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1.. Tho thesis presents the results ot an intonai ve ··--investigation conducted at Ahcodabad on the variations 

or the total, the meson and sort component, vertical inten­

sities o£ cosmic rays. Omnidirectional measurements of cosmic 

ray intensities have been mado by many workers at _lligh 

latitudes, but in the present investigation directional 

measurement ot the intensities have boen ~arried out by 

coWlter-telescopes at a low latitude \there the daily varia­

tion can be studied With advantage. 

The results of the present investigation establish, 

(1) The nature ot daily variation ot total, meson 

and sott-lomponent intensity 1n the yertical direction. 

The semi-diurnal components or the intensities have boen 

foWld to bo highly correlated with the semi-diurnal component 

or the daily barometric pressure variation • 

. ( 2) .The aott component variation 1a mostly due to 

meteorological effects. 

(.3) There is a residual extraterrestrial component ot 

variation o£ mesons which is due to continuous solar emission 

ot cosmic rays. 

2. The author has included at the end of his thesis a 

list or ~o roterence3 to original papers published in 

different parts of the world. Tho thesis mentions the 

specific information dorived from each or them. 
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(Reprinted from Nature, Vol. 171, p. 122, Jan;tary 17, 1953) 

Daily Variation of Meson Intensity 
and its Possible Solar Origin 

THE variation of meson intensity with solar time 
has been studied at Alunedabad (mag. lat. 13° N., 
altitude 50 m.) and. at Kodaikanal (mag. lat. 1° N., 
altitude 2,343 m.) with vertical triple-coincidence 
Geiger cc;mnter telescopes of narrow aperture with 
II em. of lead. Observations at Alunedabad with 
two similar independent telescopes extend over a 
period of two years, while at Kodaikanal with four 
independent telescopes they extend over a period 
of five months. Elaborate precautions were taken to 
keep experimental conditions very constant, and the 
results of independent but simultaneously operated 
telescopes at each place were similar. The intensity 
at each place was determined from hourly photo­
graphs of the mechanical recorders. For the purpose 
of the solar daily variation, the hi-hourly values of 
intensity were considered. 

The solar . daily variation of meson intensity is 
predominantly diurnal at Kodaika.na.l with an ampli­
tude of 1·1 per cent. At Alunedabad it has an ampli­
tude of only 0·4 per cent with an important semi­
diurnal component as well. Figs. A and B show on· 
24-hr. and 12-hr .. harmonic dials respectiyely the 
diurnal and semidiumal harmonic components of 
the meson inten'lity M.A and MK, the atmospheric 
pressure P .A and PK and the ground temperature 8.4 
and OK at Alunedabad and Kudaikarial. The diurnal 
and semidiurnal components are indicated by the 
additional suffixes D and S respectively. 

At low latitudes the periodic daily variations of 
P and ~ are larger and more pronounced than the 
irregular day-to-day variations which are so marked 
at places in high latitudes. Also, at low latitudes the 
daily variation of atmospheric pressure is mainly 

. semidiurnal and that of temperature is diumal. As 
a. result, the semidiurnal components P .As and PKS 
are predominant. whereas O.AS and OKS are negligible. 
This fortunately provides a. means of studying the 
effect of pressure on meson intensity independently 
of other meteorological factors. At Alunedabad, 
M.AS and P .As have a. very high correlation of- 0·96, 
the pressure coefficient being - l ·7 per !'ent per 
em. mercury, in agreement with the mass absorption 
coefficient for mesons observed by other workers 
from day-to-day variations of intensity.' At Kodai­
kanal, on the other hand, this correlation is only 
+ 0·29. As, however, MKS itself is only 0·12 per 



cent in amplitude and is not 'significant, this positive 
value might be fortuitous. , The absence of the usual 
mass absorption coefficient indicates that during the 
atmospheric oscillations at Kodaikanal opposing 
factors act on M, and mask this absorption effect. 
These could be changes in heights of levels of me8on 
formation or perhaps a density effect near these 
levels. An interesting feature of the present results 
is that, even near the equator for a high-level station, 
there is no marked semidiurnal ·variation of meson 
intensity positively correlated with pressure. 

The atmospheric pressure plays an important part 
in the solar daily variation of mesons at the low­
level station at Ahmedabad. but lu· .. duccs a nPgligible 
effect at Kodaikanal. · The correlations of Mx with 
e K and of the- pressure-corrected meson variation 
M' A with 0 A are negligible. Ground temperature 
has therefore negligible effect at both places. 

The curve of the residual meson variatiol.l corrected 
for pressure at Ahmedabad and the meson variatiolj. 
curve at Kodaikanal are both significant and strik­
ingly similar. Both are diurnal with amplitude 
M'A = 0·33 ±' 0·06 per cent and Mx = 1·1 ± 0·08 
per cent with maxima at 0950 and 0840 hr. local 
tim~ respectively. It is unlikely that these variations 
are caused by. a positive temperatm·e effer:t such as 
L'l found by Duperier from day-to-day variations of 
mesons. Apart from the maxima being much earlier 
than the time at which a maximum of temperature 
in the upper atmosphere would be expected to occur, 
the amplitude of the diurnal temperature variation. 
at the 200-mb. level is, on existing meteorological 
evidence, totally insufficient to account for a. varia­
tion of meson intensity of 1·1 per cent as found at 
Kodaikanal. Variations of geomagnetic field are also 
not capable of explaining this variation. 

There are thus grounds for believing that the 
observed diurnal variation of M is caused by an 
anisotropy of the primaries and is therefore extra­
terrestrial in o'rigin. The greatly reduced amplitude 
as well as a shift of maximum towards later hours 
at Ahmedabad when compared with Kodajkanal 
appears to be connected with the change of altitude 
between the stations. This is also seen in the ioniza­
tion chamber results obtained at Huancayo as com­
pared to the lower-level stations operated by the 
Carnegie Institution'. The amplitude of variation 
observed with our narrow-aperture Geiger counter­
telescopes is larger than the omnidirectional ioniza­
tion chamber results~ as is to be expected. The 
increase of the percentage amplitude with. elevation 
suggests ·the contribution of a larger number of low­
energy particles which can make their effect felt at a 
high-level station but.not at a sea-level station. 
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Amplitudes and hours of maxima In local time of harmonic c()mponents of meson Intensity, 
atmospheric pressure and ground temperature variations. (.A) 24-hr. harmonic dial ; 

(B) 12-hr. harmonic dial 

Since the variation is believed to be extra-terrestrial 
in origin, and the hour of maximum occurs at about 
the same local time during daylight hours throughout 
the year, a solar origin of this variation is suspected. 
The possibility of a part of the cosmic radiation 
originating from the sun, as deduced here from the 
nature of. the residual diurnal variation of mesons, is. 
supported by the 'occasional 'large increases in cosmic­
ray intensity associated with solar flares, by recent 
observations associating variations of cosmic-ray 
neutrons with solar- prominences, and by the large 
diurnal variation of the star intensity in the upper 
atmosphere reported by Lord and Schein 2• Riddiford 
and Butler• have recently described processes by 
which particles from the sun can be accelerated to 
cosmic-ray energies. A cloae study of the occurrence 
of the hour of maximum under different conditions of 
observation of cosmic-ray· in;tensity- would throw a 
great deal of additional light on this subject. We 
hope to present shortly more data concerning this. 

We are indebted to the Atomic Energy Commission 
of India for sup,porting this project. ·We are grateful 
to Prof. K. R. Ramanathan for many valuable dis­
cussions, particularly concerning the meteorcJogical 
aspects of the proplem. 

Physical Research Laboratory, 
Ahmedabad, India. 

May 25. 

V. SARABHAI 
u. D. DESAI 
R. P. KANE 

1 Lange and Forbush, carnegie Institution of Washington, Pub. 175 
(1948). 

· ~Lord and Schein, Phyr. Rev., 80, 304 (1950). 
• Riddlford and Butler, Phil. Mag., 43, 447 (1952). 
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1. INTRODUCTION 

IT has long been realised that a study of the solar and sidereal time daily 
variations of the cosmic ray intensity could give some clue to the location 
of regions where cosmic rays originate. However, a successful attempt to 
follow up this line of thought has not so far been possible due to the un­
certainty in separating the variations caused by terrestrial influences from 
those due to an anisotropy of the primary radiation. 

In investigating the time variations of cosmic rays, the ionisation chamber 
offers the great advantage of constancy of operation, but being an omni­
directional detector of radiation, it is hardly a satisfactory instrument for 
the study of an anisotropy of the prin1ary radiation. Nevertheless, very 
valuable data have been collected with it. Apart from the Carnegie Insti­
tution studies made at widely separated places on the earth and reported 
by Lange and Forbush,! observations have been made, amongst others, by 
Hess and Grazeadei2 at the Hafelekar, by Schonland, et a/.,3 at Capetown 
and by Hogg4 at Canberra. Unidirectional measurements of the diurnal 
variation of the vertical meson intensity, performed with narrow angle 
geiger-counter telescopes could be more revealing than omni-directional 
measurements. But the only extensive data with vertically pointing tele­
scopes comes from Duperier6 in whose experiment the angles of the tele­
scopes were fairly wide. 

Interpretation of the ionisation chamber and Duperier's experiments 
has been much confused by various differing corrections for meteorological 
factors that have been applied, and it has not been possible finally to deter­
mine how much of the diurnal variation is due to an anisotropy of the 
primaries. To overcome this difficulty Alfven and Malmfors6 and Elliot 
and Dolbear7 • 8 have studied the daily variation of cosmic ray intensity with 
telescopes pointing in the North and South directions. While the North­
South daily variation difference curve is substantially independent of atmo-

- spheric effects and constitutes evidence for an anisotropy of the primary radia­
tion, it is difficult to interpret it further. For, an anisotropy of primaries, 

287 
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such as may be caused by solar emission of cosmic rays, can produce a 
daily variation in both North and South pointing telescopes. The differ­
ence curve in consequence reflects an arithmetic difference between the daily 
variations in the two directions due to anisotropic cosmic ray primaries, 
but does not reveal the true nature of the daily variation due to primary 
anisotropy in either direction. 

It is felt that a satisfactory solution to the problem must begin with an 
understanding of the nature of terrestrial effects on the solar daily variation 
of cosmic ray intensity. These have then to be corrected for, leaving a 
residual daily variation essentially of extra-terrestrial origin. The daily 
variation of meteorological elements is more pronounced and regular at 
places in low latitudes than at high latitudes. It is particularly appro­
priate therefore to study the daily variation near the equator. With this in 
view, apparatus has been designed to carry out comparable studies of the 
daily variation of the total intensity as well as the meson intensity at 
Ahmedabad (Mag. Lat. 13° N., Alt. 50 metres) and at Kodaikanal (Mag. 
Lat. 1 oN., Alt. 2,340 metres). As it is important to study the intensity of 
particles incident in a narrow cone in a fixed direction, compromise has to be 
made in the design of the apparatus to make the angles of the telescope 
narrow and still to retain an adequate counting rate for good statistics. We 
shall describe in this paper details of the apparatus and the results obtained 
during the past two years at Ahmedabad. A summary of the results obtained 
at both stations has already been communicated elsewhere. 9 Details of 
the Kodaikanal results will be presented later as soon as more significant 
data are available. We discuss here reasons which lead us to believe that 
the solar time daily variation of meson intensity corrected for barometric 
pressure is caused by an anisotropy of the primary radiation, probably con­
nected with the emission of charged particles from the sun. 

2. THE APPARATUS 

A schematic diagram of the apparatus is given in Fig. 1. 

Five trays, each with four self-quenched geiger counters connected in 
parallel, form three triple coincidence vertically pointing telescopes of identi­
cal dimensions. The counters have copper cathodes 30 em. long with 
diameter of 4 em. The counters are placed in the N-S direction, and each 
telescope subtends a semi-angle of 22° in the E-W plane and a semi-angle 
of 37° in the N-S plane. Since the purpose of the experiment is to measure 
the daily variation of cosmic ray intensity connected with the rotation of 
the earth, the apparatus is oriented so that the telescopes present the smaller 
angle in the E-W plane. 

' 
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FIG. 1. Schematic diagram of apparatus showing counter trays A, B, C, D, E, A', B', C', D' 
and E', quenching units Q, triple coincidence units N and scale of four units S feeding the 
electro-mechanical recorders R. 

Lead absorbers are placed between the 3rd and 4th trays and the 4th 
and 5th trays. While therefore, the uppermost telescope/ ABC measures 
the total cosmic ray intensity T, the lower two telescopes BCD and CDE 
measure intensity that can penetrate through 7 em. and 17 em. of lead 
respectively. The soft component E is almost completely eliminated by 
7 em. of lead and is given by the difference between counting rates of tele­
scopes ABC and BCD. The penetrating component 'm' consisting mostly 
of p.-mesons is measured by the telescope CDE. The small difference 
between the counting rates of telescopes BCD and CDE represents the 
intensity of an intermediate component ' I ' consisting partly of the very 
energetic soft component and partly of the slow meson component. Since 
' I ' is negligible compared to ' m ', the counting rates of telescopes BCD 
and CDE may be considered together to represent the meson component M, 
when distinction is being made only with the electronic component E. 

The complete apparatus has three duplicate telescopes A'B'C', B'C'D' 
and C'D'E' operating alongside the ones described above. These are also 
shown in Fig. 1. The object of providing these additional telescopes, 
measuring identical components of the cosmic ray intensity, is not only to 
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improve the statistics but also to provide for continuance of data during 
periods when faults develop in counters or circuits connected with one or 
other of the telescopes. 

All geiger counters are placed in a heat insulated box whose temperature 
is thermostatically regulated to 105° ± 2° F. Each counter tray is connected 
to an external electronic quenching unit which, for every discharge of one 
of the counters, feeds to their central wire a square negative voltage pulse 
of about 300 volts and 800 micro-seconds duration with a very sharp leading 
edge. These quenching units improve the flatness of plateau and prolong 
the life of self-quenched counters considerably by suppression of multiple 
discharges. This is important in time variation experiments where reliable 
operation over long periods of time is essential. The low impedence cathode­
follower outputs of 'the quenching units are fed to fast triple coincidence 
units. Finally, the coincidences are scaled by a factor of 4 or 8 and recorded 
on telephone call registers which are automatically photographed hourly 
on standard 35 mm. film. All power supplies are electronically regulated 
to ensure stability of operation. 

Hourly values of atmospheric pressure and temperature are obtained 
from daily charts of an accurate micro-barograph and a thermograph. Upper 
air meteorological data are obtained from radiosonde ascents, with I.M.D. 
F-type or the Vaisala type instruments> conducted by the atmospheric 
physics division of the laboratory under Prof. K. R. Ramanathan. Details 
of these e~periments will be published elsewhere. 

3. ANALYSIS OF DAILY VARIATION DATA 

Even though the primary data for the intensity of co~mic ray compo~ 
nents and the surface atmospheric pressure and temperature are available 
for hourly intervals, the analysis has been done for bihourly intervals com­
mencing from midnight Indian Standard Time, which is 40 minutes in 
advance of the local time at Ahmedabad. The criterion used for elimina­
tion ·or inclusion of data for any particular day is the range of bihourly devia­
tions. The data is di~carded for days on which any individual bihourly 
value is more than 5% different from the mean for the particular 
day. This corresponds to a devhtion exceeding three times the expected 
'standard deviation for a bihourly value. Such cases are generally attri­
butable to some faults either in the electronic circuits or in the counters. 
Cases of abnormally large daily variation in cosmic rays which may rarely 
occur are however also reject.c;d on thi:; crit::rion. The useful data, as 
presented heu, extend from May 1950 to September 195_2 and include about 
600 days with a fairly even dtstribution over the four seasons. 
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The annual mean daily variation given by the bihourly percentage 
deviations from mean of the /total intensity T, the meson intensity M and 
the electron intensity E are shown in Fig. 2. The bihourly deviati?ns from 

T 

M 

E 

p 

Hours (l.S.T.) 

FIG. 2. The smoothened daily \'ariation of total cosmic ray intensity T, mesons M, 
electrons E, barometric pressure P and surface atmospheric temperature IJ. No correction 
has been applied to the cosmic ray values and the solid Jines showing the daily variations 
are formed by the superposition of the diurnal and the semidiurnal components for each 
intensity. 

mean of the atmospheric pressure P and the surface temperature fJ are also 
shown. For the purpose of smoothening the data, moving averages over 
thre~ CQ:P,$e~utiv~ blhourly intervals haw oeen taken for aU variates shown 
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in the figure. The standard deviations for each bihourly value of cosmic 
ray intensity are also indicated. 

The,amplitudes and hours of maxima of the first four harmoniC compo­
nents of the unsmoothened daily variation ofT, M, E as well as P and () are 
indicated in Table I. The hour of maximum is expressed in -terms of the 
angb in the harmonic dial representation between midnight and the vector 
for the particular harmonic component of the daily variation. 

TABLE I 

Amplitudes and hours of maxima of harmonic components of 
the daily variation of cosmic ray intensities and atmospheric 

pressure t;md temperature 

1st Harmonic 2nd Harmonic 

I 
3rd Harmonic . 4th Harmonic 

24 hourly 12 hourly 8 hourly 6 hourly 
Variate 

Amp!. Max. I Am pl. Max. I Amp!. Max. I Am pl. Max. 

T .. ·09% 110 . ·4290 us• ·05% -2· ·02% 29° 

M .. ·22% 144° ·23% 119° ·09% as· ·03% 1os• 

E .. ·80% -61° 1·40% 112° ·30% 81" . ·30% 76° 
-

P mm.ofHg ·86 us• ·95 131° ·04 135° ·00 .. 
(J• c. .. 6·60 54° 1·60 64° ·50 114° ·40 -62° 

. 
It will be observed that for all variates the predominant harmonic 

component is either the first or the second one. In mesons and in atmospheric 
pressure, the two components are about equally important. For total in­
tensity and for electrons, the second harmonic is larger than the first; but 

. for surface temperature, the converse is true. In all cases, the third and 
higher harmonics are small and may be neglected. In what follows there­
fore, only the 24 hourly diurnal and the 12 hourly semidiumal components 
are taken into consideration. In discussing these components, it is con­
venient to adopt a notation explained in Table II. 

4. INFLUENCE OF METEOROLOGICAL FACTORS ON THE DAILY 

VARIATION OF MESON AND ELECTRON INTENSITIES 

Extensive studies have been made to relate the day-to-day variations 
of the cosmic ray intensity with meteorological changes in the atmosphere . 
. Duperier10 has shown that changes of meson intensity are connected with 
a mas$ absorption effect~ an effect due to alteratiQn of the probability Qf 
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TABLE II 

Notation usedfor describing the amplitude and the hour of maximum 
of harmonic components 

M~ = %amplitudE" of meson (M), diurnal variation (D) observed at Ahmedabad (A) 

Mr/>~ = angle corresponding to hour of maximum of the meson (M) diurnal varia­
tion (D) observed at Ahmedabad 

M~ = % amplitude of meson (M) semi-diurnal variation (S) observed at Ahmeda­
bad (A) 

}ftf>A = angle corresponding to hour of maximum of the meson (M) semidiurnal varia­
tion (S) observed at Ahmedabad 

Similarly T~, E~, P~ and II~ represent the amplitudes of the diurnal 
variations at Ahmedabad ofT, E, P and II respectively 

meson decay accompanying changes of heights of isobaric levels and an effect 
of the temperature or density of the atmosphere near the 100 mb. level. The 
physical processes responsible for the positive upper air temperature effect 
are not clearly understood but it should not be expected tha~ in the daily 
variation the influence of these three factors on meson intensity would be 
identical to what is found for day-to-day variations. This is because in 
barometric pressure as well as in atmospheric temperature, the day-to-day 
changes are brought about under very different circumstances from those 
that produce the daily variations. 

Processes responsible for day-to-day changes of barometric pressure are 
entirely different from those causing the dynamical periodic oscillations of 
the barometric pressure. The use of a barometric coefficient obtained from 
studies of day-to-day variations for correcting cosmic ray daily variation 
data in respect of the daily variation of pressure is therefore questionable. 
But this is exactly what has been done by most authors in the past. A better 
method appears to be to derive a barometric coefficient from daily variation 
studies for subsequent application to the same data. In doing this, we have 
to keep in mind available knowledge on the physical processes responsible 
for the daily variation of the meteorological elements and the special features 
of the atmospheric oscillation. 

It is difficult to draw conclusions about the effect of meteorological 
factors on cosmic ray intensities by a comparison of the daily variation curves 
of Fig. 2. Solar radiation and gravitational forces are the most important 
~auses of the daily vadations o.b~ervcq in ~eophysical (flement~. These. 
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variations, as well as one that could be caused in meson intensity by an 
anisotropy of the primaries due to solar emission of cosmic rays, would have 
a predominant 24 hourly diurnal component. Therefore, it is not clear 
how much of the MD variation is connected with pn and (JD or a hypothetical 
upper air diurnal temperature variation, and how much is due to a so~ar 
cosmic component. 

In the 12 hourly semidiurnal components however, the position is differ· 
ent. The atmospheric pressure, unlike temperature, has a very appreciable 
ps component. At Ahmedabad, Pj is as important asP~. At Kodaikanal, 
nearer the equator and at a higher level, P* is 6 times P~. As was originally 
pointed out by Kelvin, 26 the semidiurnal variation of pressure is due to reso­
nance in the atmosphere which h·as a free period of oscillation of nearly 
12 hours. Thus, even though the exciting solar force is diurnal, the semi· 
diurnal component in pressure becomes important and is predominant at 
low latitudes. If attention is therefore confined only to the semidiurnal 
components, we have a means of studying the influence of pressure, un· 
contaminated with effects due to temperature variations in the atmosphere 
or due to an anisotropy of cosmic ray primaries. 

The first two harmonic components of T, M and E along with those 
of P and () are shown in Fig. 3 on 24 and 12 hourly harmonic dials. It will 

FIG. 3. Diurnal and semidiurnal harmonic ~ials showin~ amplitudes apd .t:9urs 9f 
maxima of 4ncorrc:;ct~;d variations, 
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be observed that while on the 24 hour (:lfai, the vectors lie all around the clock, 
there is on the 12 hour dial a very striking grouping of the cosmic ray vectors 
almost completely opposite in phase with the pressure vector. 

Correlation analysis of the semidiurnal vectors of cosmic ray compo­
nents with atmospheric pressure give correlation coefficients and barometric 
coefficients as shown in Table III. 

TABLE Ill 

Correlations with barometric pressure and the barometric coefficients 
of the semidiurnal components of cosmic ray intensity 

Cosmic ray 

I 
Correlation coefficient Barometric coefficient component with P~ 

Ts 
A r~: = - ·96 PT = - 4·2% per em. Hg 

M~ r~~ =- ·98 fJM = - 2·4% per em. Hg 

Es 
A ,.~: = - ·95 fi-s = - 14·0% per em. Hg 

The barometric coefficient f3M. = - 2 · 4% per em. Hg for mesons may 
be compared with the value found by other workers from day-to-day varia­
tions of cosmic ray meson intensity. Coefficients of - 3 ·0% per em. Hg 
for Huancayo and - 1·8% · per em. Hg for Cheltenham, Christchurch 
and Godhavn have been determined and used for barometric pressure correc­
tion by Lange and Forbush1 for the Carnegie Institution ionisation chamber 
data. It is not clear why at Huancayo the coefficient should be so much 
larger than at the other stations in spite of the shielding being the same for 
all instruments. Duperier's10 barometric coefficient is -1 ·50% per em. Hg and 
Dol bear and Elliot11 have reported a value of - I · 88% per em. Hg obtained 
from the seasonal variation of intensity. These authors, by partial correla­
tion analysis, give estimates for the three meteorological coefficients which 
affect meson intensity. These are shown in Table IV. Our value of the 
barometric coefficient for mesons is larger than the true IDf!SS absorption 
coefficient of Duperier but agrees well with the coefficient of Dolbear and 
Elliot. 

It is important to examine if there is a substantial decay contribution 
in the semidiurnal variation. Pekeris,12 and more lately Wilkes and Weekesls 
have examined the details of the modes of oscillation of the atmosphere. 
Nicholson and Sarabhail4 have estimated the ~ffect on meson intensity of 
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TABLE IV 

Estimates of barometric coefficient {3, true absorption coefficient p., 
true decay coefficient p.' and positive temperature coefficient a for mesons 

Coefficient I DuperierlO I Dolbear and Elliotll 

{3 - 1·50%/cm. Hg• - 1·88%/cm. Hg 

I' - 1•05%/cm. Hg - 2·07%/cm. Hg 

I' 
. - 3·90%/km. - 4·22%/km. 

Cl + 0·12%/"C. + 0·14%/"C. 
-

• Weighted mean for 5 periods of observations. 

the semidiurnal change of height of isobaric levels due to atmospheric oscilla­
tions. For meson production near 16 km., there should be a semidiurnal 
oscillation of the isobaric level which would not exceed 4 metres and thus 
would not change significantly the contribution of the pure mass absorption 
effect to the barometric coefficient. There is reason to believe therefore 
that the barometric coefficient derived by us from the semidiurnal variation 
corresponds mainly to the true absorption coefficient for the meson compo­
nent. 

The appropriate barometric coefficients experimentally determined from 
semidiurnal components can be used to coqect the unresolved daily varia­
tions of T, M and E for the barometric daily variation. Smoothened 
bihourly values of the barometric pressure corrected variations designated 
as T', M' and E' are shown in Fig. 4. The harmonic components of these 
are indicated in Fig. 5. 

It will be noticed that T' and M' are left with a residual diurnal variation 
of amplitude ·33 ± ·05% and ·35 ± ·04% respecti~ely and hour of maxi­
mum near 0900 hours I.S.T. E' on the other hand has no significant varia­
tion exceeding the standard deviation of the individual bihourly points. 
This indicates that the daily variation of the electron component at sea level 
can be explained almost completely by a mass absorption effect connected 
with the barometric variation. 

Duperier16 has corrected the daily variation of mesons for a decay effect 
due to an estimated diurnal change of height of about 50 metres in the iso­
baric levels near 16 km. in consequence of a diurnal heating of the atmo­
sphere. The process has been considered to be analogous to the seasonal 
y~ri~tioq · of meso11 intensit~ where, durin~ summer, the ~eneral expansion 

I 
I 

I 

~ 
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Flo. 4. The daily variation of total cosmic ray intensity, mesons and electrons, each 
corrected for barometric pressure. 
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FIG. 5. Diurnal a,qd semidiurnal harmonic dials showing amplitudes and hours Q( 
mt~xima of ~osmic ray daily variations corre~t~d for l!arome~ric pre$S1,Jre, 
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of the atmosphere produces a decrease of meson intensity. Dolbear and 
Elliot11 have suggested a further correction for a diurnal positive tempe­
rature effect similar to the one demonstrated by Duperier11 for day-to-day 
changes. The contribution of both these factors to the daily variation of 
mesons would depend on the magnitude of the diurnal temperature change 
at different levels in the atmosphere and particularly near the tropopause. 

