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Summary

The geomagnetic effects of Ca-flocculi and large sunspots have been
investigated statistically using the method of superposed epochs. The study
covers the period 1919-1954, and the main results are exhibited in a series
of diagrams. Magnetic storms show a definite relation to the CMP of
active regions, and the correlation is found to persist throughout the solar
cycle without noticeable change of character. This applies to both
recurrent and sporadic storms, but the type of correlation differs markedly
in the two cases. The results lend support to the current hypothesis that
there are two kinds of solar corpuscular emission:

(i) prolonged emission from M-regions which are largely independent

of active areas. .

(ii) transient emission from active areas.

In both cases, the emitted particles reach the earth in an average time of
3 days. The hypothesis that the recurrent storms are caused by particle
streams from active areas is shown to be untenable. M-regions tend to
avoid the immediate vicinity of active areas, but are strengthened at a distance
of 30°—90° from the active areas, particularly on the * following ' side.
The nature of M-regions is discussed in the light of the statistical evidence.

1. Introduction.—The 27-day recurrence tendency of magnetic storms was
demonstrated by Maunder (10) at the beginning of this century. The recurrent
storms are ascribed to corpuscular streams from unknown regions on the Sun,
and repeated attempts have been made to relate the storm sequences to visible
solar features. Butthelocation of the M-regions (the hypothetical stream sources)
is still a matter of controversy. In this paper we shall consider the possible
connection between M-regions and areas of activity on the Sun. There has been
some divergence of opinion on this subject in recent years. Allen (1) came to the
conclusion that M-regions tended to avoid large sunspot groups. Similar views
were subsequently expressed by various authors who studied the distribution of
sunspots, Hu-filaments or coronal emission (Kiepenheuer (8, 9), Waldmeier
(22, 23), Bell and Glazer (5)). Theidea that M-regions avoid active solar areas
has been challenged by Mustel and associates (x5). Their investigation of
calcium flocculi (plages) has led them to conclude, in a series of 20 papers, that
M-regions are identical with active regions on the Sun. According to this hypo-
thesis, the active areas, characterized by Ca-flocculi, bright A5303 regions and
sunspots, are the sources of approximately radial corpuscular streams. These
views disclose a remarkable lack of agreement.

The prime object of the present analysis was to decide between the conflicting
hypotheses.
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2. Method of analysis.—At present, the relation between magnetic storms and
solar activity can only be elucidated by means of a thorough statistical investigation.
Extensive solar and geomagnetic data are required, and these data must be as
homogeneous as possible. Records of coronal emission are rather limited and the
following study will therefore be confined to chromospheric and photospheric
manifestations of activity. The Meudon synoptic maps of the Sun (18) provide
the necessary records of calcium flocculi. 'These maps form a continuous sequence
from 1919 onwards. The present investigation covers the whole period from
December 1919 to December 1954. The method of superposed epochs was
used to determine the correlation of magnetic storms with the central meridian
passage (CMP) of calcium flocculi. The brightness of a flocculus is indicated on
the Meudon maps. For the years of declining solar activity the CMP of every
flocculus, irrespective of brightness, was taken into account. 'T'o repeat this for
the maximum years would not have been practicable owing to the great number of
flocculi in those years. Instead, a separate study was carried out for the brighter
flocculi alone and extended over the entire solar cycle. These flocculi, which will
be referred to as ‘‘ bright >’ flocculi, constitute approximately one third of the total.
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Fic. 1.—The favourable hemisphere (I), unfavourable hemisphere (II)
and central zone (C) of the Sun.

Ca-flocculi are much more frequent than sunspots and may be regarded as a
more general sign of activity. Sunspots, when they occur, are always accompanied
by bright flocculi (the converse is not true). For comparison, a parallel study was
made using large sunspots instead of flocculi. The dates of CMP of the sunspots
were extracted from the Greenwich tables of great sunspots (20). These include
all groups > 500 units.

It has been suggested (5, 6) that an M-region is much more effective in creating
a magnetic disturbance when the Earth is on the same side of the solar equator
as the M-region. With this in mind, the period was divided into 7o half-years
determined by the sign of the Earth’s heliographic latitude and the correlations
were studied for each half-year separately. A complete distinction was made
between flocculiin the ‘‘ favourable’” hemisphere and those in the ‘‘ unfavourable’
hemisphere (see Fig. 1). On the very rare occasions when a flocculus extended
across the Sun’s equator it was counted as belonging to one hemisphere only.
Particular attention was paid to all flocculi which came within a central zone
defined between o° and 10° heliographic latitude in the favourable hemisphere.
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These flocculi were the subject of an independent correlation study. It should be
noted that the centre of the visible solar disk is at all times within the central zone.

In the years 1919-1954, bright flocculi crossed the CM on 2380 days in the
favourable hemisphere and on 2382 daysin the unfavourable hemisphere. Central
zone transits numbered 946. Out of a total of 425 large sunspots, 205 appeared
in the favourable, and 220 in the unfavourable hemisphere.
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Fic. 2.—Sunspots, flocculi and magnetic storms in 1910—-1954.
Top curve:  mean daily area of sunspots (in millionths of the Sun’s hemisphere).
I(b)+II(b): number of days (per year) of CMP of bright flocculi in both hemispheres,

C(b): number of days (per year) of CMP of bright flocculi in the central zone.
M: number of days (per year) with recurrent magnetic storms.
S: number of days (per year) with sporadsc magnetic storms.

Different shadings define the periods of increasing ar:tl.mty (L), maximum activity (A) and
decreasing activity (\) referred to in the text.

Magnetic storm data were obtained from Bartel’s tables of the daily values of
C, (2, 3).- A list was made of all days for which the Cg index was 6 or higher.
These ‘‘storm ’’ days were then divided into two classes, M and S. If a storm
day was both preceded and followed by a disturbance of similar intensity (according
to a fixed rule) 26, 27 or 28 days away, it was classified as M, the remaining storms
forming the group S. By this method it was hoped to segregate the recurrent
storms (M) from the sporadic storms (S). This is an important precaution,
for the two storm types are known to possess very different characteristics. In
addition, the storms included in the Greenwich catalogue of great geomagnetic
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