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I PREVIEW 

The first recordings of cosmic rays made by a n< utron monitor at the 
Magnecic Observatory at Hermanus, were published for July 1957, when the 
International Geophysical Year 1957/8 started. The operation of this 12-
IGY neutron monitor was discontinued in 1964, when it was replaced by a 
3NM64 as designed for the International Quiet Sun Year 1964/5. The statis= 
tical accuracy of the recordings was improved when in July, 1972, a 9NM64 
neutron monitor was put into operation in addition to the 3NM64. 

The hourly data of the neutron monitor at Hermanus are published from July 
1957 onwards and distributed internationally. Many papers published in 
international journals on the modulation of cosnic rays, have made use of 
the data of «-he Hermanus neutron monitor. Often requests are received 
from abroad for data of a shorter interval than the hourly values. 

The global importance of the recording of cosmic rays at Hermanus is the 
situation of the station at mid-latitude with a cutoff rigidity of 4,7 GV. 
Since most of the cosmic ray neutron monitors are situated at much lower 
cutoff rigidities, l>eing much closer to the geomagnetic role, the cosmic 
ray data of Hermanus is in high demand by investigators overseas. 

Our association with the Magnetic Observatory at Hermanus is not only 
related to the operation of the neutron monitor, but also due to our 
interest in the geomagnetic field as recorded in this region of the Cape 
Town Magnetic Anomaly known for its large secular variation. Cutoff 
rigidities for cosmic rays entering the geomagnetic field from the inter* 
planetary region, are computed by trajectory tracing using an 
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International Geomagnetic Reference Field (IGRF) model. The IGKF at a 

particular epoch has to be corrected for secular variations in order to 

compute the correct cutoff rigiditv of a neutron monitor station at 

another time. Furthermore, cutoff rigidities at middel latitudes are 

effected by DSt associated ring currents in the magnetosphere. For a 

correct reduction of tae pressure corrected counting rate of a neutron 

monitor to the interplanetary integral intensity of cosmic rays, the 

effective cutoff rigidity must be known. 

2 INTRODUCTION 

Investigations at Potchefstroom have directed our interest to the interaction 

between cosmic rêys and the interplanetary magnetic field. The interplanetary 

or solar magnetic field defines a region within the galactic medium (Figure 1) 

just as the geomagnetic field defines a region within the interplanetary medium. 

Galactic cosmic rays may enter the so-called heliospheric region and an unknown 

fraction of these manage to reach the Earth through the interplanetary medium. 

HELIOSPHERE AT SOLAR MAXIMUM 

Figure 1 



101 

The monthly averaged i n t e n s i t y of cosmic rays as recorded at ground leve l 

in North Aricrica at Deep River, Canada, i s shown i n Figure 2 (Von Rosenvinge 

and P a i z i s . !981) . The 100% l e v e l represents the i n t e n s i t y of cosmic rays 

during i*ay 1965, when the so lar a c t i v i t y was i t the previous minimum l e v e l . 
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Figure 2 

The Zurich sunspot number was a maximum during 1969 and again in 1970 when 
the cosmic ray intensity was at a minimum. The cosmic ray intensity as re= 
corded at Di?ep River, recovered fast towards the 100% level after the 
minimum in 1970. From the end of 1971 until 1977 the intensity was variable 
and approached on several occasions within a few percent the 100% level of 
May 1965. The scattering in monthly averaged cosmic ray intensity smoothed 
down towards and during 1976, when solar activity was at a minimum level. 
However, the cosmic ray intensity did not recover during 1976 to the 1965 
value, presumably because the activity of the rid (20th) cycle did not 
die away completely before the new (21st) eleven year solar cycle started. 

After 1976 the solar modulation of cosmic rays increased again due to in= 
creasing solar activity of the 21st cycle with a resulting decrease in the 
intensity of cosmic rays. It is this period of increasing modulation of 
cosmic rays from 1976 onwards which 1 wish to discuss in this talk. First 
the geomagnetic field ÓS ? spectrometer for primary cosmic rays will be 
discussed and then applied to the latitude surveys in 1975 and of 1976. 
Ne ;t, features of the coronal magnetic field, the solar wind with inter
planetary magnetic field, and the transport of cosmic rays in the inter= 
planetary magnetic field will be outlined in ordt!r to relate cosmic ray 



102 

recordings at fixed groundlevel stations to observations made in outerspace 
by space crafts fnd satellites and to explain these recordings in terms of 
cosmic ray inodulation processes. 

