-3% 4 36.4% 3 25.% 54%
3% L -
Total 177 11 12

The last column in the Table II shows the percentage of solar flares
(out of the total number of each individual type observed) effective in produc-
ing a corresponding fade-out. Here again it wili be seen that in 54%
of intensity 3 flares a corresponding fade-out is observed. It must, how-
ever, be remembered that the classification of flarc types in different in-
tensity groups is purely arbitrary and the same flare, while being observed
at the same time, has been classified differcutly by different astronomers.
Continuous photography of He linc-width during a flare has been attempted
in a few exceptional cases and the intensity of a flare has not yet been given
a quantitative basis. It may, however, be noted from the above analysis,
that although type 1 flares are not usually associated with a corresponding
fade-out, type 3 flares are fairly well correlated.
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4. SUNSPOT NUMBER 8§ AND SOLAR FLARES

In previous scctions we have discussed the correlaticn hetween the
occurrence of solar flare and a corresponding radio fadc-out. It may be
of interest to sec whether the probubility of occurrence of a flare can be
foreseen. As it is also known that these flares usually occur m the vicinity
of active sunspot groups (particularly of bipolar grcups) it wili be worth
investigating how the number of flares of differing intensity varies with the
sunspot number. (The mechanism of formation of such flarcs and the
probable mechanisin of emission of uitraviolet and corpusculat radiations
are outside the scope cf the present paper).

Figures for Provisional Zurich Sunspot number and Kodaikanal solar
flares have been grouped (1946-1949). Table I1I shows the number of flares
of different types against days on which sunspot number was lying between
certain limits (i.c. o-50, 50-100 etc.,). Figure 2 shows a plot of total number
of flares against sunspot numbers. The number of days on which the
sunspot number was lying within those limits is also shown in the same
figure by the dotted curve. The dashed curve indicates the number of radio
fade-outs.
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Dependence of flares and fade-outs on sunspot number

It will be seen from figure 2 that the largest number of flares was observ-
ed on those days when the sunspot number was lying between 150 and 200,
wlereas, the largest number of days were found to indicate a sunspot number
lymng between 100 and 150. The correlation between the fade-out curve
and the sunspot number curve is not very significant since it is quite probable
‘that large number of days will produce larger number of fade-outs. To
further clarify this point, Table III shows the percentage of days having
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certain sunspot number effective in producing a flare or a fade-out. It will
be seen from this table that the days having higher sunspot numbers are
more eflective in producing relatively higher number of flares. But for
radio fade-outs no such geueralisation can ‘be made. It should, of course,
be remembered that the occurrence of flares is dependent more on the
activity of sunspots than on the number oQ' spots. In a later scction we have
shown the correspondence of the central n{cridian passage of large sunspot
groups with radio fade-outs, solar flares and magnetic storms,

i

TapLe TH

J
et ween | Tusel lsoluy fioies | dwve | Neoof fadeonts | o of davs
0-50 59 1 1.7 4 I 6.8
5°-100 402 31 77 36 9
100-150 529 43 8 50 94
150-200 341 53 16 22 6.5
200-259 101 19 19 8 8
250-300 19 8 42 2 10
300-359 8 2 25 2 25

5. CHARACTER OF GEOMAGNETIC FIELD
AND RADIO IFADE-OUTS.

There is another class of fade-outs which do not possess the Dellinger
characteristic and is generally attributed to the F2-layer. There is no
sudden onset and reception generally starts becoming poorer gradually and
somelimes signals disappear altogether. Very often reception conditions
remain subnormal for a considerable length of time, higher frequencies being
affected more than the lower frequencies. Magnetic and ionospheric distur-
bances producing this type of fade-outs often go together, the ionospheric
disturbances somctimes continuing for a considerable length of time
after the magnetic disturbances have subsided. This point will be further
discussed in the next section.

ANALYSIS OF DATA

Fade-outs other than thosc of Dellinger type recorded during the years
1047-40 were considered. Table IV gives the number of fade-outs tuking
place on days, the gcomagnetic character figure for which or for the previous
day (whichever value is highet) lies between certain limits (i.e. 0-0.5, 0-5-1.0
etc.). Tt wiil be seen from this table that the fade-out is more frequent on
those days liaving higher character figure. Though the number of days
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having a character figurc lying between 0.5 and 1 greatly ouinumbers that
having higher character figure, the largest number of fade-outs is observed
on the days having chaiacter figure lying between 1 and 1.5. Furthermore,
the number of days having character figure between 2.0 and 2.5 is very
small, still the numter of fade-outls observed during these small number
of days is quite high. This trend both in respect of complete and partial
fade-outs shoys that magnetic storms and radio fade-outs could have the

same origin.

