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Abstract

The 27-day recurrence tendency in the cosmic ray intensity has been studied by the Chree
method of analysis for the period 1937—5s5, using the ionisation chamber records at Huancayo.
The amplitude of the 27-day variation changes from year to year. The variation in the amplitude
is in general agreement with the changes in solar activity as revealed by the sun-spot number
only for the years 1937—46 and 1952—55. This is in agreement with the results of Meyer and
Simpson for the same periods, obtained from a slightly different method of analysis. The correla-
tion breaks down for the period 1946—52 and this is discussed in terms of possible changes in
the electromagnetic conditions in the interplanetary space during the solar cycle.

1. Introduction

The quasi-periodic variation in the intensity
of cosmic rays with a recurring tendency of
about 27 days has been studied by Monk
and CoMpTON (1939), BROXON (1949), LANGE
and ForBUsH (1949), SIMPSON (1954) and
others.

Since the synodic period of rotation of
the sun is about 27 days and since SiMpsON et al.
(1952) had observed in 1951 that individual
solar regions could be associated with the
27~day variation in cosmic rays, they have
searched for an association between the ampli-
tude of the 27-day variation and the changes in
solar activity as revealed by the sunspot
number. They have studied the ionisation
chamber data for the period 1937—46, and
neutron data for the period 1951—53. It
would be worth-while comparing the re-
sults of their analysis with the present analysis.

The 27-day variation in cosmic ray intensity
could be interpreted as modulation effects in
the interplanetary space produced by the
deceleration in the electric field associated
Tellus X (1958). 1

with the beams of rarified ionised gas emitted
from the sun, as pointed out by BRUNBERG and
DATTNER (1954), ALFVEN (1956), and VEN-
KATESAN (1957). The beams with the frozen
magnetic field and the electric field arising
from polarisation effects were invoked by
ALFVEN (1950, 54, 55) to explain the essential
features of magnetic storms and aurorae.

It is reasonagﬁt to suppose that the beams
which are expected to govern and regulate
the electromagnetic conditions in the inter-
planetary space to a large extent, would be
affected by the changes in solar activity
occurring during its eleven year cycle. In view
of the general dependence of the beams on
solar activity, it would be of interest to study
one of the effects attributed to the electric
field, namely the cosmic ray intensity de-
creases, to see whether there is any association
between them.

Since the recurrence phenomena are attrib-
uted to the beams, it would therefore not be
surprising if a relation, for example between
the amplitude of the 27-day variation and
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Fig. 1. The Chree analysis of the daily mean cosmic ray intensities at Huancayo for the years 1937—41. The
ordinate gives the intensity and the abscissa, the days.

solar activity were observed. MEYER and Simp-
SON (1954) from a study of the neutron inten-
sity data over the years 1951, 52 and 53 finda
progressive decline in the amplitude, which
1s consistant with the decreasing solar activity.

2. Data and Method of Analysis

The data chosen for study are the daily mean
intensities of the ionisation chamber at Huan-
cayo for the years 1937 to 195s. This covers a
period corresponding to more than one com-
plete cycle. The years 1937 and 1947 were
ones of high solar activity and 1944 and
1954 were ones of low activity.

The method of analysis is the one originally

devised by CHRree (1913) in connection with
the study of recurrence phenomena in geo-
magnetic character figures. It should be pointed
out that the method is free from any pre-
conceived notions about the length and sig-
nificance of the recurrence tendency. The
method consists in summing up the intensity
values on all days exhibiting a minimum (or
a maximum) tendency by choosing, say, five
days per month. This 1s designated as the
zero day. Similarly the same procedure is
carried out for, say, 60 days preceding and
following the selected zero days. It is possible
that the recurrence tendency is obscured to
some extent either by seasonal effects or by

Tellus X (1958), 1
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Fig. 2. The Chree analysis of the daily mean cosmic ray intensities at Huancayo for the years 1942—47. The
ordinate gives the intensity and the abscissa, the days.

systematic drifts in the measuring instrument.
As these effects would be nearly the same for
both the analyses corresponding to minimum
and maximum intensity days, it could be
removed by subtracting the sums of the former
from the sums of the corresponding day in
the latter. The difference curve is plotted
with each point representing the average in-
tensity over three days as is usually done in
such analyses. The final results are obtained
by folding the difference curve about the
zero day so that values corresponding to the
preceding and following days are combined.
Tellus X (1958), 1

