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STATEHBEENT

This thesis presents the results of investigations
of the time variations of cosmic rays carried out by the
author with hard component at Gulmarg { A= 23°, alt.s 2740m)
during the years 1956 and 1957, and at Physica_ Research
Laboratory, Ahmedabad ( A=+140, alt.s s.l.) during 1958 with
nucleonic component of cosmic rays. Internsity of hard
éomponent was measured with‘Gé}tical narrow angle counter -
telescopes and that Qf*the ndcleonic component wag measured
with a standard neutréq monifqr. Data from other stations
of the world operating»&uring“the I.Ge+Ys period were also
examined to confirm ﬁhe,worldﬁide characteristics of some
features of long term, éhorg\term, and day-to~day changes
in solar dzily variation and déily mean intensity of cosmic
rays. The principal results of‘the investigations are

summarised baslow

{1) The change in the annual mean solar daily
varigtion from 1956 to 1958 at Ahmedabad and Huancayo, both
at low latitudes, involves the shift of the time of maximum

of
of diurnal and to some. extent{the semidiurnal component of
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solar daily variation&ftqwards later hours. This basic change
is independent of geomagnetic activity. Further the pattern
of change of annuel mean solar daily variation is different

at equator aud at inte:@ediaté;latitude {r=+2:9).
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{2) The annual.mean solar diurnal variation observed
at Gulmarg ( Ar+250;félto = 2740 m} during 1956 and 1957
is consistent with the view that the source responsible for
this variation is situated outside the confines of the
“geomagnetic field, ”he comparlson of theoretical calculations
with experimental data -show “that the source responsible for
ﬁhe cbserved diurnal variation was situated to the left of

the earth sun line at an aﬁgie of X = 50°+15° and had a
power in the equatoxjj.él! plane (c§ = 0) given by: a {F=0)=0.09t00]
GV ' R '

{3) The evi&ence concerning annual periodic changes
in solar daily varlatlon cf’hard component is rot quite
consistents Nncrcas uekldo dnd Yoshida (1950) had presented
evidence to showuthat_bhe-amplltude of solar diurnal variation
is maximum and the tlme of maximum o” the solar diurnal
component is earlier in equinoxes, the Present evidence
indicates that the amplitude of solar diurnal variation is
maximun in suﬁmer and winter wiﬁh earliest time of maximum
in swmmer and gradug;lygshifting to later hours. Also the
nucleonic component§%§\Mt.Norikura does not exidbit any
amuual periodic change of solar deily variation. Further
studies are therefore necessary, using high counting rate
instruments, togethét—ﬁith‘g}regular series of radiosonds
flights at differentiéeasoﬁéyWhich would permit a proper
correctlon to be applled to- the meson 1nten51ty results, for
changes of bemparauure in lower atmosphere.

(4) Enhanced solar daily variation is a worldwide
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eifect and hlgh Values of the variance of bihourly deviations
as represcnted by X (>Zﬁ, see sec.hs23) at Ahmedabad
provide us w1th a convenlent index of picking out days, on
which enhanced'solar daily variation occurs on a worldwide

basise.

(5) During 1957-58 increased geomagnetic activity,
by itself, "does not have any repurcussions on the character
of solar daily variation. However, increased geomagnetic
aetivity does accompany certain striking changes in solar
daily variation. Some of these are (a) high values of diurnal
component of solar dmlly variation on XH (see secsL.23) days
are in general accompanled by increased geomagnetic activity,
{(b) high varlab;;lty:}n:the time of maximum is accompanied

by enhanced ged@agnetic ‘activitys
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(6} The mlme of maximum of the solar diurnal
variation of ahe nucleonlc componient is subject o enhanced
variabilitcy compared to that for hard component during

magnetic storms . of thé SC typee
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’-\\

(7} No unlque and simple relation exists betwsen the

solar bemzdlurnal varlatlon and SC type stormse

(8) Thera exist correlated changes of daily mean

intensity aﬂﬂ solar dally variation of cosmic rays which
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are of worldwide nature. ‘Further these correlated changes
involve not only decreases but also increases of daily mean

intensity. Taking into account everything one is thus led to



believe that several prbpessés are involved in the various
cosmic ray variations that have been observed. Tentatively

these processes may be subdivided into the following groups:

(a) Those responsible for causing the 11 year change

with solar cycle involving decrease of intensitye

{b) Those respon51b1e for CRS during which the
cosmic ray intensity is depressed from a few days to a few

weekse

H

(¢) Those responsible for day to day changes which

involve both increases-and decreasess

(d) Those respénSibleifor causing prestorm type

decreases and increasese.

(9) The present lnvestlgdtlons have been handicapped -
by the counting rate'cf ahe 1nstruments not veing large enough
to study hour to hour. ox. day to day changes of intensity
with pr601510n.,Further4conflrmat10n of results reported here

_is necessarye

The author has included at the end of this thesis
a list of references o original papers published in different
parts of the world. The thesis mentions the specific information

derived from each cne of theme
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GENERAL SURVEY

1e1 Introduction

As a result of the copious ameunt of work done
during the last few years, the complex nzture of cosmic ray
variations is beginning to be appreciated. The geophysical
and astrophysical implications of the study of cosmic ray
variations are apparent. The study of cosmic ray variations
thus bids fair, not only to establish an intimate link with
meteorology, geophysics, heliophysics, and astrophysics but
it goes even a step further and promises to put at our
disposal an effective probe for investigating the electro-
magnetic state of the interplanetary and interstellar space.
Elliot (1952), Simpson (1955), Sarabhai and Nerurkar (1956)
and Singer {1958) have reviewed the progress made in the
study of cosmic ray variations during its various stages of
development. Dorman (1957) has written a comprehensive

treatise on the subject encompassing its many varied aspects.

This thesis deals primarily with the study of the
nature of, and the long and the short term changes in the
solar daily variation and in the daily mean intensity of
cosmic rays. In what follows, therefore, we shall be content
with pointing out the experimental results relevant to the

present investigation and the various interpretations
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offered to explain them; a passing reference would, however, .

be made to other types of cosmic ray variations.

1.2 Primary cosmic rays and their interaction
with the geomggﬁetic field.

Of the order of 80% of primary cosmic rays consist
of protons and the rest 20% of the nuclei of heavier
elements (Peters, 1952). Thus the source of the variation
observed on the earth has to be traced, to a. first
approximation, in the variationsof the most numerous
component of primary cosmic rays i.e. protons. Thus in what

follows by primaries we would mean, the primary protons.

Because of thgir charge, the primaries are subjected
to the 'magnetic analyser' effect of the geomagnetic field
which can be roughly represented by a dipole” having a
magnetic moment of 8,06 x 10°7 gauss em? (Vestine and Lange,
1947) and siﬁuéted at 400 km (Jory, 19563) from the centre
of the earth; Assuming\isotrbpy of the primagries and
applying Libuville!s theorem it is found that at a given
geomagnetic latif;ude*"f (A ) certain directions became
inaccessible for'charged particles having momentum less than

a certain minimum value p™™® (the so called forbidden or the

* Recent work of Rose et al (1956), Waddidton (1956), Kodama
and Miyazaki (1957), Rothwell and Quenby (1957), Simpson (1958)
MacDonald (1957), Pfotzer (1958), Skorka (1958), however,
indicates that such a simple representatiom is inadequate to
explain the results obtained by them.

** If geographic latitude and longitude of a place beJQLand J\
respectively then (McNish, 1936) ‘

/l * arc sin[0.1983 cosA cos ( N\ = 290°) + 0.9801 sinj\_
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Stormer's cone). Again since the geomagnetic dipole is
located‘at & certain distance from the centre of the earth,
pmin will also depend on the longitude of the place of
observations. Thus for a particle to reach any particular
point of observation and along any particular direction

it must have a certain effective minimum value of energy

min (corresponding to momentum pmin)‘ But since the number

B
of primaries decreases sharply with increasing primery
energy (e.g. see the speé?um given by Neher, 1952) the
observed intensity of cosmic rays depends strongly on EMin,
Thus by studying the time variations of cosmic rays ab
points with different values of Emin the dependence of
these variationé on the energy of primaries can be

investigated.

if, in addition, one knows the trajectories, in
earth's magnetic fieid, of the primary particles causing
partiéular type of véiiation, we can determine the direction
of the arrival of tﬁese particles outside the geomagnetic
field and thus locatétand study the properties of the source

responsible for these variations.

Stormer (1936); Lemaitre and Vallarta (1936), Dwight
(1950), Schluter‘(195ﬂ), Firor (1954), Jory (1956b), lust
(1957) and Gall and Lifshitz (1955) have numerically
calcuiated the trajectories of primaries of energy ranging
upto 10 GV. But the credit for putting the results of
trajectory calculations in readily usable form goes to

Malmfors (1945) and Brunberg and Dattner (1953), who
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experimentaliy:detefmgned the trajectories of zll field
sensitive priﬁaries hibing an energy greater than 2 GV

and arriving'at‘stations situated on geomagnetic¢ latitudes
0°, 10°, 20°, 30°, ihpo?:, 50°, 60°, 70° and 80° zlong the
zenith angles 0°, 89,2160, 32%.......56° in the E-W and

N~-S planes. The velocity vector of the primary of known
rigidity was specified by two asymptotic coordinates*

(SE, %é) for a éiven latitude and a given direction of
arrival and these have been presented in a convenient
graphical form. For particular stations Brunberg (1956) |
has also represented these coordinates on celestial spheres.
The meridians here show the angle of ‘drift' of the
particles, while parallels show the angle % + The figures
around the curves give the value of E, the energy of the

primary proton. -

Their resulﬁs'énable one to determine the asymptotic
directions of péfticl@é of given energy and arriving from a
given direction at g given place, outside the iafluence of
the geomagneti5 i‘ield‘ ';(a'b a distance = 10 earth radii).
However, becuase of ﬁﬁé differential bending sufferred by
particles hav;ng difféfent energies, the impact of the flux

emanating from even éqwell defined source locatzd at a large

*
® is the angle between the direction of motion of particles

at infinity (i.e, > 10 earth radii) and the plane of
peomagnetic equator; ¥ 1s the angle between th2 projection
of the direction of motion of the particle at infinity on
to the plane of the geomagnetic equator .and the projection
on to the same plane of the radius vector produczed from the
centre of the earth to the point on the earth's surface where
the particle should impinge (the angle of 'drifs'). The angle

v and ¢ largely depend on E, A, , and 9 (Malmfors, 1945;
Brunberg, 1953 and Brunberg and Dattner, 1953).
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distance ( 210 earth radii) wouid get strongly 'blurred'
and its direction of impact as observed on earth'would not
only depend on the direction of arrival of particles on

the earth and the latitude and longitude- and the height of
the place of observation but also on the type of secondary
component being recorded; which makes the ‘problem of
locating the direction of the gsource of variations from the
variations recorded on the earth rather éomplex. To a first
approximation, bowever, it is possible to define ‘effective
asymptotic angles! qa , @ﬁ' of the source as follovs {Dorman,
1957

oo 5 1 . &D(I}
3 fuin &%) Ve 0 o) SE]
o
S i §DE) . 1.1
JEZ“? e 8 me) S5y e

x_set

go §D(E)
;“ Siln\f’()\ﬂ’lf(b;m}“mdb

A § D(E
J . W ( h ) §D(E) g :
LN A.L
E 9L D(E) (1.2
AL £ )

where %’.ﬁ“ £ (8, ’hg) is the ’ca@pling coefficient' (see Sec. 1.4
0. 12} giving. the magnitude of var:iation to be expected in
the 1UR (secondary) component recorded at the geomagnetic
latitude A , at a pressure level hy for a certain variation
§ D(£)/D(E) in the energy spectrum D{Z) of the primaries

causing the particular secondary variacion. The lower
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limit of integration is determined either by inssrumental
cut off or geomagnetic cut off or the cut off in the energy
spectrum of the primaries due to modulating proc:zsses,

whichever is more.

— 4
Once ‘ﬁﬁ is determined, the direction of the source
(Xi) with respect to the sun-earth line is given by (Dorman,
1957)

— .
Xp = Y+ 15 (bgay,, - 12) (1.3)

where téax,h is the time of maximum of the variation of ith
component recorded on the earth. Far an observer in the
northern hemisphere who is looking at the sun, the angle X
is positive to his left and negative to his right (Dorman

and Feinberg, 1958a).

1.3 Passage of the primeries through earth's atmosphere

The high energy primary protons and heavier nucleii
impinging on the top layers of the atmosphere generate
electron~nucler showers which consist of secondery nucleons
(protons and neutrons), charged and neutral T -resons (pions)
and heavier mesons which also ultimately decey giving pions
(Shapire, 1956). At each interaction the primary particle,
at least in the energy regimB =< 1011 x 1012 eV, retains a
greater part of its energy (about 2/3, Grigorov et al, 1955;
Vernov et al, 1955). At energies « 20 GV the primary protons
form mesons not only on the first encounter but on two or

three subsequent ones too (Grigorov and Murzin, 1953). The
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cascade so generated is shown schemetically in Fig. 1

given by Simpson (1953).

Fig. 1 - Schemetic represeatation of the typical
- development of the secondary cosmic rays
within the atmosphere arising from an
incident primary particle.

The “cosmic fays observed at sea level Qrfon mountain
tops are predominently secondaries. FPhenomenologically they
are conveniently divided into two mezin components known as
'hard' end 'soft! components. Hard component includes all
partiéles which penetrate 10 cm of lead, the remainder
being the soft component. At sea level the former consists
of roughly 99% of A-MESOons - mouns - (formed by the decay
of charged pions in the ltop layers, 100-200 mb, of the
at}ﬁosphére) and the remainder are protons { « 0.5%) and

penetratin‘gv‘si‘;ower particles. The latter counsists of
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electrons and low energy mouns and protons.

In phenomenclogical definition of harc¢ component
only ionising particles were clon'sidered' but besides there
are present a number of neutrons which are, of course,
secondary particles produced in the atmosphere. The number
of these depends strongly on the energy band which is being
measured (Gieéer, 1956; Brown et al, 1949; Puppi, 1952).
Neutrons having eﬂergies down to a few MeV are present.
These neutrons together with a few high and low energy
protons {which can penetrate about 5 to 6 inches thickness
of paraffin and produces nuclear interaction ia lead)

constitute the 'mucleonic component'.

Grigorov and Murzim (1953) and Vernov 3t al (1955)
have ghown that the primary protoﬁs in the energy range
< 7GV (meag 3 GV) transfer about 60% of their energy to
nucleons and only 25% to charged pions, while protons of
energy =2 7 GV (mean 20 GV) transfer consideravly larger
amount of energy — 50% to charged pions. Further
according to Rose and Katzman (1956) primary partickes of
energy as low as 135 GV and probably a little _ower,
generate measureble amount of neutrons at sea Level (at
places where 'Stormer cone! admits such primaries). This
information gupplemented bﬁ the knowledge that meteorological
corrections can be;more unambiguously applied to nucleonie
component ({see Seec. 1.5, p.i4) makes it possible to relate

the variations of nucleonic component registered deep down



R

in the atmosphere, in a unigue manner, to the temporal
changes of low energy primaries (Fonger, 1953}, Hard
component (corrected for meteorological effects), on the
other hand, can be used to study variations ir. relatively
high (20-50 GV} energy band of the primary spectrum
(Brunberg and Dattner, 1954)s

Tkt Methods of linking variations of secondaries to
those of primaries

The chief objective of theBtudy of time variations
of different components of cosmic rays, recorded at different
latitudes and altitudes, is to connect these wariations with
variations in the primary energy spectrum incident on the
top of the atmosphere., First step in this direction was
taken by Neher (1952) who showed that the latitude effect
data at a particular pressure level (h,) could be used to
calculate the number of secondary part;cles, mi(E,he), of
the ibh component at h, formed by a single primary particle
of energy E. mi(E,ho) was called the %over-a_l multiplicity’.
Treiman (1952) and Simpson et al (1953) succeeded in
yransferring the concept of 'multipliclity' to the study
of variations of secondary component and thus calculated
*spécific yield function', Fonger (1953) evolwed the coucept

of teffective spectra'*'eo determine gqualitatively the

* Brown (1957) has since presented the revised values for
these. Webber and Quenby (1959) have calculat=d the 'specific
yield functions' taking account of higher erdsr terms to
represent earth's magnetic field at large diszances from the
surface of the earth,
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dependence of the various secondary variations on the
energy of primaries producing them, Dorman's 'coupling
coefficients? wi (E,h,) (1955) represented essentially

a refinement and an extension of the above conceptss

Basically all authors have made use of the
experimental datg on latitude effect on the ionising or
neutron component obtained by instruments of particular
geometry for the altitudes they were interessed in, The
advantage of such a‘procedure lies in the fact that no
assumption need be made regarding the nature of processes
involved in the transformation of primaries into various
secondaries, The limitation of this method, ¢n the other
hand, is that it apﬁlies only to field sensitive primaries
(E €15 G¥) and for higher energies extrapolztions have
to be made which by their very nature introduce a certain

element of unreliabilityg

The total vertical intensity NI, g(h,) of %9
component (mouns, neutrons, stars, bursts, soft component
etc.) observed at latitude A , longitude f and at the

pressure level hy is given by

oo
it ) = | D(E) wt (5 hy) a8 vee(10)
AT min
B
AL

where D(E) is the differential energy spectrum of primaries,



vl (B, h,) is the multiplicity and ;?i; the effective value
,:
of the minimum (critical) energy allowed by earth's magnetic

field; for detectors located deep down in the atmosphere

Emin may be taken to represent vertical cut-off energy.
?

Differentiating (1.4) with respect to the lower
limit of integration we get

i
N (o)
J!,f‘j = <] (Eznin ) m (Emin , ho)
§ gaia A E? Aty f?
’I"f'
or
. i
- 1 . S‘Nj,f' (hy)
i () 5' in
A,f 41 E
= D(E%?gs) m (Emif' » ho)
i
i (h,)
A, °
i 3
= (B8 ph ) eoe(165)
/{’f /‘,"f'l °
where
D(8) w(E, hy)
y (B2, ny) = -2 eel146)
AsE 1,10 o (a)

A, g ©
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W (E, hgy) is called the coupling coefficient and it
giées the magnitude of variation in ith {secondary)
component for a certain variation in primary spectrum,

If relative variation of intensity is mea#urei in percent
aad total energy of primaries (E) is measured in GV then
Wt (B, hy) will be in % GV"', Fig,2 shows the values of
cougling coefficients obbained by Dorman™® for various

components recorded at various pressure levels h,,
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Fig.z -~ Coupling coefficients, (1) For total
intensity, (ionising component) at high
altitude. (2) For sea level neutroen
intensity.(3) For 4300 meters altitude
total intensity. (4) For sea level
hard component.

* As a first approximation he has neglected the longitude
dependence of coupling coefficients.
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The time varlation of the observed intensity of the
ith component of cosmic rays can be got by varying eqe(1.4)
with respect to all available parameters and nmaking

substitution from eq.(1.6). Thus,

f (ho) in 60 § oz
Laf . goin (2, hy) + J —-i-} W (Bhy)dE
I AsE 4,8 A, sn DIB) 4,1
& 4
l;’f ° A,f

f (Esho)dE 0-0(1@7)

’

W
A

If experimental data of variations, recorded by a particular
detector, are corrected for meteorological effects, the
third term on rsh.3. in eqgs(1.7) becomes zero. Further when
variations involving changes of extra-terrestrial primary
flux are studied, theifirstvterm on rehese of eq.(1a7) also

becomes zero. Thus,

KA

§ ) ”(:3 .
o ) * J D{E‘; wj.’f (E9 ho)dE 0:;(1g8)

where index j indicates the type of variation (solar diurnal,

éemidiurnal, 27 day, annual, 11 year, etec.), and SJD(E)/D(E)



gives the relative variation of the primary f_ux and may,
therefore, be called tenergy spectrum of the 7ariation of

the primaries's Egs.(1s8) can be utilised for nwo purposes:

(1) Quantitative verification can be made of specific
hypothes#s as to the origin of various wvariations, and

(2) Using data of various secondary component: having
subsantially different wi f(E, h,)s the emergy spectrum
of the variations of prim;ry cosmic rays OD(E)/D(E)
for a particularltype of variastion of secondary

component can be determined,

145 Methods of eliminating meteorological effects

Before any attempt is made to link th: variations
of the various secondary components recorded jeep down in
the atmosphere with variations of the primarizs, it is
necessary to rid the data of the variations induced in the
terrestrial atmosphere, We shall consider meb=orological
corrections to be applied only to two main conponents
{hard and nucleonic) of cosmic rays which hav> been studied

in this thesig,

1+51 Meteorological corrections for hard compenent

From purely qualitative arguments on meson decay,

Duperier (1949) sought to correlate sea level intensity
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varistions ( & I/I) wish cﬁanges in ground pressure {5 B},
variabions in the mean heigﬁx of ‘productica layer! (b Hj,
represented by variations. in height of a fix2d pressure
level (100 mb. layer was chogen) and temperasurs changes
{&5T) in the regicnwcf refﬁrence level (average temperabure
between 100 and 200 mb., wgs ‘used), He thus snggested a three

tery rogression 1ormula of~the foxrm

%.I.alfsza& ‘,CHSH?; Lo T vee(149)
However the wvalues of the coefficients j% ’ :%:H, dC@
determined by different workers (om the basws of extensive
data in each case) have yielded widely different values

(ssgs see summary g*ven b& Bachelot and Confcrto, 1956)«

This is not surprasxng becanse as p91nted ott by Barrett et al
(1952), Wada and z{udca (1954), Trefall (1955,,&,‘,) and more
recently by Hathews. (1959), no distinct physical meaning
can be assigned ©o the three torms in ege(1.5) because each

of them includes uhe coqsrlbuzlon of effects which should be

represented by two other serns separately,

0lbert (195;3 has shown that eq:41.9} is consistent
with a theoretical approach L,basad on the assumptions @
{i) mouns are cuntxnuouglyiproduce& in the abmosphere and
{ii) they lose energy by lonisabion in passiagy through the

sir ) provided Sﬁfrepresenﬁs the varistion »f{ mean
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bemperature from sea level to pressure level'§2(§%rv200 mb)
aad if & H is the variabion in the heizht of pressure
level Xy (%) ~ 100 mb). Maeda and Wada (1954} have

improved upon Olberits célcula@ions oy taking account of
the fact that mouns are produced by ths decay of pions

and have derived the 'partial temperature coefficients!
which take account of temperature changes in sach layer

of the atmosphere instead of 'the average temperature change,
Hayakawa et al {1955) extended- Maeda and Wada's work by
considering the contribution of nucleonic caséade to the

production of pions which in turm decay intc mounss

Starting fram Feinberg?s work (1946), Dorman (1954)
wofkéd‘aut a comprehensive theory of meteoroiogical effects;
his-bééic assunptions being similar to those of Maeda and

Wada {1954}, The final resuiu has been expressed by Dorman

in the form

hO
-----éf‘" /388‘*' / ,W'i"h) 6T(h)dh +24(1.10)

where & T is the chanée in temperature of the isobaric
level at which the pressure is h atmospheres; for an
observations at sea level the pressure hy (in atmosphered
is equal bo unity. Graphs of the 'témperature coefficients

density! WT{hJ*, as a function of observational levels (h)

% Wp(h) is defined as the contribution to vemperature effect
due to 1°C change in temperabure cf isobaric level h
{Dorman, 1957),
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in the atmogphere and underground has been given by
Dorman (1957) for the detectors having different
geometfigsa Wplh) values are universal and in firsg
approxim;tiog hold for all latitudes and longitudes. He
has furtgér suggested that for all practical purposes the
integral in eg;(j.ﬁO)ﬁcan be converted into a sum and

eqs {1.10) can be written as

Ci=1 ‘ |
.,%...I, = '{5634‘ Z_: g’;.iSTi ) (1‘011)
= i=1.

/3is the mass absorpéion coefficient and can be determined
unambiguously and ,Sﬂri is%thé tempergture variation in the
190 5 gobarie level and gy ére the inkegral of WT(h) over
the respective layers. The levels normally used are 1000,
$00, 800, 700, 600, 500, LOC, 300, 200, 100 and 50 mb, the
corresponding values of X; are giver in Sec. J,11. It
should however be pointed oub that this method cannot be used
t0 correct the data of daily variation of cosmic rays on
individual days because & 7T; is determined by meansof
radiosonde, which debermination is subject to cervain
inherent systematic e;rorsl(gay, 1951} reaching as high

as 2° to 3°C and Dormgn an&»Fainberg (1956} have shown
that systematic srror of 1°C in the determination of STi
resultslin an error 5f20.3% ih'temperaaure cerrection to

be applied %o the amélitude'9£ diurnal variasticon of cosmic
'rayé and hence thay suggestved that the temperature

correction should be applied to daily variation data averaged
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over at least 30 days.

Kuzmin (1955), Glokova (1956} and other Russian
workers, who have employed the above method of meteorological
corrections for correcting high latitude data of daily
variabtion of cosmic rays, find tﬁa@ Semperature correction
to diurnal amplitude is about 0,1% with a maximum near noon,
Thus if diurnal variation of cosmic rays has its maximum
near noon vhen application of temperature correction will
result in an inereased amplitude. Maeda {1953), however, is
of the opinion that the contribution of temperaturs
variations in the gtmosphere to the diurnal cosmic ray effect
amounts to only 0,05% with time of maximum at 1400 hours.

In the light of the observations of Bemmelan (1946), Barkow
(1917}, Dines {1919) and Venkateswaran and Desal (1953), ail
of whom have shown thab ths ampiitude of daily variation of
temperature above 2 ku, does not exceed 1°C which
determination isself is not ocubside of ingbrurental error,
Sarabhai et al (1953) came to the conglusion %Hhat no
éignificant gonbribution to diurnal effect results from
tempefature variabions above 2 ku from the surface of the
ecarth. So that for the purpose of applying temperature
correction Lo the daily variation data it is enough to take
into account temperature changes between sea level and 800 mb
for sea level stations. A practical method of applying
temperature correction to the daily variation data of hard

component is given in 3Sec. 3.11.

Miyagaki (1957) applied temperature correction to the
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data of low energy cosmic rays by comparing the cosmic ray
intensity measured by similsr insbrument at two stabions
sltuated near to each other but at diflerent altitudes. He
showed that it was enough to correct the diflerence in the
two intgnsities(which,giveg the low energy camponegt) for
the changes of temperature in tbe intervening atmosghere.
An accurate estimate of such temperature changes can easily
be made by application of Laplace's formula to the

Gemperature variation recorded at the ground shbationsg.

1. 52 Meteorelogical corrections for nucleonic

gomponent.

The bulk of the nucleonic component, in the
atmospﬁere ls generated by rather stable particles (nucleons)
through collision proeesses and as such the intensity of
nucleonic component recorded by the measuring equipment is
dependent on the mass of matter between primary particles
and the detector. It is well known that incident nucleonic
component is pesked in the vertical direction (the angular
digtribution near sea levelhvarying as Goﬁne,‘vﬁth n~4 to 5),
and taereby g measurement of local atmospheric pressure is a
measurs of the average air mass over the detector. 4s such
the intensity I(h) of nucleonic component at eny given depth

(h} of atmosphere is given by
I{h) ~ e WL cos (1.12)
where L is the absorption @efepes Of nucleoniec component. Thus

SI(B) _ -8n _ ge,
WI(h) = --—--..L ﬁSh s e (1613)
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where ]5 = =1/L = barometer coefficient.

Simpson et al (1953)'have experimentally determined
the value of L. They find that in the region 2004;h£3500 nb
the value of L changes from 150 gnuc:m"'2 at A= 54% to 2190 gxrn.ci:ﬂ”2
at A= 0, At greater depths L somewhat decreases e.ge ab
A= 40°, L decreases from 175 gm,cm"z for hd 500 mb to x
145 + 3 gnoen™ for h»700 mb. They find that for h>700 ub’
the value of L becomes independent of geomagnetic lstitude

-2 _
and remains equal $0 145 gm.cm™ ., So that at sea level or

at mountain elevation upto 700 mb,

1

L]

ﬁ= - = 20,694 wb"

3
wnad

=0, 94% my™? Hg.

#

which v;iue is in good agreement with those reported by
Tanglorgi (1949), Adams and-Bradick (1951), van Heerdan and
Thambyahpillai (1955), Rose end Katzman (1956} and Lockwood
and Yingst {1956),

The conatancy{of:ﬁ5ibr h2 700 mb implies that at
such depths the magnitude of the lavitude effect of nucleon
compouent remains constant, This, however, is not the case
as has been pointed out by Rose et al (1956} who find that
the counting rate ab sea level ak geomgegnetic latitude&:>55°
is 1.77 times thas at N = 0 while at atmospheric depth =
680 gm.cm'2 this ratio is 2,55: Thus it is evident that the
value of L and hence of ﬂ? would not be independent of
geemagnetic latitude even for b 2700 mb as was originally

suggested by Simpson. HMelracken {1959}, has oreseanted
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evidence to show thatfb:is also sensitive to changes in

the rigidity spectrum of primary radigtion, becoming smaller
as the primary cosnic ray spectrum hardens. Thﬁ.limitaﬁion
beecomes particularly imporbant in studies conducted at high
lapitudes where the rigidity spectrum of primary cosmic vayé
is known to change in sbtep with solay activity (ﬁccracken;_
1959; Meyer and Simpson, 195‘?)e This limitation howeﬁer,
is of no appreciable consequence for equatorisl stations
firstly because the barometric fluctustions are far lesé at
equabor and secondly because relativel§ high energy primaries
are involved in producing secondaries that are observed at
these places and as such the magnitude of effect arising

out of the change of rigidity spectrum of primaries would

be rather small,

Detecters invelving laéal prcductian of neutrons
ave used for recording nucleonic component (the advauntages
gf using such an arrangement have been sumiarised by Simpson

et al, 1953). If all nsubrons produced locally were to be
generated by nucleong thers woulkd be no observable temperatur
effect, however, plons and mouns also participlate in loecal
vroduction of neutrons. The processes through which locally
produced neubrons are linked with pions and mouas are
represented schemetically in Fig.3a {(Simpson et al, 1953).
Jigh energy mouns, low energy negative mouas, high eunergy
pions and low energy pions in the neighbourhood of the pile
contribute, respectively, £ 2% (Cocconi et al, 1950), L 3%

{Cocconi and Trongiorgi, 1951},{1% (Simpson et al, 1953) and
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< 5% (Bernadini et al, f9k9) of'thehﬁétal local'neutfdn

rate. Based on these estimates Simpson et al (1953) conclude

that upper limit of temperdture coefficient is { -0.02% ©
at A= 0 and < ~0.006% Ocri.at )\&}500 which are rather

insignificant %o be considered. This view is shared b}

Dorman (1957) who has, in additionm, providéd "temperature

coefficient density! Wp(h) graphs for neutron component

recorded at various altitudes and ab various latitudes.

Those. are shown in Fig. 3b '
| rzz;__“ag 3 - :
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Fige. 3a, - Fige. 3b.

Fige 38 =

Atmogpheric tempersture sensitive links in the
nucleonic¢ cascades.

Density of temperature coefficient of neutron
intensity..1 and 2 - contrlbutlon of fast and
slow muons for sea level, = 50°; 3 ~ contri-
bution of pions; A4 and 5 = total coefficients
for sea level, A= 50° and 0° y respectively;

6 and 7 = total coefflclents bor mountain
elevaﬁions, M =,50° and 0Y, respectively.
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1.6 . Long term varidbions of primary intensity

1.61 Variation of bobal incensity.

Roka {1950) and Glokova (1952) found thabt the mean
annual intensity of muons at Huancayo and Cheltenham during
1937 o 1947 ﬁas inversely correlated {correlation cceffi-
cient = =0.,80) to the mean annunal values of Wolf numbers,
being least when solar activiity was highest. Forbush (1954)
stu@ied ioniaation chamber data from Carnegie stations over

the period 1937 to ¥952. His findings show that :

(a)'an 11=year cyclic change of mean annual intensity

of cosmic rays inversely related to solar activity, exists;

(b) the amplitude of this change is of the order of
L% and is practically independent of geomaznetic latitude

vetween 0° so 80°N;

. C. .
"{c} the magnitude of the change remsins uneffected
no matter whether magnetically disturbed or quiet days are

chosen for study.

Heher {1955) has shoun that abt high latitudes,
§5° - SSON, there was 2 change of ionisation of the order of
50% at balloon altitudes ( ~70,000 ft.) during 1937-1954.
Meyer and Simpson {1955) veported a change of 13% in
intensity measured by neutron monitor at seroplane altitudes
{~30,000 ft.) from 1948-1951 (waning part of solar activity)
corresponding to 1% change observed at ground level. They

show that the additional particles in 1951 had rigidities



within the range ~i=4 GVfc

The evidence from balloon experiments taken together
with Forbush's finding presented above thus show that low
energy primaries gre the ones that ave effected most by

solar activity.

Fenton et al (1958) get 2 slightly higher amplitude
{ ~5%) for {1=year cyclic change for mesons during current
solar c¢ycle with respect to the period studied by Forbush
{1954), which they say is commensurate with the fact that
during the curreni solar eycle the solar activity was
exceptionaily high as reported by Ellison (1957). They
also £ind that for neutrohs ampiitude is ~ 4.5 times that
for mesons; which result is supported by Lockwood (1958)
anc Simpson et al {1958). During the same period Neher et al
(1958) report that the primary particle intensity over the
geomagnetic north pole changed by a factor of L. Fenton et 4
{1958) have also shown that 11-year cyclic change at ground
level does not arise from the cummulative effect of short
- term transient decreases, a result which is in conférmity
with Forbush®s (1954) earlier vesult. Fenton et al thus
believe that 1l-year change is a slow and gradual process
over which are superposed transient decreases. Lockwood .
{1958), however, thinks that the change occurs rather
abruptly through sudden drops (not arising out of the
cu@blative'contributicn ol transient decreases) with long
relaxation time, which view is supported by Morrison's {1956)

finding during the previous sgolar cyecle. Heher et al (1958)
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have presented striking evidence for inverse relationship
between cosmic ray intensity and solar activity at Huancayo

and Thule in relation to the present solar cycle.

In contrast to the above results, all of which
indicate an inverse relationship between solar activity and
mean intensity of cosmic rays, Katzman (1958) presents lone
evidence of ihcrease of mean intensity with increasing
solar actifity during Sept. 1956 to Febe. 1957, recorded by
a narrow angle telescope having a solid angle of 11.5 x 10™%
steradians; the mean primary energy oi response for the

telescope being 30 GV.

1.62 Variation in the 'knee'! of intensity

versus latitude curve.

