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STATLMAENT

1. The pgggig»presents the results of an intensive
investigation conducted at Ahmedabad on the variations

of the total, the mcson and soft component, vertical intenw
gities of cosmic rays. Omnnidirectional measurements of cosmic
ray intensities have been made by many workers at high
latitudes, but in the present investigation direotional
measurenent of the intensities have been carried out by
counter-telescopes at a low latitude vhere the daily varia-
tion can be studied with advantage.

The results of the present investlgation establish,

(1) The nature of daily variation of total, meson
and soft-é%mponent intensity in the vertical direction.
The semi-diurnal components of the intensities have baeen
found to be highli coriela;ed with the semi-diurnal component

of the daily barometric pressure variation.

(2) The soft component variation is mostly due to

meteorological effects,

(3) There is a residual extraterrestrizl component of

variation of mesons which is dus to continuous solar emission
of cosmic rays.

2. The author has included at the end of his thesis a
1list of %0 references to original papers published in
different parts of the world. The thesis mentions the

specific information derived from sach of them,




PREFACE

The present thesis describes part of the
investigation conducted by the Physical Hesearch Laboratory,
Ahmedabad, for studying the time-variation of the various
cosmic ray components in low and middle latitudes, In
particular, it deals with the results of a study made at
Ahmedabad by the author during the period 195053 on the
total, the meson, and the soft components of cosmic ray
intensities,

The apparatus described in Chapter II has been
doveloped and built up by tho author. I have received
assistance from Dr.Vikram A.Sarabhal and Dr.R.P.Kanc in
the interpretation and digcussion of the datae.

I am grateful to Prof.K.R.Ramgnathan for his
guidance and diascussions on the meteorological aspect
of the problem, It i3 a pleasure to acknowledge the
co-oparation I have received from my colleague Mr. S, V.
Venkateswaran of the Atmospheric Physics Section in
conducting the radiosonde flights mentioned in Chapter IV,

Finally, I wish to express my deep debt of
gratitude to Dr.Vikram A.Sarabhai for his continuous
interest and guidance throughout all the stages of this
investigation,
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Dt ‘30-6.53.




I.
1.1
142
1.3
e

1.5
1451
1.5.2
1.6

2,

II.

2.1
2,2,1
2.2.2
2.3
244
245
2,6
2.7

I1I.

3.1
3.1.1

CONTENTS,

INYRODUCTION

Variation due to atmospheric effects

Negative temperature effect

The seazonal variation

Variasticns associated with geomagnetic

and solar activity
Daily variation

The diurnal variation
Jeni-diurnal variation

 True and apparent sidereal daily variation

of cosnmic ray intensity

Statement of problem

THE APPARATUS

Experimental‘arrangemenb

Counter ‘
Preparahion'of counter
Quenching unit
Coinecidence unit
Scaling circuit

Power aupplios

Automatic photographic device

PRESEHTATION OF DATA
HMethods of analysis of data
Tabulation of primary data

J+1.2(A)Corralation analysis

S & N

12
16
18

22
2l

27
27
31
43
16
50
52
54
59

62
62
65

Page.



Page

3.1.2(B)Harmonic enalysis 66
3.1.3 Harmonic dials 69
3.2 Experimental results 70
3.2,1 Period of experimentation 70
34242 The snnual mean daily variation 72

3.2,3 Annual curves of the dally variation of I 75
3.2.4 Year to year changes in the dail

variation of i1 o 78
1v. DAILY VARIATIONS OF BAROMETRIC PRESSURE
. AND ATHOSPHeRIC TeMPERATURGS 82
bet bDaily variations of ground level eleuents 82
Lets1 Daily variation of ground level temperature 82
4142 Pressure variation 83
L2 Upper air investigation 88
V. DISCUSSION | 100
5.1 Influence of meteorological factors on

the daily variation of cosmic ray -

intensities : 100
5.1.1 Barometric coefficient for correating

daily variation of meson intensity 100

5.1.2 The barometric coefficient for soft
component 107

542 The barometric preasure corrected

varlation 110

53 The hour of maximum of the diurnal
variation 117
Sely The efrects of cosmic rays from tho sun 120
5.5 Year to year change of diurnal variation 122

5.6 The annual cshange of diurnal variation 123




VI,

CONCLUSION

LIST OF FIGURLS
REFERENCES
REPRINTS

Page




Figure
1.

2.1
2.2
2.3
2.4

2.5
2.6
2.7
2.8
249
2,10
2411
2.12
2.13
2.14
2.15
3.1
3.2

Lot
L2
L3

bel
Yo 3\

FIGURES

Harmonic dial for twelve-month waves in
cosmic ray intensity after deducting
world-wide changes and in temperature showing
dates and amplitudes of wave maximum.
Experimenﬁal arrangements.

Discharge characteristics of a diode
Quenching pulses

Counter characteristics

The development of spurious pulses

Counter

Washing systenm

Filling systenm

Quenching unit

Coincidence unit

Scaling circuit

Block diagram of power supply, regulation unit
Power supply

Photographic unit

Control unit

Daily variation curves for T, M, E, P and &
Yearly variation of M

Annual variation of harmonics of pressure

Cotiparison of the performances of the F-type
and the Vaisala radiasonde

"Radiogram™of 18=i4«52

Height tempenature diagram
Diurnal variation of température
Nuxnal variation of tsmperature

‘Page

27
33
37
40
L2
43
bl
L5
L8
50
52
56
58
59

74
81

87

90A
91A
924
9LA
94B




Figure
beb
51
5.2
2¢3

6.1

Sumnary of all the flights

Figure of T' and }M'

Harmonic dials of T' and !

Curve showini the variation of the
first harmonic constant of the pressure
corrected meson intensity,

Harmonic dial for pressure corrected
diurnal variation,

Page
95C

111

13

126

132




Reprints of papers published by the author in
collaboration with Dr.Vikram A.Sarabhal and
Dr.R.P.Kane,

wilgi™

T




(Reprinted from Nature, Vol. 171, p. 122, Jaﬁuary 17, 1953)

Daily Variation of Meson Intensity
and its Possible Solar Origin

Tae variation of meson intensity with solar time
has been studied at Ahmedabad (mag. lat. 13° N.,
altitude 50 m.) and, at Kodaikanal (mag. lat. 1° N.,
" altitude 2,343 m.) with vertical triple-coincidence
Geiger counter telescopes of narrow aperture with
11 cm. of lead. Observations at Ahmedabad 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 bi-hourly values of
intensity were considered.

The solar daily variation of meson intensity is
predominantly diurnal at Kodaikanal with an ampli-
tude of 1-1 per cent. At Ahmedabad it has an ampli-
- tude of only 0-4 per cent with an important semi-

diurnal component as well. Figs. 4 and B show on’

24-hr. and 12-br. harmonic dials respectively the
diurnal and semidiurnal harmonic components of
the meson intensity M4 and Mg, the atmospheric
pressure P4 and Pg and the ground temperature 04
and 6g at Ahmedabad and Kodaikanal. 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 6 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 diurnal. As
a result, the semidiurnal components P45 and PgS
are predominant, whereas 0,45 and 6xS are negligible.
This fortunately provides a means of studying the
offect of pressure on meson intensity independently
of other meteorological factors. At Ahmedabad,
M 48 and P45 have a very high correlation of — 0-96,
the pressure coefficient being — 1-7 per cent 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, Mg5 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 meson
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 produces a negligible
effect at Kodaikanal.  The correlations of Mg with
0 K, and of the pressure-corrected meson variation
M’, with 64 are negligible. Ground temperature
ha.s therefore negligible effect at both places.

The curve of the residual meson variation corrected
for pressure at Ahmedabad and the meson variation
curve at Kodaikanal are both significant and strik-
ingly similar. Both are diurnal with amplitude
M’y = 0:33 & 0-06 per cent and Mg = 1-1 + 0-08
per cent with maxima at 0950 and 0840 hr. local
time respectively. It is unlikely that these variations
are caused by & positive temperature effect such as
is 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 o¢eur,
the amplitude of the diurnal temperature variation
at the 200-mb. level is, on existing meteorologxc&l
evidence, totally insufficient to account for & 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 origin. The greatly reduced amplitude
as well as a ghift of maximum towards later hours
at Ahmedabad when compared with Kodaikanal
appears to be connected with the change of altitude
between the stations. This is also séen 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 components of meson intensity,
atmospheric pressure and ground temperature variations. (4) 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?. Riddiford
and Butler® have recently described processes by
which particles from the sun can be accelerated to
cosmic-ray energies. A close study of the occurrence
of the hour of maximum under different conditions of
observation of cosmic-ray-intensity “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 supporting this project. We are grateful
to Prof. K. R. Ramanathan for many valuable dis-
cussions, particularly concerning the meteorclogical
aspects of the problem.
. : V. SArRABHAI
U. D. DEsax
R. P. KaNE
Physical Research Laboratory, o
Ahmedabad, India.
May 25.

! Lazzgg:él)ld Forbush, Carnegie Institution of Washington, Pub. 175
1 .