TABLE 1V
. Number of face-outs ] e No. of % of
Character figure Complete Partial , Total days days
0=05 ) i o o 237 0
0.5--1.0 1 9 10 568 1.6%
! i
1.0~1.5 2 9 T 248 5%
1.5-2.0 3 7 10 { 38 26 3%
2.0—2.5 , 1 | 6 7 i 7 100%

N.B. Character figuie 2.5 is regarded a« indicative of the most disturbed condition of
the earth’s magnetic field.

6, MAGNETIC STORM, RADIO FADE-OUT
AND SOLAR FLARE

In this section we shall describe radio fade-outs during and after great
magnetic storms. These storms disturb the geomagnetic field throughout
the world including the dark hemnisphere and sometimes centinue for days.
Chapman and Ferraro {1931-1933) have suggested that the corpuscles emitted
from a disturbance in the sun cannot penetrate into the carth’s atmosphere
and these form a curient ring round the earth. ‘These corpuscles ultimately
drift towards the polar regions following the magnetic lines of force. During
the formation of the current ring and the drift of the stream of corpuscles,
the magnetic ficld of the earth js disturbed and a magnetic storm is in
progress. It is, therefore, seen that a magnetic storm which is being
caused by the incidence of corpuscular radiation isa delayed process since
the particles take considerable time to reach the earth from the sun,
The ionospheric storms that generally accompany magnetic storms are
also possibly caused by the incidence of these charged corpuscles. Now, these
storms which are characterised by lowering of the F2-layer critical penetra-
tion frequency and increase in the layer height, are naturally expected to be
tnore severe at higher latitudes and particularly in the auroral zones, During
worst disturbances stratification of the F2-layer has been known to occur.
Table V gives a number of magnctic storms recorded at Alibag Magnetic
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Obsetvatory during the years 1946-1949 which were accompanied by fade-
outs. Details of these fade-outs show that most of them were of considerable
duration and in large number of cases transmissions originating fromn places
at higher latitudes were only affected. Radio reception at higher frequen-
cies was more disturbed and in a number of instances higher frequencies
originating at higher ialitudes were the. only {ransmission circuits to be
affected. In somec cases, thc jonosphefic disturbances, as evidenced by
radio fade-outs, continued quite often for s%me 10 to 20 hours after the end
of magnetic storms. In onc instance it was found to continue for as long
as 44 hours. k

In the Table V, any solar flare corresponding” to an observed magnetic
scorm has been noted.  The time diffcrenct} between the start of the flare
and the start of the storm lias also been inflicated in individual cases. The
average time iuterval appeats to be 3o hours. The avcrage speed of the
particles 1s therefore about 1400 km/sec  An interesting feature in the
above analysis is the fact that almost all the flares thus correlated with
magnetic storms and radio fade-outs were situated within 45° ot the central
meridian thus confirming the hypothesis that corpuscular emission from a
flare is confined to a narrow conc normal to the solar surface at the point
of cmission,

Corpuscuiar cmission from the sun  has been extensively studied
during auroral disp'ays. Recently, during the intensc¢ auroral storm of
18 — 20 August, 1950, Dr. Meincl of Yerkes Observatory has observed the
spectral region of the H=z linc with a high resolution spectrograph, both
with the spectrograph pointed towards the magnetic zenith and also towards
the magnetic horizon. e found that the Hz iine photographed along
the magnetic zenith was very unsymmetiical, the maximum being displaced
by 108 and the violet wing was shifted 71X, ‘This is attributed to the
Doppler shift due to the motion of protons. The velocity of the protons
entering the earth’s atmosphere was thus found to be 3200 km/sec. These
ol ervations gave dircet support to the corpuscular emission from the sun
during aurorae and magneltic storms (Chapman, 1950).

