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ABSTRACT 
Reviewed are the new results achieved in the field of periodic and re

current variations of the intensity of 10 9 to 10 1' eV cosmic rays. Particu
lar emphasis is given to developments in understanding the fluctuations of 
corotation type anisotropies. Consequences of recent cosmic ray observations 
to the structure of the heliosphere and its temporal changes are also dis
cussed. 

АННОТАЦИЯ 
Представлен текст обзорного доклада, прочитанного на 17-ой Международной 

конференции по космическим лучам /Париж, июль 1981 г./. На основе новевших 
наблюдений по космическим лучам, суммируются новые результаты, достигнутые 
в области периодических и непериодических изменений интенсивности космических 
л/чей с энергией 109-ю 1 3 эВ, при этом особое внимание уделено развитию пред
ставлений о флуктуациях анизотропии корот&ционного типа и расширению наших 
знаний по структуре гелиосферы и временным изменениям этой структуры. 

KIVONAT 
А 17. Nemzetközi Kozmikus Sugárzási Konferencián (Párizs, 1981 július) 

tartott rapport5r-el5adás szövege, összefoglalja a 10 9-10 1 3 eV energiájú koz
mikus sugárzás periodikus és visszatérő (rekurrens) intenzitásváltozásai te
rén elért legújabb eredményeket, különös tekintettel az együttforgásos (koro-
tációs) tipusu anizotrópiák fluktuációinak értelmezésében elért fejlődésre, 
valamint a helloszféra szerkezetére és e szerkezet időbeli változásaira vonat
kozó ismereteink bővülésére a legújabb kozmikus sugárzási észlelések alapján. 



1. INTRODUCTION 

This rapporteur paper summarizes the results presented at 
Sessions SH 8.1-8.5 (Vol. 4 of the Conference Papers) on periodic 
and recurrent variations in the energy range from about 1 GeV to 
about 10 TeV. Eleven year cycle variations are not dealt with in 
this paper since the relevant results were presented at Sessions 
4.1-4.3, and 5.2. 

The overwhelming majority of the about 60 papers presented 
at the Conference on the subject brought forward mainly experi
mental results. This may perhaps be connected with the revalua
tion of the basic principles of modulation theory currently in 
progress. The reevaluation process started a few years ago with 
realizing the insufficiency of the classic convection-diffusion 
tfoory in explaining sur.h basic facts as the eleven year varia
tion, or high energy anisotropics originated in the solar system. 
The new concepts: three-dimensional drifting in a more realistic 
model of interplanetary magnetic field, especially the influence 
of the warped neutral sheet on particle propagation and others 
are still being developed. Their application to problems dealt 
with in this paper - although already begun with success - is 
still lacking. 

The variations dealt with in this paper fall into two main 
categories: A) Variations due to "corotation" type anisotropies, 
i.e. anisotropics caused by various agents of the solar system 
which are quasi-independent of time and solar longitude, and B) 
asymmetries of azimuthal distribution of cosmic ray density 
around the sun. 

Variations of the type A) are observed as a consequence of 
the rotation of the earth, their period is thus one (solar or 
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sidereal) dny or a fraction thereof, whereas • ype H) variál inns 
are observed either as the sun rotates with respect to the earl li 
("27 day" and related variations) or as the earth orbits around 
the sun (annual and related variations). Of course, these varia
tions usually appear simultaneously which makes a clear distinc
tion between them sometimes difficult. 

2. VARIATIONS OF THE TYPE A 
(Daily waves and related variations) 

DIFFUSION 

l.] General remarks on solar daily waves 
Variations with basic periods of one sidereal day will be 

dealt with in paragraph 2.5. The basic concept underlying the ex
planation of the origin of solar daily variations is the classi
cal corotation picture based on diffusion and convection, as 
shown in /•'/•'/. 1. However, as it is 
well known, this picture assumes 
equilibrium state (no net flux of 
particles across any part of the 
surface of a sphere centered at the 
sun) and neglects a number of sec
ondary effects which in certain cir
cumstances may drastically alter the 
corotation setting. Some of them 
are listed in Tabie I. Papers pre
sented at this Conference on daily 
waves aimed at clearing up some of 
these mechanisms. However conse
quent it would be to group the pa
pers around the various effects listed in 'i'ahie I, it is, at: thu 
present state of affairs, more convenient to introduce a phenome-
nological grouping according to the characteristic time of the 
changes of the amplitude and/or phase of the solar daily waves 
(SDW) considered. We shall distinguish 

- slow variations of j-"'d with time scales of Die order of .i 
year or more; 

COROTATION 
ANISOTROPY 

(' I aisi', inn I. pvinci pie <;/ >• 
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- variations of SDW due to solar rotation, i.e. with time 
scales of 27 days and related periods; 

- transient variations of SDW with time scales not falling 
under either of the previous categories. 

