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Summary 

Some preliminary results are given of an investigation of solar daily variations 
recorded by vertically directed meson telescopes at Hobart, Tasmania (geomagnetic 
latitude A=52 oS.) and at Mawson, Antarctica (A=73 oS.). Long-term trends in phase 
of the variation are found to be similar to those reported by observers in the northern 
hemisphere. However, a substantial and fairly consistent phase difference in local time 
is apparent between the two stations, and its origin is discussed. A brief discussion 
of pressure-correction· procedures is also given. 

I. INTRODUCTION 

Investigations of the solar daily variation of cosmic ray meson intensity 
have been carried out over many years at stations in the. northern hemisphere, 
but few comparable records are available from the southern hemisphere. Many 
of the characteristics of the daily variation, particularly of the observed short-. 
and long-term changes in form, are assumed to be "world-wide" in nature, 
and observations at southern stations should provide valuable information to 
assist in the interpretation of these phenomena. 

Continuous recording, using a vertically directed counter telescope of high 
counting rate, was commenced at Hobart, Tasmania (geographic coordinates 
42° 50' S., 147° 20' K; geomagnetic coordinates 52 oS., 224 °E.) in September 
1953. In April 1955 similar equipment was installed at the Australian National 
Antarctic Research Expedition station at Mawson, Antarctica (geographic 
coordinates 67° 36' S., 62° 53' E.; geomagnetic coordinates 73° S., 104 OK). 
The purpose of this paper is to present some preliminary' results obtained at these 
two &tations, 

Records have also been obtained over the same period using telescopes 
inclined to the vertical, and these will be discussed ina subsequent paper. 

II. THE RECORDING TELESCOPES 

An results presented have been obtained with Geiger counter telescopes 
of identical design. A detailed description of the equipment, prepared together 
with operating instructions and other relevant material as an equipment manual, 
has been published elsewhere (Parsons 1957). Briefly, the telescopes consist 
of three equally spaced square trays of counters, each tray having a sensitive 
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area of 1 by 1 m, the separation of extreme trays being 1 . 5 m. Between the 
.lower two trays is 10 cm of lead absorber. The Geiger tubes are of the external 
cathode type, 4 cm in diameter and of 1m sensitive length. The associated 
electronic circuits record the threefold coincidence rate (approx. 85,000/hr) 
with a resolving time of 2·5 [Lsec. Scale factors of 27 are employed, and hourly 
count totals are recorded on Post Office type electromechanical registers. 

At both stations the recorders are situated at an elevation of 15 m above 
sea-level. 

III. TREATMENT OF DATA 

The mean daily intensity variations have been calculated for successive 
bimonthly periods, and are represented by 12 bihourly intensity figures expressed 
as percentage deviations from the mean. These figures have been obtained 
after correc~ion using a standard barorr..eter coefficient of -2 ·31 per cent. per 
cm Hg (see discussion in Appendix I) and after correction for residual secular 
change (assumed to be linear over the mean day). The final figures have been 
subjected to harmonic analysis by standard methods and the mean daily variation 
expressed as the sum of the 24- and 12-hr components of best fit. 

It is interesting to note that the mean daily pressure variation, although 
contributing 'substantially to the observed intensity variation at Hobart, is 
very small at Mawson, and correction in the latter case affects the original figures 
very little. Moreover, at Hobart the pressure variation is almost entirely 
semi-diurnal in character whereas the small variation at Mawson is largely diurnal. 

IV. SUMMARY OF RESULTS 

Table 1 summarizes the results of harmonic analysis of both the Hobart 
and Mawson data, taken in bimonthly groups. These results are plotted in 
Figures 1 and 2 to display the long-term changes in both amplitude and phase 
and to facilitate comparison of these changes at the two stations. 