" $Lord and Schein, Phys. Rev., 80, 304 (1050).

* Riddiford 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 primary 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 Grazeadei? at the Hafelekar, by Schonland, et al.,® at Capetown
and by Hogg* 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 Duperier® 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 Malmfors® and Elliot
and Dolbear’ 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 theprimary radia-
tion, it is difficult to interpret it further. For, an anisotropy of primaries,

287




388 V. SARABHAI AND OTHER§

such as may be caused by solar emission of cosmic rays, can produce 4
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°N., 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.® 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 cm. long with
diameter of 4 cm. 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.

(™ e
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Fic. 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 § 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 7cm. and 17cm. of lead
respectively. The soft component E is almost completely eliminated by
7 cm. 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 ‘1’ consisting partly of the very
energetic soft component and partly of the slow méson 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° 4+ 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 experiments will be published elsewhere.

3. ANALYSIS OF DAILY VARIATION DATA

Even though the primary data for the intensity of cosmic 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 digcarded for days on which any individual bihourly
value is more than 59, different from the mean for the particular
day. This corresponds to a deviation 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:d on this critzrion. The useful data, as
presented here, extend from May 1950 to September 1952 and include about
600 days with a fairly even distribution over the four seasons.
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-7 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 deviations from
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Fic. 2. The smoothened daily variation of total cosmic ray intensity T, mesons M,
electrons E, barometric pressure P and surface atmospheric temperature §. No correction
has been applied to the cosmic ray values and the solid lines 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 6 are also
shown. For the purpose of smoothening the data, moving averages over
three consecutive bihourly intervals have been taken for all varjates 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 of T, M, E as well as P and 0 are
indicated in Table I. The hour of maximum is expressed in terms of the
angl: in the harmonic dial representation between midnight and the vector
for the particular harmonic component of the daily variation.

TABLE 1

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

1st Harmonic 2nd Harmonic 3rd Harmonic |- 4th Harmonic
24 hourly 12 hourly 8 hourly 6 hourly
Variate
Ampl. Max, Ampl, Ma.x.v Ampl. Max. Ampl. Max.
T . -09% 11° . -42% 115° 06 % -2° 02% 29°
M . <22% 144° 23% 119° <09% 38° -03% 108°
E .| -804 —61° | 1.40% unge | -30% 81° | -30% 76°
P mm.ofHg| 86 115° .95 131° | .04 135° | .00
g°C. .| 660 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 semidiurnal 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.
‘Duperier'® has shown that changes of meson intensity are connected with
a mass absorption effect, an effect due to alteration of the probability of
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TABLE 1T

Notation used for describing the amplitude and the hour of maximum
‘ of harmonic components

Mz

fl

% amplitude of meson (M), diurnal variation (D) observed at Ahmedabad (A)

M¢R = angle corresponding to hour of maximum of the meson (M) diurnal varia-

tion (D) observed at Ahmedabad

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

M@, = angle corresponding to hour of maximum of the meson (M) semidiurnal varia-
tion (S) observed at Ahmedabad

Similarly Tg, ER, Pg and 02 represent the amplitudes of the diurhal
variations at Ahmedabad of T, E, P and  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 that 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
causes of the daily variations observed in geophysical elements, 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 MP variation is connected with PP and 6P or a hypothetical
upper air diurnal temperature variation, and how much is due to a solar
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, P§ is as important as P?. At Kodaikanal,
nearer the equator and at a higher level, P§ is 6 times P3. As was originally
pointed out by Kelvin,2¢ the semidiurnal variation of pressure is due to reso-
nance in the atmosphere which has 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 6 are shown in Fig. 3 on 24 and 12 hourly harmonic dials. It will

N \ V' oo[Hr. T / \'" ooldr. T / Ve
4°C. A
N /]
E
A P 0:5mn. _
B N
. 1
18 057 0-smm. 05| |gg
Hr. ~ Hr| |Hr.
/ \ 1
AN~
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)
eC. N
- FIRST | HARMONIC SECOND|HARMONIC
/ / / 121Hr. \ \ /] 60[Hr. \ N\

Fic. 3. Diurnal and semidiurnal harmonic dials showing amplitudes and hLours of
maxima of uncorrected variations,
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be observed that while on the 24 hour dial, thé 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 II1

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

Cosmic ray Correlation coefficient Barometric coefficient
component with pi
T; 735 = — 96 fr = — 4-2% per cm. Hg
Mi risp = — 98 By = — 2-4% per cm, Hg
ES rSp = — 95 : Bz = — 14:0% per cm, Hg
The barometric coefficient By = — 249, per cm. 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 cm. Hg
for Huancayo and — 1:8% - per cm. Hg for Cheltenham, Christchurch
and Godhavn have been determined and used for barometric pressure correc-
tion by Lange and Forbush! 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’s!® barometric coefficient is —1-50%; per cm. Hg and
Dolbear and Elliot!! have reported a value of — 1-88% per cm. 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 mass 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,’? and more lately Wilkes and Weekes!3
have examined the details of the modes of oscillation of the atmosphere.
Nicholson and Sarabhai have estimated the effect on meson intensity of
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TABLE IV

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

Coefficient Duperierl® Dolbear and Elliot!?
8 — 1:50% /cm, Hgs - 1-88% /cm, Hg
W - 1.05% /cm, Hg — 2:07%/cm, Hg
u - 3:90% /km, - 4:22% /km.
a + 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 correct 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 4 -05% and -35 &+ -049 respectiely 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.

Duperier® 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
yariation' of meson intensity where, during summer, the general expansion
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of the atmosphere produces a decrease of meson intensity. Dolbear and
Elliot"* have suggested a further correction for a diurnal positive tempe-
rature effect similar to the one demonstrated by Duperier!! 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,!® and Elliot and Dolbear®
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 Kay!® 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 for T’ 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. THeE 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
variation of mesons. Janossy'” has suggested the possibility of a diurnal
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variation of cosmic rays at latitudes beyond 40° due to the helio-magnetic
- field. Dwight'® 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 helio-
magnetic field at the present time. Vallarta and Godart'® 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?® 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.

Duperier® 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 coefficient. 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. '

N

6. THe ErrecTs 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 al.,® and charged particle intensity reported by Neher and Forbush?2 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 continuous
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 Carnegic 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¢P 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 will 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. ’

Hogg?® 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,? 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 -
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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° 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. h

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 geomagneti¢ 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.?

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,® and Elliot and
Dolbear.® 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 remains to be seen whether it would hold quantitatively.

Elliot and Dolbear® 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 also
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 number
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

By = — 4:2%, per cm. Hg, By = — 2-4% per cm. Hg,
Bg = — 14-0% per cm. Hg.
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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 -39 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 variation has been suggested.
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1. INTRODUCTION

Ever since the experiments of Hess and Kolhoratarj
proved conclusively that coamic rays were to be traccd to
an extra-terrestrial source, the question of their origin
has become a subjeet of much speculation and resecarch. It
was realized that to obtain an answer to the problem the
most direct approach i3 to moeasure the intensity of radie
‘ation as a function of time and find out whether any
variations exist gpart from statistical fluctuations. There
are scveral kinds of variations which might be expected,
Variations with a period of a solar day, and with geasons
might be expacted to arise from the rotation of the earth
and its motion around the sun., A diurnal variation of
intensity according to sidercal time, i1f present, would
have a bearing on the galactic origin of cosimic rays whereas
a periodicity of 27 days (average rotation period of the
gun) can arise from its direct solar origin or a geomagnetic
ov & heliomagnetic effeot. Honeperiodic variations can also

yield some information about the origin of cosmic rays.

Long and gystematic studies of time-variaﬁions of




coamic¢c ray intensities have established that both regular
and irregular variations exist. The irregular variations
are assocliated with changes in meteorological factors,
magnetic activity, occurrences of solar flares etc. Several
typeas of periodic variations, some non-persistant in chara-

¢ter, have also been reported,

The symposium on cosmic rays held at the University
of Chicago, reported in Reviowsof Modern Physics (1939)
givas a comprehensive account of the work done on time-
variations upto 1939. A later survey has been made by Elliot
in “Progresa of Gosmic Ray Phyaics."

1.1 Variations due to Atmospheric effects :-

In 1928, lyssowsky and Tuwim® found that the day-
to~day variations in ground lavel pressure are negatively
correlated with the variations of the daily mean values
of cosmic ray intensity. Initially this !barometric effect’
was ascribed to the changes in the masg absorption suffered
by cosmi¢ rays in their passage through the atmosphere.