All available meteorological evidence goes to show that the daily varia­
tion of air temperature gets rapidly attenuated going upwards from ground, 
and becomes negligible beyond 2 km. above the surface of the earth. It 
may again become important in the ozone ultraviolet absorption region, 
well above the tropical tropopause. Duperier,10 and Elliot and Dolbear8 

have based their arguments on radiosonde data obtained by the Meteoro­
logical Office, London, at Larkhill (100 km. S-W of London) and Downham 
Market (75 km. N-E of London). The interpretation of the data is however 
very suspect and Kay16 has critically examined it to come to the conclusion 
that much of the apparent diurnal variation of temperature in the lower 
atmosphere is spurious and caused by inadequate radiation shielding of the 
thermal element. Flights have been made in India to test whether there is 
a diurnal variation in low latitudes. It has been tentatively found in ascents 
made with Vaisala instruments at Ahmedabad that there is no significant 
diurnal increase of temperature near the tropopause. There is ozone above 
100 mb. but the heating effect due to absorption of solar radiation is consi­
dered to be of significance only at much higher levels. 

An examination of Fig. 5 reveals that the barometric pressure corrected 
vectors for total intensity and mesons on the 24 hourly dial are both signi­
ficant and are negligibly correlated with the surface atmospheric temperature. 
If the heating in the upper atmosphere were to take place from lower levels, 
the maximum temperature would occur at a later hour than the surface 
temperature and the correlation with T' and M' would be almost zero. For 
heating of the layers of air near 16 km. from above, the maximum tempe­
rature may occur nearer noon, but even so the correlation between the diurnal 
vectors forT' and M' and a temperature vector at noon would be quite low. 

One is finally led to conclude that the atmospheric temperature has little 
or no part to play in producing the daily variation of meson intensity corrected 
suitably for barometric pressure. 

5. THE BAROMETRIC PRESSURE CoRRECTED MESON DIURNAL VARIATION 

Having eliminated meteorological effects, it is necessary to consider 
possible geomagnetic and helio-magnetic influences on the residual daily 
variati<m pf mesons. Janossyt7 has suggested the po!!sibility of a dil.lrna.l 
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variation of cosmic rays at latitudes beyond 40° due to the helio-magnetic 
field. Dwight18 has worked out detailed implications, but this theory can 
be safely excluded in view, amongst other things, of the evidence from several 
quarters concerning the non-existence of an appreciable general hello­
magnetic field at the present time. Vallarta and Godart19 have discussed 
the influence in low latitudes of ionospheric current systems responsible for 
the geomagnetic diurnal variation. While the latter alters fundamentally 
in character with latitude, Thompson 20 has shown that the meson variation 
has similar features over a wide range of latitudes. It appears therefore that 
the barometric pressure corrected variation of mesons is of extra-terrestrial 
origin and is connected with an anisotropy of the primary radiation. 
Taking into consideration the occurrence of the maximum of the diurnal 
variation at about the same period of the day according to local time at 
widely separated places on the earth, it is reasonable to conclude that the 
anisotropy is caused by the solar emission of cosmic rays. 

Duperier15 has indeed made a similar suggestion by a consideration of 
the seasonal change of amplitude of the meson diurnal variation corrected 
for barometric pressure and decay coeffi9ient. As however, the application 
of the decay effect is questionable for reasons mentioned earlier, the close 
agreement between the ratio of summer and winter diurnal amplitudes with 
what would be expected due to change- of the solar zenith distance at the two 
periods may be fortuitous. · 

' 
6. THE EFFECTS OF CosMIC RAYS FROM THE SUN 

The sun is known to emit corpuscular streams which take about 23 
hours to travel to the earth and produce geomagnetic and auroral activity. 
It is also known to emit during some intense solar flares, moderate and low 
energy cosmic ray particles which . travel with a velocity not very different 
from that of light and produce measurable effects at sea level on the cosmic 
ray neutron and charged particle intensity. The magnitude of the effect 
has a marked longitude dependence, and no effects have been observed at 
equatorial stations. Increases in neutron intensity reported by Simpson, 
et a/., 21 and charged particle intensity reported by Neher and Forbush22 have 
been associated with the central meridian passage of active regions on the 
solar disc. These demonstrate the emission of more energetic particles from 
the sun which make their effects felt even at Huancayo on the geomagnetic 
equator. The present association of the meson diurnal variation with an 
anisotropy due to solar cosmic rays shows that the sun is a cpntinuous 
emitter of cosmic radiation. Unlike the bursts of. radiation following the 
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observation of flares, this continuous emission is energetic enough to cause 
measurable effects in the charged particle intensity at sea level at all latitudes. 

There is some evidence to show that the energy distribution of cosmic 
ray particles from the sun is displaced towards low energies as compared 
to the general energy distribution of cosmic rays from all other sources. 
For, the percentage amplitude of the diurnal variation increases with eleva­
tion as revealed by our comparative studies at Ahmedabad and Kodaikanal, 
by the Carnegie studies at Huancayo compared to the low level stations, 
and the studies made at the Hafelekar. Neher and Forbush have reached 
a similar view from the increase of the worldwide fluctuations of ionisation 
with altitude, and the fluctuations being less pronounced at the equator. 

An important question arises about the observed hour of maximum 
M~0 of the meson diurnal variation. For high energy particles from the 
sun which are not appreciably deflected by the geomagnetic field, one should 
expect the maximum to occur at noon local time. For less energetic posi­
tive primaries the maximum wifl be shifted to earlier hours, and for less 
energetic negative primaries to later hours. There is a divergence amongst 
the reported results of various workers concerning the precise hour of 
maximum. It varies in extreme cases from 0800 hours to 1600 hours. A 
great deal of this divergence is perhaps due to differences in methods of 
correcting for meteorological effects. · 

Hogg23 has compared on a harmonic dial the diurnal vectors for meson 
dialy variation observed by various workers at different places. For 
Canberra data, a vector has been given for barometric pressure corrected 
meson variation as well as for one which has, in addition, been corrected for 
·a temperature effect. There is a considerable difference between the ampli­
tude and the hour of maximum of the resultant variation in the two cases. 
Forbush,24 for Cheltenham data, has shown how the uncorrected meson 
diurnal vector at 1400 hours shifts to 1100 or 1000 hours according to the 
magnitude of the barometric coefficient which is applied for correction. 

Some of the differences in the hours of maxima and amplitudes observed. 
by various workers are probably connected with the nature of the measuring 
apparatus and· the angle within which it allows incident radiation. Gene­
rally an omni-directional instrument would reveal a smaller amplitude of 
variation than a unidirectional one. In latitudes where there is an E-W 
asymmetry of the cosmic ray intensity, an ionisation chamber would effectively 
function like a West pointing telescope having a later maximum than a vertical 
telescope. In view of all these factors, comparisons between the diurnal 
variation at different latitudes and elevations can only be made where similar -

i 
' 
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experimental technique is followed at the various stations, and appropriate 
similar corrections are applied to the basic experimental data. Carnegie 
Institution studies are therefore very valuable for this purpose, and when 
further significant data is available from our unidirectional studies at 
Kodaikanal and Trivandrum (Mag. Lat. 1 o N., Alt. 0 metres) it might be 
possible to get a better insight in this subject. From our own studies, 
there is every indication that the maximum occurs before noon, and the hour 
becomes earlier when the diurnal amplitude increases· in going from 
Ahmedabad to Kodaikanal. Though all sea-level stations run by the 
Carnegie Institution have maxima in the early afternoon, the mountain 
station of Huancayo has an earlier maximum before noon and of increased 
amplitude. 

An important point that arises now concerns the relationship that can 
exist between the amplitude and the hour of maximum of the diurnal varia­
tion. The amplitude should be controlled, among other things, by the cut 
off in the solar cosmic ray energy spectrum either by geomagnetic blocking 
or atmospheric absorption. The mean energy of the allowed radiation 
determines the bending in the geomagnetic field and hence the hour of 
maximum of the diurnal amplitude. When changes in amplitude of the 
diurnal variation are due to alteration of the cut off energy, a change in the 
hour of maximum may also be expected. This consideration requires a 
revision of the past analysis made for detecting a sidereal time variation in 
cosmic rays from the seasonal change of the diurnal variation on lines sug­
gested by Thompson. 25 

Due to bending of the trajectories of cosmic rays from the sun, there 
is every reason to expect a diurnal variation of intensity in both the North 
and the South pointing telescopes of Alfven and Malmfors, 6 and Elliot and 
Dolbear.8 On account of the asymmetry of the geomagnetic field with 
respect to the earth's axis of rotation, the two telescopes may exhibit 
with respect to each other, a small shift of phase of the measured diurnal 
variation. Just as an East-pointing telescope would have an earlier maximum 
than a West-pointing telescope, a North pointing telescope in England 
should have an earlier maximum than one pointing to the South. This is what 
Dolbear and Elliot have found. While· qualitatively the explanation is 
attractive, it remalns to be seen whether it would hold quantitatively. 

Elliot and Dolbear8 have made the very significant observation that 
during days of increased geomagnetic activity, the diurnal variations in both 
N and S directions are enhanced, and the N-S difference changes from being 
a semidiurnal to a diurnal curve. Since it is known that geomagnetic dis­
turbances are associated with solar corpuscular streams, it would appear 
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that when there is increased activity of the solar M-regions, there is aiso 
increased cosmic ray emission from the sun. The radical change in the 
nature of the difference curve during magnetically disturbed days supports 
the view that it has no special physical significance apart from being the 
arithmetic difference of the diurnal variations in the two directions. 

Recently, two of us (V. Sarabhai and R. P. Kane) have demonstrated 
large and long-term world-wide changes in the amplitude and the hour of 
maximum of the meson diurnal variation. These changes, at least during 
years of low solar activity, are well correlated with relative sunspot numlr-!r 
and the American magnetic character figure. There is therefore good reason 
to believe that continuous emission of cosmic rays from the sun is an im­
portant cause for the diurnal variation of meson intensity. However, there 
are a number of points about the diurnal variation which are still to be 
cleared up. Perhaps the most important, concern the dependence of ampli­
tude and hour of maximum of the diurnal variation on latitude, elevation 
and seasons. Our understanding of the problem is very much confused by 
the. complex trajectories of charged particles from the sun. The very consi­
derable deflection of cosmic rays from the sun is demonstrated by the 
occurrence both on the sunlit and the dark hemispheres of the abnormal 
increases of cosmic ray intensity associated with flares. It would be very 
valuable if the rather complicated problem of the effect of the geomagnetic 
field on non-isotropic cosmic ray primaries from the sun is tackled not only 
for a static case, but when the field wobbles with respect to the sun on 
account of the rotation of the earth. 

We are indebted to Prof. K. R. Ramanathan for many valuable dis­
cussions. We wish to thank the Atomic Energy Commission of India for 
financial support given for our investigations and the India Meteorological 
Department for the supply of radiosonde instruments. We also owe our 
thanks to Mr. K. A. Gidwani for computational assistance. 

SUMMARY 

The daily variations of total cosmic ray intensity and the intensities 
of meson and electron components have been studied at Ahmedabad_ with 
vertical geiger counter telescopes. The influence of meteorological factors 
on these variations has been examined, and it has been found that appro­
priate barometric coefficients for correcting the cosmic ray intensities can 
be obtained from a consideration of the semidiurnal components of the varia­
tions. The barometric coefficients for the three intensities are 

{31' =- 4·2% per em. Hg, {3111 =- 2·4% per em. Hg, 

fiE=- 14·0% per em. Hg. 
'I 
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The cosmic ray intensity variations are corrected with the appropriate co­
efficients for the daily variation of barometric pressure. No signifi­
cant variation is then left in the electron intensity, implying that variations 
of this component are mostly caused by the mass absorption effect with a 
variation of barometric pressure. In total intensity and in meson intensity, 
on the other hand, there is a significant residual variation of about · 3% in 
amplitude. This is mainly diurnal in character with a maximum at 0900 
hours I.S.T. 

Reasons are given for concluding that the meson residual variation is 
not primarily caused by either the diurnal variation of temperature in the 
atmosphere or of geomagnetic elements. It is finally concluded that the 
bulk of the meson residual diurnal variation is extra-terrestrial in origin and 
is caused by continuous solar emission of cosmic ray particles. This con­
clusion is discussed in terms of the interpretation of omnidirectional and 
unidirectional measurements of the diurnal variation by other workers. 
A connection between changes in the amplitude and the hour of maximum 
of the diurnal variatio_n has been suggested. 
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1 • ;\UTRODUO,TIOtt 

Ever eince the experimen~s or Hesa and Kolhorater1 

proved conclusively that coamic rays were to be traced to 

an extra-terre~tr1al source, the question o£ tholr origin 

ha$ become a subject or much speculation and research. It 

was realized that to obtain an answer to the problem the 

most direct approach iB to moasure the intensity o£ radi­

·ation as a function or time and find out Whether any 

variations exist apart from statistical fluctuations. Thore 

are several kinds at variations Which might be expected • . 
Variations With a period of a eol.ar day, and witb seasons 

might be expected to arise from tho rotation ot the earth 

and its motion around the sun. A diurnal variation or 
inteneity according to sidereal time, 1£ present, would 

have a bearing on the galactic origin o£ cosmic rays 'tfhereas 

a periodicity or 27 days (average rotation period of the. 

sun) can arise from its direct solar origin or a geomagnetic 
.. 

err c. hel1omagnet1c effect. Ilon-perl"odic variationG can also 

yield some inf'ormatlon about the oriein o£ cosmic rays. 

Long and syste111at1c studies ot time-variations ot 

I 1 
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coamic ray 1ntena1t1es have eatabliehed that both regular 

and irregular variations exist. The irregular varia tiona 

are associated \f.ltb changes in meteorological factors, 

magnetic activity, occurrences or solar flares etc. Several 

types ot periodic variations, some non-persistant in chara­

cter, have also been reported. 

Tho symposium on cosmic rays held. at the Un1 veraity 

of Chicago, reported in Reviews ot Modem Physics ( 1939) 

gives a comprehensive account ot the work done on time­

variations upto 1939· A later survey has been made by Elliot 
~ , 

in Progress of 6oamic Ray Phyaica. 

1.1 Variations due to Atmopeher1c erreota :-

In 19281 l•lyssowsky and Tuwim2 toWld that the day­

to-day variations 1n ground level pressure are negatively 

correlated With the variations of the daily mean values 

ot cosmic ray inten:sity. In1t1allJ this 'barometric effect' 

was ascribed to the changes in tho masa absorption suffered 

by cosmic rays in their passage through the atmosphere. 

The pressura coett1c1enta tor the t~tal intensity as well 

as the meson intensity have been obtained by several obeer• 

vera, though the values obtained by them do not agree very 

well. As pointed out by Duperierl this may be due to the 

tact that the overall pressure c~etficient reflects not only 

the mass absorption ettect but also includea an etfedt due 

to change in 'the path-length,whicb would alter the probability 

or t--meson decay and produce a variation analogous to the 

I 1 
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ooaaoncl variation 1ntorproted by Dl~ckott4 and diocu~aod 

1n detcU at a lcter atueu. To find too hu1r)lt ot tho layer 

wore Clast or tho cosons oro producod, Duperlor tnvoGt1«ato<l 

tho part1Dl cor1·elat1ona or day-to-day obanuo:s ot code 
rq lntunnit7 (l) with tho corrocpondin:; ohan&oo or tho 

holc~t= C H) ot isobaric lovola 1n tho atmoaphoro and or tho 

b~etl"io proGauro (it) muo.aurecl at tho grou.nd lovol. Ho 

tound tbat the valw ot tho partial oorrola,1on1 T:ct'\-& 1 

botw-aun I and H at. conctant borouotrlc pNtusw:-o s, waa 

maxlcn.am tor 16.1 km hotcht which vao tho h11:hoat levol l~P~o 

wb1ch dota were cvcllablc trom balloou aaocnts. Tbla hoi~' 

oorroapondn nppro:dmntolJ' to tho 100 c.1b. proouuro level. for 
I 

tha tWO OOCfi'lclentO f" (duo to DaSD ab~rpt1on cffoct) mtd f 
(due to ohangos in tho ho1[;bt ot tho 1eobar1c lovel) he 

Obtained the val.uoa 2.24'~ par cm.Hg and Se4!' por knl. 

ro3PGot1vely. 

'rho abovo co-note.nta wcro obt~no<l trom the l'"ucord:s 

or t.eluacopua W.thollt anr abaorbor. ~xpcrimento \~1.tb 25 CLt. 

or load absorber woro also conducted ~1d corrolction ~alJiia 

ca..""r'1od out aa bctoro • Tho pnrtial corr~lutlon rza. a 1ncreaacso 

up~o tbo bolt;bt corroapond1ng to 200 r:b. level but dooroaso:s 

rapidly tur bui~bta bot\4.'Gun 200 and 100 mb. Dupt;r1urS baa 

S.nturprutod this aa 1ndiuat1ltt; ~t t.hc varf.tltion in r:oaon 

intensity o:annot. cowplotuly be cxpla!.n~d by t.b.: ttso taotors 

mcnt1onot1 abovo. '£ho udd1t1ou411 factor that. b3 introduced 

1o tbtt dc.mo1t.y ot tbo air at tho lovGl ot noeon formation. 

Duporier hna computod tho partial correlation coctt1c1onto 

I 1 
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botwon tb~ code ray inten:.d.ty 'I' and atmospheric 

tompuraturu •t• •h1cb dotorminoo tho density ot &d.r at 

atl1 particular levul. The partial oorrolat1on is -t o.68 

tor tomporaturo corruopond~ to oir botwo~ 200 Qud 100 

mb, lcvelc. Tbc tct13PV&tura coetticiontt obtainod ln tbio 

ttq l:s + .12~ por 0c. fb1s poa1t1vo tomporaturo ott oct 

1nd1catoa that tbo number ot t10sona at oaa lovol inoroaae:s 

ae the donoit)' ot n1r at tbo 200.100 mb. lovol dooron:wa. 

DupOtitll• 1nttdrproto tb1.1 as being dua to tho comput1t1vo 

prooe.saeo ot nucloCU" .:a,pt.ure ot?r -mesons and ot 7r-f decay. 

An appruciaulo proportiun or the oaao11 1ntendt7 at sen 

luvol ia dua to r uoeona tomcd by th<a dOCQY Of thu Tt' fl030Zl 

component oreatod nt th<» top ot the at;r::oaphoro. Tho 1\ mcaons 

Which havo a utrone nuclonr 1ntoract1on, a.ro alco 04ptured 

1n nucloar coU1s1ona. It tbo dondty o£ m4ttcr incroasos 

at the lovul ~1ero ~ decays into f , tho prubab111ty tor 

colliolona 1ncroasoa nnd $0 ~1u ground lovul aoaon tntenultJ 

docroasoa. c;.Ul.lnt1t.;,ti vc COl!Oiderationa y1olc:l 4 much lowur 

valuo ot thio eft .. uctt than hllat ia ol)oervod and oo there 

rcmalnu e:::~4Ja c!o\ll,)t aa ·to l!flltjthor tbe 1ntorprotation put 

torward b7 Dup~r1ur J.o corroot. 

jov~ral inve~tigntoro hava reported nogativo corrcla• 

t1on botwoon cood.o ray intunuitr and ground lovol ter:ll)cratun. 

Dlackott4 in 1938 pointed out tbat ~b1a tomporaturo eftcct 

can be cxp~inaa on ~ha baeia o£ tho 1notab111ty ot moaona. 
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'.fho &cnul'nl warw.nz or th~ atr:;onphoro incroaooo tho height 

ot tho 1sobnr1c lovolu \il:lo1~o o~eouu are produced. Tbio 

1ncroamos tho ducuy prob~bility m1d th~r~by duor~asoa tho 

~ooon 1n\cna1ty. 

Accordin~ to Ul.Ackett' a culculatiouo, asul.&.Qina an 

a.vorflto 1:1uan lUo t;1Qo tt _. 2.'1 a 1o-6 Sec. tor~ r:1eeonu, 

end an QVOrilJ;v lifu rQilt;CJ uo 32 b.) tbo valuo ot tbu tell:pa­

rature oootticient ~ corloo out to bo ...o.2~r, pur oc. t~hQ 

valuo or tho coo.tticiont as obDorvcd expor1mcntally b7 

Compton and 'l'urnur £rot1 acaoonal. chano:u,; 1n -o.10,; por °C• 

HQso b4e ob:sorvod that tho W::JpuruturQ coot"f1c1ont 

1o oubJuct to a rot:,-ul.a.t' oeaa~.ual V4riAt.1on1 <tho oo\)f.fici\}nt 

1u ldntor being t\d.co ao lart:o aa 1n s~or._ U Dluckott,' a 

1ntorprctot1on u! tbe ot.toc:t hat~ t;o bo rutn1uod, it would 

bo concludtld ttao.~ tn\~ cround luvol toQperatt.ara 1e a veey 

lnadequc.t.e parcmotor tor thv to~raturo cond1t1ono ot tho 

wholo vert1oW. column ot a.1r. The cagnitudo of th~ tc;::.;po. 

raturo cocttiolont o.'l.ould tKi found not tro:a cr-ound-lcvol 

temperatures alonu ~ut by takine into account t~~>or"turoo 

ct hifihor lovolo al:so. Dcrn6thy f.Uld 'Jlcrro? bavo or;lained 

tho 'Yaritltion ot tho ulgn Qllcl ~ tudo of tbc tc~r~turo 

ottoct 1n ohowor-1ntonll1 ty on tllc baaio uhat. tbQ da.Uy 

tGmpar4tturo is 11mitcd to a hoit;bt ot 2 km. rr~u tbo ground. 

Ul.ackett,4 bao predicted a lut1tudu dependence ot tho tei:~po ... 

·raturo coc£t1C!ont. At lolf lat.ltudoo, tho incomiug r4diatlon 

is moro enorgotio tihnn at high latitudeo and thuo ln tho 

tonner cano meQOns ot t;;roa.ter onorgy nnd of a lont;er ~acan 
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o££oct1vo lito-t!r.lo nru involvod. Duo 'to 1;bls, t.ho tempe­

ratura coet£1c1ont noar t.hll Ofiw:Ltor ab.ould bu lwc1• than 

at high latitudes. 

A acauonal var.Lo.tlon oi tbu coomio ray lntenai\)' 

waa oatablishoa aa caa-ly as 1939 h'OU the · at.w:U.ua ut Hessf 

Compton and !i'urn..,r9 1 011110 and I.t~orbusb 11. li"oztbu$b bas 

anolJOod ionisation cha•Gbur d.ata ot Cbul\tcuhaza1 Christollurch, 

lilAQSlO&yo and Tooloyu.oun. Attar doduotinn u 12•montb-wa.V@ 

troa tho c1ata at oach plucG o;{copt at HuanoaJO wh4.trG a wavo 

4oos no~ exist, ~1o roaiduul variations a~ ~~Y t~ placoa 

w··n:o found to bu b1l~lly col."rolated. 'i'b1 e clelU'ly elioWvd 

that major non-periodic chnnzos 1n tho cosmic ray intenoity 

wru world·td.do in character. tbu awplitudos and t.ho time 

ot llla,-dtla of tho 1 2-l~onthly wavoo at ditt'oront Gtat:1ons 

uo obown 1n tb.o harmonic diul. taken t1-o=a tho original papf.JZ". 

---- ~----- . -- ~-~ . -- :--- .......---
~ 4, '; I O:r I ;;;I 

..... 

, 
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The 12-montbly wave in the cosmic ray intensity at 

different stations (except at Tooloyucan) ia 160° out ot 

phase ~th the 12-month wavo in temperature at each station. 

Christchurch and Cheltenham, having similar elevation and 

geomagnetic latitude, show the same ratio ot amplitude ot 

the above two variates. For other stations it is quite 

ditferent. This indicates that the variations in cosmic 

rays in general are not closely connected ld. th ground tempe­

rature. Forbush 11 suggests that tho seasonal variation of/ 

distribution of air-density With height in the earth's 

atmosphere may be better correlated With tho 12-monthly 

wave 1n cosmic ray intensity. 

From the amplitude or the ettect observedJForbuab11 

suggests that the solar magnetic moment nay be an alternative 

possible cau~e for tno eeasonal variation o£ cosmic ray 

intensity. Vallarta and Godart 12 havo also ascribed ~ 

the seasonal variation to tho solar magnetic field. However, 

these calculations according to the above suggestion do not 

agree well With tbG exper1monts of Forbusb11. Hence the 

·interpretation hao received little support. The analysis 

''6!. recent data obtained at Hancbestor by Elliot and Dolbear13 

·,for north and south pointing telescopes shows a definite 

· , decrease ot intensity 1n r:dd-sum.11er araount1ng to about ~. 

i, 'l'})e monthly means or cosmic ray intensity, after correcting . ' 

tor barometric coefficient show a high correlation (0.94) 

with tho height or the 100 ml>. level. Tho decay coe.tticient 

is found to be .... 3.;5 % per km. which differs a1gn1f1cantly 

I 



t1,om tho value -;. 7(Y;~ per km. obta1ned trom day-to-day 

changes of I and H. Small but significant dif .Ccrencos 1n 

the ahape of their annual variation curves havo also bGen 

poi~ted out by the3c authors. They theretoro conclude that 

the,positivo temperature effect reported by Duperior may bG 

responsible ror the minor diacrepslciea. 

1.4 Jar1at1on~ a~sociated with Goomamn!&io gnd solar 
,actiVity. 

The obaerYations ot Messerschmidt (19)5) 14 showed a 

decrease or about 1.Q% 1n the cosmic ray intensity during a 

mQGne'tic storm. Ste1nmauror and Graziadci 1 S ( 1935~ £ound 

I 

an avorage decreaso or 0.)% for 17 magnetic storms • 
... 

The world-Wide naturo of irregular variationa waa 

established trom the results of. Cheltenham, Huyanoayo, 

Christchurch, Tooloyuoan (reported by lforbll!"Jh 11) and Hatelekar 

(reported by Hess and Demmelmair16). The storm or 1937 waa 

accqmpan1ed ,by a decroase ot 1ntena1ty of about 4~ at widely 

separated stations (Forbush). A decrease of about ~f· 1n 1936 

ha~ been reported by Forbush and thoro appears to be gt.lOd 

correlation bevwcon 'Itt ( th~ horizontal component of earth's . , : .J 

magnetic field) and variat1on3 of cosmic ray intensity. 