In Figure 1 are also included some results from other stations to allow 
comparison of the observed phase changes. The Tokyo data include results 
up to December 1954 published by Miyazaki (1955) and these results have been 
extended up to December 1955 by an examination of pressure-corrected bihourly 
data kindly supplied by Maeda (1955-56). These records are from a Nishina 
type ionization chamber, under a 10 cmlead shield and 40 cm concrete roof and 
situated near sea-level. The Manchester and London results are as published 
by Possener and van Heerden (1956} and refer to relatively wide-angle unshielded 
counter telescope measurements. Up to the end of June 1954 averages of 
simultaneous north and south measurements at 45° to the vertical are used. 
The authors show these to be comparable with the later vertical measurements 
made at London. The separate time groups to which the plotted average times 
of maximum refer are indicated in the diagram. The Hafelekar results are 
taken from Steinmaurer and Gheri (1955). They are from measurements at an 
elevation of 2300 m with an ionization chamber under a 10 cm lead shield. 
Quarter-yearly mean times of maximum are given. 
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The data from each of the three northern stations are corrected only for 
pressure varia,tions, using experimentally determined total barometer coefficients. 
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Fig. 1.-The 24-hr component of the daily variation of meson intensity, 
showing changes in mean amplitude and phase at Hobart and Mawson, 

and changes in phase observed at northern stations. 
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Fig. 2.-The 12-hr component of the daily variation of meson intensity, 
showing changes in amplitude and phase at Hobart and Mawson. 

V. DISCUSSION 

(a) Long-term Changes 

The main characteristic of the daily variation at both Hobart and Mawson 
is the occurrence of a single broad maximum. However, departures from a 
simple sinusoidal form are significant and, although the variations in most cases 
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can be fairly closely approximated by the sum of 24- and 12-hr sine waves, 
distinct physical significance cannot necessarily be attached to these. N ever
theless, because of the predominantly diurnal character of the variation, the fitting 
of such curves does provide a convenient method of demonstrating long-term 
changes in phase arid amplitude. 

A further point relevant to the interpretation of daily variations averaged 
over many days is that these are not characteristic of all days within the period 
considered. Standard errors· of the harmonic coefficients may be estimated 
from the total number of particles counted for each bihourly period, on the 
assumption that departures of single corrected bihourly readings from the mean 
fitted wave are due only to statistical fluctuations. By such a method, one 
finds in the present results that standard errors of the calculated bimonthly 
mean amplitudes vary between 0·01 and 0·02 per cent., depending on the 
available number of complete days' records in each period. However, an 
examination of the variatWn on individual days indicates a degree of variability 
far in excess of that expected from statistical fluctuations alone. Physical 
significance must therefore be attached to this variability, and the implication 
is that long-term changes apparent in the mean daily variation arise from the 
variable frequency of occurrence of different forms of individual daily variations. 
An examination of the day-to-day variability exhibited by the present records 
will be reported in a future paper. 

Figure 1 shows that significant changes have occurred since 1953 in both 
the amplitude and time of maximum of the mean diurnal (24-hr) component. 
During the period for which the Hobart and Mawson records overlap, the changes 
in phase at the two stations are closely parallel although the amplitudes are 
not well correlated. Further, the results from the three northern hemisphere 
stations show phase changes of a broadly similar nature. There is thus further 
evidence for the world-wide nature of this phenomenon and for its origin in the 
primary radiation. Similar evidence has been presented by several investigators 
from records prior to 1954, e.g. Sarabhai, Desai, and Venkatesan (1954), who 
show that the changes occur at the equatorial station Huancayo and must 
therefore involve primary particles of energies greater than 1010 eV. We would 
expect the phase changes observed at different stations to be not highly correlated 
because of statistical uncertainties, breaks in record continuity, different instru
mental arrangements, and tl}.e variability of unknown residual atmospheric 
effects in different localities and seasons. However, the degree of similarity 
which does exist in the phase changes suggests that the atmospheric com
ponents remaining after correction are not larger than the diurnal variation due 
to other causes. 

