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Abstract

In both places the monitors were of the standard pattern
with 12 proportional counters filled with 97 per cent enriched
B1OF3. The first and second harmonics o0f the mean daily
variation have been determined both for yearly periods and for
each sun rotation period. Vector sum diagrams for the first
harmonics in the latter case are given covering the intervals
31 Aug, 1956 to 15 Aug. 1959 for Uppsala and 13 Sep, 1957 to 29
April 1959 for Murchison Bay. In soame instances a considerable
phase shift has taken place from one sequence of sun rotation
periods to another. These phase shifts were not contemporary at
the two stations, The first harmonic of the 12~-month means dis-
plays a high degree of constancy with only a small secular phase
shift, The amplitudes of the second harmonics are very small.
Conditions are especially favourable concerning the deviation
in the earth’s magnetic field of the particles registered by
the Murchison Bay monitor, Accordingly it has been possible to
determine the direction of the anisotropy with a fairly good
accuracy. The Murchison Bay records do not show any prominent
phase shift with the Kp index. Concerning Uppsala, days with
fkp] - £t may have a much later time of maximum than other
days. There appears to be a small but consistent variation of
the amplitude with Kp index,
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"1, Introduction

When plans were made for a Swedish arctic station during

‘the IGY it was natural to include studies of cosmic rays in the

 prcgramme. This had also ‘been one of the subgects studied at

one of the Swedish arctic stations during the second 9clar year.

Now it was deemed esqentzdl to include a neutron pile

~monitor among the equipment. ‘The plans were reaiized through
“the Sweélsh-annlsh-Swiss EGY-expedztzan 1957 -~ 58 to Murchzson

Bay {Llléeqazst 1959) ( ,
The site of the station is og,ﬁcrwegiaﬁ territory. It is on

. the big arctic island of the Svalbard archipelago called ‘Nord~-

austlan&ea on Norwegisn maps, Spltzbergen on British maps. The -

geographic coordinates cof the statzon are 8@ 03’R an& 38 18°E.
It is nearly on the same aeriélan as the eesnze ray statzon at
Uppsale (59° 55°% ard 17° 55 E} It has also been established

that during the IGY +he neutron monitor at ﬁurchlsan Say was

_ tThe closest to either of the geograghlc peles.

‘Bibliographical references areimade by means of the
‘authors’ names and the years of publication.




The reliable continuous records from the Murchison Bay
monitor start with 27 Aug. 1957. After the end of the Swedish-
Finnish-Swiss IGY expedition the base was maintained for an-

" .other year, However, owing to very adverse ice-conditions at

the end of the 1958 summer it became impossible o refurnish
the base with an adequate supply of diesel oil for the genera-
torsi A3 a consequence the continuous running of the latter had
to end with April 1959, Thus, the C.R. records from Murchison
Bay cover a stretch of 20 full months. The first year’s results
from the Uppsala monitor have already been published (Sandstrdm
end Lindgren 1959). To a certain extent they will also be in-
cluded among the discussions in the present paper.

2, Equipment

Both monitors are of the type (Simpson, Fongef, Treimen
1953) recommended as the international standard instrument for
the geophysical year. The few details in which the monitors
differ from those of Simpson et al. were discribed in the paper
concerning the first year’s records from Uppsala (Sandstrém
and Lindgren 1959), Because of the conditions expected at the
arctic station the monitor was given some special features,

As in the Uppsala monitor a heavy paraffin~-filled wooden
box serves as a base supporting the core of lead. However,
for the shield on top and on the sides of the pile the paraffin
was put in aluminium containers instead of the wooden boxes,
used in the Uppsala monitor, Although this kind ¢f container
was far moré expensive than the wooden ones it was judged as
far more safe from the point of view of fire hazards. In this
way it was easy, also, to give all the parts of the shielding
such dimensions as to make it possible to assemble the monitor
for test in the laboratory at Uppsala and then remove it in

“pieces to be reerected at Murchison Bay with the least possible

trouble.

Although the site of the arctic station was in a region
believed to be comparatively free from heavy snow falls, special
precautions were taken to avoid having the counting rate of the
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monitor affected by Snow surroun&ing the huil&ing. Accordingly
an iron scaffold was constructed to .earry the monitor at = level
weli above the height of any snow drlfts which nght possibly

| dollect a}agg the walls of beams supporting a thick wooden floor.

The séaffc1&‘cérrying the monitor stood on this floor, To‘prevent
the paraffin boxes from falling down or getting out of place

the whole construction was held tsgether by an 1ran frame bcited
~to the woe&en floor, ' '

Precautions were also taken te avoid any éasturhzng snow
cover upon the roof of the buzlélng. ‘According to recommendations
by persons having first hand experlence at the 1ntende& site of

 the station the roof of the ﬁcesmzc ray house" was given the

eutllnes of a pyramzd. This shape was expected to favour the

snow being blown away by the prevalilng winds. The scheme turneé‘

out very well. Buriﬂg the secend year there was very much snow
at the base as a whole but con&ltlcns were still satlsfactary

:arcund the fcosmic ray house®, The snow never got as high as to
the bottom of the monitor, Twice snow had to be removed erm

the roe;‘ The homtom of the mcnlter is just belew the upper edge
of the wall. The shortest dzstaﬂce between the inner roof and the

; menltor is *00 cu, The mass of the neat 1nsulateé roof zs less

than 10 g[cm . ;
 The electronics of the ﬁurchlscn Bay monlter is a tr&e

replica of that at Uppsala (Sanéstrem and Lindgren 1959). The

'éecade~scaiers are photographed once every hour, As in Uppsala

,the panel carries besides the scalers, a clock Shcwing the &ay‘

as well as the hours, and also two counters, one for the runnlng

rnumher ¢cf the exposure and one 1ndlcat1ng power fallures, As
 the research station at Murchison Bay included a very complete

meteerclagacal service and the pressure was reglstereﬁ in an

“‘aﬁaacent building it was deemed quzte unnecessary to equip the
© monitor ﬁlth an 1nstrument fer 1n§epen§ent barometric measure-

ments.