Howover tho violent storm of Augu:Jt 1937 wa:s f'ound to be 

ine!tective as tar as Tariations in cosmic roy intensity are 

concernod. During a storm, 'H' decreases suddenly and 

comes back to the original value very slowly. 

sholm that the changes 1n intcnsityJ •••• 

4 



I 9 I 

a~sociatec1 with magnetic storms,are 1n1t1ally1nvariably ot 

a decreasing nature and are broadly of the same character 

as the changes in 'H' • It is also tound that tho cosmic 

ray changes especially When· they are large, are delayed by 

a tow hours relative to the large change or 'H'• 

Chapman 18 suggested an explanation of tho storm 

effect on the baois of Storlllor'a hypothesis tbat.part ot 

the earth t a axial magnetic moment is caused by ring currents 

ot charged particles flowing concentrically around the earth 

at a distance of several earth radii. According to Chapman, 

tho increase or the f'iald strength, outeide the reeion 

covered by the ring currents and the earth, deflects away 

from the earth some or the primary cosmic rays. This 

produces an decrease in intensity. Forbush 19 suggests that 

the reason for the occurrences or effective and non-effective 

magnetic storms could be duo to d1tterences 1n the radii of 

tb~ ring currents. The calculationa o£ Johnson20 and of 

Hayakaiva21 et.al. sho\f that changes 1n cosmic ray intensity 

produc~d by the ring currents may be either pos1t1vo or 

nogativo depending upon wbcthor the radius ot the ring 

current a.asumed is greater or smaller than 1.) times the 

earth's radius. Thus thore ehould not in general be a 

positive correlation botween cosmic ray ~1tenslty and 

ma.gnet.ic tield as is observed. There is therefore sorious 

doubt about the validity or Chapman's explanation. 

Al.tven22 has suggested that the decrease 1n intensity 

I 4 
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cluring magnetic storms may be due to tho olectri.c field 
Q., 

which arises as a result or the motion ofAcorpu3cular 

stream through tho solar ma&netic f'lold. It an electric 

field of the magnitude suggested by Alfven exists, a large 

increase 1n intensity uill bo produced aomo time during 

aQGnetic disturbances. 

Increase 1n intenoi ty of cosnic rays associated 

with solar flares havo been reported by Lange and Forbush23 • 

Duperior24, Ehrnort2S, Clay26 . etc. Tho main characteristics 

or the variations o.re as tollous 1 

(1) The variations are not alwa,s world-Wide. 

(2) The ma::dmum of cosmic ray 1ntens1ty and the 

solar flares occur at an 1ntGrval or about an hour. 

(3) The effect 1$ broatly reduced at lower latitudes 

and 1a not obsor.ed at geomagnotic equator, suggesting that 

the primaries responsible for these variations have momenta 

less than 10 BeV/c. 

Ebmert27 has put forward an ex.planation for the 

above effects. He suggested that tme particles from the 

aun are accelerated by the betatron action ot the changing 

magnetic field ot a growing sunspot. Tbis waa proposed by 

Swann28 as early as 1933. The accelerating electric field, 

as suggested by Menzel and Salisbury29 are duo to movements 

ol low-frequency oloctromagnetic wavea generated by tluctu­

actions of the sunspot magnetic t1old duo to turbulence in 

the aolar atmosphere. 

I 4 
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Forbush, Gill and VallartalO have oxaminod the mechanism 

ot emission or cosmic rays from tho sun .during occurrences 

or solar flares, They suggest that tho bi-polar field of 

a sunspot group may reduce the solar field to allow compa­

ratively low-energy particles to be ord.tted trom the surface 

or the sun. 

It has been demonstrated by Simpsonl1 that neutron 

1ntenaity responds sans1t1vely to chanties in the intensity 

ot medium and low energy cosmic rar primaries. He has 

reported that apart from $1'!\all and sharp fluctuations or 

tbe duration or minutes and hours, changes of 1ntons1 ty 

~hioh persist tor several days also occur. In a later 

communication S1mpson32 and his collaborators have establiehed 

a connection between tho central meridian passage of actiYe 

solar regions and 19 maxima of neutron intensity d.lstributed. 

over a period of 3 months and observed simultaneously at 

3 separated stations. This has led the author to suggest 

a eolar component ot cosmic radiation ot low and 1ntormodiato 

energies. 

Ueber and Forbuah34 have pointed out that correlations 

exiat between the fluctuations or cosmic ray intensity at both 

high and low altitudes and the abovo neutron measurements. 

These fluctuations have been observed at Huancayo on the 

magnetic equator as woll as at stations in high latitudes. 

A further connection between solar phenomena and 

cosmic ray:s has been domon:Jtratod by Sarnbhai and Kano3.S. 'lheJ 

I 4 
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have ahown by an analys1a ot the cosmic rar intensity data 

furnished by Lange and Forbush that the nature of the daily 

variation observed at widely separated stations undergoes 

substantial changes or a world-wide character. These changes 
Q. 

app~ to be broatU.y connected with changes in solar activity 

during a sunspot cycle. 

1.5 Ua1lx Y&rfation s-

Periodic variations or cosmic ray intensity according 

to local solar time have been investigated under different 

atmospheric conditions and for places dittering in latitude 

and longitude. A summary ot tho work done upto 1947 baa 

been given by Nicolson and Sarabha135. The following tables 

include additional data trom work published subsequently. 

The notations used are :• 

I 

A 
h 

• geomagnetic latitude or the station, 

;; altitude or station 1n r.IQ~8 above 

aea level, 

~ · = angle ot cone of measured radiation 

( clasoit1ed in general as uwido and 

narrow), 

8 a inclination o£ axis or observed cone 

to the vertical, 

D(b,o)JS(b,c) :: diurnal (aomi-diurnal) variation ot 

amplitude b ~ and ~mum at c hours. 

S;-S icply that tho mrudmnn of the variation 

is displaced by less than one hour from 

s 
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t I 

I.O.;G.C. 

I 1) I 

the maximum (JDinimum) of the semi-

diurnal pressure variation. 

indicate use or 1on1aation chamberJ 

Golger counter apparatus. 

·indicate correction tor barometer 

ettect J external temperature e.f."tect 1 

intemal temperature G££ect • 



-• 

·-
-------.--------
- ·---~. L, ----

•• -

-.. ......... ---

~ - . --

. . -
' -. 

' . -~ . .. -_: 

' ' 
-• • -

\,..;....,, 

--.--

Liot ..,a 

----------
. ~ -.... __ 

• • 

. --· 
.o -

• • 

•• 

'· 
• 

J •• ... 
)"" -· 

• "· 
• 

• 
. ' 

0 • 

J. 

--

- . . .......... 

• ----- · ...... 

... ----
• ... . -. 
. .:. .. 
• ... . ... 

• • 

-. 

-.. 

• • _, . ... . 
narM• 

--· . ... . 

• .... ..... 

I • • 

-------

,_ 

... 

.. 

• • 

- ~ .... _ .... .... ... ..... -... ....... , 

-----···-· ----------
• • - - . --·- - ·-

----- -----------------------------·-------------·-----------------
) 

J 

' • 

J 

0 

' 

• 

., 

J 

• • 

0 

0 

' • 
= ,, :. '".... • 

-•1• 

2 •·JO!:. "l. 

• • 

2; 

3 

1 yo.ar 

••• 

• ' . • .. 
_, 

• .. 

. .,., . 

• . .. • • • 

' ,-,-. ··-·· ..... 

!•4i.r 
\;nr~~~a.:l• .. 

Aes4tl 
walyaaC • 
'lari&~i ;n 

ot ••V 

.-· • • 

t.';.c .. , 
.. • , J 

I o ,.. • ~ 1 

\.1-... ,1].:; 
'.1-; ,1'ilc.l 

• • • ....... 
co 

,. ' ' --... 

·-------- ------------------------------------------------ --- ------------- -------------- ---------------------------

-~-' ••• 

~ _, . -.... 
~- .... ' ,. . 
•>t-• 
' .,4"". 

• 

" 

• 

• 



·-· ~---· ---·-· 

1\._) .. , 

-11•1 

• "II.U 

•• 

toola.nd r 
~ ......... 11 

( 1?)2} 

(F.jji} 

(1'11.,0) 

t 19HI 

oil 1 .. 1 a111\ 

1 ,..,~ .... , \1 11\J) 

' ' . ,, li/J~-·-•11 

. I . • \1'1'-•) 

........ 
I .• ,dj, 

I •I I "ah 
.,\1, .. n, a)_. 

. ··~ ........ 
•••••• t. •• -....... 

~ . ' ' 

... ·----- ·--------·-

)'J· 11.) •• • 

' . 
2~00-
).,Uu •• 

,. 
5'}V 

.. " . 
•• 

•7" •• 
.1)1J..! •• 

1., ,. h 

1 . ''· . 

,,), .. , 

··~ ... .. . " 

" •· J. ' ' •. 

,. , .. . .. • 
. . . • 

J.. ~. 

l. 

L 

• "· 

• u • 

l • .... 

l . .... • 

• .. . ... ' 
' I -1• 

! • c. 

j • " • 

I ' ~ • 

l • ... • 

.. 
. --. - ---·-·-· l d . ' 

• .. 

I ·''I" " 
• • ••• • • • " 

i ... 
• 

I "' ' ' • • ••• 
,,..,, .. ' "' 

• - . -. 

, . .. . . 
••• .. 
• ' •• . ' ' 

t • 
... .. ' . 

. . 
• 

I • •· • 

t.," .. 

' .. 

• . " . 

• • • • . ... , .. .... 
"· 

'" 
• . .. 

. -- . 

' ' 

. --- • 

'. 
0 

u 

u 

,J 

. . ---. " . 

' 

' . ' •' , HI 

• 

" 

• .. . ........ ~. 

• ,,...,I • •t..•, 

----- -----------
/,) Cll,•ot,lo 

I''"' 
~-'' ,_;, .. ~-
IU C···· 

10 

l ........ 

------- ---

• • • • • . ' 

' ' . ' . 

•• 

... 

" . • •• 

)y ....... . . . -. 
1J. 1)", ll•o ,,,J .. ,. • 

1' 1:•. •·••• •• 

1}. .:. ••• I' I• • J 

• • • • 
.• 1 . : . • . . . ' . 

, J c l' b, 11 ..... l.k• • 

111 11 J 

; .....• 

' u • I f•ll.l '" 

• • 

1 d' i ~ ........ " , ...... • 

' . 
-------- . -. ... . ----

• ' 
~ .... ...n lhl ..... ~'/-

- ---- • - ... • 
• • . ' 

- • J • ,, 

' . ... ....... 
.. ,.,j., ... 
"''"'"', r ...... 4 1 1••• 

• -
' ' •• ...... r " 1 • ... . . . " -- . -- --- . -. ,, .. .. .. -

' 

--- . -· .. . lo • 

••• 

I • I! ' • 

(,,';.,11 ' 

• 

' 
,,;•.,t:·_,, 

j,1• 1 JII,: 

•• . ,,, .. . ' . 
• , I . , .... , 

(.1.'•''·· oft) 

~-··'•''"'''' \•~ ....... ; 
i,•J 1 1J,o-l 
\ • .t.l,li.,\0.' 

loll, I·· '''I 

······' " . 

\ ' .'I I o ' 

-\.1 )i, ,, 1 

\ • .;.,ll .. '>hl 

\.l.,lt.••ll) 

{.1;··''·'•hl-\. ,•,d}ill 

(),(},1\.),~11) 

-----·-
4··---------------

- --
. -.. 

........ "' 
va/1 ~•1 '" 1 1 • l.•" I••• ' ... 

., 
r .... 'J "-" 

---
• • 

(,t,l,l•lo) 

. -~ ... 
- .. - --. " 

• - ". . -- -

------ •• 

l 
• 



I 16 I 

1.li· \ 1he diurnal Variation l• 

It can be seen trow. Table 1 that the diumal variation 

has an amplitude o£ about .2 % at places in the tomperate 

zone. However, tho phase seems to vary Widely trom station 

to station and is different tor stations on the same lat1• 

tude. Even allo\d.ng tor the fact that the different workers 

have applied different corrections to their data, tho 

results are d.lfficult to understand. The only dot1n1te 

\. conclusion that can be draun about tho diurnal variation ia • 

• 

that the maximum occurs somotuae during the sunlit hours 

and the minimum during the dark hours • 

Also one can aay in general that the percentage 

amplitudes of the variations observed with ionization chambers 

are less than those measured by counter telescopes. Thia 

can be understood in terms or the difference in thu effective 

solid angles 1n which cosmccraya are recorded by the two 

devices. As is clear .trom tho results o:C Allven36 and 

Halmtors37, 1Colhorstor3S and Elliot and Dolbeaz-39 • the phase 

o£ the diurnal variation is not the sama tor all zenith 

aneJ,es. If therefore an experinental device measures cosmic 

rays in a wide angle 1 the variation ot intensity incident 

in directions on opposite sides ot the senith but equally 

inclined to it Will have different phases. The resultant 

amplituda will therefore gat reduced. Thia ettoct uill be 

more prominent in an ionization chamber where the solid angle 

1& verr wide. The percentage amplitudes measured by counter 

telescopes ( ospec1ally those with narrow angles) would thus 
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be larger than those ~easured by ionization chambers. 

Another point worthy or noto io that the hour ot 

maximum or tho diurnal variation tor highor altitudes is 

in general shifted towards earlier hours 1n the day. Thia 

is quite clear trom the resulta obtained at Choltenham, 

Christchurch and Godhavn which aro within an altitude ot 

100 metres above sea-level as compared with those £rom 

Ha.t'elekar and Huyancayo \-Jh1ch arc at altitudes of 3350 m. 

and 2300 m. respectively above sea-level. ~he hours of 

max11aa tor the two groups are about 1500 hrs. and 1 tOO hrs. 

respectively. The variations obtained by other workors at 

sea-level sllow the hours or maxima sometime in the afternoon. 

In moat attempts at explaininG the OJ.urnal variation, 

the changos in the phase o! the variation £rom otation to 

station are neglected. The diurnal variation is aasWlled to 

have a mwd.nru.m at about midday. As an example, Vallarta 

and Co~~t4° havo suggested that such a variation can be 

produced at high latitudes b7 a holiomagnetic f'iold and at 

lol'l latitudQs by variations of tho geomagnetic field. 

Obviously, this explanation cannot account !or the changes 

in phase of the diumal variation tor stations on the same 

latitude, 1·1oreovor, l·lalmfors has shown that the rosults he 

has obtained W1 th Alfven in Stockholm are not compatible 

\'lith this explanation. Hia results ars particularly 

interesting because they cannot be explained by meteorological 

effects. As Malmf'ors suggests, tho results may be due to 

I 6 
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small disturbances 1n the isotropy ot tho priJDarf radiation. 

Tho results obtained recently by Elliot and Dolbear41 

with directional counter telescopes show a marked dit£erence 

between the diurnal variation for cosmic rays coming 1n 

the north and south directions. Tbe hour ot maximum lor 

the former 1u shU'ted earlior. by a:..out 2 hrs. The two 

teloscopeo are inclined to the vertical at 45°. Since the 

latitude ot Manchester is S30U, the north telescope is 

pointing approximately to a fixed direction in space, Whereas 

the south telescope sweep.s a.croso the sky 1n the equatorial 

plane ot the earth. The atmospheric effects for both the 

telescopes are alike since tho particles from both the north 

and south have travelled tho same ampunt or the atmosphere 

under approximately oim1lar conditions. It is in this 

conuoction important to boar in mind that it tho anisotrop;y 

ot primaries such as may be caused by solar emission or 

cosmic rays, can produce a daily variation in both Nort~ 

and south pointing tcloscopoa; tho difference curve reflects 

only an arithmetic difference between the daily variation 

·in the two directions. It does not reveal the true nature 

ot the variation due to primary anisotropy 1n either dlrect1cn. 

1.~·~ The semi-diurnal variation 1-

As is evident trom Table 1, the nature or the semi• 

diurnal variation, like the diurnal variation, differs from. 

place to place and is di££eront for different cosmic ray 

components. Amongst the results that may be considored to 
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b~ 4 ~ statistically Bignificant are firstly thoso or RQu 1 

which wore obtained from two ionization chambers suspended 

in a narrow vertical fissure or rock, 40 metros under the 

suri'aco or Lake Constance. The variation is puroly sem1-

d1umal with an amplitude of about .16~ and phaso almost 

coinciding With that or the semi-diurnal variation or 

daily barome-cric pressure. In Rau' a experiment, the vari­

ation measurod \'las only of mesons t'lhioh could penetrate 

through SO metres ot water equivalent (including the 

atmo:spboro) and henoo had an 1n1 tial on orgy greater 1;han 

1 010 e V. I-ioreover, tho solid angle wao narro\'1 because ot 

the presence of fisauroa in the rook. Tho intensity 

measurud was thus almost vertical and was unaffected by 

magnetic variations. 

Tbe other results are thoao or· Duperie~ tor the 

total 1ntcna1ty of conmic rays as measured by a counter 

telescope. Duperier obtained a daily variation With a 

diurnal component ot amplitude .2~ and hour of cwdmum 

at about 17 hrs,, and a semi-diurnal component with amplitude 

.18% and hour or maximum at about 03 hrs. Tho lat.Lerwaa 

thus negatively correlated with the daily variation o£ ground 

pressure. 

An oxplanation for both thoso ot.fects is sought in 

terms of the Pekeris43 thoory of atmosphoric oscillations,. 

the implications of \ihich havo been examined .by H1colaon 

and Sarabhai • The main feature of tho oscillation is tho 

I 7 
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reversal ot phase after a height ot about 30 km. abovo 

ground. Thus tor heights upto 30 km. the pressure vari­

ation has got the same phase as at ground. At 30 km. there· 

exiuto a nodal aurtace. Tho pressure variations above this 

surtaco have ~haao in opposition to tho prosuure variations 

below it. 

These pressure variations are directly connected to 

the variation 1>. H in the height or an iaobar1c level 

situated at a mean be1gbt 'H'. lt,or levola upto )0 km. an 

incraasa or ground pressure would correspond to an elevation 

in tho ditferent isobaric levels. However tor levels above 

30 km. the phase ot the variation would be reversed and an 

increase in ground pressure would lower all the isobaric 

levels. 'the values or A H correspondin~ to a pressure 

change or amplitud.o 1mm. at sea-level ·are given 1n 'l'able\·2 

tor various height 'H'. The amplitude of the oscillation 

increasoSWitb decreasing latitudes by a factor or about 

co:s3 X • The values ci ven ara"").. • 0 and ~ = S0°. 

Table 2. 

H(km.) 0 10 20 )0 40 so 

I = 0 .010 .012 .012 .... 002 -.086 -.272 
H(km.) : so .003 .003 .00) -.001 -.02) -.072 

H(km.) 60 70 80. 90 100 

f - 0 -.490 -.S10 -.60 -1.0S -2.22 -H(lan.) 
( • ;o -.129 -·135 -.16 -o.aa -0.59 

The positive or negative correlation with tho semi• 
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diurnal component or ground pressure can therefore be 

explained by assuming the meson-formation layer to be 

oither above or below 30 km. respectively. Nicolson and 

Sarabba1 have shown that the poait1 ve pressure off oct in 

Rau • s results can be explained by assuming that tho mesons 

are formed at an aTerage height or about 65 km4p above ground. 

Above the nodal surtaoc at )0 km. the amplitude or tho 

pressure variation increases rapidly and attains at about 

70 km. 1 a value or the right order to explain the ground 

variation of meson intensity. However, the portion of 

atmosphere lett above 70 km. is only 1/8000 th of the Whole 

atmosphere. The primarr radiation has therefore to traverse 

only this much mass before it produces the secondary meson 

component. Such an assumption leads to an abnormally bigh 

value tor the croas-aection ot meson formation, it tho 

primar,y radiation is supposed to be composed ot protons. 

Even tor hea'f)' nuclei in the primary radiation, such as are 

found by Freie.rh4 ot.al. the diacrepanct would not be 

remoncl. 

The negat1Ye pressure etfect observed by Duper1er 

can be explained qualitatively by assuming the· moson-tormation­

layer to be bel0\'1 30 km. ThQ height variation is in phase 

With the pressure variation below 30 km. An increase ot 

ground pressure is associated with an increase in ho1ght 

or the various isobaric levels. The cosmic ray intensity 1a 

therefore decreased becaauo or an increased probability ot 

meaon cleoay. Since an increase 1n ground pressure also 
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increase tho mass absorption et£oct, both those effects are 

in tho same direction. Duperier has got a pressure coetti­

c1ent or -3. S ~ per cm.Hg. out o£ which 60 ~ is attributed 

by him to mass absorption and the remainder to the decay 

procoas. This requires an amplituda of height variation of 

about 22 metres at the height o£ 16 km. Aa ia aeon from 

Table 2, the maximum displacement of isobaric levels below 

30 km. is only about ) metres at 50° latitude. 

It is evident, therefore, that the positive and 

negative pressure effects obtained by Rnu and Duperier 

cannot bo explained quantitatively on the basis ot vari­

ations of tho heights or isobaric levels, produced by the 

Pekeria oscillation. On the otJler hand, it is dittlcult 

to imagine an alternative process which can produce such 

variations 1n cosmic ray intensity. 

1.S 

A considerable amoun~ of work has been devoted to 

tho investigation or a sidereal time daily variation or cosmic 

ray intensity. Hogg4S has turnishod a comprehens1 ve summary 

of various experimental roaults and discussed the methodology 

or separating a sidereal ettect trom a solar effect. Baaed 

on fundamental cons1dorationa or Dartels46 concerning mixed 

periodicitjt~) Thompson47 has sbown how a spurious sidoreal 

orrcct may be interred if' a auasonal change of the solar 

diurnal variation takes place. The combination ot such a 
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seasonal variation and a t~ue sidereal effect was expected 

to produce on a harmonic dial representation, a movement 

ot the tip of th~ solar diurnal vector along an ellipse. 

Depending on the rclntive magnitudes of the two effects, 

the movement could bo either in tho olockwiso or the anti• 

clockwise direction. One ot tho fundamental assumptions 

ot Thompson' a analysis is that the seasonal chattge or solar 

diurnal variation alters only its amplitude but not the 

hour ot maximum. 

Hogg's analyaie of available cosmic ray data or 
a number or authors fails to d1 sclose any truo sidereal 

effect ol eigatiticant magnitude. However Elliot and 

Dolbear olalm that; strong evidencu exists tor a sidereal 

timo daily variatiOD of BJI.lplitude about .02 ,.; and With a 

time of tawdmwa at about OSOO hours sidereal time. In 
~ . 

view or coni'l~ing views on this important question it is 

necessary to examine the validity of some of tho assumptions 

that have beon made in der1 ving a. sidereal time daily 

variation of cosmic rays. tie shs.ll revert to this at a 

later stage. 

Apart f'rom. tho :sidereal ef'tect it is valuable to 

atudJ tho seasonal change of diurnal variation. as thia can 

furnish a clue to the origin ot tho latter. Duperier has 

analJ&Od meson intensity data with a Geiger counter toloscope 

operated at London. Ho baa compared the diurnal amplitude 

in summer and tdntor af'tor correcting for meteorological 
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taotora (including poaitivo temperature effect) With 

changes in the zenith distance of the sun. He infers trom 

the close agreement between the two that a solar component 

of coemic rays exists. 

2. STATm·1BUT 01~ THE PUOBLEr-~ I• 

It will be realised from what has been said earlier 

that !~spite ot a largo volume of experimentation, the 

terreotrial influences 'Which can contribute to the daily 

variation of cosmic ray intensity arc not adequately 

understood. In investigating the tice variations of cosmic 

raya, the 1on1snt1on chamber offers tho groat advantage 

of constancy ot operation, but being an omni-directional 

detector or radiation, it is hardly a satisfactory instru­

ment tor the atudy or an anisotropy ot tho primary radiation• 

Nevertheless, vary valuablo data have been collcctod with 

it. Unidirectional measurcamento or the diurnal variation 

or the vertical meson intensity, pertormed with narrow angle 

geizer-counter telescopes .could be more revealing than 

omni-directio11al measurements. In order therefore to gain 

an insight into the factors responsible tor the daily 

variation or intunsity,furtber studies are necessary keeping 

in mind tho folloWing : 

(1) Dependence of the daily variation on the latitude 

and altitude of the station. The sem1-diumal component of 

tho daily variation ot atmospheric pressure is expectod to 

produce variations in tho meson intensity. The amplitude 
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or the pressure variation increasea rapidly tor decreasing 

latitude. On the other hand, tho day-to-day changes 1n 

barometric prea:,ure are more prominent 1n higher latitudes 

as compared to tho tropics. A study or the day-to-day 

variations would therefore bo more revealing in higher 

lat1tudca whereas a study of' tho daily variation would be 

more reliable and conclusive in lower latitudes. Also, the 

amplitude o£ the variation ot cosmic ray intensity is more 

pronounced at higher altitudes. A study ot the variation 

at mountain stations and at low latitudes 1s,. therefore, 

deairable. 

(2) Dependence on the nature or the particles~-. 

The nature of the daily variation ot cos!d.c ray 1ntens1t7 

deponds largely upon tho nature or particles under consi­

deration, because (a) the interactions or the various types 

ot tundamcmta.l particles in cofPllic rayo with tho constituents 

ot the atmosphere are different and (b) certain components 

ot cosmic ra1 intensity are produced primarily in certain 

strata of the atmostJhere and there ls a great deal of 

difference in the variations of the meteorological factors 

at different elevations. The nature or the daily variation 

depends, therefore, upon the component studied. To resolve 

the complications due to these factore, it is deld.rable t,o 

separate the various components. 

()) Dependence upon the angle of incidence:- The 

phase and a~plitude or tho daily variation are dependent 

upon the anglo ot incidence or the observed particles with 
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respect to tbo zenith. Measurement of tbe intensities 

Within restricted angle is, therof'ore, expected to bring 

out more clearly the amplitude ~1d phase or the true vari­

ation. It is desirable, therefore, to use counter tele­

soopGa (With narrow o.ngles) 1natuad or ionization cbambera 

which measure intensity from all directions. 

Taking these factors into account, a special 

apparatus was designed to study the time-variation ot the 

various cosmic ray components in low latitudes. The 

apparatus consisted ot a number or triple-coincidence 

telescopea With varying amounts o£ absorber. 'i'ho instrument 

thus measured the total and the meson intensities restricted 

to narrow vertical cones. 

The author bas beon mainly responsible for the 

studies at Ahmedabad and the present thesis is devoted to 

the experimental reBUlta obtained at thia station. The 

attempt has been firstly to understand the nature or the 

terrestrial effect;s on the solar daily variation ot cosmic 

ray intensities. Those have then been corroctcd for, leaving 

a residual variation essentially or extraterrestrial origin, 

Tbreo units of this apparatus were conetructed and 

installed. One is at t.he Solar Physics Observatory, Kodaikanal 

(mag. lat. 1~f, alt. 7688 ft.), another is 'at Ahmedabad (mag, 

lat. 13otl, alt. 180 tt.) and a third recently installed at 

Trivanc:lrum (6° 31' N1 77° 00' E) • 
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2. THE APPARATUS 

Suction I of this chapter deals with th~ oxperi­

mental arraneemant. Ucotion II gives a dotailed account 

ot thu Ue1\Ger .. counters and allied ~octron1c units. 