3 THE GEOMAGNETIC SPECTROMETER 

Figure 3 shows an equatorial section of the Earth the equatorial magnetic 
field directed inward towards the north pole. The orbit of an energetic 
positively charged particle is shown, arriving at the Earth's atmosphere 
in ? vertical direction. A less energetic part'cle, approaching the geo= 
magnetic field from the same asymptotic direction, is deflected by the 
geomagnetic field and will not be observed at Earth. 

Figure 3: Positively charged 
particles (i.e. cosmic 

rays) -ire deflecced by the £eomag= 
netic field by a magnetic force 
F=qvB when v J- B. This *orce is 
equal to the centripetal :orce 
F = mv 2/p. Consequently Bp = — = 
rigidity and is a constant for 
particles with different charges 
but with the same rigidity. A nega= 
tively .narged particle shot away from 
the earth in the opposite direction 
and with the same velocity as the in= 
coming positive particle will retrace 
the same trajectory back into space. 
If the negative particle is shot away 
with a rigidity that takes the 
particle asymptotically into a 
circular orbit around the earth then 
the particle will neither escape nor 
encounter the Earth again. This 
rigidity is known as the cut-off 
rigidity. 

When tracing trajectories through a magnetic field, particles with the same 
• • . • / momentum* •,-,*•,•, „i_ ^ &• 

magnetic rigidity (= — r ) will follow the same trajectory. Since cosmic 
rays consist of nuclear particles with different charges, the (magnetic) 
rigidity is the appropriate parameter (and not energy) for spectral measure 3 

ments by a magnetic field. Cosmic ray particles require a high rigidity to 
be observed at the equator, since traj?ctories have to cross geomagnetic 
field lines. Particles of lower rigidities may however be observed in polar 
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regions, because particles may approach the poles along gemagnetic field 
lines. 

The effective minimum rigidity of a charged particle to arrive at the 
atmosphere o< the earth at a particular location is called the cutoff 
rigidity. At the equator the cutoff rigidity is about 16 GV, while at 
the polar regions the atmosphere imposes a cutoff of about I GV for cosmic 
ray particles to be detected at ground level. 

4 THE LATITUDE SURVEY OF 1976 

We conducted a latitude survey (Stoker, et al. 1980) of cosmic ray intensity 
at sea level during the solar minimum period in 1976. Figure 4 shows the 
routes of the survey. Several cosmic ray detectors were mounted on the 
bridge deck of the S A Huguenot,a frighter of S A Marine Corporation. 
Similar detectors on the M.V. RSA surveyed the cosmic ray intensity from 
Cape Town to Sanae on the Antarctic ice shelf. 

The data of these surveys are shown in Figure 5. From diis integral distri* 
buticn of cosmic rays the integral and differential distributions may be 
derived and «-re shown in Figure 6 (Potgiet^r et al., 1980a) for two types of 
cosmic ray detectors, MMl and NM3. 

Figure 4: The 1976 latitude survey of 
cosmic rays at sea-level. 

The figures indicate the cutoff rigidi= 
ties at the various locations. 
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Figure 5: The six hourly averages for the seaborne 
surveys as function of cutoff rigidity 
for 1976. 
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Figure 6: The in tegral response functions for NMl and NM3 as 
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We have also re-analised the úata of the survey of Carmichael et ai (1969) 
across the continent of Nordi America during the solar minimum activity 
period in 1965 and of Rose et al. (1956) along the eastern and western 
coasts of the continents of North and South An.Drica during the 1954 period 
of minimum solar activity. The iresulted differential distributions for 
1965 and 1954 are shown in Figure 7 (Potgieter et al., 1980b). 
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Figure 7; The differential response functions 
dN/dP for 1954, 1965 and 1976, 

normalized at 10 GV. 

Although cosmic rays did not recover to the same level in 1976 as in 1965, 
Figure 7 shows that the 1976 spectrum was significantly softer than the 
1965 spectrum, while the 1954 spectrum was very similar to the 1976 spectrum. 