?he general cosmic ray equzgment 1nc1uded an aux111ary

:recsrdlng instrument, so-called centralegraph, aiready described
in a previous paper {Sahdstrom and LGdgren ?959) ‘From these
auxiliary records the countan: rates can be derived for periods
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of any length from half a minute to one hour.

The power wes supplied by two diesel-engined generetors,
one of them always being kept ready to take over the load in an
emergency. The start of the diesel-engine was operated manually
but the switching'over from one generator to the other followed
automatically, However, this could never te achizsved without
disturbing the cosmic ray equipment. The routine exchange of
diesel generators once a week was therefore by arrangement
executed at times which interfered as little as possible with
the C.,R. recording,

5. Dests and calibrations

Before removal to Murchison Bay the neutron monitor with
all its electronic equipment was thoroughly tested at the
physics laborstory in Uppsala, Further tests, although not as
extensive, were carried out after the reassembling of the moni-
tor on its final site.

The same scheme for adjustments, tests, and calibrations
was followed as that already worked out for the Uppsala moni-
tor. Amplifiers and discriminators were at all times a&justed
so as to allow pulses frcm the proportional counters larger
than 1 mV to be counted.

The monitore were calibrated by means of Ra Be neutron
sources of 1 mec. Calibrations were made whenever a readjust-
ment of amplifiers or discriminators took place as well as after
repairs or at any suspicion of a change of counting rate. No
regular time schedule was followed as it was our aim to disturd
the continuous perforzance of the monitors as little as pessible.

Both monitors have the tubes for positioning the neutron
source approximately 15 cm above the center of each section
with an auxiliary tube at the center of the monitor as a whole,
However, the sections were always calibrated separately. By
limiting each calibration run to 25 minutes the whole calibratio:
could be completed within one hour. This was necessary with
regard for the continuity of the records as one section could




‘not be calibrated without affecting the counting rate of the

other, Likewise the neutron source affected the counting rate

of the counter telescopes in the vicinity of the msnztors.

In Murchison Bay as well as in Uppsala the two mﬂnitar
sectzcns have d;sp*ayed appreximately the same cauntlng raﬁen“
as far as casmic rays are cancerned, But in both glaces, ew1ﬁg
1o seme slzght displacement Gf the calzbratlcn tuhes from

‘exact}y symmetrical positions, the counting rates of the two
sections differ when exposed to the radiation from the neutron
- source. ' K ‘ : o

With cadmium covers on the prcpcrt:onal ccunters the coun~

‘ting rate of the Sp§sala monztor was 4 per cent of the normal

counting‘vate with the cadmium tubes removed, while that of the

Murchison Bay monitor was only 2, 5 per cent, In both cases it
was constant all aleng the piatea& of the counters. n

yé, The primary data

During Sept. 1957 the a?grage counting rate of the Mﬁrchison
Bay monitor was 420 c¢/min., while that of the Uppsala monitor '
was as low as 400 ¢/min, The Murchison Bay records cover the

period of minimum intensity of the nucleonic component as well

as what appears to be the start of a slow increase. The mﬁnthly‘

- averages appear to follow one ancther‘comparat;vely‘closely(?ig.??
: regaréless of whether all days are included or only those with |

,Kp indices less than 3% (main phase of Forbush decreases ex-"
: eiu&ed}. ‘ o

In the whole set of data frcm the ﬂurchzsen Bay ‘monitor

~only 17 days are affected by'breaks in the records of such an
: extent as to make them unsuzaable for harmonlc analysis, Breaks

in the records have also caised the exclusion of 29 days from
the 24 months of data from the Uppsala monitor hetween 1 Segt.

, 193; and %1 Aug. 1959,

For both monitors there are instances in whlch days coulﬂ
be saved for the harmonic analysis by 1nterpclat1ng values for

~ single hours or, in a few cases, ‘two consecutive hours, In such

cases great care has been exercised., In no case single e#ents,
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cr abrugt 1nten81ty changes are known to have taken place durlﬁg

- the 1nterval for which such an interpolatzen was performed The
fmagority of 1nterpoiatzens took place in cannectlon with call-,
. brations of the monzters. Therefore, 1t ought to be remembA*ed
also, that althsagh 1ts counting rate is affecte&, the half of

the monitor not being calibrated can still be used for checking
that no sudden changes take place in the intensity of the nu~

cleonic component, @he meson telescapes mounted in thé samekplaces

as the two menitors serve for checking the C.R, 1ntenszty 1r 8

,'kgeneral way durzng pezicds where values are lackzng from other
tauses,. ‘

All dats have been referred to 1ntervals of 2 hours, Theyk
have been reduced to an atmospheric pressure of 1010 mb (the

- yearly average for Uppsala is 1008 mb and that for Murchison
 Bay 1012 mb). The pressure coefficient - 0.737 per cent/mb has

been adopted for both the monitors {Sands+rom 1958, Sandstrom
and LG&gren 1959)

5, The daily variation .