2.1 .iixeerimeut al arr<illgemen!e : .. 

Fig. 1 is a block diagram or tha experim6ntal 

arrangement used for naasuring tha total 1ntonsity (T) and 

the intensity of the mason coraponent (H) o£ the cosmic 

radiation at Ahmedabad. 

Counter trays A, D, c, D, and E are placed one below 

another With a soparatiort of 20 CLls •• A' ,B' ,C' ,D' 1 D', E' are 
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similar trays. ' ems. of lead is kept between trays C and 
? 

D and c• and D'. Between trays D and E and D' and E' @---? • 

ems. of leadQY&.kept. Triple coincidences (ABC),(BCD),(CDE) 

and (A'B'C'), (B'C'D'), and (C'D'E') are measured. The 

rates (ABC) and (A'B'C') indicate the total cosmic ray 

intensity. The counting rates (BOD) and (Bio•o•) measure 

that component of the cosmic radiation which can penetrate 

J. ems. or lead. This ~ould consist mostly or tt mesons and 

some energetic electronic component. The rates (CDE) and 
' . •. 

:~C'D.'~') measure a still ·harder component consisting mostly 

Qf m$sons which can penetrate 1f ems. of lead. All the 

teresC;opes are oriented vertically and subtend the· same 

~C?li'd angle. The trays are put in a thermostatically 

~ntrolled box at a temperature of 105° t 2°F. 

The simultaneous):, running or two similar telescopes 
,_; 

served the following purposes :-
I 1 ! • f 

~- ' . . , . 
· ( • ;. ( 1) When counters which fail are replaced by new 

ones, the counting rate alters due to slight deviations either 
' ' . 
in•the geometry or the telescope or the characteristics or 

the counters. This altered rate can be standardised by 

the uninterrupted rate of the duplicate unit. 

(2) Genuine variations which occur in cosmic ray 

intensity are confirmed if they are equally reflected in the 

counting rates of both the units. 

( 3) The probable error in individual readings is 

reduced by the duplication or the measurements. 
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·It has been shown by Greisen48 that for the 

directional measurement of the cosmic ray intensity, it is 

desirable to have a high number of coincidences. The 

multiple coincidence or several trays cari be effected 

either by a single particle passing through all or them or 

by time-asoociated p~icles such as are found in showers. 

There can also be a contribution of chance-coincidences 

due to the finite'resolving-time or the coincidence unit. 

The contribution of showers can be greatly reduced by 

taking triple coincidences instead of double coincidences. 

The contribution due to chance coincidences is a function 

or the number or trays, the individual counting rates ot · 

the trays and the various resolving times of the elements 

ot the coincidence: unit. It is shown by Karl lokart and 

Francis R. ~~a49 that if N1, N2, N3 are the individual 

rates or three trays and '1'1 , T2 , T3 are the resolving-times 

ot the three elements of the coincidence circuit, the contri­

bution A123 due to chance coincidence is given by 

In the present experimental set-up the contribution 

ot showers and chance coincidences to the total triple coinci-
' . 

dence rate is 0.6 % • This was determined in the laboratory 

by shifting laterally the central tray of the triple coinci­

dence telescope so that a single particle cannot register a 

coincidence in all the three trays. 
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Each counter tray consists or £our aolt-quonched 

countora. Tho anodes or all or thom are connected together 

to a common quenching unit. Tho total sensitive area ot 

a representative tray is approximately SOO aq •. ems._ The 

counter trays are so arranged that tho axis or tho counters 

are pointing 1n the North-South direction. By putting the 

cotmtero in the above way, we got a smaller somi·a..~e ot 

the telescopes in tbe East·\~eat as compared to that in the 

Uorth-South dh·eotion. The semi-angle ot the telescope in 

the East-Wast direction is 22° and that in the f{orth..South 

is 37°. As has been shown in the Introduction, this set-up 

is advantageous tor the study ot the solar timo daily 

variation ot coamic ray intensity. 

The quenching unit turniahea a sharp index-pulse 

for evory cosmic ray particle passing through the particular 

tray to \'dlich it 1& attached. These pulses are ted to the 

coincidence unit Whose output 1s f'ed to the scalar which 

dr1 ves tho electro-mechanical recorder. The readings indi­

cated by the mechanical recorders are photographed auto­

matically every bour. 

Though the counting rates or the teloscopea aro not 

higb, scalers havo been used tor tho following reasons. 

(1) !be telephone type eloctro-meohanioal recorders 

work roliably only tor a finite number of counters, because 

ot the wear on the brass ratchet. The lite of the mechanical 

recorder is enhanced by the acaling-down of the cow1ting rates. 
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(2) The use ot a scaler reducos the loss ot counts 

ot sucoesa1 ve coincidences 1n a time interval shorter than 

the resolving time at the recorder. Since the initial 
• coincidence rate has a random distribut•a~. ~ere is. a 

certain probability tor the ovents to occur with a very 
. . 

small interval of timEh . On the other hand it such a 

distribution ia ted to a acaler, the output rate Will not . . 

have the same random distribution. Events separated by 

a very small time interval will be reduced as the scaliDg 

factor 1s increased. ·Leon ALOGLUl and Uicolas H.Smith Jr.S0 

have given an exact analysis or tho statistical theo17 ot 

counting with the holp o£ scaling circuits. Ir tho scallng 

£actor is increased autticiently, one can almost get rid of 
. . 

the random distribution of the coWlts. In the present 

investigation a taotor of lour for scaling has been selected. 

In other units built by the author tor similar apparatua at 

l~odaikanal and Tri vandrum, a ·factor 01, eight £or scaling has 

been used. 

2.2 Counters 

Geiger countora aro diodaa tilled with gases like 

hydrogan or argon and working in the region ot unstable corona 

dischargo. The.ro are two types ot such counters. The 

essential mechanism governing the "break dotzn" ot both these 

types 1s the swne. But their quonohing actions are dltrerent. 

In the non-solt·quenched-countorrthe quenching action is done 

£f!ternallx, either by a high serios resistance or an electronic 
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quencb1D.g device. In the oelt-quencbcd type~ quenching io 

ettectod by the presence ot sui table additional organic 

vapour introduced into it. f·1ore recently) in the place of 

organic gases) halogens are also being usuc:l successfully as 

quenching agents, 

The electrode system of a geiger couater consists 

usuall:r ot a cylindrical cathode and a concentric wire 

forcing tho anode. \'lhen an ionising radiation traverses . 
the gas in the counter it produces some ion pairs in it, 

The ions are collected by the electrodes due tho action 

ot the electric field, If the field is not intense, 
·~ 

multiplication o! the ions by collision with other gas 

molecules does not occur and only the ions created by 

the initial event, get collected, It the voltage applied 

to the electrodes is raised, the electrons liberated during 

initial ioniaa'tion get sufficient energy, while moviDg 

towards tho anode, to produce further ions by collisions 

with the neutral gas molecules. There is then a Townsend 

avalanche for every initial ion. The total charge collected 

at the electrode is in consequence multiplied,the multi• 

plication factor depending upon the applied voltage, the 

geometry ot the electrode and the pressure and nature ot 

th& gases used 1n the counter. A linear relation between 

the charge collected and tbe ions created initially holds 

good only over a finite range ot voltages. \~en the voltage 

is raised turt;her1 the multiplication factor for different 

ionising svents does not remain constant and we get What 
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is know as 'the region or llmited proportionality'. In 

~he regions or 'proportionality' and '11m1tad proportionality' 

the discharge spreads only over a. limited length or the 

anode. Under conditions usually encountered, the discharge 

conaisting or Tomatnd avalanches has a lateral spread ot 

tho order of 0.1 mm. and reaches its tull development 1n 

about 1o·S eoc. When the voltage is further raised, a 

number ot photons aro generated 1n avalanches and these 

trigger other avalanches, resulting t1na111 in the discharge 

spreading along the whole or the cotmter. Due to thia complete 

spread the output pulses have the same magnitude irrespective 

ot the initial ionisation. The voltage at which the output 

pulses all become equal, in spite or differences in the 

1Dit1al ionisation, is known as threshold voltage or the 

geiger region. The amplification in this region is ot the 

order of 1 o9. The general behavloUl- or the counter in 

different regions or amplification is ahown in the figure '2:z. 

as given by Friedman51. 
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In What follows, an account is given or the 

spreading of the discharge along the counter and the 

mechanism ot the quanohing action tor both types of the 

counters. 

i'or a cyUndrical form of the cathode, the £1eld 

distribution is given by the following expression. 

It is clearly seen that the field is most intense 

near the anode. The development or the initial Totmsend 

avalanches takea{Place v:err near the anode. The photons 

generated in these. avalanohes initiate new avalanches. If 

the gas ie t~ansparent to the photons, photoelectrons are 

ejected from .. the cathode. Th13 llappena in the case ot non­

self•quenched counters where the gas has low absorption 

coettioient for photon~. In the case of sel£-quencbod 

counters, the quenching vapour has a high absorption 

coefficient tor photons, and then the photons are absorbed 
. .. 

by the vapour and. th~ _q~.te6ding ot tho avalanche occurs vary 
' ~ . 

near the anode. This 'v~ev. ot the mechanism ot breeding bas .. 
been confirmed by th~·e~erimente of Gre1nerS2 and of 

SteverSl. HartogS4 ~~ ·. etudieci the mechaniSDI ot discharge 

With a high speed trigg~rod oscilloscope by irradiating a ... 
counter with ionising radiation travelling radially across 

different portions or its sensitive volume. He has found 
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that the speed ot oprcad of tho discluurge, under conditions 

usually encotmtered, is about 10 ems. per microsecond. Alder5S 

HuberS6, M~zgerS7 and \tilkin:;;onSS havu attempted qualitative 

explanation of the devolopmont o£ the spread. 

The discharge _spreads along the anode and builds 

up till the density ot the positive ion sheath (which to 

confined to a region very near the anode) is sufficient to 

lower tho field below the tbreahold value. During the time 

electrons got collected at tho anode, tho positive ion 

Sheath does not move appreciably because of the very low 

mobility of the positive ions. Bu1Pthe poeitivo ion sheath 

moves towards the cathode tho field noar tho central wire 
I . 

starts rioing. Whert the •. sheath roaches a critical radial 

distance, the field· attains a value tlhich is appropriate to 
' 

the threshold ot tho geiger region. Tho puloes developing 

at this value of thi field are smaller than normal. ~lben 

the positive ion sheath just reaches the cathodo, the original 

field 1s restored. The tir11e that the positive ion sheath 

takes to go to tho critical radial distance i.e knom aa the 

dead-time of the COWlter. The time it takes to go to thu 

cathode trom this critical radial distance is known as the 

recovery-time. An oscillographic study or the breeding and 

the movement of the positive ion sheath has beon done b7 

SteverS9 and Von Hartog6o and others. The follotd..ng is a 

representative record or the studies lduch give information 

regarding the nature of the positive ion ebeath. 
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h 
It the ~ath consists of argon ions, when it 

reaches the oathode 1 the following phenomena occurs. The 

poaitive iona get neutralised by ejecting electrons from 

the cathode an4 thereby attain an excited state. When they 

return to the ground state, they emit photons which emit 

photoelectrons froa the cathode. These photoelectrons breed 
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new aYalanchea and the discharge continues. For the 

termination or the initial discharge, the new electrons 

ejected by the photons should not be allowed to breed 
. .. . ',' ·"'. 

avalanches. 'l'bis can b~. dope by\ ~owering, below threshold, 
' ' . . t . . . 

the voltage across. tb;e cdunter •. Tho 'lowering can be achieved 
. . 

. '. 
by introducing a high·re~stance tp ~he counter circuit tihich 

gives a voltage drop due to a largo enough dischari:e current 
i 

ot tbe coUDter. Because of tho low discharge current, the 

resistance must be hi~ to get a large enough voltage drop. 

This high value or re:iista.nce g1 ve·~ a· very high recovery 
• II • . 

tine. 'l'his limits tlld 'resolving tim~~ ot the counter. The 
' ..... 

voltage can be loworqd: by tho uae ot. an electronic unit. 
.. t 
~ . ' 

The use or tho quenching unit enab~es one to get quenching .. 
action with a vory ~mall and well·!ortned resolving time. 

:.· . ' . . :~ .·~ . 
Tho nature ot the pul.tSes obtained; ~.both tor resistance and . . . '·" 

: • . .... : l 

tor electronic quendh1rig is eholm .l~ ~he figure below a '2 • ~ 
. . . . . .. ~.:~. :-

Tho phenomenon ol internal quenching action due to 

tho presence of organic vapour was first reported by !rost61. 

II 2 



: )8 I 

Korff an4 Present62 gave a qualitative explanation tor the 

same which is as tollowa s as the positive ion sheath 

moves towards the cathode, the argon ions undergo a large 

nwnbor ot impacts ( 105) with the molecules or the organic · 

vapour. The ionisation potential ot the organic molecules 

being lower than that ot argon, charge-exchange phenomena 

takes plac.e and when the sheath reaches the cathode, it 

consists mostlr or positive ions of organic molecules·. When 

the sheath is at a distance ot 10•12 c.ma. troca the cathode' 

it ejects electrons £rom the cathode and thereby gets . . 
excited. The lite-time or the excited state ot these 

molecules is nearlr 1o•1) sec. and so before tboy reach the 

cathode (tor which it would take 10-12 sec.) they would 

dissociate. Thus instead ot giving photons as 1s done b)r 

the argon ions, the excited ions 'ot organic vapour dissociate. 

Since 1n every discharge a t1n1te number ot molecules of 
organic vapour dissociate in this way a self-quenched counter 

deteriqrates with use. I' •• • 

.. .. 
. ' In tho above discussion, we have briorl.j surveyed . . . 

the working of tho counter and its quenching mecbaniam. The 
' ·'· . 

importal}t, characteristics ot a countor are . 

II 

·' 1."' 

( 1) The starting voltage or tbe threshold voltage 

tor the geiger region. 

(2) The plateau - or the voltage range above 

threabold tor which the counting rato is 

substantially indopendent of tho oporating 

voltage. 
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(3) Tho slope o£ the plateau which indicates the 

extent to whiCh a counter has a geiger region. 

(4) The uaatul lite of the counter expressed in 

te~a of the number ot counts registered atter 

1dlich the plateau deteriorates to such an extent 

that the counter can no longer be relied upon. 

(S) The efficiency of the countar determined by 

the probability ot getting a discharge When an 

ionising radiation passes through its sensitive 

volume. This ia dependent upon the formation 

ot at least one ion pair 1n the counter gas. 

Preliminary investigations wore carried out during 

the present study to make counters ot high ·eti'1c1ency, low 

threshold potential and a flat plateau extending over 200 to 

)00 volta. It was empirically found by the author that the 

ratio ot the length to th.-. diameter or the counter should be 
I. 

at least six to get a tlat plateau.' Counters having cathode 

diameters or 1. S to 2 ·ems • wore prepared g1 ving 400 to SOO 

volts plateau. These small counters wore however not used 

tor the present investigation. The disadvantage of wd.ng 

small counters ltea in the fact that a large number of them 

h be . 
ave to~used to make a tray or large sensitive area. This 

increases the probability of tailure and thorebr causes 

interruptions in the operation or tht1 apparatus. With 

cowtera of 4 ems. diameter and 30 ems. long \fbich were used 

for the present 1nYest1gation, we get a plateau or 250 volts. 
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Tho dependence or the starting potential as well 

as plateau on the total pre:Jaure of the gas mixture and 

the partia,..:pressure of the constituent gases was studied by 

l·~ •. P. D. llhavsar or. this laboratory.. The follotling diagrams 

givo the rusults ·or !Us study •. 

Fig, 2.4 

Plateau chareatoristics 
curve tor Geiger counters 
filled \dth different 
percentage mixtures ot 
ethyl acetate and argon at 
different total pressures. 

(a) For ethyl acetate 25%, 
argon 75 ~. 

(b) For ethyl uoctate 20%, 
argon SO%. 

(c) For ethyl acetate 15%, 
argon ss~~. 

(d) For ethyl acetate 10% 
argon 90%. 

From tbe above curves we sec that the ex~ent or tho 

plateau-rogion depends upon the percentage Of the qU~lChiDg 

vapour used and the tot"al pressure or the gas uixture. The 

threshold voltage inoreasos as the percentage of the quenching 

vapour as ~~11 as the total preosure 1ncroasos, The following 

table givoa tha depende~co of tho extent o£ plateau on the 

percentage of quenching vapour and the total pressure. 

II 

Table 2.1 - Plateau r~gee for different percentage 
and total prossure. 
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----~-------~-----~----~-~-~-~--------------~---~~--~~------Total \.. Percentage 
pressure.'\._ or vapour 25 ~. 20 ~. ,, ~. 10 ~. 

20 em, - 40 v. 64. v. so v. 
1S em. - 46 v. go v. 120 v. 
12 em, 56 v. ..,. 48 v. 80 v. 120 v. 

t ...... 
10 em. -64 v. .'~ .. ~ v. 80 v. 160 v. 

'"" . .. s 104 v. . 
'120 v. 128 v. 160 v. em • • 

·.~ ...... -.... -.... ....--..... _..._, ..... _._.. .......... _-t~-----.. -~------... --.... --.. -----------
It is seen that by reciuQtion of total pressure and 

the partial pressure or the qu~cWong vapour' the plateau 

·increases. In consideration o~ th~ otficiency ot the counter 
} 

tho above two parameters cannot.: be;, reduced. indefinitely. 
~ . 

. The total pressure of the m1xt~.u used is 10 ems. the pressure 
. . ' 

·ratio ot argon to ethyl acetate ·.~a~ng 9a1. The starting 
. '" ' ! ., 
· potential ot tho counter lies bet~een 1200 to 1)00 volta. 

t . 
. ·\GenerallJ the plateau 1a about 250 volts. The eff'icienc1 1s 
: . . '. 

: ·.: f~out· 99.98 ~. 

It is round that after some use the plateau 

characteristic ot a counter changos. The riso in the slope 

of the plateau was investigated by the present author. It 

is found to be due to the multiple spurious discharges along 

wi\h the genuine ones. The nwnber or these spurious discharges 

increases as the operating voltage is increased. Tho deve­

lopment of such spurioua discharges may be caused by improper 

quenching action duo to dissociation or somo molecules ot the 
I 

quenching vapour after overy discharge. The folloWing figure 

II 2 
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reproduced trom Froidttan' s paper gives the behaviour of a 

counter when apurioua discharges have started to develop. 

~fainly by sup­

ressing spurious dis­

charges, an electronic 
I 

quen~hing unit is round 

to improve the plateau 
f 

ot the counter (Elliot). 

The life of tho OOWlter 

is also prolonged as the 

spread ot tho discharge 

along tho COWlter is 

reduced. It has already 

been mentioned that tho 

speed or the spread or 
the dt~charge is 10 ems. 

-~ per microsecond. If the 

quenching pulse 1s applied 

to the cowtter w1 tbin a 

time ot the order of a 

microsecond, tho d1 a­

charge cannot apread more 

than 20 ems. ( 10 ems. 1n 

either direction ot 

initiation) along tho Wire. 

i ' 
i 

'I' • 

Developm~~t of spurious 
pulses at high over 
voltages. 

It the discharge uprcad i::s reduced in this way, tlle number ot 

dissociating molecules decrease and the lite ot the counter is 

prolonged. 

II 2 
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Preparation of counters. 

A tJ.Pical counter used for the present investigation 

is shown in tho tolloldng figure ~ · 6 
.... 

' ., . ; . ·: 

It has a copper cathode and a tungsten anode in a 

pyrex glasa tubing. The diameter or the cathode is ).S ems. 

and 4 mill tungsten Wire is used as the anode. The cathode ia 

made trom 0.15 mm. copper sheet. The sheet is rolled to remove 

irregularities and then ahaped into a cylindrlcal tom to be 

put into tho envelope. Thick tungsten wire ia ailvor-sol®red 

to the Gheet for the external cathode connection to be taken 

out. This Wire is fused into the envelope as shown in the 
. '\ .. .. . . ' . - . ,. ... . . ·•. . . 

figure. This holds the cylinder ·~dly.in t~e envelope~ 
' .. • l ~ . ..... 

The anode is heated red-hot and stretched to remove irregula-

rities and then £uued into the pyrex envelope at the two ends. 

As shown in the diagram, thick tungsten is spot welded to 

the thin anode 'Wire at the end B. Copper wire is then silver­

soldered to it tor external electrical connection. 

II 
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After having scaled the .electrode-assembly in the 

envelope in the above manner, the counter is cleaned and 

washed thoroughly by the use of a .washing systom as shown 
11n figure ( 2/7) • 

The procedure consists initially or cleaning With 

a solution or nitric acid and distilled water by proper mani­

pulation or the cocks of tho washing system. Then the counter 

is repeatedly washed with distilled water. The counter is 

dried \;lith a filter pwnp and then connected to a vacuum pump 

through a tube containing CaC12 • 

After the above procedure or cleaning, the counter 

is connected. to a filling system illustrated in i'iguro ( '2.·8). 



\ . 

I 4S I 

, 
; •. 
·~ ... 

•! I • . . 

. . 
. . · A nask A having a capacity of 2 11 tires is tlrot . .. .. ' 0. . 

tilled ~lith 99% pure argon. P20s removes traces ot water 

vapour. '!:he quenching vapour is introduced 'With the help 

or a small bent glass tubing in the vacuum ot tho mercury 

manometer U·l) • The tilling system along w1 th tho counter 

is then connected through a cock a1 to a Cenco hyvac pump. 

After evacuation) the pump is tested by means or a high 

frequency probe unit. The counter is first tilled with the 

quenching vapour and then with arl~on. Their partial pressures 

have a ratio ot 119 and tho total presauro ot the gas is 

10 ems. 

The testing or the counter 1 s done both w1 th the 

resistance quenching using a one megohm reaietance aa well 

aa on an oacilloacope. With normal cosmic ray intensity the 

counting rate or the counter is taken tor a range ot applied 

II 2.2 
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voltages, It a tlat plateau region ot 2SO volts is obtained 

the counter is sealed • 
. , . '. 
_-. For some time there was a scarcity or pyrex tubing 

o~ proper dimneter and wall-thickness 1n this country. During 

thil period, all-metal counters were developed ood prepared 

by the author. Both brass as weU as copper tubings have 

been utilised. Brass tubing wore found to give better perfor­

mance. \'he use ~t 1'Araldite" tor eeal1ng the metal assembly 

wa.s suggested by Dr,Amaldi, The plateau ot all metal counters 

are superior to those of pyrex glass ones. ~o cause or this 

mar lie in the partec~ geometry that can be had in the metal 

counter a and ~e good polish that can be g1 ven to the cathode 

surface. All metal counters are superior to glass counters 

in another war too. Because of photoelectric ettect on the 

cathodes or glass counters, it is desirable to protect them 

from light. In all metal counters th~re :l.s no possibility 

ot Ught affecting the cylinder, Metal cowtters have been 

used successtull7 in this laboratory. 

The oounter is 'aged' botore it :I.e used 1n cosmic 
' ray telescopes. The aging or the counter is done by applying 

the working voltage continuously tor three or tour days and 

testing the plateau. It no appreciable change in the original 

characteristics is touncl the countor is taken tor a rout1De 

work. 

2.3 guenohing Unit 

It has been shown 1it the diacuasion of tbe plateau 

11 
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ot tho counte~ that, alter some use, the slopo o£ the 

plateau changes because or a multiple of spurious pulsos 

developing along With genuine ones. This may be looked 

upon ·as a case of improper intomal quenching action. An 

1mproTement 1n the plateau can be had by the use or an 

external quenching unit. For tb1a purpose ~he quenching 
' unit has to lower the voltage across the counter below the 

tl. 

threshold by feeding to the countor lmd negat1 ve voltage-

pulse ot well defined duration and magnituc!o, A number ot 

electronic circUits havo been dov1eod tor quenching a 

counter discharg~. A ~onostablo multivibrator circuit 
i 

givos a negative voltage pulao wbich 1a used for the present 

quenching unit. 

The broad negative voltago pulse Wbich is used to 

quench the discharge, cannot by itself be used for f'ast 

coincidence work. Its ed.goa are therof'ore dif'ferenbiated 

and a sharp nogati ve 1nciex pulse is eenerated from the leading 

edge for tho coincidence measuraments. 

The sons1t1voness or the unit 1s such that tho 

pulses developed at the threshold voltage are adequate to 

trigger it. Tho quenching pulse is or 3SO volts. 

The above mentioned properties are obtained by the 

use of the following circuit. For tho electronic daaign 

the. book on" Wavo-tormi3&nd\Princ1ples or Radar64" of the 

M.I.T. sorios were consulted. 

II 
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As show in the figure the above circuit coneiata 

ot one-shot multiv1brator 1 a ditferenbiating not-work With 

a positive pulse clipping d1odo 1 and a cathode follower. 

A 6Slf7 high ~ twin triothls ,used tor thG mono­

stable multivibrator. In tho stable state, tube v1 is non­

conducting and V2· is conducting. This is so because ot the 

D.c. - A.c. coupling between the plates and tho grids and 

tho steady potsntial to which the grida are returned. When 

a negative pulse is applied to the plate or v1,1t ia ted 

to the grid ot v2 through the condensers c1• This negative 

pulse is amplified by v2. giving a positive pulse on its 

plate. This positive pulse raises the grid voltafle ot v1 
thereby making it conductiDB• The process is a regenerative 

one and in a very small interval of time of the order of 

II 
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one microsecond afttlr the injGction o£ the triggering 

event, v1 becomes tully conducting while V2 is taken in-

to the cut ott region, The grid potential of V2 starts 

rising exponentially and \then it reaches the cut orr voltage, 

the tube v2 .starts conducting and a sudden switching to the 

initial stake ·occurs. 
'·\. 

During this proce.ss Of double aw1 tch1ng 1 . . 
a negative square voltage pulse is generated at the anode ot 

' . . . . 
V 1 • The d~~ion ot this pulse is dete~rted by the time 

• 
taken by thE(grid of v2 to come to the C\lt ott value of 

voltage. '. 
• I ., .. , . . . •· '•. ' . 

Tba..tollo'Wing points ot a ono shot multirtbrator 

are worth noting. The grid or the conducting tube is 

returned to the plate aide 1natead of the ground aa is usually 

done in such circuits (Bll1ot6;). The advantage or the 

return or the grid to the H.T. aide 1a to achieve stability 

or the duration of tho rectangular pulse by increasing the 

slope or the exponential of tho grid return at the moment of 

pick-ott. ~he plate or the non-conducting tube is returned 

to a higher potential 'tlhile that ot the conducting one 1 s 

returned to a lower one. This is done to improve the shape 

of the wave-form and to have low constant current drainage 

ot the powor supply. Across the o.c. coupling, resistance 

between the plato o£ Va and the grid ot v1, a condenser has 

. been put to achieve a very fast initial triggering action. 

