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Thae extended sets of variational cocfficicnts have bucn
examincd to ascertain the effects of altitude and also for
poovxb]c differences arising from secular changes in the
earth's magnetic field., An examination of the variational
cocfficients calculated for two closely positioned cosmic
ray statiouns in Europe indicates that tuP altitude cffects
are small., A comparison of the variational coeificicuts
calculated for three epochs of the gecmagnetic field for
Western lHemispheric locations where the geomagnetic field
has its most rapid secular change indicates that the secular
variation in the vertical cutoff rigidity (and associated
changes in the asymptotic direction calculations) are such
that the variational cocfficicents calculated using cither a
1655 or a 1975 wodel of the gecnagnetic field are adequate
for most cesmic ray analyses,

1. INTRODUCTION

Several sets of variational cocfficients for studies of diurnal variations
and for transient cosmic ray phenomena have been published (McCracken
et als ;. 1962; Ldr(fruck011a4.a]., 1965; Shea et al., 1968; Gold et al., 1974
Binder ct al., 1976). The determinatiion of these variational coefficients
utilize asymptotic directions ot approach derived from the calculation of
cosrnic ray trajectorics through a mathematical modcl of the geomaonctic
field. However, the gecomagnetic ficld has a secular variation that can
result in corresponding changes in these cosmic ray trajcctories which will
be most pronounced in areas where the secular changes are most signifi-
cant, In this paper we have investigated the differences between the use of
variational coeflicients calculated using models of the gc omagneiic field
appropriate for 1955 and those calculated with geomagnetic ficld models
appropriate for 1975 in ocrder to ascertain the v lidity of 'utilizing the oldey
tables for the analyses of recently .'u‘quix't-d cosmic radiation data. In




addition we have investigated whether sienificant differences occur in the

ted for a mountain and a sea level station
clascly positioned to each othor,

variational coefficients calcul

2. METIOD

The same basic mcthod was utilized to investigate both of these effects.
First, asymptotic dircctions were calculated for the stations under con-
sideration using the trajectory-tracing technique (McCracken et al., 1962)
with an appropriate geoemagneiic ficlid model, Once the asymptotic direc~
tions were calculated, variational coofficients were determined for each of
the stations, using the method desceribed by Gold et al, (1974) and also
followed by Binder et al. (197¢). Cosmic radiation modulation spectral
exponents ranging {rom -0.2 throuch 1,6 were considered together with
various upper limiting rigiditics fror a minimum of 29 GV to a maximum
of 500 GV. Next the first and sccond harmonic of the daily variation were
computed and the changes in these values were evaluated for cach effect
being considered. Finally, the responses to hypothetical '"'square wave'
anisotropics were calculated. These square waves were assumed to be
independent of latitude having longitude widths of 109, 30° and 60° together
with upper limiting rigiditics from 500 GV down to 29 GV. The responses
were then compared for the two effccts under consideration.

3. SECULAR EFFECTS

Secular changes in the geomagnetic field result in significant decreases
in the vertical cutoflf rigidity for cosmic ray stations in the region of Latin
America (Shea, 1971). Since the phasce of the daily variation, as calculated
by the variational cocificients, depends cn both the vertical cutoff rigidity
and the asymptotic conc of acceptance, we have investigated whether the
secular changes in the geomagnetic field are significant in the calculation
of the variational cocfficients or in the application of these coefficients to
the analysis of anisotropies in the cosmic radiation flux,

We have calculated asympiotic dircctions for four Latin American
locations for three epochs of the geomagnetlic field as follows: Buenos

Aires (1965, 1975); Huancayo (1965,
1975); Mexico City (1955, 1965, 1975);

TABLE 1 and Ushuaia (1965, 1975). All calcu-
. , lations were made utilizing the tra-
Vertical Cutoff Rigiditics jectory-tracing technique with the
for Three Epochs following representations of the

internal geomagnetic field: 1955 -
Finch and Leaton sixth degree co-

Vertical Cutoff cfficients (Finch and lL.eaton, 1957);

Station Rigidities $0V). 1965 - International Geomagnetic
955 1965 1975 Reference Field (IGRF) eighth degree
R LR e e coefficients (IAGA Commission 2,
Bucnos Aires 10,22 9,88 Working Group 4, 1969); and 1975 -
Huancayo ¥3.24 13404 International Geomagnetic Reference
Mexico City 9.53 9.12 8,88 Ficld cighth degree coefficients
Ushuaia N 5.29 :

(JAGA Division 1 Study Group, 1976).