The pressure coefficients for the total intensity as well

as the meson intensity have been obtained by several obsore
vers, though the values obtained by them do not agree very
well, As pointed out by Duperier3 this may be due to the

fact that the overall pressure coefficient reflects not only
the mass absorption effect but also includes an effedt due

to change in the path-length,which would alter the probability
of JA-meson decay and produce a variation analogous to the
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socasonal variation 1huerprated by Blackott® and discussed
in detall at a later stazu. To Lind tho height of tho layer
vhore moet of tho mosons are producoed, Duperier investigated
thoe partial correlations of day~-to-day changes of cosic
ray intansity (X) with tho corresponding changoes of tha
hoights (H) of iszobaric lovels in tho atmosphorc and of the
barometric prossure () mogsured at tho ground levols He
found that the valus of tho partial correlation, Yyun
botwaen £ and H at constant barocustric pressure B, was
paximun for 16,1 km hoight which was the highest levol uﬁgo
which data were aveflablo from balloon ascents, This hoizht
gorrosponds approximately to the 100 mbd, prossure levoel. Fof
she two coefficlents P (duc to mass absorption offoct) and ,“3
(due to changoes in the hoight of tho fsobaric level) he
obtained the valuos 2.28% por ca.ig and 5.45% por km,
reapactively.

Tho obove gongptants wera obtained fronm the records
of telescopus wlthout any absorbors. Experinents with 25 cume
of load absorber wore also conducted and corrslation analysis
earried out ap befors. Tho partial correlution ryj i increascs
up%o the hoight corresponding to 200 zb. level but dodroases
rapidly for hofghts botwesn 200 and 100 mb. Duperzcrs has
intorproted this os Sndfeating that the variation in cecon
fntensity cannot complotuly be oxplained by the tuwo factors
montioncd abovo. Tho additional factor that ho introduced
L3 the donsity of tho air at the level of moson forumation.
Duperier has computoed tho partisl gorrelation coofficiento
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betwecn the cosaie ray intensity 'I' and atmospheric
toupurature 'T* which dotermines tho density of alr ot

any particular levels The partial corrolation is-+0.68
for teooporature corrosponding to air betwoen 200 and 100
mbe lovels. ‘The tenperaturo coefficicnt obtalnoed in thic
way 18 +.12% por 9%, This positive temperatura offoot
indicatos that the number of masons at oea lovel increases
a3 the donsity of air at the 200-100 mbe, lovel dooronsca.
Buparier dntorprota this as boing dus to tho competitive
procosses of nﬁclear capture of7 -nmesona and of 71-H decay.
4n appreciable proportion of the meson intensity at sea
lavol 1o dua to p ucesuns formed by the docay of the T wmozem
gonponent oreatod at the top of the atmosphers, The T mesons
which have a wtrong nuclear interaction, arc also captured
in nucloar collisionz. If the dengity of mattcr incronses
at the 10va1ﬁzere T decays into Mo the probability for
collisions incrcases and o the ground level ncgon intcngity
docrossoes, Quoantitative conoideragtions yfeld a cuch lowey
value of thia effect than what ia obasrved and #o there
renodneg goue doubt as to waethor the {nterpretation put
Lforward by luperder is corrocte

1.2 0] tomporaturg ef fo

several investigators have reported negative corrclae
tion betunén coonic ray intensity and ground level tomperaturs
Blackett? 4n 1938 pointed out that this temporature effeot
c¢an be explained on thu basis of the instablility of mesona,
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The general waralng of thoe atsoasphere inoerscases tho helght
of tha isobaric lovely whore mosons are produced. Thio
increasos the decay probabilisy and theroby decrvascs tho
rioson intenultye.

Acgording to Llackett®s calculationa, assuning an
average twan 1ife tize T s 2.7 x 10‘6 Sec. for}x 333008,
end an average lifu ranpge aa 32 ki, the valus of tia torpoe
rature coafficient P cones out to bo «De2j por 9. %he
valuo of tho coofficlont as obsvrved experimentally by
Compton and Turnor from scagonal chunges in «0,18, por 9C,

Hoag has obsarved that the tempurature coufficlunt
is subject to a rejular goasonal variation, thoe ¢ovofficicnt
in wintor bodng twico as large as in suor. Xf£ Dlackett's
interpretation of the offcet has to bo retatnoed, 4t should
bo coneluded that the ground level tomperaturc iz a very
inadequate paramoter for the tomporature conditiouns of the
whole vertical coluza of air. 7The magnitudo of the Goipuw
rature coeflficient chould bo found not fron ground-levol
tomperatures alone but by taking into account tozparatures
at higher lovola also, dernéthy and Féorro! havo oxplained
the variation of tho oign and nmagnitude of the tuupercture
effect in shoeworeintoenpity on the basis that the dadly
temparature 1 lnited to a hoight of 2 km. from the ground.
Blackeun“ has pradicted a lutitudu dependence of tho tOILjGe
‘rature cosfficlent. At low latitudes, tho incowing radiation
is wore enorpgetic than at high latitudes and thus in the
formar caso mozons of greater cnorgy and of a longer mecan
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offoctive Llifcetima are involvode Duo to this, the texpee
raturc coofficicnt noar tho equator should bu lowor then

at high latitudog.

1ol tho _Seasonal Varintion e

A seasonal varistion of the coomie ray intonsity
was catablished as carly ﬁa 1939 Cyou the studicae of uess§
Conpton and Turnar?, 641310 and Forbushl, Forbush has
analysod fonigation chawber data of Cheltenhas, Surisuchureh,
Huancayo and Tceovleyucan. Aftcer deduqting u 12-nzonth-wave
fron tho data at esch plece exeept at iucncayo where a wave
docs nov exist, tho reasidual variations at any two placcs
ware found o be highly correlated. This ¢learly ghowed
that: major noneporiodic changes in the cosmic ray intenaity
woro worlde-wlde in charastere Thu auplitudos and tho time
- of mexina of tho 12-nonthly waves gt difforont gstutions

are shown in the harmonic dial taken firon thoe ordginal papor.
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The 12-monthly wave in the cosmic ray intensity at
different stations (except at Teoloyucan) is 180° out of
phase with the 12-month wave in temperature at each station.
Christchurch and Cheltenham, having similar elevation and
goonmagnetic latitude, show the same ratio of amplitude of
the gbovs two variates. TFor other stations it ig quite
different., This indicatcs that the variations in cosmic
rays in general are not closely connected with ground tenmpe-
rature. Forbush!l suggaests that the seasonal variation of
distribution of air-density with height in the earth's
atmosphere may be better correlated with the 12-monthly
wave in cosmic ray intensity.

From the amplitude of the effect observed,Forbuah11
suggests that the solar magnetic moment nay be an alternative
possible cause for tho geasonal variation of cosmic ray
intensity, Vallarta and Godart!? have also ascribed that
the seasonal variation to the solar magnetic field. However,
these calculations according to the above suggestion do not
aérée well with the experiments of Forbush'l, Hence the

-interpretation has raeceived little support. The analysis

*éf‘recent data obtained at Ianchester by Elliot and Dolbear!d
xfbf north and south pointing telescopes shows a definite
.decrease of intonsity in midesumner anounting to about 2%.
'Tpe monthly means of cosmic ray intensity, after correcting

;,rér barometric coefficient show a high correlation (0.94)
- with the height of the 100 mb. level. The decay coefficient

is found to be ~3,55 % per kn, which differs significantly
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from the value =5,705% per km. obtained from day-to-day
changes of I and H, ©Small but significant dif’erences in
the shape of their annual variation curves have also been
pointed out by thesec authors. They therefore conclude that
the positive temperature effect reported by Duperier may be

respongible for the ulnor discrepeancies,

1oy Variations éssocig&ed with Goomssnaetic and solar
gcti\fitn!o

The observations of Messerachmidt (1935)1“ showed a
decreage of about 1,04 in the cosuic ray intensity during a
magnetic storm. Steinmaurer and Graziadeil’ (19350 found

an average decrease of 0.3% for 17 magnetic stomms.

The worldewids naturc of irregular varlations was
established from the fesulﬁs of Cheltenham, Huyancayo,
Christchurch, Teoloyucan (reported by Forbush'?) and Hafelekar
(reported by Hess and Demmelmair’G). The storm of 1937 was
accompanied by a doecroase of intensity of about 4% at widely
" separated stations (Forbush)., A decroase of about & in 1938
has been reported by Forbush and there appears to be good

correlation befween 'HY ( the horigontal component of earthts ... :

nagnetis field) and variationa of cosmic ray intenasity.
Howaver the violent storm of August 1937 was found to be
ineffective as far as variations in cosmie ray intensity are
concarned. During a storm, 'H' decreases suddenity and

comes back to the original value very slowly. Hogz!’ has
shown that the chaﬁges in intensity ....
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associated with magnetic storms,are initially invariably of
a decreasing nature And are broadly of the same character
a3 the changes in 'H', It is also found that the cosmie
ray changes especially when they are large, are delayed by

a few hours relative to the large change of 'HY,

‘ chapnan18 suggested an explanation of the storm
effect on the basis of Storuer's hypothesis that part of
the earth's axial magnetic moment is caused by ring currents
of charged particles flowing concentrically around the earth
at a distance of several earth radii. According to Chapman,
the increase of the field strength, outside the region
covered by the ring curronts and the earth, deflects away
from the earth some of the primary cosmic rays. This
produces an decrease in intensity. Forbuah19 suggests that
the reason for the occurrences of effective and non-effaective
magnetic atorms could be due to differences in the radii of
the ring currents, The caleculstions of Johnson0 and of
Hnyakaivaz' et.al. show that changes in cosmic ray intensity
produced by the ring currents may be either positive or
nogativo depending upon whether the radius of the ring
current assupmed As greater or smaller than 1,3 times the
carth's radius., Thus there should not in genoral be a
positive correlation between cosmic ray 1ntensity.and
magnetic field as is observed. There is thorefore serious
doubt about the validity of chapman's'explanation.