Meye;‘and‘Simpson (1955) reported that the 'knee!
in the intensity versus latitude curve existed at the
altitude of 30,000 ft. in 1948 at X =~55°( for nucleonic
coﬁponent) which by 1951 had shifted northwards by 3° icedn
A =58, Van Alle# and Singer (1952) concluded from the
results of, V;n Allen and Singer (1950), Pomerantz (1950),
Pomerantz and McClure (1952) that the ‘knee' in the latitude
curve existed;at)\¢5;55°N. Their results, however, were
based onnon-gimultaneous flights at different latitudes and
as such were subject to errors arising out of appreciable day
to day flpétuations of primary cosmic ray intensity. The
absence of the increase of primary intensity in 1951 above

}\25550 was, however, confirmed by Heher et al (1953) who
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. . <
took simultaneous flights at two latitudes reaching 15 gm.cm

an@ showed that protons having energy less tham 0.8 GV were
missing. Thé results of Staker et al (1951), who measured
neutron fluxes in the vieinity of the geomagnetic pole,

also indicate the absence of low energy primarzes in 1951.
However, in 1954 Neher et al (1955) found that the 'knee!

had vanished; in fact they deduced from the observed increase
between latitudes 58° and 6803 that protons having energy

as low as 0{10 GV were presdnt in 1954. Résults of Fowler
et al (1957) for 1954 when compared with those of Dainton

et al (1952) for 1950, however, indicate that there was no
change in thed =particle flux between 1950 and 1954. As
such the increase. observed by lNeher in 1954 was due entirely
to the presence of more protons in 1954, That these protons
were not of solar origin was inferred from the facts (Neher,
1958); that it was a period of extraordinary quiet for the
sun, bthat the intensity of these protons was very steady in
1954 over a period of three weeks and that these protons
were not present in the auroral zone when rocket measurements

were made by Meredith et al (1955).

Eliis et al {1954) conclude, from an experiment
performed in 1953 with ionisation chambers at two latituﬁes,
that cubt off exists for heavy primaries also arnd occurs at
very nearly the Same ;atitude as for protons; indicating
cut off dependence on rigidity rather than on energy of
primariess This finding, however, is not supported by the

more detai;ed work of Fowler et al (1957).
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Neher (1957) infers from the 'shape' of ionisation
versus depth qﬁfyes ét'lQW'pressure ( é; 100'gm.emf2) that
the knee reappéared in 1956, This conclusion is supported by
Meyer and uimpson (1957) who took observations in August 1956
~and found that protons of energy‘él1¢5 GV were missing thus
showing tnat.knéegappeared at A=52°, Neher (1959) has shown
that knee of latitude curve, as was to be expecteﬁ, exists

in southern hemisphere also.

The above facts thus indicate that the appearance
and disappearance of the 'knee! in the latitude carve is
related directly to the aﬁseace or the presence of low
energy protons and that o( -particles and heavier nuclei

are either no% involved or play a minor pole.

P
’

"1:,‘ 4'(. - .;' K] L -
Fe? Short term variations of primary intensiby

1«71 . Variations of intensity during magnetic storms

\

The aéS§pia£icﬁ of decrease in cosmic vay intensity
with magnetic storms wés first reported by Messerschuidt
{1933) and Steingauref*and Gragziadei (1933). The reports of
@mrlu ~ide™ changés iﬁwbosmic ray intensity during magnetic
storms were flrsb glven by Forbush (1937) and Hess and
Demmelnair {29;9)& nogg {1949) showed that changes in cosmic

ray 1nuen31ty assoelated with magnetic storms are invariably

decreasess All magnetic storms, however, are not accompanied
by decrease i@'cosmic ray intensity (Forbush, 1933 and

Trefall, 1953). HMachnuff (1951) showed that durinz the storm

e Accofding Lo Singer (1954) these changes are observed sven
at the geomagnetic pole and that they are more maznified.



w 28 -

of Jaﬁuary 2Ly 1949, when sea level intensity of hard
component decreased by 5 - 6/, no perceptible variation
was Observed in cosmic ray intensity {with an accuracy to
several tenthslef a percent) reccrded at 60 m.w.e. under-
ground™ . Neher and Forbush (1952) found that the
magnitude of decrease in low energy cosmic rays (recorded
at 17,000 £6. above sea level) duriné the storm of July 25,
?9464ﬁo be four times larger then the decrease recorded by
ionisaﬁion chamber of ﬁt.wilson (nean energy of primaries
~ 40 GV). Gﬁ a few occasions (Chasson, 1954) decrsase in
cosmic ray intensity has occurred zan appreciable time

before any measurable gedmsgnetic disturbances took place.

World-wide decrease of mean intensity (AIL) of
cosmic rafs has been called 'cosmic ray storm! (abbreg;ted
as CRS) by Sekido et él {1952). Kitamura {(1954) has shown
that CRS assoclated with SC-type magnetic storms are larger
than those aséociated with the other types of maguetic storms
Wadg (19545 noticed that CRS occuring in March equinox are
larger than those which wmem occur in Sepvember equinox
though the magnetic storms in the two periods are not very
different from each other. Sekido et al (1955) have shown
that magnétic storms which are accompanied by 385 within
two days: are closely relsted to c.m.p. of largs sunspot
groups and such storms are called !'S-type'! storms by thea.

The magnetic storms not accompanied by CRS are. called

¥ Later workers, McCracken (1958) and Kuzmin {1959) have,
however, observed decrease in cosmic ray intensiby following
magnetic sterms at 40 m.we.e. and 7, 20 and 60 n.w.e.
Tegpectively.
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'ﬁ~ty§e?éto;ms. “é—type exhibits a pronounced }i-year

cyelic variation similar to one shown by relative sunspo®
numbers whereas M-type do not show any such sffect. The
former tjpé~£hey attribute S0 large magnetic éarpuscular
clouds éjééged from sunspot areas and the lattsr, they
think, are caused by non-magnetic narrow corpuscular beams
from the socalled ‘'Meregions® of Bartels (19324. Taking
Huancayo ionisation chamber data from 1936-1949, Yoshida
and Kondo {195L4) selected days (115 in all) of SC-type
magnetic stb?ms which ére associated with appreciable cosmic
ray decrease (DI »0,4%) as epoéhs and using Chree's method
of superpése§ epéchs they showed that magnetic storm recurs
only over aiémal;inumber'of solar rotatims whereas CRS
continues_toérecuifafter 27 days for a much longer period
evggfﬁb typgcal ﬁagnetic storm occurs during this period.
The earlier observations of various workers who had found
that CRS is sometimes associated with a typical magnetic
storm and.gometime§ with a small magnetic disturbance was
thus éxplaiﬁed by Yoshida and‘Kondo was due to the fact that
both magnetié stoxm and CRS are caused by the same agency
which afﬁer'some time loses its potency to cause magnetic
storms Dbub %@tains its effectiveness for causirg CRS. Kamiya
and Wada (1959) show that every solar flare which is
accompanied by type IV radic outburst is followed by a CRS.
However, the amplitude of ORS is indepudent of the meridian

distance of radio outburst on the sun.

Latitude dependence of the amplitude of CRS has
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been examined by Forbush (1938), Wada (1952}, Yoshida and
Kamiya (1953), Glokova (1956), Kodama and liyazaki (1957)
and Brown (1959) who find that the amplitude of depression

increases as the latitude increases.

McCracken has recently studied CRS in neutron

component of cosmic rays in detail and his findings are :

(a) The greater the amplitude of CRS the greater
its duration (period in vhich intensity reccvers to
pre~event value or settles down to a new lower level -

McCracken, 1958),

 {b) quite frequently a CRS is preceded by a
transient decrease which exhibits strong directional

dependence (McCracken and Parsons, 1958).

(c) Onset times of CRS observed at stations
situated along different longitudes are different - the
difﬁerence, in some cases, amounts to several hours.

(Fenton et al, 1959),

(d) 4t the same station the onset of CH3 does not
. occur simultaneously in all directions. The intensity in
the directions between 30°-120%W of the earth-sun line is
the first to decrease and is the one that suffers the
greatest deprgésion. The intensity from the directions
0°-%0°E of the earth-sun line is the last to be affected
and it suffers the least depression (McCracken, 1958).

{e) The amplitude of CRS is a function of altitude
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and a% high laﬁiﬁudes the amplitude increases at the rate

of 12 % per iééO'metéfp(McCracken, 1958).,

Venkatesan (1959), who analysed the data of Canadian
statzons from OQtober 1956 to December 1957 for aeutron and

meson monitors, found thabt

(2) an associgbion {statistical) exists setween CRS
and celep. 0f active solar regiong, On the average, the
greater the activity rating of the regions, the larger the

atplitude of-CRS.

(b) GRS:exhibits 27 day recurrence tendency though
the amplitude of recurrent decrease is very variable, being
sometimes smaller than, equal to, or larger than the first
observed decrease. However, very large { > 9 % as Ottawa) CRS

do not recur,

Murakami and Kudo (1959) have pointed ous that in a
CRS, low energy;cosmic rays {(neutrons) have earlier onseb
time than high energy ones {hard component). Kitamura and
Kodama (1959} show that, in a CRS, low energy conponent
{(neutrons) receyers later than the high energy cemponent
{hard comﬁcnent}L Theyvhave also studied cosmic ray energy
spsctrun during CRS and find that the spectrum becomes flatter
while RS ig in progr%és; which finding is consistent with
Blokh e% al’é (f§59§‘qﬁaervation that with increasing amplitude
of CRS, Ghe ratis of the depression amplitudes of neutron to

hard component, increassse.
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Recently Yoshida and Wada (1959) and Kendo et al (1959)
have studied, in detail, the CRS associa;ed with two severest
magnetic storms of the present solar cycle; one of which
took place on 13th Sept.1957 and the other on 11th Feb.1958.

Their findings are ¢

(a) A pronounced increase was superposed on the
intensity decrease associgted with normal CRS, This was not
a flare type increase because firsuvly no solar flare was
observed just before or during the acbual time of increases
{however, flare activity was high two days prior to the
commencement of CRS) and secondly a normal flare type
increase is larger the higher the latitude of observing
station whereas the current increases were most pronounced
in lower latitudes. Also these increases could not be due
to pronounced anomalous diurnal variation which appeérs
during CRS (Sekido et al, 1952) due to their being
simultaneohsly preéent at the day (Zugspitze) and the night
side (Norikura) of the globe™.

{b) Phe intensity increases occurred almost in
coincidence with the maximum depression of the geomagnetic

field intensity.

* However, Sarabhai and Palmeira {1959) have pointed out, in
connection with the February event, that the increase did
exhibit a longitude dependence being more pronounced in the
longitude belt 0=320E and less so in 75-115%.
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(c) The dependence upon energy of the increases was
nearly the same as that of the decrease i.es the more, the

lower the mean energy of the primaries,

They (Kando et al, 1959) conclude thet these
increases are caused by the lowering of the but of £ rigidity
during magnetic storms, Their theoretical caleulations show
that such a ﬁechépism will produce greatest increase at sea
level stations having rigidity of the order of 7 GV and at
mountalin {pressure::z 686,gm.cm'?) stations having cut-off
rigidities :; 5 G?; Increase will also depend upon the total
depression of theléeomagnetic field during a particular
storm, The more the depression of the field, the larger the

5

inc¢regas,

Sarabhal and Palmeira (1959), who studied the
differential effects of longitude, of latitude and the
northern and southern hemispheres with respect to the
February 11,7 1958, event in conjunction with detailed solar
and terrestriazl observations'provided by Trotter and Roberts
(1958) and Van Allen (1959), have pointed out the following

salient features of the event @

{a) A transient increase precedes the main decrease
by a few hours at equatorial stations (recording neutrons),

At higher latitudes this phenomenon is not observed.

{b) The_émplitude of the decrcase is more and the
minimum is reached later for low than for high energy

primaries,
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(c) The secondary increase superposed on normal
main decrease is more prominent in low than at high latitudes
(as also neted by Yoshida et al, 1959), but exhibits a strong
N-S and E-W asymmetry; being very small in southern
hemiéphere and absent in longitudes 147°-168%E,

They thus infer, in contradiction to Yoshida and
Wada {1959), that the second increase is mainly anisotropic
and has an energy dependence different from the mainly
isotropic decrease., They believe that these increases are
caused by magnetic fields in the shock front of the moving
plasmas as suggested by Dorman (1959). The latter author
has also calculated the energy spectrum of particles which
participaﬁed in pre-storm increase and has shown that with
decreasing rigidity the amplitude of increase should increase
but its duration should get diminished emg. for particles
with rigidity r~'108eV]c the amplitude of the pre-storm

increase would be ~ 100 % but its duration only 2 minutes,

1.72 Day to_day varistions of intensity

Neher and Forbush (1953} established the world-wide
natﬁre of day to day changes of intensity by showing that
changes in intensity as recorded by ionisation chambers at
Huancayo and Cheltenham and by a neubron monitor at Climax
+ and changes 'in total ionisation at 70,000 ft., over Bismark
are correlated with each other. Further Neher et al (1953)
have shown that changes at high altitude over Bismark and
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near the geomagnetic north pols are correlated amongst
themselves™. Fonger {1953) and Van Heerdan and Thambyahpillai
{1955) also testify to the world-wide nature >f day te day

chalgess

An -important type of day to day chaﬁge of intensity
is the.ane which shows 27~day recurrence corrzsponding to
the syncdigipexiéd of sun's rotation dbout its axis™ with
raspect to'garth, The garlier work with hard :omponent was
done by a ggmber~§£ workers Hess et al (1935). Kolhoerster
(1939), Gill (1939), Monk and Compten {1939), Forbush {1940)
and Wéffler (1941}. xrlokova (1952, 1953}“wh5‘analysed the
Garnegie_ﬁtatiqns; data over the period”1937»’950 hasg

pointed .out that '

(a}:274d§y variation is mest pronounced in years of
maximum seolar aéﬁivity angé gcompletely absent during years
of minimum solar activity; which Finding tallies with those
ot qua {1941), Broxon (1949), Meyer‘and Sim@soa {1954) and
Venkatessan {f958}a |

(b) 27=day -variation for hard component shows
practically no difference in going from AT O (Husncayo) |

to X = 50° (Cheltenham),

#* However these correlated changes differ in the order of
maznitude of change involveds . :

) \nle-cwmednols

k% More précisely this relates to the A ° latitude region
of the sun, the period of rotation of high latitude regions

is 1-2 days Leosger.
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. (c) The position of maximum is stable during period
of high solar activity in that the mean annual vectors of
2f{~day wave lie in first quadrant (=7 days of votation
after passage of the Carrington meridien across the centre

of the solar discje

Meyer and Simpson (1954) and Simpson and Babcock

(1955) haﬁe shown that peéak to peak amplitude of 27-day
vardiation agsociatgd with nucleonic component is four to
five times that aséociated'ﬁith hard component (and this
rg;abign hé;ds throughout the solar eyels). Reeéntly
Vernov et al‘(1959) have shown that total com@onént at
30 km shows gﬁtbwﬂ% times the amplitude of 27-day variation
compared to the intenéity measured on the surface of the
earth. This should be compared with Kuzmin's (1959) result
that amplitude of 27«day variation'decreagés with increasiag
depth underground; amplitude at 60 mewees being ~ 1/3 of
the ampiitude at 20 mew.e., These resulis show that though
low engrgy'primaries éxe most affected by 27-day change,
high energy primaries (mean energy ~ 450 GV, Kuzmin, 1959)

are also influenced by it

Glose association of 27<day variation with geomagnetic
‘activity is inferred from the works of Benkova. (194k) and
* Afanastyeva (1954), Sekido et al (1955), and this has been
- confirmed by Glokova (1956) who showed that the amplibude
of 27«day varistion decreases o almost balf, if solar

rotations during which teffective! magnetic storms take

a
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place (i<e. those storms which reduce the intensity of hard
component of cosmic rays by more than 1 %, Glckova, 1952)
are excigééh fromxthe averaged materiale. Van keerdan and
Thambyahpi;lai‘§1955) have shown that the minimm of 27-day
variatidnkoccu;s 5 days earlier than maximum cf Kp. Simpson

(1954) and Kane (1955) have also reported & similar result.

Simpson‘et al (1952) believe that quasi periodic
increagses of intensity take place and have shown the
assoclation of jhé increases with cemeps of active solar
regions énd;regioﬁs of green coronai emigssion on the sun.
Simpgon et”él (§955) also find close association between
cosmic xay;increases and meridian transits of mipolar (UM)
region diéc@vered by'Babcock {1955) s Kodamz ani Murakami
(1956)‘a&duce evidence for solar emission (i.e. production)
Qf(parbieles at least during period of lull in solar activity*.
involved in 27-=day variations by studying concurrent diurnal
veriation. However, Van Heerdan and Thambyahpillai (1955)
find thét mean intensity decreases as the aumplitude of

“27=day variétion increages and are thus ied to the conclusion
that 27~daf'var;ations are essentially deereases produced

bty a screening mechanism.

The naturs of 27-day variation is an open question
to-day. Because of its assoclation with sunspot numbers,
geomagnetic activity, magnetic storms and its energy

dependence, many workers such as Brown {1956), Dorman {(1957),

% Their ovservations extend from October 1954 to July 1955,
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Neher (1958) and Kuzmin (1959) believe that 27~day quasi-
periodic variation belongs to thé'same group of phenomena
as‘dc the 11-year cyclic change and magnetic storm effects.
Howaver, one can see from the evidence presented above that
gsuch a view represents an over simplification of the plcture
because apparently some times the increases do take place
and they do recur. Author has examined this problem in more

detail,

1.8 Increases of intensity associated with solar flare

Flare type increases provide the most direct evidence
of the acceleration of charged particles 1o cosmic ray
energles either on the sun itself or in regions very close
to ite. The additional cosmic raysduring such bursts thus
constitute a speclal sonde for saunding conditions on the sun
and in the interplanetary space and for studying the nature
and the form of geomagnetic field at large distances ( > 1
garth radius) from the earth. The results o£ four well-known
early events (February 28, 1942; March 7, 19#2; July 25, 1946
and November 59, 1949) have been discussed in detail by
Dandin (1951), Elliot (1952), Forbush et al (1950), Biermann
and Schluter (1953), Sekido and Murakami (1955) and Dorman
(1957)+ These studies have egtablished that the increase
{which may'be delayed upto an hour after the visible sighting
of the solar flare) and ifa magnltude depends upon the mode

of detection and is a function of geomagnetic latitude,
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longitude and the height above sea level of the observing
gtation. None of the avove four flares produced any increase

at the equatorial station of Huancavoe.
q

Assuming the additional cogsmic rays to be locally
generated on the éun and propagating rectilinearly outwards,
Schluter (1951) and later Firor (1954), taking into account
the deflection ofAsuch particies in the geomagnetic field,
showed that these addivional particles (if pyotonsg) will
produce sizeable increases at places having local time
Q900 ané 0400 hours within the geomagnetic latitude 25° 4o
60°; the higher latitudes falling in forbidden zone®,
Increases were, however, observed at Godhava { A = 800),
Resolute { A= 83°) (Rose, 1951) and Thule { X = 89ﬁ5°$ in
July‘%946W(Graﬁam and Forbush, i955)e Kraushaar (1955)4
aseribed this effect to deflection by galagtic field.‘Sekida
and Murakami (1955) suggested it to resuli from the
scabbering by an buter! trapping field extending a 1itfie

beyond the earthl’s orbit,.

181 Solar flare of February 23, 1956

The solar outburst (having magnitude 3*) of

February 23, 1956 was associated with the most cnergetic

* Firertrs. calculations stopped at 10 GV and therefore taere
exists a.blank at geomagnetic latitude below 250, However,
i ‘higher energies are involved, as happened in the flare
type increase of Feb.z23, 1956, the impact zone would extend
to still lower latitude, even upto squatore '
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solar cosmic ray évent observed so far, in thab the
increase was registered even at equatorial stations as
réported by Forbﬁsh et al (1956) and Sarabhai et al (1956).
The latbter authors have estimated that solar protons of
30=67.5 GV were inveolved in causing the observed increase.
Heutron monitor at Leeds, which was in OL00 hours impaect
zone, recorded 4500 % inereage (Marsden et al, 1956) whereas
the one at dlimax~registered a 2000 4% increasse (Meyer and
Simpson, 1956) even though the latter did not lie inm any
impact zones Winckler et al (1956) obssrved a 180 4 rise
in.neutréﬁ intensity at 10 g&,cmfz over Chicago, some
15 hours é:E‘ter the onset of the flare; at sea level the
rise of nmeutron intensity at that time was only 26 %e
However, an BAS instrument which recorded showers produced
by particles of energy 2>103 GV did not register any

inecrease (Sittkus et al; 1956)

Brunberg and &ckhartt (1958) at Stockholm ( A= 539)
and Kuzmin ¢t al (1956) at Yakutsk ( A= 51°) found that
north pointing telescobes recorded morc particles than the
gsouth pointing’onéﬁ;~The latter zuthors interpret this to
mean that solaripfotoﬁs did noﬁ travel in straight line
orvit but suffered a deflection by a magnetic field nJ6x1O'6
gauss before reaching the earth. Bhmert (1956) reachgd
similayr conclusipﬁ after making a deta;led study of the
time differénce in the onset and the decay of the increases

for different recording stations all over the globe. Meyer



and Simpson (1956), from a gtudy of the network of neutron
wonltor stations, have shown that additional golar cosmic
rays had & steep momentum spectrum (pDower law with exponent
n a2 «7) and that the increase decayed vith time roughly

as t'3/2g They bglieve that a heliocentric field free
cavity (B £, 10;6 gauss) of radius ~Tek AUe {1 A.0s =
15 % 1013) existse. This cavity they suggest, is surrounded
by a shell of finite thickness in which disordered magnetic
fields (B =~ 10™2 gauss) exist. and this shell reflects
back the flare particles into the field-free region. If
this model is to hold, solar flares on the invisible side
of thé sun should also lead to increases at the earth;

upto now no event of this type has been observeds

'Ecg%rtt (1958) has pointed cub that Hobart, which
lay outside Firor's impact gzone, recorded earlier onget
of flare type increase. The particles responsible for this
increase seem to have arvived from the direction of 'the

solar beam which preduced the magnetic storm btwo days labers

. MeCracken (1959) has pointed out that only the most
energetic solar flares (which are also observed in white
light) produce .cosmic ray increases’ snd that the rarity of
cosmic ray flare effect is, at least, in part due to rarity
of very energetic solar flares. However, a very energetic
flare occurred on March 23, 1958 which was of ‘Class 3*‘ aad

was observed in white light also but did not produce any



~cosmic ray%incréasee But then this flare occurred on the
eastern limb of the sun. Cocconi et al {1958) have. pointed
out that eléngated magnetic 'tongues?! extending from the
vicinity of the sun serve as"guidesg for solar flars
ProLons. So;thai earth will régister”a cosmic ray increase
only if the earth, abt the parvicular moment (when an
ensrgetic f%are is observed), happens to be, tdoupled! to
the flare regioﬁ‘ﬁy such & Vtonguet, If such a condition
does not hold then no sizeaﬁle flafe'type increass would
b abserved‘bn'earth even though the cosmic rays have been
actually éenerated during the flare. They have further
shown that for such a coupling to take place effectively
the flare regions have Lo be situated on the western regions

of the suns

1482 Effects of small golar flares

'Dblﬁeagnet al {1950) and Firor (1954) have shown
that small;incféééesA ~ 1 % may occur at the time of less
inteasge flé?QSQuNeher (1953) observed an incréase of
intensiﬁy<dﬁring-deséent compared to the intensity during
ascent of‘a.balloon carrying ionisation chamber. A flare
of type 17 had occurred one hour prior to the ascent of
the flight;'Ccfrigan’et al {1958) have repovted transient
increases,gin»r30‘%) of lOW‘energy cosmic rays thab occurred
on August_?, 1957 at 25,000 £t. The increases were preceded
by solar fiare of type 1t MeCracken (1958) has reported

1
T
—-4
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a 2 % incresase at sea level of neution intensity which was
observed simultaneously at Australian and Amevican gtations
on August 31, 1956. The increase was preceded by a solarx

flare of type 37,

1.9 . The solar daily variation

.
~

Lindholm '(1928) was the first to detect the
existence of‘cbémic ray intensity variation dependent on
local solar time. However, complications arising out of
meteorological effecus - the nature of which was not fully
known then - prevented any definite conclusions to be drawn
regarding the existence of this effect. Alfven and Malmfors
{1948) succeeded in circumventing these difficulties by
making use of the ingenious idea of crossed-telescopes in
which particles arriving from two epposite azimuths (north
and south) were recorded. The difference between the
variationé for the two directions is then independent of
anﬁ atmospheric effect, because particles coming from north
and south pass through the same thickness ¢f the atmosphere
and the conditions along the paths so ﬁraﬁersed are about
the game; The fact that a Tinite difference exisis was
interpreted (o mean that tnefe exigts an anlnotropy of
prmmarv cosm&c rays and the above authors demonsurated,
from model experlmenus, that this anlbotropy existea only
for hlgh energy primaries’ (comparatlvply, spedkln ] which

were non‘gubgecb to golar magnetic field and only weakly
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subject to earthts field. Similar conclusions were arrived
at by Elliot anquolbear (1951} who performed directional
studies in all the four azimuths at Manchester. According
t0 the above line of thinking, daily variation results
from earth's retation in an anisotropic flux of primary
¢osmic rayé- Brunberg and Dattner (1954) showed that phe
mean energy cftprimanhawhich constitute the anisotropic

flux lies within 20-40 GV,

Solar ‘daily variation consists of two lmportant
components the diurnal variation which has a period of
2l hours, aﬁd éemidiurnal variation which has a period of
12 hours, Lvidence from Elliot and Dolbearts (1951} experiment
in vwhich the amplitude of the semidiurnal variation in
gsouthern direction was found to be three times that in
northern direction at the same zenith angle when taken
aloﬁg with Nlcolson and Sarabhait's (1948} theoretical
' calculations, prove beyond doubg that sémidiurnal variation
is algo of extraterrestrial origin, though very little is

known about its origingo far*.

Recently Blllot and Rothwell (1956) and Parsons
(1957) have pointed| out that thelr results obtained with
directional telescopes during 1954 and 1955 are at varlance
|
* Dorman (1957) haerecently hazarded an explanation as to

how semidiurnal component can arise but it is not very
eatisfactory as he himself admits.'




with the view that the daily variation arises from earth's

rotation in anisotropic flux of primaries and have come to

o
R
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onclusion that the cause of daily variation lies in
the modulation of primaries within sarth's magnetic field.

They have considered only the mean energy of response

instead of the integrated effect of primaries of all

8

ergles; which method is rather crude, cousidering that
their results relate to high latitudes where pavrticles
arvive from widely differsnt asymptotic latitudes and
1oﬁéitu@§sf Sarabnal et al (1959) in their study with
diregtioﬁai>telesccpes pointing east and west av 45% to

the zenith are led to believe that, apparently, there ave
o sources responsible for solar daily variation on
individual,ﬁaysa:They'have presented evidence to indicate
that on days characterised by low geomagnetic activity

(Cp £ 0.5) and high east-west assymmetry, the daily variation
resulbs are consisbent with the notion of anisotropic
disﬁribution of primary cosmic rays far ocut in space whercas
oiL geomagﬁééica%ly disturbed days, a source localised within

earth's magnetic field seems to be operative,

1.91 Enéfgy dependence of solay daily variation

Thcmpson §19h8) showed that the amplitude and phase
of soler daily variatién, for hard component, does not show
any dependence on geomagnetic latitude of the place of

observation. Dolbesar and Elliot (1950}, from vertical



measurements‘of hard component at an altitude of 30,000 ft.
exclude occurrence of golar daily variation with an
amplitudevgreater than 1 %. Bergstrahl et al (1951) did not
find any solar daily variation at 75,000 ft. greater than

1 % for totval ionising component and more than 3.5 % for
neutrons, which figures represent the limits of accuragy
atfained in each case. Firor et al (195L4) found an amnplituds
of solar‘daiiy variabion of nucleonic component, measured
by neutron monitor, at Climax which was five times that
found by counmter telescopes (wide aperture) or ionisation
chamber egperimenté which measure the hard comdonent. By
comparing stéiion neay equator,(ﬂuancayo)kwith Glimax

{ A= 430).thé§ showed that the emplitude shows only a
small variaticn-over a wide spéctral range, the ratio of
‘peak to peak}amplitudé at A= 48° and at N = Q° being
1,4Ji19g2.'Ko&ama and Miyazaki (1957) have, however,
reported a daily variation averaged over the mouths January
and February f957’at dntarctie, for nucleonic componant,
whicﬁ has an amplitude a few Ginmes chat observed by Mte

Norikura neutron monitor during the same periods

Lord and Schein {1950) studied solar dsdlly variation
of heavy primaries 10 4 Z »26 at an altitude having pressure
< 10 ga.en™? over Winneapolis { W= 55%) snd zot a ratio
between day and night fluxes = 2.55 % 0,26 which, within
experiéeﬂtal error, was independent of Z in the region

(;

10 Lz2» 26, Frior et al (1951) and dnderson et al (1953)
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found thaﬂ the solar deily variation for heavy primaries

of 2'2.16 qannoi have an amplitude > 20 %. TYngve (1953)
found in the period 12 to 14 hours the flux of heavy -
primaries (2 2 10) was 25 £ 8¢5 % pgreater tham in adjacent
intervals of time at A = 559N, Stix {1954), using
proportional counters, found that the intensity is actually
less by 14 to 16.% at noon compared to intensity in morning
hours for primarics having Z > 6. Peters st al {1952} hawve
advance& arguments to show that, if at all, solar daily
variation exists for heavy primaries its amplitude could
havrdly excgéd 10f%s However Koshila angd Schein (1956),
using a‘technique1similar 5o Yngve, did get a solar daily
variation~f§r priﬁaries with 7 2 10 of amplitude 34 % 7 &
with maxime at 6900 hourssy Thus the only definite conclusion
that-can be drown is that solar daily variation of heavy
primaries,. if at ‘all it exists, is not so couspicuous as

reported by Lord and Schein (1950),

Machnuff {1951) obvained solar daily variation
having an amplitude of 0405 ¢ at 60 m.wees Barett et al
(1952) at a depta of 157 m.wee. and Sherman (1954) at 60
mews@« could not detect any daily variation greater than
1 %. Waile Sandor et al (1959} report an amplitude of
0.065 + 0,012 % at LO mu.wee. oObtained with semicubic
telescope, Hegner (1959) observed solar daily variation of
amplitude 0.12 £ 0,001 ¢ with telescopes inclimed at 45°

to the zenith and situated underground at 30 m.wees (measured
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vertically). Kuzmin (1959) haggfécently made & detailed
study of solar dsily variation.Wwith semicubié telescopes

at surface and at 7, 20 and 60 m.w.e. during 1957 and 1958,
and finds the amplitude to be respectively 0.36%, 0.25%,
0.18% and 0.05% i.e. amplitude decreases with the increasing

depth underground and so with increasing primary energy.

Farley and Storey (1954) found a solar daily
variation of amplitude 1.4%0.25% in investigations on large
atmospheric showers. Orawshaw and Elliot (1956) reported

that a significant solar daily’va;g'iation existe for B.h.S.

16 7

. IR i 2N
of topal energies 10 ° to 10 "eV recorded in Erglend. On

the other hand, Greisen (1959) did not find any significant

b

' Q
solar daily variation for shower of 107 to 10”7 particles

during 1958. It is necessary to confirm beyonc any doubt
whether there exist any solar daily variavion for high

‘lO1 6‘/’1‘20 10_17 l

energy primaries ( - ev), at all.

1.92 Long term éhénges of solar daily varistion.

The solar daily véfiatibn as characteribed by the
amplitudes and times of maximarof.diurnal and semidiurnal
components of the 12 month mean daily variation of hard
component undergoes large long term changes thet are worlde
wide in cheracter, as pointed out by Saravhai et al (1953,
1954, 1955). Giving their results of investizztion of data
of continuous reccrding at Huaﬁcé?b, Cheltenhan and
Christchuren for the periocd 1937 to 1953 they found a

parvicularly distinct relationship bevween the time of
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maximum of the diurnal variation and the intensity of the
coronal line of A = 5303 R (relation with sunspot number R
was. found to be somewhat weaker). Significant changes were
observed also to take place in the semidiurnal component.,
Considering the daily variation asfé’whole, without resolving
it into its harmonic components, ﬁhey demonstrated an
interesting sequence of changes at equatorial station of

Huaneayo as shown in Fig. L. One can see that the 12 month

.f‘\-‘ 37
FERWEN
Ry .

i
Qs
Yo ’»':.‘.

JEE N
(<2} - 4

A/

au

-I.

s . it SRV o )

39 44 49 .
/‘\ I

"

1

A0}

L/
- -I.
-
/
o
- .

013

=¥

Y

o1y

.......

o ,;’f/.t PVAYE ..//. N
o1rbs ! \\*_ j \

xxxxx

Y PN Y
47 48

VNN,
AT

C g , A \
MRS =TT T TR T T3 1

Fig. 4 « The 12 month mean daily variation
of meson intensity at Huancayo
during different years.
mean daily variation which exhibited one maximum near noon

from 1937 to 1943 changés over by 1952 to a variation

exhibiting one maximum early in the morming. In the
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intervening period there is a clear evidence of progressive
increase of early morning maximum followed by the decrease.
of vhe noon maximum. During the period 1945 tn 1950 the
(mean‘annual daily variation exhibits two maxime instead of
one. As can be geen only half of the cyele of change appears
to have been completed in 11'yeérs, thus indicatwg a 22 year
cyclic change for solar daily variation. They tuus arrived
at the basic conclusion that tbgmﬁaily variatica could be
considered in verms of thé’coﬂ%ﬁibution of two distinct types
of variations; the *d! or day=-type which has & maximum near
noon and 'nf or night;tY§é”ﬁ@ich:%§§ a meximum near 0300 hours
local timé.‘ In general %ne 'd’Jand In¥ type variations are
simulﬁaneously added or,éﬁ%eﬁqétgd. ‘Jﬁst preceding the
sunspot minimum there ié.a'brief ?eriod when only the 74!
type variation predominates and this is immedistely followed
by an equally'ﬁrief period'whan“ﬁn' type gains preponderance.
The pattern of addition ;ﬁd atteﬁuation of the two types of
variations thus appears to be*réﬁersed after 11 years.-
Sarvabhai et al (1955) have, howévég, éointed ot that thé —
existence of 'd! and 'n! type components of solar daily
variagion are'not quite as clearly discernible at middle
latitudes (Cheltenham) as at equatorial stations (Huencayo
and shmedabad) which feature héd}also been noted by

Feinberg (1946).

A long term change of the phase of the diuvrnal
component of daily variation having a period of 22 years

has been reported by Thambyahpillai and Elliot (1953). This
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conclusion 1ls supported by the findings of Steiamaurer and
Gheri (1955) who compared data taken in groups of years

over the past 22 years. They showed that during sunspot
minimum in 1933 the time of max;mum of diurnal component

was about 0700 hours local time which was comparable to the
time of maximum about 22 years later in 1953-19%54, but was
earlier then the time of maximum 11 yeafs later in 1944.
During some months in 1954, they observed the time of
animum of diurnal variation to occur as early as 0200 hours
local time. ?ossener and Heerdan (1956) also found that
during 1953 and 195L thé time oflmaximum intensity occurred
during night. During this period the émplitude of the
hucleéniq component of cosmic rays'was found to decrease to
a value not significantly different from zero. GConforto

and Simpson (1957) have also demonstrated a prozressive
shift of the time'of maximum of the diurnal variation for
both nucleonic component and hard component to 2arlier hours
during 1954. Sandstrom (1955) has shown that tals world-wide
shift of the tiye of maximum of the diurnal comoonent is

independent of the direction &f arrival of the >rimaries.