Table 1 

Effects or agents altering the simple 
corotation shown in Fiq. 7 

1) Deviations from equilibrium due to excessive diffusion 
or convection 

2) Deviations from equilibrium due to drifts: density gradi
ent, magnetic gradient, magnetic curvature, or Ё * в 
drifts 

3) Higher order effects generating higher order harmonics: 
tensorial diffusion, higher order derivatives of den
sity distribution 

4) unknown (or partly unknown) mechanisms: Three-dimensional 
structure of the heliosphere; rearrangement of the 
solar field; disappearing filaments; others 

2.2 Slow variations of the solar daily wave 
The classical species of these variations, which follows the 

reversals of the global dipole field of the sun, was discovered 
by Forbush (1969) in ion chamber recordings of the years 1937-67. 
At this Conference Forbush (SH 8.3-31) has presented new results 
showing that the quasi-periodicity with the period of ^20 years 
continues at least up to 1978. It can be seen from Fig. ?, that 
W G, the component of the diur
nal vector along the direction 
128° E of the sun, again 
changed sign around 1971, when 
the sun's north poloidal mag
netic field changed from nega
tive to positive. 

Essentially similar ef
fects: i.e. change of phase in 
f.arallel with reversal of the 

3 * / 
/ 

' \ / 
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Fia. " 
Twenty year wave of the 20. b 
hour component of the. nolnr di
urnal Vector (Forbufíh, .9,7 Я. .*-.</) 
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global dipole field of the sun had been reported by several 
authors, e.g. Agrawal and Singh (1975) , Davies and Thambyahpillai 
(1977), Ahluwalia (1977), Swinson (1979), and this Conference 
added further details to the picture (papers SH 8.2-21, 8.3-12, 
8.3-16, 8.3-18, 8.3-27, 8.4-2, and others). 

Fig. 3 displays the results 
of Ahluwalia and Riker (SH 
8.3-16): the phase advancement 
of the SDW seems to change but 1 h * * » ̂ "j"*^' 
slightly with primary rigidity: 
a result predicted by Erdős and 
Kóta (1979). Fig. 4 shows the 
rigidity dependence of the phase 3 
(Fig. 4a) and the amplitude *« '•* 
\Fig. 41) as calculated by them 
for rigidities between 50 and [ o n g t e p m v a r i a t i o n o J . t h e 

200 GV. phase of the solar daily veer-
tor. CH stands for polar cor
onal holes (Ahluwalia and 
Riker, SH 3.3-1 в) 
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Rigidity dependence of the phase 
(in hours: Fig. 4a) and ampli
tude (in per cents: Fig. 4b) of 
the solar daily vector. Full 
(dash) lines: IMF directed to
ward (away from) the sun in the 
northern hemisphere. Values cal
culated with neutral-eheet-wave 
"amplitudes" of 20° (Erdős and 
Kóta, 1979) 

Kravtsov et al. (SH 8.4-2) 
analyzed data of the under
ground complex of the Yakutsk 
muon telescopes and confirmed 
the existence of the phase 
shift at all depths (7, 20, 
and 60 m w.e.). They also 
found a phase shift of about 
2 hours in the second harmonic 
of the SDW. Values of the 
phase shifts of both harmonics 
were found to agree with those 
predicted by Erdős and Kota 
(1979). 

Kumar ut al. also have in
vestigated the second harmonic 
of the SDW (SH 8.3-27). Con-
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straining the analysis to geomagnetically quiet days, they found 
no change of the phase of the second harmonic in data of 25 neu
tron monitor stations between 1964 and 1976, although the ampli
tude of these harmonics showed an increase by a factor of two at 
some stations during the years 1970-71 (years of the polarity re
versal of the sun). 

Theoretical explanation of these phenomena may be found by 
introducing new terms into the modulation equations to include 
drift phenomena (Levy 1976, Jokipii et al. 1977, K6ta 1979) 
and/or - at rigidities above 50 GV - by calculating trajectories 
of particles in the average IMF with warped neutral shet t and 
taking into account energy loss of particles crossing the (warped) 
neutral sheet (ErdGs and Kóta 1979, 1980). In paper SH .3-16 
Ahluwalia and Riker called attention to the parallelity between 
the area of the coronal hole region round the solar poles and the 
phase shift of the SDW in the years 1971-78. The phase advance
ment coincides with the growing phase of the coronal hole area 
suggesting that the electromagnetic conditions related to the in
creased coronal hole area favour the transport of cosmic rays 
near the axis of the sun toward the solar equatorial plane with 
a subsequent drift of the particles away from the sun in the 
solar equatorial plane. 