Alfvanzz has suggested that the decrease in intensity
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during wagnetic storms may be due to the alectric field
which arises as a result of the notion oqztorpuscular
stream through the solar magnetic field. If an slectric
field of the magnitude suggested by Alfven exists, a large
increase in intensity will be produced some time during
nagnetic disturbances.

Increase in intensity of cosmic rays associated
with solar flares have been reported by Lange and Forbush23,
DuperierZA, Ehmortzs, Clay26_etc. The main characteristics

of the variationa are as follous @

(1) The variations are not always world.wide.

(2) The maximum of cosmic ray intensitsy and the
solar flares occur at an interval of about an hour,

{3) The effact is groatly reduced at lower latitudes
and is not obsorved at geomagnotic equator, suggesting that
the primaries responsible for these variations have momenta
less than 10 BaV/o,

Ehmert?? hag put forward an explanation for the -
above effects. He suggested that the particles from the
sun are accelerated by the betatron action of the changing

nagnetic field of a growing sunspot. This was proposed by

Swann<8

as early as 1933. The accelerating clectric field,
as suggeated by Menzel and Saliabury29 are dus to movements
of low-frequency cleetromagnetic waves generated by fluctu-
actions of the sunspot magnetic ficld duc to turbulence in

the solar atmosphere.
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Forbush, Gill and Vallarta3? have examined the mechanism

of emission of cosmic raysz from the sun during occurrences
of solar flares, They suggest that the bi-polar field of

a sungpot group may reduce the solar field to allow compa=
ratively low-energy particles to be emitted from the surface

of the sun,

It has been demonstrated by 81mpson31 that aneutron
intengity responds sensitively to changes in the intensity
of medium and low energy cosmic ray primaries., He has
reported that apart from small and sharp fluctuations of
the duration of minutes and hours, changes of intenaity
which persist for several days also occur. In a later
communication Slmpson32 and his collaborators have established
a connection between the central meridian passage of active
solar regions and 19 maxdima of neutron intensity distributed
over a period of 3 months and observed simultanecously at
3 separated stations. This has led the author to suggest
a solar component of cosmic radiation of low and intermodiate

energlas,

Neher and Forbush?* have pointed out that correclations
exist between the fluctuations of cosmic ray intensity at both
high and low altitudes and the above necutron mcasurements.
These fluctuations have been obgerved at Huancayo on the

magnetic equator as well as at stations in high latitudes,

A further connection between solar phenonena and

cosmic rays has been demonstrated by Sarabhal and Kana3?, They
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have ghown by an analysisc of the cosmic ray intensity data
furnished by Lange and Forbush that the naturc of the daily
variation observed at widely separated stations undergoes
substantial changes of a world-wide character. These changes
appg? to be broadly connected with changes in soler activity
during a sunspot cycle.

1.5 Daily variation i

Periodic variations of cosmic ray intensity according
to local solar time have been investigated under different
atmospheric conditions and for places differing in latitude
and longitudes A summary of the work done upto 1947 has
been given by Nicolson and Sarabhai?’. The following tables
include additional data from work published subssquently.

The notations used are i«

)\ = geomagnetic latitude of the statlon,
h altitude of station in meﬁtﬁs above

sea level,

95 - 3 angle of cone of measured radiation
(classified in general as owide and
narrow),

6 = inclination of axis of observed cone
to the vertical,

D(b,c);5(b,e) = diurnal (scmi-diurnal) variation of
amplitude b % and maximum at ¢ hours.
3;-8 4imply that the maximun of the variation

is displaced by leas than ons hour from
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the maximum (minimum) of the semi-
diurnal pressure variation.
indicate use of ionization chamber;

Golger counter apparatus.

indicate correction for barometer

effaect; external temperature effactj
internal temperature effect.
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1.5  The diurnal variation 1=

It can be seen from Table 1 that the diurnal variation
has an amplitude of about .2 % at places in the temperate
gone, Howaever, the phase seems to vary widely from station
to station and 1s different for stations on the same lati-
tude., Even allowing for the fact that the different workers
have applied different corrections to their data, the
results are difficult to understand., The only definite
conclusion that can be drawn about the diurnal variation is
that the maximum occurs sometime during the sunlit hours
and the minimum during the dark hourse

Also onc can say in genceral that the percentaze
amplitudes of the variations observed with iondzation chambers
are less than thoge measured by counter telescopes. This
can be understood in terus of the difierence in the effective
solid angles in which cosmecrays arse recorded by the two
36 ana

Halufors3?, Kolhorster3® and Elliot and Dolbear3?, the phase

dovices. As 1s clear from the results of Alfven

of the diwrnal variation is not the same for all zenith
angles. If therefore an experinental device measures cosmic
rays in a wide angle, the variation of intensity incident

in directions on opposite sides of the genith but equally
inclined to it will have different phasess The resultant
amplitudo will therefore get reduceds This effect will be
more prominent in an ionigation chamber where the solid angle
is very wide. The percentage amplitudes measured by counter
telescopes (especially those with narrow angles) would thus




17 3
be larger then those measured by ionization chambers.

Another point worthy of note 1s that the hour of
maxinum of the diurnal variation for highor altitudes is
in general shifted towards earliér hours in the day. This»
is quite ciear fronm ﬁhe rasults obtained at Cheltenhan,
Christchurch and Godhavn which are within an altitude of
100 metﬁea above sea-level as compared with those from
Hafelekar and Huyancayo which are at altitudes of 3350 ﬁ.
and 2300 m. respectively above sea-levél. The hours of
maxina for the two groups are about 1500 hrs., and 1100 hrs,
respectively. The variations obtained by other workers at

sea=level show the hours of maxima sometime in the afternoon.

In noat attempts at explaining the diurnal variation,
the changes in the phase of the variation from étation to
station are neglected. The diurnal variation &s aasumed to
have a maximum at about midday. As an example, Vallarta
and Gog$rth° have suggested that such a variation can be
produced at high latitudes by a heliomagnetic fiecld and at
low latitudes by variations of the geomagnetic field.
Obviogsly, this explanation cannot account for the changes
in phase of the diurnal variation for stations on the same
latitude, Moreover; HMalmfors has shown that the results he
has obtained with Alfven in Stockholm are not compatible
with this explanation, His results are ﬁarticularly
interesting because they cannot be prlained by wmeteorological
effects. A; Malmfors suggests, the results may be due to
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gmall disturbances in the isotropy of the primary radiation.

The results obtained rocently by Elliot and DolbearM
with directional counter telescopes show a marked difference
between the diurnal variation for cosmic rays coming in
the north and south directions. The hour of maximum for
the former 1s shifted earlicr by alout 2 hrs. The two
telescopes are inclined to the vertical at 45°. Since the
latitude of Manchester is 53°N, the north telescope is
pointing approximately to a fixed dircction in space, whereas
the south telescope sweeps across the sky in the equatorial
plane of the earth. The atmosgpheric effects for both the
toelescopes are alike aince the particles from both the north
and south have travelled thoe same amount of the atmosphere
under approximately similar conditions, It is in this
conncction important to bear in rind that 1f the anisotropy
of primaries such as may bc caused by solar emission of
cosmic rays, can produce a dally variatlion in both Horth
and south pointing tcleécopea; tha difference curve reflects
only an arithmetic difference between the daily variation
‘in the two directions. It does not reveal the true nature

of the variation due to primary anlsotropy in either directim,
1% The semi.diurnal variation t=-

As 13 evident from Table 1, the nature of the semie
diwrnal varigtion, like the diurnal variation, differs from
place to place and is different for different cosmic ray
components. Amongst the results that may be considered to
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egg'statistically gignificant are firstly those of Rauk!
which were obtained from two ionigation chambers suspended
in a narrow vertical fissurc of rock, LO metrcs under the
surface of Lake Constance. The variation is purcly semie
diurnal with an amplitude of about .16% and phase almost
coinciding with that of the scri-diurnal variation of
daily barometric pressure. In Rau's experiment, the varie
ation measured was only of mesons which could benetrate
through 50 metres of water equivalent (including the
atnogsphere) and hence had an initial energy greater than
101°aV. fioreover, the solid angle was narrow because of
the presence of fiasurcs in the rock. The intensity
measured was thus almost vertical and was unaffected by

magnetic variations.

The other results are thosse of.Duperievhz for the
total intensity of coamic rays as measured by a counter
telescope. Duperier obtained a dally variation with a
diurnal companent of amplitude .25% and hour of maximun
at about 17 hrs.yand a semi-diurnal couponent with amplitude
.18% and hour of maximum at about 03 hrs. The latterwas
thus negatively éorrélated with the daily variation of ground

pressurac.