It is this fast switching that defines the width ot tho 

index pulse, and limits the discharge along the counter. 

II 
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The d1£fe~entiat1ng nutwork a3c3 
givea two sharp 

pulsos, one negative and the other positive, due to dif'.foron­

tiation at the leading and tJlo trailing edges of tho quen­

ching pulse. Tho diode by-passoa tho delayed positive pulse. 

and at the grid o£ the cathode-follower only the sharp nega­

tive pulao 1a applied. A time-constant of the order of 5 

Dicrooecondsot the notwork R3o3 
enables the generation of' a 

Bnarp index-pulse uho~o ttldth is less than one microsecond • 

In the cathode follower circuit the grid leak is returned 

to the cathode of the valve. This 1noreasea the input 

i;pedance of the cathode follower. With the cathode follower 

we have a very low output impedance. This is advantageous 

lfhen the pulse has to be ted to several units through shielded 

cable. 

2.4 Coincidence Un1~ 

. Tho index pula~us in tho output or tho quenching 
~ 

unit1 are fed to tho multiple co1ncidence W11t. The coinci-

dence unit used £or tho present investigation is or the 

usual Ross166 typo.. Tho circuit dia...,rrram is as follows :-

II 
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In the above circuit, the circuit parameters and 

the signal strength applied to the grid are so arranged that 

when all the grids get a negative pulse s1nlultaneouslr. the 

current through the common plate load resistance a1 is cut 

ott. Even it the signal is not applied to one of the grids• 

the current through R1 does not appreciably differ .t'rom 

what it is When all the tubas are conducting. This physically 

means that the tubes act as perteot ~~tches without any 

internal impedance and having a very hi8h resolution tlme. 

The above discussion gives two design criteria for a multiple 

coincidence arrangement. 

( 1 ) High resolution time • and 

(2) The ratio of tho sizos ot the pulses due to 

complete co1ncldenco of tJ to the partial 

coincidence of (H - 1) events ohould be very 

higb. 

The coincidence circuit designed by the present 

author utilises a SO$[ grid coupling condenser and a 0.1 meg. 

grid leak resistance g1 ving a time eonstant of the order ot 

1 microsecond. Actual value or the resolving time determined . . . 
~ . 

experimentallY. from the chance coincidence ra~e comes out to 
,,. t .. 

be • ·· · .. , ~ . . 
I 

to get a higher discrimination botwe~ tho total 
~ . . 

and particil co1nc1dences, sharp cut-ott p~ntodes are used. 
1 • • . -. 

To eliminata wnall pulses due to partial ·coincidences a 

loTol selector valve has been utilised. The bias of this 

II 2.4 
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valve 1o so arranged that it is insensitive to the small 

pulses generated by the partial coincidences, 

2,5 ~ca11na Circuit 

The circuit for the scaling d.o\\0 of the counting 

rate is baaed on the usual high vacuum Eoot].e&-Jorclan type 

of trigger circuit. The thyratron type scalers developed 

by Wynn vlill1ams67 ~e,...many limitations. ln this the 
~ 

resolving time 1s 11m1ted by the deion1sat1on time or the 
a 

thyratron. With recent tbyratrons~tae resolving time or 
the order ot 50 microsecond can be had. The vacuum tube 

trigger circuit hav1n8 two stable states has been developed 

trom the basic Ecoale-Jordan trigger circuits by many 

1nvest1gators66• Re1cb69 and others have designed circuits 

utilising pentodes to get tr1gsering sensitiveness tor one 

type ot pulses only, Approximate analysis of the timo of 

switching and the gonoral response characteristic ot the 

trigger circuit to the triggering pulses has been g:l. ven by 

Buys in •Nucleonicsn, Vol.), No.s. 

Following 1s the circuit diagram ot tho ucale-ot­

tour unit with the power-stage used to drive the mechanical 
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The above unit coneiGts of two scale-of·t~~ units 

put in cascade. Any number of such stages can be put in 

cascade to get a higher scaling tactor, 
,. 

The basic scale-of-two circuit is a alight modi• 

tication of a multiVibrator circuit so as to have two 

stable stages. ~e plate of v1 is connected to the grid 

ot v2 by D.c. coupling. The plate of v2 is also connected 

to the grid ot v1 in a samG wa:y. Small ''speeding" up 

condensers are put acrose the connecting resistances, The 

coupling double diode (v,, V4) is use~ tor injecting the 

pulses. On account ot this the pulse 1a applied only to the 

grid ot the conducting tube• 

\'lihen v1 ia conducting and v2 is cutoff, tho plate 

or v 1 is at a lower potential than that ot v2 wbilo the grid 

ot V 1 · is at a higher potential than the grid of v2 • Uben 

a negat1 vo pulse is applied to the input) it is ted to the 

grid ot V 1 because V 3 is conducting and V 4 is non-conducting. 

Due to this negative pulse the circuit triggers and v2 
becomes conducting and V 1 stops conducting. When another 

negative pulse is ted to it, it is notr applied to the grid 

ot V 2 bJ the ci1ode V 4 and tho c1rcu1 t reverts to the original 

state,.· During tbis process of double change-over due to two 
".. . 

I ' I 

nega\i 'VO pulsos a stop-voltago function is goneratod at tho 

plate of v1 which on di.f'terent1ation gives positive and 

negative pulses. It negative pulses are fQd 1n ~~quence to 

the circuit, one gets pooitivo and negative pulses in 

II a.s 
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succession. By selecting pulses of one polarity, we get 

a scaling factor of two. 

A alightlr moditied circuit without diode coupling 

has been designed by the author. This has a very low power 

consumption. This is suitable were a high scaling factor 

is of importance. Units with scaling factors of 210 i.e. 

1024 have beon prepared by the author and are fo'Wld to be 

very stable 'in operation. 

In both t)'Pea ot scalers neons have beon usad as 

indicators. Some trouble waa experienced in the reliable · 

working or the unit because of photoelectric oftect on neona. 

The trouble was overcome by the use ot proper limiting resis­

tances so that the indicator circuit d14 not load the scale 

or two unlt to which it is coupled. 

The resolVing time ot these scalers 1a of the order 

ot 15 microseconds. The electromechanical recorder tor 

registration ot counts is driven by a biased power ampl1t1er. 

A negative biaa or 70 volts applied to the control grid ot 

the 6F6 tube keeps it non-conducting except when a positive 

pulse trom scaler is applied to itt 

2.6 Power Supplies 

To achieve high stability in the working or the 

electronic units and tho counters aU D.c. voltages were 

stabilised against line voltago tluctuationa and against 

t..o..J. +l~~. 

II 



The two parameters that can specify the world.ng 

of the regulating network as tar as line and load variations 

are concorned are the stabilising ratio (S0 ) and the internal 

resistance (R) of the regulating u.nit. Hunt and Hickman?O 

introduced these terms. 01 vary and Ruthlanl' have modified 

the mothod of analysis ot regulating c1rcu1ta as put forward 

by Hunt an~ Hickman. According to them four parameters are 
'· 

necessary ror complete apocitication ot a regulating network. 

Those parameters aro defined as 

()) 

(It) 

(1) Stabilising ratioS-: ~ 
~;r·i~ = 0 

(2) Internal resistance R = - ~~ 
10 ei : o 

Where e0 • output Toltagc fluctuations 

10 : output current fluctuations 

e1 :·input voltage fluctuations 

11 = 1nput current fluctuations 
. 1 

Shunt conductance for open output : -qr 

Where q : ii 11 -
1 0 - 0 • 

1 Shunt conductance for short circuited output = ,-
nuere p : !; ·-"- e~ \ 

ls. - ro 8 o ~ 0 

HWlt and Hickman give complete ~alraia ot the 

different types or regulating units. The folloWing table 

summarises the different tJPes of regulating circuits ~ong 

with their properties. 

II 



From the above table \re see that the degenarative 

type or regulating circuit is the moat suitable for getting 

a cloee control over the output, a sufficiently high stab1· 

Using ratio, and low internal impedance. A detailed d1o­

cuaa1on on the working of the degenerative type of regulating 

network is given 1n the bool< "Electronic Instruments72n (l•l.I.T. 
0~ 

aeries) • The folloWing is a summary their d1scusa1on. ,.. 

The unit is divided in four basic elements as shown 

in tho following diagram. 

XI 2.6 
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Tho ampling circuit devolops the error~v9lt_age 
~ .. .,'' 
f •'·" ' ·f\ll\Ction. ~his is compared and. modi.f'ied with respect to. . ...... -. . . 

. ' 
a r~terenco element by the comparison circUit, and fed to 

the. control olemont which compensates tor the c~go that 
. ~ 

de.elopes~the error-voltage function. 

Normally the sampling element is a resistive 

network, A fraction ot the output voltage variation ia 

ti.ken by the help of a tlij)ping on this bleador. ~ neon 

glow tube serves as a reference elomant. The atabil1t1 ot . 
oP.,ration achioved by the use of a neon glow tube ~~ not 

't ~ . . • . 

;11\f.erior to what can be achieved by tha use of st•dard 
£. •,. ·,. r 

voltage regulator glow-gap tubes like VR75 or VR150. The 

comparison ci:rcuita being a high gain D.c. amplifier ampll­

tios the erfor voltage function. An analysiu o! the regu. 

lating network shows that the stabilising property ia greatly 

dependent upon the voltage gain of this amplifier. To 

achieve bich gain the author has used \atarvation typehampl1· 

fier circuits. The control element in the present design 

is a high. Cm beam power tuba. Newer typeo ot tubes 6AS7·G 

giving heavy current at low voltage drop are not available 

in this countirJ' but a 6L6 type tube g1 ves good performance. 

To achieve ~multaneously different voltages, 
" 

separate regulating units are utilised along with the same 

filtered D.c. output. For low bias-voltage supply, stabilQ.. 
' 

volt or VR7S tJPe tubes haVQ been utUised • . 
The circuit ot the complete power supply unit tor 

II 2.6 
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low voltage as woll as high voltage is given below : 

• 
l 

1i~ 2•1'3 

The folloWing table indicates the stabUiaing 

propert7 or the power supply. 

Input A.G. volto Output o.o. volta 

~----------~------~--~------------~---250 )00 

2)0 300 

210 300 

190 )00 

170 )00 

150 300 

140 300 

1)0 296 
---~--------~-------~~--~------~-----

II 
--------------
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2.7 Automatic PhotogEaphic Device 

Telephone-call type recorders are mowtted on a 1'!': ·' · 
• .. . 

panel along with a clock and a cal an dar. This panel :Ls kept· 
~ .... 

exposed to a camera 1n a completly enclosed box. The to4~.owing 

diagram g1 vea the plan and the section o£ the camera unit 

and one representatl~vo!S!...~~~[ID~~Ui.!iiYI~---------

--- ---- -,.---_ --

The camera ia or tho fixed focus type utilising a 

lena or :short focal length. There are two spool::. and a 

apral(et to move the 35 mm rum. The sproket ie coupled to 

a gear~down motor to drive the film. The loading capacity 

of the camera is nearly )0 tt. ot standard )S mrn film. 

Tbe automatic soquence of working of the unit is 

as follows. ~very hour an electrical contact is made on the 

(j clock. First the bulba are £laahod and then the .film winding 

motor is made to run one complete revolution of its geared 

II 
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sbatt. Thia moves the tUm by one trame. 

The control wU. t for tho flash of the bulb and 

the start of the motor is given below : 

. ·- ... 
The un~t~ cQnsists or two triggered owitches 

· .. - . 
• • ltorking ~ succ•.~sfon·. The first one controls tho flashing 

ot tho bu%b and the next starts the motor and keeps tho 

parallel awl tch of the motor on for Bome t.ime. ~'hen 

the contact S1 1s closed by the arms of·the clock-work, 

the positive pulse is applied to the grid or the tube T1 
which is normally at -70 .volts. The plato circuit or the 

thyratron· r.r1 contains the relay and the. contact controlled 
1.6 

by the relay. \tlen '1'1 fires, the relay energised. Due to 
L~ 

tbia the switch tor t,he lNla ia ~ on tor a short interval 

ot time, \~ben the relay is energised tho contact 1n series 
~ 

with the plato circuit 1a made ott and eo thyratron extingui-

shes and the grid again gets control. When the thyratron 

ext,inguishos the positive pulse ia developed on t,be plat,e 

w 
II 
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which ls applied through a condenser o2 to tho grid of 

another switching thyratron T2 whoso grid is also kept at 

·10 volts. Tho tube T2 fires duo to positive pulse. The 

relay in the plato ot t 2 is energised and 1 t kee~e em the 

parallel a\d.tch or tho motor on for some time. :oue to tbis 

the motor starts and atter some time the plate return sw1 tch 

of thyratron T2 is made ott while the main switch tor the . . 
motor l&- made on due to rotation ot tho shaft ot the motor. 

~ . 
When~motor completes one revolution it again pu;s on the . 
plate cirqU1 t and puts oft the main motor swi t·ch... · In this .,, 

way the 1Ditial condition is attained tor a tresh exposure. 
. . ' . ~ 

,. : 

•t.•' 

~ • ,1 .. 

II 
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li ' 

Soctlon I of tho preaont chapter 1o dovoted to a 

doacr1pt1on ot tho methods adopted tn tho present 1nvost1• 

gatlon tor tho r$proaentat1on and the analy$1u of tho data. 

Tbo analyaad data arc proocntad in aect1on II. 

Methods or nnqlxnis of datu 

~'abulation o~ prir:lurY ,data a-

Tho hourlJ photographic records g1 ve tho count a ot 

the mocba.nioal rcoordora corresponding to tJlo various cosmic 

rny tel&scopos for tho houro 01001 0200, 0300 •••••••••• 2400 

I.s.r. Even though data tor tho 1ntona1tioa or cosmic ro.J 

components ond tho t;round at:nos,t.>huric p:t·oaaurCJ and temporaturo 

arc available for hourly 1ntcJrvala 1 ~ho analy::d.s has been 

dono tor b1-hourly lntorvalo commencing tram midnight I.s. f. 1 

wbicb io torty nd.:i1utes 1n advQilco ot tho local tico ot 

Abm~dabad. For thG purposo o£ atu~g daily variation 

curve, tho use ot b1-hourly valuou ls advantat;oous aa Without 

III 
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much loso ot accuracy, it hGlpo to red~co tho atat1stioal 

nuctuationa becnuoo or tho doubling of the nwnbor ot counts 

tor eAch ~oading. Readings tor 01001030010500, •••••• 2300 hro. 

aro tabulatod and the dif£oroncoa bot~con consoc~tlvo readings 

represent tho twolvo biwbourlJ moan rateo centred at 0200, 

0400 •••••••• 2400 hours I.a.T. In addition the d.aily averace 

bi-bourly rato centred at 1300 hours is calculated £rom tho 

ditferonca between tho readings· at 0100 houro on conaocutivG 

da.y:s. 

The valuea or atmoapherto prosaure and temperature 

are obtnined from the dally chart ot an accurate mcro•baro­

graph and thormogra~. Upper air matoorologicol. data are 

obtained .from radiosonde ascents td.th I.!.1,D, F ... typo or Vaiaala 

type instrument conduotad by 1-lr. Venkateswaran 1n collaboration 

With tho author. Dot~la of thu collection ot cotoorolocical 

data cro givan in the folloWing cbaptcr. 

The data ahoet ot a daJ consists ot twelvo b1~hourly 

ratoo tor each cosmic ruy tuloaoope &~d corrospondlng rocorda 

ot valuas ot ground leYel proosuro and atmospheric tompuraturo. 

Th~ deviations trom the gean bi-hourly rate ot the day tor 

all the variatao aro then calculntGd. Tha or1t01 .. 1on uaod 

tor tbo el1tninat1on or inclusion ot 'the da~a for any parti• 

cul.ar clay ia the rango ot bi-hourly deviations. Thu data ia 

dlacarded tor days on Wbich any 1nd1 vlclWll bi-hourly value · · 

io uoro than S ~ dittorent from tho mean tor tho particular 

dq. This correoponds to a deviation oxceeding tb.rea times 

tho exp\'lotocl standard deviation ror a bi•hourly value. Such 

III 
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oases are generally attributable to some faults either 1D 

the electronic circuits or in the counters. Cases or 
abnormally large daily variation in cosmic rays Which mar 

rarely occur are however also rejected on this criterion. 

'l'he usetul data as presented here extends from Uq 1950 to 

FGb, 19S3. The rates of the telescopes ABO and A'B'O' are 

designated as T and T' • SimUarly r-11 and 1·11 ' , 1•1
2 

and ~' 

rupresent those ot BCD and B'C'D''• and of ODE and C'D'E' 

respectively. 

DaUx Variation t• 

Generally, in the data or any one day, the random 

statistical fluctuations predominate over the genuine perio­

dic variations. To get a significant daily variation curve, 

rates corresponding to the same bi-hourly intonal of di.f'fe­

ront days o£ n month are added up. The twelve values of c1 , 

c2, •••••• c12 tor 0200, 0400, 0600, ••••••• 2400 hours for each 

coincidence rate are ovaluated. The average tor each such 

set io taken to find out the deviations which arc expressecl 

as percentages. The monthly averago values o£ ;he variates 

were used for the seasonal variation 1n the daily variation. 

All the monthly values are superposed to obtain an averago 

daily variation curve tor the )'ear. 

It distinction is 'to be made only between the eott 

c:omponent whiob is absorbed by 7 ems. of lead and the har4 compo• 

nent which can penetrate the same th1cknoos, we can superimposed 

M1 and Mz to got the moan CUM'e M for the meson intensity. 

III 
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j.t.2 (A) ~orroAntton Annlxsls 

The correlation coo£f1cient betwoen two vnriatoe 

gives a neasure ot tho dogreo ot relationship between them. 

ln tbe oase of two varia tea 1 when a llnoar rulat.ionohlp 

between ther.t 1a aasumed, tho tollowinc formula Ci veo the 

corrolation coot£1o1ent betwoen them. 

The numerator is the oummatton or the product 

or corresponding doviationa trom moan ot the two Ynriates 

totallltt0(u) ln numbor. Tho den~mlnator conslet.e ot tho 

product of the stundard deviation ol oacb variate as defined 

below. 

The relationship botwecm x. and 'J. , tho two variates, 

is given by the tollo,flng t.'rogross1on equation" 

x~ Ar)c.."}) 

~ -t--,"'- "t ~ 
<J"} 

It there aro core tban two variates, tbe partial 

correlation coe£flc1ont botuocn tho var1::1tee givoo tho dc~oe 

ot relationahlp betwoen any two or the variatoa, others 

rcma1ning oonota.nt. The following formula gi.voa the partial 

III 
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correlation coefficient between x and y for constant z. 

"{ -;. "'(~ - D'~. '""'l'n 
~· ~ l- I 'l ) 1...-

/ 1- "Y ?~) ~ (. I - "Y ')~ "l.. 

The regression equatiOn. ot• x aru:l 1 and a. gives 

the amount of variation of x Which is associated witb the 

variation of y 1 a :r•emain1ng constant, plus the variation of 

x which is due to the var1et1on 1n a, y remaining constant. 

It has the following form 
1 

X ::.. 1-,<1~ )- 1- .V~.) ~ 
'L Is.. 

,.. <1 1 ern( 1- Y ~ 
'\o\.)~ ~~- y '>t."1/), l 

0 iJ - n ~ <r) ('- -v 1.\n() 2.-

The Rbovo r.dlalysis o! tha partial correlation 

coeft1aient cm1 be oxtended for any number ot variates. The 

constants of the regression equation are statistically 
' 

termed as the regreuaion cocfficiunts l;(;!t\wen the rfllapective 

variates. 

j.1.2 (B) Harmonic analysis t• 

For an elucidation of a periodic variation and its 

relationahip with otbor factors, it is ottLn, .very usei'ul to 

analyoe the curve harrnon1c<-J.ly. The priraary Val'iat1on 

connected With the earth's rotation is brought out· in the 

harmonic components or 24 hourly and 12 hourly periods. 'lbe 

magn1tud~ of the amplitude of these two harUlOnioa in compa­

rison to those or higher ones indic.~te the presence of 

dlsturbinc £actors. 

Tho method or resolvinG a certain continuous periodic 

Ill 
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function into ita harmonica have beon treatod rigorou:Jly 

in various text•books. One can got the amplltudos and the 

pb.aao angles or the harmonica 1n torma of t2 oqually spaced 

values ot the variates as are obtained in tho present 

1nvostlge.t1on. The data ia tabulatod in the tollowing war 
~ . 

to tind out tho conutanta. 

I.Jamonio . anf!lxg1o ot 12 bi~hourlz values. 

(u0 to u6) ••• ••• ••• ••• ••• ••• ••• 

••• ••• ••• ••• ••• • •• 

--------~----------------~~-~--~-----~----
Sume (V0 to V6) ••• ••• ••• ••• ••• ••• ••• 

Ditta. (W1 toWS) ••• ••• ••• ••• ••• ••• 
,_, ___ ............. _ ..... ___ .. ___ ....... _ ... __ .......... -.... -.................. ~ .......... . 
( v0 to v 3) • • • • • .. • • • • • • ( w 1 to u3) • • • • • • • •• 

(V6 to v4) •• • • • • • • • • • (\i' to W4) • •• ••• 

... _. ............................................................ ...,., ..... -.... -.... --...... ---
s~s (Po to P3) ••• ••• ••• 

Ditta.(Qo to Q2) ••• ••• ••• 

• • • 3wna (R1 to R') • • • •. • • • • 

Ditta. cs1 to s2 ) ••• ••• 
.. ________ ....... _ ................... _____ ,.. ________ ._._~ .................... _....._.~ .. --...... 

~ above line 0.666 x above line 

III 

• 
' 



CDnt ••• 

Sum ot 1at col • 

awa or 2nd col. 
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Ditt. 

SWI of 1st col. 

Su~ ot 2nd col. 

Dltt. 

Sw 

Ditt. 
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Tho v4lueo u0, u,, u2, •••••••• u11 roprusant the 12 

bi-hourlr valuGs contred at oooo, 02001 0400 •••••••• 2200 

hours rospectively. As a result of ~pulation wo aet tha 

original variation oxprossod as 
-x.::. ~ t (1\~i~~ t1~ 1 cd\S>) ~(~S\~~ '< t\_Sir{~J 

\:- A!>5i\.o\ \61 -H)!. l6\W) ~ ~ . ' ~ -

The sino and cosine terms tor a:lmilar porlocla 

can bo combined together to give 
-,. ,_ Ao -lYlSI<(e+~1) +"Yl SY-... (lQ-t ¢1..) -tY3St"'t)~+</>~} · ~ 
·~ 'YY\ ~~ ~ 2-t~ ~ Ac 4---.-=- \~I f\"t\ 

" "" . ' 'f\'Y) 
Sf.ncg tho initial variation curve ia obtained 

b7 taking dov1at1ona trom maan it does not contain a 

conatant term i.o. Ao • o. r 1 ancl¢>1repreaent the ampli• 

tude and tbo phaafl or the fWldarnontal. harmonic, tho period 

of the f:undamental in tho prusont caao being a cia)', that 

ia 24 houro. ¥'2 and ~'Les,vo tho corresponding parameters 

tor: tho oecond barmonio havtn~ tl poriod of 12 hours, r,, 4\ 
and r4, q,t ~o .tho corroapondlng pal"ametora tor tho third 

and tho tourth harmonica. 'l'ho angle i' corruoponding to 

tho timo o~ maximum of the nt:lpl1 tude of the harmonic compo­

nent i:a obtained 1n tho toUotlina way. 

f~ "Oo-~ 

).1.3 

The hanuoalc dial mcathod as auggeatod b7 Bartels 

and extons1voly uaud by Forbueh, 'i'hotlaon an1 others ,_o study 

variations ot gcophyaical and geoa.ac,net1c olomcnta has been 

w 
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used tor the present investigation. 

In thia tho vector donoting ~o amplitude and 

tho hour ot maxtsnum ot a han:lonic coett1o1ent 1 s represented 

on a dial, aitd.lar to the taco ot a clock. Tho longth ot 
tho vector is proportional to tho amplitude and tha ane:lo 

which tho vector makes with respect to tho pea1t1ve y axle 

ia proportional to the hour ot maxil.ll\W. On a 24 hourly 

cl1al. a cl.ockwiao rotation or t 5° corresponds to ono hour 

but on a 12 hourly dial ou wbioh the aeud.-dlurnal component 

ia ahow, a olockwiso rotation ot )0° corresponds to an hour, 

Study ot the harmonic dial reveals mixed. porlodi• 

cities ot different periods tmich may bo auporimpoaed on 

the dailr variation. 

E~erimcnt§l Beau1tl 

Period ot experimentation a-

ThG experiment at Ahm~d.ab&ld lfaa atartod towards 

th«? end of 19SO. Except tor interruptions duo to cxpcri .. 

mental tailuros it hns run DOro or leas contlnuou:Jly Blnce 

that ti~o. Aa duplicate sets ot ·toleacopus were boing 

oporatod1 the available data on soma days raror to more 

than one telescope. In such oaoes tho data baYG boon taken 

as having bocm furnished. by tld.ce the number or c:la:ys. Table 

3·1 1nclloatea ~bo daya ot observation tor teloacopoa With no 

lead, with 8 cu. ot load ancl With 15 oma. ot lead measuring 

re:apect1 vol.y the to~al coamlo ray 1ntona1 ty '1' 1 tho mGaon 

intens1ty Ka and tho hard meaon intunsity ~· 

III 



..... Table 1 - .Periods o£ observations for the Total intensity '~'• Z.1oson lntensit.:y M, ..... ... and liard lJieoon 1ntons1ty M2 • 

---- ---------·---- ----- -·· ----........ 
Year. Jan. Fob. l~1ar. Apr. I~y. June. Jul. Aug. Sept. Oct. llov. Dec. ------- .---------- .. 

t9SO 17 17 9 8 20 2) 22 

1951 2S 25 1-S 19 11 s 20 31 10 
f 

1952 22 5 26 '' 41 46 

fot.al 
daJ8. so 30 41 S4 69 71 9 s 20 ,, 33 22 

----.. ........ .-.. .... ~ .. ~---~ .................. ,. --------.--. .. . ·----------.......... ·--------~-- ................. -
1950 9 19 11 3 2) 9 -..1 -19S1 28 25 ,, 20 9 10 9 27 )2 14 -

J.tt 1952 44 4 19 36 40 46 2; 74 36 41 91 

19S3 ss 46 

Total 
clays. 130 1S 34 S6 sa 1S )6 12 101 68 78 100 

------,------··I R ··-·· ·-- tl JIJ- I-~-·· ---.--.-----------·-- -·-··- II F -·-------
19SO 6 12 11 6 20 21 22 

1951· 28 2S 15 22 15 10 22 20 10 7 
~ 1952 S4 6 20 27 34 41 16 

Tot.al 
claJ'a 82 31 ' )S 49 S1 6) 27 6 . 22 40 31 29 

~ 
• 
N 
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It will be noticed that the telescopes registering 

the total intonsi ty T 1 wore discontinued from the middle of 

1952. This was done because it was realised by then that 

the soft component intensity was mainly governed by atmos­

pheric ettects and for the purpose ot interpretation ot 

the dally variation in terms or an anisotropy of the primary 

radiation, it was preferable to confine one-self to the 

meson intensity variations. Prior to Juno 19521 the meson 

intensity was registered under 6 oms. of load absorber as 

well as 15 ems. or lead. The difference in counting rates 

under these two oond1t1ons was negligible (M1/Ma : o .q:L. ) 1 

indicating a small contribution or very high energy electrons 

and slow mesons. Tho statistics or the difference curve 

between ~ and 1·'2 was in oonaequonoe ao poor that interpreta­

tion waa rendered impossible. The daily variation curves 

tor the da7s on which data is available for both 1·1 and~· 
exhibit a correlation o£+0.927 between the two variates. Hence 

from Juno 1952 onwards the lead aborbers in r-4a were rGduced 

1n order that 14a like l~ , should also register cosmic ray 

intensity under 8 ems. of lead. Thus during the later period 

ot the experiment tour similar telescopes have been 1n operation 

With the same amount of lead in each or them. 