There appears to be a 22 year cycle in the differential distribution of cosmic 
rays at the periods of minimum solar activity. Moraal et al., (1979) explain 
the 22 year variation in the differential distributions by the 22 year cycle 
in the polarity of the solar magnetic field (see paragraph 6). 
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5 CORRECTNESS OF THE IGRF 

A rosmic ray detector was flown on a Boeing 747 of the South African Airways 
to London and back in 1975. The cosmic ray intensity was plotted as a 
function of cutoff rigidity in Figure 8 (Mischke et al., 1979). Ii the 
upper plot the cutoff rigidities were calculated from the 1955 IGRF, while 
in 1975 the rigidities were calculated from the 1965 IGRF, corrected to 1975 
for secular variations. 
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Fi b ure 8: 
Cosmic ray intensity plotted 
against vertical cutoff rigidity 
calculated for Epoch 1955 (top 
figure) and for Epoch 1975 
bottom figure). 

The 1955 IGRF did not yield the same latitude distributions for the South and 
North Atlantic Oceans in 1975. The distributions are closing up for cutoff 
rigidities computed for 1975 from the 1965 IGRF corrected for secular variations. 
In Figure 9 the results are shown for data obtained at 30 000 feet pressure 
altitude during a flight from Johannesburg to New York (Konig and Stoker, 1981). 

It is apparent that the secular variation of th»; geomagnetic field was not 
taken account of correctly in the extrapolation from 1965 to 1975. The IGRF 
derived from the 1981 magsat data should be employed to correct the 1975 
geomagnetic field simulated model for computing the cutoff rigidities for 
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1975. It should be noted that the secular variations effect cutoff 

rigidities in opposite directions in the South and North Atlantic oceans. 
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Figure 9: Count rates in the two hemispheres plotted as a function of 
vertical cutoff rigidity, as calculated by trajectory tracing 
with the geomagnetic field model for 1975 for positions en 
route for a flight from Johannesburg to London in 1976. 

A cutoff rigidity at a particular geographic coordinate may be calculated 

by interpolation from a 5°x!5° world grid of cutoff rigidities (Shea and 

Smart 1975). The cutoff rigidities at the grid coordinates were computed 

by trajectory tracing. Cutoff rigidities were calculated by interpolation 

from the world grid for coordinates along the flight route of a cosmic ray 

detector on a South African Airways' Boeing 747 from Johannesburg to New 

York in 1976, and compared with cutoff rigidities obtained from trajectory 

tracings of cosmic ray particles through the geomagnetic field (tónig and 

Stoker, 198 Ï >. When the differences between these two sets of cutoff 

rigidities are plotted (Figure 10), scatterings in the differences are 

apparent in the mid-latitude regions between 5 and 11 GV cutoff rigidities, 

in particular in the North Atlantic Ocean region, where an oscillation is 

apparent. These results suggest that the 5°xl5° grid is too course for 

interpolation purposes at mid-latitudes, and that a 1°xl° grid should 

rather be used. Even for closely spaced points slight changes in the 

penumbral structure of cosmic ray entries may cause a random scattering 
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of l e s s than l), I GV in cu to f f r i g i d i t y . 
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Figure 10: Difference between vertical cutoff rigidity obtained by inter= 
polation and cutoff rigidity calculated by trajectory tracing, 
plotted against longitude for positions along the flight path 
from Johannesburg (26°S, 28°F) to New York (40°N, 288°E). 
Trajectory-traced vertical cutoff rigidity values are also in= 
dicated at se*acted intervals. 

6 THE CORONAL MAGNETIC FIELD 

Photospheric magnetic field measurements are performed daily by many obser= 
vat ions around the globe, using a magnetograph. The magnetograph measures 
photospheric spectral line splitting in either the longitudinal or transverse 
Zeeman effect. Thus both the photospheric magnetic field strength and the 
direction of the field are obtained. In Figure II a solar magnetogram from 
Mt Wilson taken on 17 January, 1982, is shown (Solar-Geophysical Data, 1982). 
Solid lines are positive isotesla levels and dashed lines are negative iso-
lcvels. The angular solition is 17,5 arc. 