The harmcnic analysis haé'been carried out by means of the
electronic computing machine BESK in Stockholm. The points of

‘measurement constitute a time‘series. Therefore, it is difficult

to calculate the standard error. In some previous papers- (Sand-
strom 1955, Sandstrém and LGdgren ?959}, this difficulty was ‘

 surmounted by exchanging the standard error for another limit

¢f error. The latter was based on the asSﬁmption that the error "
in the difference between the ﬁally mean and the number of pulses

“during each 2-hr period was twice ‘the standard deviation af each

point cf measurement (Sandstrém ?955} The error determined in
this way will give & confidence of 90 - 99 per cent, It meets the
purpase well when high confidence is desirable,. However, compa~
risons become difficult with other papers, where, usually, 13m1tS'
of error are based Unly on the Poisson distribution of pulses, In
the prvsant paper we have therefore returned to thzs metheé of
éeflnlng the accuracy.

At the same time it appears to as'essenziai to determiﬁé th
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limits of error so as to correspond to real facts. This can be

done by calculating the standard error from the residuals of the
points of measurement after fitting the first harmonic, resp. the
sum of the first and second harmonics. The deduction of the for-

~mulas for this error will be given in an appendix to Technical
'Note No 3. In some of the clock diagrams we have indicated alsc

these limits of errer by circles. It is our opinion that this kind
of error should be employed for the calculation of significances
rather than that deduced solely from an assumed Poisson distri-
bution of pulses, The standard deviation of the points of measure-
ment from the resulting curve will evidently include all statisti-
cal fluetuations, There is no constant relation between the two
kinds of errors., That including all statistical fluetuations is
usually bigger than that covering only the Poigsson' distribution,
Concerning the additional variations we wish to remark that one
of us (Dyring 1960) has found that the statistical fluctua.ions
caleulated according to Poisson’s law have to be muliiplied by
a factor of 1.2 1o cover the actual hour by hour fluctuations,
The yearly mcan daily variations of the nucleonic component
as reccrded xa Murchison Bay and Uppsala during the period 1 Sep-
1957 to 31 Aug. 1958 are shown in Fig. 2, Tke statistical varie-
tions are also plotted for each 2-~hour interval. The figure dis--
plays how the points of measuremént are distributed relative tc
the first and second harmonics, A corresponding diegram for the
records from the Uppsala monitor from 1 Sept. 1956 to 31 Aug.
1957 has been published in a previous paper. A compsrison does
not display any differences in either phase or amplitude between
the two yearly means as recorded by the Uppsala monitor. ‘
The amplitude of the first harmonic is evidently smaller at
the latitude of Murchison Bay than at the latitude of Uppsala,
This is displayed also by the clock diagrams in Figs. 5 and 4.
The phase difference is 45 minutes in both cases. A small phasec
shift is indicated by the records from the Uppsala monitor durin
three consecutive years (Fig. 5), The smell amplitude at iurchi-
son Bay causes an error in the time of maximum approximately
twice as big as that affecting the time of maximum at Uppsala.
(Teble 1). Concerning the phasze difference between Uppsala and
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Murchison Bay it undoubtedly exists even with due regard for
the wider limits of error deduced from the standard deviations
of the points of measurement from the first harmonic and 94 per
cent confidence is being demanded (Table 1),

Turning to the vector sum dlagram of the yearly means from
Uppsala (Fig.5) we note that a small but persistent phase shift
is indicated during three consecutive 12-monthly periods., It
ought to be remarked, however, that there appears to be a phase
difference of 105 minutes between the two calendar years 1957
and 1958, This difference is far outside any limits of error,
The reasog for such a shift depending on the starting point for
the twalve -monthly periods is more easily understood after study-
ing the vector sum diagrams in Fig. 6. These diagrams represent
the phase and amplitude of the first harmonic of the mean daily
variation for separate sun rotation periods., Naturally, the
influence from the statistical fluctuations will be considerable
although very few days had to be excluded. Although such an
exclusion of a couple of days from & 27~day period usually does
not affect the mean values of either the phase or the amplitﬁde
there are insfances, especially during periods with a small
amplitude, when a considerable change is caused by execluding
only one single day (Sandstrom and Lindgren 1959), Therefore,
the means for the sun rotation periods have bveen calculated using

~exactly the same days for both stations, In general the Murchisorn

Bay records display a small amplitude. Consequently the random
fluctuations will tend to mask most of the phase variations, .
For both stations it can be said that in most instances where
there is a considerable variation in phase the amplitude is
small and consequently the whole phase change caa be regarded

‘a8 due to a random distribution around a mean, In other instan-

ces the more or less persistent trend of the phase indicates
variations which apparently are real. \

As far as the phase is concerned the vector sum diagram for
Uppséla does not show any prominent deviations from the mean
value for the whole period 31 Aug. 1956 to 15 Aug. 1959. The
vector sum diagram for Murchicon Bay displays a different
picture, Starting with August and through October 1958 the phase
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differed definitely from that before as well as after this nimind.
It appears also as if a phase shift had taken place shertly after
the start of recording, However, the discussion will be confined

to the other two instances when a phase shift appeérs to have taken
place, Accordingly.we calculate the mecans for the periods 10 Oct.
1957 - 2 Aug. 1958; 3 Aug.-18 Nov. 1958, and 19 Nov,1958-29 April
1959, The result is illustrated by the clock diagram in Fig.7. Witl
due regard for the standard error it is evident from this diagram
that the phase is the same during the first ané third periods, Con-
bining these two periods we find a time of maximum intensity of
1328 GMT b 17 min, For the period 3 Aug,-18 Nov. 1958 the timz of

- maximum waes 1723 GMT X 31 min., From Fig.7 it is apparent that the

phase shift is real. The phase shift is 58° * 22°, It is clsarly
indicated still if we demand a confidence of 95 per cent.