Venkatesan and Dattner (195%9) showed from the data
from number of stations, situated at different latitudes,
that the long term changes in the amplitude of iiurnal
component are more closely related to geomagnetic activity
than to solar'acﬁivity.;.They‘aléo pointed out hat whereas
the sécular ¢hanges in the mean'annual vector o diurnal

component are world~wide in character, that of semidiurnal
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component are not. Sarabhai et sl (1959), on the other hand,
point out that it is only meaningful to study semidiurnal
component al equaborial stations where it has large amplitude.
They have shown that the change'in semidiurnai component at
Kodaikanal (A »1°) and Huancayo (A w=t°) are very similar
fromyar to year. They have also shown that the time of
maximum of semidiurnal component éhanged from 1936 to 1955

by apout ten hours and thus the phase of semidiurnal

component of dally variation also ssems vo partake in 22 year

¢yclic change.

1.93 Day toc day chaages of solar daily variation

The daily variation varies strongly from day ta‘day
and a substential part of this variability is apparently
of exbtraterrestrial origin (Firor et al, 1954). As such,
the study of these changesis-very important from the point
of view of acquiring information about the mechanism causing

the daily variation.

Remy and Sittkus (1955) and Firor et al {1954) have
étudied daily variation on groups ol days. Some groups

show very large amplitude of solar daily variation whereas
others show negligibly small amplitudes. Murther on some
occasions the daily vérigt;on 3how§ a maximum during day

time whereas, on others, . the méximum of daily wariation
occurs in the night. Siﬁﬁkus (1955} found, from the analysis-
of ionisation chamber data, that days having large amplitudes

with & meximum near noen occurred in conspicuous Eroups.
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Though these groups showed: a good 27 day recurrence tendency,
they were not found to be associated with any significantly
different magnetic character figure compared %> the rest

of the days. Sarabhai et al (1955) also noticed these
features in their studies with narrow angle telescopes at
Abhmedabad. On purely phenomenological basis,tae latter
authors classified the daily variation into three groups
designated as 'd’ 'n' and ‘s' according as the daily
variation has a max:mum durlng the day or during the night
or has two mexima instead of one. They showed that daily
variation of 'd' type occurred in groups and exhibits a
pronounced 27 day recurrence tendenc&. Sarabhal ct al (1958)
furthér showed that the daily variation of 'd' type was
associated with increase of mean intensity whereas that of
nt type was linked with decrease of mean intcnsiuy, for

's' type the daily mean inbensity was normal.

Sekido et al (1950, 1952) found that with increase
of geomagnetic disturbance, as characterised by the character
figures J.C.F. and C., the amplitude of diurnal variation
increases and its phase advances; the effect being more
pronounced the smaller the aperture of the counter telescope.
Sandstrom (1955) alsc found that with increasing magaetic
activity as characterised by the meximum Kp value for the
day, thers occurred a pro gregssive shift of time of maximum
of the diurnal component towards early hours along with
increasé in the amplitude of fhe diurnal component and this

effact was more prominent for primaries arriving from vertical
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and fron 3005 and less so for primaries recorded by counbter
telescopes inclingd ab 30Q to the genith and poiunting to

the northern direction. Sandstrom (1956) furthar demonstrated
that if daily variation be regarded as arising out of 18 hour
or tengential component and 12 hour or radial component of
anisotropy in solar system as envisaged by Alfven (1954,),
then the contribution from 12 hour component increases (in
negative direction) witin increasing Kp whereas <he 18 hour
component of the anisotrepy flux remains unaltered and this
fact is Just in accord with Alfven's theory. Firor et al
(1954), who studied the relationship between so.ar daily
variation for neutrons and the geomagnetic activity as
characterised by the sun of K indices for the day, found

that large amplitudes whre associated with large K indices
sum. However, Satyaprakash (1953) found that in 1957 there
did not, apparently, exist any relavionship between the
parameters characterising the daily variation of nucleonic
component recorded ab Eiodaikanal (A 2+ 1) and geomagnetic
éctivity as indicated by C?- This probleém has been further

investigated in detail, by the asubhor in this thesis.

Yoshicda and Kondo (1954), from ionisaticn chamber
data at Huancayo for the period 1936 to 1946; demonstrated
that a strong 27 day recurrence vendency exists for the
amplitude of the diurnal component of daily variation which
was of non-storm origin. Kane (1955) observed £7 day
recwrence tendency in the amplitude of daily veriation of

nuclsonic cemponent of cosmic rays. Glckova (1955) found that
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in 1954, the year of minimum solar activity, no perceptible
27-day recurrence was exhibited by the amplitud: of diurnal

component of solar daily variation.

1.94 Dependence of the characteristics of solar

. daily variation on the geometry of the

detector.

Sekido et al (1950) showed that the amp.itude of
diurnel variation increased from 0.19% to 0.24% when the
semiaperuture of the telescope decreased‘from t}OO to :}20,
Further (Sekido et al, 1951) they showed that tie narrower
the solid angle of the tclescope the larger is the amplitﬁde
of sewidiuwrnal variation. From the figﬁre givet in their
paper one can easily see that the. semidiurnal ampiitude
recorded by the narrow angle telescope (:12°)'is~» 3 times
that recorded by wider angle teiescope (tgo°) andv5 to 6
times that recorded by the omnidirectiohal detector. They
thus recommend that for the study of semidiﬁrnal varlation,
narrow angle telescopesshould be used. From the published
curves of Yagl and Ueno (1956) it is clear that bthe narrower
the angle of the telescope the’earlier is the tine of maximum
of the diurnal component. Llmert and Sittkus {1951) also
showed that the amplitude of - the daily variation measured
oy a vertical counter telescope of a limited dirzctional
sensitivity is higher than that recorded by an io»n chamber
at A = 48°, Saravhai et al (1955) made simultaneous

. . ) 0 %
neasurements with the telescopes having apertures 50 X 38 °

~ 59 x 380 is to be interpreted as : angle of vpening of
telescope in E-W plane = 5° and the angle of opening of the
telescope in Nij plane = 389



10° x 3865‘360’x 580 end omnidirectional detector. The
respective amplitudes for diurnal variation wexre 1 «21+0.15%;
1.1530.08p; 0.68+0.05% and 0.31+0.01% with the time of
maximum of the diurnal component occuring progressively
later as the:apervure of the detector decreases (latter
result is opposed %o Yagi and Ueno's, 1956, result).
Bhavsar (1956) ha& eariier used an‘ultra~narrow angle
couwnnter teleécope haviﬁg an aperture of 3&60 x*13.40 and
had observed an amplitude of 2.2+0.5% with diurnal maximum
at noon for the period November 1952 to August 1953. Elliot
and Possener ({1955) héwéver, did nét observe any change in
the amplitude of daily variation recorded by narrow and

‘wide angle detectors at 4 = 50°

Recently Brunberg (1958) has worked out in detail,
the 6i1e§ry of the dependence of the amplitude of solar daily
variation o the geometfy of the telescope, takinz as a
basis the assumption that solar daily variabion is caused
by an extraﬁérrestfial anisotropy. He points out that what
we actually measure in making measurement of soluf daily
variation, is tne ratio bevwsen the source and background
intensities and gob the source intensity itself. Thus if
the sourqe:bf dailf variation were Lo subtend rather small
solid anwié ag thé detector, then the narrower the effective
aperture of the dectector, the greaner would be the magnitude
of the amplluude recorded. Thus a broader ang.e telescope
NBASUres gmaTl amplitude because it records a bigher 'backgrouhd

He has shown that if the intensity of anisotropic flux were
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to vary sinusoidally for a detector situated at equator, say
Huancayb; then to a first approximation the amp_itudes of
the firét, second and third harmonics, as recorded by the
ionisation chamber,.would be 0.72, 0.32, 0.05* of their
actual values. One can see that the gecond and higher
harmonics are most adversely affected. ‘The correspanding
reduction factors for counter telescopes of cye-indrical
geometry at Huancayo for first and secon& harmownics of solar

daily variavion are given in the following :

Aperture of the Heduction factors.
telescope '
X o : 1st Harmonic  20d Harmonic
1}5 . 0086 0053
25° 0.89 0.60
15° 0.92 0.66

From the ébove, it is clear that the narrower tﬁe
aperture oﬁzthe detector, the more’faithful'" is the |
reproduction of the fivst and‘particularlyvof the higher
harmonics of the prcfiie of extraterresﬁrial anisotropic
flux of primaries whiéh causes so'lar daily varistion, This
fact apart from heing entirely in agreecment witr the
experimental evidence presenied above, points ¢ the
importagce of the study of solar deily variatior at equator

with narrow angle telescopes.

In the calculavion of these factors, allowance has been
wade {under certain plaugible assumptions) Lor the fact that
several processes occur in the atmosphere which-have a
spreading effect upon the secondaries so that a parallel beam
of primaries is pgradually converted into a more or laess
divergent beam of secondariss which are finally rescorded by
the detector.
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f{Qﬁ; Location of the source of soler daily

veriacion and its energy gpecbrum.

Dorman and Feinberg (19581, have made uge of
sxtensive equrimental data on the average amplitudes,
1y E;’f (ho)/ﬁi,f(hg), of solar diurnal variation of different
compenents of cosmic rays recorded at different latitudes
{ A=z0° to_A = 80°). Further making use of the coupling
coefficienﬁé w} ;—for these different components they
utilised eq.(1.8) to determine approximately the energy
spectrum o%_éhe ﬁafiation of the primaries which gives rise
to quieﬁ day solar diurnal variation {as distinguished from
disturbed solar diurnal variation which is observed on

gecmagneticaily disturbed days). They showed that all data

favour the spectrum :

o

£ D(E) ‘; o > | E<Ey .
D(&) %aié}fﬂ”, £> By reer (114)
where '
.- (i’?.b.‘toﬁﬁ‘:v, if By> Eﬁ*in, s
o , i By < BT e

ta{$ )t is known as 'power' or ‘intensity' of the source of
diurnal veriation. They have studied the anpular distribution
of the powertéf the source in a plane perpendicular to the
~ plane of ééliﬁtic i.es as a function of ¢ {defined on p. &)
and they have. sho%:‘nﬁhat power decreases as @ increases.

Zome typical values are
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al =0% «0.17
al @ = 26° = 0.14
al 2 = 75°) = 0.05
also a(i:- € ) = a{ € ), § being posivive for northern

hemisphere and negative for southern hemisphere. This
indic¢abes that the power of the source is symmetric with

respect Lo the plane of the ecliptic.

Knowing f D(E)/D(E), they reconstructed the
trajectories of particles in the field of egfth*s magnetic
dipole using Bruﬁbérg and Dattnerts (1953) analégue results
and thereby‘(using egs. 1.2 and 1;3) found the affective
asymptotic aﬁgles ﬁfﬁ ; ;f of the source resporsible for
soley diurnal variation of various secondary conponents (i)
recorded at various latitudes (4 ). They founc that the
effective values of iﬁ calculated for different components
of cosmic rays varied over a large range,showing that the.’
source of diurnal variation hés conglderable angular
dimensions in a plane perpendicular to the plane of ecliptiec.
Also using the calculated values of :T? and knowing tg{zax:l
from experimental data for ten different components, they
used eq.(1.3) to calculabe the effective direetiom (iﬁ ) of
the source of the diurnal’variation with respect to earthesun
line. They found that divrnal variation in all the ten cases
is caused by a gource which is situated to the laft of
 earthesun line and ité effective position with raspect to

carth-sun line is given by

X = 8°%+ 8° cere {1.16)
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although, due to differences in energies of primaries which

produce a given secondary component (i), their observed

i i

.0
max @ are scattered within «w &4 3ours i.e.~00 .

times of maxima ©

It should, howsver, be pointed out that by usiag data
averaged over ten years, Dorman has failed to take account
of the important aspects of the form of solar daily variation
aad the significant changes that take place in t he form
particulaflj at equaborial sﬁations (Sarabhai et al, 1955]}.
Besides, as rightly pointed out by Sarabhai and Satyaprakash
(1959}, the broad cl&ssigicatioa‘cf solar daily variation
into two gfogps : guiet péricd ané storm time deily variaﬁion,

is not enough.

196  Solar daily variation during maerctic storms

Sekido and Yoshida (1950) observed that the amplitude

[&

of thé diurnal component increases and its time of maximum
shifts t0 earlier hours, whenever mag;net‘ic storr ocecurs. The
amplitude ingfement (A a) and the phase advancement ('Atmax).
of the diurnal variation during. storms was termed ‘anomalous
diurnal variation' by them. They also reported an ihtima.te
connection bétweeﬁ the world~wide decrease oi ccsmic ray
intensity ( & I) during magnetic storm and anomslous diurnal
vaviation, fpa greater tae cosmie ray decreasge, the larger
was the ampliiude inerement and the mors was the phase
displacement. Sekido et al (1952) also showed taat amplitude

(a) begins to increase av the very moment when iitensity (I)

beging to decrease and fa' attains its maximum value Just
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before 'I' reaches its minimum value; the phase (tp.y)
however’séarts shifving to early hours only afser 'a!'! has
‘attained its maximum value. The simultaneity of cﬁaﬁges in
the three parameters let tham to call this phenomenon ag
‘cosmic ray stormﬁabbreiated CRS-and they showed that CRS
Begins almost simﬁltaneously with the main phase of magnetic
storm. However, no correlation exists between the parameters
characterising CRS and the change in the earth's horizontal
component { A H) during magnetic storm. Also CES is of
longer duration and exhibits stronger 27-day recurrence
tendency than a magnetic storm. They thus conc_uded that ‘
CRS and magnetic storm though independent are "trothers' to
each other and may be due to a common cuase, wﬁich they
think is the solar corpuscular stream which carries frogzen

magnetic field.

Lonsidering that anomalous diurnal variction arises
from an anisotropy waich appears during storm tiume, Sekido
et al (1952) made a quantitative estimate of this anisotropy
by taking vectorial difference between average ciurnal
variation prevailing two days prior to the storm (btermed
quiet days) and that prevailing two days after the storm
(called disturbed days). They pointed out that the anomaly
vector so obtained on the average, points out in a radially
outward direction from the sun and undergoes a long term
change from year to year in step with the t1-year cycle of
solar activity distinct from long term change exhibited by

quiet day diurnal vector which undergoes R2-year cyclic
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change as pointed out by Thambyahpillai and Elliot (1953).
Yoshida and Rondo (1954) showed that storm type anisotropy
shows a strong 27-day recurrence tendency which persistis

long tf'ter the’magnetic storms have ceased to recur.

Glokova et al (1955) analysed the ionisation chémber
-data of Huancayo from 1937 to 1944 and seiected 10 magnetic
storms which were accompanied by marked variation in cosmic
ray intensity ( > 14%) at few widely separated stations of the
world and for which the amplitude of solar daily variation
was quite pronounced. They found that the amplitude of both
diurnal and semidiurnal components enhances and their phases
shift: to earlier hours. Barlier, however, Sekido et al
(1951) had shown that amplitude of semldiurnal component of
solar daily variation‘astually reguces during.magnetic storms .

The author has further examined this issue in this thesis.

1.10 The Sidereal daily variation.

If cosmic rays originate outside our galaxy and are
isotropic in intergalactic space then (Compton and Getting,
1935; Vallarta et al, 1939) #W8 because of the rotation of
our galaxy relative to the distant galaxies, there should
exisg%idereal daily variation of cosmic rays with an amplitude
of the order of 0.17% and a time of maximum of 13 to 20 hours
U.T. Elliot and Dolbear (1951) however, rule out any sidereal
daily variation greater than 0.02% for hard component at sea
level. Macénufff(1951) could not detect any sidereal dally

variation at 60 m,w.e. undergpound outside the iimits of



- 63 =

experimentai,erfdf { ~A+0.02%), Similar results have been
obtaiﬂedi(Sﬁérméﬁ,,195h) for a depth of 846 mw.2. with
accuracy 6flf0 5%, and at 1600 m.ﬁ.e. (Barett et al, 1954)
with an accuracy of +0,7%. Cranshaw and Galbralth (1954)
could nob -find any s1dereal daily variation for primaries
hav1ng energies v~ 1 - 5 x 1016 eV cutside the e:perimental
error. Crawshaw and Elliot {1956) also could net find eny

16 17 V.

\Clark¢A(1957) too find: that no sidereal daily variation

sidereal daily variation for primaries of 10~ ko 10
exists for high energy showers outside experimertal erior.
Greisen (1"59) also does not find any sidereal daily

Var;atmon for E.h.8. caused by primaries of energy 10 4~10 8eV.

dowever, Sekido et al (1956, 1959) who lave been
making megsurements with narrow angle altiazimuth
telescopes {mean energy of response = 240GV) inclined at 80°
to the genith {since 1954) insist that 'a point source of
cosmic rays (angular widtﬁ v\"o} exists in bhe region of
decllnaL10n Oo and ”léhﬁ ascension 0530 hours; sad that it
unaeraoes regular time variations. JDuring 19541955 it
(the point source;‘gave an intensity 20% above tae background
intensity of cosmic rays whereas in \457 the effzet had
vanished énd*only background‘prevailed. Clark aud Chitnis
(1959) have studied the problem of sidereal anisitropy in a
debailed manner by analysing over 100,000 showers with an
average sige of 195 particles at 28,000 meters ayove sea
level during 1956-1958. They toc did not find amy evidence

for a point source or sources of cosmic ray primcries in the
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energy range 101F-1015 eV. It is necessary to continue
such observations and see whether the point source reappears.
If it does; it may provide some interesting clue to the

origin of cesmic rays.

;A

1.11 Interpretation of various variations‘

| Though sun is known to generate, sometines, cosmic
ray prqtbné having energy as high as 60-70 GV (Sarabhai et al,
1956),'yet the solar origin of cosmic rays can be conveniently
ruled out becavse of : (a) the existence of inverse
relationship between soler activity and cosmic ray intensitty
and (b) the presence of the elements lithium, beryllium and
boron in primary cosmic rays far in excess of their relative
abundanceé on the sun (Noon et al, 1957). This, nevertheless
does not prevent the sun from exerting a strong influence on
cosmic rays. Thdt such an influence does exist is inferred
from the close correspondence between the periocd of cosmic
ray'variations and that of warious solar phenomena e.g.

(i) solar activity has a period of 11 years which

period is ﬁhe same ag that of the long term charges in
cosmic ray int?nsity and that of the low energy cut off

in the spectrum of primaries.

(ii)'Corresponding to 22 year period of
. (a) the state of magnetic polarity of bipolar
P sunspot,
(b) the frequency of prominences,

(¢) the probable variation of solar diameter,
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_{d) diverging motion of the forming apot groups
and (e) the proper motion of gpots in latitude,
we have the éyclic.change of the same period td be foﬁnd in
the form of‘ﬁhe solar daily variation at low latitudes
(Sarabhai et al;—5955), in the time of maximum of the diurnal
component (Thambyahpillai and Elliot, 1953) and in-the time
of maximum‘df éemidiurnal component (Sarabhai et al 1959)

of average annual solar daily variation.

(iii) Corresponding to the solar synodic rotation
period of 27 days we have 27-day recurrente tendency present
in cosmic ray intensity as well as in'the amplitude of solar
daily varlatlonw Moreover, this fluctuation. in cosmic rays
can be llnled, in: many cases, to the presence of certain

regions on uhe suns

Various ﬁofkera have, therefore, veered round to the
view that the fluctuations in cosmic rays, incicent on the
earth, are caused by modulation processes under over-all
solar control of a@ otherwise isotropic flux of primaries
waich comes from beyond the solar system. Seversl models

have been.pfopose§{

In 1949, Aifven‘made a very important suggestion
that the solar corpuscular streams which are responsible
for magnetic’gtorms and aurora (see Alfven, 1946) are also
capable of c;using cosmic ray intensity fluctuvations. Due

t0 their large conductivity the streams would carry masnetic
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field (H) ffozen into them from their origin, regardless

of the manner in wiich they are produced. When viewed from
the earth, the stream would appear to be electrically
polarised with an electric field perpendicular to the
direction of the propagation of the stream and the direction
of the frozen magnetic field. Before the ea;th enters such

a stream it would receive cosmic rays which have been
accelerated by this electric field and hence an increase in
cosmic ray intensity should be regispered on the earth.

- After the stream passes over, earth would;receive decelerated
cosmic rays and~hanceva decrease of intensity would‘be
observed.. Brﬁnberg and'Dattner (1954 W) who gxtended Alfven's
. model‘found that if only decreases are to be produced by thé
above model, then ;here must,also exist a general although
weak magnetic field (H,) between the sun and the earth outside
the stream wbich deflects cosmic rays sufficiently to prevent

the acceleration of cosmic rays by the electrie field™,

% The authors have neglected the deflection of cosmic rays
within the stream itself as well as refraction effeects at:
the edge of the stream. Swann (1954) pointed out that low
energy particles would not be able to cross the stream,
however, Aliven (19540 )shows that they can do so if one allows
for the gradient of H in the radial direction. Dorman (1957)
has further pointed out that not agll low energy particles
however, can cross the stream. For a particular energy (ES
of a particle only those particles which are incident onr the
stream at an angle greater than certain minimum angle can
seap through while others would be reflected. Further this
seepage will take place only for those particles which dre
moving from right to left (in the direction of the drift).
For particles impinging on the stream from the lefit, a total
reflection will take place for all angles of incidencs..
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Considering that the particles of energy & = 30 GV are involved
they estimate the general field {Hy) to have a magnitude

Hy —-10"7 gauss in the vicinity of the earth and its directionm
should be the same as that of the earth's field. They show

that if solar magnetic field has a magnitude v 10 gauss

{Alfven 1950; 1952) and it varies with distance (r) as r"n,
with n = 2¢6, then its value at earth's orbit would bew 1077
gauss and solar magnetic field is assﬁmed to have the same

direction as that of the earth's fielde.

Onekof the-consequences of Alfven's model is that
the change of enérgy of a cosmic ray particle passing through
the electric field is indepeandent of initial particle energy
iascs the peréentage chenge in energy is a decreasing function
of energy. One expects therefore, to find a fairly marked

latitude dependence of the intensity decrease.

To explain the origin of diurnal variation of ecosmic
rays Brunberg and Dattner (19542) pointed out that seen from
a fixed coordinate system, the rotating sun is sbrongly
polarised so that there would be a voltage difference bebween
the poles and the solar equator v 107 ¥. The combined agtion
of an electric field produced by pelarisatiocn and the solar
Regaetic field will mske the gosmic rays reaching the

ghbourhood of jhe sun Ifrom the galaxy to partakes in the
fneral rovation with the sun 50 that the earth will receive
“gess of particles from 18-hour direction, giving =a

& anisotropy. They show that if cosmic rays were to
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partake in tvhe solar rotation completely, the resultant
diurnal vafiation observed by stations situated at geomagnetic
equator would haﬁe an amplitude v 043 = Qe %e Llfven (1954a},
on the other hand, has indicated the possibility of an outward
radial flow oficosmic rays generated in the interplanetary
space round the sun« The greater the number of cosmic rays
thus generated the stronger is the radial flow. Further the
mechanism of geﬁeraticn of cosmic rays is intencely sensitive
%o the solar aétivity, being lax when activity is high and
vice versa. Thus the radial anisotropy (having 12-hour
direction outside geomagnetic field) undergoes = 11-year
cyclic changsa Acoor&ing to Alfven solar daily variation'

thus comprises of contributions from tangential and radial
anisotropy of which the tangentigl component gives steady
contribution while the contribution from the racial component
varies thus leading to long term changes of the amplitude

and the phase of solar dally variation, However, as pointed’
out‘by Sandstrom (1956), such a simple picture cannot explain
the 22«year cyclic chaﬁge of ithe phase of diurnel variation

observed by Thambyahpillai and Elliot (1953).

‘Nagashiﬁa (1955) extended Alfven's ideas to explain
the anomélous ¢iurnal variation at the time of magnevic
storms as observed by Sekido and Yoshida (1950). For thig
purpose certain éimplifying assumptions were mace. They ars

{a) the stream'is bound:.: by two infinite parallel

planes perpendicular to solar equatorial plane,



- 069 =
i

{b) the magnetic field (H) frogzen in the stream is
parallel té the boundary of the piane and moves along the
streamlwiﬁh‘a ve}oqity v. Also H is assumed t¢ be unifornm
over the width o%:%he stream though strictly speaking it is
not s

(c):the méénetic field outside the stream is zerc.
His finding;that‘the maximuwa anisotropy would be produced in
the direétidn pointing towards the gun agrees well with the
experimentai,de;ermination of the direction of the storm type
anisotropy- by Yoghida (1955)./However, as he himself pointls
out, his thepry déés not explain the fine structufe of effects
observed d@ffﬁg the CRS+ Further Hagasnimals theory cannot
explain thé tnt type variations tnat occur\on,groups of days
as reported 5y~Sarabhai et al (1955). Nerurkar (1957) extended
the Nagashima's theory by considering the possibility of the
frozen magnetic field‘in\the beam being derived from intense -
local sunspétﬂfields rather than the general magnetic field
.of the sun. Consequently, the field perpendicular to the
Plane of the ecliptic would have a component which is either
in the direction,@f the general solar field® or in the
. ,

direction of’oppésed %o it. Nerurkar considered both these
possi”ili%ies gna‘shawed that 'a' type variations correspond
to the orienfation‘of the frozen’field in a direction opposite

to the solar field whereas %dt' type variations arise when ths

* The general golar field is assumed to have the same
direction as that of the earth's field.
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frozen field points in the direction of the solar field.
Also assuming different values for the frozen magnetic fields
he has derived amplitudes of diurnal veriation which are
consistent with the values actually observed on individual

disturbed dayse

However, the most complete interpretation yet offered
%o explain the varied aspects of cosmic ray variations was
given by Dorman in 1957. He makes use of Alfvents basic
concepts but in contrast to 4livents idea of solar generation
of cosmic rays, his basic postulate is that all cosmic rayé
{down to the particles of lowest energy) arrive from galaxy
where the flux of cosmic rays is isotropically distributed
in space (barring a very small £ 0.02 ¢ anisotropy) and
consbant in timea According to him; all cosmic ray vavriations
{excepting solar flare vype increases) observed on garth,
result from the modulatiocn of primarieg by solar corpuscular
streaws carrying magnetic field; 'frogzen' into them as
envisaged originally by Alfven, However,'ﬁorman (1957)
" realised that apart from the electric field {produced in
the stationary system of coordinates because of the motion
of the corpuscular streams - having magnetic fields frozen
into them - with respect to this system), the primary cosmic
rays are also subjected dlrectly to a strong influence of
the magnetic field frozen into the streams, leacing to the
scattering of low energy primaries; a fact, the adequate

importance of which; had not been realised by eszrlier workers.
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To explain various geomagnetic and cosmic ray veriations

he has postulated the existence of two -kinds of streams

called 'gtredms of .the first kiugd?

kindi,

snd ?tstreams of the second

Tne characterlstlc features of +hese are gummarised

in Table & belows

" Table A

- T R

Streams of the first kind
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Streams of the second kind
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Place of
origin

Velocity

Particls
density

Duration
& mode of
engulfing

the earth

Hature of

magnetic

‘storns

caused

i

'Faculae and other high

1atltuée formations.,
v-‘iO8 cm.seé‘1

-2 LOfpuscles cm -3 at
garth's orbit and w 105

corpuucles ci” J at their
origine

Persist longer so that
more often they engulfl

‘the carth with lateral

ironte

Cause gtormu with gradual
cnset which (a) have
indefinite start’ {(Lasting

over hours), (b) have a

rather indefinite end
{lasting half a day or

- louger), {c) in general

they last longer, {d)’
proguce a slow and smooth
Vurlqtlons of earth's
field; and (e) exhibit a
“ata r marked recurrence
tendency particularly
during the period of
minimum solay activitye

Selar eruptlons confined
largely to thc sunspot zone.,

-1

z 2 x 108 o, 86c

w2 x 102,cgrpusclesvcm‘3 at
sarth's orbit and w 107
corpuscles em=3 ‘at their
origin.

Persist for a short time and
so the probabulity of their

Jdmpinging on the earth with

leading edge is rather high.

Causé SC-type storms which
(a) have a definite and sharp
commencement, {b) generally a
definite end jut sometimes the
recovery takes one to several
hours, (c) my3tly they last

‘over a few n01rs, {d) procduce

rapid oscillasions of
geomagnetic field which are
most pronouncsd in the
horizontal component, (e} only
weak recurrence tendency

xnlhlted, especially so is
the case for great and very
great stormss



Streams of the first kind
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Streams of the second kind
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6+ Nature of

Te

8

Hostlylthe general field

the of the sun and its direcs=’

frozen tion ig perprendicular to

magnetic the plane of the eclipticg.

field Its value at .earthts orbit
~ 10™3 gauss.

Region in Quter layers of the sun,
which )
freezing

of magnetic
field takes

Place. ‘ o
felabicnship A weak dependence
with solar exhibited; its frequency
activity of occurrence does not

vary by more than a |
factor of two from period
of minimum ©to the period
of waxinum of solar
activity.

-Sunspot or other local fields,

the m2in component of which

.lies in the plane parallel to

the plane of ecliptic but is
perpendicular to the direction
of motion of the gtream. Its
value at earth's crbit

v‘iOf"4 gauss.a

Solar Gorong.

BExhibits a stroag 11=-year
cycle of variation. Its
frequency - of occurrence may
vary by a factor of twenby
in the intervening period
between the minimum and the
meximum in golar activity.
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lle has presented qualitative and quantitative evidsence

s . sl
to demonstrate that™,

(i) to'a first degree of approximation the curvature

of the streams, arising out of gsolar rotation, can be neglected,

(i1i) the angular width of the streams in a plane

perpendiculaf‘to the plane of che ecliptic is' about 100»300

and that parallel to the 'plane of the eclipbtic is of the

order 'of 109159,

# Some of these facts had,earlier, been established by Alfvens
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{111) the field (H) frozen intc the streams decreases
as the stream progresses outwards; the radial component
diminishes with the distance (r) as r=? and the transverse
component as r 1,

o (i%) wnless the turbulence® sets in, the direction
of the fielé frogen into the streams would not vary greatly
as the stream progresses towards the earth since the time of
decey of the fieid is unusually long {many thousand years;
Pikel'ner, 195L) which by far exceeds the time of the passage
of the strezm from the swn to the earth's orbit. (only about
a day)y _

{v) only those particles can cross the stream™* which
have a certain minimum snergy (Bq) given by :
| 300 ¥ 1

2

By =

vce(1 018)

where H is the magnetic field frogzen into the stream and 1
is the width of the strean,
(vi) a positive particle crossing the stream in the

direction of the electric field, which arises out of

# Syrovatsky (1953) has shown that the time of rendering the
streain turbulent is~107 sec. which is of the order of the
time of passagé of the stream from the sun to the earth. Thus
it is not impossible thav some of the streams reach the eaxth
without being burbulent but a short distance away, most of

the streams would certainly become bturbulent. Turbulent streams
cannot have any appreciable influence on cosmic ray variations.
wr Ag explained on p.66, ¥ is actually not homogeneously
distributed over the widbh of the stream so that there exists

a component in the radial direction which enables a few lower
energy particles {(impinging on the stream from the right)

also ©o seep. through the stream.
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polarisation, always gsins an energy (O E);{regardless of
the form of the trajectory of the particle inside the streaw)

by

OE = 300«-_-'-5.- Hol ..oV eeo{1419)

where u is the velocity of propagation of the streanm.
Particle crossing the stream in the opposite direction will

lose energy by an equal amount.

Dorman and‘Féinberg (1958..) have shown that

{2) quiet day diurnal variations are caused by
streams of the first kind which are situated to the left or
to the right of the earth. If egual number of streams be
sltuated to the left and to the right of the sarth then the

variation per n pairs of streams is given by

Y)aE _
gnm) iﬁl:?L“E- ﬂg (L+hﬁ%), if E>eEy
[ ko] W .

o(x)
. - 0 . , s ir .‘E <®E1

.‘.(1 020)

where Ey is defined by eqe(1.18), § is the width (angular)
of the stream in the meridian plain, Y is the exponent of
the energy spectrum of the unmodulated primaries and 6 =t
Poslitive sign refers to the contribution from the stream
situated to the left of the earth and negative sign to the
ong situated to the right of the earth. Bg.(1.20) is similar

%0 eq.{1.14) obtained from observational data, if we have
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(1+Y)as g

a{$) = power of the source = e I (1+1n --«-)
el‘("t21)
andg E'; p~ 7 GV' A -..(1.22)

They have further showa that for the relation, a ($=0)=0,17,
0. hold we should have.n 210 Ll.es thers oust exist ten
streans to the right and to the left of the earth. Further
eq.(1.21) clearly shows that the more the number of streams
the higher the power of the source. Also these streams lead
to an effective source to the left (if H is directed parallel
to the geomagnetic. field and we are situated_in the northern
hemisphere) situated at an angle = 90° with respect to the
earth~-sun line, B

(b) decrease of intensity during storms arises from
the defleeﬁion of low energy primaries by the streams of the
second kind sweeping the garth, whereas the diurnal effect
results from the acceleration or the deceleration of
wmreflected primaries 1.6« bigh energy particles™, by the
same streamse. This also explains way an underground detector
which may not record the decrease in intensity, will record
the increase in d;urnal effect as observed by Machnuff (1951),

{c) no matzer whether the frozen magnetic field in

* However, because of  the seepage of low energy particles
from the right of the sty ream, & certain upulelC diurnal
variation would be proauced in low enmergy. region with the
source located to the right of the earth~snn l1nu"
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streams of the second kind is directed zlong tae direetion
of revolutioﬁjéf'the earth round the sun (that is from east
to west) or o?posed to it, the amplitude of diirnal variation
will increase -and its. time of maximum will shift to carlier
hours, when such streams sweep the earth. Howe7er, in the
first case (whén field is directed from east t> west)
particles coming fromfsouthern direction would be accelsrated
while those dbming ffbﬁ the nerthern dirvection will be
decelerated, creating a north-south anisotropy in diurnal
effeet, This ﬁoﬁld give a larger diurnal effecs for stations
in southern.he@ispheré~than for those in northern hemisphere.
For an opposite orientation (thast is from west ©o gast) of
the field, a re?érse effect would be observed,

(d) c@frelaticn with magnetié activity should exists
In particular, an increase of magnetic activity must be
accompanied by an increase of amplitude of diwrnal variation
and the shift of its vime of maximum to early hours and s

decrease of mean intensitys

Not eve£§ magnetic storm or disturbance should,
however, havé‘ips repurcussions in cosmic rays. The magnetic
storm depend 6ﬁ‘uhe density of the stream and its velocity.
The froszen magge;ic field has probably no direct influence
on the disturbénqes in geomagnetic field while for cosmic
ray perturbatiéng it plays the main role (togevher with the
. velocity of tﬁe'étreaﬁj. If for instance a dense stream has

weak (or strong:but turbulent ) magnetic field it would

L
L
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cause a large or even very large magnetic dlsturbance but
no appreciable cosmic ray'perturbations would be producéd,

. e} 27-day qussi-periodic variations of mean
intensity and the diurnal effect are due to recurrence of
streams sweeping the earth. These effects would be more
pronounced during thé period of maximum solar activity when
the frequency of emission of the streams of the second kind

is very large,

(f) semidiurnal variation is caused by the stream of
the secondﬁkind and as such its amplitude should fluctuate
strongly with solar and magnetic activity; its amplitude

being more the higher the activity,

(g) tentai\vely, 22 year cyclic change of the time
of meximum of the\.&urnal component is envisaged as arising
{
out of the madnlatjgn of cosmic¢ ray primaries by streams of

the second kind which are emitted from opposite hemispheres

and pass above and bélow the earth,

The importanpele Dormants hypothesis lies in its
ability to connect ihe variéd asﬁects of the changes of
solar daily variation and méah'daily intensity of cosmic rays
with changes in the electromagnetic state of the interplanetary
spaces A unified and rather consigstent picture thus emerges.
Nevertheless, as admitted by Dorman (1957) himgelf, the
hypothesis requires considerable elaboration before it can
be transformed into a universally accepted theorye Further

as pointed out by Sarabhai and Satya Prakash {1959), Dorman's

~
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method of comparison:of experimental results with his theory
is not adequate since he relies chiefly on data averaged

over long periods of time and he considers only the diurnal
component to describe the solar daily variatioan. Thus he
neglecte the important aspects of the form of solar daily
variation and the significant changes that take place in

' the form. The inadequacy is worst at an equatorial station
‘like Huancayo, during 1948 to 1953 (see Sarabhai et al, 1955)
wien the form of solar delly variation deviates significantly

" from a gimple diurnal variation.