).2.2 The annual mean dailY variation :-

The annual moan values expressed in percentages for 

the bi-hourly deviation tor T, and M obtained b7 superimposing 

all usetul data is presented in Table~-2. The component which 

III 
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1a absorbed by lead constitutoa the sort componcmt. This 
Ml'ot 

is composed ot electrono and"-low energy meoona. The dally 

variation or this component desicnntod E, can be obtainecl 

by eubtractlng the variation ot 'M' trom that ot •t•. tbia 

is also shown 1n Table a. l!;ven though both tho daily varia­

tiona ot '1'' and '"' aro ata.tietlcally s1gn1f'ioant, tho 

variation of E is not o1gn1ficant to the samo degr~c. 

Table. 2 - Flnul values ot tbe percent ago deviations 
from moan ot tho total cosmic ray intensity 
T, meson 1Dtena1ty M, tho electron oompo-
ncmt E : T - l.f and tho moteorologJ.cal · 
elements P (atmospheric pressure 1n mm.Hg.) 
and 9•(ground temperaturo 1n oo.) • 

........... _ .... __ _......_...... .................................. ____________ __..._ ___ .._ 

llour. 1' M B p 8 o.os o.o; 
----------------------------------.. .. -....___......_..._. _______________ 

00 ..0.13 -o.1S 0.12 0.22 -).2 

oa o.24 0.25. 0.19 -o.20 -4.4 
' 

04 O.)t 0.2) 1.12 ..0.43 -s., 
06 0~1t. 0.2; -o.43 0.10 -6.1 

~ 
08 -o.op 0.26 -1.92 1.11. -s.o 
10 -o.s, .0.16 -2.1.8 +1.69 -o.6 
t2 -0.17 0.1) -1.74 1.07 4.7 
14 o.t9 o.oa 0.15 -0.46 7.0 
t6 o.,6 ~ 0.19 2.46 .. 1.45 7tJ 
18 o. t3 -o.Ol 0.99 -1.41 s.4 
20 -0.24 -0.46 0.93 -o.,, o.s 
22 .. o.z..s .o.s6 -o.o6 o.23 •1.7 

-~----~------~-----------.. ·--------~------------------
III 
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The nature ot variations ia bettor rQvoaled by tigure 

"!, • I. Tho bl-hourly values of thu deViat1ona, oxpraaaocl 1n 

percentages are ahown With thoir probablo errors. For 

comparison, the annual moan daily variation or barometric 

presaure P and ground atruoapherlc temperature e are also 

aho'Wll 1n ns. ':>· i 

III 

' 

·5% 

Fig.·~,., DaU7 variation curves tor tho total 1ntona1ty 
'1'1 meson 1ntenD1ty u, electron component s, 
ground pros:Jure P, and ground temperature e. 
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The daily variation& or T, 111 E, P and e have 

boen harrnon1cally analyuod. The harmonic conutanto tor 

tho first six harmonics ere prooented in Tablo 3. The 

emplltudeo tor tha tirst two haroonico along w1 tb their 

roepeoti vo hours of ma.uma aro 1nd1catocl in tenna ot the 

angle \d.t.h respect to tho positive J axle, made by tho vector 

roprosent1ng tho puticular component on the harmonic cliala. 

It wlll bo observed that tor all variates ~10 predo• . ' .. .,. . . . 
~ minQllt harnonic cor:tponent 1a oithor the firat on th~S second 

' , 
. -. J 

one. In meson and in atmospheric pre:sauro,. "ko .tl'fO compo-.. ' ·~. 
n()Qts ere about oqually 1r.tportant. ~"or totQi: "n:tens1ty and 

ror electrons, tho second harmonic is lara&l" t.nan tho tirst 1 

. . but tomperature at ground level abows a predond.nent tirst 

harmonic.. In all caaos, tho third and bight.l~:.har!:'!Onica aro 
1 ~ ' 

small lald may be ne~lected. '. . '~- .. 
• lj ' • . 

. . · . ''' ~·. 

Table It indicates monthly mean, bi-hourly deviations 

of the meson :1ntenei ty u. For tbia purpose all availablo data 

for o1thcr ''1 or 1·1a retoring to any particular month have 

been usad irrospoctive of the year in Which tho obaervat1ons 

wora uade. IU.oo indicated 1n the Table are rows shoVing the 

number of days tor which ~he data io available tor each 

month, the moan bi·hourly rato tor oacb 1nontb1 anci the proba­

ble error tor tho eaJ:te value. It ld.ll be noticed that tbc 

mean bi-hourly ratoB for 1nd1v1d\lal month3 varleo trom month 

to aonth. Apart trom eeaaonul variation ot the intensity of 

III 3~2 
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1'nble l·3 

_._ _ _...,.__ .. __ _......_.__,....._. _____________ _.... .. ...._.....--... ... ,..~ ...... ---· •'!1'£1-••---._ ...... ______ -- ---I II.& 

1at . 4th ,,.h 
Var~e harmonic 

2nd . 
harmonic 

)rei 
harmonic harmonic harmonic 

6tb 
harmonic 

T 

1·1 

B 

p •• Hg 

e 0 c. 

----------. - ··-··-- 1 __________ ... _...._._._...._,_.~ .. ------...~ .. --------.. 

Anpl. ~lax. Ampl. lJ!ax. mpl. Max. Ampl. r.uax.AmpJ.. l•Iax. Ampl. t-mx. 

o.os ~+2)0 0.43 11.,0 0.06 - ~ 0.0) 105° o.o) 16CJ0 o.os 
o.2s 12SO o.26· 1fac> o.os J,, 0.07 sso o.oa 1T"+12!l o.OJ 

1.29 -~ 1.)6: 1~ 0.27 . -Tfl ~.)1 if~ 0.21 36° 0.17 

o.s6 11SO 0.91 -41' o.os . 1))0 0.01 7C17'f' 0.02 16)0 0.06 

6. '' 1f'+ sse> 1.56 64° 0.44 114° 0.41· -taO o.o3· 90° 0.1S 

Ampli t.udoa and hours or maxima or harconic components or 
tho da.Uy variation of cos.r;.:J.c ray intensities tmd 

atmospheric pressure and temperature 
I 

' 

-
~ 

"' -
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l·leson Il)tena1tx 

~--------.... ....._ _ _........._ .. ___ 
Hra. Jan. Feb. f,iar. Apr. J.!ay. .Jun. Jul. Aug. Sept Oct. Rov. Dec. -.-------.. ------.-.-.--••·---=--... -- A --- •• ._,._ p __ ._ __________ .._,..,.._ _______ ¥sal ·------~-- ·- ________ _. ___ 

00 0.01 0.)0 -o.)4 0.1) -0.07 -o.06 -o.O? -o.04 -o.90 -o.u 0.0'1 -o.49 

02 0.21 0.)2 0.12 0.%'1 0.47 o.s6 0.;6 0.21 -1.00 0.12 0.45 0.6) 

Olt 0.11 0.42 0.)4 o.oo 0.60 0.76 1.01 0.69 ..0.4S -o.04 0.30 0.26 

06 ..0.03 -o.t4 0.11 -o.o2 O.JS o.ao o.1s -O.S3 -o.Q9 0.15 0.)1 0.61 

08 0.17 ..0.27 0.09 -o.01 o.o2 ... 06 1.02 0.14 0.27 . o.os -0.12 o.ss 
10 ..0.19 -o.60 o.t) ..0.19 ..o.63 ..0.61 0.)8 -o.69 o.s9 -o.62 -o.os o.tJ 
12 0.)6. 0.10 0.56 0.)2 0.13 -o.;s -o.ss --o.81 -o.62 o.sl 0.22 0.39 

~ 

14 0.16. 0.16 -o.27 -0.11 o.34 · -o.s2 -o.S6 0.48 0.4S o.ts o.1s 0.28 'I 

16 o •. 43 0.)) 0.06 o.os q.2) o.os -o.)) 0.71 1.tJ 0.2, -0.10 -0.27 -
18 o.os 0.02 o.oz. o.oo -o.oa -o.rn -o.15 O.)) 0.49 0.40 -o.t7 -o.se 
20 -0.71 0.06 -o.44 -o.os -0.60 ..0.49 -o.92 -o.st -o.37 0.17 -O.S1 -o.sa 
22 -O.S7 -o.66 -o.4t -o.)S ..0.79 -o.91 -o.s4 -o.21 -o.66 o.1s -0.57 -o.67 ------- ·-·· ···- . ----··· II &a a ·--- .. ~--·------~-----~----------~ Z<lean bi-
hourly 
value. 

74d 620 827 939 620 759 640 730 617 834 764 1156 

-~-~-~~~----~---~-------- - -- ··--·- ------· -~ Ho.o£ days. 212 106 69 105 115 1)6 63 16 123 108 109 129 ______ ._... .. __________________ .._ _______ .. _________ ............. ______ _._._ ___ ._......_...... .. , 
Standard 
deviation 0.12 0.19 0.21 0.16 0.16 0.1S o.as 0.43 0.1S 0.17 0.17 0.13 
_..._ ........ ---------~-.... 
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M, the changos are mainly dUQ to alterations 1n the eenai• 

tive areas ot the teleacopoo from time to ttmo. Since 1n 

tbe proeunt investigation no study wae being aade ot the 

seasonal variation or the dq-to-day avorago cosrn1c ray 

intensity, no attempt has been made to apply a correction 

tor tllo obangea of oens1tlvo area ot the teloocopos. 

Unfortunately during all throe years ot operation tbcro is 

very aaanty data tor the month or August. Tho probablo 

errore ot tbu b1-hourly percunta~o deviations &rQ theretora 

qui to largo tor tbiu month. 

In order to ascertain the nature of cbangoo that 

take place 1n thu daily variation or n, tho monthly mean 

variation hava boen harmonieally analyst:.c1. The constant 

for tha tlrat and second harmonic component ar~ indicated 

in Tablo $ tor each month. It will be noticed that there 

ia ~ considerable ohanzo 1n th~ duily variation from month 

to month. \Jo aball discuss at a lator etaao turther 1mp11-

cationa ot tbia. 

).2.4 Yegr to xegr cheneoe in tho dailt variAtion ot M z-

'fablo 6 1n<11catea t,be moan annual variation tor the 

twolvo rowntha ending 30th Jwto 1951 and 30th J1mc 19'2 

re:spectJ.vely tor z.t. 

Since tllo individual variates are cubject to random 

fluctuations a smootbenine has bocn odoptod by t3ld.ng t10ving 

averase over throo consecutive bi•bourly por1ods. 

III 



Table 3·5 

ltnrmontc constants tor meson 1ntena1t,leg 

~~---------~-~--~~~~- --· Harmonic · constants Jan. Fob. llar. Apr. llay. Jun. Jul. Aug. Sep. Oct. t~ov. Dec. 

' ~------~-·------ ---·--·---~---
1"1 0.2) 0.09 0.26 o.os o.2s o.60 0.6) o.t6 0.86 0.22 0.26 o.6s 

~. 154° tj20 14)0 113° 104° 7SO sao -71° 72° -4,0 96° 117°. 

~ 0.)4 O.J9 0.1) 0.14 o.s2 o.s4 0.)6 o.st 0.2) 0.)0 0.28 0.25 

'"'fd.. 
5)0 9)0 1020 70° 91° 1S1o 170° 111° 16e0 160° 780 820 -..... -.....-.... --....---.-...... --....-..-.--.. --.... -.-.... ..... -----.-.-... ,.. ............... _______ .. __ ........... ----~ ... --~--.-------..... --~---.... ~ ~ 

r 1 = First barmcnic amplitude. 

1-, = 
~2 = 

liour or "maxiroum for first h~c oxpres:;cd 
in term~ ot angle. 

Second ~armanl~ amplituda. 

'j-; = !lour ot ~rmd.trutl £or so.cond harmonic expressed 
· OL 1i1 terms or anile. 

~ 

-
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Table ~·6 

Variatlona tor l;I tor tho years 1950-51 
and 1951·52 •. 

------~~~----~--~--~-~~~~~~~---Hour a 1950-51 19,1-52 
~~-~-~---~~~-~~------~---~~~---

00 -o.11 -o.t9 

02 0.10 -0.09 

04 o.22 ..o.o? 
06 0.18 -0.01 

OS o.oa -o.oz. 
10 -o.04 o.oo 
12 -o.to 0.10 

14 -0.04 Q.)O 

16 0.06 o.2a 
18 0.04 0.10 

20 -0.13 -o.17 

22 ..0.24 .0.21 

-~-~--~~-~~--~--~~-----M--~------~-

Fig.~ ·'2.. illustrates this, variation. It will 

bo noticed that thoro ia an indication 

of ach~ge during the two yuars. Tbis 

aupoct 1a dieouaoed later. 
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Annual variation or 1-1. 
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IV DAILY VARIATIONS Oi' BAROI-.tETRIC PllliS:JURE AHD 
ATl·IDSPHERIO TEr·t?ER 1\'l'URE 

. . . 
, ·. ~ .section I ot the. present cltap.,er presents data tor . . .. 

ground" ievel temperat~o. and baro~'J)~c pressure. Section 
. . '·.... . 

II deais with investigation or tho·_~per air conditions. . . . ... 

4.1 .... 
'· 

. ;' . ..-.; 

' • J • 

·.· \ 

4.1.1 •. Dally vpr1ation ot qound leve~-ternp~rature :-
, < ·;, .. -1 

·~ .. ...1. 

· The annual mean bl·hourly grdtind level temperature . . 
at Anmedabad obtained from the daily thermocrama is presented 

in 'table 2. on _page 7). Tho daily variation ot ground level 

temperatUJ"O is predominantly diurnal. The harmonic constants 

given in Table 3, page 76 also clearly indicate that harmonics 

higher than the first are insignificant. The amplitude ot 

the diurnal component is 6~5°C while the hour wbon it reaches 

the maximum ia cd:; a..~vX \ b W'6 · 

The diurnal variation or the ground level temperature 

ia due to heat exchanee between the ground and the lower 

atmosphere. The variations or temperature due to thia exchange 
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is confined only to tbe lo\fer regions of the atmosphere. 

This is illustrated 1n the next section from the radiosonde 

records. 

4.1.2. Preaauro ya£iat1ons ,_ 

The annual mean bi•hourly ground level pressure, 

obtained from the dally charts of a microbarograph for the 

year 1951 and 1952 is given in Table 2 on page 73. The 

harmonic constants for the daily ground level pressure are 

g1 ven in Table 3 on page 76.' It Ghows that the first as 

well as the second harmonic• are equally important. 

The first harmonic ot the pressure variation can 

be mostly expl~ned as due to the changes in temperature 

of tho lower atmosphere, Tho second harmonic with a period 

or 12 hours is due to atmospheric oscillations. Kelvin bad 

ouggested that the atmosphere has a tree poriod of oscillation 

of about 12 hour a. Tho solar dri Ying force ba3 a period ot 

24 hours, but tl\a oscillation of the atmosi)here"with 12 

hourly period l$ built up by resonance. Systematic r:1ovements 

or the isobaric pressure levels occur becau,e or these 

oscillations, In the present invQat1eation such effects 

rerlectirtg the overall movement of the wholo atmosphere are 

important. ' 

In low latitudes, the day-to-day proasure variations 

and fiuc~ua.tions are leaG important than daily changes. The 

daily micro barograph shows a two humped curve. Th1 a predomi­

nance or regular variation over irregular fluctuation is 

IV 
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favourable tor a study of the meteorological factors 

ettecting the daily variation or cosmic ray intensity. 

To atudr the variability of the diurnal and semi­

diurnal components ot daily pressure variation over the 

whole year t monthly average values for the daily variations 
Cl.'f1. 

ot preasure~-.h ~tabulated in Table~·\ • Theas aro harmonically 

analysed and the oonstants of the fundamental and tho second 

harmonics are tabulated in Table ~·2-., The curves or the 

figure 4·o ohow the variations or amplitudes and hours of 

maxima for both the harmonics over the year. 

IV 



Table 4.1 

Monthly average values o£ tho daily pressure variation 
(mm. Hg) 

~-~~~-~~~--~~~~~~~~~~~~--~----~-~~~----~~-~~-~-~~~-~~-~~~-----~~--~~~-~~~~ 
Hrs. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sop. Oct. Nov. Dec. 
-~----------------- _._...,_ ___ -.......-________ .. _ .. .__.._._.__. __ ._ ........... .__.__._._.....__.-....._~----------~-----...-- .......... 
00 o.oo 0.20 0.20 0.)0 0.30 0.70 o.6o 0.40 0.20 o.oo 0.10 0.10 

02 -0.)0 -o.)O -o.)O -o.20 ..0.10 0.)0 0.10 -0.20 -0.)0 -0.40 -0.40 ··-o .40' I 

04 -0.60 -o.?O -0.70 -o.so ..0.10 0.10 -o.20 ..0.40 -o.40 -o.so -o.60 -o.?O 

06 -o.20 -o.20 ..0.1~ 0.)0 0.70 0.60 0.10 -<>.10 O.)O 0.)0 -0.10 -0.20 

OS 0.90 1.00 0.90 1.40 1.70 1.)0 o.ao 0.90 t.40 1.)0 1.10 1.00 .. 
10 2.00 1.00 1.90 2.00 1.90 1.40 1.00 1.20 1.70 1.70 1.80 1.80 

0). 
\ll 

12 1.20 1.)0 1.70 1.40 1.10 o.ao o.so 0.90 1.10 0.90 0.90 1.00 -
14 -o.60 -o.4Q -0.30 -o.20 -o.40 -o.so -o.)O ..0.20 -o.40 -0.70 ..0.70 ..0.70 

16 -1.40 -1 .. 50 -1.40 -1.60 -1.70 -1.70 -1.20 -1.10 -1.50 -1.50 -1.40 -1.40 

14 -1.10 -1.20 -1.40 -1.80 -2.00 -2.00 -1.SO -1.40 -1.50 -1.)0 -1.00 •1.00 

20 -0.20 -0.40 -0.60 -0.90 -1.10 .-0.90 -0.60 -o.6o -o.70 ·· -o.)O -o.10 -1.10 

22 0.)0 0.20 0.20 o.oo -0.10 0.20 0.40 0.60 0.20 0.40 0.)0 o.so 
~~~-----~~~-~~~~-~-~-~-~~-----~----~~-~~~~~~~~~--~~---~-~~-~~~~-~~~ . . 

~~~~~--~-~~~~~-~~~-~~-··-----~~·~~-~~~---~---------~---~~-~----~~-------



Table 4.2 

Harmonic cons~ts for pressUre variation 

---~~~~~-~-- -------~--~--~~~~~-~~~~~~~~~---~~-~~-~-----~----~----
Harmonic Jan. Feb. 
conatan~a 