It is possible that the phase shift of the mean Caily variation
in Uppsala for the two calendar yeafs as compared to the three
twelve~-monthly periods is due, also, to short periods of 2 differin
phase, A study of the details of the vector sum diagram for this
station (Pig.6) reveals the existence of such periods although ther
are less conspicuous than in the Murchison Bay records. The cloclk
diagram in Fig.8 illustrates the mean daily variation during the
three periods 31 Aug. 1956-7 March 1957; 8 March~20 July 1957; ond
21 July 1957-3 March 1958, This case exhibits a striking resemb~
lance to that illustrated in Pig,7. It is evident that during the
middle pericd the phase differed from that during the two adjacent
periods, A phasc difference between the two latter is also indi-
cated, the time of maximum being 1327 GMT £ 8 min. for the Zirsi
one and 1305 GMT ¥ 8 min, for the third period. During the inter.-

vening time, 8 March-20 July 1957, the time of maximum was 1117

GMT % 16 min. This period with an early maximvm falls inside the
calendar year 1957. In the following year there does not exist any
prolonged period with such a comparatively eerly maximum (during
the sun rotation period No 1711 the mean time ¢f meximum was 10%C
GMT). If the period 8 March~20 Jjuly is excluced from the 1957
records the mean time of maximum will be practically the same 28
that during 1958,

The twc vector sum diagrams (Fig.7) reveal aliso that the

variations of the amplitude in the two places are not well corre-

lated, This is eSpecially true for the lact quarter of 1957 and
the first ajuarter of 1958,
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6. The second hermonic

The amplitude of the second harmonic is very smali, It is
of the same order of magnitude in Uppsala and lMurchison Bay
(Fig,3). Both prase ard amplitude ere sivmoly affected by the
exclusion of only a few days (Sandsirtm and Lindgren 1959).
Purther, as was shown by the first year’s records from tho
Uppsala monitor periods exist which have a nrominent ser:na
harmonic while the amplitude of the first harmenic is of the
same order of magnitude or even lecs (Sandstzdm and Lindgren
1959).

The three consecutive 12-monthly periods combined with the
calendar years 1957 and 1958 from the Uppsala monitor iyrovide
running means for a study of the szcond harmonic (Table 2). ithe
vector sum diagram for the three 12-monthly periods is to be
found in Fig. 5. This diagrem a5 well as the Tigures in Teble 2
strengthen the picture of o considerabvle variation bath in olece
and amplitude. If we consider only the Peisson distribution of
the number of pulses during the 2-hr intervals the exdstence of
the second haramonic does not secm to be in doudbt, If the standar:
errors are calculated from residuals o¢f the points ¢f measvremen:

after fitting the first plus second harmoniecs the second harmo-
nic appears doubtful. A Y4 pver cent confidence is jin eay cnse
unattainable,

7. The longitude zorcesctio

——

Terella experiments (Malmfors 1945, Brunberg 1953, Brua-
berg and Dattner 1953) made it possible to calculate the asyup-
totic Jdirections of prim.riec for various rigidities and direc-
tions of registration {Brunberg 195€). The knowledge thus gath::
can be utilized o determine the +tine direetion of the anicotro;,
responsible for tShe daily veriaztion (Srunberg cad Dattner 1659).
However, several obstacles have 1o be cvercome before it hoconen
possiblé to determine the correction for the deviation of the
primaries in the geomegnetic field with 2 pracision corresnondain
to that of present day C.R, rezistrations (Dorman 1957). Ihrce
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factors are 1nvclved the r;gzdwty spectrum of the primaries, the
solid angle of acceptance of the aeteutcr, and the shape of the

~ geomagnetic field, The multiplicity of the nucleon production is
" g function of the rigidity. It is~ thus a gart of the fzrst one cf
~ the three factors listed, The effectlve rlglalty t0 be aseribed

to the przmarles of the nuclecnic uampanent at the geomagnetlu
latltude of Uppsala has ‘been discussed elsewhere {Sandstram and
LGdgren 195 g) Concerﬁlng Eurchison Bay esPeczall favearabla’
conditions govern the angular correctzon in the east-west plane
for gartlcles observed by the monitor 1n the zenlth direction,
At thls 1at1tude ‘secondaries acceptea hy the monitor at zrnzuﬁ

angles up to 48 originate from prlmarles havlng asymptotwc

directions 1n51de a camparatzvely narrow cone (ﬁstrcm 1956, com-‘
pare also Fig. 32 in Brunberg 1956). ‘Under these conditions we
have found it germ1351ble 1o regard the Eurchlsen Bay monzter asj'
abservlng pre&omlnant 1y in the zenith ézrestlon. ;
' The longitude correction ¥ and the latitude éorfécticn S
for the zenith direction and varyi ng rlgldltzes have been plotted :
in a ézagram (Fig. 9) according to Brvnberg {1956}, The values
have heen recalculated to +he geagraphzc 1at3+ude ?8 (Lcngyear—:,
‘byen). In high latitudes a couple of degrees make qulte a marked
difference, For rigidities below 10 GeV/c the values have bcéﬂ |
calculated from the measurements hg ﬂalmfcrs (1945). :
The corresponding curve for the zenlth dlrectlen in prsalai
has been entered into the same figure, The nonditiaps are not aq'
favourable in this case as in the former one. Nevertheless, as
has been polnted out by Astrém (1956) the spherical representa- ‘

tions hy Brunherg (1956) of v @and i‘reveal a certain focussing

effect even for latitudes down to SOQ, Hdwever,‘thé cones limiting
the asymptctlc directions will not have as small a solid angle
as in the case of the Vurchison Bay mcn**cr. ; \ ,

What concerns us most is the longitude ccrreetlen ;‘KB‘ g
Pig. 9 reveals that for rlgldztles below 40 Ge?/c this corre»tlcn
does not vary very much with the rigidity. Most of the primaries

reSpan81hle for the nuelpcnﬁﬂ ccmncnent ﬂzll have rzgldztles belcw

10 Gev/c Accordlngly at apﬁears o be realzstﬂc o put

Wym
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caleculated from WMB end the phase differense between the two
stations would then be