Besides the abéﬁé theories, there are other theories
which attempt to explain the ?arious cosmic ray variations
in terms of the diffusion of primaries tﬁrough interplanetary
magnesic gas clouds ﬁhich are heliocentric or geocentrice The
main contribution to this group of theorles has come from
Davis {1955), Beiser (1§58), Morriso£ (1956), Parker (1956,
1958), Nagashima (1953) and Singer (1957)s

Davis k1955),éhbwed that the 11 year cyclic change
of 4 % in cosmic ra& intensity as observed by Forbush (1954),
could be explaiﬁéd in'terms of 2 1 % change in the radius
of a fieldmfree'cavity-héving a mean radius of about 200 A.0.
wnich is brought into existence by sweeping away of solar
and galactic magnebic fields by ionised matier emitted from
the sune. Beiser (1958) improved upon Davis' model and was
able o explain, in a&dition, the low eneréy cut off in the

primary energy spectrum and its appearance and disappearance
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as observed by Neher (1953;,1957). However, as pointed out
by Ghﬁndrasekﬁar, the cavity which plays so important a

role in the above models is not stable enocugh.

Morriébn‘s (1956) basic idea involves emission of
large ionised ga; clouds‘which carry tangled magnetic field
embedded in them. He envisionms such clouds engulfiag the
earth and thus‘shielding it from incident galactic cosmic
rays. dowever, as pointed out‘by,Parker (1956), the mechanism
. suggested by ﬁorrison requires c¢ertain drastic assumptions
Lo be made regarding the cloud velocities énd‘the magnitude
of tangled magnetic fields that they carry; even then it
cannot explain cases of CRS where cosmic ray inbtensity drops
abruptly in a few hours ( « 5 hours) and then levels off and
requires days(ééd weeks t©o recover to predecrease level or
anywhere near ite Further the rate of loss of mass by the
sun, in such & piéturég is grossly incounsistent with the
experimental detéfminatibn of this quantity by van de Hulst
(1953) and Beirmann (?951). Also it requires sun to eject
clouds in all @irectiqné‘including the pelar regions. But
both visual as\wéll as ﬁagnetic observabtions show thab
violent aspects, of solar activity (flares, sunspots cbce)
with which we aésoéiape the emission of the clouds, <o not

occur near the,poles of the sun (Payne et al, 1952),

Parker (1956) has proposed a wechanism which is

geocentric butﬁpperates well ocutside the confines of the



terrestrial atmosphere and the vegions of dense geomagnetic
field. He envisages earth capturing material from lnter-
planetary megnetic clouds to form a nebulous géocentric
barrier of chaoti¢ magnetic fields which scatvers the galactic
cosmic ray fluxe Commenting on the merits of thie model,
Parker points oub that the small scale of the mocel vastly
reduces the amount of megnetic gas thab is needed, eliminates
the necessity of the sun to eject clouds in directions far
from its equavorial plane, reduces the characteristic time

to the observed value of a few hours'for angumenting the
barrie; and producing a CR3 and,read;ly accounts for the
steady low energy cut=off in face of enly sporadic solar
ejection of clouds. It is also shown that the ge@magﬁeﬁie
field is sufficiently dense ©o support the weight of such

barriers Thus this model suggests that

(i) Low euergy cuv~off is due to scattering of low
enersy primavies by the bérrier and the duration of such an
effect 'is determined by Phe dscay time of captured magaétic
fields which is of the order of a few months and this also
explains why the cut-off does not vary violently with day
to day solar activity bub does vary over a beriod of yearé

o

with mean levél of solar activity™ e

% s suggested by Singer (1958} if this explanation is correct
then there should not exist any low energy cut-off beyond the
extent (=3 earth radii} of Parkerts barrier. This can be
tested by means of rocket experiments which are within our
reach nows ) C
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(ii) CRS is caused by fresh capture of interplanetary
matter; the fraction by waich the cosmic ray intensity
decreases willhbe approximately equal to the extent to which
the barrier'is étrengthened and the rate of decrzase of
intensity can be made as steep as one wants to. Following the

capture of magnetic gas the cosmic ray intensity should remain

depressed ti}i the newly captured fields decay™,

(iii) Fﬁror'g (1954 ) conclusion that there must exist
some scattering\mecﬂénism respongible for deviating the flare
time coémic'ray; from straight line orbit receives a logical
explanation,'bééause‘a geocentric barrier w 10“ lkme thick
will produce aifandom deflection of about a radian which is

of the right order of magnitude.

(iv) The geomagmetic effects are caused by two
matually co&pensating Processess

- (a) The weight of the barrier compresses the

magnetic field{leading Yo increased intensity of the

horiéonéal component of geomagnetic‘field.

. {b) A hoé«magnetic gas cloud isc. @ gas which

does not cqfry an internél magnetic field, if captured,

wauld‘fesultjin inflating the geomagnetic field so that

the int,énsii:f,oﬁ“ horizontal component of geomagnetic

field decreassss

% Such a mechanism, however, can explain neither the pre-gtorm
transient decreases (McCracken, 1958) nor pre-storm increases
Sarabhal and Pelmeira, 1959) nor the increase superposed on a
normal CRS (Yoshida and Wada, 1959; Sarabhal and Palmeira,1959).

i
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Thus an ideally suitable combination of these two
effects while earth is capturing new intverplanetary material,
can produce Both a cosmic ray decrease and a magnetic storm
of SC=types. The proportions of magnetic and non-magnetic gas
composing the capbured material determines to0 what extent the
cosmic‘?ay decrease will be accompanied by a magnetic storm

and vice versas

No evidence exists at preseat, independent of cosmic
ray inferences, which could establish the geocentric
distribution of maganetic proton clouds. Buk as suggested by
Parker himself, if such a varrier exists, rocket borne
spectrographs should be able to reveal a narrow absorption
line (half widbh as small as 0.04 X ) in the vicinity of
solaxr L lines A direct test of this kind will, therefore,

be very useful.

Nagashina {1953) has proposed that a varying gecelectric
field, a geocentric mechanism, can cause observed wodulations
of the flux of primaries. Yoshida and Kamiya (1953) have shown
that such a theory explains, fairly well, the lstitude aﬁd
altitude dependence of world wide intensity decreases observed
by many workerse Howeve_r, Simpson (1953) could not explain
the energy dependence of R27-day variatién of cosmic ray
intensity on the basis of this model. Moreover, the very
.existence of geoelectrié‘field is doubtful because of the
high electrical.conductivity of the ionosphere and the

interplanetary space. Also as pointed out by Parker (1956},
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the effect on primary spectrum of such g field would be to -
shift the energy of each incoming particle by a fixed amount
vhereas lMeyer and Simpson (1955) think that the fluctuations
in cosmic rays;fepresent‘a change in the total number of
incoming pafticleSg Parker's objection is applicable to all
processes which‘utilise thé idea of deceleration of priméries
by electric,fiegds‘ta explain the intensity decrease. It is,
therefore, i&pe}atiyé ©o measure the primary spectrum during
a CRS to be able t@xverify whether a change in the tobal number
of particlesis involved or whether deceleration effects
predemina@e. Such megsureﬁents should now be possible by

making use of artificial earth satcllitves.

’Singer}(1957) thiﬁks that CRS, the 27-day varlation
and the 11-year cyclic change of cosmic vay intensity are a}l
caus2d by thé;ﬁgceleration of primary cosmic rays in intey-
Plenetary space due to éipansion of turbulent magnetic clouds
{of the type proposed by Morrison) emitted by the sun. The
detailed mechanism depends upon a statistical decrease of
initiélly high tangled masgnetic field and cau therefore be
called an 'invexse~Fermi7 effects Here the random walk of
éosmic rayé.iﬁ;%he region of decreasing tangled'mégnetic
field causés;ihé de;éierétion by induced electric field,
Howefer, Parkef}s objéction to Nagashimats hypothesis holds
for the above @%chani§m alsoe ’

el

I

Recently Parkér {1958) has shown that the hydrodynamic

outflow of gas from the sun, as inferred by Biermanv in his
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observations of comet tails, can cause a reduction of cosmie
vay intensity in the inner solar system, during y2ars of high
solar activity. The computéd cosmic ray energy spactrum,
based on this modél, of the 11-year cyclic change of cosmic
ray intensity resembles very closely that observed
{experimentally) on the earth. However, as pointed out by
Dorman (1959), Parker haé apparently underestimated the free
path length of scattering of low energy particles. Dorman
asserts that the length cannot be less than the distance
between the elements of turbulence, whereas in Parkerts theory
it tends to be zero at low energies., Dorman (1959, has
‘presented a revised version of Parkert's theory in which the
velocity, with which the inhomogenieties are propegated in
the interplenetary medium, félls off exponentially. He also
takes account of the 'inverse-Fermi® mechanism of the
deceleration of partiéles by induced electric fields in this

new theorya

Any thébfy which stakes its claim for a general
acceptance must be able to explain the following features of

cosmic ray variation in addition to other well knownfeaturese.

(a) The chauge of the form of solar daily variation

with a period of 22 years, as observed by Sarabhal et al {1955),

(b) The origin of the semidiurnal component and its
relation with the diurnal component of solar daily variation
&s also the 22 year eyelic change of the time of @aximum of

semidiurnal component as observed by Sarabhai et al (1959).
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{(c) The nabture of 27 day quasi-beriodic variations

" which appafently do involve increases besides decreases.

(d) The variability of the relationship of thé diurnal
component of the solar daily variation with geomagnetic
activity as reported by Parsons (1958) and Sarabhai and
Satya Prakash (1959)¢ »

(e) The implicaéion of the dircectional studies of
Elliot and Rothwell (1956) and Parsons (1957) during 1956=1957
and of Sarabhai et al (1959) during 1956-1958, which indicates
the possible'pfesénce of a non-meteorologlcal local geocentric

source of solar daily variation at certain periodse

{f} Why is a CRS some times preceded by a transient
deereasé and sometimes by a short lived increase and on other

occasion has an increase superposed on a normal dzcrease?

At present no sliangle theory adeguately describes the
varied experimental facts and their solar terrestrial
relationships. There are indications that a combination of
some of the Alfven-Dorman ideas along with the heliocentric
and geocentric'processea,suggested by Parkef, may provide an
appropriate, but by no means simple, interpretation: of the

comiplex phenomena of various cosmic ray warliations.

1412 Scope of the study of time variations of cosmic rays

and the purpose of the study presented in this thesis

In the preceding pages we have seen that both solar
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daily ?&ri&ﬁiogﬁaﬂd’é&ily mean intensity of cosmic rays
exaibit large_ﬁérld wide changes on a day to day as well as
o a year to'yéér bagise It has also been shown that the
study of these variations holds the key to the proper
undérstanding of various processes involved in the modulation
of primary cosmic rayse This fact, in turn, brings out the
importance of using primary cosmic rays as a probe for
studying nhe electromagnetzc conditions in the interplanctary
mediunme Before such a step is takenm, it is necessafy to gain
a COMP?QQGEQLV@ knowledge about the varied aspects of cosmic
ay vayiations mﬂd unen form a uvnified picture by establishing
the lnter»csnnectlon between these various aspects, This
entailS‘expériméntatién on a large scaie with different
componients of cosmic rays which are rgpresenﬁative of the
different bands of the primary energy spectrumte Further sguch
observatioﬁs, of necessity, have to be spread out over a
fairly wide range oﬁtiatitudes and longitudes and such
. observations have t0 be conducted at differvent altitudes

and at various depths underground.

idec ‘one has to refin€@ the methods of analysis of
the obsgrvaulonal datas So far it has been customary 1o use
experimental daba averaged over long intervals of time to
reduce the gtatistical errors in the results obtained. This
procedure, at best, gives only a general picture but fails
to bring out,the finer details of the processes involved in

producing cosmic ray vaflatlons and geomagnetic disturbancess
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This limitation has become particularly obvious through

recent studies which have established that there existé a,

s0 called, 'meteorology! of interplanetary space, so tharn

the electramagngtic state of matter im the interplanetary
medium varies from piéce to place and from time te time. The
solar corpusculayr sﬁreams are, presumably, instrumental in
bringing about these changes. Thus an interesting possibility
exists of being able to classify the different electromagnetic
states of matter popuiating the interplanétary spece, if only
6ne could fiﬁd an index which could specify the electromagnetic
characteristics of-these streams unambiguously. Dorman (1957)
has shown in g(détailed mannér how the velocity, the corpuscular
density, the inentation of the magnetic fields frozen into

the streams agd‘éeliolatitude of emission of these streams
could be related; in a rather definite way, with cbservable
changss in cosmic ray intensity and the perturbations in the
geomagnetic field. Although a considerable refinement is still
needed in Dorman’s hypothesis, a preliminary beginaning can

be made towagds‘%erifying the sallent features of this médel@
Sarabhai andISatga Prakash {1959) have suggested that this
could be done by leoking at significant changes in individuval
bihourly intensﬁ?y oflcosmic rays on each day, togsther with
the perturbaﬂioﬁé in;géomagnetic field during the corresponding
interval of timé; They further pointed out that it is |
advantageous to‘ﬁse the data of nucleonic ‘componens of cosuic
rays for such aﬁalysis because such data can be sorrected for
meteoralcgical‘§£feets*in an accurate waye. However, very often,

»
'
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the standard error of an experimental determination of
individual Bihoﬁrly intensity on any particular day is too
larze o permit any‘valid conclusions to be drawn. As such,
they suggested that the next best alternative was o average
the data over a number of days grouped together oz the basis
of paramebersidefining“a Particuler states The parameters
used were (a) bp waich represents geomagnetic dissurbance
on a particular'day, (b} the variance for the day, which
parameter représents the degree of variability of cosmic
ray intenslty on that day and (c) the mean invensity for the
days From the rgsults obtained by then they believe that the
- above type of approach towards Phenomenological classifiecation
of the wvariocus electfomagnetic states of the interplanetary
mediun, in.the vicinity of the earth, holds promise. Their
analysis was coafined only to the data obbained st Kodaikanal
{4 =+19, ¢ =‘*1g7°,_and h = 2343 m) during 1957. With

ﬁore data avaiié#le from neutron monitor stations at Ahmedabad
rand from the heﬁwerk of other neutronm monitor stations
operated during‘ﬁhe léét I.G.Ys, an attempt has Yeen made

{(in this BQGSlq) to elaboraue o some aspecte of their
énalysia and conxlrm whethe: the reosults obtained by them
hold on a world %1de baSlSs In addition several other
distinctive ?eatures of day to day changes in solsr daily
variation and dally mean intensity of cosmic rays have been
brought to lvght@ Brlefly speaking, an attempt has been made

to answer the follow1ng specific questions :
-
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{a) Do there exist world wide correlated changes of
the solar daily variation and the daily meau intensity of
cosmlc reys as has been reported by Sarabhal and Bhavsar

(1958) and Sarabhal and Satya Prakash (1959)%

(v) Are there only increases ox are there only
‘decreases or- arg there both increases and decreases in the
day to day ¢hanges in the daily mean intensity of cosmic

rays?

(¢} Do.only the decreases or only the inereases oy

both increases and decreases recur?

Begides the author has utilised the daba from
Ahmédabad and ﬁuancay§ neutron monitors to sbudy the general
features ofrsolgr déiiy variation and of daily mean intensity
of cosmic vays during 1957 and 1958, In this connection,
the following ave the guestions to which the author has

sought to find the answers i

{a) How does the form of the mean annuel solar daily
variation éhange from 1957 to 1958 and what relationship
does such a change bear with corresponding changes in the
level of (i) meen anuual daily intensity of cosmic rays,

(ii) the mean annual geomagnetic activity and (iil) the

mean annual solar activiity?

{b) Is enhanced golar daily vavriation a world wide

effect? If it is, then does there exist an index which can

N
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enavle one to-separate days of enhanced solar daily

variation on a world wide basis?

(c) What relationship does enhanced solar daily
variavion bear ,with geomagnetic activity as represented
by Cp?

{d) What is the nature of the change that semidiurnal
component of golar daily variation undergoes during period

of high geomagnevic activity end during magnetic storms?

Further, in.June 1955 the author was asked to
establish a ﬂouncaln level, cosmic ray recording, station
at Gulmarg (.A = +25° £= +147°, h = 27,0 m) in the
Himalayas, as a part of the development programme of ths
Physical Reseanch Lavoratory, “hmedabad. It was proposed
o set up o .number of narrow anéle telescopes tc record hard
component of cosmic rays. The whole electronic equipment
requived for this purpose was designed by the cuthor himself
as described, in detail, in chapter II..The wmit was put
into continuous operatioﬁ in early 1956 and was maintained
'by the author till early 1958, Because of a large number of
difficulties e.gg snow bound ‘conditions for about six months
in a year, absence of. relvaole L4y malns supply, the
aﬂmllaﬂlllEY\Of cnly meagre laboratory and workshop facilities,
absence of s;ﬁiéfactp%y arrangement of transport etcs, the
experimeaaal begrammé could not be carried out on a scale

originally envisageds Only a part of the full capacity of the
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xperimental arrangement could thus be utilised, which
resulted in the statistical error of the dava being rather
iargea This being the case, no detailed analysis, on a day

to day basis, of Gulmarg data collected over a period of

two years could be uadertaken. Nevertheless, the data have
been ﬁseﬁ for the study of certain brozd features of solar
daily wariation in ccnjunction with neutron monitor data
from Mu.Norikura™ and hard componient data{obtained wivh

meson telescopes)™ from Ahmedabad. In particular, an attempt

has been made,to answer the following questions 3

(a) How did the power and che position of the source
of diurnal component of solar daily variation change durviag

1956 and 19577

.

(b) Does there exist a periédic annual chauge, of
non~meteorélogical_o?igin, in solar daily variation of cosmic
rays as reported by Sekido and Yoshida (1950) and by Sekido
and Kodama {1952) 2 | |

(c) At the time of onset of zizant solar flare of
Febe23, 1956 Gulmerg (geographic longitude = 75°E) was Just
entering 0900 hours iwmpact zome. Hence an attempt has been
‘made ©0 see what distinctive features did the flare type

increase exhibit at Gulmary 9

ale

* The author is grateful to DreY.Miyazaki of the Institute of
Physical and Chemical Research, Itabashi, Tokyo . (dJapan), for
supplying these datae.

¢ MreHoL.Razdan, a2 colleague of the author, was kKind =snough
to supply these data for which the author is thankful.

.
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EXPERIMENTAL TECHNIQUES

2ol Recording of meson componen t

2.11  Introduction

In 1950 a comprehensive programme of cosmic ray
variation was begun by cosmic ray research group of
Physical Research Laboratory, fhmedabades One of the
chief objectives, on development side of the programme ’
was the esta‘x;lishment of sea level and mountain level
cosmic ray recording stations along the 75°E meridian
section and spread out over a wide range of latitudes
ranging frcmkgeomag‘netic equator, in Scuth India, to as
high a latitude as could be reached in the North India,.
In pursuance of this objective cosmic ray recording
stations were first set up at Ahmedabad {4=+147,
£ = 144°%, h = sea level),* Kodaikanal (A= +19, = = 147°,
h = 2343m) and Trivandrum (4 = <19, £ = 146°, h = sea
level). In the miédle of 1955 the author was emtrusted
with the task of setting up a high altitude cosmic ray
recording ‘station at Gulmarg (A= 250, £f = m’?o,

= 2740m)“i-r'1, the Himalayas,To start with, it was decided

to concentrate only on devising satisfactory means of

*d, £, h are respectively the geomagnetic lativude,
geomagnetic longitude and height above sea leve. of the
station,
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recording hard component of cosmic rays by countsr
télescopes. To decide the geometry of counter btalescopes
account was taken of'the work of Sekido et al {1250)

who showed Ghat the amplitude of diurnal and semidiurnal
components of solar daily variation increases as the
angle in the E~-W plane is narrowed and of Sarabaal et al
{1955) who showed that it was enough to have a 3emiangle
of §°»in the E-W plane because any further diminution of
the angle of opening in E-W plane did not significantly
increase the amplitude of solar daily variation Dut it
did adversely effect the bihourly counting rate -hereby
associating an increased statistical error with bihourly
intensities recorded. Thus it was decided U0 sel up a
number of telescopes having a semlangle of opening of 5°
in E-W plane and an adequate counting rate®. This could
be achieved within limitations by using single-ceunter’
telescopes having a length of 30 cm diameter of & cm with
end-trays separated by 40 cm. A detailed description of
the arrangement of the coﬁnter telescopes is given in

section 2.111 below.

'

Having fixed the telescope configuration, the
problem arose of designing‘elgctronic circuits which could
be operated on batteries since A.C. mains at Guloarg
fluctuates over wide limits (90 volts to 230 volts) and

there are frequent interruptions during the course of the

% At that time the author was not aware of the influence
of the angle of opening in N-S plane on the form of solar
daily variation.
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day. This, in turn, required that the power cocnsumption
by valves of the circuits be kept to a bare minimum,.

From the list of battery operated valves, it was found
that DL 67 electronic tube (méﬁufactured by Philips
Limited) was just the valve which consumed the least
power ox; both H.T. and L.T, side and at the same time
could give a performance commensurate with the requirements
of the electronic circuits used for continuous recording
of cosmic rayse Hence all electronic circuits, the details
regarding whichifind place in the ensulng pages, were
designed using DL67 electronlc tubes. The filament of -
this tube requires only 13 MA of current at 1.2 volts and
an HeTs as low as 22:.5, volts is enough. However, pulse
height ‘and stability considerations led the author to
operate these circuits from an HeTe of 90 volts. But in
case of recording stage, relatively high current was
required because the 'telephcne-cali' type mechanical
recorders which were iised to ‘registex; cosmic ray counts,
require a minimum of 15 mA to actuate them. Nevertheless
the author could still sconomise on power consumption by
using cold cathcde tube type OMG which does not require

any filament current.

After completing the construction of various circuits the
equipment was given a trial run for two months during
which time the author satisfied himself about the proper
running and stabillity of operation of the various circuits.

The unit started operating, on regular basis, from
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31st. Becember 1955. The am:hor shouldered t.he
responsibility of its maa.ntenance upto 31st Jantary 1958,

In the earlier stages of“ishe work, the author
received generous assistance and helpful- advice from

Dr. UsD. Desai, the Rea‘der‘ :i.n \Ele’ctroni CSe

24111 The layout of the apparatus

The schematic dlagram of the experimentél set up
of telescopes having an ape‘;-piz\r'e of 10%%112°™ is shown

in Figure 5.

Fig. 5 - Illustrating the layout of
the apparatus. :

% 100 = apex angle of the cone in E-W plane and 112°- apex
angle of the cone in N=S: plane.
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Iriple coincidence system of recording was used. Each
telescope (T) consists of three one-counter trays A, B,

C mounted vertically one above the other at a distance

of 20 cm. from each other; the extreme trays being thus
40 cm apart. Self-quenched type counters were used.

The length of each counter was 30 cm and its dizmeter

4 om; the total sensitive areézfor each telescope being
120 en®. There were eight such telescopes T1, T2.....etc.).
The alignment of the telescopes was such that tthe
crogs-section of the end-on position of the coutters lay
in the E-W plane whercas the cross-section of the broad
side~on position of the counters lay in the NS plane.’
The respective semiangles of the cones defined by the
extreme trays in theAan Planes was 5° and 56°, To
eliminate the soft cqm%oﬁe;t, 10 cm of lead absorber was
interposed between mi'ddle and the bottam trayse. Unscaled

counting rave of each telescope was 1200 per bilour.

With a view to keeping the recording arrangement
as simple as pogsible ahd t0 economise on power consumption
the use of conventional quenching unit was dispeased with
and resistance quenching system was used™. The Juenching
resistances also formed thg grid Veaks of the coincidence
unite The output pulses from the trays Ai, Bj, ﬁ1; AZ’
Bas G55 eesesvve. were fed to the coincidence units

* This type of arrangement was. made possible by use of
good quality GM counters which were prepared by <he author

himself. The method of preparation has been deseribed in
Sece. 3.1210 ’
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G‘?, C’zc, csesss. respectively. Output of the |
coincidence units were fed to level-discriminators in
twos™ e.g. the output of C:; and Gf?f was fed 0 Iy,
wherefrom it passed on to the scalers 81 ,’2. ete, and
thence, through an isolator 1so, ",2i etc. vo the
recorders Ry ' 2 etc. The dials of the mechanical
recoxders (the mechanical recorders were all mounted on
a panel) were photographed st hourly intervals by an
automatic, battery operated, photographic arrangement
which makes use of a 16 mm aireraft camera. Details

regarding various circuits is given in See. 2.3.

The inherent simplicity of the arrangement
described above led to great amount of convenience in

%he maintenance Bi‘ the unite.

2.113 Response characteristics of the

te eSCOEeS
.One of the principal characteristics of the

counter telescope islits directional pattern, or more
exactly, the function I ® ); showing the relation between
the intensity of par‘ticleshrecorded by the giver
instrument and the angle (6 ) between the direction of
their motion and the zenith, The knowledge of I(9 ),

apart from aiding other calculations (e.g. the theoretical

* The grotping of the output pulses from coincidence
unit of the telescopes T4, T, Toe.eosetc, into pairs
was undertaken to enable the autgor t0 use lesser number
of recording stages with obvious economy in power
consumption and electronic components. All thias was
achieved without imparing the efficiency of operation

of the arrangementt
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¢alculation of barometric coefficient etc.), enables
one %o locate the pdsition,oiléxtraterrestrial source
of various variations of cosmic rays with respe:t to a

particular geometry of the counter telescopes

I(9) may be'cglculaﬁéd in many different ways
as suggested by various authors e.g. Witmer and Pomerantsz
(1948}, Newell and Pféssly {1950), Blokh and Dorman
(1957) and Brunberg (1958). Author has followel Newell
. and Pressly's method of calculation and the resiults for
thé telescope configuratipn'uséd by him are indicated in
Fioures Ala) ‘6lh}.and ?{22‘

8%, BeSO,  erey, ;
) .
. Lo 3
;3 !
¥ S indnn i i
L |_ : BEIBIEEE.
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Fig. 6(a) & 6(b) givelihe response
characteristics of the telescope.

Fige. 6(c) gives the contributions made by
different arbitrary.areas to the total
counting rate of the. telescope.’
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Figure 6{a) shows that 55% of particles are conined

to 1/5 of the total solid angle subtended by the
telescopes Figure 6{b) gives the percent of particles
confined within various arbig}ary fractions of zhe total
solid angle. Figure 6(c) gives the contributions made
by different arbitrary areas (defined by angles subtended
by them in two mutually perpendicular planéé) to the
total counting rate of the telescope. Figure 6{b) would
be, later, used for calculating the position of the
source of diurnal component of solar daily variation
from the data obtained from meson counter telegcopes

operated at Gulmarg during 1956 and 1957.

.12 Self-Quenched Geiger-Huller Counter

The self-quenched type of Geiger counter is
essentially a diode, filled with an inert gagfﬁrgon and a
polyatomic vapoﬁr* like ethyl acetate, which operates in
the region of the unstable corona discharge. The
arrangement, in activé state, being so sensitive that the
fomation of a single pair of ions anywhere within its
confines is sufficient to trigger a discharge; the
magnitude, duration, and general character of wkich are

independent of the specific ionizing power of the'

3

* For satisfactory performance the polyatomic wapour
should have (i) low ionization potential compared to the
monoatomic inert gas and (ii) a broad and intense
ultraviolet absorption band which should enable it to
dissociate rather than emit radiation when in ar excited
state.
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ionizing particle. Hontgomery (1940}, 3Stever (1942),
Wilkinson (1950) and Korff (1955) have iliscussed, in
an exhaustive menner, the process of the development
of the discharge and its queaching in a self~quenched

Geiger counter.

When an ionlizing particle passes through such a
counter, in active state, it produces & few ion pairs in
the sensitive volume of the counter. Tae electrons so
freed trigger a discharge which spreads rapidly
throughout the lepgth of the counter, The‘discharge,
however, lasts only a few microseconds. Soon the field ‘
conditions inside the counter are alter:d due to the
formation of a sheath of positive space charge in the
high field sensitivity region near the zentral wire and
the discharge is'exzinguished. A small voltage pulse is
developed, in this process, across the counter and this
can be easily detected and recorded by 3lectronic

circuits.

The importani requirements that such counter
should meet are, thaé théy have low operating potential,
long operating range, high efficiency, stability with |
© use and time, large pulse sizé and shorv recovery time.
In practice, however, a workable compromise has to be
made between these stringent requiremenzs depending upon
the purpose for whichvthesé counters are t0 be used.

For time~variation studies 'the primary -equirements are
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that the counter should have a long life and that their
characteristics should not change significantly during
the course of their useful life.

2.121 Preparation of self-guenched
Gelger counters

4 typical self-quenchéd Geiger counter used by
the author cmsisted of a pyrex glass tube 30 cm long,
4 em in diameter along the axis of which was stretched
a fine tungsten wire 4 mils (1 mil = 2.5 x 10™%cm) 4in
diameter which serves as an anodes The cathode consisted
of a cylindrical copper sheet. Thin glass sleeves were
introduced at the ends to confine the sensitive area of
the counter within well defined limits. The whole
assembly was thoroughly baked in an oven to drive out

the adsorbed gases.

The chief cause of the deterioration of the
counter characteristics is often the multiple pulses
which arise because of the photosensitivity of the
cathode. Multiples also adversely effect the useful life
of the counter. So the chiéf problem in producing good
counters involves devising meéns of diminishing and if
possible eliminating the photosensitivity of the cathode.
If a quenching unit is uséd‘in conjunction with the
counter, this problem is reiggated to the background
because in that case, after efery discharge the voltage

across the counter is automatically kept far below the
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threshold till the discharge is completely quenched
and hence we get a single pulse in the output for

every discharge. But if one decides to use resistance
quenching system, as the author did, it becomes rather
imperative to take special cafe in treating the cathode
80 as to reduce its photosensitivity. The author
succeeded in doing thig by subjecting the cathode to a
chemical treatment suggested Ey Curran and Craggs (1949).
it involved the use of three solutiong., GComplete
details regarding the composition of these solutions
together with the procedure followed is glven in the

appendix attached at the end of this chapter.

At the end of the desensitizing treatment the
counter was washed properly and dried and then evacuated
by a rotary oil pump and filléd with a mixture of argon
(90%) and ethyl acetate (10%) to a total pressure of
10 ecm. of Hge After allowing sufficient time for the
gases 0 admix, the counter was tested for plateau and
only those which showed a plateau of a minimum of 200
volts, were congidered accgptable. They were next left
for aging overnight and re-~tested in the morning. Only
those counters the characteristics of which remained

unaltered after aging ﬁere finally accepted.

A typical cowmter prepared in this way had a

threshold at about 1150 volts, a practically flat
plateau of 200 volts, an useful life of six to eight



months during which time few multiples appeared in

the output. The efficiency of such counters was found

L0 be 9905%-

Old rejected cowmters need not be subjscted to
the desensitizing treatment again. It ié'enough to
Just refill them. At the ;;ﬁé}of refilling, the cowmter
was merely rinmsed wiﬁh.distiiied water to rid the cathode
angd the walls of vhe eéunter, of decomposition products
of polyatomic vapour;- Also, following Shepard (1949),
the central wire was heated to a dull red heat. This
procedure restored most,of‘thehcouﬁters to their original

characteristics.

2413 Elegtronic circuits

24131 Coincidence circuit

It is designéd‘after the wellknown Rossi (1930)
type circuit. An important property. of such a circuit
being that a large output pulsé {positive) is obtained
only when the input pulses (neéative) from various
{say n) channels arrive within a few microseconds of
sach other. Of necessity the difference in the output
resulting from n-fold and (n-1)~fold coincidences has
%0 be rather large so that iﬁ is easy to discriminate
between them.. The author uéégfa triple ceoincidence
i.es n =3, circuit‘sﬁown iéuFigure 7. The circuit

4
]
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has a resolving time «~7 x 10'6 sec. and a ratio of

three-fold to two-fold coincidences greater than 15.
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Attached to the cozncldence circuit was a
'level-discriminator! which also acted as phase inverter.
- The output from thig stage had the same sign (negative)

as that of the imput pulses arri&ing at the grid leaks

of the coincidence wit. ;f“ff

2.132 Scaling Clrcuit

L
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It consisted of a suxtable number of Bceccles=-Jordan

type bistable multzvibrators put in cascade. An ideal

%

bistable circuit should, 1f possible, have a high

oy
A -
.
vt & ~
T P
T A
e i {



. 105 -

triggering speed, a high trigger sensitivity, a low power
cansumption, a good stability, and a low sensitivity to
extran eous int;erferénces. All these demands, hcwever,
cannot be satisfied’ at the same time, as an improvement
of one or more of the properties mentioned results in a
deterioration of otiéers ‘(e._g,. see the detailed znalysis
made by Neeteson 195'6).‘ Th‘;aref}ore, gem;ral rules for
designing a bistable multivibrator are difficult to
formulate, Many investigators e.g. Stevenson and

Getting (1937), Lifschutz and Lawson (1938), Reich (1938},
Higginbotham é’c al (1947), Fitch (1949) etc., heve
described varied me’chods of increasing the switching speed
and improving the general reliabilzty of such circuits.
Ritche (1953), and Pressman (1953) have described an

elegant design procedure.