3. Results and Discussions

Figures 1—4 give the final results for Huan-
cayo for the years 1937—s5s. It can be seen
from the figures that the recurrence tendency
undergoes changes during the solar cycle.
The recurrence tendency near the 27th day is
most pronounced in the years 1938, 1948,
1951 and 1952. While the years 1938 and 1948
correspond to periods when the solar activity
was high, the other two years correspond to
epochs when the solar activity was near the
end of the cycle. It should be pointed out that

1954 was the year of minimum solar activity.
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Fig. 3. The Chree analysis of the daily mean cosmic ray intensities at Huancayo for the years 1948-—s1. The
ordinate gives the intensity and the abscissa, the days.

In fig. 5, a comparison is made between the
changes in solar activity as revealed by the
sunspot numbers and the amplitude of the
27~day variation. R is the mean annual sunspot
number for the year, while ‘@’ refers to the
value of the intensity corresponding to the
zero day measured from the mean level for
cach year. ‘a’ could be considered as a measure
of the amplitude. On the same fig. are also
given the values of ¢ for each year, which is
defined by MEevER and SiMpsoN (1954) as
a quantitative measure of the 27-day amplitude.
oy refers to Huancayo while o¢; refers to
Climax. o¢;is plotted for the station Climax
using neutron intensity instead of ionisation
chamber data. The scale ratio for neutron/
ionisation chamber is taken to be approxi-
mately s.

0 = <<0>} is the standard deviation of
a set of &, where 8=[I(t)—I(t+7)]/<<I>.
< I> refers to the average intensity, I(f) and
I(t +7) refer to the intensities at Huancayo on
day ¢ and f+7, where T=14. This is a conse-

quence of the existence of recurrence tendency
of 27—28 days in the intensity variations. They
have pointed out that this selection preferen-
tially chooses those variations which have a
quasi-periodicity of 27 days.

In fig. 6 also a comparison is made between
the changes in solar activity as revealed by
the sunspot numbers and the amplitude of
the 27—<£1y variation defined in a slightly
different way. R as before is the mean annual
sunspot number, while ‘A’ is half the differ-
ence between the values on day o and day 14,
and which could be taken as a measure of the
amplitude. It should be pointed out that there
could be a certain measure of uncertainty in
‘A’ since another sequence of 27-day varia-
tions which is often found showing up after
14 days, would reduce it. This has to be borne
in mind, as it could very well happen that
these secondary series are more prominent in
one year than in others. On the same fig. are
also given ¢ (tracking), defined by MEevER
and SiMPSON (1954) as a measure of the ampli-

Tellus X (1958), 1



THE 27-DAY VARIATION IN COSMIC RAY INTENSITY

124
10

08 1952
06-
0.4

0.21

04—\ ———f 4 —J

[ ]

‘*
B

"

14 L )

) 30 60

Fig. 4. The Chree

121

analysis of the daily mean cosmic ray intensities at Huancayo for the years 1952—ss. The

ordinate gives the intensity and the abscissa, the days.
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Fig. 5. The variation of the amplitude of the 27-day
variation in cosmic ray intensity during the years 1937—
§5. R refers to the mean annual sunspot number, ‘a’ to
the amplitude of the 27-day variation at Huancayo as
measured in the present investigation, from the mean
level of intensity, gy, 6 to the amplitude of the 27-day

variation as defined by Meyer and Simpson, at Huancayo
and Climax.

tude of the worldwide 27-day variation. It is
the product of oy and y, the correlation be-
tween the & for Huancayo and some other
station.

In their analysis Meyer and Simpson remove
Tellus X (1958), 1
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Fig. 6. The variation of the amplitude of the 27-day
variation in cosmic ray intensity during the years 1937—
$S. R refers to the mean annual sunspot number, ‘A’ to
the amplitude of the 27-day variation at Huancayo as
measured in the present investigation and equal to half
the difference between the values on zero day and 14th
day, o(f) to the worldwide amplitude of the 27-day
variation as defined by Meyer and Simpson, at Huancayo
and Climax.

some periods from the data, namely those
containing temporary increases due to solar
flare and Forbush decreases which they con-
sider to be different from the 27-day variations.