Kananen et al. (SH 8.2-21) used the method of Swinson (1970) 
and Hashim and Bercovitch (1972) to determine density gradients in 
directions perpendicular to the solar equatorif»' plane on the 
basis of the difference of SD vectors as observed at "toward" or 
"away" polarities of the IMF. By applying the method to both an
nual and semiannual averages of the amplitudes and phases of the 
SD vectors (separately for days with "toward" and "away" IMF 
orientation) for the years 1965 to 1975, they confirmed the exist
ence of the change of the amplitudes of the SD vectors (on "to
ward" and "away" days separately) expected as a consequence; of 
the polarity reversal of the sun around 1970, and, on the basis 
of the long term changes of the semiannual averages of the ampli
tudes (again separately on "toward" and "away" days), they con
cluded that the value of the density gradient pointing away from 
the solar equatorial plane is larger in the part of the helio-
sphere where the magnetic field lines are directed away from the 
sun. 
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Another type of slow variation of the SDW at high rigidities 
is the familiar effect of the varying upper limiting rigidity 
(ULR) of the SDW (see e.g. the paper of Benko et al. (1977), and 
Thambyahpillai and Speller (1975) , and references therein). 
Thambyahpillai and Davies (SH 8.3-5) have incorporated the Subra-
manian (1971) correction into the intersecting curve technique of 
Jacklyn and Humble (1965) and showed that this way the discrep
ancies of the ULR's as obtained from data of various stations got 
diminished. The average value of the ULR is lower (50-60 GV) than 
that accepted previously. Fig. 5 is taken from paper SH 8.3-5 and 
shows good agreement of the values obtained from different sta
tions (except for the year 1962) together with the time variation 
of the ULR. It is interesting 
to note that the method ends 
up with a free space first 
harmonic amplitude of the SDW 
of 0.6 % in agreement with 
Thambyahpillai and Speller 
(1975), and in contrast to 
the value of 0.4 % accepted 
earlier. 

Torsti et al. (SH 8.3-4) 
have determined amplitudes 
and phases of the first and 
second harmonics of the SDW 
for various multiplicities 
in the Turku double neutron 
monitor. If statistical ac-

Fig. 
Long term variation of the upper 
limiting rigidity (ULR). Ordinate 
axie: ULR in GV. (Thambyahpillai 
and Davies, SH 8.3-5) 

curacy can be increased, the method will be suitable to determine 
the upper limiting rigidity of the SDW purely on the basis of a 
single neutron monitor. 

Orbital motion of the earth together with the inclination of 
the solar equator to the ecliptic plane give rise to an annual 
variation of the SD vector - this was shown in the paper of Swin-
son (SH 8.3-20) on the basis of an original idea of Saito and 
Mori (quoted in the same paper). The variation has opposite 
phases in "away" and "toward" sectors of the IMP. The argumenta
tion based on the В * grad n drift is clear and convincing, the 
experimental results seem to support the conclusions (see Fig. 6). 
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Swinson's and Kananen et 
al.'s papers (SH 8.3-20 and SH 
8.2-21, respectively) inves
tigate essentially the same 
phenomenon: a combination of 
the effects of the sector 
structure of IMF (i.e. rota
tion of the sun) and the in
clination of the solar equator
ial plane to the ecliptic (i.e. 
orbital motion of the earth) 
upon the SD vector. Kananen et 
al. extended their investiga
tion to an 11 year cycle cen
tered at the year of the re
versal of solar magnetic field, 
Swinson restricted it to the 
year 1974. On the other hand, 
Swinson called attention also 
to the effect of the modula

tion of the SD vector produced by the sidereal daily vector. The 
results of the two papers show essential agreement where they can 
be compared. 

Fig. 
Solar diurnal vector as neasuved 
at stations in Bolivia (B), 
i-mb'ido (E), and Souorvo (3) i>i 
Mar.^h-April-Мац 'М. A.M. ) and 
;>>? t. -Oct. -Nov. (S. O.N. ) , 1074. 
"Array" vectors in S.O.N, and "to-
vnp.i" vectors in M.A.M. have 
smaller amplitudes than the 
others (Swinson, SH 8.3-20) 

2.3 Variations of the solar daily wave connected with the 
rotation of the sun 
The 27 day variation of the amplitude of the solar daily 

wave (SD wave) has been known for a long time (see e.g. Tolba et 
al. (1979) and references therein). This Conference saw several 
attempts to find its origin in interplanetary space (SH 8.2-4, 
8.2-5, 8.2-6, 8.2-7, 8.2-12, and others). 