I

Battery operated blnary type scaler designed by
the author is shown ;:.;n‘ Flgure '8, The &hief features of
the circuit being very low power consumpiion both on
Hele and L.T« side e@i a 't;.ole;rably good resolving time, ’
Diode input feed to ’the pi_aite; ‘eircuit was used because
such an arrangement Z:gﬁxi:roves the stability of th;a scaler
and at the same t:.me.nt also immunises the circuit to

extraneous interferences. .

Apart from pmvidmg a low output rate corresponding
to a high input rate, the scalm&, circult helps to change
the random distribution of pulses into one where the
different pulses are more regularly spaced; this
facilitates the recording of the pulses on the output
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side by "telephone call" type recorders, which have a
rather low resolving time ( v 0.2 sec.). 4s shown by
Alaoglu and Smith (1938) the time interval between every
r%B  pulses will have standard deviation given by
(1-1')"% so that as r increases the rUB pulse will be

more regularly spacede.

R Ry Rg

+45Y

SCALING UNIT ISOULATER DRIVING STAGE

Viu Va=VysOLET  R90K  Rpea20K Rye22K GESOPF Cr20PF

V= OAS Rge08K  Rg=I-SMEG Ry=2r2MEG Cym 0SAF

0y = Dy=0ABS Ry mAa70K

S—— ,m-mw

Fige 8 = Scaling Unit.

2,133 Isolating Circuit

The output pulses of the scaler are fed to an
tIigolator! which coﬁsists of a grounded-grid triode.
‘i‘he necess;ity of uging ?Isolator’ arose because when
the cold cathode tube of the recording stage is
‘triggered, a continuous discharge occurs between the

plate and the cathode of the tube. So that if output is
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fed to the recording stage straight fram the last stage
of the scaler, a feed back is likely to occur from the
fomer to the latter. Isolating stage prevents this by
acting as a buffer between the scaling stage ani the
recording stage. It presents an infinite impedance for
any feed~back that might take place between the grid
circuit of the cold cathode tube, and the scaling stage.

2434 Recording Circuit

?a-

As shown in Figure 8, it consists of a zold

~ cathode tube (type 0&&»&} biased to a little below the
tbreak-down?! point and in the plate circult of it is put
an electromechanical recorder in series with an energising
relay (R). & mechani cal switch {S) operated by the
energising relay serves as triggering mechanism for the

recorder. .

The output ﬁﬁlses:fran the Isolater trigger the
cold cathode tube and a current of the order of 15 m.A.
flows through the plate circuit thereby energising the
electromechanical recorder snd the relay (R). The latter,
in turn, operates the mechanical switch (8) which cuts off
the H.T. connection leading to the extinction of discharge
in cold cathode tube. In the meantime, the reeosrder has
registered one count. The circuit is thus ready to
receive another triggering signal. The mechanical
recorders were mounted on a panel which was phobographed

by an automatic batteri operated photographic device
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every hour.

214 Testing of the proper running of the
apparatus

The routine checks for the satisfactory working

of the apparatus consisted of the following tests.

(1) Tray rates of all the counter trays were
taken daily to ensure that counters were workinzg
satisfactorily. : Bésides at the end of every moath, even
ii; the arrangemeﬁt were working satisfactorily, plateau
of all the counters was taken. In case of any zounter
failure, plateau was'ta@cgn of all the counters comprising

fhe particular telescope.

-

| (2) Daily measurement of the following D.C.
valtages: '
{a) Filament voltages.
(b) Grid Biaé voltages.

(¢} Plate veltages.

(3) Pefiqdic checks on the satisfactory working

of mechani cal recorders.

‘(&) Visual inspection on an oscilloscope of the
shapes and the sizes of the input and ouﬁput pulses from

various electrmic circuits.

These che;;ks were found sufficient to odtain

stream lined perfp‘fmanée from the various constituent
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.mits of the apparatus.

Red Recording of Nucleonlc Component

2421 Introductign

After heving come. back from Gulmarg in 1958, the
. aubhor undertook the respohs’ibi‘li‘cy of the maiatcnance of
the Anmedabad neutron monitar pile for the period
May-December 1958, as a part of author's contribution
towards the I.G3.¥, effort of the Physic;al Research
Laboratory at Ahmedabad.

The experimental ;arrangement of neutron monitor
pile was essentially similar to that described by Chicago
group and closely c;niormed %o the specifications laid
dewn by SCRIV for t}le 'reccrding of the nucleonic component

during the last I.G.Y.

The entire ;eutrcn monitor pile along with
associated electroni‘cﬁircuitary was assembled by the
author's predecessor Mr. Satyaprakash Gupta. The
proportional countei:sij filled with borontriflouride
{enriched with g10 iéé'topg) were also prepared by
Mr. Gupta accc»rding'i‘;o a technique of filling developed
by him in c¢ollaboration ﬁith Prof. H.V. Neher of
" Califomia Ingtitute of Te;:hgology (1957), which work was

essentially an extension of Prof. Neher's earlier work

(1954) in this direction.
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2422 The Neutron Detectors

The neutron component may be registered by means
of proportional coumnters filled with boron triflouride the

interaction of which with neutras leads to the reaction:

B0, ! — Li'g ‘* Helz" r Q

where Q1 = the energy liberated in the reaction = 2.5MeV;
about 1.6 MeV goes to o -particle and about 0.9 MeV to
L:.’; nucleus (Veksler 1950). The two fragments travel in
opposite directions and férm about 80,000 ion pairs if
mean-fres-path is fully utilized. For a counter whose gas
mult iplication is wnity and which has a capacity —~ 1072uF,
the pulse developed will be approximately one microvolt.
Hence a counter with gas multiplication 10° (which is
normally attained in p;'actice) will develop a pulse large

enough to be recorded.

Natural boron consists of a mixture of two -

isotopes, Bgo (about 20%) and B?;
10 R

B5 participdtes in the reaction; therefore, this mixture

(about 80%), but only

is normally enriched with B}).o isotope (to the extent of
96%) to increase the effectiveness of the cownters. The
counting effectivenessx ,}s determined by the probebility
of neutron capture by thﬂe _bqron nuclei., The capture
¢ross=-section ¢, over a wide range of neutron energies,
is inversely proportional to their velocity and reaches
its maximum value for thermal neutrons where

& = 550 x 10”74 cms?.
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The counting characteri;tic of a boron counter

has a wide plateau ( v 200 voﬂ.‘cs) since pulses from the
od -particles are equal in value and considerably exceed
the pulse size of the pulses from ﬁ -particles and other

ionising particles of cosmic rays. It is important to

10
5

corsumed for each instance of reccrding, the service life

note that, since only a single nucleus of isotope B

of the counter is practically wlimited for the recording

of neutrons in cosmic rays.

X
I
e -

The neutrons meyl be detected by boron-trli‘louride
mopotional counters v;.tiz either the atmosphere acting
as a moderator or by s:izri‘omding the counters with a
mo derating material- hke paraff:m or carbon. In the
first case slow neutrcns (energyw leV) are detected and
the arrangement is caLlegi a *slow detector?!, whereas in
second case fast neutxi{n;; (éﬁergy 1 to 2(5 MeV) are

recorded and the awranééimentﬁés termed a 'fast detector!.

_ To get a foolproof system of recording which is
not affected by atmospheric *é"'rj}local conditions, a process
called 'local g;enerat.lon' of neutrons is employed. In
this case IBF3 counters are enveloped in a small th:l.ck;ness
of moderator and are surrounded by 'condensing material' ’
the whole of_‘ this assembly being#hrduded by an inecreased
thickness of moderator whicp serves as an outer cover. In
such érrangement the detectéd neutrons are mainly those

winich are produced insida the 'condensing material!



- 112 -

through local nuclear fission, It is found that the
greater the atomic weight of the 'conéensing magserial!
the larger the number of secondar} neutrons proiuced ‘
e.Z. the ratio of neutron multiplication (mean number of
neutrons emitted in low energy nuclear fission) in lead
to the multiplication in graphite is about 8:1 {ef.
Tongiorgli 1949, Montgamery et al 1949): So gensrally
lead is used as condensing material with paraffin as
moderator to decelerate the neutrons generated in lead.
The assembly of local neutron producer (lead), a moderator
(paraffin) and a neutron detector, is termed a 'neutron

monitor pile!,

2+221 The Neutran Monitor Pile

]

The optimum thickness of cmdensing matsrial and
the moderatar to be uéééfto set up & neutron pile has been
studied by several wa;;kg;'s e.ge Tonglorgi et al (1949),
Montgomery et al (1949),. Cocconi et al (1950), Adams and
Braddick (1951) and Simpson et al (1949, 1953).

- Simpson et al'ﬁé}e foumnd that the optimum
thickness, 1, of modéré%cr between lead and BF3 cowmter
(See Figure 9) is about.3.2 ams. the lead thickness, 1o,
is taken arbitrarily as’5.1 ‘éms. to take account of the
fact that 1.2 should be greatgr'than the local transition
maximum but at the same time the attenuation of 'star!

producing radiation should not be large.
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N [
The paraffin surrounding the lead - paraffin - counter

assembly is primarily meant for stopping extraneous
disintegration neutrms produced outside the neutron pile
from reaching the counters, but it also acts as a
moderator and reflects back the neutronsg produced in

lead which tend to escape.

ONE COUNTER PILE

WAX
[ Leap

s ———

Fig. 9 - Neutron Monitor Pile.

The thickness, 13, of thls paraffin was determined
empirically by the aid of a Ra-Be sourée placed outside
the pile. The ingrease in 3.3 for each 3.8 cms. resulted
in a decrease in the cowmt of neutrons arriving at the
detector from outside b}t a factor of 2. The thickness .
13=-.15.2 cms. wWas select;ed and was entirely sufficient

to agsure effective slowing and scattering of the neutrms

fomed in lead.
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2.222 Gharacterlstlcgof the Neutron-Monitor -
Pile ~~ . \

. LN
%

Though the disintegr‘,}iﬁ?;i:lgn neutrons are emitted ' .
isotropically fram lead nucl;e:;i:ﬁ?i}and scattered by the
moderator in all directions, the high energy star producing
radiation (Nucleonic Component of cosmic rays) is peaked
in the vertical direction in the atmesphere (the angular
distribution near sea level varymg; as cog™9’ , with
n « 4 to 5). Thus neutram p:.le measurements correspond

to the primary particles arnvinﬂ' ver’cleally at the top

Eaatt

' B S
of the atmosphere. e e

i

Studles (S:unp..,on et al 1953) have shown that about

84% of recorded neu‘srcns arex formed in lead, 13% in

N

paraffm, and only 3% mak:e up ‘the backgr'ound of the counters

and neutrons erriving &t the[det‘gct. or from outsides

e - —
-
BLOCK DIAGRAM OF NEUTRON

MILE

TO COUNTERS IN TO COUNTERS IN
K HALF OF PILE 6 RALF OF PRE

AEGULAILY
EnT

——)
P -

A s

. 'F:Lg. 10 - Block dz.agram oi‘ the pile and
’ the reé‘ordmg system.
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Neutron pile abt Ahmedabad consists of two
sections (A,B);each having three BF; counters and each
section has an independent electric pulse recording system.
The layout'of the pile and the recording system is shown

in Figure 10,

2e23 Eiectronic Cilrcuits

All the circultry at Ahmedabad, unlike that at
Gulmarg, was operated by A.C. mains supplying 230 volts
4.6. To reduce the voltage fluctuations in the mains to
a bare minimum, the input to various circults was derived
from a constant volta;;.;é power transformer which was fed

from the 4.0. mains,

24231 Pulse amplifier

The function of an amplifier, used in conjuaction
with a boron triflouride counter is to accept and amplify
the pulses produced in t’;‘ié‘ csf;);ir;ter u}f ne%xi:rons and by
other ionizing radiat,flax'zsg The pulses may be of 'tixe order
of a few humdred microvolis and have (0 be amplified o
a-kevel of a few volis so thav discriminstion can be made,
~to nigh degree of accuracy, belween the pulses produced by
pl0

the capoure of neutrons by and those produced by

background radiation.

Elmore and Sands {1949) have given an exhaustive
account of the theory of various types of amplifiers and

the relative merits and limitations of each of them. The
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basic requirements of the amplifier, for our purpose; is
that it be capable of handling randomly distributed pulses
at a high mean rate of recurrenée, it ﬁave a large signal-
to noise ratio and a fairly.steady gain. These demends
are reasonably satisfied by wideband Feedback type
Amplifiers.

PULSE AMPLIFIER ' '

i y :
i

!
:
]
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Rs 2 Re ’I'RA P¢.£ Rdgﬁofl: I’
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Fig. 11 - Pulse amplifier and discriminator.

The amplifier used by the authoxj is showm in
Figure 11{a). The circult consists of two sets of two
étage feedback loops, each having a gain of about 20,
connected in cascade. Short time-constant RC network
(-~ 5.0 x 10"6 sec.) was introduced between the two
stages and another with about 50 microsecond for connecting

the counter to the first loop of the amplifier. A swall
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resistance of h?Oiohm. was also introduced as a stopper
betweén the:grid-of the first tube and the condenser
feeding couﬂter pulses to the first loop to supress
parasitic oscillations. The upper and the lower half
power frequency of the amplifier are 500 Kc/sec and

30 Ke/sec. respectively.

+

24232 Pulse Helght Discriminator
. - - — =
v y »” 0 M M ’ T * - M !

The chief requirements of such a unit are:

(1) Ip—should be able to discriminate reliably
between pulses that differ in amplitude by a small |
. fraction of a volt and hence the amplitude at which

diserimination 'oécurs should be stable to a similar extent.

{(ii) It should be capable of accepting narrow
pulses, such as those produced by the pulse amplifier.

(1i1) ‘It_éhouid?preseut.i higﬁ'imbedence to the
signal source and respond to each of the many pulses that

follow each other in rapid succession.

(iv)ﬂ It should not overload on a pulse of
amplitude Qﬁch greater than critical amplitude i.e. it
should not distort large signals that it receives, nor
should its operation depend upon the size of previous

input pulses.

(v) It should have an easily adjustable

discrimination level,

A
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Various types of balanced pulse height_
discriminators which can handle pulses as largz as 100
volts have been described in literature (e.g. see Elmore
and Sands, 1949). These circuits have hysteresis of
abous 1 volt and the bias voltage is religble to within
0.1 volt overka long interval of time. In our case,
however, the reéuirements of the discriminator were not
s0 stringent since it was required to handle fulses that
were fairly uwniform in size and hence the simple
di seriminator circuit as used by Simpson (1955) was found
to be good enough for the purpose. An added advantage of
such circuit was that whereas more refined circuits
require pulses of about 20 volts, this circuit could be
triggered reliably even with negative pulses cf about 1
volt which, in turn, enabled the gain requirerent demanded

of the pulse amplifier to be reduced bjr a factor of 20,

The discriminator used is shown in Figure 11(b).
It consists of a cathods coupled monostable multivibrator
which, when triggerred remains in the unstable state for a
few hundred microseconds and gives a pulge biz enough to

drive a gcaling eircuit.

24233 Secaling Circuit

A high gpeed scaling circuit was used and is shown
in Figure ‘12('a). Neon indicators were used for visual

~ inspection of the proper functioning of the scaler.
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Fig. 12 - Scaling Unit.

2.234 Recording Circuit

The cascade of scaling units was followed by a
recorder driving circuit as shown in Figure 1z2(b)
alongside the scaling circuit. It consists of a power
pentode biased below cut off. Pulses from one of the
plates of the twin triode of the lest sbage of the scaling
uwnit are fed to the grid of this tube. The tube acbuates
an electromechanical recorder whenever a positive puise

arrives at its grid. ‘ '

24235 Autamatic Photographic Device-

The raw cosmic ray data were obtained by .. -

photographing, every hour, the dials of the mechanical



recorders mounted on a péanel alongsid;a which were fixed

a clock and a calender. This panel formed one end of a
light~-proof box, blackened from inside, containing two
bulbs (hé§ing proper wattage) to illuminate the panel when
required. .On the opposite side of the box a detachable
camera was attached which took photographs of the panel,
at hourly intervals, on 35 mm. f£ilm.

Pige 13 - Camera Unit.

The f£film was moved by a sprocket attached to a shaft
which protudes outside the camera and was cowled to a
low gpeed motor which rolled the film through one frame
after each exposure. This was done with the help of a
relay arrangement ﬁ:;igg;erred by an electrical contact of

a few seconds duration made hourly by a clock. The

-4
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Camera wnit is shown in Figure 13.

Figure 14 shows the relay control circu~t used for
exposing and winding the film at houwrly interva_. It
consisted of two triggerred thyratron switches -—vorking in

succession.

e B A
Ty 51~ ORI S S
ELECTAIC "o :
suLas ELECTRIC |
MOTOR i

1
i

Fige 14 - Automsatic sequence control circuit.

Every hour the clock gave a posi,tive pulse of 130 volts to
the grid of the first thyra‘brcﬁ (left) which is nomally
biased negative. The current passing through tais
thyratron energises the relay 4, thereby making the bulb
contact which flashes momentarily. At the same time plate
circuit of this tube ig made open and so its discharge is
'extingtﬁshed. and this, in turn, 'opens' the relay(i)
circult thus switching off the lamps. 'The pulse from the
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plate of the first tube triggers the second thyratron
{right) thus energising the relay B which, m turn, puts
on the motor. An internal switch of the motor cuts off
HeT. connection fram the plate of the second tube; however,
before this happens the film has moved by one frame.

After thesé succeg‘sive operations the cireuit reverts to

v

its original state.

At a tvime; the camera can hold 50 fo. of film.
Everyday, at 9 a‘.n-;., the ekpo'éea film of the previous day
is removed and developeds The readings of the dials of
the mechanical regzorders are then noted for odd bihours

from the negative film.

2.236  Power Supplies

High Voltage Supplies,.i To achieve high stability

in the working of electronic wits and of BF. counters

3
stabilisation of all D.C. voltages against line voltage
fluctvations and load variations is very necessary. A
complete analysis of stabilising circuits is given by

Hunt and Hickman (1939) and Gilvary and Rutlaad (1951).

A degenrative type of regulating circult is the
most suitable for getting a close control over the outputbt
voltageya high éta._bilising ratio and a low internal

impedance. 'Figure 15 shows the high voltage supply used

by the author. It consists of a half-waverectifier, with
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Pl wa
'\M

a B¢ type filter, feeding sbout 3500 volts to the
degenerative regulatlng network which gives a varlable

output in the range of 1800 to 3000 volts.

‘HIGH VOLTAGE SUPRLY

It
i
E:x T {
o LY
X
G Ca= s054F  Ce00mf  Geo Gueovins
R=20K  Ry=aK  RymeasM Rg=2000 Reeam

Rt dM Rys2M RgmiooK  Rem0e2i4

V=L Vzmvyeacsa | Vs VAros

. 'Fig. 15 - High voltage supply.

‘Low ﬁoltage snpplieé. Although the degenerative

type of rewulat1ng circuit is generally used in low voltage
supplies, in applic&tlons vhere the curren* load is
relatively small and the variations in the load are
limited, a;VR tube stabilisation can be used. . The maximum
currenﬁiwhich cap be drawn fram a VR tube regulator depends

upon the m&ximp@{current~which can be pagsed through the
“VR tubé (which ié of the order of 40 ma), the output

1mpedance cf the filter section and the varlatzons in the

3

load current. D
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LOW VOLTAGE SUPPLY
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i’i?f;l,g; 16 - Low voltage supply.

Figure 16 shows the low voltage supply ised by
the author. There aré two sections (I and II) »f VR tube
regulators, one for supplying current to the amplifier
and the discriminator and the other to the gcaler and the

high voltage supply.

2.2, Maintenance of the neutran monitor pile

The‘ maintenance of the neutron monitor pile

involved the folléwirig routine checks:

(a.) Calibration of the input pulse semsitivity
of the amplifier zéaing a special pulse generator which
gave pulse ~ 1 millivolt, the shape of which was similar
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to the one g,iir_ep by BF3 counters. Pulse repetition rates
of 1 see™! to >~ 100 sec~! were used for checking the

performznce of the scaling and the recording circuits.

(b) - Every fortnicht the 'plateau' was taken
using a 2 mg:. 'ﬁa-Be test souree giving 2.7 x 101" neutrons
sec™!. For this purpose the test source was ingerted in
the two cavities speeifically meant for it and the
counting rate was taken. The operating voltage for the

BF3 counter was selected in the middle of the 'plateau’.

{(¢) :During nomal operation the ratio of the
counting rate fram A"'an"d B’ sectiong should be constant
with time. Similarly, the ratic of the rates fram the

A and B sections for a2 neutram source must be constant.

Fran these checks and the parallel running tests
{to be described in Sec. 3.1) it was possible to ascertain

the proper operation of the neutron monitor pile.
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APPENDIX ‘
Chenical treatment for diminighing the

photosensitivity of the cathode of GM counter

Prepare three solutions as follows:

300 gm. ammonium chloride + 90 cc concentrated

~ hydrochloric acid + 50 cc gelatin solution 0.2%

Sol. B,

.SOlo Co

by weight. These are made upto one litre in

distilled water.

250 gm. chromic acid + 75 cc concentrated sulphuric
acid + 35 cc 6;‘.‘ Sol.A + 50 cc gelatin solution
0.2% by weight. These are made upto one litre in
distilled water.

250 gm. chromic acid + 75 cc cacentrated sulphuric
acide These are made upto one litre in distilled

water.,

Procedure

1)

2)

Take 100 cc of Sol. A and heat upto 90°C.

Introduce this hot solution into the colnter tube
and shake gently till all sizns of oxidation
disappear from the cathode surface. Remove the
solution from the tube and rinse it thoroughly with
distilled water.

Now introduce about 30 cc¢c of Sol., B and shake

thoroughly for about 2 minutes. Remove Sol. B and
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ringe the counter thoroughly with distilled

water.

3) Introduce 30 cc of Sol. G and shake ths counter
for one minute. Remove the solution and rinse the
counter repeatedly with distilled water for ten

minutess Now put the comter for drying,.

Precautions

Do mot allow thé Sol. A to remsin in touch with
the cathode for wore than eight minutes,; in any

CESE e

fhe cathode surface gets & dull golden colour after
treatment with 80l. B and 2 wmiform matt pinkish hue
after completing the treatmment with Sol. €. It is
probably covered with a very thin and uﬁifbrm layer of

oxide at this stage.



III

METHODS OF ANALYSIS

3.1 Processing the Raw Data

The raw data for any particular day is obtained by
noting down the readings of the mechanical recorder, as
registered on the photegraphic film, at odd hours :

2300 (previous day), 0100, 0300, eeueesee 23C0s Differences
between these successive readings then provide the twelve
bihourly observations for the day centred at the hours :

0000, 0200, s.assese 2200, und these may be termed :

i i i i
co, 02, l.toonl, Cx, LA R IR Y 3 622 COO(BQ“)

where subseript 'x' refers to the hour of centering of ﬁhe
partieular bihour and the superscript 'i' refers to the
identity of the independént units of a detector e,g. two
sections of the neutron pile, different meson telescopes

having similar geometry, etcs

The independent units of the same detector are
expected to show similar patﬁern of variation, This is tested
by grouping the units into twos and taking the differences

A Cy (= G; - Ci } between the bihourly counts recorded
by the two units for every bihcour for each palr. In ideal
case no finite difference should exist between the correspeondir

bihours outside of the limits of statistical significance i,e.
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G =022 [2 6, for 95.4 % of the cases; €y being
the standard error for the bihourly counts. However, because
of slight difference in geometry, the difference in the
sensitivity of the recording arrangement etc. a finite
difference will always exist. Bubt then this difference must
remain constant within the confidence limits i.e.

2 2
OO =dr2 [S9+ 5, ese(3e2)
where 'd! is the constanu differcnce and € ;, €, are the
standard errors for the bihourly counts rscorded by the two
units, The probability for any difference to be greater than
dx2 rj* €, is only Ls6 %

Now if dy, d,

~differences between the wwo units for a continuous run of

3 srvecssaey d'l’] be the observed

- 'n? bihours, then the best cstimated value (d) of the
constant difference 'd' in particular case would be given
by

d1 + d2 + d3 ¥ seeeses * dn

n
2 dn ee{33)

n n

q =

The deviations %‘_ (dy =~ 4} are then found and plotted on
a graph paper. Such deviations are expacted to be confined

within the bétmdar'y lines drawn at a distance of +2 6’% + S 2
and =2 ‘6"% + c‘% about the mean 4 § the probability for any

deviations t0 exceed the boundary on either positive or
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negative side being only 2,3 %s So if the plot ceosses the
boundary lines on either side. for a set of consecutive
points for more than 2.3 % cases then one of the units is
sugpected of faulty operation. To locate the faulty unit

the variance of the same number of bihourly vslues preceeding
and following these bihours (36 in all, including these
bihours) is calculated, The unit exhibiting the larger varianc
is the faulty unit, The faulty bihourly observations for this
unit are then replaced by values manipulated from the
correspending bihourly observations of the normally working
unit by multiplying these values by the averaged ratio of

the means obbtained on 5 days of the day in question when the
two wnits were showing normal behaviour: The data from the

two units is then coubined,

The various groups of twos of similar units are then
intercompared by the same method and then the data, at
corresponding bihours, of all the similar units are added
together %o give the bihourly counts for the day. This
procedure finglly gives us réw data in a standard form for
the various detectors e.ge. neutron monitor, mesgson telescopes
of various geometries etc. The combined tihourly values are
then normalised t0 a mean of one thousand for the whole
period by multiplying each bihourly value by thousand and

then dividing it by the mean of the entire period,
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311 Corrections for meteorclogical effects

3«111 Correction for barometric fluctuations : The

values of atmospheric pressure are read out far 0000, 0200,
OkOO,‘........, 2200 hours from daily precisioa micro=
barograph charts and these are expressed as devigtions from
the standard prossure level for the particular station. The
standard pregsure level for any station was determined from
the average pressure over the course of a few years, The
standard pressure levels for Gulmarg ( A= + 250, f -+1h7°,
alts = 2740 m), Abmedabad { A = +14°, £ = +143%, sea level)
and Kodaikanal ( 4 = +1°, £ = +147°, alt, = 2343 m) are

respectively, 525 mni., 750 mms, and 570 mm.

Using the pressure deviations calculated as above,
the bihourly counts were corrected for pressure fluctuations
using a pressure coefficient of =0,94 % m™1  in case of
nucleonic compouent and =0,30 % mn~? in case of hard

component recorded ab- Gulmargk.

3.112 Temperature Corregtion : As shown by Barkow

(1917), Dines (1919), Bemmelan (1916}, and Venkateswaran &
Desai (1953), the amplitude‘éf daily wvariation of.temperature

2 km above ground, hardly amounts to a fractioa of 1°¢,

¥ The pressure coefficient for Gulmarg was calculated from
the intensity {of hard component) versus altitude curves,
given by Neher (1952).
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which determination itself is not outside of instrumental
errors S0 view is taken here, following Sarabhai et al
(1953), that it is meaningful to correct the daily variation
of hard component* only for temperature changes upto 2 km.
above ground, Beers (1944) has shown that the temperature
variastions at 1 km. and at 2 km, above ground have amplitudes
Ce22 and Ou11 times the amplitude of variation on ground

level resgpectivelys

Dorman and Feinberg (1956) have calculated the
global temperature coefficient K; which should be used in
conjunction with temperature variations at specific isobaric

levelss Thege are summarised in the following table.

Table of Coefficients Kj

O o g W SO i S o A S OO gy I S S D SU R O G o A S T s i O G D VS A U GO A D S G R O WO s Y A G S S Sy S I S g e S S

No. 1 2 3 & 5 6 7T 8 9 10 N

Oy SR e A S p S g SOE G 3 0 N St O i T T Y gy T ) A D S e T S U o N g A A SO G T S S A A G S A A A TR R AN AR TG Mo W gy iy gy

Pressure h(mb) 1000 900 800 700 600 500 40O 300 200 100 50

K % 2107 20 21 22 24 25 26 28 33 38 31 23

R I N o R e e A e e I R e ST s e SRR ER S SRS O TR R

Thus if 'ap' ©C be the amplitude of daily variation of
tempersture at ground ievel then combining the result of
Beers' and of Dorman's, the temperature corrsction (dT)

for the daily variation of temperature at Gulmarg between

* As shown in sec.1.52 the temperature correction for
nucleonic component is negligible,
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ground level (pressure .. 700 mb.) and 2 km. zbove it

(pressure - 500 mb.) amounts to .

4T« (ap x 0,024 + 0,22 ap x 0,025 +0s11 ap x 0,026) %
2 ap x 1233 x 0,025 % (taking a mean value for Kj = 0,025)
=ap X 6.033 % ‘ weo(3al)
-1

The temperature coefficient is thus - 0,03 % ¢¢  for

hard component recorded at Gulmarg,

The ground temperature values fpr ever. bihours on
different days are fead from the daily thermograph charts
and these are expressed as deviations from the daily mean
temperature. Using the temperature coefficient derived
above, the data for the daily variétion of hard component
were corrected for the da;ly varistion of tempsratures No
attempt was made tozéqrreét the daily mean intensity of
the hard component for temperature effect beczuse this
‘requires data of temperature variations in higher isobaric
levels which data were not available for Gulmzrges As such
no analysis, whatsoever, has been done for the daily mean
intensity of the hard component, Only daily veriation of
hard component, which can be correscted for terperature
effect (as shown agbove), is studled., It must, however, be
noted that the above descr;béd method of applying temperature

correction %o the data of solar daily variaticn of hard
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component is subject to certain uncertainties which become
particularly important when the amplitude of solar daily
vafiation is of the same order as the correction

( ~ 0.05-0,10 %, as shown by Maeda, 1953 and Euzmin, 1955)
arising out of the daily variation of temperature, Heunce
due caution has to be exercised in interpreting the results

in guch cases,

3,2 Determination of solar daily variation

When bihourly data, normalised as described in
Sece3s1, are corrected for pressure changes in the case of
the nucleonic component and’fof pressure and temperature
. -changes in the case of the hard component, as described
above, they are referred to as normalised bihourly
intensities corrected for meteorolegical effects and may
be designated as ¢ IO;'Iz, srevseesy Ix, sverivaey 122'
The % standard error due to statistical fluctustions in

each bihourly intensity I, is :

cI. "= (Ix“k)é ’ 100 = 100 eve(3e5)
* Ixak ) L [Ixck)%

whore k is the scaling factor,’The mean intensity (I) for
the day is then,

Io + Iz + Ill" .""Q + Ix * sees ¥ 122

I =

(346)

12
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The % stendard error in 1 iéﬂgiven by

6 ..
€ - Iy
I

(12)2. eeel3a7)

The solar daily variation for any particular day is then

répresented by the 12 bihourly deviations 3

r’(IQ - 1), (12"5): veove (IK“E)’ seeee Ip -D

s e (Bﬂg)

- ilowever, in case of nucleonic component large day
to day changes of intengity take place and hence the
deviations répresenting thetdéily variatlon curve, in case
of nucleonic componeﬁt,-shonld.be further corrected for
changes of intensity with pgriod longer than one day. So
nuqleenié bihqurly iét@ﬁsities-were, in addition, subgjected

to the following treabtment.

From each normalised snd pressure correcied bihourly
' values the mean of 33 bihours*, comprising the particular
bihour and 6 bihduﬁﬂgn“either side of it, is subtracted and

this is repested for each bihour, Let the residual bihourly

* The method of taking moving. averages over 13 bihours, to
correct the solar dally variation data for day to day
changes, was adopted because of convenience in calculating
and as can be shown from slementary caleulabions it is not
subject to any appreciable error.
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iﬂtensities be io, iz, ilf’ s0e s ix, srsep iaq The!l

‘io “E)’ (iz ""‘{)’ eseon (ix - i.)’ ssead (122 - 1)

eeel3e9)
where : .
i + * i '.' Se 900 * i .i' L E BN X} -
IT= 0 "2 4 x 22 . .(3.10)
12
with
12 .
E:-Uk = 0 ' @o-(3~n11)

Uk thus determine the solar daily variation for the day
with day to day changes, largely, eliminated.

In general, because of large statistical uncertainties
it is difficult to get any information about the genuine
variations from the data of a single day. Hence it is
cugtomary to derive theuaveraée‘daily variaticn over a large
number of days, selected and grouped according to suitable
eriteria, The averagge daily variation for a group ef days,
selected in this manner, is found by combining the deviations
corresponding to the same bihourly interval of all the days
in the group and then d%viding each bihourly teotal by the

number of days in the group.
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3e3 Harmonic analysis

3.31 Expansion into Fourier series

To represent the aggregate of experimental data
Up (k= 1, 2, coceas 2p) in a definite intervai of time ¥,

in the form of a Fourier's series

U(e) a, nz-i s (a G 2T nt si 2Tnt )
L) " cw— (41 + b 1 I e ——
2 i=q ® 1 T,
..Q‘3.12)

we must find the Fourier coefficients a,, ags Byy sevccese

These coefficients are expressed in terms of the integrals
2Tt y

T

(where T =

1 2T N 1 2T
8, = = _(O U(z) dt; ap = - So U(T) Cos nTdT;

1 2T
bn = -1? 'So U(i’) Si.n n'Cd'C 0--(3013)

'If the Uy ore given at equal intervals of time, then the
Fourier's coefficients for n £ p are calculated from the

following expressions (Bessel, 1815, formulas)

1 2p 1 2p nkTr
g ® == T Ui o, = s Uy Cos ~wmmemm 3
P p p
T 2p nk™
by = «;— T Uy Sin me— seel3e14)
p
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If eqs.(3+14) be substituted in eqs.(3.12), then the
resultant series at t = ~§§- takes exactly the values of
the Uy, thereby satisfying the principle of least squaress
Further if p = 6 i.s. Uy represent the iwelve bihourly
deviations characterising the solar daily variation on any
particular day, then

12
ao - p ( ‘.. E:'Uk - from QQQ3m11) !‘3‘15)

Many authors e.g, Thompson (1911), Whittaker and
Robinson (1957}, llenny (1941), Serebrennikov (1948), and
Kane (1954), have suggested diverse methods for evaluating
the Fourier's coefficients. Author has followed Kane's
12~ordinate calculation scheme, which is illustrated in
the appended chart.

Ege(3+12) can also be written in the form of the
sum of individual harmonics (combining the terms of the
same periods)

n =:eo 2Tnt \r s
U(t) = Zi r, Sin(w=——~+ "n}), (a, = 0, from eq:3.15)
n= T

9.%(3\616)

If follows from eq.(3»16) that the amplitude of the nth

harmonic is

< 2
rn = (an + bn )% oon(3g17)
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while the phase Yn is determined from

tg Y, = __Z__n‘ or Y, = arctg (-;-:-) " eee(3418)
.

