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Abstract 

Curves are given showing the variation of the z4-hrs averages of the C.R. intensity as measured 
by means of directional counter telescopes during two registration periods separated by six 
years. During both periods the maximum deviations were 2-3 per cent. In accordance with 
the view expressed by SIMPSON (1954) the periods of maximum are to be regarded as recurrent 
rather than being a harmonic function of time. There are some traces of a z7-day component 
having an amplitude of & 0.4 per cent. The C.R. intensity as a function of time is compared 
to the solar cycles, the relative sun-spot number, the sun-spot area and the &-index. 

The cosmic ray registrations in Stockholm 
Oct. 1947 to May 1950 (MALMFORS 1949, 
SANDSTROM 1955) offer possibilities for a 
study of the 24-hrs averages as a function of 
time. That as yet no such study has been 
made is partly due to the fact that these 
averages are affected by some systematic in- 
fluence, easily eliminated as regards the diurnal 
variations, but becoming serious as soon as 
absolute intensities are concerned. For 
of the registrations, however, these dificu ties 
can be overcome. 

The 24-hrs averages were derived from the 
sum of twelve bihourly values corrected for 
the barometer effect (LINDHOLM 1950). As a 
function of time these averages display a 
trend due to a systematic change of counting 
rate. After correcting for this trend the varia- 
tions of the 24-hrs values were computed 
in per cent of the average intensity. 

The intensity was registered in the N-, Z-, 
and S-directions b means of four two-fold 
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out of order. Owing to the individual charac- 
teristics of the counters the counting rate 
varies with the combination of channels. As a 
result the resent study had to be confined to 
the periocfoct. I, '47 to July 10, '48. Only 
4-channel registrations were considered except 
as regards the N-direction from March 27 
until May 20 1948 for which interval com- 
paratively homogeneous 3-channel registra- 
tions are available. The 24-hrs average is 
approximately 105 impulses derived from a 
total of 12 x 105. The corresponding statisti- 
cal fluctuations are of the order of magnitude 
of 0.1 per cent. 

The curves in Fig. I representing the three 
directions agree even as to detail. A slight 
difference ought to be expected as the diurnal 
variation has a phase difference of 2.5 hours 
between the N- and Sdirections, and 1.8 
hours between the 2- and S-directions (BRUN- 
BERG 1953, BRUNBERG and DATTNER 1954). 
The influence on the 24-hrs values is obviously 
too small to be recognizable. 

A certain periodicity related to the 27day 
cycles is easily perceived. Such a variation 
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Fig. I .  The three uppermost curves represent the variation of the daily averages in the N-, Z-, and S-direct- 
ions. The fourth curve represents the daily sums of the &-indices and the fifth curve the daily maximum 
values of these indices. Below is the relative sun-spot number and (from Jan. I ,  1948) the sun-spot area as 

functions of time. The vertical lines divide the diagram into z7-day cycles. 

has often been reported (HEISENBERG 1953, 
p. 39, SIMPSON, FIROR, FONGER, and TREIMAN 
1953. ELLIOTT 1953, EHMERT 1953) but prob- 
ably the present issue is the first time it was 
observed by simultaneous measurements in 
three directions. Through the experimental 
studies of BRUNBERG (1953) it is now possible 
to determine the drectional coordinates of 
the incident primary particles. The angle P)N 
between the direction of the primaries and the 
equatorial plane did not differ very much 
for the three sets of telescopes. Thls is illustrat- 
ed in Fig. 2, where P represents the point of 
observation. The north-south aperture of the 
telescopes was big enough to make all the 
three sets of telescopes measure practically 

the same beam of primaries integrated over 
24 hours. 

A comparison between the three curves 
offers sonic means of control as to the reliabi- 
lity of the registrations. As an example the 
N-direction diffcrs from the other two direct- 
ions on Oct. 15 to 19. The close correspon- 
dence elsewhere indicates that something was 
wrong with the N-telescopes and, as a matter 
of fact, the daily averages were calculated 
from less than 12 bihourlv values. Incidentally, 
these days were never included in the studies 
of the diurnal variation. 

After having been adjourned for more than 
three years registrations were resumed in 
1954. The new telescopes differ from the 
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Oct. and Nov. They reappear at the end of 
the Deriod of registration. 
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Fig. 2. The directions in the geographical meridian of 
the beams rcgistered by the three sets of counter 

telescopes. 

former set only as regards aperture and 
counting rate. They do not display any trend 
of the lund that is so disturbing in the '47-'48 
measurements. Therefore a comparison be- 
tween the two intervals is doubly valuable. 
The effect of the changed aperture can be 
seen from Fig. 2. Days with one or more 
channels out of order were excluded. 