An oxplahation for both these offects is sought in
terms of the Pekeris“B theory of atmospheric oscillations,
the implications of which have been examined by lificolson
and Sarabhai ., The main feature of the oscillation is the
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roversal of phasc after a height of about 30 km. above
ground, Thus for heights upto 30 km. the pressure varie
ation has got the same phase as at ground. At 30 km, there
exists a nodal surface, Tho pressure variations above this
surface have a{phaao in opposgition to the pressure variations
below it. |

These pressure variations are directly conneccted to
the variation AH in the height of an iaobaric level
situated at a mean height 'H'. For levels upto 30 km, an
incraase of ground pressure would correspond to an elevation
in the different isobaric levels, Howover for lovels above
30 km, the phase of the varlation would be reversed and an
inerease in ground pressure would lower all the isobarie
levels, The values of A H corresponding to a pressure
change of amplitude 1mm, at sea~level are given in Tablel?
for various helignht 'H'. The amplitude of the oscillation
increascS with decreasing latitudes by a factor of about
cos? \ . The values given arefrA = 0 and M= 500

Table &,

H(kn.) 0 10 20 30 40 50
o .010 .012 012 «.002 «,086 «.272
50 0003 0003 0003 -.001 -0023 -0072

11

H(km.) g '

H(knm.) 60 70 80. 90 100
0 “0“90 -0510 “060 “1-05 *2122
50 ‘0129 ‘0135 ”0’6 ~0028 '0.59

H(km. ) i
{

The positive or negative correlation with tho semie
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diurnal component of ground pressure can therefore be
explained by assuming the meson-formation layer to be

cither above or below 30 kms respectively. Nicolson and
Sarabhal have shown that the positive pressure offect in
Rau's results can be explained by assuming that the mesons
are formed at an average height of about 65 km, above ground,
Above the nodal surface at 30 km, the amplitude of the
pressure variation increases rapidly and attains at about
70 kn., a value of the right order to explain the ground.
variation of meson intensity. However, the portion of
atﬁosphere ieft abbve 70 kﬁ. is ohly 1/8000 th of the whole
atdosphere. The primary fadiamion has therefore to traverse
only this much mass before it produces the secondary meson
component. Such an assumption leads to an abnormally high
value for the croas-section of meson formation, if the
prihary radiation 15 supposed to be compoaed'or protona.
Even for heavy nuclei in the primary radiation, such as are
found by FraierM at.al. the.diacrepancy would not be

removed,

The negative pressure efrect obgerved by Duperier
can be explained qualitatively by assuming the meson-formation-
layer to be below 30 km, The height variation is in phase
with the pressure variation below 30 km., An increase of
ground pressure is associated with an increase in height
of the various isobaric levels. The cosmic ray intensity is
therefore decreased becasuo of an increased probability of

meson desay. Since an increase in ground pressure also
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increase the mass absorption effect, both these effects are
in the same direction. Duperier has got a precssure cooffi-
cient of ~3.5 % per cn.Hg. out of which 60 %‘is attributed
by him to mass abaorption and the romainder to the decay
process, This requires an amplitude of height variation of
about 22 metres at the height of 16 km, As is seen fronm
Table 2, the maximum displacemecnt of isobaric levels below
30 km, i3 only about 3 metres at 50° latitude.

It is evident, thérefore, that the positive and
negative pressure effects obtained by Rau and Duperier
cannot be explained quantitatively on the basis of vari-
ations of the heights of isobaric levels, produced by the
Pekeris oscillation., On the other hand, it is difficult
to imagine an alternatiia process which can produce such

variations in cosmic ray intensity.,

1.8 ue and arent sidereal d variation o

gosmic ray intensity -

A congiderable amount of work has been devoted to
the investigation of a sidereal time daily variation of cosuiec
ray intensity. Hogghs has furnished a comprehensive summary
of various experimental rosults and discussed the methodology
of separating a sidereal effect from a solar effect. Based
on fundamcntal congiderations of Bartels“6 concerning mixed
pariodicithg,rhcmpsona7 has shown how a spurious sidoreal
offect may be inferrcd if a geasonal change of the solar
diurnal variation takes place. The combination of such a




soasonal variatibn and a true sidersal effect was expected
to produce on a harmonic dial representation, a movement

of the tip of the solar diurnal vector along an ellipse.
Depanding oﬂ the relative magnitudes of the two effaects,
the movement could be either in the clockwiso or the antie-
clockwiée direction. One of the fundamental assumptions

of Thompéan's analysis 1s that the acasonal change of solar
diurnal‘variation alters only its amplitude but not the
hour of maximum, |

Hogg'a nnalysia of available cosmic ray data of
a number of authors falls to diaclose any truc sidereal
effect of significant magnitude. However Elliot and
Dolbear claim that atrong evidence exists for a sidereal
timo daily variation of amplitude about .02 % and with a
time of naximuna at about 0500 hours sidereal time, In
view of conflﬂ%ing views on this 1ﬁportant question it 1s
necessary to exauine the validity of some of the assumptions
that have been made in deriving a sidereal time daily
variation of cosmic¢ rays. lic shall revert to this at a
later stage.

Aparﬂ from the sidercal effect it i3 valuable to
study tho seasonal change of diurnal variation, as this can
furnish a clue to the origin of the latter, Duperier has
analysed meson intensity data with a Geiger counter telescope
oporated at Londdn. He has compared the diurnal amplitude

in summer and winter after correcting for meteorological




¢ 2% 8

factors (including positive temperature effect) with
changes in the genith distance of the sun, He infers from
the close agreement between the two that a solar component

of cosmic rays exiats.

2, STATEMENT QF THE PROBLEM te

It will be realised from what has been said earlier
that 1nbp1te of a large volume of experimentation, the
terrestrial influences which can contribute to the daily
variation of cosmic ray intensity arc not adequately
understood. In investigating the ti:e variations of cosmic
rays, the ionisation chamber offers the great advantage
of constancy of operation, but belng an omni-directional
detector of radiation, it is hardly a satisfactory instru-
ment for the study of an anisotropy of the primary radiation.
Nevertheless, very valuable data have been collected with
it, Unidirectional measurcments of the diurnal variation
of the vertical méson intcnsity, performed with narrow angle
geizer-counter telescopes could be more revealing than
omni-directional measurements., In order therefore to gain
an insight into the factors responsible for the daily
variation of intensity,further studies are necessary keeping
in mind the following 3 ﬁ

(1) Dependence of theldaily variation on the latitude
and altitude of the station. The semi-diurnal component of
the dally variation of atmospherie pressurc is expected to
produce variations in the meson intensity. The amplitude
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of the pressure variation increases rapidly for decreasing
latitude. On the other hand, the day-toe~day changes in
barometric pregsure are more prominent in higher latitudes
as compared to the tropics. A study of the day~to-day
variations would therefore be more revealing in higher
latitudcs whereas a study of the dally variation would be
more reliable and ccncluﬁive in lower latitudes. Also, the
amplitude of the variation of cosmic ray intensity is more
pronounced at higher altitudes. A study of the variation
at mountain stations and at low latitudes is, therefore,
desirable,

(2) Dependence on the nature of the particles:e.
The nature of the dally variation of cosmic ray intensity
depends largely upon tﬁe nature of particles wnder consie
deration, because (a) the interactions of the various types
of fundamental particles in cosmic rays with the constituents
of the atmosphere are different and (b) certain cdmponenta
of cosmic ray intenaity are produced primarily in certain
strata of the atmosvhere and there is a great deal of
differenoe‘in the variations of the moteorological factors
at different elevations., The nature of the dally variation
depends, therefore, upon the component studied.. To rasolve
the complications due to these factors, 16 is desirable to

separate the various components,

(3) Dependence upon the angle of incidence ‘=~ The
phase and amplitude of the daily variation are dependent
upon the angle of incidence of the observed particles with

I 2.0
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respect to the zenith, lMeasurement of the intensities
within reastricted angle is, therefore, expaected to bring
out more.alearly the amplitudc and phase of the true varie
ation, It is desirable, therefore, to use counter tele-
scopes (with narrow angles) instead of ionization chambers
which measure intensity from all directions.

Taking these factors into account, a special
-apparatus was degipned to study the time-variation of the
varlous cosmie ray components in low latitudes. The
apparatus consiasted qf a nuaber of triple-coinecidence
telaesgopes ui;h varying amounts of absorber. 7The instrument
thus measured the total and the meson intensitiecs restricted

t0 narrow vertical coneas.