Tolba et al. (SH 8.2-4) calculated power spectra of the com
ponents of the solar daily (SD) vector both parallel and perpen
dicular to the garden-hose direction, as well as thone? of the mag-
nitudt of the IMF and its component parallel and perpendicular to 
the garden-hose direction. The power spectra of the four compo
nents are shown in Fige. 7 (SD vector) and 8 (IMF): they found 
significant peaks at period lengths of 27 days, 13.5 days, 9 days, 
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and 6.75 days in the power »pectrum of the component of the SD 
vector perpendicular to the garden-hose direction and in the 
power spectrum of the component of the IMF parallel to the garden-
-hose direction. The other analyses gave no significant peaks. 

i 
I Г11'1Ш 

г- » * » a 

$амгнмояс 

/ / H> IMF 

гт us 

Fig. 
Tower spectral densities of the 
components perpendicuLar (full 
line) to and parallel ~C!ash 
line) tiith the IMF of the solar 
diurnal vector as measured at 
the S'j.irthmore neutron monitor 
(Tolba et al., ZH S.P.-4) 

Fig. 8 
Pouer spectral densities of 
the components pa'val lei (full 
line) vith, and perpendiicular 
(dash line) to the aarden-hcr>. 
direction of the IMF (Tolba et. 
al., ПН 8.2-4) 

The authors suggest that this may indicate the solar rotation 
periodicity of the SD wave being due to а В * grad n drift. The 
Swarthmore neutron monitor data obtained between 1967 and 1974 
were used in their calculations. 

Krivoshapkin et al. (SH 8.2-5) analyzed data of a worldwide 
network of stations for the years 1965-74 in a similar way, but 
included into their analvsis also the radial and azimuthal compo
nents of the SD vector and calculated the power of the 27 day 
period for the components of the SD vector in all directions with 
angles of к * 15° (к = О, 1, 2, ..., 11) to the sun. That all, 
they did separately for each year in the period 1965-74, and also 
for the total period. Their results do not confirm those of Tolba 
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et al. (SH 8.2-4). The main difference is that Krivoshapkin et al. 
found no pronounced difference between the profiles of the field 
aligned and the perpendicular power spectra. Their detailed and 
illuminating figures clearly show the big variations of the pheno
menon from one year to the other. It is also interesting to see 
how little the variability of the solar wind speed (represented 
by the index К ) has to do with SD wave-variations - at least as 

P far as long lasting 27 day (and related) recurrences of the SD 
wave are involved. 

One is thu~ led to the conclusion that further analysis of 
the problem is needed. The problem is attracting also from the 
point of view that a quantitative relation between the S * grad n 
drift and variations of the SD vector would allow to draw conclu
sions about the density distribution in directions perpendicular 
to the ecliptic plane. 

It may be noted that, in connection with another problem to 
be discussed later, Aiania et al. (SH 8.2-7) also found pronounc
ed 27-28, 14-15, 7 day peaks in the power spectrum of the SO 
vector of the Dallas neutron monitor d3ta during a quiet six 
months period in June-November 1965, and no analog«us peaks in 
the solar wind velocity. 

Arslanova et al. (SH 8.2-12) found peaks at the period of 
about 7 days in the power spectrum of the phase of the SD vector, 
as well as the amplitude and phase of the solar semidiurnal vec
tor in the Apatity neutron monitor data between March and Novem
ber 1972. They tentatively attributed the peaks to similar .arii-
tions they found in the values of the diurnal sunspot areas. 

All these Investigations were done by spe-.̂ cal analysis. The 
trouble with it is that similarity of power spectra is л good in
dication, but no procf of a causal relation. A relation of the an-
plitudes and the phases of the two waves must be found by theory 
and verified by experiment so as to be justifies to state ч 
causal relation between the two phenomena. Unfortunately, power 
spectra do not tell us anything about phases. 

Other agents, in addition to the В * grad n drift, may г'so 
contribute to the solar-rotation-connected variations of the SO 
vector. One of them has been identified by Aiania et al. (SM 
8.2-7) as being a H.Jl-type (transversal) diffusion. Aiania and 
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coworkers selected data of eight cosmic ray stations obtained 
during a period (June-November 1965) free of 27 day variation of 
cosmic ray intensity and solar wind velocity, but having explicit 
sector structure in the IMF. They succeeded to show that, during 
that period, the SD vectors of all the eight stations selected 
had markedly different phases on days with IMF oriented toward, 
and away, respectively, from the sun. On the basis of earlier 
theoretical results (Alania and Dzhapiashvili 1979), and the pre
sent analysis they succeeded to determine the value of the dif-

23 2 -1 fusion coefficient of cosmic rays (0.5т1><10 cm s ) and the 
gradient of the density distribution of cosmic rays perpendicular 
to the ecliptic plane (31- 5 per cent/A.U.). 

On the basis of a different form of the diffusion tensor, 
Shatashvili and Naskidashvili (SH 8.2-6) arrived at different 
formulae representing other aspects of the 27 day variation of 
the SD vector. 

2.4 Transient variations of the solar daily wave 
The short term (few days characteristic time) variability of 

the SD wave has been a puzzle for a long time. A certain progress 
has been achieved by identifying high speed solar wind streams 
as causes of certain transient changes of the SD vector. 