From the photospheric. magnetic field values the coronal magnetic field may be 
computed. Field lines thus computed for the solar eclipse of 12 November 1966, 
are shown in Figure 12 (Fisk and Schatten, 1972). The solid lines represent 
magnetic fields directed away from the sun and the dashed lines fields direc= 
ted toward the sun. Note that in 1966 the northern hemisphere of the sun had 
a resulting negative (south) magnetic pole polarity and the southern hemisphere 
a positive (north) magnetic pole polarity in 1966. Note also the interconnect 
ting magnetic field lines from the small scale positive and negative polarities 
on the photosphere (see Figure II). 
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Figure 11: A solar magnetogram taken on January 17, 1982 
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Figure 12: The coronal magnetic field calculated by 
Schatten (1971) for the November 12, 1966 
solar eclipse. 



no 

7 THE SOLAR WIND AND INTERPLANETARY MAGNETIC FIELD 

Although the photospheric temperature of the sun is about 4500 kelvin, the 
temperature of the corona at about one solar radius above the photosphere 
is more than 1 x 10 kelvin. The solar gravitional field could not keep 
the coronal plasma in equilibrium and consequently, the coronal plasma is 
streaming away from the sun into the interplanetary space at an average 
speed of about 400 km.s . This streaming of the coronal plasma away from 
the sun is called the solar wind. This radially expanding plasma carries 
with it the solar magnetic field. 

In Figure 13 three magnetic field lines are shown. These lines are carried 
away from the sun at a spaed of about 400 km.s , while the sun rotates with 
a period of 27 days. Consequently the solar magnetic field lines are in the 
form of Archimedian spirals. The solar wind with the frozen-in magnetic 
field lines continuous to stream radially outwards until the pressure of the 
solar wind is balanced by the pressure of the interstellar medium. (See 
Figure i). According to present estimates this boundary between interplanetary 
and galactic medium must be at least at 50 A.U., but less than 100 A.U. 
(1 A.U. = 1 Astronomical unit = distance between Sun and Earth). The boundary 
layer is expected to be a region of irregular and turbulent magnetic fields. 

Very high energy (about 100 GeV and above) galactic cosmic rays (being charged 
particles) may reach the Earth at 1 A.U. by a trajectory, crossing the inter58 

planetary magnetic field lines. Lower energy galactic cosmic rays may beco-ne 
trapped on the spiral field lines (see Figure 13). Because of irregularities 
which exist in the spiral form of the field lines due to density fluctuations 
in the solar wind, the trapped particles will experience pitch angle 
scattering while moving along the field lines. The trapped particles are 
diffusing inward along the field lines and at the same time they are swept 
with the field lines by the solar wind radially outward back to interstellar 
space. A outward directed radial gradient in the number density of cosmic 
ray particles is therefore maintained. The number density of cosmic ray 
particles at a particular radial distance from the sun is determined by the 
degree of modulation of the galactic cosmic ray spectrum by the diffusion -
convection effect of the interplanetary magnetic field on the cosmic ray 
particles. 
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Figure 13 

8 DRIFT OF COSMIC RAY PARTICLES IN THE INTERPLANETARY MAGNETIC FIELD 

In Figure 14 it is apparent that during the sixties the electron flux in the 
energy range 360-580 MeV was larger than the proton flux in the energy range 
of 40-90 MeV at I A.U. In the early seventies the intensities changed rela* 
tive to each other; the proton flux became larger than the electron flux. 
This signified a change in the interplanetary medium that was charge depended. 

During 1969-1971 the polarity of the solar magnetic field reversed. Before 
1970 the sun's northern hemisphere had a negative polarity and the southern 
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hemisphere ; positive polarity, with reversed polarities after 1970. 
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Figure 14: (Evenson et al., 1981) 

A drift term is present in the transport equation for cosmic rays in the 

interplanetary magnetic field, as derived from the Focker-Planck Equation. 

Preliminary analysis by Moraal et al., (1979) suggest a softer cosmic ray 

spectrum after 1970 than before 1970 for the same degree of modulation of 

cosmic rays, thus explaining the softer spectrum of cosmic rays in the 

rigidity range of 1 to 16 GV during 1976 with respect to 1965 (see Figure 7) 

Figure 15 illustrates the origin of the diurnal variation of cosmic rays. 

R is the resultant flux of cosmic ray particles due to the outward conveca 

tion velocity CV and the inward diffusion velocities D and D respectively 

due to the parallel and perpendicular diffusion coefficients. Consequently 

a diurnal variation is observed in the cosmic ray intensity just before 

I8h00 local time. According to M Lemmer's work for an M Sc theses (1983) 

at Potchefstroom, the maximum of the diurnal variation as recorded by the 

Hermit"? neutron monitor, was closer to 18h00 and had a larger amplitude 

betore 1970 than after 1970. This may be explained by a northward directed 

interplanetary magnetic field component perpendicular to the ecliptic plane 

before 1970 and a southward directed perpendicular component after 1970. 