The author has beon mainly responsiblc for the
studies at Ahnmedabad and the preaeht thesis i3 devoted to
the experimental results obtained at this station. The
attenpt has been firstly to understand the nature of the
terrestrial effegts on the golar daily variation of coamiec
ray intensities. These have then been corrscted for, leaving
a residual variation eassentially of extraterrestrial origin,

Three units of this apparatus were constructed and
installed. One 1s at the Solar Physics Observatory, Kodaikanal
(nag. lat. 1°N, alt. 7688 ft.), anothor is at Ahmedabad (mag.
lat. 13°N, alt. 180 ft.) and a third recently installed at
Trivandrum (8° 31 K, 77° oo0' L),
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R THiE APPARATUS

Sectlon I of this chapter deals with the experi-
mental arrangement., 3eotion II gives a datailed account

“of the Gei&;erucounters and allicd electronic units. %
2.1 sxperimental arrsngement te

Figz. 1 4s a block diagram of the experimental
arrangenent used for noasuring the total intensity (T) and
the intensity of the meson component (I1) of the cosmic
radiation at Ahmedabad.

Counter trays A, B, C, D, and E arc placed one below

another with a soparation of 20 cus. A',B',C',U', DY, E' are

I 1
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similar trays. B cms. of lead is kept between trays C and

D and C' and D'. Between trays D and E and D' and E! = °
ems. of ieadQWatkept. 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 (BCD) and (B}O'D') measure
that component of the cosmic radiation which can penetrate
B cms. of lead. This would consist mostly of M mesons and
some energetic electronic component, The rates (CDE) and
(C'D'E') measure a still harder component consisting mostly
qf mesons which can penetrate 1§ cms, of lead. All the
ﬁel?s¢opes are oriented vertically and subtend the same
gplidangle. The trays are put in a thermostatically
¢ontrolled box at a temperature of 105° T 2°F.

. The simultaneousl; running of two similar telescopes

gserved the following purposes i-

I’:..'
.

'i? ** (1) When counters which fail are replaced by new
éﬁég; the counting rate alters due to slight deviations either |
iﬂ'the geometry of the telescope or the characteristics of
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 of the measurements.

II 1




: 29

L 1)

48 that for the

-It has been shown by Greisen
directidnal measurement of the éosmio ray intensity, it is
desirable to have a high number of coincidences. The
multiple coincidence of several trays can be effected
either by a single particle passing through all of them or
by time-associated barticles such as are found in showers.
There can also be a‘cqntribution of chance;coincidences
due to the finite'resqlv1ng-t;mé of 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

of the number of trays, the individual counting rates of
the trays and the various resolving tiﬁes 6f the elements

of the coincidence: unit. It is shown by Karl Bekart and
Francis R. Sonka‘*9 that if Ny, Np, Ny are the 1ndi vidual
rates of three trays and T1, T2, TB are the resolving-times
of the three elements of the coincidence circuit, the contri-
bution Aq23 due to chance coincidence is given by

3

In the present experimental set#up the contribution
of showers and chance coincidences to the total triple coinci-
dence rate is 0.6 % .k‘This was determined in the laboratory
by shifting laterally the central tray of thé'triple coineci-
dence telescope éo that a single particle cénnot register a

coincidence in all the three trays.

II 1
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Each counter tray consists of four self-quonched
countera. The anodes of all of thom are connected together
to a common quenching unit, The total senslitive arca of
a reprosentative tray is approximately 500 aq. cmss The
gounter trays are so arranged that the axls of thc counters
are pointing in the liorth-South direction. By putting the
countera in the above way, we got a smaller semieanglé of
the telescopaos in the LEast-liest as compared to that in the
Horth-South direction. The semi-angle of the telescope in
the Gast-West direction is 22° and that in the North-South
18 379° A4s has been shown in the Introduction, this set-up
1s advantegeous for the study of the solar time daily
variation of cosmic ray intensity,

The quenching unit furnishes a sharp index-pulse
for every cosmic ray particle’passing through the particular
tray to which it is attachod. These pulses are fed to the
coincidence unit whose putput is fed to the scaler which
drives the electro-mechanical recorder, The readings indie-
cated by the nmechanical recorders are photographed autoe-

matically every hour.

Though the counting rates of the telescopes are not
high, scalers have been uged for the following recasons.

(1) The telephone type electro-mechanical recorders
work roliably only for a finite number of counters, because
of the wear on the brass ratchet, The life of the mechanical
recorder 13 enhanced by the scalinge-down of the counting rates.

I 1
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(2) The use of a scaler reduces the loss of counts
of succassive coincidences in a time interval shorter than
the resolving time of the recorder, Since the initial
coinoidence rate has a random diacributdan, there 18 a .
‘eertain probabiliﬁy for the events to occur with a very
small interval of time.  On the other hand if such a
distribution is féd to a gcaler, the oucﬁub rate will not
have the same random distribution., Events goparated by
a very small time interval will be reduced as the scaling
factdf 18 increaseds Leon ALOGLUI and Nicolas H.Smith Jr. 50
have given an exact analysis of thc statistical theory of
countihg with the help of scaling circuits., If the scaling
factor 1s increased sufficiently, one can almost get rid of
‘the random distribution of the coﬁnts. ‘In the prescnt
investigazion a faotor of four for scaling has been selected.
In other units built by the author for similar apparatus at
todaikanal and Trivandrgm, a factor or eight for scaling has

been uged,
242 Counters

Geiger counters are diocdes filled with gases like
hydrogen or argon and working in the reglon of unatable corona
discharge. Thero are two types of such counters. The
essential mechanism governing the "break down" of both these
types &5 the same. But their quenching actions are different,
In the non-self-quenched-counter,the quenching action is done
gggernallz, either by a high serics resistance or an electronic

I 2
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quenching device, In the self-quenched typq,quenching is
effected by the presence of suitable additional organic
vapour introduced into it. lore recently,in the place of
organic gases)halogens are also being used successfully as
quenching agents,

The electrode syatem of a geiger counter consists
usually of a cylindrical cathode and a concentric wire
forming the ano@e. When an ionising radiation traverses
the gas in the counter it produces some ion pairs in it,
The ions are collected by the electrodes due the action
of the electric field. If the field is not intense,
nultiplication of the ions by collision with other gas
molecules does not occur and only the ions coreated by
the initial event, get collected, If the voltage applied
to the electrodes is raised, the e;ectrons liberated during
initial ionisation get sufficient energy, while moving
towards the anode, to produce further ions by collisions
with the neutral gas nolecules. There is then a Townsend
- avalanche for every initial ion., The total charge collected
at the electrode is in consequence multiplied,the multie
plication factor depending upon the applied voltage, the
goometry of the electrode and the pressure and nature of
~ the gases used in the counter. A linear rglation between
the charge collected and the ions created initially holds
good only over a f;nite range of voltages. When the voltage
is raised further, ﬁhéjmultiplication factor for different
ionising gvents does not remain constant and we get what

1 2
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is known as *the region of limited proportionality'. 1In

tho regions of 'proportionality! and 'limited proportionality!
the discharge spreads only over a limited length of the

anode., Under conditions usually encountered, the diacharge
congisting of Tognacnd avalanchos has a lateral spread of

the order of 0,1 mm, and reaches its full development in
about 102 gec. VWhen the voltage 4s further raised, a

nunmber of photons are generated in avalanches and these
trigger other avqlénchés; resulting finally in the discharge
spreading along the whole of the counter. Due to this cémplete
spread the output pulses have the same magnitude irregpective
of the initial ionisation. The voltage at which the.outpub
pulses all become equal, in spite of differences in the
initial ionisation, is known as threshold voltage of the
gelger region. Thé amplificaxionyin this region is of the
order of 109, The general behaviour of the counter in
different regions of amplification is shoﬁn in the figure 2:2
as given by Friedman’l,

PROPORTIONAL
COUNTER

II ‘ 2
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In what follows, an account is given of the
spreading of the dischargs along the counter and the
mechenism of the quenching action for both types of the

countera,

For a cylindrical form of the cathode, the fleld
distribution is gi#en by the following expreasion.

v

Ep =
r logg %_

It is clearly scen that the field is most intense
near the anode, The development of the initial Townsend
avalanches takeﬂplace very near the anode. The photons
generated in these avalanches initiate new avalanches. If
the gas is transparent to the photons, photoelectrons are
ejocted from the cathode. This happens in the case of non
self«quenched counters where the gas has iou absorption
coefficient for photons. In thé case of self-quenched
counters, the quenching vapour 5&5 a high absorption
coefficient for photons, and then the photons are absorbed
by the vapour and thé_ykpéding of the avalanche occurs very
near the anode, Thiaév;;w:of the mechanism of breeding has
been confirmed by théte%périments of Greiner’? and of
Stever?3, Hartog ¥ ya;fetudied the mechanism of discharge
with a high speed trigégred oscilloscope by irradiating a
counter with 1oniaing'b;d1ation travelling radially across
different portions of its sensitive volume, He has found

I 2
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that the spead of spread of thoe discharge, under conditions
usually encountered, is about 10 cms. per microsecond. Aldar55
Huber56,rg;tzger57 and wilkinsonss have attempted qualitative
explanation of the development of the spread.