Murayama (SH 8.3-26) determined D, the nominal diffusion 
vector, on the basis of the measured values of F, the SD vector, 
and С (convection vector) as 

5 = F - С , (1) 

and studied the deviation of the direction of D from that of B, 
the IMF vector. Denoting by 6A the angle of the projections of D 
and В onto the equatorial plane he looked for time intervals con
sisting of four or more consecutive days with no change in the 
sign of 6A and the IMF sector polarity. 36 such intervals were 
found in the epochs 1967-68 and 1973-75, and all of them turned 
out to be in some way connected with either initial or declininq 
phases of fast streams in the solar wind. An extended analysis of 
the declining phase events led the author to suggest an addi
tional В x grad n type anisotropy and to a tentative value of 
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5 per cent/A.U. of the gradient of cosmic ray density in the di
rection perpendicular to the ecliptic plane. 

There is no place here to go into more details. The idea 
seems highly attracting. One has, however, to be cautions in ap
plying Eq.(l), since, during processes with time scales less than 
a few days, the value of the convection vector may differ from 
that calculated on the basis of the temporary value of the solar 
wind spaed. 

Agrawal et al. (SH 8.3-13) investigated the first four har
monics of the SD wave for the years 1968-79 and found an increase 
in the amplitude of the second and third harmonics during the 
years 1973-75 which they attributed to high speed solar wind 
streams characteristic for those years (Feldman et al., 1978). 
By grouping the days into three categories according to average 
solar wind speeds, a slight increase in the amplitudes of the 
second and third harmonics on days with solar wind speeds V £ 
£ 4 50 km/s could be revealed as compared to days with V £ 4 50 
kro/s. 

The large sized fast solar wind streams in 1973-75 were used 
by the Rome group (Iucci et al., SH 8.3-22) to investigate de
tails of the effect of stream-stream interaction regions on cos
mic ray anisotropy. Amplitudes of both the first and the second 
harmonics of the SD wave were found to be larger than normal 
during the initial part of the fast stream, and less than normal 
during the declining phase of it. As a possible explanation, the 
different behaviour of both the coronal transport and the dif
fusion perpendicular to the field lines in the two epochs is 
suggested. 

Another class of transient variations of SDW seems to be con
nected with interplanetary shock waves: such variations usually 
appear during Forbush decreases in the form of enhanced ampli
tudes and ur.usual phases of the SD vector. The effect is usually 
more pronounced at high rigidities (underground observations). 
In fact, the first Forbush decrease observed underground 
(Chaloupka et al., 1959) already revealed a large enhancement of 
the SD amplitude. The event observed and analyzed by Jacklyn and 
Humble (SH 8.3-19) was unusual in the sense that the decrease of 
the cosmic ray intensity was very slow (the decreasing phase 
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lasted six days). Frj. ihi shows the pressure corrected daily mean 
countinq rates over the period of decrease and recovery (April 
2-20, 1980) . In Fi.j. Oh are plotted the corresponding hourly 
values for the period April 2-9, 1980. The interesting and thor
ough analysis made by the authors concluded in establishing the 
rigidity-independence of the 
anisotropy, in establishing 
the doubling of the free- ^ 
-space amplitude (from 0.55 
to 1.0 per cent) together 
with a doubling also of the 
value of the upper limiting 
rigidity (from 100 GV to 
200 GV) during the period 
April 2-9. The phases of 
the SD vectors did not dif
fer significantly from the 
quiet time values: nothing 
pointed towards any special 
mechanism which would have 
been at work during the 
April 2-9, 1980 event. 
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2.5 Sidereal diurnal and related variations 
A new, huge arrangement for detecting muons in the zenith 

angle range from 45° to 90° was set up at Ottawa (Bercov'tch ui í 
Agrawal, SH 8.4-1). The detector comprises 960 proportional 
counters arranged in three vertical planes of the size of 
400 * 120O cm. Tabic ','. summarizes the characteristics of the ma in 
measuring channels of the apparatus, and Fig. 10 shows the re
sults obtained during a four year's run (January 1, 1977 to Doc.n-
ber 31, 1980). Ordinates are amplitudes determined by Fourier 
analysis of the east-west intensity differences at frequencies 
shown on the horizontal axis, where 1, 0, and -1 correspond to 
period lengths of one sidereal, solar, and antisidoreaI day, re
spectively. Assuming a sidereal anisotropy independent of rigid
ity down to a cutoff value R , the measurements can be be яг 
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Table P. 
Characteristics of the seven channels 
of the Ottawa "horizontal" muon monitor 

№ 
Zenith 

[deg] 

Med. Rig. 