Wy =840210% - c e me e e - ——m e (3)

ftecordingly the curves in Fig.9 indicate that the "effec~
tivé“‘rigidity has to fall between 7 and 5 GeV/c to correspond
to0 the same original direction of the anisetropy in both cases.
This is reasonable, considering what is known of the rigidity
spectrum'of the primaries generating the nucleonic component,

Recent studies of the latitude effect have showr that the
actual magnetic field configuration near the surface of the
earth has a certain influence on the geomagnetic out off of C.R.
(Rothwell 1958, Sandstrdm 1958, Pomerantz, Sandstrom, Potnis, and
Rose 1959), It has not been proved that there exists a corres-
ponding effect on the trajectories of the primaries, Most of the

" length of each trajectory will certainly fall in a region where

the geomagnetic field is regular and free from anomalies, In
Murchison Bay as well as in Uppsala the magnetic‘meridian plane
nearly coincides with the geographic meridian. Dip and geomagne-
tic coordinates are listed in Table 3,

Table 3
§ Uppsala % Mu;chi;on ngmug

Geogr. lat. 59°51 ‘N 80°03 ‘N
Geogr. long. é 17955 E g 18%15°E
Geomagn, lat. ? 58°36° g 75°30°
Geomagn. long.g 107° g 137030’

Dip 72°30° 82°30°
Declination 5‘ 0°30°E % 1°07E

8, The direction of the anisotropy

The direction of the observed anisotropy is most convenient-
1y defined through the angle X it mskes with the radius vector

gt
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from the sun. Fer thzs angle we have
ke oaw {ﬁ
’; HEre } represen s the geographlc longltude (Table 3)
is the difference, 1n angular measure, between the time of maxi~~
‘mum and noon i.e, T = 15° (4 gax ~ 12)e The values of T for the
perloés under discussion are listed in Table 4. The value ef the
lcngltude correction ¥ for Murchison Bay is that glven by eq.
,{1} For Uppsala ¢. has besn calculated both wzth a longitude
norrectlcn accsrdlng o eq., (2), viz. deduced 1nde§endent1y of
any comparzsons with Murchison Bay, as well as with that accordlng
to-eq. (3). The vesults covering the period of recording et
Murchison Bay are listed in Table 4, where oty refers to Uppsala 
and oy, to Murchison Bay. Naturally, the way of deducing the
longitude correction represented by eq. (3) results in nearly
- coinciding pairs of values in the two last columns of Table 4,
Nevertheless, the direction of the anzsctropy as recarded by
the Uppsala monitor will still be inside the limits of error

£
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. esBigned to the longitude correction according to eq. (2). l
f ‘ o :
i - — A a* ...... ‘
‘Period . ; ~~~~~ . L e o

‘ 1 BepagsT- 14,5050 25,0750 1(}3 220° 115"-15 C115%E0°
: 3 augaese | |

. Calender . 22.3°%5° 111‘3120 424 s
“year 1658 | :

B AT L
30 Apra9s9

124 15;5 124°%10° °

IR VARSI »

QLA A KRy o

' In the discussion csncerning the vector sum diagramskin
Fig.6 and the clock diagrams in Figs.7 and 8 it was remarked
that the yearly mean of the daily variation might . ?ary‘slighily
with the starting points of the tﬁelve;mnnthly periods, This is

apparent from the values in Table 4 also. As long as we do not
t know the Teason for the non-periodical phase shifts causing

1yt A
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. these variations we are not able to eliminate them. As will be

shown in the final discussion influrnces from short period
variations are probably eliminated to a large extent in every
yearly mean, Therefore, it should be emphasized that the present
discussion on the direction of the anisotropy is concerned with
12-monthly averages. » .

A simple way of studying the directions of C.R. anisotropies
is to resolve the corresponding vector intc components along two
axes, one aloeng the radius vector from the sun and one along a
tangent to the orbit of the earth (Sardstrsm 1956). Concerning
the recorés from Murchison Bay there is no doubt about the exi~
stence of the component along the radius vector. It is directed
towards the sun. Exactly the same can be said of the Uppsala

‘records if the longitude correction according to eq, (3) is used.

A radial compoﬁent’towards the sun is still present when the

longitude correcetion is that given by eq, (2).

9. The phase as a function of the Kp index,

Concerning the meson component there exists comparatively
strong evidence that the phase of the daily variation depends
on the prevailing geomagnetic conditions (Sekido and Kodama 1952,
Sandstrém 1955), For a similar treatment of the present data on
the nucleonic component the days were divided into classes
determined by the maximum Kp index of each day (Sandstrom 1955).
These glasses are listed in Table 5 together with the number of

~days from each station and period, For the sake of comparison

between Uppsala and Murchison Bay one of the periods was sclected
50 as to include the whole set of neutron monitor records from

‘the latter place. As the records from Uppsala show good agree-

ment in phase as well as in amplitude for the three 12-month
periods illustrated by the vector sum dizgram in Fig.5 it was

~considered appropriate to combine these three periods into one.
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Dable 5

éﬂamler of &ays avazlable for analyszs E

of tays B BEX 26 Aug.1957-30pr,1959 ;Szig"?gg; T
’ ggur§§§son ‘ ﬁppsala § - Uppsala o
1 {Qméﬁ,% 12 12 28
o ;k$ég;§‘mai§3i 226 o ae 398
mro stk 5t 20 e uso
v § Tk, | g§§f 20 § BE ,§‘~:i«35