The discharge spreads along éhe anocde and builds
up till the density of the positive ion sheath (which is
confined to a region‘very near the anode) is suificient to
lower the field below the threshold value. During the time
electrons got collected at the anode, the positive ion |
gheath does not move appreciably because of the very low
mobility of the positiVe ions. ButSthe positive ion sheath
moves towards the cémhode the field noar the central wire
starts riasing. Wheﬂ the sheath reaches a critical radial
distance, the ficld attains a value vhich is appropriate to
the threshold of thé gedger region, The pulses developing
at this value of thé fiaid are smaller than normal, VUhen
the positive ion sheath just reaches the cathods, the original
field 1s restored, The time that the positive ion sheath
takes to go to the critical radial distance 1s known ag the
dead-time of the countér. The time it takes to go to the
cathode from this critical radial distance is known as the
recovery-time. An oscillographic atudy of the breeding and
the movement of the positive ion shoath has beon done by
stever’? and Von Hartogéo and others. The following is a
representative rocord of the atudies which give information

regarding the nature of the positive ion sheath.
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If the 4§ath consists of argon ions, when it
reachéé the cathode, the following phenomena occurs., The
positive ions get neutralised by ejecting electrona from
the cathode and thereby attain an excited state. When they
return to the ground state, they emit photons which emit

photoelectrons from the cathode. These photoelectrons breed

I | ' 2
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new avalanches and the discharge continues. For the
termination of the initial discharge, the new electrons
ejected by the phdtona should not be allowed to breed
avalanches. This can be dane hy&lowering, below thraeshold,
the voltago across the c&unter. The lowering can be achieved
by introducing a high reaiatance 1n the counter circuit which
gives a voltage drop due to a large enough discharge current
of the counter. Because of the low discharge current, the
resistance rust be high to get a large enough voltage drop.
This high value of reﬁi#tnnce giveb.a~very high recovery
time, This limitas thd rasolving time\of the counter, The
voltagoe can be loworgd by the ugs of an electronic unit,
The uge of the quenching unit enab}as ons to get quenching
action with a very amall and well- ﬁerined resolving time,
The nature of the pulﬂea obtained, both for resistance and
for electronic quenéhing is shown- 1n,the figure below 1t 23

Fig., 10(b) 2

Ay 273

The phenomenon of internal quenching aetion due to
the presence of organic vapour was first reported by'Troat61.

II 2
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Korff and Present®? gave a qualitative explanation for the
same which 18 as follows 1 as the positive ion sheath

moves towards the cathode, the argon ions undergo a large
number of impacts (105) with the molaecules of the organic
vapour. The ionisation potential of the organic molecules
being lower than that of argon, charge-exchange phenonmena
takes place and when the sheath reaches the cathode, it
consists mostly of positive ions of organic molecules. When
the sheath 1s at a distance of 10~12 oms, fron the cathode
it ejects electrons from the cathode and thereby gets
excited. The life-time of the excited state of these
molecules is nearly 10~13 s60. and so before they reach the
cathode (for which 1t would take 10™'% gec.) they would
dissociate. Thus instead of giving photons as is done by
the argon ions, the excited ions of organic vapour dissociate,
Since in every discharge a finite number of molecules bf
organie vapour digdociate in this way a selthnenched counter
deteriorates with use, N

In the above diacussion, we have briefly aurveyed
the ubrking of the counter and its quenching machaniam. The

important characteristics of a counter are

]

? (1) Tho starting voltage or the threshold voltage
for the geiger region,

(2) The plateau - or the voltage rangs above
threshold for which the counting rate is
substantially indopendent of tho operating
voltage.

I 2
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(3) Tho slope of the plateau which indicates the
extent to which a counter has a geiger reglon.

(4) The useful life of the counter expressed in
torms of thé nunber of counts registered after
which the plateau deteriorates to such an extent
that the counter can no longer be relied upon,

(5) The efficiency of the counter determined by
the probability of getting a discharge when an
ionising radiation passes through its sensitive
volume., This is dependent upon the formation

of at least one fon pair in the counter gas,

Preliminary investigations were carried out during
the present study to make counters of high efficiency, low
thresholQ potential and a flat plateau extending over 200 to
300 volts, It was empirically found by the author that the
ratio of the length to the diametef of the counter should be
at least six to get a flat plateau: Counters having cathode
diameters of 1,5 to 2 omgs. were prepared giving 400 to 500
volts plateau. These small counters were howgver not used
for the present investigation. The disadvantage of using
siall counters lies in the fact that a large numbér of thenm
have toaaaed to make a tray of large sensitive area. This
increases the probability of failure and thareby causes
interruptions in the operation of the gpparatus. With
counters of 4 cms, diaueter and 30 cms. long which were used

for the present iavestigation, we get a plateau of 250 volts,

II 2
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The dependence of the starting potential as well
&s plateau on the total pressure of the gas mixture and
the partial pressure of the constituent gases was sgtudied by

Mr. P. Do Bhavsar of this laboratory. The following diagrams

give the results of his study.

Fige 244

Plateau charcctoeristies
curve for Geiger counters
filled with different
percentage mixtures of
ethyl acetate and argon at
different total pressures.

(a) For ethyl acetate 25%,
argen 75 %,

{b) For ethyl acctate 20%,
argon 80%.

(¢) For ethyl acetate 15%,
argon 855,

(d) For ethyl acetate 10%
argon 90,

From the above curves we sec that the extent of the
plateau-ragion dependa upon the percentage of the queaching
vapour used and the total pressure of the gas udxture., The
threshold voltage increases as the percentage of the quenching
vapour as well as the totdl pressure increascs, The following
table gives the dependence of the extent of plaveau on the
percentage of quenching vapour and the total pressure,

Table 2.1 - Plateau ranges for different percentage
and total prossure,

Il 2



3 41

0 SA0 N AN GID AP WP s Gk SN G WD SID Q) G S5 GI SIS B W G TP U W T P S B R A W Ghop Gs Wb S Gl b WP SN 4B N - Yoo

Total \\\\Percentage
)

pressure, \ of vapour 25 %. 20 %. 15 %. 10 %, .
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15 cm, . - L8 Vv, 80 V. 120V,
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It 4s sesn that by reducéion of total pressure and

4tha partial pressure of the quanching vapour, the plateau

. "increases.s In consideration oﬁ the efficiency of the counter

the above two paramaters cannotgbe;reducad,1nde£1nitely.

‘The total pressure of the mixtuQe used is 10 cma. the pressure

;ratio of argon to ethyl acetate belng 9:1., The starting

potential of the counter lies betWeen 1200 to 1300 volts.
apenerally the plateau 13 avout 250 volts. The efficiency is
?bout 99&98 i

It 43 found that after some use the plateau
characteristic of a counter changess The rise in the slope
of the plateau was investigatod by the present author., It
is found to be due to the multiple spurious discharges along
with the gonuine cnes. The number of these spurious discharges
increases as the operating voltage is increased, The devee
lopment of such spurious discharges may be caused by improper
quenching action due tdﬁdissociation of some molecules of the

quenching vapour after every discharge. The following figure

II | 2
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reproduced {ronm Freidman's paper gives the behaviour of a

counter when spurious discharges have started to develop.

Mainly by sup=-
ressing spurious dis-
charges; an electronic
quen;hing unit is found
to improve the plateau
of t&e counter (Elliot);
The 1ife of the counter
is also prolonged as the
spread of the discharge
along the counter is
reduced.' It has already
been nmentioned that the
apeed of the spread of
the d%gcharga is 10 cms..

per microsecond, If the

quenching pulse s applied

to the counter within a
time of the order of a

microsecond, the dis

charge cannot spread more

than 20 cms.(10 ems. in
either direction of

initiation) along the wire.

L d

fgas

Development of spurious
pulses at high over
voltages.

If the discharge spread>i§ reduced in this way, the number of

dissoclating molecules decrsase and the life of the counter is

prolonged.,

I
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2.242 Preparation of countors.

A typical counter used for the present investigation
is shown in the following figure 2.6

GZIGER COUNTIR

%*? ¥

It has a copper cathode and a tungsten anode in a
pyrex élaaa tubing. The diameter of the cathods is 3.5 cms.
and 4 mil: tungsten wire is used as the anode., The cathode is
made from 0,15 mm., copper sheet. The sheet 4s rolled to remove
irregularities‘and then shaped into a cylindrical form to be
put into the envelope. Thick tungsten wire is silver-soldered
to the cgheet for ﬁhe external cathode conncction to be taken
out, This wire is fused into the envelope as shown in the
figure. This holds the cylinder:ﬁééiéiy,in tﬁeheﬁééioée;

The anode is heated red-hot and stretéhed to rémové‘1¥regu1a-

rities and then fused into the pyrex envelope at the two ends,
As shovn 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 for external electrical connection,

Il 2,2
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Aftcr having secaled the clectrode-assembly in the
envelope in the above manner, the counter is cleaned and

washed thoroughly by the use of a washing systom as shown
‘in figure (29).

t

fdw *GP""W*“'!}IW"""'

R ) ’7’ )—'7

The proéedure consists initially of c¢leaning with
a solution of nitric acid and distilled water by proper mani-
pulation of the cocks of the washing asystems Then the counter
is repeatedly washed with distilled water. The counter is
dried with a filter pump and then connected to a vacuum pump

through a tube containing 03012.