We have not deleted the flare period data
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corresponding to 28th Feb., 1942 and 26th
July, 1946 since we do not find any increase
at Huancayo and since we do not use the data
of any other station. Since we consider the
so~called non-recurring Forbush decreases dif-
fer only in the matter of degree, we have not
deleted these periods. We attribute both the
27-day variation as well as Forbush decreases
to be the effect of deceleration in the beams
from the sun. In this connection, it should be
pointed out that SINGER (1946) holds a similar
view about the two effects. He has further
referred to a case of recurrence in Forbush
decreases. Gaiur and Gaiur (1956) have
pointed out the 27-day recurrence in Forbush
decreases.

MEVER and SiMPsON (1954) have determined
a measure of the amplitude of the 27-day
variation in cosmic ray intensity for the periods
1937—46 and 1951—s3. As their result for
1951 is only for six months we have not
considered that for the comparison with our
results. It can be seen from figs. s and 6 that
the measure of amplitude as defined by them
and as given here reveal a good agreement for
the period for which their data is available in
spite of certain differences in the mode of
selection of the data and the method for anal-
ysis. This close agreement for 1937—46 and
1952—53 leads one to expect that the same
agreement is likely to be there for the inter-
vening period also.

The cfose agreement between the amplitude
of the 27-day variation in cosmic ray intensity
and the solar activity as revealed by the sun-
spot number, is clearly seen from figs. 5 and
6 for the periods 1937—46 and 1952—55. The
departure from this behavior during 1946—52
stresses the importance of a careful study
needed for this period before one can draw
any general conclusions about the whole
solar cycle.

The correlation between sunspot number
and the amplitude of the 27-day variation does
not mean that the sunspots are the under-
lying cause of the cosmic ray changes. It is
only an index of solar activity with which
one can reasonably associate the emission of
beams. For example, one could say that with
increased activity of the sun, the number of
beams emitted would be greater and perhaps
that the beams extend to a larger extent.
The departure from the expected correlation
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during 1946— 52 could be reasonably accounted
for by an interpretation in terms of possible
changes in the characteristics of the beams.
Since the solar activity has increased even after
1946, the number of beams could not have
decreased. In this connection it is worth-while

ointing out that the years 1947—49 had the
Eighest sunspot numbers since the last seventy
years, and moreover the year 1947 had the
highest value since 1778, indicating an unusually
heavy activity.

The amplitude of the 27-day variation is
governed by the voltage across the beams,
which in turn depends on a number of factors.
It is not possible to say at this juncture, from
the cosmic ray evidence alone, whether there
is any systematic variation in the characteristics
of the beam like the value of the magnetic
field frozen in the beam, the velocity of the
particles in the beam, the width of the beam
etc., with the changes in solar activity. It is
necessary to look into geomagnetic and auroral
data also before one can arrive at unambiguous
conclusions.

It can be seen from fig. 6 that the amplitude
of the 27-day variation in 1946 does not
reach a value much higher than in 1938
although solar activity is very much higher.
It is worth-while to point out that in 1946,
there were a series of heavy Forbush decreases
starting from Feb. and lasting for nearly six
months. If it is reasonable to assume that the
beams, to which could be attributed this
unusually heavy activity, had transported a
major quantity of the flux available, there
would be a relatively weaker magnetic field
for new beams to freeze. Hence it would be
reasonable to expect these beams not to produce
heavy geomagnetic disturbances or heavy
cosmic ray decreases. This would reduce the
amplitude of the 27-day variation. It can be
seen from fig. 6 that the amplitude of the
27-day variation decreases from 1946 although
the solar activity goes up and remains high.
In other words some sort of saturation of the
electromagnetic state of the interplanetary
space is reached.

It is of importance to find out whether the
breakdown in the relationship between the
amplitude of the 27-day variation in cosmic
ray intensity and solar activity during 1946—
s2 is reflected in any other effects attributed to
the electric field of the beams emitted from

Tellus X (1958), 1
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Fig. 7. The variation of the amplitude of the 27-day
variation in cosmic ray intensity and a measure of the
geomagnetic disturbance during the years 1937—s5s.
R refers to the mean annual sunspot number, ‘A4’ to the
amplitude of the 27-day variation at Huancayo as meas-
ured in the present investigation and equal to half the
difference between the values on zero day and 14th day,
and K 5 to the sum of K maximum values for the 60

most disturbed days in each year.