If we denote

\Yal= arcte \-gzw\ eee(3219)

then the phase \'jn is defined in terms of \Yn‘ ’
depending upon the sign of an and b, by means of the
following Table @

a b, Ya

+ + ]Yn\
* - T~ |Yal
- - T+ \Yn‘
- 4 T \‘rnl

D o T T D SR W05 10 B ups S S S W AN TR D G S S O SO

2TMe

Again the nth harmonic given by r, Sin ( » D+ Yn)
will have the maximum amplitude vy, when
27t )
"‘“i“"""" s L ® N '9!1 0.0(3420)

where §, is the time of maximum of nth harmonic in degrees.

Thus we have



n . P, Yo = 90° or n. Po=90° = Y, seel3.21)

Cam .

The above table therefore, be modified to give n.p, directly
in terms of \H’n\ by subgtracting \Vn values from 90°,
Modified table is given below :

an bn n;ﬁn

O S, S G AT A A D Y B OO S (s W P A S TR R TP T 0 S A A %
[

t-$s :a; . (900 - \r’n)

+ T - ‘~9(9°° - V)
- - T+(90° « Y,)
- . ~(§0° + Yy)

WA A0 U SR S Sk G WP SN U e YO L g A0 SR OV G T N T A O s B e S

To geb tvhe time of maximum of nth harmonic in hours one

has to divide the value of §, (in degrees) by 15,

3232 Harmonic diggrgg

For a clear representaiion and convenient study
of the results obtained by harmonic analysis, wide use is
made of their representation by the aid of veztors on a
~harmonic diagram. Suéh diagréms may be constriucted both
for the first harmonic and higher harmonics; for nth harmonic,

the period of diagram would be g,'as shown in Fig,18.
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s

Fig.18 ~ The harmonic dial,

The radius vector of the points (an, by) on such
a dial will be r, = {a,* + bnz)% while the angle between
the beaxis and radius vector, measured countver clock-wise
will be the phase, Y, of the nth harmonic {eqs3.18}. The
angle between é-axis and the radius vector, measured
clockwise, gives the time of maximum, P,, of the nth

harmonics.

Thus if this representation be used t¢ denote the
harmonic components of the solar daily variationg, then
T = 24 hrs. For first harmonic or diurnal componeunc of
solar daily variation n = 1; for second harmonic or
semidiurnal component ¢f solar daily variation n = 2 and

30 ONs
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3+33 Errors in the Fourie; coefficients

The standard error '6 ' of a function F (mq, nmy,
M3y sesee m,} of my, Myp Wyy eoves My corresponding errors
of which are €4, 6, 63y eeees 6, is given by (esgs
see Topping, 1955) :

, 2 2 : 2
2 (F)2 & (T2 S e ()2 S
& dmy 1 dmy 2 dmp, n
n dF 2 ~2 %
or € = (---r*- -
QZ dny ng ses{3e22)

aF. ar aF
dm1 y dm2 » Pedoaw dﬁln
coefficients of F with respect to My oy essee Mpe

where

» are the partial differential

Siﬁce the Fourier's coefficients arc expressed by
certain linear functions of Uy off?orm iZJk Uy, where ka
are the corresponding factoxrs of the grouping (for instance,
refer to %the chart shaﬁihg analysis scheme), the errors of
the coefficients will be determined by the quantity (using
eqe3+22) &

(x4 ) = (=4, oo e(3423)

taking

6“.1 = €2 B seernes .qc‘ 6 0-0(312‘})
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wiere GNK is the standard error in Uk» An elementary
caleculation shows thab, in the scheme for 12 ordinates,

we have

6, = S §_ = 0wl

& = R T thj 6 s-o{3!25)

& TY R |

Hence taking account of eqss.{317) and (3,18) in conjunction

"~ with eqs(3.22) we have

2 2 )
8y 2 by 6. 2
g =gy o o) v ooty L O )
an .+ by 8, by
= 0,47 6 eee(3426)
and '
- 2 2 2
: « b, 3
R RS . S a9
T TR
(b )?
_ Oute  Sop
&= - =~ ‘ 000(392?)
rh . ?n

Lrs ET;&’ being théuerrors‘in the amplitude and phase of
the nth haraonic, réspecbivelys Thus, on the harmonic dial,
wien plotting the results of the harmonic aunalysis of the
data Hg each having éfror 6"5,(a circle of radius

6—%n = U.416" (for 12@0rdinaﬁe Schieme) characterising the
aseuracy of the given harmonic must be drawn about the

point (an, bﬁ);
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3+4 Method of separation of guasi=pericdig variation

Small quasi—peﬁiodic variations in cosmic rays
which are masked by the statistical fluctuations of
individual measurements can be detected by the aid of a
special averaging method, first used in the studies of
geomagnetic variations by Chree (1913) and known after

him as Chree's method of superposed epochsa.

Suppose we single out *n' epochs on a certain
criterion and we wiéh %o study the association of such
epochs with the intensity changes in cosmic rays. To do
this the values of cosmic ray intensity corresponding o
the times of onset of these epochs are entered in a
vertical column numbéred 0. The values of the intensity
for the times following the times so chosen are then entered
in.a sequence of columus arranged to the right of the column
marked O and are numbered +1, +é, “3; vssve ebce The data
for times preceding the time O are entered in columns
arranged to the left of the column O and ave numbered =1,

=2, =3, s200 @tCs IR the Hable so obtained consisting of
n rows, the mean value of the cosmic ray intensity for each
column is then found and plotbted on é graph against the
corresponding column numbér; The curve‘sa obtained very
clearly briags out the relatiohship, if any, ketween the
epochs used gnd cosmic ray intensiby and gt the same tinme,
it gives the recurrence‘periodﬁif any recurrence tendency

is present in the cosmic ray effecias



- 145 -

345 Correlation analysis

The metbod of corrrelation is a mathematical process
for determining thé degree of relationship between twe
variables, say, x and y. The relationship is characterised
by a coeffj.cient called, 'correlation coefficient's If

Ax, Ay represent the déviations from the mean of x and y
over a common interval of time and if 'nt' is the number of
pairs, the correlation coefficient ! Yx, y' between x and y

is given by @

21 n
n ZEEY
Ty - n
YX’ y = ? ')"2 T .00(3028)

AKX A
Pl S vee(3429)

%
(=(an? 5 (an?]

iny of the #bove two equations can be used to
deternine the correlation coefficient, Yx,y can be positive
or negative which respectively indicates whether x and y
vary in the same or in the opposite manner, Yx, y=0
would indicate that there is no relationship between x and y

whabsoever,

The standard error (6y) in Yx,y is given by @



1« Y
6y = + .. 7 YA
LA {n - 1)§

ese{3430)

which shows that the larger the number of pairs 'n' and
the larger the value of [¥|, the smaller would be &y

3.6 The Xg test

To test the conformance of a series of 'n' valuss
of I, to the Poisson law, where the interval length is the
same for all the determinations we compute,

‘ 2
2 {1, -1I
XZ.' ::‘n )

eee(3e31)

eee{3432)

Elderton (Eldertonts tables of goodness of fit)
has prepared a tabie of X? from which, knowing the number
of degrees of freedom of 'n'! measurements, one¢ can find out
the proportion of the casés tP? in which a particular value
of ¥° will be exceededs dpplying this to the case of solar
daily variation where ﬁe have 12 bihourly measurements, and
so the degree of freedom is 11, tpe probability 'P' that y
will exceed any specified value is given in vle following

Table :
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Values of P : 045 0at 0.05 0,01 0,001

Values of ¥R: 12,90 17.28 19.68 24»73‘ 26422
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Thus in 99.9 % of the cases Z? should have a value
é:26.22, if daelly variation were to be due to purely

2 the

sbatistical fluctuations. The more the value of X
-gregter would be the dispersicn of bihourly intensities
abous the daily mean intensity™ and hence the greater
would be the amplibtude of the daily variation,

3«7  Punch card system of tabulstion of data

A debglled study of the various aspects of the
daily variation of cosmic rays involves the determination
of frequency distributions, the sorting out of days aécording
‘Yo different criteria, evaluating the parsmeters of the
average daily variation on groups of days thus sorted oub
and the determination‘of the time series of differeng

pParaneterss

In analyses of this nature, it is convenient to

uge the punch card system of tabulation of data so that the

* which would be given by eq.3422, where In is the bihourly
intensity centred at the hour 'at.
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_standard electrical sorting and tabulating machines can be

used to perform these various computational operations, In

the present investigation, Hollerith cards having eighty

columns and ten rows were used for tabulating the primary

data corrected for meteorological effects, The following

information is punched on the cards :

Column lo.

1, 2
35 b
5, 6y 7
8, 9

10

11, 12, 13

14 wo 37

38, 39

40

Wi
he

Information punched

Identity numbers of the rccording instrument,
Year,

Day of the years

Cp

Humber indicating whether any bihourly
deviation in percent is greater than 5.0 %
or less than =5.0 % for the daye

Blank. o

The 12 bihourly deviations in percent to
which 5,0 % has been added to make them all
positives

Residue in pércens to vhich 5.0 % has been
added to make it positives

Number characterising any manipulations made -
in bihourly intensitiess

Humber of similar units running for the day.

Scaling factor of the recorder,
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Column No, Information punched

43 to 46 _ Pressure ccrfected mean intensity for the days
47 to 50 Blank.

51 to 58 ags by ay b2 the Fourier coefficients for

the day in percent to which 5,0 % has been
added to make them all positive.

59 to 66 ryi P13 vy P, the harmonic parameters
characterising the diurnal and semidiuranal

variation for the day,.

67, 68 Ratio ry /?roe
69, 70 X° for the daye
71 to 80 Blank.

= 30000000 =



IV

EXPERIMENT AL RESULTS, THEIR DISCUSSION AND CONCLUSIONS

4.1 Introduction

The results presented in this chapter relate to
the following :

{1) Meson data at Gulmarg (. = +25°, £ = +147°
alt. = 2740 m}, obtained by the author with counter
telescopes, for the period January 1956 to January 1958.
Table 1 indicates the number of days of opematimm of one

or more counter telescopes.

Table 1

Tgble showing the number of days in each month for
which data 1s available for the hard component at Gulmarg
during 1956, 1957 and 1958 and for nucleonic component at
Ahmedabad during 1957 and 1958,

W B oy ok N VD B b 1 s 200 o B W e DR oty S Dl TP SR S B R U DU D D U S S D O W S T B g D T s U U W T e iy s O e S

Total
Detector ' Jd FH A4 M J JdJ A S 0O N D No.of
’ o working
days.
1956
Meson telescopes
at Gulmarg. 26 27 31 23 23 25 2, 23 28 28 29 18 305
1. 95 7
Meson telescopes
at Gulmarg. 29 25 25 26 25 25 25 15 =~ 19 10 22 246
Neutron monitor
at Ahmedabad. - = « =182621 2130 2, - - 140
1958
Meson telescopes
at Gulmarg. 20 = @ e e e e e e . . - 20

Heutron manitéf
at Ahmedabad. - ~ « = 2528 28 28 26 28 29 30 222

T o Wy Vb 2. by T D T A VD Wy S s S ST S A U O WD i T Gt TS W W W S Wty TRy T D D S S, N T ST A o N " oy O T
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4s would be seen from the table, the dzta for
Gulmarg meson telescopes for August, October and November
1957 are rather scanty and there are no data for the month.
of September 1957. This is due to the fact that from the
last week of August 1957 to the first week of October 1957,
the author was away from Gulmarg. In November 1957, however,
‘there was a prolonged power failure because of the havoc
wrought by a severe blizzard which uprooted many of the
poles carrying power transmission lines; also the diesel
engine which was normally used as a stand~by, developed.
mechanical trouble and could not be used. As such, no
éupply was available for charging the batteries which, in
turn,'resulted in a stand still. After about a- fortnight
normal conditions weré restored. Various constituent units
of the apparatus were then tested thoroughly snd the unit
was started again. By the middle of February 1258, the
Gulmarg station was, temporarily, closed down and the author

returned to Ahmedabad.

| (2) ‘Neutron monitor data from Ahmedabadl (A= +1h°,
£ = +143°, sea levg;)? These data are availabla in two féirly
continuous series; one extends from May 1957 to October 1957
during which period author's predecessor, lMt.Sasyaprakash,
was responsbble for the maintenance of ﬁhe neut-on monitor
at ZAhmedabad. Frc& October 1957 to April 1958, unfortunately,
there wexglarge numﬁer of inteﬁbptions in the werking of the
neutron monitor at Ahmedabad and hence the data are rather

haphazard during this period. From the time, the author

*A\, f are respectively the geomagnetic latitude and geomagneti
longitude.
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undertook the regpongibility of the maintenance of the
neutron monitor, in late .pril 1958, the neutron monitor
started working satisfactorily. The author laid down the
responsibility of the maintenance of the neutron monitor in
early 1959. Details regarding the working of the neutron
monitor (both sectipns) during the two periods are summarised

in Table 1.

(3) Neutron monitor data from Mt.Norikura { A=+25°
£= +20h°, alt. = 2770 m), Huancayo {ﬂ%z'-io, £f= *35#0,
alt. = 3400 m ), Makerere { A=-2°, £ = +101°, alt. = 1196 m)
and meson'moﬁ§tor data from Makerere and 'Itabashi ( A= +25°,
f= +206°, sea level) were also analysed for the period July
1957 %o December 1958.

The data from home gtations were tested for parallel
running of the similar units by the method described in Sec.
3.1. They were then corrécted for atmospheric pressure and
tempe rature c¢hanges using appropriate coefficieats, described
in Sec. 3.11.' Becguse of the rather large day to day fluctuas
tions exhibited by the nucleonic component of cosmic rays,
the neutron monitor data (for home stations as well as for
the other stafions of the world) were further processed to
rid the individual Qihourly intensitis s, as far as possible,
of tﬁe day to day changes of intensity:. The metheod used is

described in Sec. 3.2.

4e2 Study ‘of the solar daily variation

Solar daily variation can be resolved iato two
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harmonic wavés; the first harmonic or the diurnal variation
having a period of 2 hours and characterised by its amplitude
ry and its time of maximum ¢1 and the second harmonic or the
semidiurnal variation having a period of 12 hours and defined
by its amplitude rp arid its time of maximum ﬁz. Thus to

study the characteristics of solar daily variation averaged ove:
a period of time or in groups classified according to some
distinctlcriteria, it isvcustomary to examine the averaged
harmonic parameters Ty, $;; Tps P,. The variasility of

these parameters can be studied by looking at their histogranms.
An alternative method of studying the solar dally varlation,
which has proved very useful, is to look at individugl

bihourly intensities as suggested by Remy and Sittkus (1955)
and Sarabhai and Satyaprakash (1959).

L.21 Year to year changes in solar daily variation
at low. (A= 0 to +14°) latitudes.

L.211 Annual mean solar daily vaziation of

nucleonic component at Ahﬁedgbad and at Huancayo :~ Fig. 18a._

gives the annual mean solar daily variation curves for the
nucleonic component at Abmedabad for the years 1957 and 1958 -
actually the periods May 1957 to October 1957 and May 1958 to
December 1958 are taken to be representative of the two years
respectively*. The mean parameters characterising these
curves are given in Table 2. The chief features revealed by

the study of this table along with the curves of figure 18a

X

Strictly speaking this assumption may be questioned, but
gince the data in the two years roughly correspond to the
sg?e period, the chief features would not be materially
affected,
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AHMEDABAD . HUANCAYO
1987 1957

% 1958 1958

bl o 12 24 ° "2 24

Ln L 1o By S E

OURS
FIG 18A (LOCAL TIMEY F1G'188

Fig. %;fga. Annual mean solar daily variation
: curves for the nucleonic component at
., Ahmedabad. ,

" 18b. Annual mean solar daily variaticm
-curves for the nucleonie component at -

’.duancaye.
Igble 2.

Table show&ng the parameters Ty, §4; Tp, P, which
characterise the diurnal and semidiurnal components of solar
daily Varlatlen “at &hmedabad during 1957 and 1958. Values
of annual mean. €p and relative sunspot number (E) are also
indlcated.

.. -iNe.of . T ] T 5. G =R
7 NP S @ r 20 ¢ R
Year ' . gdays U 1 %2 g 2
R . £ ' .
R gy S P Y S any S e B G s T N . Wty et R S I AR S SR LS D TS N W N SR Nl Y Uit T T W T S Glop P A U N SO S VU gy WD U s W W ot W G S 620 s

1957 140 0.38:0.03 177° 0.17+0.03 8% 0.78 153

1958 222 0.40:0,037+32° 0.1220.03 22° 0.78 19



m155-

are 3

(1) in both the years T, is two to three times
greater than Tp l.e. the diurnal component of solar daily

variation predominates in both the years,

(2)‘?1 and ?2 remain practically unchanged, within

error, in the two years,

(3) B the time of maximum of the diurnal component

‘becomes later by about two hours in 1958 relative to 1957,

(4}, %hs shifb to Tatér hours of Pz in 1958 is rather
small ( ~ 1/2 hour) relasive to 1957.

{5 the 0600 hours negétiVe deviation is more
prominent_iﬁ 1958 where it had a magnipude of =0.45+0.06%
comparedi§911957 where it had. a magnitude of =0,28+0.06%. It
will be shown'later that negative deviatioa at 0600 hours is

a characteristic featurs of solar daily variation at Ahmedabad.

{(6) the 2000 hours negative devation has reduced in
magﬂitude in 1958 where it had a megnitude of -0.11+0.06%
compared .to 1957 whereuit had{a magnitude of -0.3110.06%. It
will be éhoﬁn later that thid mesaFEud deviation is also
_associated ; in g-fundamentai way, with the nature of the

golar daily variation.

In Fig. 18b are given, for comparison sake, annual
mean solar daily variation curve for nucleonic component at

Huancayo'for~the'years 1957 and 1958 - the period July 1957
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to December 1957 being taken to be representative of the
year 1957 an& the period January 1958 to December 958
represents the year 1958. The mean pavameters of the

- harmonic components characterising these curves are

summarised in Table 3. The study of table 3 togebher with
Table 3

Table showing the parameters Ty, Py Ty Pop which
charactdrise the diurnal and semidiurnal components of
solar daily variation at Huancayo during 1957 and 1958,
Values of annual mean Gp and relative sunspot nunber (K) are
also indicated.

(D [0 AR 00 g W Y D e ks T A S D i T N AL % s T e A SR B S o I gt O TP S gy T e e W P 0 O I e 6 S R it ik SR A v SN