ÍGV1 

v Rate 

flO3 h"1] 

A s y m p t o t i c 
Lat Long Lat L' -ig East r, T West Ideg I 

1 90-85 940 3.1 -16 354 +22 177 
2 87-82 540 7.4 -15 352 +26 179 
3 84-79 350 19. -13 350 +28 181 
4 81-75 24Ö 40. -10 348 +30 184 
5 76-70 180 78. -6 345 +35 188 
6 70-60 130 155. -1 340 +40 195 
7 60-43 90 118. -8 333 +45 205 

М Ю SOL SID 

Z'7r-70» 

4- j A***»"« 

Fig. 10 
Antieidereal (ASID), solar (SOL), and side
real (SID) diurnal amplitudes in the seven 
channels of the Ottawa muon monitor. 
Z stände for zenith angle (Be.rnoviteh and 
Agrawal, SH 8.4-1) 

- 2 - 1 0 1 2 
FREQUENCY 
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fitted by the values of P-c >. 360 GV, h1 = (lO.Ot1.2)*lO , т 
= 3.4h+0.5h, where A. is the equatorial projected amplitude, and 
T. the phase of the first harmonic of the "free space" diurnal 

-4 wave. Similar analysis gave A_ = 4.2*10 and T_ = 7.Oh for the 
amplitude and phase of the free space second harmonic. The phaset 
of the sidereal diurnal vectors showed no marked changes around 
the time of the last reversal of solar polarity which most prob
ably occurred between mid-1979 and mid-1980. 

The new station with its unique equipment will certainly 
widen the scope of research in the field of high energy modula
tion physics. The preliminary results show the big statistical 
accuracy and instrumental stability achieved. 

The Budapest group applied the method found by them (ВепкЛ 
et al., 1979) to distinguish field independent (galactic) side
real diurnal anisotropy from the field dependent (solar induced) 
one, to periods within the 20th solar cycle (Benkó et al., SH 
8.4-3). The analysis did not allow to draw unequivocal conclu
sions, in contrast to the period 1959-63 analyzed in their pre
vious paper. This may be partly connected with a certain time-Jч 
between the Budapest and the Hobart data used in the analysis 
(see Fia. 11) . 

Interesting results in the 
field of sidereal diurnal varia
tion were also reported on by 
Japanese groups (Nagashima et al., 
SH 8.4-4; Ichinose et al., SH 
8.4 5; Ueno et al., SH 8.4-8). 
The first paper (SH 8.4-4) suc
ceeded in decoupling the compo
nent of the sidereal diurnal vec
tor produced by the annual modu
lation of the second order (ten-
sorial) solar anisotropy, the 
second (SH 8.4-5) found a posi
tive correlation between solar 
activity (sunspot numbers) and 

' / The fiald independent- part 
the sidereal anioolropy in 
certain partr, of the 19th 
(prc-09) and P. Oth ( рос, t~fi:>) 
cycle. В г, banda for Budapec t t 

.'/' for Hobart, III and 01} I' fee 
nectar polarity. Вц^ + Unit? 
and В OUT + //fyy do not aar ее 
in the pcst-bő epochs eel,ret
ed, in contract to the pre-i'J 
oner, (renk,' et a l . , 'Ml ''.'/-.' ; 

amplitude of the sidereal diurnal vector, the third analysed data 
of the Sakashita multidirectional underground meson telescope .md 
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- in addition to some interesting results on free space solar di
urnal anisotropy - proved the existence of a galactic and a solar 
Induced diurnal variation. 

i 

3. VARIATIONS OF TYPE В 
(Azimuthai asymmetries around the sun) 

3.1 27 day and related variations 
A very promising new method was presented on the Technical 

Sessions by Attolini, Cecchini, and Galli (paper T5-17) to find 
non-random oscillations in a time-series. The method consists of 
calculating complex amplitudes (i.e. amplitudes and phases) with 
an arbitrarily chosen period T in an equispaced time series, for 
all intervals of the length T beginning with each individual mem- * 
ber of the time series (one such complex amplitude was named 
"running complex amplitude" of the series) and to choose as the 
"best" value of the complex amplitude in an interval T the mean 
value of T subsequent running complex amplitudes. The authors 
worked out a rapid and elegant way of computing running ampli
tudes and their mean values, and, what is to be most welcomed, 
worked out also the method of estimating the significance level 
of the results. 

The same authors applied the method to find the amplitude 
and frequency of "27 day" trains in the Climax neutron monitor 
data in the years 1953-1976, and in the Dourbes NM data in 1977-
-79 (SH 8.2-2). Unfortunately, their Fige. la and lb need too 
much space to be reproduced here. Once, however, one gets accus
tomed to their structure, these figures tell us the lengths, am
plitudes, and frequencies of the "27 day" wave trains in the time 
series chosen. The authors regard the results, as they are pre
sented in paper SH 8.2-2, still preliminary. They suggest, how
ever, that "27 day" waves have the period length of 28.5 days and 
small amplitudes around solar minima, whereas they have period 
lengths of 27.5 days and large amplitudes around solar maxima. 
They also suggest that, in producing these waves, medium and high 
heliolatitude solar activity (stream-stream interaction, drifts) 
may be active during solar minima, whereas the large amplitude 
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27.5 day waves at solar maxima may be due to shock wave activity 
(recurrent Forbush decreases). 