the sun. For example, we could consider the
geomagnetic disturbances. The planetary index,
Ky, is a reliable though arbitrary measure of
geomagnetic disturbance. One could choose
either the maximum value of K, or the sum
of the eight K, values available for each day.
We use the former. Instead of using the
elaborate method adopted above for cosmic
rays, one could obtain an idea of the behavior
of geomagnetic disturbances during a solar
cycle by the following method. The 60 most
disturbed days in each year are selected and
the sum of the K, maximum values for these
60 days is determined and plotted against time
as in fig. 7. It can be seen from that fig. that the
geomagnetic disturbances as revealed by K,
also show changes from year to year in fair
agreement with the changes in sunspot number
for 1937—46 and 1952—5s, just as the cosmic
rays behaved. But, for the period 1946—s2,
they show the same departure from sunspot
number as is observed in the case of cosmic
rays. This supports the earlier observation
pointing out the necessity of looking into this
period carefully.

If it is reasonable to assume some sort of
saturation of the electromagnetic conditions
in the interplanetary state is reached in 1946,
then the absence of the occurrence of heavy
geomagnetic disturbances immediately after
Tellus X (1958), 1
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1046 is understandable although the solar
activity goes up and remains high. The
gradual resetting of the pre-saturation condi-
tions takes place by aIlJ)out 1948. Further
emission of beams thereafter would result in
the occurrence of comparatively heavier geo-
glagnetic activity as can be observed from

g 7.

Fig. 8 shows ‘A’ the amplitude of the 27-day
variation in the intensity of cosmic rays and
the sum of the K, maximum values Z)r the
60 most disturbed days in each year against R
the sunspot number. It can be observed from
this figure that they both appear to reach a
maximum value corresponding to the value
of sunspot number in about the range 80 to
100. The figure also seems to indicate a decline
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Fig. 8. The relation between the amplitude of the 27-day
variation in cosmic ray intensity and sunspot number;
and the relation between the geomagnetic disturbances
and the sunspot number. R refers to the mean annual
sunspot number, ‘A’ to the amplitude of the 27-day
variation at Huancayo as measured in the present in-
vestigation and equal to half the difference between the
values on zero day and 14th day, and K to the sum of

K, maximum values for the 60 most disturbed days in
cach year.
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Fig. 9. Changes in the periodicity of the recurrence tendency in the variation of the cosmic ray intensity.
The four curves correspond to recurrence during various stages in the solar cycle of activity.

with further increase of sunspot number. This
indicates that some sort of saturation of the
electromagnetic state is reached at a particular
level of solar activity.

If changes in the electric field of the beams
during the solar cycle do take place, then it
could very well be due to changes in any of
the three parameters governing the same,
namely the frozen magnetic field, the veloci-
ties of the particles in the beam and the width
of the beam. This would also raise the question
whether it is the general dipole field of the
sun that is frozen in the beam or whether at
least at times the local high regional magnetic
field could be frozen in the beam. The latter
possibility would easily allow for a wide
range in the variation of the frozen field from
year to year. The shrinking of the auroral zone
during the minimum solar activity years
would support the view that the electric field
gets weaker.

The recurrence period also seems to vary
during the solar cycle. It is of course not
definite whether on the evidence available one

could point out a definite systematic variation
with solar activity. It would therefore be
worth-while to look at other data in addition
to cosmic rays to arrive at an unambiguous
conclusion. It appears from table 1 that the
period of recurrence is larger for the years
when the new cycle starts. A combination

Table 1. Recurrence period for years grouped
according to solar activity.

Group Recurrence
No. [corresponding co?r(nia;;id interval
to days
1 beginning of| 1944, 1945 30
new cycle 1954, 1955
maximum of| 1937, 1938 | Between 27
2 activity 1946, 1947 and 30
1048, 1949
3 fall of activity] 1939, 1940 | Between 27
1941, and 30
1950, 1951
4 end of cycle 1942, 1943 27
1952, 1953

Tellus X (1958), 1
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of the data for the whole period into 4 groups,
(a) rising part of solar cycle, (b) period of
maximum activity, (c) fall of activity, and (d)
end of cycle, reveals that at least for group (a)
the recurrence period is greater than for the
other groups. Tiis is seen from figure 9. Such
a behavior, if it is definite, would be under-~
standable. The ‘butterfly pattern’ of the distri~
bution of the sunspots is wellknown. If the
region of origin of the beams changes during
the solar cycle in a systematic way such a
behavior could be expected. The problem
needs further study.
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