No.of - - - — - -
Yoar days. 21 91 gg 2@2 Sp R
~~~~~~~~~~~~ e e 1m0 o e A o i e o e s s e et P o e ot ot o o v e e e e et e e
1957 161" 0,25:0.01 T+i° 0,0430.01 4° 0,78 153

1958 310 0.22+0.01 T+16° 0.0620.01 -7° 0.7 19

the annual curves reveals the presence of a similay basic
pattern of change in annual mean solar daily variation gt
Huancayo as has already been noted in case of Ahmedabdd.

Namely, - | _ -

(1}.:the solar daily variation is predominently
diurnal in character: during both the years,
N . ‘

() 7, and %é remain practically unchanged during

the two years,

(3] ﬁ& has shifted to later hours in 1958 relative

to 1957 by about 1 hour.,
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(L) ‘the shift to later hours of P, in 1958 is
rather small ( ~ 1/2 hour) relative to 1957.

(5) the 0400 hours negative deviation is more
prominent in 1958 where it had a magnitude of -0.1810.01%,
compared to 1957 where it had a magnitude of =0, 1430.01%,

(6) the 0000 hour negative deviation .has reduced
in magnitude in 1958 where it had a magnitude of
~0.1530.01%, compared to 1957 where it had a magnitude of
=0:25+0.01%.

Thus we see that the pattern of change of annual
mean solar daily variation from 1957 to 1958 is similar for

the equatorial stations (Huancayo and Ahmedabed).

ko212 . The mode of change of the parameters‘?4,§1;

?2,‘ﬁ2 of annual mean solar dally variation
" at_Ahmedabad.

‘.
b

We have seen above that the features of the annual
mean solar dally variation at Ahmedabad and Huancayo are
similar, In the following few subsections, we shall probe
deeper into the nature of these annual changes with

particular reference to Ahmedabad data.

Fig. 19 gives the histograms describing the frequency
distribution of the parameters of the harmonic components
on individual days at Ahmedalad during 1957 and 1958. 1In
drawing ¢1, 9, histograms, only those days have been
considered which résﬁactively have the amplitudes of diurnal

and semidiurnal componentsFignificant at 26 level of
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Fig. 19 .~ The histograms of r1, Q » T, and f, for
the years 1957 and 1958 showing their

“’dlobrthUIOQ on individual days, at

© _Abhmedabad.

significance {6' - error arising out of stabistical
fluctuatlons). This is dome bo prevent the random errors
associated with Qi:&nd P~ (because of the finite siZe of the
sample) from masking thelr real frequency distribution over

‘different bihours. One can clearly discern that

‘1) fr@quency distribution for ry and vy is not

significantly different during the Wwo years;

(2) a distinct shift to later hours is evident for

ko

This same procedure would be followed throughout in
drawing $, and §p higtograms.

- ' b
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$, in 1958 relative %o 1957; .

(3) a shift of @, to later hours in 1958 is also

seen, thotgh this shift is not so comspicuous as for fi,.

44213 Mode of change of the annual freguency

distribution of significant positive and

negative bihourly deviasions at Ahmedabad.

4 study of this type enables one to picture the
nature of the changes affecting the binourly deviations of
intensity which‘comprise the soler daily variztion. Such
changes are not.brought out equglly clearly by the study of
mean parameters specifying the hafmonic components of the

megn solar daily variastion.

For the purpose of this study, the bihourly deviations
were first corrected‘for the trend of the day to day changes
in daily mean intensity by the method described in Sec.3.2.

A bihourly deviationzsix, obtained by subtracting the daily
mean Intensity from the bihourly intensity centred at the
hour x, is considered to be significantly positive or neéatius
according as its magnitude is greater than +2 § or less than
«2 ¢ respectively; the standard error ¢ for an individual
bihourly intensity at Ahmedabad being 0.9%. 4 significant
positive deviation is designated as zﬁ-i; or x' and a

significant negative deviation' as A&.i; or X .

The frequency distribution of x* and x™ for 1957 and

1958 is shown in Fig.s 20, the latter teing shown with



the ordinate reversed. The average anumber (in percent of
total working days) of ‘deviations of each sign, greater than
1.8%Aat each bihour that could occur purely due to chance

is only 2.3%. Variations of intensity of the primaries with
the time scale of change short compared to 24 hours, could
also pollute the bihburly intensity significantly and this
pollution would not be eliminated by the process of applying
correction for day to day changes of intensity. However
such a pollution would contribute to increasing the random
fluctuations which should occur with equal probability at
all bihours. We therefore take note of only those bihours
for which the number of deviations significant at 2 ¢ level

is more than three times that expected through pure chance.
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Fig. 20 - Frequency distributions of significant

positive and negative bibourly deviations
‘at Almedabad for the yezrs 1957, 1958,
at

1

From the gbove figure, it can be seen that whereas in 1957

the frequency of occurrence of pogitive deviations was peaked
1
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at 1000 hours, the peak shifted to 1200 hours in 1958. Also
the frequency of occurrence of negative devigtions at 1800
hours has been considerably §§$§=§§§d in 1958 whereas that
of negative deviations at 2400 hours inecreasec relative to
1957. However the frequency of occurrence of negative de
deviations at 0600 hours remains unchanged during the two
years. Thus the solar daily variation in 1956 differed

from that in 1957 in the sense that in the former year there
took place a shift to later hours, of significant positive

and evening hours negative deviations.

k214 The mode of change of parameters characteriging

the annual megn sgolar daily variation at

Ahmedabad, ip relation to the geomagnetic

activity.

To test whether the year to year chanze in solar
daily variation is related, in any way, with zeomagnetic
activity (as represented by Cp) the two annual mean solar
daily variation curves for Abmedaled wasesplit up into two

Cp groups.

(1) Low Cp group or G% group which comprises of
days where 0 £ Cp £ 0.5,

{2} H?gh Gp or Gg group which comprises of days
where Cp 3 1.0, '

The mean parameters characterising the annual mean
solar daily variation associated with Cp grougs along with

mean Cp for the particular group are summarised in Table A4,
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Iable &4

- Table showang characteristics of annual mean solar
daa.ly variation, at Aihmedaimd, for (}% and CI‘ groups during

1957, 1958+ Mean Values of G, and the number of days in each
group,during the two yearg are algo indicated.

-.-..—_-_..-..B-uq -nou—-—wn._-..n--....-u——n--—“‘—“-unomnnq_mmun—n——uu-—-...-. . o o W

C, _ HNo.of 1251 _ No.of 1258

T — ‘--.. — -
v Cpdays. Ty Py Ty Wy (Tpaays, Ty By Fp Wy

Growp _Zp ol B e e BB
- 7 Z 7
Cp 1.3 b4 ow 162° 0.15+ «62° 1.3 59 Q.39+ T+44° 0,13+ 39°
© 006 006 0,057 . | 0.05"
¢y 0.3 .59 0.371 161°.0.22+ 22° 0.3 96.‘9.35+7’%35 0,12+ 48°

5 0.05 ‘ .04 0,04~

One can See that no significant change has taken place in
t;hé geomagnetié activity (mean) during the two yéars for

" both Cg and CIp' groups. ' Nevert.helgss, in Eoth groups (i) 51
has shifted to later hours in 1958 relative o 1957 and
the amount of shift involved is about the same in (% -as
wegi.l as G% groups ( ~ four hours), (ii) shift in '52 is
rabher smali : { ~ half hour) for G% group and quite appreciable
for 0% group { ~ three mmd a hélf hours} and (iii) ':51 and ?2
do not exhibit any significent change. Fig. 21 gives the
form of the solar daily variation for the two Cp groups
dur:.ng 1957 and 1958. 'One élearly sees that; in both the

grcups :

{1) The prn.mary maximum in solar daily var:.at.lon

has shifted to later "hours in 1958 than in 1957.

3

(.2)' The minimum at 0600 hours has dgepenéd in 1958
then in 1957. '
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(3) The deviation at 2000 hours becomes less
negative in 1958 compared to 1957 for C% group whereas in

Gg group it has even become positive.

‘ TheSé facts are similar to the ones already noted
in Sec. e 211 and suggest rather clearly that the change ...’
abserved in’ the annnal mean solar dally variation had little

connection with ggomagnetle activity.
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Flg. 21 « Mean solar daily variation im the low
and high Cp groups during individual
years 1957 and 1958, .

H

:We thus see that the basic change in amnual mean
solar daiiy varﬁ#tionlat equatorial stations (Jhmedsbad and
Huancayo) involv%d.ﬁhe shift of the time of ma:;mum of the —.
diurnal gnd ﬁo‘s%me exteny of semidigfnal gompaenents, of
solar dailf'éariaﬁion, towards laﬁer hours.in *958 relative

to 1957. Further, detailed analysis of data at Ahmedabad
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carried oué in the gbove , indicates that this change arose
because of the general shift of significant positige and
evening hour negative deviations towards later hours in 1958.
Also this change was independent of the geomagnetic activity
since it was associated with geomagnetically guiet (Cp group)
as well as with highly disturbed (Cp group)days. The nature
of the infiﬁence of R on the changes exhibited by the annual
mean solar‘daiiy variation will be examined in the fdllowing

subsection.

4.22 Year to year changes in solar daily variation

at_intermediate latitude (A= +25°),

- ho22% Annual mean solar daily variation of hard
component_at Gulmarg :- Here we shall study the annual mean

solar daily variation of hard component ohserved with counter
' telescopes at Gulmarg, in conjunction with hard component
data available from Ahmedebad and with neutron monitor data

from Mt.Norikura, during common pericds.

Table 5 sumhmarises the averaged parameters
charactersing the annual mean solar daily variation at
Gulmarg {(hard component), Mt.Norikura (nucleonic component)
and Ahmedabad (hard component) for the years 1950 and 1957;
for the lasp Lwo stations the annual mean harmonic parameters
are also gi%en‘for 1958, Alsc summarised therein are the
annual mean valueiof Cp and of the relative sunspot nuwber

(§). The follawnng po1ntu stand out rather clearly.
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(1) The mean planetary index of geomagnetic
disturbancs (Cp) has not changed significantly during all

the three vears.

(2) The solar activity - as given by R ~ rapidly
increased dur&ng the three years and in 1958 it was twice

as intense as in 1956,

{3] The annual mean solar daily variation observed
during 1956 aﬂé 1957 with a neutron monitor and with a
counter telescope has similar form for the mountain altitude
stations (Ht.Norikura and Gulmarg) in the intermediate
latitude ( A = +25°); both being predominently diurnal in
character. At low latitudes (Ahmedabad for exémple) however,
semidiurnal variation is relatively more important in both
nucleonic z5 well as hard compoaent (see tables 2 and 5).
In fact, ir. hard component at Ahmedabad, the amplitude of
semidiurnal component (Tp) is comparable with the amplitude

of diurnal component\(F1) .

(&) The pattern of change of annu al mean solar
daily variétion is also dependent upon the latitude of the
observing station. Both at Mt.Norikura and Gulmarg T1:01;
T2,§, have not changed significantly i.e. outside twice the
standard error of determination, during 1956 and 1957. At
Ahnedabad however, the amplitude of both first and second
harmonic components of solar daily variation increased during
the same period. Alsolﬁf at Ahmedabad shifted to later
hours. @, at- Ahmedabad, however, did not exhibit any such
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shift during 1956 and 1957.

From 19)7 0 1958 again no change takes place
bebween Ty, Q1, rz, Eé at Mt.Norikura, whereas at Ahmedalmd
5& continuss ﬁp shift to later hours from 1957 to 1958; Ty,
?2 and ﬁé, hoégve:,fdo not change significantly at Ahmedalm d
also. As noted eérlier in Sec. 4.211, the nucleonic
component ot ﬁhmedabad during 1957-1958 also ,behaves in a
manner simil;rvto tﬂe behaviour of hard component at
Ahmedabad i.éJ??TSJ?g do not exhibit any change whereas ﬁ1
shows a_dlstlnct shlft at later hours; @2 alsc seems o

shlft to 1gter hours but the shift is not so consplcuou@

as for Q1¢
We thué see that

{a) at the same latitude the change in the form éf
the solar daily variation of the hard component and the
nuclsonic csmpbnent are similar e.g. compavre changes in the
mean annﬁal‘§elar daily variation of hard compgnent at
Gulnarg wita the changes in the annual mean solar daily
variation of nucleonic component &t Mt.Norikurg and of hard
component as ﬁhmed&hid with nucleonic component at Ahmedabad.
This shows ,hat the same mechanism causes changes/the annual
mean solar laily Varlathﬁ of nucleonic and hard components

of cosmic rays;

(b} the paﬁiern of chenge of mean annual solar daily
variation a3 \ = 0° (Huancayo) and at A = +14° (dhmedabad)

is differens from that at A\ = +25° (Mt.Norikura and Gulmarg)
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in the sense that whereas at Ahmedabad,'§1 ghifted
contvinucusly bo later hours during the three years 1956,
1957 and 1358; Py at Mt.Norikura remains practically the

sane,

(b1 suggests that tﬁere are perhaps some ianfluences
at work wh-ch lead to an Gbsé%ved pattern of change ( of
annugl meza golar daiI} variation) at geomagnetic equabor
and statioms closed towit ( A= o° to +1@0} which is
different from the pabtbern observed at intermediate latitude
(A= +25°%!, Thisg fact; in turn, requires that either the
agency resroasible for3qausi;g the pattern of change has
its influence strictly‘confinedjto the equatorial plane or
that there are certain otherlinfluences present which tend
to blur the distinctgeés‘of tﬁs:pattern of change at higher
latitudes s that the rate of change is considerably retavded,
in which case observations o&er*a period of three years may
not be enough to study the differenyial aspects of.the nature
of the agen:y responsible for these changes at intermediate
and higher iatitudes. In this connection it is interesting
o note thas Sarabhai et al {1955) also pointed cut that the
changes in the Form of solar d aily varistion are more

pronounced at ui- low than ab high lativudes.

Further as we have aipéady seen the solar activity
increased repidly, from 1956 to 1958 and was twice as intense
in 1958 as in 1956. Corresponding to this striking change

in solar activity, there is no conspicuous change in the
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character »f solar daily variation recorded at Mt.Norikura
during the same period. This shows that E cannot have
direct relation with solar daily variation, at best

relationship between the two can only be an.ihdirect one.

L.222 Location of the source of mean sgolar

diurnal variation of hard component at Gulmarg during 1956
and 1957 :- As we have already seen in the preceding

chapter th: annual mean solar daily variation observed at

Gulmarg is predominently diurnal in chargcter - having an
amplitude >f semidiurnal component less than 1/3 of thé
diurnal component. Now if the diurnal component arises
from earth's rotation in an anisotropic flux of primaries
as was initially suggested by Alfven and Malmfors (1948)
and later by Elliot and Dolbear (1951), then the constancy
of 51 at Gulmarg during 1956 and 1957 implies that the
direction of the source responsible for the observed diurnal
variation, with respect to the earth-sun line, remaiﬁed
unchanged curing the two years. To find this direction we
 assume that the variation spectrum of the primaries (of
energy E) responsible for the solar diurnal variation at

Gulmérg is given by

gg; = ;;1{%)}5."1 for B )-Eliin, {see egs.1e1h, 1.15)
min | . ;
where E, is the vertical cut off energy due to geomagnetic
field (for Gulmarg En;in ~, 10 GV), which spectrum was found
by Dorman (1957) to hold in case of various experimental data.

We further assume that a(¢P) varies with the angle P made by
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primaries - responsible for diurnal veriation at Gulmarg -
with the plane of the ecliptic at infinite distance (3> 10
earth radii) from the earth, in the manner given by Dorman

(1957).

Using the dlfferential T esponse curve for the
telescope cqn;mguration used by the awbhor and given in
Fig. &b, we determine the number of particles ( in percent
of total counting rate) arriving froam 09, 89, 16%, vee.. 56°
with réspect?ﬁé the zénith and let these be ng, ng, Nqges..
ng4e )

The asympiotic anglesy7g anég#mlare next found,
through interpolaticn, from the curves given by Brunbersg and
Dattner (195@) for the particles of energies 10, 15, 20,
250404044100, 150, 200, 250, 300, 400,......1000 GV, coming
Trom the zenith angles 0°, 8%, 16°,..:..56° in the north
and Lhe souLh dlrechlons.; For a partisular energy E; let

these be

*  lle may remind here, Lhat the semlangles of opening of the
telescopes used by the author weré 56° in H-3 plane and 5°
in BE-~¥W plane. .

"% The dnwle of opening in L=W plane Jeing rabher small ‘
{semlangle =59), we neglect its effect on the nature of solar
daily variastion’ observed by the telescope for the purpese
of present calculatlons.
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directicns reapectlvalye “hese coordinates are next

~

converted into geographical system musing the formulae given -

by Brunberg (1956). Let,

i 5 5 .
5 ; = = ; be the affective

asympbotlic coordinates, in bhe geographical system, for the

particles reaching the belescope from the north and from the
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scuth respectively.

, Now if X be the angle betwsen the direction of the
source snd the sun-earth line and t§1 be the time of arrival
(in hours) of the particles of energy By from the source on

the earth in the northern direction then

wag+1ﬂ%;m)wt§=1m+x @%;'.N(MU

15
and for the particles reaching the telescope from the south

= + 15(62 ~1z) or 5 = 180° + X &  (h2)
‘yfg 2 By, -YYE1
15

where $§1 is the time of arrival-of additional particles of

energy E1'£rom the’ south.

Using eq. 1+8 the percent amplitude contributed
by partigles of energy Ey comxng from the north to solar
daily variation is
N * ‘
I a(qg VE W (43)
and the pércent émplituﬁe contriéuted by the particles of

the same energy but comlng from the south is given by

r‘ = d(CpS ) B! w, (ko ls)

Strictly speaking ﬁhe coupling coefficient Wx may be -
different for the particles coming from the vertical and
those coming from the inclined directlon/but as a first

,r
i
4
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where Wy 1is the coupling coeificient and a(gﬁ %1) and
s
a(cﬁ 51) are the values of a(é) determined from the curves |

given‘ by Dorman {1957}, for ¢ ==‘§5“§1 and for qS = ﬁ.

Having calculabed, for?%osmic ray primaries in
narrow ensrgy band of mean energy kg, the amplijtudes and
times of maxina r? 5 t§~ and r§ 3 t§ for particles reaching

% Y &1 £
the telescopes from the norsh and the south directims
respectively, we con get the resultant contribution to solar
diurnal varviation from the particles of energy Ey and
reaching the telescoées‘frﬂm~the~nertﬁ~and the south
directionss Let TE@’ tgi “be the amplitude and the time
of maximum respectively of this resulﬁaﬁﬁ contributory curve

due %0 particles of energy Eq.

Similarly resultant curves may be found for particles
having energies Eg, EBQ...a.etc. Later all the vectors

defined by ry By "rT b3 Pr.y bp. ses...0tC., can be
Eq® “Eq? TR Bpy *hg? By ’ .

23
added up vectorially and-the -resulyant variation can be
calculaped. Tor thigf§ﬁ§§b§é“?é?ibﬁs”vélﬁes of X, defining
the position of the source can be assumed and that value of
%X for which best fit with the observed time of maximum of
solar diurmal variation is obtained gives the sffective
direction of the source responsible for producﬁng.iﬁgg

observed solar diurngl variation. Using bhis procedure 16

gont,.a . . L .
approximation we have used, in Ghe present calculations,

the values of Wy for the vertical direction. We presume thab
this approximatiocn will not wgberially alter the basic resulb.
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waé found that o
X = 50° + 15° ceee (L4e5)

glves the btest fit with the time of maximum (1030 hours
local time of Gulmarg) of solar diurnal variation observed
at Gulmarg. The fact that ¥ is posgitive implies that the
source is located to the left of the earthe~sun lins. Further
for the calculatved amplivude to bally with that observed

experimentally, the source is required to have power a(P= 0),

[ =

2 the equatorial plane, givean by
a(® =0) = 0.09#0.01 GV (4.6)

These values of X and é(@5 = () are in cxcellent agreement
with those given for the source responsible for the selar
diurnal variagtion of t?e hard component recordeld at Hoscow
during 1956, by Dorman and Feinbers (1958). Ths values
given by them in the figure 7 .of their paper quoted above
are

X~40° and a~ 0,10 Gv.

In Figs 22 we give the annual mean solar daily
variation averaged over 1956 and 1957 for hard component
at Gulmarg. In the same diggram is also pletted the fitted

Curve.

Thus we see that during 1956 and 1957 the observed
solar diurnal variation ét Gulmarg is satisfactorily accounted
for by the variational spectrum of primaries given by

eqs. {1.14 and 1.15) which spectrum was determined by Dorman
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and Feinberg (1958) from experimental data averaged over
ten years. This fact, in turn, means that the opserved
solar diurnal variation at Gulmarg is also consistent with
the view that the cause of this variation is the spinning
of earth in an anisotropic flow of the flux of the primaries
because it is on the basis of the existence of an extra=
terresbrial anisotrepy that we link the observei amplitude
of solar diurnadl variation with the variational spectrum

& D(E)/D(E} of the primaries (e.g. see Sece 1oh).

The limitations of the bresent analysis are covered
by the comments that we made earlier in Sec. 1.95 t0 the
use of data averaged over a period of one year or longer
when the phenomena observed show. highly variable charécteristics
on day to day basis. However the general consisteney of the
results obtained by us with those obtained by Dorman and
Feinberg (1958) does indicate the broad validity of considering
data averaged over long periodsfor observations made at
intermediate and high latitudes where the solar daily
variation is mainly diurnzl in character and extibits less

day %o day changes of for?than at low (equatorizl)latitudes .

&.223 Annual periodig¢ chanzes in the solar daily

varigﬁion of hard component at Gulmarg - Sekido end
Yoshida (1950) found that the amplitude of the diurnal

component of the solar daily variation increases in equinoxes
and its time of maximun shifts to early hours. Sekido and
Kodama (1952) found that the annual periodic change of solar

diurnal variation certainly exists, for cosmic rays coming




- 176 =

from the vertical dirvection. They based their study on the
data obtained with narrow angle telescopes having an
aperture of,:f?o and covering the years 1949 and 1930. In
thelr study tﬁﬁy considered magnetically quiet days only.
The cuyrves published~by them c;early show that from spring
t0 sunmer there is é sudden and distinet shift to morning
hours, of the time of maximum?%alar diurnal variatiom. From
then onwards the time of maxlimum geadually shifts to later

hours.

To cheék whether such annual periodic variation
exists fbr'Gu}éarg data {corrected for meveorclogical effecty;
the yeafly’data were grouped into four three meonthly groups
centred round ecuinoxes and solstices. OSince the annual
mean solar daily varisbion at Gulmarg does not undergo any
change during 1956 and 1957, the corresponding groups for
the two years were combined. The mean Qaraﬁeters'F1, P13
?23'52 characterising the solar daily variation over the
three monthly epochs for hard component at Gulmarg and for
the nucleonicfcqmpcgent?gt.ﬂorikura are presented in Table 6.
Tbelmean’valués aflcpﬁfoy the gorresponding periods are also
tabulated along§idé{:fAll available days during the three
monthly beriod‘éeredéaken into c¢onsideration. In case of

Gulmarg the following points are quite obvious.

(1) T, values in summer and winter (solstices) are
nearly twice a5~larggias ghose in spring and autumn {equinoxes)

which fact is ¢6ntréfy to the cbservation of Sekido and Yoghida
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(1950) who obtained large vl ues of diurnal amplitude in

equinoxes.
Table 6

. Table showing the characteristics of the mean solar
daily variation obtained by forming four three monthly
groups for Gulmarg (hard component% data for 1956 and 1957.

Thregl 3 - Gulmarsg t Mo.Norikura
monthly Season (. ¢+ = = 2 ey T e -
! T ] r 20 r ) r, 2P
grows. Pt ol 1 R R w7
P4+ A Sp. 0,83 0.24,+77+12° 0,142 69° 0.26+7+31° 0,06+ 31°
70407 0.07 0.02 0.02
M+d+d  Su.- 0.72 O.k5+ 1050 0,07+ 124° 0.26+T+37° Ou14x 54°
0.10 0.10 . 0,02 .02
A+5+0 A 0.73 0.22+ 141° 0.32+ -85° 0.30+77+15° 0.08+ 60°
0.08" 0.08 0.02 0,02
N4DHS W, 0,76  0.46xTT+18° 0,19+ 6% 0.2337+25° 0.06% 0°
0413 0,13 . 0,02 0.02™

{2) T, has largest value in autumn but nothing can
be said about the relative changes of T, during other three
monthly period since the changes are not statistically

significant.

(3) Py is earliest in summer (Su.) and then gradually
3hift§%o later hours which fact is consistent with the result
obtained by Sekido and Kodama (1950} with narrow angle (#12°)
telescopes at Nagoya (Japan) during 1949-1950.

S -
(4) Maximum to later hours for §, occurs in autumn (4. )

In other groups error is rather large to permit any valld
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conc¢lusions to be drawn.

However, in case of the nucleenic component at

Mt.Norikurs there is apparantly, no annual periodic variation

during the same period. To confirm whether this annual
periodic variatlon was some local effeckt or a characteristic
of the hard cémpéneﬁt, the data obtained at Ahmedaimd (that
have beencorrected for the fluctuations of atmaepgeric
temperature) with cowjter telescopes, each having an aperture
of 22° Xesqo;:were analysed. However, as we have already
pointed out there was present z long term change in the solar
daily variation observed at Ahmedabad during 1956 to 1958.
To remove the influence of this long term change,(as far as
possible) from the yearly data, the 12 month mean solar
daily variagtion was first found'-with the beginning and the
close of each 12 monthly interval shifted by ons month, for
the period July 1955 to June 1958. This gives the moving

12 montk mezn solar daily variation centred at successive
months ranging from Janvary 1956, to December 1957, The
monthly data 80 obtained were then subtracted from the
original data for the corresponding months. The residual
data were then grouped togethe r into three monthly groups
and the correspending groups for 1956 and 1957 vlere combined
together. This then directly gives the addivional diurnal
and samidiurnéi effgétswhich are superposed on az supposedly
constant annual meaﬁ solar daily variation to produce an
annual periodic change. TFor Gulmarg where there is no

appreciable lonz term change preéent in annual mean solar
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daily variation from 1956 to 1957, the annual periodic effect
is found by subtracting mean annual solar daily variation
data averaged over two yeérs from the three monthly mean
solar daily variation data. The parameters Irf, ﬁ?; ;g, 53
characterising the additional diurnal and semidiurnal effects
correspondifig to the annual periodic change of solar daily

variagtion for Gulmarg and Ahmedabad are presented in Table 7,

Table 7

- Table showing the additional effects speclfled by
1, QB and semidiurnal effects specified by rg, ¢2 for

Gulmarg and Ahmedabad during 1956 and £2957.

O G 8 0 0 e v S M v Yl VA O g A e S S e A P A S D A s S 4 g Ve i W U S SO0 O O S g S e O g O g A s S S

“Three Gulmarg Ahmedabad
monthly Season s ) - 8 s -
aroup y Cp 7 9 rg 2¢ ry ¢3 r$ 2¢2
A D T W IS s T DT (RS 5w G o WA Ty w0 3¢ gt il O T . e - T -~ c.ﬂ—..qqao-n-o-—%u ————————— % ————————
F44+4  Sp. 0.83 0.15% -86° 0.16+ 94° 0,11% 159° 0,06+ 50°
0,12 0.12" 0.04 0.04
M+J+d  Su. 0.72 0.36% - 69° 0.13+ 138° 0.18+ 28° 0.06+ 122°
, 0,14~ 0,14 0.04 0.02
A+5+0 Ac 0.73 0.08% 30° 0.2047484° 0,08+ +6° 0,14+ ~77°
0.13~ 0.13" 0,04 0.04
N+#D+J W 0.76 0.31+T+50° 0.1z 21° 0.17+ -86° 0,03+ 71°
0,15~ 0.15~ 0.04 0,03

Also the vectors representing these additional effects are
displayed on harmonie diglsin Fig. 23a and 23b. A study of
table 7 along with figures 23a, 23b brings out the following

very interesting points.

(1) The vactor representing additional diurnal

effect has a maximum amplitude in summer (Su.) and in winter(W)
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Fig, 23a « The vectors representing the additioaal diurnal

o iz

{(r§, p5) and senidiurnel (;g, ﬁg} effects at
Ahmedabad, ,

Fig. 23b - The vectors repregeuting the additiomal diurnal
(r§, §5) and semidiurnal (r8, ,§8) effects ab
Gulmarg, - :

both at Abmedabad and Gulmarg and a minimum amplitude in

Ausumn {4) andt%pring (Sp.iae{%quinoxes.

(2) The vectors representing additional semidiurnal
effecct havea maximum amplitude in aubusn,sat Abmedabad as
well as av Gulmarg and they are similarly alignsd on the

harmonicmdials.

{3) “he abrupt displacement of the vecior
representing the additional diurnal effect towards early
morning hours from spring to summer is also dissinctly seen

for Ahmedabad as well as for Gulmarg.
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{4) The magnitudes of the correspondihg vectors at
Ahmedabad and Gulmarg are about the same within the limits

of standard erfor.

(5) At Gulmarg where the standard error is large,
the vectors representing additional diurnal effects during
Autumn and Spring (equinoxes) do not have significant
amplitude, As such no comparison can be made régarding the
alignment of these vectors with ;@e corresponding ones at
Ahmedabad. However,.for sumée: and winéer (solstices) the
‘'vectors representing the addiﬁional diurnal effects at
Gulmarg have significant amplitudes and their alignment
~on the harmonic dial compares weli with that of the

corresponding vectors at Ahmedabade

It Qust be noted that the evidence presented here
for the annual periodic chamge in the daily variation of
meson intensity is not consistent with the one reported
by Sekido and Yoshida (1950) in the sense that whereas we
get maximum diuwrnal aﬁplitudes in solstices, the latter
authors get larger values for diurnal amplitudes during
equinoxes. The latter authors have not applied corrections
for the daily variation of témperature to their experimentai
datas We have applied this correction on the basis of certain
generazl considerations described in Sec.3.11. We also note
that the amplitudes of the additional sffects are rather

small and as such they may as well be sensitive to corrections
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arising out of daily variatiqn‘of temperature. Moreover

the neutron monitor at Norikura, which is not subject to

an atmospheric temperature effect, shows no annual periodic
change of the daily variation. Thus this question requires
to be stud;ed further using high counting rate instruments.
The data available therefrom should also be supplemented
with regular series of radiosonde flights so that the

correction for temperature effect can be applied accurately.

4e23 Relationship of solar daily variation with XZ%.

T =

As indicated:;@ Seca346, the value of Kz determines

the degree of variability of successive bihourly intensities
during the days On days onEﬁhiéh the amplitude of solar daily
variation is large, the scatter of bihourly intensities
about the daily mean intensity of cosmic rays fﬁr the day
would be large and this would be reflected in the value of
x? being greater than normal.VAs has already been stated in
Sece346, the value of xz"-zé.z can arise due to random
fluctuations in 9949 % of thg dayse. Hence on days for which
04 X2 27 the amplitude of the solar daily variation
would be lows On the other hand, days having high amplitude
of solar daily variation may be expected to occur when
12'>'27. Let such days be termed X% dayse

X% for 1ndiv1dual days, in the years 1957 and 1958
was calculated from bihourly deviatlons corrected for day

to day changes of da11yjmean intensity using eqgs(3e31)e
Fige24 gives the frequency distribution of I at Ahmedabad
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and at Huancayo. The following points are quite obvious.

it

“EXZ wisTocrAMS (1957-58 )

HUANCAYO

ARMEDABAD

Lowx2 : mt;NX2

° © 6 20 180 200 200 280 500 O 20 S0 60 42 200 13D

JR——C ——"

Fig. 24 = Frequency distribution of x? at shmedala d
and at duancayo during the §eriod of
common operation (1957-1958).
(1) %? values are spread over a greater range
in Hyancayo compared to the spread observed in case of

Anmedabad.

{2} There are twicé as many days at Huancayo that
fall into X§ group at Huancayo compared to the case for

Ahmedabad.

The above features point to a comparabively higher
variability of the solar daily variabion observed at
Huancayo: This is quite undenéﬁandable because not only is

Huancayo situated at a much higher altitude ( ~ 3400 m)
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compared to Ahmedatad which is situated at sea level, but
?lso the vertical cut off rigidity at Huancayo due to
geomagnetic field is less ( ~13 GV/c) compared to the
rigidity cut off at ihmedabad { ~ 14 GV/c). These facts
make Huancayo, comparatively, more sensitive to temporal
changes in the primary,energy,spgctnum.“ (2) can also arise

because of some contribution from the follewing cause:

The mean bihourly counting rate of the neutron
monit;r at Huancayo ~ 5000 x 64 with a standard error of
0.18% in the mean bihourly couﬁﬁs compared to the counting
rate at Ahmedabad where on fhe average ~~1600 x 8 counts
are registered per bihour yithﬁg sténdard error of 0.9% in
mean bihourly counis. lThué‘days for which the 12>-27 at
HHuancayo may not have an amplitude of bihourly deviations
large enough to give X2 > 27 for the Ahmedabnd instrument
even if the absolute magnitude of the bihourly deviation at

Huancayo and Ahmedalsd is the same.

However what we want to know is that when X° has
high value ( > 27) at Abmedabad doss it have a high value
at Huaneayo also ? Fig. 25 shows a plot of Xﬁ values
observed at Ahmedabad versus Xz values observed at Huancayo.
It is very clear from the figure that on déys when there
occurs a high value of x° { > 27) at Ahmedalad, the value of
22 observed at Huancayo is also high; only very few points
(Qév1/12 of the total points) are there for which X? has a
high value at Abmedabad but not at Huancayo. This fact; in

turn, means that enhanced solar daily variation is a world-
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Fig. 25 = Plot of Kévobserved gt Ahmedabad versus
: the values of X% at: Huancayo.
wide phenomena . This conclusion is consistent with the
observation of Sarabhai et al (1958) who showed that on
days on which Sittkué observed high amplitude of solar
daily variatipn at Freiburg, the solar daily variation
. Observed at Aﬁsterda@ and azt Ahmedabad also had high
amplitudes. Fig. 26 shows the solar daily variation
observedkon X% days at Abmedabad and Huancayo; striking
similarity of . form éﬁd high value of amplitude stand out
rather clearly. Further thé amplitude of solar daily
variasbtion observed at Ahmedabad is seem Lo be h;gher phan

that observed at Huancayo.

From the evidence presented above it is quite ¢lear
that high value of X2 { > 27) at Ahndedabad providesus with

a eonvenient index of picking out days on which enhanced
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Fig. 26 - Solar daily variation observed on X% days
at Abmedabad snd Huancayo.

solar daily variation occurs, on a world~wide basis.

L.2Lk  Relationship of solar daily variation

with meomasnetic activity.

As described in Sec. 1.93, Sekido et al {1950, 1952)
and Sendstrom {1955) found that the amplitude of the diurnal
component of solar daily:variatien inereagses and its time of
maximum shifts to earlier hours. Parsons {1958), however,
found that the relationship between changes in solar diurnal
variation and the degree of geomagnetic activity was far
from consistent. He showed that in the different relatively
long term data groups; increased geomagnetic activiby was
associated sometimes with enhanced and sometimes with shzalller

mean amplitudes, somebtimes with advanced phase and at other
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times with retarded phases. The studies made at Kodaikanal
(
by Sastry (1959) with the hard component and by Satyaprakasﬁ%w)

with the nucleonic component also led to similar conclusims.

The analyses presented below were undertaken to study,
for the nucleonic component recorded at low latitudes, the
relabionship betwsen geomagnetic activity and the diurnal
and semidiurnal components of the solar daily variation.

For this purpose we pick eut days at Ahmedabad andiﬁuancaya
for which G (bhe planetary index of geomagnetic activity)
has values 0 £ Cp & 0.5 and-G ?/‘-"lr.ﬂ.-‘.‘ Let these groups be
designated as G% and Cg groups respectively. The latter
group that represents highly disturbed geomagnetic conditions

and the former group relatively normal geomagnetic conditims.

Table 8 gives the mean parameters charecterising
the diurnal and the gemidiurnal coméonents ¢f solar daily
variation observed at 'Huancayo and at Ahmedabad along with
the mean values of Cp-for each group. As is clear, the
parameters specifying the harmonic components for Cg group
are not significantly different from those that characterise
the two component s of the solar daily variation associated
with C% group either at'Ahmedabad or at Huancayo. %This is
sc, despite the fact that the former group is associated with
geomagnetic activity which is four times as intense as the
gecmagnetic activit} {as indicated by the Ep values for the

two groups) asscciated with the latter group.

To study the specific relationship between the diurnal
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113 . Table &

-Tgblejshdﬁing-the charactéristics of mean solar
daily variation foxr Gp and Cg groups for nucleonic compenent

recorded at shmedabad and Huancayo during 1957 and 1958 mean
values of.Gp ‘and nusber of days in each group are also 01vgn.‘

o T TTHewof o Ki'izé'&é%;a"“‘_“"}:;;“:" Huancayo = _
E*E’f??-_f?f?ffl_,ﬁ_....--1_,_-;ig-,--??’g;éézf;-_éz__-- 1__E #

128 103 0.33¥T+23° 0,09+ 6% 147220.28+T+11° 0.05+ 18°
0.0~ T 0.047 et 04017 - 0,01”

T -»:T}\ P

0433 155 \o.,4+r+17 016 :,50* 102 0. 27+/1+1o 0,08+ ¢°
0.03~ 0037 T T 0.01” 0.01-

componént:6£ﬁ§§la§fﬁaily variation-and Cp, daye were picked
out from‘émbné'the'ﬁwn'cp groups which had significant |

diurnal compénentbéﬁ Ahmedabad at 2 6’1evé1 of significance,
( 6’ belng the standard error in ry, on an indlvidual day and

for Anmedabad 6/~ ‘ %). Table 9 glves the mean parameters
. Tgble 9

Table ShOWlng the characteristics of mean solar daily
variation for, :Gp groups for days on which the diurnal component
has a significant amplitude at 26~ level of significance, for
nucleonic component recorded at Ahmedadad during 1957 and
1958. Mean values of Cp and the number of days in each group
ars also 1ndlcated.

¢k 0.28 '8, 0.52:0.06 TH6°  0.2120.04  28°

TR o caun, T s s S Y WD S s DD GO S WD S o T sl e WL e S s g N s S5 U U WA e O B T Gl RN i . e S ST O g, B W Yy S D S T O g W -
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specif'lying diurnal component of solar dally variation in
the two Gy groups. .The table clearly shows that no

significant change {at 2 6 level of significance) takes

place in going from Cg to CS group for Ahmedabad, j

i
4
IS

+Let us look at the prcblem in an other way, by exsmining

whether there exists any distinet relationsnip between days
on which solar daily variation has high amplitudes and the
geomagnetic acbivity. For this purpose we pick cut days

for Ahmedabad and Huancayo which have high values of Xz(;r27)

from among the two QQ groups. Table 10 gives the mean
Table 10

Tgable showing the chgracteristics of mean solar daily
variation foxr C_ groups of Xﬁ days for nucleonic component
regorded at Ahmedabad and Huancaye during 1957 and $958.

" Mean valuesof Cp and the number of days in each group are
also given.

[ T PR —
o haud O-mu..»n--u-‘.p.mm-u—-«—-um—“-n..vno--s...-a—.».--...-v-.-——---.N-.———----—-.-——-.._—-----

G No,of Aépedabgd No.of. _ Huancayo
t G o r r 2
Growp Cp daye: Gt %1 G Fodwyse B Wi T 2
Gp 1.k 39 0.69+T+28° 0,132 29° 35 0.30x7+29° 0.04+ 136°
| 0.05 0. 0.51 0,01

G ey U s i U ST Y 0 IS o0k 08 KD ew g s TOF S St s Ve R S B S TN D ot W T PG o S N3 W I i N ot W AT B e P O b ST S e e it G20 O N et 54 L, O e e O s T O

parameters specifying the two components of solar daily
variation for these groups. The following feabures are

cbvious.
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(1) T, is significantly greater { ~ 1.5 times) for
1

Cg group compared o Cg grou§ at both Huancayoc and jAhmedabad.

(2) 4t both Huancayo and Ahmedabad, T, is
significantly smaller ( ~ 1/2 to 1/3 of ?1) for Cg group
than fop G% group. In fact in G% group for Ahmedabad T,

has a value comparable with Ty,

To probe deeper into the nature of the above changes,
the histograms were drawn for the parameters characterising
the two components of the sclar daily variation for the thnmi

AN G% groups f'or Ahme&éﬁaﬂ and are shown in Fig. 27a. 4 study

'
i
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times of maexima for days in low and high
Cp groups. The Cp groups being formed
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of these histogramé reveals that

(i)'§1 is greater in cg group because in this group
there are proportionately more days having high diurnal

ol

amplitudes compared to the days in o group;

(ii)'?z is greatly reduced in Gg group because the
variabilicy of ¢2 igs larger in this group in that it shows
a large scatter compared to Gy group where it indicates a

preference for early hours.

We thus sec that for the days with significantly
hizh Xz, the days having pronounced diurnal component are
assoclated with high geamagnet;c activity. PFurther a
greater variability in the clme of maximum of aemidlurnal
component for X§ days is accompanied by increasad
geomagnetic activity. This latter‘ccﬂclusion can also be
arrived at in another way which involves the study of days
on which semidiurnal component is significant at 2 level.
Such days were picked eug from amoﬁg the two Cp groups.
Table 11 glves the summary of the?gzﬁameters specifying the
harmonic components of solar daily variation for the two
groups at Ahmedabad. e see that the mean semidiurnal
amplitude (52) ié redgce? §0;1/3 of its value %n_cg group
compared to its value iﬂ G% group; A study of the histograms
of r, and $, given in Fig. 270 clearly reveals that though
the range of values over which_¥;ﬂis spread in the two cases
is about the sanre, ¢2 in ¢ase of Cg group dces rot show any .,

distinct preference for any par@icular hour as it does in
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Table showling the characteristies of mean solar
daily variation for CP groups 0f days on wiaich semidiurnal
gomponent has significant suplitude at 2 ¢ level of
significance for the nucleonic component recorded ab
Ahnedabad during 19537-1¢58. MNean values of Cp and the
number of days in each group are alsc given.

Y T kO D S W el F) A T PN 0 0 T DD S s o A ™ e ot S A D WD S Mk N g, Y W e . A T g S 1 e A fach 0 A Pl v A s o G

G L : o
D G- - No.ol - 7] = 2
group. p R days. ) ;:1 - Q‘i ;7;2 ¢2
ch 131 36- 0 0.3630.06 TT+3H° 0.1620.06 =30°
I D §
G, 0,29, 53 0.5330.05 T+ 6° 0.4430.05 24°
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Figs 2Yb ~ Histogrem of the amplitude and wthe time
of maximur of the semidiurnal component
for days in low and high Oy groups. The
G, groups beping formed out”or days on

- which the amplitude of semidiurnagl
component is significant ab 2 € level

of significance.
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case of Gg group where P, is clearly peaked at early hours
(midnight).

i

From the analysis presented above we are led to
the conclusion that Cp by itself does not bear any exclusive
relationship with the character of the solar daily variation.
However, increased geomagnetic activity does accompany
cerbain striking changes in the character of solar daily
variation. Some of these correlated features are (a) higher
values of diurnal component of solar daily variation
associated with Xﬁ days are in general accompanied by
increased geomagnetic activity and (b) high variability in
the time of maximum for seﬁidiurnal component seemg&o be

accompanied by enhanced geomagnetic activity.

(a) and {b) suggest fhét the agéht responsible for
producing short term changes in the two main componert s of
solar daily variation has the potency to cause increased
geomagnetic activity bubt increased geomagnetic activity by
itself does not have any repurcussions in the character of