Nagashima and Morishita (SH 8.2-2) have analyzed the Deep 
River and Kiel data (1962-1981) and the Cheltenham ion chamber 
data (1937-1968) by the standard power spectral method and con
cluded that the Svalgaard-Wilcox periods (with lengths of 27 and 
28.5 days) may be revealed in the data (with period lengths of 
27.12 and 28.26 days, respectively). 

In trying to relate the observed "27 day" trains to special 
solar phenomena, Bazilevskaya et al. (SH 8.2-9) made use of the 
method proposed by Vernov et al. (1979) to find L, the "center of 
gravity" of the solar longitudes according to their activity. 
Comparing the behaviour of L with that of 27 day trains of cosmic 
ray intensity and 28O0 MHz radio emission, they found that high 
latitude solar effects must have been at work in producing the 
27 day recurrences in cosmic ray intensity during 1960-1972. 

Fujimoto et al. (SH 8.2-10) looked for azimuthal inhomogene-
ities in interplanetary space and found an enhancement of cosmic 
ray density near the sector boundaries, irrespective of the po
larities of the sectors, but in correlation with the decrease of 
solar wind velocity near the boundaries. 

A striking example of a "13.5 day" wave train (with no con
spicuous "27 day" wave) was found by Duggal et al. (SH 8.2-20, 
see also Duggal and Pomerantz, 1979) in data of 21 stations in
cluding the underground telescope of Mawson with a median rigidi
ty of 170 GV. The NM intensities observed at McMurdo in Sep.-Dec. 
1978 are shown in Fig. 12. 
The variation was found to 
be isotropic and its rigidi
ty spectrum consistent with 
a power function with an ex
ponent of -1. 

Fig. 12 
The 13.Í) day wave train in 
Sep.-Dec. 1978 ae seen in 
the McMurdo NM data (Duggal 
and Pomerantz, 1979) 
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3.2 Annual and related variations 
Annual variations of cosmic ray intensity can be traced back 

with confidence to the inclination of the solar ecliptic to the 
solar equatorial plane and an asymmetric cosmic ray density dis
tribution in direction perpendicular to the latter. The symmetric 
part of the perpendicular density distribution would give rise to 
a semiannual wave. The first question is, how well the annual and 
related variations are really established. The second question is, 
how the density distributions necessary to explain the annual 
waves are produced. 

As to the first question, several new results were brought 
out at the Conference. Attolini, Cecchini, and Galli (SH 8.1-4) 
applied their method described in paper T5-17 to find "recurrence 
trains" by introducing unit vectors (instead of the observed am
plitudes) retaining the observed phases of the annual variation 
vectors calculated for the period 1953-76. The vector walk of the 
unit vectors of annual variation constructed this way show sharp 
changes of direction at times of the polarity reversal of the 
solar MF (1958-59 and 1970) , whereas no essential change occurs 
in between the reversal times. No significant (threefold statis
tical error) effect was found by them in the semiannual wave. 

As to the second question, Krivoshapkin et al. (SH 8.1-1) ex
tended the model proposed by Levy (1979) to include interaction 
of galactic and solar magnetic fields. A qualitative argument is 
brought forward to explain the enhanced cosmic ray density north
ward of the solar equator when the northern solar hemisphere has 
positive polarity and vice versa, an effect which they notice by 
observing annual waves of cosmic ray intensity. 

It may be noted that the same effect has been deduced by 
Kananen et al. (SH 8.2-21) on the basis of the correlation of 
cosmic ray anisotropy with polarity of the solar MF (see para
graph 2.2 of this paper). 

The paper of Otaola and Hurtado (SH 8.1-6) deals with varia
tions having period lengths between 1 and 11 years. Analyzing the 
NM data of four stations in the period 1965-1979 they found a pro
nounced peak around 5.4 years. The other peaks found by them do 
not reach the 1 % significance level (except for a peak at 3.1 
year in one station's data). 
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4. OTHER PROBLEMS 

4.1 North-south asymmetry 
Direct observation of A, the N-S asymmetry, and conclusions 

which may be drawn from it on X, the scattering mean free path of 
cosmic rays in interplanetary space, has been the subject of pa
per SH 8.2-15 of Suda, Kondo, and Wada. Their starting point was 
the familiar "Thule-McMurdo" difference observed in 1964-1975 
around SC's. N-S asymmetries were observed after SC's. The for
mula 

А - <X/p)2/(l + ( Х / р ) 2 ) * - ^ ^ - " # 
D П 

where p stands for the Larmor radii of the particles observed, 
was used to determine X. The result after SC's was X R; 0.03 A.u. 
which may be compared with values of X £ 0.3 A.U. observed by 
means of other methods during times of usual magnetic configura
tions. 