The fitted semi-diurnal components (Fig. 2) are in general smaller than the 
diurnal components, but there is some evidence here also for significant long-term 
changes in both amplitude and phase, and for some degree of similarity in 
behaviour at the two stations. 
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(b) Phase Difference in L.M.T. between Hobart and Mawson 
It is apparent from Figure 1 that a fairly consistent phase difference in local 

mean time, averaging some 3-4 hr, exists between the 24-hr components at 
Hobart and Mawson. .A similar behaviour is evident in the 12-hr component. 
In both cases the time of maximum is later in the day at Mawson than at Hobart. 
It does not seem possible to attribute this to uncorrected atmospheric effects, 
and we discuss below possible sources of this phase difference. 

Brunberg and Dattner (1954) have suggested that the daily variation arises 
from an anisotropy of primary particles within the energy range 2-4 X 1010 eY 
entering the Earth's field, the direction of the anisotropy lying roughly in the 
plane of the ecliptic. However, examination of particle trajectories in the field 
(Brunberg and Dattner 1953) seems to indicate that the anisotropy must involve 
particles from a wide range of asymptotic latitudes with no strong concentration 
near the equatorial belt if the observed lack of any marked change in amplitude 
with latitude is to be explained. 

We assume, then, that the daily variation results from such an anisotropy 
and that the Earth's field is of dipole form, described at the Earth's surface by 
the geomagnetic coordinate system in current use. Then the time of maximum 
intensity recorded at any station will be determined by the deflections suffered 
in this field by the incoming particles. We expect the maximum for a vertical 
telescope to be recorded when the initial approach direction of vertically incident 
particles makes its minimum angle with the direction of maximum primary 
intensity. 

The initial direction of approach of a particle of given energy may be read 
from the curves of Brunberg and Dattner (1953). It is specified by two angles: 
<1>, the angle which the direction makes witp. the geomagnetic equatorial plane, 
and '¥ E1 a geomagnetic longitude angle measured eastwards from the geomagnetic 
meridian plane through the recording station. The difference in '¥ E at two 
stations for particles of energy equal to the mean energy of those involved in 
the anisotropy has been assumed by several authors to give a measure of the 
expected phase difference in L.M. T. at the two stations. However, because the 
relationship between geomagnetic and geographic coordinates is not the same at 
different places on the Earth, this approximation is not good enough, particularly 
at high latitudes. 

If the origin of the daily variation is as suggested, we may calculate the 
expected phase difference as follows. We assume first a mean energy of 
2 X 1010 eY for the particles involyed. Then at Hobart (H) and Mawson (M) 
for vertical incidence, we find 

<I> (H) =15 oS. 
<I>(M) =56· oS. 

'¥E(H)=42° 
'¥E(M) =29° 

We now imagine the Hobart station to be transposed '¥ E(H) eastwards 
in geomagnetic longitude and to a new geomagnetic latitude of <I>(H). .A vertical 
telescope at this new position H' (geomagnetic lat. 15 oS., geomagnetic long. 
226 °E.) would, in the absence of a field, record particles from a direction exactly 
parallel with the initial direction of field-influenced particles which arrive vertically 
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eat Hobart. A. maximum in the daily vertical intensity variation will thus be 
recorded at Hobart when the Earth's radius through H' makes its minimum 
angle with the direction of maximum primary intensity, i.e. when this latter 
direction lies in the geographic meridian plane through H'. Suppose the Mawson 
station is also appropriately transposed to a new position M' (geomagnetic lat. 
56 oS., geomagnetic long. 133°E.). The geographic coordinates of H' and M' 
are respectively (13 oS., 194°E.) and (47 oS., 74°E.). We see then that the 
actual difference in recorded times of maximum in universal time should be 
given by the geographic longitude difference between H' and M ', in this case 
120°. If we subtract from this the geographic longitude difference between 
Hobart and Mawson (84°) we obtain the expected phase difference in local 
mean time (36°=2 hr 24 min). The results of such calculations for several 
mean energies of the anisotropic primary particles are set out in Table 2. The 
geomagnetic-geographic coordinate transformations have been made according 
to McNish (1936). A.lso included in the table for comparison are the corresponding 
.simple differences in 'FE between the two stations. 