1~. Apr. May. Jwt. Jul. Aue. Sep. Oct.. Rov. Dee. 

~~~~~-~-~·--~---~-~---~~~-----~ -~~~~-- -~~~-~-~-~~~~-~-~-----~--~~ 

~'1 7.) 7-7 s·.s 11.0 1;3.7 11.9 7.0 6.s 9.9 6.) 6.8 6.2 

""t, 126° 125° 1200 1210 110° 9SO CJ70 110° 116° 114° 120° 1210 

~'2 11.4 10.7 11.2 10.7 10.7 8.9 8.1 9.1 9.7 10.2 10.3 11.0 

'1'~ -460 -470 -41° -420" -S20 -370 -3.30 -39° -51° -600 -s90 -S7° 
-
00. 
()'\ 

_ _._..,._.___..._.._ ... _______ .__ ..... .._.-.., .. __..,..~..,_,....._ _ _..._,._ ____ _...,...~-------,_...,....._,-.-_..,__.~----a • 'a a •• ____ ._._..._... .. 

r 1 : First. harmonic amplitude. 

'"'f & Hour of maximum ,tor first harmonic expressed 
I in terms Of angle. 

r 2 = Second harmonic amplitude. 

7-: : Hour of ma..-dmum 'tor socond harmonic expressed 
J. in te1•ms ot anJ].e. 
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Fig-. 4·v - Tho annual variation or the harmonic 
constants or the ground levol barometric 
pros sure. 
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. 
The amplitude or the first harmonic attains a maximum 

in l4ay and a secondarr maximum is also show 1n Spetember, 

in August and December the amplitude of the diurnal varia­

tion is minimum. The minimum or the phaae occurs in June­

July. 

The seasonal' change of the diumal variation of 

pressure is primarily governed by the change· in: the diurnal 

heating of the lpwer atmosphere. The blankotti9g or tho 
~ ~ . . . ~ .· 

groWld by clouds· ~~ring the monsoon months o~ July and AUt,"Ust 
~ r. .. "' 

produces deviatiott~.trom a regular seasonal pattern which may 
o\'he,.¥ w\se : • · 

~ ~":l.y be exj>et:1;.od. • 

ppper a!r investigation. 

. 
A radiosond~ consists or a meteorogr.pb linkod to 

., : c 

a radio-transmitter- A meteorograph is an ao3embly ot 
. t .. 

sensitive element-..·which measure desired atmd_spheric para-. ,. 
meters. The informotion obtained by these •lements is 

• •• ' • A' . 

broadcast to the.rield station receiver by the·tranomitter. 
. . . 
. . . 

• .J 

The parameters commonly measured by a ·radiosonde 

are atmospheric pressure, temperature and relative hunddity. 
rmove. 

An aneroid capsule (some times A. arnali than one 1n combination) 

is used almost universally as a pressure-sensitive element. 

Either a bi-metal atrip or a thermistor measures temperature. 

The relative humidity is measured in a radiosonde by ( 1) the 

psychrometric method or (2} from the measurement of changes 

ot eith.er:tbe physical or the electrical properties of 

IV 



hyroscop1c substances. 

The radiosondes dovelopod by various countries tor 

routine aerolog1cal soundings differ mostly in their modes 

or traBsmisaion or the meteorological massage. The French, 

the Swiss, and the. Indian instrum~ts use the chronometric 

method. In the Indlan F-type instrument, for 1nstQJ.lce, the 

measuring elements are mado to actuate pointers which contact 

a heli_cally-wound silver spiral on a rotating drum once 

during every complete revolution ot the latter. The displace-

menta ot these pointers with reference to two other fixed 

pointers are calibrated and used as measures ot meteorological 
I 

quantities. In the Kew radiosonde ot Britain the elements 

vary inductances 1n an audio-frequency oscillator which 

modulates a tiaed carrier-frequency ot 27. S Mc/s. A blocking 

oscUlator 1n the .American radiosonde has ita repetition 

trequena,r altered by resistors controlled by the meteorological 

units. The F1nntah inatru.ment ot Vilhelo Valsala 1s an 

interesting type 1n ~ch changes of 0eteorologioal elements 

are converted into changes or radio frequency. This instrument 

with which the soundings were made is described in greator ' 

detail 1n the. sequel. 
' 

Proper co-ordinati·on o! aerological observation 

requirGs comparatl ve teats from actual soundings of the 
~ fC/~"-D J $" 1<>7 

different radiosondes. Pain tor ( Meteorologlc&i J4agaaiae) has 

described the results or auch tests conduct~d by the International 

l·~eteorological OrgQn1sat1on at Switzerland. 

IV 
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Fig. 4.1 drawn from soundings made at Ahmedabad compares 

the Finnish instrument with the F-type instrument used in 

India. The author has worked with both theue types. The 

Indian instrument wao on loan from the India J-teteorological 

Department. A Va1aala receiver was acquired by the Physical 

Research Laboratory and calibrated sondes imported from the 

manufacturers, In all about 120 auccoaaful eoundings were 

made with the Finnish instrument. Of these th1rtyt1ve were 

swarmed into a period ot thirteon days in April 1952. l~st 

of them attained appreciable altitudes. Interesting 

features or these ascents are~resonted and discussed. 

~he Finnish (Vaisala) J!tdiosond! z-

Complete details of the J1nn1sb ra~iosondo and the 

ground equipment have been given by Vaiuala ·in his 'Handbook 

ot Sounding'. The radiosonde has a triode oscillator With 

a trequency range of approximately 24•26 Mc/S. The tank 

circuit of this oscillator ia provided with a rotatory switch 

operated by a wind-mill turning 1n the slip-stream or tbe 

ascending balloon. This switch connects in sequence five 

~£ferent condensers and in consequence the radiosonde osci­

llator has five different transmissian-frequenoies. All the 

condensers are ot the parallel-plato type. Three or them 

are variable, the v~ation being effected by the motion of 

the movable plato by the corresponding meteorological unit. 

IV 
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Fig. 4.1 - Comparison of the F-type and the 
Vaisala radiosonde$ 
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!he two constant condensers have their values ao adjusted 

that their corresponding frequencies are on either sido or 
the transmission-range. 

~-

The ground equipment is a six-valp super heterodJne 

set. By means .or a semi-circular tuning condenser, convennieJtly 
' . 

operated by baJ:).d., the local oscUlator o~. t~s. set is made . . . .... ~ . 
to beat with tbe transmissions or the ai~bome radiosonde • ... 
The beats are eud1ble as rust, short aque$~S at five different 

' 

posaitio~ ·ot t~e tuner. By pressing a Stylus attached \o 

the tuner, these tivo poa1tions are punc1ie'dyon a recording 
.. .: 

paper clipped on a cl'ock-dri ven orwn. 
~ . ' 

Fig.tt-·2- is ~eproduction or tho "rad1oaram" obtained at 
• 

Ahmedabad on ·18-4-S2. The dotted curves ·co\-responding to 
't 4 ' I 

·0: f •. 

pressure (P), temperature (T) and humidity (H) are sholm 

along With the parallel curves obtained tor ~he ~constant 
I 

condensers (K). and (k). Figures on the ri&ht' hand side ot 

the record g1 vo tho time in minutes atter the release ot 

the radiosonde, checked with referonco to a standard clock. 

Described below are a tew salient pointsassociated 

With a particular soundingt selected trom our collection :-

Tho sounding taken on 18-4-52 appears to be one ot 

the highest ·ascents over made 1n this country • fb.e radio• 

sonde was bold in position in a cage and the transmitter-· 
Sa.fe. 

battery kept/-..~ from tilting so that reliable measurement 

IV 
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Fig. 4.2 • Radiogram or 18-4-S2. 

IV 4.2 
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ot temperature and pressure could be obtained during the 

aacen't ot the inatrwaent till the burst of the balloon and 

also during 1 to subsequent tall. Since no parachute was 

· attached, however1 the ascent and the descent took place 

at appreciably different speeds. 

! 
A portion ot the radiogram of th1 s sounding has 

alread;y been presented in Fil4·2. Fig.~·l gives the height­

temperature diagram evaluated from this radiogram. _ On 

j 

I 

' tho . same tiguro 1 s also plotted tho smoothed-out time-height 
I· . .· . . 

Out'VQ of the balloon used ( Darex) • TemperatuNs measured . ·. . . ·.· . " 
during the ascent or the instrument are markep_.: with dotted 

circles, and those obtained during its descent'by dotted 

triangles. · 

Since the sounding was made in the afternoon 

( 1450 hra.) upper-level temperatures can be dubject to 

conSiderable radiation-error. Vaisala has d~scribed a 

l I 

'.l 
'-

·'. . • 
method of correcting ror this error on the folloWing main ; . . 

• assumptions J• 
> 'f .. ,. . ·~· .. , 
" 

( 1) Below S00 mbs. it is negligible. 

(2) Above SOO mbs. and below 200 mbs. it increases: 

linearly. 

(3) Abovo 200 mbs. its valuo at any level is a 

£unction of certain instl'Ulllental constants ('Which can be 

measured in the laboratory) and on the instantaneous values 

of the height-angle or tba Sun and the rate ol ascent ol 

the balloon. The dotted curve in the diagram, running 

IV 
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IV 
Fig. 4.) - Height temperatura diagram 
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alongside the curve of measured temperatures gives, according 

to Vaiaala, the correct temperaturos at the appropriate 

levels. D1f£erences botween the measured and tho corrected 

values aro seen to be of the order or )°C at 200 mba. and 

S°C at 1; mbs. Other features or interest are :-

( 1 ) Temperatures obtained at a particular level :. : 

during tho ascent and th4i descent of . the radiosonde are 

different. This can be explained by (a) thermometric lag 

and (b) differences in radiation errors. 

In the atmoapboro in which temperature decreases· 

with he:l.ellt, the indicated temperatura w1ll be, due to 

tbermomotr:l.o lag, higher than the actual temperatura during 

the ascon~ and lower during the descent. This lae; will 

increase with reduced air-density, ao that the difference 

between the indicatod temperatures will also increase with 

height. This is actually varified in i'ig. 3. In this 

instance, however, the ratea or ascont and descent aro very 

different as stated earlier. The effective lags are al~o 

naturally different. 

Some ot the observed difterenco of temperature is 

also due to the difference 1n the magnitudes or tho radiation 

error inherent in the two measuremonts. The aJDOW'lt of solar 

radiation falling on the instrument ls smaller at the l~ter 

ti•ne of the descent, while tho ventilation given to it is 

greater. Thus tho involved radiation error is s:naller during 

IV z..a 
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the descent. It is an interesting coincidence that. Valsala'a 

corro~ted temperature curve talls roughl7 along points 

obtaine~ during the descent. 

(2) The rate or ascent of the balloon increases 

abruptly at the 3tratosphere. Part of this increase is 

probably artificial and ia the result or pressure and tempe .. 

raturo errors retlectod in the computed values or height. 

However it, may be noted that the decrease of kinematic 

viscosity in the stratosphere (the appropriate value or 
it is thei eddy-viscosity in the troposphere an4 the much 

smaller ~olecular viscosity in tbo stratosphere) can bring 
\ 

I 
about such an increase. 

Tempe~ature atru~ture of the lower atmOsehera 

One ot th~ commendable features or the Vaiaala radio­

sonde is the tine grained continuity of the measurements 
. , . 

that can be made Witb it. This enables With it the inTesti-

gat1on of.oertain problems Of peculiar l'ilOteOX'OlogicaJ. interest. 

~&. is dio'.~Wo tram tb1'9a sewuiiago ~akea o:a a el~, 

.aumr~or day at .Ahmedabad. Figif·4is the average of all the 

available observations in the month ot April. Theso fiGUres 

Uluatrate the typical nature of diurnal variation ot tempe­

rature that 1a generally noticed in the surface layers ot 

the atmosphoro. In the afternoon intense insolation ot the 

ground produces a shallow layer (approximately 200 metres 1n 

thickness) of super-adiabatic lapse-rate. Turbulent tranater 

IV 
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Fig. 4.4 Diurnal variation or temperature 
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ol heat, however, tends to destroy this unstable condition •. 

By evening a weak inversion starts to form at tho surf nee. 

Helped by radiational cooling at night1 this inversion builds 

up to a depth of 300 to 400 metros just bofore sunrise. It 

ia subsequently "bUrnt off" due to heating from the bottom. 

It can ba seen trom the figures that tho ditfor~ce between 

afternoon and morning temperature.s, which repreaQDt approxi-
. . ' . , ... 

mat,ely th~' a.m.plitude ot the diumal var1ationJ decreases . . . ··' . 

rapidly with height and vaniahes nearly at Sop mba.(2 kms). 
• .: I 

~ 

Th~ diitffi!al variation of topreeratur·e ·in the !!eper 
tropo sp ere. . ... 

In connection With the present cosmic ray study 

'Dbe nature' or the diurnal variation or temperature in the 
•·, 

upper troposphere and the lower stratosphore\w~o investigated • 
.. .. 

~ith a vieu to examine thiB quaotion about )~ serial ascents 
~ • t ~ 

were spaced ·iri a poriod ot t) clara in tho m~t6. ot Aprll 1 19S2 • 
• • ' • t -· 

Three ascents ·wore made 1n a day,· one just pnor to sunrise ( 

(OSOO hrs.), one well atter awusdt (2100 hrs.) and one at the 

time or maximu."ll temperature at the ground ( 1 ;oo brs.). lt'airly 

the 5&me type ot surtaoe weather pera1Bted throughout the 

period. 

The results or these ascents af'e summarised in FiS•It-·5 

and Table I and II. 

IV 
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Fig. is a time-section or the ascents. The time­

axis runs from right to left. Each dar is marked by ita 

appropriate date. Tho ordinates g1 ve the pressure levels. 

Each ascent is represented b7 a vertical line erected at 

the corract time and rising upto its ceiling-height. The 

smoothed lines in th~ figure are the 1 sothGrms drawn at 

intervals ot 5°0. A scrutiny ot th1a diagram appears to 

suggest that the day-to•daJ variations or the temperature 

in the upper atmosphere are much more pronounced than what 

are observed in tho surface layers. 'the shapes of tbo iso­

therms make it reasonable to say that there are damped 

temperature waves with a poriod of approximately three to 

tour days at these heights. The amplitudes or these waves 

increase rapidly in the region of 200 mbs. Thoro ia also 

somo ovidonco for tho trnnsport or very cold (-80°0) pools 

of air noar the tropopause in the form ot large sized eddies. 

Table II is pr~pared to bring out the observed nature 

of tho diurnal variation ot temperature at the upper levels. 

I•' or oac:h isobaric surface, the measured d1ttorences between 

the morning and the a£temoon temperatures, (Tm - 'la) t the 

afternoon and the evening temperatures, ('I' a - Te), and the 

evening and the next morning temperatures aro presented in 

this table. The moans or these d.i.tterences as t.roll as 

their standard deviations are also given. Much weight, 

however, cannot be attached to these values as a very large 

IV 
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number of observations are not available • 

The available results point out that significant and 

regular diurnal variation of temperatur . .: occurs only in 

the turbulent, surface layer of the atmoapharo (upto BOO mbe). 

W~ have alroady discussed the nature ot these varlations.ln 

the higher levels tllough large chauges or temperatures are 

measured by the radiosondes 1n the course or a day t the so 

variation~ are not shotm to be statistically significant • 

Many workers have attampted to dutuct the magnitude 

of the dlumal variation of temperature in tbe upiJor tropo­

sphere and thu lowar stratosphere by analysis or a large 
'lS 

nWJber of radioiionde ascents. hacently Kay has disou.ssed 

,. tho results ot approxim.atolJ 11000 ascents made in tho 

course of four years at four stations in England. llis main 

1 . 

• 

... 
' . 

; . . , 

·, 

results are ( 1) the ~emporaturQ dii'ferenoea inclicated by 

ascents just before 3unr~se and inwediately after sunset 

are small. The magnitude obtained for tho nocturnal cooling 

is about o.; K whicb is ot thu same order ot magnitude as 

the theoretical value obtainud by Gowen and Penndor£ on tbe 

assumption of radiative equilibrium at these levels, (2) 

the moan midday-midnight. temperature differences are much 

higher. The diumal ranee varie.e with the seasons at the 

same levol and is inversel7 proportional to pres_auro at 

ditforent levels. At 100 mba. the dally amplituda is 3°1 

in summer and 2°K in winter. At SO mbs. the ampUtudos 

are doubled, (3) a sudden increase o! temperature is observed 
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just alter s\.UU"ise • A similar fall followa sunset, (4) 

differences btit\"lGOn day-timo observations placed sym~netr1• 

callr about the noon are small. They indicate a maximum 

rise o£ o.s K 1n the afternoon consistent with the magnitude 

o£ the cooling at night at these levels. It has boon shm·m 

b:y Kay that moat of these results are explicable as caused 

primarily b7 inherent errors in radiosonde measuromonts. 

Such errors can be casual or systematic. Casual 
. 

errors arise due to strict intercomparab1lity botwoen 

instrumen~s and the inert table random-sampling of tho non­

Wlitorm conditions in the upper atmosphere. Ther may be 

effectively smoothed out by consideration of a large number 

ot ascents. The moat serious systematic orrors are (1) 

errors in pressure-moasurementa which aro of the order ot 

+ 5 mb. at 2.5•3.5 kma. and (2) errors in temperature measure-

ments mostly caused by the direct irradiation of the thermo• 

metric element by sunlight. The latter error is attempted 

to be lllinimlsed 1n ra-~osondes by providing proporly-designod 

radiat1on~oh1elds and having moaauring units o£ high renecti­

vity and low heat-capacity Yalues. But a correct evaluation 

and removal ot this error 1s difficult. Scalln~ oxperiments 

in which the thermometric elements have progressively graded 

physical properties have been ouggested • Drasefield has 

experimentally studied the dependence ot the radiation 

shields and the thermal and optical properties of tho measuring 

units. More recently suggestions of indirect methods or 
temperature determination as from sonic velocit7 or ~-ray 
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absorption meaourementa have also been aade. 

With our present stat~. ot knowledge obtained 

from aeroloeiaal aocents, it appears difficult to say 

whether there is diurnal variation o£ temperature in the 

upper atmospho~e between the top of the lower layer pene• 

trated by daily tubulenoe aPd the upper levels ordinarily 

reached by sounding balloons. 
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V. QISCUSSIQH 

;.1 

;.1.1. Barometric coett1cient tor correcting daily varia• 
tion ot meson intensities : 

Extensi Ye studies have been made to correlate the 

day-to-day variation ot cosmic ray intensity with meteoro­

logical changes in the atmosphere. Duperier bas shO\'m that 

variations of meson intena1ty are connected with a mass 

absorption effect, an effect due to alteration of the proba­

bility ot meson decay accompanying changes of heights or 

isobaric levels and an effect or the temperature or density 

ot the atmosphere near the 100 mbs. leTel. 

As has been mentioned earlier, in terms of these 

three factors Duper1er has suggested tho following expression 

tor the variation in the meson intensity produced by atmos­

pheric changes. 
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It should not be expected that in the daily varia• 

tion the infiuence or these factors in the meson intensity 

would be identical to 'What is tound in day-to-day variations. 

This is because in bP.rOmetric pressure as well as in atmos­

pheric temperature, the day-to-day changes are brought 

about under verr different circumstances from those that 

produce the daily variation. Processes responsible tor the 

day-to-day changes or the barometric pres~e are entirely 

different from those causing the dynamical periodic pressure 

oscillations. The use or the barometric pressure coefficient 

obtained from studies or the day-to-day variation for 

correcting cosmic ray daily variation data for, ettecta due 

to tho daily variation of pressure is therefore questionable. 

A better method appears to be to der1 ve, if possible_, a 

barometric coefficient from daily variation studies. ln 

doing this, we have to keep in mind available knowledge on 

the physical processes responsible tor the daily variation 

of the meteorological elements and the special features of 

atmospheric oscillations. 

It is d1ft1cult to draw conclusions about the 

effects or mete·orological factors on cosmic ray .intenaity 

by comparison or the daily variation curves or Fig, 3· \. 

Solar radiation and gravitational forces are the most important 

causes tor the daily variations observed in ceophysical 

element a. Theae variations, as well as one that could be 

caused in meson intensity by an anisotropy or the primaries 

of solar origin, would have a predominant 24 hourly diurnal 
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component. Therefore it is not clear how much ot the ~~ 
l) 0 

variation is connected with P and e or a hypothetical 

upper alr diurnal temperature variation, and how much is 

due to primaries ot solar origin. 

The atmospheric pressure, unlike temperature has 

an appreciable sem1-d1umal component. As was originally 

pointed by KelVin, the s\lmi•diurnal variation of pressure 

is due to resonance in the atmosphere which has a tree 

period ot oscillation ot nearly 12 houra. Thus, even 

though the exciting solar forces are diurnal• the semi• 

dinrnal component or pressure becomes imPOrtant and ifus 

predominent at low latitudes. The daily pressure variation 

at low latitudes is fairly systematic and re.tlecto tho 

periodic changes ot a1r.masa of the absorbing column of air• 

lt attention is therefore confined only to the semi-diurnal 

component, ~ have a means ot studying the influence of 

pressure 11 : uncontaminated With effects due to temperature 

variation of the atmosphere or duo to anisotropy of cosmic 

ray primaries both ot Which should have a diurnal component 

ot variation. 

the tirat two harmonic components otT, l•t and E 

along with P and 8 are shown 1n Fig.3·''' on 24. hourly &Jlci 12 

hourly harmonic 4ial~· It will be observed that while in the 

24 hourly dial, 'the vectora lie all aroWld tho clock, there 

is on the 12 hourly dial a very etrlking grouping ot the 

cosmic 'ray vectors almost ·completely opposite in phaso with 
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the pressure vector. This clearly shows that high negative 

correlation exists between cosmic ray components and the 

pressure. 

Correlation analysis or tho semi-diurnal vectors 

ot cosmic rar components with atmospheric pressure g1 ves 

correlation ooetticients and barometric coetf1c1ents as shown 

in Table 5,1. 

--~~~--~~~~------~-~---~--~~--~~----~-~-----------------Cosmic ray 
component• 

Tl 
Mi 
Es 

A 

Correlation aoefti- Barometric coeffi-
cient with Pl cient. 

''S rTP ::. • 0.97 ~T == - ~.3% per cm,Hg 
('3 ·, . . 

rtiP = - 0,95 ~~ ·== - 2.5% per cm.Hg 
ss 8 

. 
rEP = • 0,9 ~E == -14.1% per cm.Hg 

. ' . 
~-~---~-w~-~-~----~~-~~--~~~-------~~-~-~~-~~~~-~~--

Table 5.1 

The barometric coefficient ~M= -2.5 ~ per em. Hg tor 

mesons may be coupared with tbe value fOWld byother workers 

from day-to-day variations or cosmic ray moson intensity. 
·• ' . 

Coet.t'1c1ents ot- ),0% per em. Ug tor Huancayo and- 1.8 ~ 

per em. Ug £or Cheltenham, Chri stchuroh and Godhavn have been 

determined and used for barometric pressuro correction by 

Lange and Forbush tor the Carnegie Institution ionisation 

chamber data. It io not cloar why at Huancayo the coefficient 

could bo so much larger than at the other atations 1n spite 

of the shielding being the aame tor all the instruments. 

Duperier•a barometric coefficient io -1.;% em. Hg and 

Dolboar and Elliot have reported a value ot- 1.68% cm.Hg 
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obtained from seasonal variation or intensity. These authors 

by partial correlation analysis, give estimates tor tho three 

meteorological ooett1o1ents which atrect meson intcnsitJ• 

These are shown in TableS·~. OUr value of the barometric 

coet!icient tor roesoua 1s larger than the true mass absorption 

ooe£!1cient of Duperier but agroos well With the coctt:lcient 

ot Dol bear and Elliot. 

Table S"· 2. 

Coefficient Duperier Dolbear and Elliot 

~ - 1.SQ%/cm.Hg* - 1.88 % /cm.Hg 

p. - 1.0S%/cm.Hg - 2.07. ~ /cm.Bg 
I - :h90% /km. - lu22 ~ /km.. p. 

~ 0.12 ~ /°C. 0.14 ~ rc 
_______ .... ____________ .........,..., ................ --......... _ ..... _ .. __ _ 

• Weighted mean for S periods ot observations. 

It is important to examine it there is a substantial 

decay contribution in the semi-diurnal trariation. Poker1s 

and more lately \'l1lkes and \1eekes have examined the cletaila . ' 

ot th.e modes ot oscillation or the atmosphere. tiicolaon 

and Sarabba1 have estimated the effect on meson 1ntensit7 

o£ the semi-diurnal change ot height ot isobaric levels duG 

to atmosph~ric oac1llat1ons. For moaon production near 16 km, 

there should be a semi-diurnal oscillation tor the isobaric 

luval which would not exceed 4 metres and thus would not 

change significantly the contribution of the pure mass absOrP­

tion ettect to tho barometric coetticient. 
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Finally 1 we have to conaidor a poaa1ble contribution 

from a positive temperature Gftect.. The results or our 

upper air meteorological investigations have abo~ that in 

the atmosphere near the 100 mb-. level, the main changes or 
temperature are not diurnal but of irregular day-to-day 

cb.aracter. wben data are averaged over an extended period, 

the latter fluctuations are expected to be smoothened out. 

Since the amplitude of the diurnal temperature variation 

near the tropopause is not significant, we ara lead to 

believe that the barometric efi"ect derived by us from the ~em1-

d1urnal variation corrosponds.mainly to the true .abaorptio~ 

coefficient for the meson component. 

The validity ot a pressure coefticient derived 

from the semi-diurnal component Of the daily variation 1n 

the manner described above dapm1ds on the non-existanco 

of an intrinsic sem1-diumal component *H3 ot meson variation 

due to causea other than pressure oscillation. It is not 

certain whether this assw:Jption is always justified. 'l'he 

folloWing factors it tbey are present to an appreciable degree, 

would require abonc1en1ng ot our method or applying a baro .. 

metric correction to the daily variation ot mesons. 

· ( 1) A daily variation will not in general have only 

the diurnal harmonic component even though it is characterised 

by one maximum and one minimum in 24 h~urs. Tbe variation 

would rarely be perfectly sinusoidal, and depending on 

the extent to Which its from differs from this type, higher 

harmonics would be present. In particular, if duo to 
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anisotropic primaries, there is an increase in intensity 

produced only during \he day, but at night the intensity 

is constant, we would get an appreciable ~S with maximum 

almost coinciding with that of l•lD. We can retor to this 

semi-diurnal component~ as a shadow component or the main 

diumal component MD, When MD has an hour ot maximum near 

10)0 hours~r would also be highly correlated with P9 and 

would tend to reduce the ettecti YQ barometric ettect, 

2. · Thore may perhaps be a semi-diurnal variation due 

to anisotropic primaries, Elliot and Dolbear have demon­

strated that their South-pointing telescope shows a more 
s pronounced M component than the North-pointing telescope. 

We are unable to explain the somi-diumal variation ot 

meson·s positively correlated With pressure which ia reported 

by Regenor and Rau. Unless the anisotropic component is 

under solar control, it cannot produce a semi-diurnal compo­

nent or variation when data a.ccording to solar time is 

averaged round the year. It ia not therefore clear how this 

could arise. 

The high negative correlation between k~ and P8 at 

Ablnedabad. indicates either an absence or an appreciable 

intrinsic ~S component or that its phase is aloost in agree­

ment or 1n opposition to that o£ Ps. For a shadow component 

~~ produced by a daily variation with a maximum shortly 

before noon, our barometric ooet't1o1ent would be somewhat 

underestimated. However ita closeness to the values 
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determined from studies ot day-to-day changes gives confi­

dence in applying it tor correcting the daily variation 

data or meson intensity for barometric pressure changes. 

s.1.2 The bftfomet£ic coetf1c1ont {or the §O~ co!pqnent : 

Reference to Table S·lindicates that the soft compo­

nent .& has a barometric coefficient - IJt· \ " per cm.Hg. This 

is considerably more than the coefficient tor mosons1 as ta 

to ba expected from the additional radiative loss that in 

electron can sutter at high energies and which predominates 

over the collision loss, suffered by both electrons and 

mesons. 

The sort component ot the cosmic radiation Which 

does not penetrate more than 10 ems. or lead, is composed 

mainly ot electrons, positrons and photons. The processes 

initially responsible tor the sott component 'E' arc 

believed to be the tollowing a 

(1) 0 the decay otir J!Utsona into photons at the top 

ot the atmosphere. These givo rise to cascade ehowera which 

determined the Shape of the height ionization curve for 

total intensitr at high levels. At sea level very little 

or tho electronic component is due to this process. 

(2) the decay or ~ mesons. 

~3) tho knock-an production or electrons by mesons. 

At sea level the last two proce3sea play an important 
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role. 

Tho multiplicative process in ~1ch positive and 

negative electrons produce photons, and tho photons in 

turn produce electron pairs gives rise to cascade showers. 

The cross-section tor 'bromclatrahlung' bJ positrons and 

electrons and tor pair freation by photons is proportional 

The cascad~ theory has been developed as a result 

of contributions or a number or investigators. Bhabha and 

Chakrabarty havo calculated the number or electron N(w t> 
produced by a primary electron or energy W at a depth 't' or an 

absorbing ~ater1al. For the sake of convenience, ·~· and 

U aro expressed in terms of radiation length '1' and critical 

enei·&Y W0 respect1 vely. For a particular substance the 

radiation lcnt;th io defined as 

where 'N1 is the number of atoms per unit.volume ot 

tho absorber. The energy W0 , the energy lost by a taat 

particle by the procoas or 1on1zatiofi 1n traversing a radia­

tion length ia called the critical enurgy. The value or '1' 

in ~ and \~0 in N ~~N-- tor some common substances are given 

in Table • t\--t F~ p _(,. ~ c:a.'y Jh..c, 
{~~ ~l..cTD 4~-~ 9·81> 1·'?4 o-s~~ 

'We..~ Mt.u-. \O~· Q lite.<. 5'5~ 2.S·<(;'~ 6·H-7 
v 5.2 
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vfuen energies of the particles are eXPressed in 

terms ot their critical energies in a particular substance, 

and lengths in termo or the radiation length in the same 

substance, the numerical results or the cascade theory 

are applicable to all substances. Values or N(w t> as 

calculated by Bhabha and Chakrabarty, for selected energies 

and depths of absorber are given below in the Table 5·3. 

The energy is expreasod in this table in terms or a variable 

Y defined by Y = log (w/w0 ). 

Table5'·3· Values 8t N for different values or 
Y and t 

y 3 4 s 6 7 8 9 10 12 
t 

----~~~~-~----~------~---~---------~-~--~--~--~~~---
2 '·' 6.2 10.6 17.1 2~.6 )6 so 67 120 

It 1.2 4.8 1).8 )).2 69.9 137 241 42) 1117 

6 0.4 2.1 8.6 28.7 80.6 198 460 970 313S 

6 0.1 0.8 4.0 16.7 ss.s 181 499 1284 6898 

10 0.) 1.6 7.9 ,,., 121 392 1176 606) 

12 0.1 o.6 ).) 16.1 68 252 859 8018 

15 0.1 o.s 4.5 22 98 396 50.80 

20 0.1 0.4 2 12 6) 1268 

25 1 7 198 

)0 1 22 

~~~~-~~----~---~-----~~--------~--------~~---~~~~--~-

lt can besaeen from the above table 5·?lthat the 

number ot particles first increases with depth, attains a 

maximum at a particular value of 't' and then decreases tor 
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greater thickness of the absorber. 'l'he apparent pressure 

coeft1c1en~ would in consequence be positive at the start, 

become equal ,to zero at the maximum or shower growth and 

then would reverse in sign. Physically this implies that 

for showers, both regenerative as well as attenuative 

processes are operative, and the experimental value for the 

pressure coetticient would depend on the location ot tho 

point of observation With respect to the development of the 

shower. It the soft component is measured by differential 

absorption as in the present case there would be a large 

proportion of low energy component representing the end ot 

the shower. Hence tho barometric coefficient should be 

greater than what is found in experiments where the soft 

component is stud.ied by measurement or ohowera with atleast 

two time associated particles. Table S'·ltindica.tea the experi­

mentally observed coefficients. 

5.2 The barometric pressure corrected variatione 

The appropriate barometric coefficients experi­

mentally determined trom semi~diurnBl components can be used 

to correct the daily variations ot T •. l-1 and E tor tho baro­

metric dally variation. Smoothened bi-hourly values or the 

barometric pressure corrected variations designated by T', 

l-11 and E' aro ahown in figure5.J . The harmonic component ot 

th6sa are indicated 1n Table S'· Jt and presented on harmonic 

~--als in Fig •• '5·2. 
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Table 5.4 (p.111) 

Pressure coefticien~s ob~ainod £or the soft component 
by various investigators. 

-- ~~~~~~~~-------L_--~~-----~--·~~----l----~--~-----~ Author l<lethod of 
observation 

Duration Absorb9r Type of Pressure 
variation coerr • 

~-~~~~-~~~--~~~~~--~--~---~~--~~~~~~~---~-~~~~--~~~ 

Darnotby 
& Forro 

. Stevenson & 
Johnson 

Froman & 
Starma 

Sbo1-rera 1 year 

" 4 weeks 

'It 140 days 

-
12 cma.Pb 

-

Day-to-day -.42~ per 
em •. Hg 

tt 

Dally 

-s.s~ per 
cm.Hg. 