. SUNSPOT NUMBER AND CHARAUTER OF TIIE
GEOMAGNETIC FIELD

In the previous section we have scen that solar flares may be regarded
us responsible for producing a vety few geomagnetic storms. But it has
been fairly well established that whatever cause produces the geomagnetic
storm, the same could be responsible for the type of fade-outs described
in the previous section since almost all the fadc-outs occurred nearly at the
same time as the magnetic storms (I'able V). In this and the following
sections we shall enquire whether sunspots have any influence on the

occurrence of storis,
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It has been experimentally observed in the past that active spot groups,
generally of bi-polar type and of relatively bigger dimensions affect the
geomagunetic field rather profoundly during certain period of the life of the
spot-group. In the following section we have considered separately the
effect of the central meridian passage of large sunspot groups. However,
an analysis for all the days in the year 1948 of the relative sunspot numbers
and magnetic character figuies indicates that there is no regular rclationship
between sunspot numbers and magnetic index. This is in good agreement
with the observed events since only the centrally situated active spot-groups
are known to affect the geomagnetic ficld whereas, the daily sunspot numbers
take into account all the spots, big or small, situated anywhere on the
visible solar hemisphere. Moreover, there are too many minor disturbances
in the magnetic activity. Hence a correlation between magnetic character
figure and daily average sunspot number cannot be expected. But during
long periods of greater sunspot activity, the geomagnetic field may be
expected to be more disturbed. ‘I'his has been dealt with in the next section.

8. KEFTIECT OF CENTRAL MERIDIAN PASSANGE OF
LARGE SUNSPOTS ’

In the previous sections, while discussing the effect of sunspot numbers,
we have considered only the relative number of spots. We have. also
seen that there is no close relationship between the daily sunspot number
and the values of the magnetic activity. Intense imagnetic storms are, on
the contrary, decidedly corrclated with individual large sunspots and vice
versa.

Exhaustive analysis of large sunspot numbers and magnelic storms has
been made by Grecves and Newton (1928) and Maunder (1gog etc.). The
analysis reveals the interesting fact that the occurrence of large inagnetic
storms is associated with the presence of large spots in a sector between 26°H
and 53°W. The average position is a meridian which at the time of
commencement of the storm had passed the central meridian about one day
before. It has further been observed that storms with sudden commen-
cements ate more closely correlated with sunspots than storms without
this character.

In this section we present an analysis of the effects of the central
meridian passuge (CMP) of laige sunspot groups. ‘The data for sumspot
activity have been mostly collected from the reports of Kodaikanal Observa-
tory. Figure 3 shows tlre correspondence between the CMP of large
spot-groups with radio fade-cuts, solar flares and wagnetic storms. The
areas (in millionths of sun’s visible hemishere) for iudividual spot-groups
are known in very few cases which have been indicated along the line
showing the CMP, We have considered three days on either side of the
CMP of a spot-group and any flare, fade-out and magretic storm occurring
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within these seven days has been shown in the figure. We have mno
quantitative basis for indicating the flare since the Ho line-width has not
been plotted in most of the flares. Only types 2 and 3 flares have been
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F1c. 3
Etfect of central mardian passage of large sunspot groups
included. For the case of the magpetic storms, we have indicated the
number of days through which the storms lasted ; their intensity has not
been taken into account.

It will be evident from figure 3 that, considering thc very meagre data
at our disposal (four years), the central meridian passage of large spot-groups
is often found to be associated with flares, fade-outs and magnetic storms.
We refrain from making any statistical analysis since the data are considered
to be very limited.

CONCLUSION

Qur analysis indicates that a large number of the radio
fade-outs are usually not correlated with solar flares and sunspot
numbers although they appear to be well correlated with magnetic storms.
Out of 122 fade-outs, 9o are unassociated with a solar flare and out of 177
flares, 154 do mot produce either a simultaneous or a delayed fade-out.
The correspondence between the radio fade-outs and magnetic storms is
understandable since they are supposed to be caused by the same mechanism.

The high percentage of fade outs unassociated with flares is suggestive
of a new source of sclar origin for the fade-outs. It seems plausible to



580 S. N. Mitra and S. C. Mazumdar

attribute the occurrence of a fade-out {except those very few associated
with flares) to the M-region activity. Recent experimental evidence
indicates that the M-regions on the sun are likely to emit corpuscular
radiation (Sengupta and Mitra, 1954). The speed of these corpuscules
may very within wide limits, We wish to point out that there are a number
of observations on record where the effect of M-region activity upon the
Fz-layer has been ohserved. The possibitity of the M-region emitting
ultraviolet radiation cannot also be excluded. Detailed investigation
regarding a possible correlation between the M-region activity and radio
fade-outs is in progress.
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