4 study of this kind has already been paélishe& concerning the
vflrst year of the Uppsala records (Sarﬁstrom and Llndgren 395§)¢
As regards the days employed in the ccmparzssn between ﬁppsala
and Murchison Bay those helsngzng te class I are exnﬁﬂy the same
in both cases, In classes II and III the number of days is so big
as to make the few cases of odd days completely insignificant.
,Cencernlng class IV the available numher of days is anyhew 80 low
as to necessztate the employment of as many days as possi ible for
the sake of the statisticel fluctuations, Moreover, varxatlons ‘
correlated with the geomagnetic conditions nght be resgcns:ble:
for some of the day to day phase shzfts whzch unéeubteély ex:st
From thls point of vzew it appears desirable to accumulate as
many éays as possible for each K 1§dex class, If the number cf
days in one group is as iarge as 60 the removal of a few days
does nct affect elther amplztu&e or @hase in & serzous &av (Sané—
stron and Lindgren 1959). B

Concerning the most disturbed days {class Y} we enceunter

‘ another problen. These days arz usually those on whzch a promlaeph

Forbush decrease cccurre& An cr&;nary linear trend carrectzcn

is then often inadequate for the segaratzon of the true daily

¥ar1atloﬁ from tne szngular event (Sandstrcm and LGdgren ?959}

PP,
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Therefore, no vector corresponding to class V has been included

in the clock diagrams of Figs,10 and 11 (Tables6 and 7). However,
in the Uppsala records there is a suffiéient number of days avail-
able during which C.R, conditions were undisturbed despﬁte the

very high Kp indices., These days have been employed for a special

study illustrated in Tig. 12,

Table 7.

%, Pirst and segong harmonics for days divided into classes

E. - according toLgpjmax‘ Uppsala 1 Sep. 1956-31 Aug. 1959.

g‘ . The limits of error are all standard errors calculated from
¢ the Poisson distribution of primary data.

‘g The amplitudes are in per cent of the daily mean.

; The limits of error for the phase are in minutes.

| Classi.... [irst barmonic :....oecond harmonic = :
¥ i of ° Amplitude © Phase | Amplitude : Phase

E N i days : per cent GMT : per cent . GMT

I ©0.347 £ 0,034 1519 % 22- 0,010 0,034 0034 779
II | 0.298 £ 0,009 1315 % 75 0.006 X 0,009 0709 % 344

. III i 0,261 £ 0,009 1306 £ 8 0.040 £ 0,009 0733 = 52 °
IV 10,295 £ 0.017 1240 ¥ 13: 0.010 % 0,017 0106 = 390 |
i Concerning Murchison Bay (Fig.10) the vectors for all four
E classes of days fzll together inside the limits of error. Also
? the contemporary Uppsala records display sm2ll variations, the
%; cless I deys excepted. Despite the small number of days the

i, limiss of ervor are sufficiently nairow to prove the reality
‘§ of the phase shift for quiet days (class I). Likewise there is

- ‘ little doubt that on class IV days the maximum tends to appear

B,

? zarlicr tran on the lays of classes II and III. Space forbids

% the imtiroduction into Figs,10 and 11 of the standard errors bascd
‘?' on the residuals of the experimental points after fitting the

% first niue second harmonics.

During the period %1 Aug. 1956 - 31 Aug, 1957 the phase of

e ¥ Lt L
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the class I days in Uppsala was the same as that of classes II
and III. The introduction of accurately calculated limits of
error does not change this aspect, The phase shift for the class
1 days ffom this period to the following 12-month periﬁd is more
than twice the etandard errors calculated from the Poiesow
distritution., From this point 0f view it is perhaps not suitable
to found an analysis on as long a period as 36 months (Table 7).
But, this special shift excepted, the changes from one year to

another are small. A period over several years will precent,

through better statistics, a more accurate determination ol the
phase shifts between the other classes of days. From Fig. 11 can
be seen that the class IV days certainly have an earlier mean timc
of maximum then days with [X_| ... €57 In all the tree clock
diagrams (Pigs. 10 and 11) the phase appears to be nearly the
seme for classes II and III,

‘The long period of 36 months has also yielded a sufficient

X £ ds . + .__L: 4] » s+ . i
rumber of deys with 7 ¢ Kp} max 9" for the study 111u$traced

.in Pig. 12. In this case we have found it important to calculate

a2lso the limits of error from the residuals after fitting the
first and second harmonics (Table 8), They are illustrated

by dotted circles in Fig. 12. During the whole period 11 days of

. class V were found which did not have eny single event disturb-

ing the normal variation, The 2~hr values for each single day cen
be rcad from the curves in columns 1;2,and 4 in the upp:r part
of Fig. 12. To these 11 days can be added six days with small
Forbush decreases or parts of such decreases (curves in column 3,
Pig 12). The corresponding vectors are to be found in the clock
diagram in the Jower part of Fig.12. In the first-case the phase
is nearly the same as for the class IV days in Fig.1. In the
second case it lags 22° behind (1.5 hrs). The amplitude has elsc
inereased. If 211 evailable days of class V are employed the
shase lag increases to 27° and the mean amplitude becomes twice
thet of thne group of 11 days first corsidered. As the added da;s
arc onec with prominent Forbush decreases it is evidently the
decrezses and not 2 change in the normal daily variation which
produce the big amplitude.
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Table 8,

A

' ~Uppsaia. MNean éally varlatlan for aays w1th ?ig[K 1 °

max -~ E
2) Standard error accorélng to the Pozsscn ézstrzhution ef
"~ primary values,

n) Standard error calculated from reszduals after fzttzng
' flrsﬁ + second harmonics,

: IY)