A comparison of the mavimum diffcrences in phase of the first and

second harmonic of the daily variation for cach of these stations between
1965 and 1975 (1955, 1965 and 1975 for Mexico City) show differences less
than one hour in the phase of the first and second harmonic of the daily

variation in the 10-ycar intervals considered. In most cases the differences
are of the order of 10 minutes, far too small to be casily detected by present
()pn‘[‘u(i-):. 1] trr‘.:ni«;‘n-s.

An inspection of the results of responses to hypothetical ""'square wave'
functions shows that the differences in maximum phase between two succes-
sive 10-year intervals were typically less than 15 degrees in longitude except
for the oxtremely narrow and unrealistic anisotropy of 10 degrees in width,
Figure 1 illustrates one of the major differcnces, a phase shift of 30° calcu-
lated for Haancayo for a square wave anisotropy 30° in width, and having a
maximum upper limiting rieidity of 29 GV. Figure 2 illustrates a more
typical case showing the differences calculated for Buenos Aires using a 60
wide square wave and 500 GV upper limiting rigidity.

Inspcection of these results shows that whercas the asymptotic loagitude

of the maximum response may change somewhat depending on the geomagnctic

ficld used in the original calculations, the changes in amplitude and general
shape of the curves are so slight that they would be exceedingly difficult to
observe experimentally. The slight differences that do exist are because of
the wide spread of asymptotic directions near the cutoff value as suggested
by Gall (1971).

4, ALTITUDE EFFECT

To investicate the altitude effect, asymptotic directions were calculated
for ncutron moenitors at _T“.ag-,n(\\rcs de Bigorre (geographic latitude 43, 08°,
longitude O.lF\OE, altitude 550 meters) and Pic du Midi (geographic latitude
42.93°N, longitude 0. 251, altitude 2860 meters). The IGRF coefficients
for IEpoch 1975 (IAGA Division 1 Study Group, 1976) were used for these cal-
culations. In comparing the first and second harmonic of the daily variation
between these two stations, diffecrences of less than 15 minutes were found
for cach harmonic. For the responses of thesc two stations to hypothetical
squarc wave anisotropics, the differences in phase between the two locations
are all less than 10° in longitude with the exception of the unrealistic case
of a very narrow anisotropy of 10° in width. These differences are too small
to affect the results of an invostiga’rio’n on spatial anisotropies. 5

The responses of these two ncutron monitors to a square wave 60 in
width and having upper limiting rigidities of 500 GV are shown in Figure 3,
As illustrated, the location of maximum response is shifted by only 52 in
longitude. For an upper limiting rigidity of 29 GV, the location of maximum
response does not change. In addition, the gencral shape of the curves are
very similar for the two locations, as can be scen from the illustration,

[

5. CONCLUSION

FFrom these results we conclude the following:

(1) The altitude effect on the variational coefficients is very small

for realistic anisotropies, Thus any differences in the application of these




SR ST

e i gy

47
e HUAMES W". Feru
L mx.v‘ UM 10¢ \':::;: g
600

! o 19C5 Run * 296V .
|
i

1 U

STATION LOCATION

STATION LOCATION

L n 1 1 1 PR | L 1 N 1 i | (S | " 1 L .1 [ |5 O S
240 €70 300 350 [} 20 60 @0 120 120 10 il “ 2
ASYHPTOTIC LCLGITUDE OF PULSE CENTER

Figure 1, The response of a neutron monitor at Huancayo, Peru to a 367 wide
square pulse cosmic ray anisotropy (lune of a celestial sphere) that cutond:
to 29 GV and has a spectrum that is independent of rigidity for Epoch: 1865
and 1975, The longitude of Huancayo is indicated by an arrow labeled
"station location',
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Figure 2, The response of a neutron monitor at Buenos Aires, Avgentina to a
60° wide squarc pulse cosmic ray anisotropy (lune of a celestia!
extends to 500 GV and has a spectrum that is independent of rigidity for
Epochs 1965 and 1975. The longitude of Buenos Aires is indicaicd by an arr
labe led "station location',
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variational cocfficients to investicate cosmic ray phenomena cannot be
ascribed to an altitude effect,

(2) The presently available tables of variationzl cocfficients are
adequate for the analysis of cosimic ray intensity variations from 1955 to the
present time, and that the geomaenctic ficld utilized in the calculations of
these tables is not a limiting factor in their use,
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