4.2 Disappearing filaments 
An interesting attempt was made by Ahluwalia et al. (SH 

8.2-19) to find whether disappearing quiescent filaments are as
sociated with cosmic ray variations. On the basis of twelve 
cases, when the disappearances of filaments were followed by geo
magnetic disturbances, no definite conclusion could be drawn if 
a certain type of cosmic ray variation might have been connected 
with the decaying filament. 

4.3 New experiments 
An account has already been given (in paragraph 2.5 of this 

paper) on the new Ottawa horizontal muon telescope and the first 
results achieved with it. In addition to the Ottawa telescope, 
three more new experiments were begun since the last ICRC. 

The COALA (Cooperative Observations of Air Showers Looking 
for Anisotropies) project will start in 1981 (cooperation of the 
Hobart, Nagoya and Tokyo groups, paper SH 8.4-6). 18 units of pro 2 portional counter trays with 4 m sensitive surfaces each will bo 
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deployed on a surface of 20*16O m 2 at an altitude of 1060 m a.s.l. 
at Liawenee in Tasmania. The estimated counting rate is about 
16000 showers per hour; the median energy of the showers will be 

13 14 around 5*10 eV to lo eV. The location of the experiment and 
that of the Norikura cosmic ray observatory have almost the same 
longitudes and almost opposite latitudes. 

A new Geiger-counter telescope has been constructed by the 
Northern Polytechnic (London) group in the Holborn Underground _2 Laboratory (61.2 hg cm ) to study arrival directions of cosmic 
ray muons in the zenith angle range 70° т 90° (Rogers and Tristam, 
SH 8.3-2). The telescope consists of two vertical trays of GM-

2 3 
-counters with sensitive areas 0.25 m each and with a >1 m li
quid scintillation counter system between the trays. The median 
primary rigidity is 9O0 GV. The counting rate during the last 
three months has been ^14 events per hour. 

A new instrument was designed and built to observe cosmic 
ray scintillations (Benson and Green, SH 8.5-4) at Texas A&M Uni
versity. It consists of two scintillators of the sizes of 3 91x182*2.54 cm with 8 cm of lead between them. The experiment is 
running. 
4.4 Mathematical methods 

The new method of Attolini et al. (T5 17) to find non-ran
dom oscillations in a time series was already discussed in para
graph 2.1. 

In an interesting paper Forbush et al. (SH 8.2-1) called at
tention to a common pitfall of the method of Chree analysis and 
variance analysis. These methods presume that residual variations 
superimposed on systematic ones ;.-e random and sequentially in
dependent. This is, however, not so in many cases where geophysi
cal time series, e.g. cosmic ray data, are involved. The paper 
gives an illuminating example of a case where the lack of inde
pendence of the data in the series leads to false conclusions, 
and also describes a method which leads to correct results also 
in cases involving non-independent data. 
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5. SUMMARY 

The greatest progress, since the last ICRC, in the field of 
periodic ?nd recurrent variations was made in revealing proper
ties and understanding nature of fluctuations of the corotation 
type (type A) anisotropics. The world-wide network of cosmic ray 
monitoring stations have provided excellent data series in a huge 
primary rigidity range extending from a few GV to several TV. The 
fluctuations of the corotatior anisotropy are very large, in fach, 
in many cases comparable to the anisotropy itself. The various 
causes of them are listed in Table 1. It seems that the most of
ten active (or most easy to distinguis'.. agent is the В * grad n 
drift, although influence of other causes, like Hall type dif
fusion (SH 8.2-7), are also discernible in some cases. By clear
ing up the mechanism of interaction of the relativistic cosmic-
ray gas with interplanetary plasma, important conclusions could 
be drawn on general interplanetary and/or solar phenomena. E.g. 
two papers on this Conference, independently of each other and 
using different methods, concluded that the hemisphere of the sun 
with positive polarity ("away" polarity) is either more active, 
or its activity is more effectively conveyed to interplanetary 
space (papers SH 8.2-21 and 8.1-1). Cosmic ray investigations 
have already successfully contributed, and will do so in the fu
ture, to revealing the shape of the heliosphere, have yielded 
much useful information to clearing up the mechanism of changer; 
of the general magnetic field of the sun, and others. 

Of course, there are (and there will be) still quite a num-
bet of question marks. There are many open problems connected 
with the relativistic gas-plasma interaction as applied to inter
planetary phenomena, like the limits of validity of the diffusion 
approximation, and many unanswered questions in connection with 
the interplanetary setting, like three-dimensional structure of 
the heliosphere and its interaction with galactic fields. We are 
in the doorway to solve even such problems, but even the doorway 
may turn out very long sometimes. 
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