; ~ Auplitude i  Phase
Group '; gy -
: of §’§er cent' §§§§§§g§m§§§?;”§ GMT :Standard error
,yﬁays‘ ~§ of ﬁazly a) ; ¢) é = % a) é o)
0 mean B I S B
11 days | 0,244 | 0.056 | 0.088 | 1235! 53 . 61
. 17 days : 0,331 : 0,045 i 0,061 ; 1103 31 | 58
| 35 days | 0.457 { 0.032 . 0,072 . 10431 16 @ 36

The change in phase is no% as easzly broaght back tc the

same source. kevertheiess, days with|{ K >? but anﬁlsturbea
QJ max

by actual decreases {11 4 vector in Fig.12),have nearly the same
‘phase and amplitude as those belonging to class IV,

‘The variation of the amplitude with [K j 1ny Giffers from
that observed for the meson component (Sandstrdm 1955). At pre-
sent the nucleon compbngnt has its biggest amplita&e on days
with [K-Q Sqt kIt decreases with 1ncreas:ng K 1 max until
rK ¥ max. S$‘ After that it appears to inecrease slzghtly (class

Tﬂe same picture is offered by all the three clock dzagrams
(Figs. 10 and 11). o .

From the small spread of the ?ecfars for the nuCleonic
component at ﬂurehlscn Bay it felicws tha* the éirectlon of the
anisotropy outside the earth s magnetic izeld ﬁepends only

slightly on the dlst'“hances cau51ng the ?&Tl&tlﬂﬂs of the X

1ndexg The same can be said about the Upgsala values, days with

} KPT max £9q7 excepted. Cancernlng the latter the prsala reeords
Flg, 10) 1ndlcate a2 late time ef meximum. Gerrectzng fer the :

e st €
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deviation of the primaries by the earth’s magnetic field we
£ind the direction of the anisotropy to be 174° £ 20% to the

evening eide for Wy, = 71° (eq. 2) and 187° £ 15° for Yy = 84°

"(eqe. 3). A comparison with the contemporary measurements from

Murchison Bay makes both these values look meaningless. Resolving
the anisotropy into radial and tangential components we find
that at the latitude of Uppsala the latter wculd be either non-~
existent or smaller than that at Murchison Bay. If the correction
according to eq., 3 is accepted it would even be possible that it
had the opposite direction, At the same time the radial compo-
nent would have a very much bigger amplitude at Uppsala than at
Murchison Bay. Even considering the very wide limits of error of
the longitude correction this seems contradictory.

If instead, the first year of the Uppsala records (Sandetror
and lindgren 1959) is studied, the picture will be different,
The same is to some extent true also of the whole 36-month
period, In the first case the vector for the cless I days has
almost the same direction as that for the period unresolved
according ‘o the K_ index. In the second case the angles of
direction will be 139° = 20° for w; = 71° and 152° = 15° for

\uU = 84°. This appears at least more reasonable, But the errati:

* phase shifts still call for a special study,

During the périod 26 Aug, 1957 to 30 Apr. 1959 there are

only 12 days belonging to class I (Table 5). The very big smpli-

tude of the first harmonic at Uppsala indicates that it might
be possible to study the daily variation on single days. The

veetor sum diagrams in Pig. 13 are the result of such a study.

It is interesting to nots that on the first one of the 12 days
under discussion the phase of the first harmonic differs con-
siderably from the mean of the whole class of days, Because of
the unavoidably big etandard errors the phases are not signifi-
cantly different et Murchison Bay and Uppsala. However, the
removal of this particular day hes a remarkable effect on the
means for the remaining 11 days (Pig. 1{). At Murchison Bay the
phase remains the same while the amplitude increases by a factor
of approximately two. At Uppsala the phase decreases, In this
case, too, the amplitude increases. In Fig, 14 the dotted vector:
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represent the means of the original 12 days, while the full
dravn vectors represent the means of the remaining 11 days,

A comparison between Figs.,10 and 14 reveals that the exclu~-
sion of 23 Dec. 1957 does not bring the Uppsala and Murchison Bay
vectors 0f the class I days into phase inside the standard errors
as calculafed from the Poisson dinstridbution. However, “he rcsults
indicate that 12 cdays is tco short a period for the elimination
of disturbances in the daily variation not correlated with the
phenomena characterized by the Kp indices.

It ought to be observed that 23 Dec. 1957 is at the end of
fhe‘recovery period after a Forbush decrease (Compare Sandstrdm
and Lindgren 1959),

It is of some interest to study how the removal of the peried
3 Aug. to 18 Nov. 1958 affects the phases and amplitudes of clas--
ses I = IV, This period had a phase which differed markedly from
the phase during the rest of the Murchison Bay records (Figs. 6

~and 7). In the case of Uppsala the phase change as well as the

change of amplitude is negligible. For iurchison Bay the shifts
are significant through their consistency although they are rcla-
tively erall in comparison with the limits of error. As can be

_seen from Pig. 15 the shifts are in the same direction in all

four ceses, The direction is that expected from the removal of ’
the period with abnormal phase., The resuits indicate also that the
late time of maximum is unconncoted with the geomagnetic conditions
during the perisd in question.
Although the amplitude of the second harmonic is very small
in comparison with the limits of error there is no doubt of its

" existence espec1a11y for days w1th[.K ] >3+ (Tables 6 and 7).

however, for the geomagnetically mostpdlgtirbed days (7.<fkb nax
< 9 } .he mean amplitude does not exceed the 1imits of error.

The first year’s records from the Uppsala monitor reveal
a significant amplitude of the second harmonic for days belonging
to class IV, However, for the whole period of 36 months the mean
amplitude for this class is insignificant, Disregarding those
cases where the amplitude is less than the limits of error no
variation in phase can be observed. This might be due, partly,
to the inaccuracy caused by the small amplitudes.