TABLE 2 

EXPECTED PHASE DIFFERENCES BETWEEN DAILY VERTICAL INTENSITY VARIATIONS 

AT HOEART AND MAWSON 

Mean Energy of Expected Phase Lag 
Anisotropic Primaries at Mawson 'FE (Hobart)-'FE (Mawson) 

(eV) (L.M.T.) 

1·5x101O 2 hr 40 min (40°) 15° 
2'Ox 1010 2 hr 24 min (36°) 12° 
3·0 X 1010 1 hr 44 min (26°) 7° 
4· 0 X 1010 1 hr 16 min (19°) . 5° 

It is clear from Table 2 that the error committed in assuming 'FE to represent 
a solar time displacement is quite large. 

Brunberg and Dattner (1954) have concluded that the mean energy of the 
primary particles responsible for the daily variation is in the region 2-4 X 1010 eV. 
The assumption that lower energies are involved nieets with serious difficulties 
(cf. Elliot and Rothwell 1956). We see then from Table 2 that the observed 
phase difference in L.M.T. of 3-4 hr between Hobart and Mawson is only partly 
explained by the different locations of the stations. 

The above discussion is based on the assumption!:' that the daily variation 
arises from an anisotropy outside the Earth's field region, and that the particles 
suffer deflection in a dipole field described by the surface coordinates in current 
use. The evident discrepancies suggest that either of these assumptions may 
be incorrect. 

Considerable evidence has recently been obtained (e.g. Simpson et al. 1956) 
indicating that the magnetic field effective in determining trajectories of cosmic 
ray particles differs appreciably from the dipole field fitted to magnetic measure
ments made at the Earth's surface. Distortions of the field pattern are expected 
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. owing to the rotation of the inclined field with the Earth in the highly conducting
interplanetary medium now known to exist, and to the orbital motion of the 
Earth through this medium. It seems then that use of the trajectory data of 
Brunberg and Dattner in conjunction with the previously accepted geomagnetic 
coordinates of observing stations, may give seriously misleading results. The 
errors may be sufficiently large to account for many reported discrepancies in 
daily variation results. It may not for instance be necessary to discount the 
existence of an external anisotropy as Elliot and Rothwell (1956) suggest. 

If we assume the effective field to be of inclined dipole form, but rotated 
westwards through about 45° as suggested by the results of Simpson et al. (1956), 
we find that in the new geomagnetic coordinate system Hobart is about 9° 
further north and Mawson 5° further south. We may make a new calculation 
of the expected phase difference between the two stations in the same manner as 
before, but using <P and '¥ E values appropriate to the new geomagnetic latitudes. 
This calculation shows that the expected phase differences in L.M.T. listed in 
Table 2 are substantially increased. For particles of energy 1·5 X 1010 eV, 
the lag at Mawson becomes roughly 3 hr 40 min instead of 2 hr 40 min, and for 
particles of energy 2·0 X 1010 eV it becomes 2 hr 48 min instead of 2 hr 24 min. 
At higher energies the expected lag is less, as before. We see then that, if 
relatively low energies are involved, the observed phase difference of 3-4 hr is 
not inconsistent with the interaction of an external anisotropy with an effective 
dipole field of the modified orientation. 

On -the other hand, if as suggested by Elliot and Rothwell (1956) we are 
to envisage an origin of the daily variations purely in some modulation mechanism 
within the field region, it is possible that times of maximum should be related 
basically to the local geomagnetic time scale and not to solar time. If the time 
of maximum were to depend on local geomagnetic time, this alone could account 
for a phase lag in L.M.T. at Mawson of approximately 2t hr. If such a dependence 
could be substantiated by examining comparable results from many different 
stations, it would be difficult to avoid the conclusion that the daily variations 
do indeed have their origin within the region occupied by the Earth's field. 