Vbrk is still in progress to explain this change in direction and amplitude 

quantitatively from the general transport equation of cosmic rays in the 

interplanetary magnetic field. 
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Figure 15: R is the resultant streaming velocity of cosmic ray particles, 
that are convected radially outwards by a streaming velocity 
CV and that are diffusing inwards with streaming velocities D|j 
and Di respectively parallel and perpendicular to the Archimedian 
spiral magnetic field direction. The bottom vector dial shows 
the resultant vector R before and after 1970 as obtained from 
the hourly counting rate of the Hermanus neutron monitor. The 
differences between the resultant R before and after 1970 may 
be explained partly by a drift velocity « E^ x Gj, where j^ is 
the vertical component of the interplanetary magnetic field at 
I A.U. and G r is the radial component of the gradient of cosmic 
ray particle intensity. This drift vector is also shown in the 
bottom figure. 

STEP-LIKE MODULATION OF COSMIC RAYS 

During the rising part of the previous solar activity cycle, Stoker and 
Carmichael (1971), reported on a step-like change in the modulation of cosmic 
rays (see Figure 16). The same step-like change in modulation is also apparent 
for the present solar cycle (see Figures 17). In each graph the higher cutoff 
rigidity (i.e. lower latitude) station is plotted on the horisontal axis and 
the lower cutoff rigidity (i.e. higher latitude) station on the vertical axis. 
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Figure 16: 
Observed and calculated re= 
gressions between the relative 
variations of the Kula and the 
Deep River neutron monitors. 
The monthly experimental points 
have been numbered in sequence. 

In order to try to explain these step-like changes in modulation, let us 
look at data of space-craft far out in space (Figure 18). In Figure 19 
results obtained from Pioneer 10 at 16,0 A.U. on 27 May 1978 and at 17,4 A.U. 
on 12 November 1978 are shown (McDonald et al., 1981). The middle plots show 
a steep increase in the solar wind speed, indicating a supersonic shock that 
originated from a corona hole or an eruption (solar flare) on the sun. In 
top plots increases in the indensities of 0,84-2,3 MeV protons due to the 
passage of the shock, are apparent while a decrease in intensity of >200 MeV 
protons can be seen in the lower plots. 

In Figure 20 (McDonald et al., 1981) the progession of shocks moving radially 
outward in interplanetary space could be seen from the decreases in the coun= 
ting rates of the proton detectors as observed in succession by Voyager II, 
I and Pioneer 10 at different radial distances from the sun. It took the 
shocks about 2 months to cover the dist?nce of 22 A.U. from the sun to 
Pioneer 10. 

The increase of longterm modulation of galactic cosmic rays may be due to a 
succession of shocks that originated from the sun and propagated radially 
outward in the interplanetary medium. From Figure 17 the recovering of more 
energetic cosmic rays from the depletion effect of these outward traveling 
shocks should be sooner than the recovery of lower energy particles. This 
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Figure 17: Five monthly sliding average counting rates of Tsumeb (cutoff 
rigidity 9,3 GV) and Hermanus (A,7 GV) and of Potchefstroom 
(7,4 GV) and Kiel (2,2 CV) for the first phase of the present 
solar activity cycle. The IC0% level is for May 1965. 
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Figure 19; The changes in low energy p a r t i c l e i n t e n s i t y and the so lar 
wind speed c l e a r l y mark the passage of the shock (McDonald et a l . , 
1981). 
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(McDonald et al. 1981). 

rigidity-depended recovery of cosmic rays after a period of increased 

modulation shows up in the step-like changes in cosmic ray intensity as 

observed by our neutron monitors (see Figures 16 and 17). Work is in 

progress to relate these traveling disturbances, as observed in inter* 

planetary space, to Forbush decreases as observed Hy groundbased neutron 

monitors. By including a rigidity dependent scattering term into the 

transport equation for cosmic rays, the step-liv.e changes in modulation 

might be explained. 
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SOIAR PROTON GROUND LEVEL EVENTS 