As can be seen from Tables 6 and 7 the values for the period
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1 Sen, 1957 to 30 Apr, 1959 are more¢ consistent than those fer
the 36 month period, The scattering of the phase values is
further deercased by removal of the three. 27 - day periods
with strongly deviating phese at Murchison Bay (right part of
Table 6). Naturally the magnitude of the standard errors for-
bids definite conclusions. Still this might be an indication
that the second harmonic is connected with certain kinds of
disturbances just as the increase of amplitude with [FPJ nax
night indicate that the second harmonic originates from the same
causes as do the geomagnetic disturbances,

10. Concluéion

Undoubtedly there is a considerable day to day variation
both in phase and amplitude. In many cases these variations
reveal themselves in the curves giving the 2-hr values of the
‘nucleon component. They have also becn commented upon by Firor
et al. (1954), and by Mc Cracken (unpublished thesis 1959). It
is possible that some of these variations are due to local
effects. In other cases, for instance 23 June 1958 (Pig.12) it
is doubtful whether the big amplitude ic to be ascribed to the
normal daily variation or to scme superimposed single event,
Under these ¢ircumstances the mesn value over a long period be-
comes important nect only as a mrans of redueing the influence of
statistical fluctuations. If, ac most of the evidence indicates,
the main component of the daily veriation is due to & particle
wind blowing along the earth’s orbit, the talting of the axis
of rotation of the earth will pnssibly give rise to a small
seasonal variation in the amplitude. This seasonal variation
will disappear in the yearly mean. A4 sidereal component with
constant amplitude will also disappear in the yearly mean. Should
the amplitude not be constant it would still be diminished to a
ainimum through the process of averaging.

Dattner and Venketesan (1959) have listed seven possible
components of the diurnal variation. The existence of these
components has been derived from the theory by Alfvén (1954)
corcerning the origin of cosmic rays. One of these components

BE 2.
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is -dentzcal with ‘ke solar time variation whlch ca n be asert b<d
to an exceeb of particles sweepihg along the earth’s orbit ua%b
an'angular'velocity exceeding that of the earth. This component

~is one of the wain subjects of the pzesenu 1nvest1gatlen, Its
' existence is well established in the nucleon component as well as
“+the meson component, One of the Q%her csmponents should befprbéeni

only during years of low solar aetlvlTy and, therefore, it is un-

important in the present pE”laé of recording. Of the other five -
- components three have a radial and tws a tangential dzrect;on.s

Two of the radizal ccruonents will more or less cancel one énathcr‘
in an anmual a?erage. This also indicates the yearly mean as &
less cemplzcaﬁed obaect cf study than short perle& means.

Gne of the tangential cempcnents of Dattncr and “enka%esan

‘is cennecteﬁ ¥ith the reccvery after magnetic storms, It should

play a p;emlnent part during the presegt period, As yet thg‘re—
cor&s from Uppsala and Murchison Ba ¥y have rot been sﬁbjeetgd tb
a searc} for this campcnent. ‘ e o

It has not ‘been eur aim at present to cmpley the neutroa

‘monitor records from Uppsale and Murchison Bay for sortlng “the

components of Dattner and Venkatesaﬂ. ThESb intricate problems"“
will uﬁdeubtediy have to be solved by studies of the aally :

varzatlan 2s measured by stations distributed all arcund the

~world and with the meson comgoucnt included. Thcy are mentlonéd |
‘here only as one of the reasons why mean° for whole passages of

the earth araund the sun are supposed to present a less comyp 1caﬁ;*,k

éally varlatzan, Nevertheless, as is shown by the Murcblson Bav :
and ngsala recards, the vrar?ymeanscan be affected by non-re-
current perzcds with a differing phase fE;go. 7 and 8). If cnly
they were contemporary the existence cf such perlods coulﬁ be
expiazne& by the appearance or ﬂlsappearance of one or twc of the
components listed by Dattner and Venkatesan. As in this cuse non-

' ~ccntemporary phase shifts occur at two statlsns on the same erl—

dian it apg&ars as 1f an explanatlsn through such somponents is

‘1nva11dated

When means for pezleds as shert as one monih or 27 days are

“belng stud%ed it is necessary to bear in mind that the day to day
variability will play a prominent part. ‘This fact mlghz be res-
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the earth, ‘

The Murchison Bay records reveal that the aﬁisotropy makes
an angle of more than 90o with the radius vector from the sun.
Therefore, if resolved in one tangential and one radial compo-
nent the mean yearly anisotropy will have a radial componcnt
directed towards the sun, Making it a condition that the direc-~
tion of the anisotropy should be the same when calculated from
the Uppsala records as when calculated from the Murchisun Bay
records, a longitude correction can be found for Uppsala.

Durihg three consecutive years the Uppsala records reveal
only minor changes in the phase and amplitude of the yearly mearn
first harmonic. Wnen short periods are aralyzed phase shifts are
found which do not appear simultaneously in the records frem the
two stations, |

At Murchison Bay the first harmonic exhibits a small nega--
tive phase shift with increasing values of [Kp] max
the first narmonic displays clearly the same small phase shift,
days with [K 7 97

‘ p| mex
is sometimes strongly shifted towards late hours; and the ampli-

excepted, In this latter case the phase

tude increases conciderably. In one case this has beer shown tc
be due to one single day with strongly differing phase and ampl:
tude, This day had the same phase and amplitude in Uppsala ond
Murchison Bay but affected the means for the two stations in
different ways. ‘

The amplitude of the second harmonic is very small.

We shall postpone rurther discussion until the harmonic ar
lysis has been performed upon the records of the meson compenen

at Uppsala, Kiruna, and Murchison Bay,
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