solar daily variation. The present position can be understood
on considerations advanced by Dorman and Feinberg (1958).
They have shown that short term varigbility in the character
of solar daily variation is rel;ted toHcertaiﬂ specific
characteristics of solar corpuscular‘streams, these
characteristics being not particularly relevent to the
production of overall geomsgnetic disturbance. If this be so
then the charactéristics of corpuscular streams must undergo

long term changes to be able to explain the apparent
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contradiction in the experimental results obtained at
different periods of time. This statement is supported

by the recent finding of Sandstrom (1959) who has reported
that in 1957-1958 there did not exist any distinct
relationship between diurnal component of solar dally
variation (of nucleonic component of cosmic fayé) and K of
the type hs had earlier (Sandstrom, 1955) reported in case

of hard component.

4.25 Relabionship of golar daily variation with
moderate magnetic storms of SC-type.

4S8 we have already seen, the annugl mean selar
daily variation observed at low { A= 0° to +14°) and at
intermediate ( \ = +25°) latitudes exhibit certain
differences.during 1956; ‘1957 and 1958. This is most clear
in the pattern of change undergone by the parameters
specifying the diurnsl and the semidiurnal components of the
solar daily variation. ‘We examine here whether the change
that occurs in the solgr diurnal variation du;ing SC-type
magnetic storms also eihibit; any differential features at
low and intermediate latitudes. The period July 1957 to
December 1958 was selected for this purpose. Firstly,
because this period overlaps the one during which a different
pattern of change is observed at Gulm rg and at Mt.Norikura
compared to low latitude stations of Huancayo aend Ahmedabad
and secondly because during this period nucleonic and hard

component data, of high accuracy, were available from
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f
i

dszerent statlons which made 1t easier to study the energy

dependence of changes Laking Dlace durzng magnetlc storma.

For the purpose of this analysis, we selected
Huancayo and Makerere College t0 represent equatorial
stations and Mb.Norikura and Itabashi. to represent
intermediate latitude stations. The details atout the
geographle and geomagnetic coordinates and altivude of the
stations, as well as the type of detector working, etc. are

summarised in Table 12,
Table 12

Tabie«show1ng the sibuskion of the stations which
hava been selected to represent equatcrlal and intermediate
latitudes

Vertical Error

Svation Detector Alt. ¢ Geographic cut off per bi=-

working m ~ 2\ longitude. rigidity hour{%)
TTTmEmmmmEm e TTTmTET T CUmTmm T Ee T e Gv. 7 E
Huancayo i 3400 . -0.6° 353.8° wpsCa0e 13.2  0.18
Masksrere Nﬁ B 5 0 o Ou 0.28

Mo.Norikura WM 2770 25.6° 203.6° E137°33' 10,3 0.15

Toabashi MM 20  25.5° 205.5° E139°.8'  10.3  0.16
(Japagl “““““ -

M = Neutroq monitor. ¥ = Meson monitor.

{The information put in this teble was baken from the booklet
published by National Committe for I.%.Y., Sciense Gouncil of
Japan, ﬁeno;Park, Tokyo)

N
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Only moderately severe SC-type storms {i.e. those storms
where the horizontal component of the geomagnetic fleld was
digturbed by more than 25 x 107% gauss) were selected for
this purpose. There were 19 such-epochs during the period

under study. Three groups were formed as follows.

(L) The solar daily variation in group 0 represeats
the mean solar daily variation during three days prior to
the onset of the 3C-type storms. This group is taken to
represent quiet day solar daily variation. This assumption
is justified because the mean Kp value for days in this

group is rather small (Kp = 18).

(ii) The day of onset of the magnetic storm

constitutes the epoch day in group I.

(iii} The day of maximum activity of the storm 1l.e.
the day on which greatest value of three hour K-index occurs,

forms the epoch day in group II.

The mean parameters spscifying the harmonic components
of solar daily variation,associated with the three groups,
are summarised in Table 13. The mean values of &p for these
groups bogether with the ratios of disturbed day amplitude
to quiet day amplitude for the diurnal (D,"'Q}I,1 andfggﬁidiurnal
(D/Q)r2 components are also tabulated alongside. The following

features are quite clear.

(1) On the day of onset of storm (group I) the
amplitude of the solar diurnal variation in relation to

amplitude for quiet days (group 0}, increases and its time
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of maximum (f,) shifts to early hours at all vae stations,
in cqnfdﬁmity with the experisnce of other workers 2eLe
Sekide and Yoshida (1950); Dolbear and Elliot (1951);
Trumpy (1953); Firor and Fonger {1954);: Yoshida and Xondo

{1954) and Glokova (1955).

{2) Comparing the parameters definéng the diurnal
variation of hard component with those defining the diurnal '
varigtion of nuclecunic¢ component abt the same labitude i.e.
Fakereve hard component versus Mskerers nuclegnic component
and ftabashi hard component versus Mu.Norikura nucleonie
component, we see thabt the percent increase in the amplitude
of solar diurnal variation is more in case of hard component

than 1in case of nucleonic component.

{3} Comparing the percent increase in the amplitude
of diurngl variation of nucleonic and hard companent of ’
cosmic rays in group I we see that the percent increase for
both the components of cosmic roys increases as the latitude
inereases. 4s indeed, has already been observed by Yoshida

and Kemiya {(1953).

(4} The amplitude of diurnal variation remains high

on the day of maximum activisy of the Storm.

{5) Changes in the amplitude of the semidiurnal
variation are not very consisbent at all the stations and
the differences, in most cases, are not sbabistically
significanti: ' In the case of hard component at Itabashi and

nucleonic component at Makerere, the amplitude increases
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significantly on the day of onset {zroup I} and remains
high on the day of maximun intemsity of the storm {group II).
For nucleonic ccmponeat at Huamcayo and hard component at
Makerere Eﬁ isesignificantly higher on:the day of maximum
activity of the storm {group 11}, compared to its value in
group O. Whereas in ease of nucleonic component ad

Mt. Jorikura no éignificant change btakes place, for all ﬁhe
BEroups. Alsp no significant change in the time of maximum
is discernible for any of the stations. However, One can
very definibgly say that the contentién of Sekido et al
(1951) that the amplitude of solar semidiurnal-variasien
gets reduced on sbtorm days; does nob held during the pericd
studied by the aubhor, Further, though some sbations dé
show increase of amplitude for semidiunrnal component with
increase in storm activity, the relatlonship is nobt unigue.
Also no significant shift to earlier hours is noticeable

in the time of maximum of semidiurnsl component &t any of
the stations. Thus we are unable to support Glokova's
{1955} contention either. However, the present evidence
together with the earlier results of Sekido et al and Glokova
may be taken éc imply that no unique and simple relationship
exists between the solar semidiurnal variasion and SC-type

stormS.

ﬁgéin'(Z) and {(3) are apparently contradictorj to
each other because (2) implies that the amplitude increment
for diurnal component is higher, ths higher the mean energy

. . . Y e
of primaries whereas {3} demands just Opposite %o hold.
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However, these results need not be considered mutually
I d!.&Wb'ﬂOL anj.olio-rv

exclusive.ds shown oy iRao (1959} the variabilitx/is greater
for component responding to lower mean energy of the primaries

(nucleonlc compoaent) So that there is a large scabter in

the times of maxima Py (of the dlurnal variation) for this
component, which results in the mean amplitude 71 {(of diurnal

variacion) being very much smaller.

Fi shows mean solar daily variation for the

e ’81?
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low and intermediate latitudes. It is elear that ab
equatorial statims suosidiary maximug appears between 432
houégféép both nucleonic and hard components onlthe day of
onset of the storm and gains in;proﬁinence on the day of
maximum activity of the stomm (group II). At Mt.Norikura
no evidence exists for the appearance of the subsidiary
(early hour) maximum for the nucleqnic component, However,
at Itabashi where hard componént is recorded and which is
at the same latitude ss Mt.Norikura, evidence points to the
existence of the subsidiary (early hour)uhaximum. Thus the
subsidiary early hour maximun geems to be associated with
higher mean energy of the primaries., However we are unable
to grasp the significange of the appearance of this subsi-
diary maximum gnd its appgarant: associa& with higher

mean Snergy.

bo3 Study of daily mean intengity og;gosmic rays

4.31 gCorrelated changes of daily mean intensity

at_Ahmedabad and Huancayo.

To test the world wlde character of the chief
features and general trend in the daily mean intensity
during an extended period of time we first examine, in
this section, the correlation between the daily mean
intensity at fhmedabad and that at Huancayo. Fig. 29
shows the plot of daily mean intensity at Ahmedabad (I)
versus the daily mean’inteﬂsity at Huancayo (IH) for the
common period of operatlon of nmeutron monitors at both the

places. The correlation coefficient (Y Ay), for this
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common period between I, and Iy has a value \/;H'= 0.7+0.02.

The high positive value of correiation coefficient bears

B
~

testimony to the satlsfactory tracking between I, and Iﬁ |

. ‘Thig fact is further confxrmed £rém Fig. 30 which represents

.,

Iy
s
kil

4]

Fig., 29 = fhe plot of dally meéan intensity at
Ahmedabad (I,) versus that at
Huancayo .{_H). .

a continuous plot of;ig ana‘la ; -alongsidechre also plotted

“the values °f¢¢p on E@e corréspdnding days. The daily mean
intengity at Ht.Nq:;kéfa (iﬁi‘@easured with a neutron
monitor, is also ploﬁééd onithe same diagram fcr the sake

of comparison. The 31milar1ty of promlnent features and the
parallelism in the rraneral trends at the three statlaas is
quite obvious. The latter flgure also reveals that (a)
ratlier large day to day fluctpations,cf igbkensity are présent
at all the three stations, (b} the amplitude of decreases

during cosmic ray storms was very much less in 1958 than
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in 1957, and (c) the general level of daily mean intensity
was higher in 1958 compared to that in 1957. This is so
despite the fact that solar activity was higher iﬁ 1958
than in 1957.

. However since the error involved in the
determination of I, is five times that involved in the
determinatibn of Iy, it is not possible to undertake a
point %o point compari§6n of daily mean intensity curves.
Nevertheless we can undertake a sbudy of the broad,features
of day to day changes in the daily mean intensity at Ahmedabad
and Huancayo by considéring the deviations { AI) Efouhghe
daily mean,intensity from the mean intensity for the entire

period of operation at the two places.

C oy,

432 Histograms of the deviations of daily.

mean intensity at Ahmedabad and Huancayo.

Since we do not have a continucus data for Ahmedabad,
two groups were formed for the comparative study of the
devigtions ( & I) of the daily mean intensity at Ahmedabad
and Huancayo. G;oup I covers the period May 1957 to October
1957 and group II covers the pericd May 1958 to Deéember
1958. ' Fig. 31 shows the histdgrams(for the two gréups of
‘days) grouped according to the magnitude and sign of AT
for Ahmed;b;d and Huaneayo. The dotted lines indicate limits
of twice standard error on positive and negative side. For
a deviation, due to sheer chance, to lie outside these
bounding lines on either positive or negative side, the

probability is only 2.3%. 4 glance at the figure (31) shows
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Fig. 31 - Histograms of days grouped according to
the magnitude and sign of A I, for
Ahmedabad and Huaneayo.

that the number of deviagtions lying oubside the bounding

lines ou both positive and negative sides are rany times

larger than what can be expected through chance. The .

difference betwsen the histograms for 1957 and 1958 is

therefore very real. The striking similarity between the

histograns for Ahmedabad and Huyancayo, during each vear, is
obvicus. The chief features are (i) the histograms in

1957 (group I) at both Husncayo and Ahmedabad are skew
towards negative values indicating the preseunce of more
negative values thau positive ones, and {(ii) the histograms

in 1958 (group II) are however almost symmetrical aboul the

nsutyral line.
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We have seen earlier that during the lstter half of
1957 there were a large number of cosmic ray storms involving
sudden and large depressions ¢f daily mean intensity. The
unsymnetrical histograms duriﬁg 1957 which exhibit a bias
towards the negative deviariénsﬁénd the more symmebrical

histograms during 1958 are therefore understandsble.

4.33 Representation of day to_day chamzes of daily

fsgan intensity gt low snd niddle latitudes.

Ve have already seen in the preceding sactions that
the general trend as wel? as the pronlnent features involved
in the day %o day changeg cf dally mean intensity at Abmedaad
and uancayo are similar-gver’ uhe commcn period of operation,
tlowever since the sﬁatlsnlcal error of experinental
determination of daily mean intensity at Ahmedabad is much
larger than that & Huancayo, we propoge to use the daily
mean intensity at Huancayo as being indicative ¢f the trends
and changes in the daily‘mean ﬁntensiby of gosmic rays at
low latitudes { A = @° 5o +74QE; 0L gourse it is realised
$hat because of altituéétef Huanecayo being higher {»~3400 )
compared to Ahmedabad {(sea level) and the vertical cub off
due &0 geomagnetic field éeing“léwer at the former {13 GV/c)
éoméared to that ab 1étter (Vﬁvi& GV/c), Huanecayp neutrown :.-
monitor has a response to a somewhab lower mean snergy of
primariss as compared to the response of the neusron monitor
at Ahmedabad. However the diffsrence between tha mean eﬁergy
response of the debectors at Ahmedabad and Hﬁénéayo is

insignificant compared %o the difference between the mean
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energy of primaries érriving'ét the equatorial and middle
(A= +500) latitudeéi' in Qﬁgﬁ follows we would, therefore,
use Huancayo daily mean inténsity of nucleocnic component

to be indicabive of changes in high energy primaries'(mean
energy 40 GV) and the daily mean intensity of nucleonic
componend abt Climax {’h = +520; alte « 3400 m)} as indiecative
of changes in low enefgy part of the primary spectrum (mean

energy of primaries in this case being ~~ 7 Gv).

o34 Blimination of the influence of long tem

changes from the day to day changes of

intensity at low and middle latitudes,

We have already ssen that the dally mean intensity
of the nucleonic component besides being subject to day %o
day fluctuations, is also effected by CRS and cther leng
period changes e.g. 11 year“oye¢lic change et ¢. So that when
it is desired to study the finer details of day to day changes
of intensitvy, it is most dgsiréble to remove as far as
possible the influence of long -term changes from the daily
mean intensity. To é:firsﬁ‘apéroximation, the method of
moving aversges can ﬁe used to achieve this purpose. UWe
took moving avaragesléver fiftéen successive days and foungd
B the deviation {z;jﬁd, for a particular day, of the
daily mean intensity”}i) from its moving averggse value (Ix)
centred at the same 3@;; The,éeviations { &%) are
therefore, largely, :id:of thé“changes in daily??gzensity ‘
with a period longer %hﬁn fiﬁﬁéen days. However, any change

having a period of less than fifteen days would not be
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eliminated by such a process. DBesides, the translent decreases
taking place during CRS continue to show up in A I%, though
to a lessér extent than before. The daily mean intensity of
the nucleonic component receorded at Huancayo as well a& at
Climax'were processed as above and the deviations £>I§ and
¢xz§ - largely freed of long term changes ~ were obtained

for the two respective pleces. A I% and AS-I§ were then
expressed in percentages by dividing these deviatims by

the mean over the year and multiplying the fraction by 100.

These lang term corrected percent deviatisns would
be used, in the following section, to study the correlated
changes of solar daily variation and daily meaan intensity of

cosmic rays at low latitudes

hely Correlated changes of daily mean intensity and

solar daily variation at low latitude stations

Sarabhail and Bhavsar (1958}, from their study of
hard component data obbained with narrow angle telescopes
at Ahmedabad and covering the vear 1956, showed that days
having maximum, for solar daily variation, in tle night
(n-type) were associated with low mean intensity whereas
those having maximum in the day time (d-type) were associated
withﬁdaily mean intensity significantly above the average
value for the total period of operation. They suggested that
it was possible to separate epochs of high and low dally
mean intensity by picking days of 'n' and 'd' type respectively.

Clearly the classification is rather too broadbased,
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particularly in view of the fact that the time of maximum

of both 'd' and 'n® type days undergoes a long term change

as pointedﬂout;by the authors of the above paper, themselves.
It was therefore necessary to refine the criteria still
further. Sarabhai and Satyaprakash (1959) suggested that

the refinement of the criteria was possible if individual
bibhourly intensity on a particular day were to be studied

in c@njunctiohtwith daily meen intensity for the day.
Analysing thelr data obtained at Kodaikanal with a neutron
monitox during;195’5 they showsd that there did exist
correlated1cﬁaﬁges bétween the magnitude of the bihourly
intensity centfed at particular hours and the daily mean
intensity. . Specifically, they presented evidence which
indicated that the magnitule of negative deviation at 0600
hours (L.T.) ét Kedaikanal was an index of inerzases in

daily mean iﬁtéﬁsityién a day to day basis. Thay demonstrated
at a reasonable levgl‘of sbatigtical significanze that
increasing magnitude of negative deviation at 0500 was
associated wiﬁh;increasing daily mean intensity which, on

the basis of tﬁ? arguments similar to the ones Tirst advanced
by van Heeréan“and Thambyahpillai (1955), means that increases
of intensity are involved. Similarly they also showed that
increasing magnitude of negative deviation at 2200 hours (L.T)
was associagbed with decreasing mean intensity, which on the
basis of the argument similar tof%he cited abovs implies that
negabtive deviétion at 2200 hours is associated with decreases

in daily mean‘%ntensity on a day o day basis.

s
.y
ME
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In the interpretation of the variationsg of the
intensity of cosmic rays, one of the crucial aspects,
which various workers have relentlessly sought to establish
is whether the variations involve only decreaseglzéfggﬁfeases
as well as increases. ﬁparﬁ from the earlisr view of
Simpson et 2l (1952, 1955) and Kodama and Murakami (19506)
who interpreted the évidencé obtained‘by them as being
indicative of the facﬁ that increases of ingensity Jave
somatimes observed, the most ervelent view has been that
only decreases of intensity take place e.g. see van Heerdan
and Thambyahpillai (1955), Browa (1956), Dorman (1957)
Neher (1958), Kuzmin k1959)”e€c.

The study presented below was undertaken with a view
to eonfirm whether thg incregses of daily mean intensity
associated with correlated changes of solar daily variation
(as envisaged by Sarabhai et al, 1958, 1959) occur on a
world-wide basis. As has been shown by us earlier (Seca.
heR1, L4.22) the changes occurring in the form of daily
varistion are most conspicuous at low latitudes and hence
thg nucleonic component data from low latitude stations of
Anmedabad, Kodaiksngl, Huancaye and Makerere has been used.
The analysis was confimed to‘thé yeaf 1958. This was done
because this year was comparatively free from the disturbing
influences of CRS etc.i:Furéﬁerf since Sarabhai and Satyaprakash
{1959) had indicated t;é particular relevance of negative
deviabions centred at 0600 and 2200 hours {(L.T.) at Kodalkanal,
we have confined our aﬁéeﬁtian oﬁly to the study of negative

deviations.zemkrsd uz Thus the deviations centred av 0000,

{
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0200,0400, 0600, 0800 and 1800, 2000, 2200 hours (local
time) were considered for all the four selected stations,
These deviations were next classified intc three .groups

(I, IT, III) defined by the limits : 0 x~> -0 -eDx Z-3v
and X~ & =3¢ , where X 1s the hour of centering of the
bihourly deviation and < is the standard error associated
with the magnitude of the bihourly deviation. 0 D 3" > -o
is to be read as : the magnitude of the negative deviation
centred at the hour x lies within the limits 0 to > -o .

The gverage magnltudé;;% negative bihourly deviation centred |
at the hour x and,conflned 222 limits that define the three
groups (I, II, III) were then found. The mean value {MLxIH) of
AN iﬁ, representiqg the deviations of daily mean intensity
from a 15-day sliding mean? for low latitude stations were
next found separately for days in each of the three groups.
Only thése bihourly deviations were finally selected for

each station for which a pronqunced and a systematic change

of | Z:Eﬁ) with increasing maggitude of the negative deviation
(x~) centred at the hour x occurred. The negative bihourly
deviations which were finally selected for the various
sbations are : 0600, 2000 hou;s for Ahmedabad, 0600 and 2200
for Kodaikanal, DAOO,VOOOG hours for Huancayo and 0400 and

1800 hours for Makerere - all hours refer to local time

at respective stations.

ved
t For brevity A:IH would be refer,to as the dally mean
intensity at low latitude stationms.
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In Table 14 are glven the average magnitudes of
the negative bihourl}'deviatiens associated with 0600
hours at Ahmedabad éﬁd)Kodaikanal and 0400 hours at
Huancayo and Makereréﬂcorrésp&nding to the three groups.
Alongside are also t%bulateq¥the values of A;E% obtained
by averaging z:.Iﬁ over the éérresponding days for each
stakion. Fig. 32 shows a plot of A T¥ versus X for each

station, The following features are clear.

AVERAGE MAGNITUDE ¥ OF NEGATIVE BIHOURLY DEVIATION 1N %
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Fig. 32 = A,piot mf,4§1§ versus the average
magnitude -(X~) of nezative deviagtion
centred at 0600 hours for Ahmedabad
and Kodaikanal and 0400 hours for

‘ Huancayo and Makerersz.
(1) IncreaSiﬁg magnitude of the negative deviations
centred atb %ppropriaté hoﬁrs for all the four stations, is
N . \
accompanied by increase in the daily mean intensity.

P e

- {2) The relationship between Aslﬁ and X~ is not

exacbly linear.
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Fig. 33 = A plot of 4§.I§ versus the average
magnitude (x~) of negative deviations

centred at 2000 hours for Ahmedabad,

2200 hours for Kodaikanal, 0COO hours
for Huancayo and 1880 hours for Makerere,
(411 hours refer to local time).
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In Table 15 are given the average magnitudes (X)
of the negative bihourly deviations associated with 2000
hours at Ahmedabad, 2200 hours at Kodaikanal, 0000 hours

at Huancayoc and at 1800 hours at Makerere. Alongside are

tabulated the values of A I§ obtained by averaging £>I§

over the corresponding days for each stabion. Fig. 33

::{ . -‘“ Y & - ’
shows & plot of A\ Iy versus x~ for each station. The

following features are seen.
-

(1) Increasing magnitude of the negative deviations
‘ - \ -“ o~ i ~° L3 L
centred abt appropriate hours for all the four stations is

4 . t 3
accompanied by decrease in the daily mean intensity.

(2} 4% all the four stations the intensity changes
very little in going frém g%oup I to group II and then a
rather rapid fall takég{place-in the daily mean intensityl
in going from group Iinﬁo grouplIII. This suggests that
there is a cerbain thréshelé in the magnitude .. X~ of the
average negative deviation§~cgntred at the appropriate
hours (for each statio.n} uptq-:wfzichr the daily mean intensity
zzii does not change very much with increasingvi“ but
beyond the threshold, an apprecigble fall in intensity takes

place with further increasc of X~

We thus see that for ecach of the four stations
selected, thers are two apprépriate hours, the change of
magnitude of significant negaﬁiye bihourly deviatioans
centred at which is di?éctly“re;ated to the changes in the
level of daily mean iﬂténsity. ‘For one of these hours i.e.

0600 hours at Abmedabad, 0600 hours at Kodaikanal, 0400 hours
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at Huanecayo and 0400 hours at Makerere, the increasing
magnitude of the negative bihourly deviation is accompanied
by increasing level szdaily rean intensity: while for

the other hour i.e. ZOQG hours at Ahmedabad, <2200 hours at
Kodaikanal, 0000 hours at Huaﬁcaycg 1800 hours at Makersre,
the increasing magnitude of the‘negativa bihourly deviatioﬁ
is accompanied by decreasing level of the'daily mean
intensityi The former appropriate hour {for each station)
is, therefore, assceiated with day to day increasesin daily
mean intensity whereas the magnitude of negative bihourly
deviation centred at the lattgb appropriate hour (for each
station) is related %o bthe day to day decreases of daily
mean intensity. Further, as we shall show in the follawing
section, the correlated changes of the form of solar daily
variation (as reflected by the chanzes ¥ the magnitude of
negative bihourly deviation centred at appropriabe hours)
with changes in the lefél of the daily mean intensity occur
at different sbations mostly on same days. This fact, in
turn, points to the worlde-wide nabure of the correlated
changes of the form of édiar daily variation and the daily

mean intensity of cosmic rayse

Trom the foregoing diseussion it is clear that world-
wide changes of intensity involving increases and decreases
take place on a day to day basis. Also there exist
'appropriate? hours {L.T.)} for esach station, the magnitudes
of negative deviations ceuntred ab which are sensitive to such

w

increases and decreases. Further in case of decreases, there
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exists a certain threshold which must be exceeded by the
magnitude of negative .bihourly deviations centred =% the
appropriate hour for each station, before any noticeable

change can take place in the daily mean intensity.

4.@5 Solar terrestrial relabionships of day

£0 day increases and decreases.

The association of world wide day to day increases
and decreases in the dally mean intensity with the magnitude
of negabive bilhourly deviations centred ab ’apgfopriate’
hours makes it pcssibla Yo separabe the days oa which
increases and decreases occuf}by using the large negative »
bihourly deviation centred ghb the fappropriate’ hours for
§ach sbation. ALl shab one has ©to do is to piek out days
on which the magnitudefaf negative bihourly deviatiouns,
centred sz the ’apprcpfiébe'Vhoﬁrs, is significant at 2
level of significance.& The days selected on tris basis
would however involve some days (precissly specking 2.3% of
the total working days) wirich ars spurious in the sense that
the larger magnitudes of the negative deviations st the
"appropriate’ hours on these' days, may arise duve to chance
alone. Table 16 gives the total epochs (during which data
were available) for each station for inecrecases and decreases
during 1958. Table also giveé'the nunber of epochs to be
expected out of randos fluctuations of the magnitude of
negabive deviagbions centred ab 'apprcpriate’ hourslfor each

station. It is quite obviocus that total number of epochs
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. Zable 16

Table showing the total number of epochbs involving
increases and decreasess along with the number of events
to be expected out of: ehance alone.

l
CB o Nt N e S T O 5P s G G T W s W S P W T S e L T Ge4A i et e o e VR T O o iy e e e e R S A R SR i St e Y Y o

Ingreases - Decreases
Station Toetal No.of spochs Toval Ha. of epochs
No.of due %o . Ko.of dus to
epochs. chance. .. - epochs. chance.
Ahmedabad 22 5 ‘ 14 S
tr
Kodaikanal 45 6 L 43 6
Huanpaya T4 Y E;: 69 %
Makerere To % ) 53 TN

. |
S e D i T D e et 500 KT G I 6 e P L g S M S ey R A gy TR 5 v e T S G 0 R R WY G W O P ey D R N O s

are many vimes gregbter than those exvected due to chance

causes.,

Fige 34a and 34b show, on Bartel’s carpets, the
distribution of days on which increases and decreases
respectively vake place at élilihe four low labitude stations.
A study of the two @iagféms‘feveals shat {a) increases and
decreases occur on groups of days which recur and {b)
increases ond decreaséé are assoecliated, on a world-wide basis;
in the sense that, they occur within + day at all the four

stations, in most of the cases.

To bring out the recurrence tendeney more cleavly
and vo study other correlaned chanﬁes, epochs were selected
separanely for 1ncreabeQ anﬁ ‘decreases, such that the

increases ar decreases wera simultaneously present at, at
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Figs 3bLa = The distribution of days on which
increases take place at Ahmedaland,
Kodaikanal, Huancaye snd at Makerere.

ige 340 ~ The distribution of days on which
gecrggses take place at Ahmedabad,
) Kodaikanal, Huancayo and at Makerere.

least, two stations. Epochs selected on inereases

constitute group 4 and those selected on the basis of

decreases constitute group B; there were 47 and 41 epochs

in the twe groups respectively. Table 17 gives the dates

on which e ing are
1 pochs corresponding to groups A and B occcurred.

The d G
ates common Lo the Lwo groups are marked with asterisks.

T J P N
Je see that there are only four dates common %o the two

o ° Thi y { C £ ¥ i )
g£roups this fact clearly points out that the epochs in the

WO groups are mutually exclusive.

These epochs were next used as O-days for chree
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Table 17

Table givirig the dates on which epochs corresponding
to group A (increases) and groupB(decreases) occurred.

T T - - - - W oy Yo T 0 O e G S T G S W e U B2 T 082 G . SN s G VR W TS . . S o i e T W S D S S e Y o0 AR e S

Group A Group B

2-1-58 10- 6-58 17-2-58% 26- 8=58
3=1=58 11- 6-58 18-2-58 9= 9=58
l~1~58 17- 6-58 19-2-58 16- 9-58"
6158 18~ 6=58 26~-2-58 27- 9-58
T=1=58 20- 6=58 27=2-58 28- 9-58
13=1=58 6= 7-58 14=4~58 6-16-58
28=1-58 22- 7<58% 2Q~4=58 18-10-58
30-1~58 Rl= 7-58 1-5-58 28-10-58
1=2-58 1= 8-58 8=5-58 1-11=58
17-2-58% 18- 8-58" -  10-5=58 4-11-58
21-2-58 2= 9-58 15-5-58 6=11-58
23~2=58 11- 9~58 2-6-58 7-11-58
2h=-2-58 15- 9-53 3-6-58 9-11=58
25-2-58 16- 9=58% 8=6=58 11=-11-58
16=3-58 25~ 9=-58 21=6-58 15=11=58
17~3=58 30~ 9-58 29-6~58 8-12~58
11~4-58 3=11~58 21-7-58 18-12-58
12-4-58 25-11=58 22-7-58* .

b=5=58 26=11=58 6-8-58

5=5=58 28-11-58 - 11-8-58
26~5-58 10=12=58 17-8~58
28-5-58 11-12-58 18-8-58"

L~6-58 17-12-58 2L ~-8-58

6=-6-58 Rh=12-58 25-8=58

D s St gt o Vot g M Gt Y s et o R Ll e e St e et gy Banp BN e S T Sk o S D Ao I TG O SE o O s G T G S U T oy it S A S o S - o

analysis of daily mean intensity at Huancayo representing
low latitude station (denoted by /A I§) and at Climax
representing a middle latitude station (denoted by AI’S).
The analysis extended from =5 to +31 days and the resultant

time series of &> If‘f, AI’é along with those of Cp and -
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for the groups A and B are plotied

1 d(AIn)
I

e’
( .
respectively in Fig. 352 and 35b. - 1 SCATH)
. I dg

represents the rate of chaﬁge of intensity from day to d ay
and as has been shown by Alfven (1954) the magnitude of this
guantity is dir@cﬁiy_proportional to the magnitude of the

electbric field in the solar corpuscular stream.

. - P = X " E<
. CROUP A “nuWP B8
EPOCH 7 s o
BALY - Do - :
: DIy 8 1 ;
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I dt . {
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-al : Pl
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po H . |
*T uqkfwAbJ\j“Jﬁ f
" ! P
¥ i . b
.8 : Al P
SN |
o oA, :
b
P T P WL et )
)"Sm ?m 8 Ié- 242173| D_A_Y_s "__cio :
. e . . R ¢ %
Fig. 35a. = -Plot of the time series of ALy, AIp,
3ob - = - 1 4AIE)
Gy and - = o for the groups A
: p I dt hd »

dnd B,

From figure 35a for increases‘(group 4) the following

features are seen.
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(a) The daily mean lutensity is maximuw on a day
prior to the epoch both at low (LS,Ih} and at middle
Latitudes {[51 P

I whw

d(a.z;;}
3t

(b} =~ is high one day prior to the

i §o

epoeh and is also high on the day when two subseguent pips

. . * . . .
occur in the AIj time series,. This suggests the
asscoclablion of these incresses with Lhe eLethlC field of

a

v

solar corpuscular stream,,-dnxortunately, we cannot
really examine the detazusvo; the implications of this
suggestion e.g, fix@ngrthe direétion of magnetic field frogen
into the stream, thé di}ectiqn of the electric field stc.
because of the nonavailabl%ty of proper data which could
have enabled us to,#naﬁbiguiously, locate the position of
the corpuscular stréam‘with fespect to the earth on the
epoch day. As is c@éa;jfrom figure 35a the changes in Cp
are not really very éxpfessive, G, = 0.83, four days prior
to the epoch day and on the epoch day its value is given by
Cp = 0.69. The latter value of Gp9 perhaps, indicates that
the earth is not located within the corpuscular strzan on
the epoch day. But 1t ig ok clear whebhe r Cp = 0. 83 can
be considered high enouvh to associate 1t with the presence

of the stream. .

{c) The recurrence tenaency of the increases is alsc
obvious, the period belnn 25 days, This suggests that
increases are rclated oo corpuscular streams which have their

origin in @oy&’hellolatltude$.

T (d) 4 point to‘point*éomparison of the bime series of

ot
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- - .
A Iy with that of Axlé reveals that all the features

exhibited by .£>I§ time sefiés are present in 4&;13 time
series, only they aré magnified in the latter. Ratios of
1.5 and 2,0 are obtained when the amplitudes of the

: . *
primary and recurreny increases in A Iz time series are
4

compared with the aﬁélitudgé?bf the corfesponding features

in‘ﬁhlﬁ time series. This fact points to the acute latitude

dependence of increases.

From figure 350 for decreases (groups B) the

following facts are lclear.

(e) The daily mean intensity is minimum on epoch

day at both low (.LxI ) and middle latitude (A I%g) but
is high four days prior to spoch.
(f) - % Eigﬁzgl is rather high four days prior
L TR

to the epoch after which it gets reduced rapidly and

o dowg b’t\o‘{ & the
reaches a minimum on epoch daye.

(g) C, is ;gﬁgi ( gp%-‘0.68)'four days prior to
theepoch, after wh?gh*§; increases sharply and reaches a
maximum value (Cp = 6.96) ﬁéé day prior to the epoch.
Thereafter it rapldly deminishes. Further the pimq'series

of Cp are rather zlgzag.

{h) ComparidgiuA&IHAtime series with those of eriﬁf
time series, we see théb thé:chief features are common to
the two curves; only they are more magnified in LLIC time
series. Ratios varylng from 1.0 to 2,0 are obtained when

.,.__—-k
the amplitudes of the prominent depressions in ¢2LIC time
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ute

series are compared with those in A I time series. This
fact is indicative of the latitude dependence of day bto

day decreases. P
(i) Neither of the time series of AIf, AIG, Cpy
- %.Eiffiﬂl exhibit any distinct and smooth pattern of
as :
change at all. This fact po;ﬁhs t0 the extremely disturbed
geomagnetic and interplanatéry conditions. Because of this
reason it is not possible to determine the recurrence period,

if any, for the decreases.

{e), (£f) and (g) are suggestive of the fact that
decreases are caused by solar corpuscular stream approaching
the earth from the left of the earth-sunline. These streams

actually engulf the earth (giving minimum value of - l,ﬁié&éﬁ)
I

and maximum value of G, ) a day prior (on the average) to
the epoch day. On the eyoch day the earth is still within
the stream. Since Z;E% bemaigg depressed for one day only,
the average period for whichnthe hard core of the stream
envelopes the earth is_qnly one day. The fact that the
intensity mises rather;graduéliy taken jogether with the
fact that Cp falls raéhé% ragi&ly, after the epoch day,
indicates that the sbzgaﬁ has.associated with it a peripheral,
less tenuous, portion which is ispread out over a large extent.
S0 that after the hara%coke 6f3£he stream passes-away (after
one day} the compressmon on the geomagnetic field is relieved,

(so that C, returns to nonndl'value), but the bulk of low
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energy primaries are still kept away so that the recovery

of daily mean intensi%ijis rather slow.

" We thus see that world-wide increases and decreases,
observed on day to day basis,’ do bear a causal relatzonship
with the solar eorpuseukar streams. Some evidences (see
(b}, {e) above ) presented above seem to suggest that
increases are caused Sy streams which originate in Q#Q?
heliolatitudes., Fur§her we héve seen above, that whereas
increases are primarily'causéﬁﬁby electric field, the
decreases are subject té both electric field and the magnetic
field frozen into the stfeam.ﬁ' This essential differasnce
might be related, in:aéj%mpoftént manner, with the cause of
the fact that, in the}riéssociation with the magnitude of
negative bihourly deviations centred ab appropriate hours,
the decreases exhibit a prominent 'threshold' (see Fig. 34b).
We are, however, unable to understand, at the moment, the
fact how these increases and decreases happen to be associated
with the magnitude ofy negatlve bihourly deviations centred
at apprOprlate' hours,” ?urther detailed studies are

necessary, along the llne suggested here, to clarify this

issue,.

ka5 Solar flare oitFébruéri 23, 1956.
At the time nfftﬁis giant flare Gulmarg was about to
enter the 0900 hours impact zone, The chief features of the

obgerved flare type 1ncreqse are described in the reprint
attached herewith., i -

. -

* When the earth is within the stream the influence of the
{rozen-in magnetic field assumés great importance.

i
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’

SOLAR FLARE EFFECT ON THE COSMIC RAY MESON INTENSITY
AT GULMARG

CosMmic ray meson telescopes have been in
operation ' at Gulmarg, XKashmir (altitude
9,000 ft.,, geomagnetic latitude 23° 5'N.) for the
last few months at the field station of the Phy-
sical Research Laboratory, Ahmedabad. Each
‘telescope measures a triple coincidence rate of
!3G.M. counters each of ‘length 2ft. and dia-
\meter 1% in. The separation between the coun-
‘Hers and their orientation are such that the
serni-angles of each telescope in the east-west
and north-south planes are 5° and 56° respec-
twely About 8em. of lead are interposed’ in
between.

On 23rd February 1956, there was a big solar
flare of magnitude 3. The flare was associated
'with incredse in cosmic ray intensity at vari-

ous latitudes and numerous reporis have appear-

ed from observing stations all over the world.
Sarabhai et al.l have reported an average in-
crease of 6% at Trivandrum, Kodaikanal and
_Ahmedabad during the hour following the
[fare. At the time of the solar flare, three tele-
scopes were 1n operation at Gulmarg. The rate
of each telescope was only about 700 counts

per hour and the standard deviation was rather .

Jlarge (about 4%). It was observed, however,
that all the three felescopes recorded increases
n cosmic ray intensity on 23rd February 1956
o reduce the statistical errors, data from the
ree telescopes have been combined and ‘he
urly values for the period February 21-2
ve been plotted in Flg 1 (a). In spite of the
e fluctuations in the ground level of cosmic
intensity, an increase of about 10% (+2%)
learly seen during the interval 8am. to
oon on 23rd February. Fig. 1 (b) gives the
| o ing averages of the hourly values of cos-
mic§ ray intensity for three consecutive hourly
valdles, the average thus centred at the mid-
die thour. The increase,on the morning of 23rd
February stands out prominently in Fig. 1 (b).
lis magnitude 1s about 8% (*x1%) and the
our of onset of cosmic ray increase. seems to
e about 10am. (& 1lhr.). No corrections of
ainy kind have been applied to the data.

The implications of increases of this tyoe at
stations in low latitudes have already been
discussed by Sarabhai et all Forbush® has
since reported a 18% increasz of ionisatisn at
Huancayo which is almost on the geomagnetic
equator but was outside the impact zome af
the time of -occurrence of the flare on 23rd
February 1956. He has also reported a 50%
increase in ionisation at the high latitude sta-
tion of Godhavn (Geomagnetic latitude 8(° N.).
There is, thereforé, a'complicated mechznism
for storage and scattering of cosmic primaries

208 e “on fe

ITITTLTENIN

208 1o men

(TRATY IO

e
X 3
T Tt
>
~F

ITERINSTE] FEYEES SETTH

Corste fag Meson Insentits

:\/\w’\r"\—hf\/\

*esofe

W\

|nnln
o
400 1ST) * i

VL

i o
KTTISRITTANTIIT] FAETY
N

[SEERE INNETI
>

TS

F1G. 1. Hourly values of cosmic ray meson intnsity
tor. the peried 21-25 Feb, 1956.

(@) Actual values. (#) Moving averages over three
consective hourly values, h

of solar origin and the estimate of the mean
energy and yield of the primaries mace by

_ Sarabhai et al.l would require .re-examimtion.

The authors are gratéful to the Atomie Eaergy
Commission of India for financial suppat of
the present work. Thanks are due to Prof V. A,
Sarabhat for helpful discussions.

' R. P. KanNE.
Physical Res. Lab., H. S AHLUW;.LIA
Ahmedabad, February 13, 1957,

1. Sarabhax, V., Duggal, S.P., Razdan, H. L, and

Sastry, T. S G., Proc. !wd.an Acad. Sci., 1956,
’ 43, 309. -
- 2. Forbush S., “Collection of cosmic ray, solarr

ionospheric and magnetic data relating to th= sola
cosmic ray burst of 23rd February 1956, by H,
Elliot and T. Gold.

Il
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beb . CONCLUSTONS

The principal -conclusions of the present study are 3

(1) The change in the annual mesn solar daily
variation frém 1956 to 1958, at equatorial stations, involves
a shift cof the time of maximum of the diurnal component of
solar daily vquablon to later hours and this change .is
" apparently 1ﬂdependen¢ 6f geomagnetic activity and could be
observed with meson tele;copes as well as neutron monitors.
At intermedizte latitudes, however, there did not take
Place any noticeable year t0 year change during the same

periode

s

(2) The annual mean solar diurnal variation averaged
over 1956 and 1957 at Gulmarg is consistent with the view

that this varlation arises die‘to an anisotropy of the

!
T oo
H [

Primary cosmlc rayses
(3) The ev1dence prcsentea by Sarabnal and Bhavsar
(1958) and 5arabhal and Satyaprakash (1959) regarding the
correlatﬂd changes of7 solar daily variation and day to day
changes of daily mean 1nLen51ty may now be regarded to have
been confirmed, at least in the case of low latitude stations.
When this evidence is taken together with the evidence
Presented by Simpson et al (1952, 1955), Kodama and Murakami
(1956), Lockwood (1958),’Yosh1da and Wada (1959) and Sarabhai

and Palmeira (1959), 51170f which favour the existence (at
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some periods)of increases in cosmic ray intensity that are
not related to solar flare type increases, one is led to
believe that( broadly speaking) there are two types of
such increases : ... .

H
[

(a) prestofm’tﬁpe transient increases which may be
related to the magnetic field in the shock fronts of moving

plasma; and

(b) day to dayincreases which are relaved to vhe
electric field associsted with the solar corpuscular streams
carrying magnetic fields frogzen into them.

The increases correlated with the magnitude of
: : R e
negative bihourly deviations.in the early morning which are

studied in this thesils, belong to the category (b) above.

However, the megnitude of such effects is rather
small and the most ?fﬁ;ﬁful course of fubure research appears
to lie in the establishment of several high counting rate
instruments, operated in differvent parts of the globe.

These should permitvthé study of individual small (0.2 %o
0u3 %) vihourly deviations with precision. Moreover, taking
into account the great-variability of conditions in Yae
interplanetary épace; ﬁﬁe data should be examined in detail
for individual events and on a day vo day basis rather than

by averaging over a long period of time.
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