Figure 2 1 (Stoker et al. , 1979) shows the solar proton ground level event 
of 7 May 1975, as observed by neutron monitors at different locations. A 
directional anisotropy is evident if the data of the high latitude stations 
Sanae, South Pole, McMurdo, Newark and Kiel are intercompared. A spectral-
depended counting rate is obvious when intercomparing the data of Sanae, 
Hermanus, Potchefstroom and Tsumeb. In order to resolve the difficulty 
imposed by directional anisotropy when the spectrum of the solar protons 
has to be determined from observations at different locations on earth, two 
types of detectors having different energy sensitivities are in operation 
at Sanae. Figure 6 shows the difference in differential counting rates of 
the NMl which was a INM64 and the NM3, which was a neutron moderated 
detector (NMD). The data of these two different cosmic ray detectors for 
solar proton ground level events are also shown in Figure 2i, as a ratio 
in the counting rates of the two detectors at Sanae, the neutron moderated 
detector (4NMD) and the 3NM64 neutron monitor. The spectrum of the solar 
protons is deduced from the variation in this ratio duriiig the ground level 
event. 

I | ! I ' | ! '' I ! F T-c 1 
0.102 L 
0.100 _NMD_ 

3N.V64 

SANAE 

1" 
i 9 3 

_ 89 
85 S0UTHP0LE 

McMURDO 

NEWARK 

~1 
I 
1 

KIEL 

92 % 88 

110 
106 
102 
98 % 
94 
90 
! 
86 

Figure 21 

HERMANUS 

POTCHEFSTROOM]96 

TSUMEB 
" f 

92 

2<J /, a 
6 1977 MAY 

UT 



REFEPENCES 

Carmichael, H., Bercovitch, M., Steljes, J F and Magadin, M.: Can. J.Phys. 
47^ 2037, 1969. 

Evenson, P., Garcia-Munoz, M., Meyer, P. and Simpson, J.A.: .-roc. 17th Intern. 
Cosmic Ray Conference. Paris, 2» 246-249, 1981. 

Fisk, L.A. and Schatten, K.H. Solar Physics 23, 204-210, 1972. 

Konig, P.J. and Stoker, P.H. J Geophys. Res. 36̂ , 219-223, 1931. 

Lemmer, M., M Sc Thesis, Department of Physics, Potchefstroom University for 
CHE, in preparation, 1983. 

McDonald, F.G., Trainor, J.H. and Webber, W.R.: Proc. 17th International 
Cosmic Ray Conference, Paris, J£, 147-150. 1981. 

Mischke, C.F.W., Raubenheimer, B.C. Stoker, P.H., Van der Walt, A.J., 
Shea, M.A. and Smart, D.F. : Proc. 16th Intern. Cosmic-Ray Conf., Kyoto 4̂  
279-284, 1979. 

Moraal, H., Gleeson, L.J. Webb, G.M.: Proc. 16th Intern. Cosmic Ray Conf. 
Kyoto, 2» 1-6. 1979. 

Potgieter, M.S., Raubenheimer, B.C., Stoker, P.H. and Van der Walt, A.J. : 
S.Afr. J.Phys, 2» 77-89, 1980a 

Potgieter, M.S., Moraal, H., Raubenheimer, B.C. and Stoker, P.H.: S.Afr. 
J.Phys. 3, 90-94, 1980b. 

Rose, D.C., Fenton, K. B., Katzman, J. and Simpson, J.A., Can. J. Phys. _34_, 
968, 1956. 

Shea, M.A. and Smart, D.F. : Proc. 14th Int. Cosmic Ray Conf. Miinchen, 4, 
1298, 1975. 

Solar-Geophysical Data, pzompt reports, National Oceanic and Atmospheric 
Administration, Boulder, Number 451(1), 90, March 1982. 

Stoker, P.H. and Carmichael, H.: Astrophys.J. 169, 357-368, 1971. 

j 



120 

Stoker, P.H., Potgieter, M.S. and Venter, A.J.: Proc. 16th Intern. 
Cosmic-Ray Conf., Kyoto, ^, 358-363, 1979. 

Stoker, P.H. Van der Walt, A.J. and Potgieter, M.S.: S.Afr. J.Phys. _3 
73-76, 1980. 

Von Rosenvinge, T.T. and Paizis, C. : Proc. 17th Intern. Cosmic Ray Conf. 
Paris, 10, 69-72, 1981. 