As expected the three directions give 
closely corresponding records. (Fig. 3). We  
find the same variations related to  the 27-day 
cycles as in the former case except during 

0 

TLe variations average & 0.8 per cent for 
Oct. '47 to July '48 as well as for April to 
Dec. '54, although the first interval coincides 
with a period of comparatively hgh  solar 
activity and the second with one of minimum 
activity. The maximuni deviations from the 
average intensity is between z and 3 per cent. 

Although in general one maximum and 
one minimum of C. R. intensity are related 
to each solar cycle a phase s h f i  apparently 
exists. Sometimes the registrations display a 
distribution of maximum and minimum re- 
gions even suggesting a period of twice the 
length of the 27-day cycle. There is really no 
reason for the existence of such a period and a 
scrutiny of Fig. I reveals that the position of 
the intensity maximum moves through the 
27-day cycles in a comparatively continuous 
way. Incidentally SIMPSON (1954) prefers to 
speak of recurring periods of maximum in- 
tensity instead of associating them with the 
27-day cycles. 

Comparing all three directions the averages 
of the 24-hrs values of corresponding days in 
all the available 27-day cycles were calculated. 
Finally the first harmonic was derived and 
found to have an amplitude of & 0.4 per cent. 
This is little as compared to the superimposed 
recurring variations. 

The lffusion of particles outwards from 
the sun (ALFV~N 1954) ought to display varia- 
tions related to the solar cycles. The occasional 
corpuscular radiation, originating from distmb- 
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Fig. 3. The variations of the z4-hrs averages in Stockholm during 1954. 
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ances in the sun, will cause irre ular changes 
of the C.R. intensity partly &pending on 
the position of the earth relative to the emitted 
beam. However, if the latter lasts for more 
than one solar cycle it will cause a 27-day 
periodicity (BRUNBERG and DATTNER 1954). 
It follows that quite regular variations are 
not to be expected. The nature of those 
observed appears to be in accordance with 
this theory. Ap arently the f 0.4 per cent 

of particles from the sun outwards, whde the 
less regular but much larger variations are 
due to the action of direct beams. The inter- 
mixture of the two effects makes any calcula- 
tion of the true periodic variation difficult. 
In addition, very robably both the amplitude 
and the phase o 4 the latter vary with condi- 
tions on the sun. 

It is therefore especially interesting to com- 
pare the C. R. intensities with the variations 
in relative sun-spot number (Fig. I). Another 
noteworthy fact is that the regions of high 
relative sun-spot numbers in Oct. '47 and in 
April and May '48 seem to be related to 
regions of low C. R. intensity. To try to 
advance one step further an attempt was 
made to correlate the C. R. variations with 
the total sun-spot area. Data on the latter 
are available from Jan. '48 (OHMAN 1950). 
We find that the period of low C. R. inten- 
sity in April and May '48 coincides with a 
sequence of days with large sun-spot areas. 
However, for the N-direction the correlation 
coefficient is only 0.22 (not significant). 
As regards 1954 theqe are as yet no data 

available either on relative sun-spot numbers 
or on sun-spot areas. Data on geomagnetic 
character figures are also lacking. Once again 
we have to resort to the period Oct. '47 to 
June '48. One of the curves in Fig. I represents 
the sums of all the eight &-indices of each 
day (HOWE and WEISMAN I949), whle the 

variation is a c K aracteristic of the diffusion 

one below shows the dady maximum of the 
same indices. The differences between these 
two curves are very small, the regions of 
maximum values being more marked as 
regards the K,-sums. As was mentioned in a 
previous paper (SANDSTROM 1955) it does 
not matter, with regard to the present degree 
of accuracy, which of these two values is 
selected for classifying the days geomagnet- 
ically. Comparing the curves we fmd that, 
even if a cosmic ray minimum does not 
exactly coincide with a maximum of geomag- 
netic activity, the former succeeds the latter 
in a way inlcating a common origin. In this 
case it is impossible, however, to recognize 
the rule given by SIMPSON (1954) that the 
geomagnetic maximum appears two days 
later than the end of the cosmic ray maximum. 
This discrepancy may be due to the fact that 
the present material is statistically small. 

The change from day to day of the 24-hrs 
average constitutes a trend which certainly 
affects the observed time of maximum of 
the lurnal variation. However, the phase 
difference between the C. R. intensity and 
the geomagnetic variations has a remarkable 
effect. Given a sufficiently large number of 
days of the same geomagnetic activity, posi- 
tive and negative trends will be randomly 
distributed (SANDSTROM 1955) even as re- 
gards magnitudes. As a result the average daily 
trend will become insignificant as soon as 
the number of days is sufficiently large. The 
periodicity of the general diffusion of particles 
explains the fact that negative as well as 
positive trends are to be found even on 
magnetically quiet days. 

The present paper is part of a programme 
sponsored by the Swedish Natural Science 
Research Council. 

The author wishes to express his thanks to 
Miss Ulla Bjorkegren for all the numerical 
calculations. 
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