Whichever interpretation is correct, it seems reasonable to expect that 
the observed long- and short-term changes in the daily variation may be caused 
by density fluctuations of the interplanetary medium presumed responsible for 
field distortion and that the changes would thus be related indirectly to solar 
activity. 
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APPENDIX I 
Barometric Correction Procedure 

Some comment is required on the procedure referred to in Section III for 
barometric correction of the observed mean daily meson intensity variations. 
Accurate barometric pressure records are readily obtained but, unfortunately, 
at all recording stations insufficient knowledge of daily atmospheric temperature 
fluctuations is available to allow adequate correction for their effects. The 
practice of many investigators has been to " correct" for mean daily pressure 
variations by using a-total barometer coefficient obtained by simple two-variable 
linear regression analysis of a set of daily mean intensity and pressure figures. 
Often such a coefficii:mt obtaiI).ed from a long series of data is adopted as a standard 
throughout, but sometimes different coefficients have been derived from, and 
applied to, separate time groups of data. It is well known that total barometer 
(loefficients derived in this manner at different stations, or at the same station 
from different time groups of data, vary over a relatively wide range. A large 
part of this variability arises from the variable extent to which day-to-day 
barometric and temperature changes are correlated. Attempts are sometimes 
made to estimate the possible magnitude of temperature contributions to the 
residual "corrected" daily variations, but this is rendered more uncertain 
since an unknown and variable partial correction for temperature effects is 
already included in the barometric correction. 

Discussions of the complex atmospheric effects on cosmic ray meson intensity 
have been given recently by Olbert (1953), Trefall (1955a, 1955b, 1955c), and 
others. In particular Trefall (1955c) has derived the theoretical total barometer 
(loefficient for the vertical meson component as a function of recorder cut-off 
momentum under conditions of constant atmospheric temperature distribution. 
He has pointed out that total barometer coefficients calculated from experimental 
data over long peri.ods approximate fairly closely to the theoretical values, 
indicating that the average correlation between day-to-day barometric and 
temperature changes over a long period is slight. 
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It is suggested here that Trefall's work provides a basis for more uniform 
and satisfactory correction procedures, at least in daily variation studies, and. 
that the value of the theoretical total barometer coefficient appropriate to the 
particular recorder in use be taken from curve C of Figure 1 in Trefall's paper 
(1955c). Such a procedure corrects for the total effects which would be produced 
by the known barometric changes only if the atmospheric temperature distribution 
remained constant. Nevertheless, it seems preferable· to leave the effects of 
temperature changes present in full rather than include a poor, partial, unknown, 
and variable degree of correction by adopting experimentally determined total 
barometer coefficients. 

The cut-off momentum of the present recorders is 2·3 m[Lc, and the corres
ponding theoretical coefficient for vertically incident radiation at sea-level is 
-2 ·31 per cent. per cm Hg. Because of the finite opening angle of the telescopes, 
the inclusion of inclined radiation could render this coefficient inapplicable if 
the theoretical coefficient varied significantly with inclination to the vertical. 
Fenton (1952) has reviewed the available experimentally determined total 
barometer coefficients for vertical and inclined telescopes and finds no convincing 
evidence for a significant dependence on inclination. Concurrent with the 
present vertical telescope measurements, continuous records were also obtained 
at Mawson with a telescope of identical design inclined 45° to the vertical and 
rotating automatically to give successive hourly count totals in geographic 
north, east, south, and west headings. Calculations based on 6 months' daily 
means at Mawson yield a total barometer coefficient of -2·31±O·18 per cent. 
per cm Hg for the vertical telescope and -2 ·18 ±O '18, -2 ·19 ±O '18, 
-2·22±O·19, and -2·27±O·19per cent. per cm Hg for the inclined telescope 
at the various headings respectively. (The errors given are 95 per cent. fiducial 
limits.) The inclined values do not differ significantly from one another or 
from the vertical value, and none of the values differs significantly from Trefall's 
theoretical value of -2 ·31 per cent. per cm Hg for vertically incident radiation. 
It thus seems that no serious error would be committed by considering this 
value as applicable to the present vertical telescopes. 

Correction has therefore been made using this value throughout, and each 
observed bimonthly mean daily variation has been corrected to the mean pressure· 
for the bimonthly period. 