- " " 

------~---~-~~----~~------~~~~--- -~--- -·--~-----~-------~-- ·-

-----
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Table S.4 

Amplitudes and hours or maxima of harmonic compo­
nents of the daily variation ot pressure corrected 
cosmic rar 1ntens1tios. 

Variate 

1st Harmonic 
24 hourly 

0.37 

0.42 

0.18 

2nd Harmonic 
12 hourly 

0.11 

o.os 
0.2) 
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. It will be noticed that T' and J(t are lett With a 

residual diurnal variation or amplitude o·~?.±.·0~and o· Jt-2.'140·~ 

respectively, and hour ot maximum near OiQO hours I.s.T. 
E' on tho other hand has no significant variation oxceaing 

the standard deviation or the individual bi-hourly points. 

This indicates that tho daily variation of the electron 

component at aea lev-el can be explained almost cottplotly 

by a maee absorption effect connected With the barometric 

variation. 

. 
. DuperifU bas corrected the daily variation or . 

• I 

mesons ·t~r a deCSJ effect duo to an estimated diurnal change . ' or height or about SO metros in the isobaric lov-els near : · 

16 km., .in consequence of a diurnal h$ating of the atmosphere. 

The process has boen considered to be analogous to the 

seasonal variation or meson 1ntenslt)' where, during auroma.r, 

the gen~ral expansion ot the atmosphere produces a decrease 

of meson intensity. 
L 

An examination or Fiz. 5·\ reveals that tho barometric 

pressure corrcctod vector4 tor total intunsity and mesons on 

the 24 hourly dial ar~ both significant and aro neGligibly 

correlated With surface atraospher:Lc temperature. If tho 

heating in the upper atmosphere were to take placo from·~ower 

levels, the maximum temperature would occur at a later hour 

than tho surface temperature and tho correlation with T' 

and M' would be almost zero. For heating oi' the layers or 
air near 16 km. from above, the maximum temperature may 
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occur nearer noon, but even ao the correlation between the 

diurnal vectors for T' amd 14' and a temperatura Teotor at 

noon would be quite low. One is therefore led to conclude 

that the atmospheric tamperature has littla or no part to 

plaJ in producing the daily variation or meson 1ntens1tJ 

corrected suitably for barometric pressure. 

Having eleminated meteorological effects, it is 

necessary to consider possible ge~ruagnetio and beliamagnetic 

influences on the rvsidual daily variation of mesons. 

Janossy has su~ested the possibility of a diurnal variation 

ot cosmic rays at latitudos beyond 40° due to the belio-
·18 magnetic f1ald. Dwight has worked out detailed implications 

but th:t:"s• theory can be safely excluded in view, w.longet 

other things, o.f the evidence froln :several quarters concer­

ning tho non-existence of an appreciable general helio-
tJ.. 

magnetic field at the present time. Vallarta w1d Godart 
I( 

have d1acusaed the influence in low latitudea of an ionospheric 

current system resp.onaiule tor the geomagnetic diu1"11al varia­

tion. 'h'hUe the lattt-r alters fundamentally 1n character 

with latitude, Thompson'has shown that the meson variation 

has similar teaturea over a wide range of latitudes. It 

appears therefore that the barometric pressure corrected \ .cl 

variation of meaona is or extraterrestrial origin and is 

connected with an anisotropy of thti primary radiation. 

For bettor appreciation or the residual variation 

it is worthwhile to uxanlino the rcsult:s obtained by my 
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colleague Dr.R.P,JCane at Koda1kanal by a type or instrument 

similar to the one operated at Ahmadabad. Because of this 

the final results at the two places are comparable. 

At lodaikanal tho correlation between the eem1-

41urnal components 1P and pS is only +•29. As however M5 · 

itself ia onlr .12 " in atDPl1tude and is not significant, 

this poaitivo value might be fortuitous. 

~}'he atmospheric preasur~ playa an llnportant part 

1n the solar daily variation of mesons at the low level 

station at Ahmedabad but producao a negligible effect at 

Koda1kannl. The correlation ot l'tk with ~ like tho 

correlation of the pressure corrected meson variation M'A 

and QA :Ls negligible. Ground temperature has therefore 

negligible effect at both places, 

Tho curve or residual meson variation corrected 

tor pressure at Ahmedabad and the meson variation curve at 

Koda1kanal are both signitioant and strikingly slmUar. 

Both aro diurnal With amplltudo l-1' A • 0. lt-2.. per cent and 

H'k : \·10 per cent with maxima at O~DO and 0840 hours 

local time respectivelr. The increase ot tho percentage 

amplitude With elevation suggest the contribution ot a larger 

nuaber of low-anergy particles which can make ~heir effect 

felt at a high-level station but not at a sea level station., 

Taking into consideration tha occurrence ot the 

maximum or the diurnal variation at about the same period 
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ot the day accordina to local time at widely separated places 

on the earth, it is reasonable to conclude that the anisotropy 
· 8o 

is caused by the solar emission ot cosmic rays. Duperier 

bas indeed made a similar suggestion by a consideration ot 

the seasonal change ot amplitude of the meson diurnal varia­

tion corrected tor barometric pressure and dec&J coefficient. 

As however, the application of the decay attect is Cluestionable 

for reasons mentioned earlior, the close agreamant between 

the ratio~ of summer and winter diurnal amplltudee with what 

would be expected due to ch.mge ot tho solar zenith distance 

at the t~o ?ertods may be fortuitous. 

S.) The hour or r:.aximum ot tho diurnal variation : 

AD important question arises about the observed hour 

of maxitnwn l-1Pil ot the meson diurnal variation. There :Ls a 

divergence amongst tho reported results o£ various workers 

concerning the precise hour of 1uaximum. It varieo in extreme 

cases from 0800 hours to 16oO hours. A great doal or this 

d1 vergence is perhaps due to dii'terencos in methods or 

corrGcting for meteorological effects. 

Hogg has compared on a harmonic dial the diurnal 

vectors tor meson dnily variation observed by various workers 

at different places. For Canberra data, a vector has been 

'iven !or barometric pressure corrected meson variation as 

weU as lor one which has, in addition, been corrected tor 

a temperature effect.' Thora is a considerable difference 
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between the amplitude and the hour or maximum or tho resul­

tant variation in the two cases. Forbush tor Cheltenham~ 

data, has sholfD how the uncorrected meson diurnal vector at 
~ 

1400 hours shifts to 1100 or 1000 hours according to the 

magnitude of the barometric coefficient \1h1ch is applied · 

for correction. 

Some o£ the differences in the hours ot maxima 

and amplitude observed by various workers are probably 

connected with the nature ot the measuring apparatus and 

the angle within which it allows 1ncideut radiation. 

Generally an omni-directional instrument would reveal a 

,smaller amplitude of variation than a unidirectional· one. 

In latitudes where there is an E-\'1 asymmetry or the cosmic 

ray 1ntensi ty, an ionisation chamber \tould effocti vely 

function like a West-pointing telescope having a later maximum 

than a vertical telescope. In view of all these factors 

comparisons between the diurnal variation at different lati­

tudes and elevations can only bo made where similar experi­

menatal technique 1o tollowed at the various stations, and 

appropriate similar corrections are ai>pl1ed to tho basic 

experimental data. Carnegie Institution studies are therefore 

very valuable for thia purpose, and l'then further significant 

data is availa:;le from our unidirectional studies at Kodaikanal 

and Trivandrum (Mag.Lat. 1<11., .rUt. 0 r.~ctrea) it might be -

possible to get a better insight in this subject. From our 

own etudiee, therQ ia every indication that the maximum 

occurs before noon, and the hour becomes earlier When the 
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diurnal amplitude increases 1n going from Ahmedabad to 

koda1kanal. Though all sea-level stations run by tho 

Caneg1e ~lstltution have maxima in the early afternoon, 

the mountain station of HU¥nncayo has an earlier maximum 

before noon and or increased amplitude. 

An ~portant point that arises now concerns the 

relationahip that can exiut between the amplitude and the 

hour of maximum ot the diurnal variation. The amplitude 

should be controlled, aM1ong other things, by the cut ott 

in the solar cosmic ray enorgy spectrum either by geomagnetic 

blocking or atmospheric absorption. · The mean energy ot 

th~ aliowed radiation determines the bonding in the geomagnetic 

tiold and hence the hour ot maximum ot tho diurnal amplitude. 

~fuen changes in amplitude o£ the diurnal variation are due 

to alteration ot the cut orr energy, a change in tho hour 

ot maximum may also be eJQ>ected. 

Very recently Sarabhai and K~1e have exa~ned 

qualitatively, under certain simpll.fying assumptions, the 

deflections that can be produced in the trajectories ot 

solar cosmic rars due to the geomagnetic field. A rigouroua 

solution or the problem involves tho working out of individual 

trajectories at various times of the day and in the different 

season8. Thio is not available at preoent, but prelim1nar.r 

analysis indicates the typo ot chances in the hour ot maximum 

of tbQ daily variation which may be expected with change ot 

latitude and elevation of the observing station, and tor 

ditfercnt values or the declination and tho hour-angle or the 
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sun. 

The principl4 features that emerge trom this 

analysis are :-

( 1) The hour of maximum should be earllur at 

equatorial station than at higher latitudes. It Huanoayo 

result compared to Chclthanham or Christchurch; and 

Kodaikanal compared to Ahmedabad. · Part of the eftect may 

be due to change ot altitude. 

(2) In +orthem latitude, a North-pointing tele­

scope should reveal an earlier maximum than a South-pointing 

telescope. This is because solar cosmic. rays, during the 
. u 

hours bef'ore noon lfould be deflected towards So~h and 1n 

the afternoon toward,s North. 

Thus it can be said that the main experimental facts 

~un~Grning the nature ot tho daily variation at different 

points on the earth, and in different directions, do not 

appear to be inconsistant with our conclusions that the 

barometric pressure corrected daily variation ot meson inten­

sitr is caused by the emia:P,on ot cosmic rays trom the aun. 

S•4 Tbe eflect o[ cosmig raYS from the 3UQ I• 

The sun is known to emit corpuscular streams which 

takG about 23 houre to travel to the earth and produce geo-. 

ma~et1c and auroral activity. It is also known to emit 

during some intense solar flares, moderate and low energy 

cosmic ray particles which travel with a velocity not very 
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different from that of light and produce measurable effects 

at aea level on cosmic rar neutron and charged particle 

1ntens1ty, The maenttude or the effect has a marked longi" 

tude dependence, and no effects hava been observed at 

oquato1·1al stations. Increases in neutron intonsttr reported 

bf Simpeon et,al. and charged particle intensity reported 

by Reher and Forbush have been as~oo1atad with tho central 

maridi&n passage of activo regions on the solar disc, These 

demonstrate the em1s,a1on of more energetic particles from 

the sun which makQ their effects felt even at Huanca,o on 

the geom~~etic equator. The present association or the 

meson diurnal variation with an anisotropy due to solar 

cosmic rars shows that the sun is a continuous elnitter ot 7 
cosmic radiation, Unlike the bursts or radiation following 1 

the observation or flares,this contu.uous emission is 

energetic enoagh to cause measurable effec~in tho charged 

particle intensity at sea level at all latitudes. 

There is soino evidence to show thatt the energy 

distribution or cosmic ray particles from the sun is dis­

placed towards low ener&ios as compared to the general 

energy distribution or cosmic rays from all other sources. 

For, the p~rcentage amplitude ot the diurnal variation 

increases with elevation as rev~alod by our comparative 

studies at Ahmedabad and Kodaikanal, by the Carnegie studios 

at Huancayo comparod to the l0\1 level stations, and the 

studies made at the Hatelekar, Neher and Forbush have reached 

similar view trom'the increase of tho uorldwido fluctuations 

v 
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of ionization ~th altitude, and the fluctuations being 

less pronounced at the equator. 

7b 
Elliot and Dolbear have made a very sienitioant 

observation that during days of inoreaaelgeomagnetic activity 

the diurnal variations in both North and South directions 

are enhanced 1 and the N-S di.t'tenmce changes trom being a 

semidiurnal to a diurnol curve. Since it is known that geo­

magnetic disturbanoos are associated with sola1· corpuscular 

utream~)lt would appear that when there is increased activity 

or the solar ll,...reg1ons, thero is also increased cosmic ro.y 

emission from the sun. The radical change in the nature 

of the difference curvo during L~;netioally disturbed days 

supports t;be view that it has no spacial physical significance 

apart trom being tlle arithmetic d1£feronoe or the diurnal 

variation in the two directions. 

5. S Year to zear chango o£ diurnal variation. 

In section ).2.4 on pago 80 we have sh~m curves 

which are suggestive or a change in tho nature or the daily 

variation or mesons. The significance o£ tho curves does 

not warrent a pos1t1v~ conclusion to be drawn. 

Longtime worldwide changea or the diurnal variation 

have been demonstrated by Sarabha1 and Kane frolll CarneGie 

Institution data. !hey have derived time series Mlich demon• 

atrate changes ot 30 to 40 per cent in the diurnal amplitude 

and significant shirt ot the hour ot maximum. In years or 

low solar activity, those series appear to be well correlated 
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With relative sunapot number R and the American ~~otic 

Character figure CA. It is likely that the chango of 

form o£ tho daily variation that io indicated in our data 

is aenuine and part or it ia representative ot long-term 

worldwide changes. 

;,6 The annual change or diurnal. variation :-

In the introductory chapter, the significance or 
tho annual change o! d1un1al variation haa been discussed 

£rom the stand point or tho solar origin or cosmic rays. 

ouu a possible sidereal time daily variation of intensity • 
. 

Most analysis in th~ past have been dono by a study of the 

ar-"lual movement of the tip or the :solar diurnal vector . on 

1 24 hourly harmonic dial using the methodology suggested ' 

by Thompson. Since we now realise that the hour or maximum 

intensity ic ccntrollcd by the gconagnetic bending ot 

trajectories o£ solar particles, and ia therefore expected 

to undergo a change with an alteration of the solar zenith 

distance at different times or the year, the situation is 

more complicated than was visualised by Thoapson. Our 

knowledge C'.bout tho g~onagn.ctic eff"oct on solar co&lic rays 

is very limited. It appears that \'~rJ.thout it, an interpre-

t at1oll o! tha oolllbinod e:troct of tho unnual chanGe ot eDpli• 

tude and hour or rcaxitlWJ on a har.::1onic dial can hardly be 

attempted. lie therefore propo:so here to deal w1 th the tl'ro 

ofi"eats UP!larately. 

For the .. purpoae or an aocurato study of the 

month to month or annual change a •• 
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of the diurnal variation, our dnta is not yet extensive 

enogh., Besides, during some months, the probable error 

ot the bi-hourly deviations trora mean of meson intensity 

is larger than during other~. To smoothen random changes 

in the data, we havo calculated the daily variation ot H 

tor overlapping bi-monthly periods centered at successive 

epochs separated by a period of one month. This procedure 

is equivalent to taking bi-monthly JUOring averages. Tables-·' 

indicatos the diun\al waplitude and hour of maximum of the 

barometric pressure corrected meson diurnal variation for 

each monthly epoch. ~~ig.S·~ shows the annual variation of 

ltu and 1~0• 

It wUl be noticed that 14D has two maxima 1n the 

year, tho bigger one almost coinciding with the time whon 

the aun' s mean senith distance is . a minimum. U because of 

the atmospheric path length being least in June-July, lower 

energy solar cosmic rays are allowed and the maximum variation 

results due to these additional particles, we should simul­

taneously expect a lowering of the mean momentum o£ the 

radiation. This should bo accompanied by the hour of maximum 

shiftin, to an earlier time and a consequent reduction in 

Mp
0

" Except for ths abnormal hucp during the months of August 

and September l·JPD ahows a amocth cbanee from a marJ.mum in 

January to a minimum in JWle-July, 

The weather conditions during monsoon at Ahmedabad 

are very d1tterent £rom those obtaining during the rest or the 

year. We are nO\'t examining whether the tlat tening of the f,tD 
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First harmonic conatante £or pressure-corrected meson intensity. 

J F M A H J J A. s 0 N 1) ........... -~ ........ ____ ............................ --.......... -.. ---..._..... ... ___ .....,..... ... __ ... _____ ...._ _ ___._ ......... __ .-........_._......,.-:_,. ___ ...... _.., ___________ ~_.___. 
r.~n 0.27 9.)) 0.44 o.so 0.76 0.97 o.;4 0.48 0.44 0.2; 0.64 o.62 

v,pB 1)2° 1260 1260 1120 94° 840 g50 1760 176° 1610 1150 1250 .. 
_...., .... ___ ..... ._ ___ ,..,....._.-..... ....... ~ ..... --.. _ __ ... _....,_._...., ______ .-...,___....-..----.-.... ..-... .. ______ .. ___ ... __ ......... -.. ._~------... .... 

z.P = . -
Amplitude o£ tho diurnal co:cponent £or pressure­
corrected meson intensity. 

N 
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~. 

Fig. S.J 

Curve showing the variation or the first 
harmonic constants of the pressure corrected 
meson inteneit7. 
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'rhe annual variation ot tho magnetic activit)" 
d in roars .or high, medium and low acti vitr. 
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change curve and the strong maximum in the. v,pD change cune 

during tbis period has any relation to the abnormal weather 

conditions found 1n July and September, 

The second maximum~~oocurring in 14° during November 

and December is very striking, Geomagnetic activity, indi-
• .. I. . . 

oated for ~¥JDple b7 the index 'U' , which is known to be due 

to particle .. r.ac:l1ation trom the sun, ,undergoes an annual 

change as shown in Fig.)·~ taken trom. Chapman's Geomagnetism 

(page"?>(,()). .~e two equinoctal maxima during the year are 
•.· 

believed to ·be due to the annual c~&nge or the heliographic .. 
' . 

latitude ot. the ecliptic. If the elin' ts equatorial belt ia 
• ' !" • 

relati vely'free from the occurrenc':'J~ :of M regions, streams ot . . 

solar particles have an increased probability ot approaching 

the earth when the radius connecting the sun's centre with 

the earth cuts the sun's surface at maximum heliographic 

latitude. 

It is possible that like particles responsible for 

'U' activity, solar cosmic ray streams have a higher probability 

ot hitting the earth during certain months. U the annual 

change or MD is considered ~o be built up of 

(1) a maximum during June due to minimwra solar zenith 

distance, and 

( 2) two maxima coinciding with solstices J 

the latter could probably be produced by regions or cosmic 

ray activity confined to a narrow equatorial belt on the sun. 
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The annual change of diurnal variation or mesons 

studied by Duperier with counter telescopes exhibits a 

maximum amplitude 1n the summer, just as is found by us 

at Ahmedabad, In the absebce or details or his data, we 
I 

are unable to check the existence ot a variation with 

maxtma in the solstices. 

The Carnegie studies show an annual change ot 

.t-1° and MPD at the fowr stations where measurements have 

been made over a long period. ~~e the first harmonic 

ot the annual change of MD at the different stations 

offers ditficult1oa ot interpretation, the second harmonic 

shows a maxima near solstices as at Ahmedabad. 

Tho problem ot the annual change of the da1l7 

variation is very complicated and requires extensive 

experimental and theoretical studies. The preliminary 

results mentionad in this thesis represent the initial 

phase of su.ch a study which has been commenced at the 

Physical Research Laboratory. The views expressed here 

are tboretore necessarily tentative. 
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VI CONCLUSIOH 

The daily variations o£ total cosmic ray intensity 

t, meson intensity l-1 and the soft component 1ntens1t1 E 

poaseaa important diurnal as well as sem1-d1~al components. 

The latter, in oach caao aro highly correlated With tho 

aemi-diumal component of pressure. 

The barometric pressure coetficim ts obtained trom 
' 

the semi-diurnal components are ~ f = - 4-·3 1' per em. Hg tor 

the total, ~ M: .. 2.•5' ~ per cm.Hg. tor the meson 1ntenait7 and .. 
~ E = - Pt·l ~ per cm.Hg tor tho isott c011ponent. 

The barometric coetticicnts tor moacms applicable to 

dail7 Yariation appears to correspond to the pure mass 

absorption coet£1oient determined by other workers by etudy1hg 

the day-to-day variation. This, as well as consideration 

of the daily variation of meteorological elements at different 

levela ot the atmosphere leads us to conclude that changes 

of heights ot tho meson fomation layer and of density ot 

the atmosphere near it, do not contribute significantly to 
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the effect or the daily variation ot air mass on meson 

intensity. 

The higher value of ~ E obtained by us compared to 

values of other workers wbo have studied the electronic 

component bJ measurement ot showers, appea.ra to be due to 

our differential absorption measurement ot' E' being intlu­

ence by a less energetic soft component Which can no longer 

produce4 multiplicative cascade showers. 

Oonpared to Ahmadabad results, the Kodaikanal 

studies have shown a daily variation or mosona which is 

mainly diumal 1n character. This variation is negligibly 

correlated With barometric pressure variations. 

Tba atmospher.ic pressure p~ays an important part 

in tho aolar daily variation or mesons at the low level 

station at Ahmedabad but produces a negligible ottect at 

Kodaikanal. The correlations of l\ \'lith ~k and or· tho 

pressure corrected meson variation M'A With ~A aro negli­

gible. Ground temperature has therefore negligible effect 

at both places. 

The curve ot the residual meson variation corrected 

tor pressure at Ahmedabad and the meson variation curve at 

Kodaikanal are both 81gniticant and strikingly s1JD1lar. Both 

are diurnal with amplitude M' A : o. itS :t o.o6 per cent and 

J.tk : 1.1 ±. o.oa per cent with maximum at Oi60 and 0840 bfs. 

local time respectively. 

VI 



---------------------;-- ------

I 1)2 I 

Our results concerning the meson intensity can be 

compared to those obtained at Hafelekar (geomag. lat. 47ou, 

alt.2)00 m.), Huancayo (geomag. lat. 1os, alt.))SO m,), 

Ohristchurch (geomag. lat.490S, alt. 8 m.), Cheltenham 

(geomag.lat. soON, alt.72 m.) and Godhavn (geomag. lat. SOON, 

alt. 9 m.), where the measurements were made with ionisation 

chamber and showed a predominently diurnal trend in the 

dai!ay variation. Fig.~·l (p.r.n .. ) givoa the harmonic dial 

tor the first harmonic of the variations ot the meson inten• 

s1ty at these places together with the first harmonic ot 

the residual variations obtained by us at Kodaikanal and 

Ahmedabad. 
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The pronounced residual diurnal variation which 

remains after correcting tor the meteorological elements 

near the ground, ia unlikely to be caused by meteorological 

changes in the upper atmosphere Which have a totally 

in sufficient amplitude or diurnal variation according to 

existing meteorological knowledge. The diurnal changes in 

geomagnetic elements are also unlikely to cause the residual 

variation, The nature of the magnetic variations changes 

radically with latitude whereas the diurnal variation of 

cosmic ray intensity has a similar form at places as far 

separated as lodaikanal1 Ahmedabad, Ua.f'elekar, Huancayo, 

Ohl"istchurch, Oheltenhm. and Godb.avn. 

The increase 1n thu percentage amplitude of the 
~ .• . 

~ . residual diumal variation of the total and the meson·~ . 

intensities in going i"rom. Abmedabad to Koda1kanal is moSt 
~ ... 

probably an effect of altitude rather than changes ot : 
• 

latitude. This 1s in agreement with the increase of ampli-

. tude tound at the two high level stations of Hatelekar and 

Huancayo as compared to the low level stations ot 

Ohristohurch, Cheltenha!ll and Godhavn. 

·. 
The lower percont8.ge amplitude of. the diumal _: 

variatioo observed with ionisation chambers at Huancayo··, ~ 

Ohriotchurch, Cheltenham and Godhavn as compared to tp~· 

percentage amplitude tound. \fith vertically pointing cotm~er 
.. ' ' . 

telescopes at Kodaikanal and ~edaoad must be attributed 

to the difference in tho apparatus- Ionisation chambers 

which can register intensity from all directions ot the sky 
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are expoctad to reveal a lower amplitude o£ tho variation 

than telescopes measurin& intensity coming through a 

restricted solid angle from the vertical. This is parti­

cularly true for variations or non-meteorological origin 

due to anisotropy 1n space of the primary cosmic radiation. 

The dependence of the residual diurnal variation on 

local time, its low correlation with terreotrial meteoro• 

logical and magnetic element11, and the increase of its 

percentage amplitude with elevation, load one to believe 

that the variation may be co~~ectod with a diroct emission 

or moderate and low enerQ cosmic rays from tho aun. 

The view that the pressure corrected diurnal 

variation or mesons is a sensitive index of continuous 

solar emission of cosmic rays, is supported by tho following 

further experimental facts& 

' 

( 1 ) Long term changes in the nature or the diurnal 

variation or meaont, recorded by the Carnegie stations • have 

been found by Sarabha1 and Kane to be worldwide in character. 

These changes follow broadly the pattern ot the solar cycle. 
' : ~ 

There io also oomo indication from our own studies, though 

not significant, that the daily variation @§)altered during 

the past two years. Tho annual change ot the daily variation 

has a maximum or amplitude coinciding ~dth tho sun's zenith 

distance at Ahmedabad reaching a minimum in Juno-July. 'the 
. ~ 

hour of maximum also simultaneously advances to an earlier 

VI 
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time, as we should expect, it the atmospheric absorption ot 

solar cosmic rays is a m1nimwn 1n &Ul'IUJlor and the moan energy 

ot the eolar racliation that is measured also reaches a 

m1n1mwn. Duper1er witb coWlter telescopes reports a maximum 

or the amplitude or the daily variation in summer in agree­

ment ld.th our results. It is not clear yet why ionisation 

chamber data of the Carnegie Institution appear to be at 

varience With our tind1nga, and those ot Duperier on this 

subject. Simpson et.al. have established a connection 

between the central maridian passage of solar prominences 

and variations ot neutron intensity. Neher and lt"orbush have 

po1ntod out correlations between these variations and cosmic 

ray intensity at both high and low latitudes. 

Several inatancas havu been reported or occasional 

large inoreaae or cosmic ray 1ntan3ity associated \dth solar 

flares. These further dernonstrate that charged particles 

or cosmic ray energioo can ba ejected from the sun. 

Present knowledge concerning the relationship ot 

tho amplitude and the hour or maximum of the diurnal varia• 

tion caused by particles from the sun leads us to discard 

tho current procedure for studying the annual change ot the 

daily variation and also the view or the possible contribution 

of a eidoreal time variation. Tentatively lt is suggested 

that it might be more revealing to examine separately tbe 

annual changes 1n amplitude and hour of maximum respectively. 

Tho author1n data are not yet extensive enough to Jield 

VI 



I 1)6 I 

oigniticant results, but point the way towards further 

oxperimentati&n and analyeis tor understanding this 

puzzling and important problem. Work is continuing now 

td.th this aim. 

-.... - .. 
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