After the above procedure of cleaning, the counter
i3 connected to a filling system iliustrated in figure (28).




FILLING SYSTEM

537 g

f.f A flask A having a capacity of 2 litg¢res is f{fst
fillea»@ith 99% pure argon. P20; removes traces of ﬁéﬁer
vapour. The quenching vapowr is introduced with the help
of a small bent pglass tubing in the vacuum of the mercury
manometer (M)e The filling system along with the counter
is then connected through a cock G4 to a Cenco hyvac pump,
After evacuation, the puap is tested by means of a high
frequency probe unit, The counter is first filled with the
quenching vapour and then with argon. Thelr partial pressures
have a ratio of 119 and the total pressure of thae gas is

10 ¢ms.

The testing of the counter is done both with the
resigtance quenching using a one megohm resistance as well
as on an oscilloscope., With normal cosmic ray intensity the

counting rate of the counter is taken for a range of applied

II 2,2
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voltages, If a flat plateau region of 250 volts is obtained
the counter is sealed.

o For some time there was a acarcity of pyrex tubing
of proper diameter and wall-thickness in this country. During
this period, all-metal counters were developed and prepared
by the author, Both brass as well as copper tubings have
been utilised. Brass tubing wore found to give better perfore
mance, The use 0f "Araldite" for gealing the metal assembly
uag-suggested by Dr,Amaldi, The platecau of all metal counters
are superior to those of pyrex glass ones. The cause of this
may lie in the perfect geometry that can be had in the metal
countera and the good polish that can be given to the cathode
surface. ALl metal couhters are superior to glass counters
in another way too, Becauae of photoelectric effect on the
~cathodes of glass counters, it is desirable to protect them
from light. In all metal counters there is no possibility
of light affecting the cylinder., Metal counters have been

used succesafully in this laboratory.

The counter 4s 'aged! before it is used in cosmic
ray telescopes. The aging 6f‘the counter is done by applying
the working voltage continuously for three or four days and

tesating the plateau. If no appreciable change in the original
characteristics is found the counter 4s taken for a routine

work,

2.3 Quenching Unit

It has been shown in the discussion of the plateau

I 2.3
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of the counter that, after gome use, the slope of the
plateau‘changes bacause of a multiple of spurious pulsas
developing along with genuine ones. This may be looked
upon ‘as a case of improper internal quenching action. 4an
improvement in the plateau can be had by the use of an
external quenching wnit. For this purposefbhe quenching
unit has to lower the voltage across the céﬁnter beclow the
threshold by feeding to the counter ané?neéAcive voltago=
pulse of well defined duration and magnitude., A number of
clectronic circdits have been dévised for quenching a
counter discharge. A monostable multivibrater circuit
gives a negative voltage pulse which is used for the preasent
quenching uni¢,

The bréad negative voltage pulse which i3 used to
quench the diacnafge, cannot by itself be used for fast
coincidence work. Its edges are therefore differenbtiated
and a ahafp negative index pulse 1s generated from the leading

edge for the coincidence neasurements.

The gsonsitiveness of the unit is such that the
pulses developed at the threshold voltage are adequate to
‘trigger it. The quenching pulse is of 350 volts.

The above mentioned properties are obtained by the
use of the following circuit. For the electronic design
the book on " Wave-foerBQnd“Principles of Radar6k“ of the

M.XI.T. serios were congulted.

1 2.3
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As shown in the figure the above circuit consists
of one=-shot multivibrator, a differenbiating netework with
a positive pulse olipping diode, and a cathode follower.

. A 65N7 high g, twin triodsis used for the mono-
stable multivibrator. In the stable state, tube V4 18 non-
conduoting and V5 1s conducting. This is 80 because of the
DiCs = AJC, coupiing between the plates and the grids and
the steady potential to_whlch the grids are returned, Vhen
a negative pulaeiia apﬁlied to the plate of v131c is fed
to the grid of V5 through the condensers 01. This negative
pulse 4s anplified by V, giving a positive pulse on its
plate., This positive puise raises the grid voltage of V4
thereby making it conducting. The process is a regenerative
one and in a very small interval of time of the order of

11 | | 2.3
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one microsecond after the injection of the triggering

avent.,'v1 becomes fully condusting while Vy is taken in-

to the cut off region., The grid potential of V, starts

rising exponentially and when it reaches the cut off voltage,
the tube V, starts conducting and a sudden switching to the
initial stéﬁe;occurs. During this procéSé pf double switching,
a negative sQﬁére voltage pulse is generaﬁéd at the anode of
V4o The d@rﬁiion of this pulse is detefﬁined by the time

taken by thg“grid of V, to come to the cﬁhvorf value of
voltage. - W

Thejt01lowing points of a one shot multivibrator
are worth noting. Tho grid of the conducting tube 1s
returned to the plate sido instead of the ground as is usually
done in such circuits (E1110t65). The advantage of the
return of the grid to the H.T., side is to achieve stability
of the duraticn of the rectangular pulss by increasing the
slope of the exponential of the grid return at the noment of
pick-off. The plate of the non-conducting tube is retuined~
to a higher potentiél while that of the cénducting one ;s.
returned to a lower one. ThiaKis done to improve the shape
éf.the ﬁaQe-form and to have lov constant current drainage
of the power supply. Across the D.C. coupling, resistance
between the plate of V3 and the grid of 71, a condenser has
~been put to achieve a very fast initial triggering action,.
It i3 this fast switching that defines the width of tho
index pulse, and limits the discharge along ihe counter.

I1 2.3
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The differentzating network R3C gives two sharp
pulsos, ono negative end the other positive, due to differen=
tiation at the leading and the treiling edges of the quene
c¢hing pulse, Tho diode by-passes tho delayed positive pulse.
and at the grid of the cathode-follower only the sharp negae-
tive pulso i3 applieds A time~constant of the order of 5

nicroseconds of the network R30 enables the generation of a

sharp index~pulse whole width is less than one microsecond .
In the cathode follower circuit the grid leak is returned
t0 the cathode of the valve. This inoreases the input
ipgpedance of the cathode follower, With the cathode follower
we have a very low output impedance, This 18 advantageoua

when the pulse has to be fed to several unxts through shieldod
cable,

2k Coincldenco Unit

| The index pulaes in the output of the quenéhing
%,
unit are fed to the multiple coincidence unit. The coincie
dence unit used for the present investigation is of the

usual Rossi®® type. The circult diagranm is as follows :-

Iz 2.4
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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 simultaneously, the
current through the common plate load resistance R4 is cut
off. Even if the signal is not applied to one of the grids,
the current through Ry does not appreciably differ from
vhat 4t is when all the tubes are conducting. This physically
means that the tubes act as perfect switches without any
intornal impedance and having a very high resolution timo,
The above discussion gives two design criteria for a multiple

coincidence arrangement,

(1) High resolution time, and

(2) The ratio of the sizes of the pulses due to
complete coincidence of N to the partial
coincidence of (N - 1) events ghould be very
highe

The coincidence dircuit designed by the present
author utilises a 50 ,/IQE grid coupling condenser and a 0«1 meg,
grid leak resistance giving a time constant of the ord#r of
1 microgecond. Actual value of the resolving time determined
experimen£a£§§,from the chance coincidence rate comes out to
be o o

'

&o get a higher discrimination beﬁween the total
and parti%}‘coincidences, sharp cut-off pentodes are used,
To eliminate small pulses due to partial‘édiﬁéidenees a
' level selector valve has been utilised, The blas of this

i1 ' 2.4
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valve i3 so arranged that it is insensitive to the small
pulses generated by the partial coincidences,

2,5 Scaling Circuit

The circuit for the scaling down of the counting
rate is based on the usual high vacuum Ec¢calesJordan type
of trigger circuit. The thyratron type scalers developed
by Wynn Wi114 ans®? Jﬁﬂf&any limitations, In this the
resolving time 13 limited by the deionisation time of the
thyratron. With recent thyratrons‘tgé rasolving time of
the order of 50 microsecond can be had, The vacuum tube
trigger circult having two stable atates has been developed
from the basic Eccale~Jordan trigger circuits by many

68. Beich69 end others have designed circuits

investigators
utilising pentodes to get triggering sensitiveness for one
type of pulses only. Approximate analysis of the time of
switching and the general response characteristic of the
trigger circuit to the triggering pulses has been given by

Buys in "Nucleonics", Vol.3, KNo.5.

Following is the eircuit diagram of the scale-of-
fowr unit with the powcr-stage used to drive the mcchaniecal

recorder.

R SO = == 2
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The above unit consists of two scale-of-two units
put in cascade. Any number of such stages can be put in
cascade to get a higher acaling factor,

The basic scale-of-two circuit is a slight modie
fication of a multivibrator circult so as to have two
stable stages. The plate of V4 is connected to the grid
of V, by D.Cs coupling, The plate of V, is also connected
to the grid of V‘ in a same way., Small "apeeding" up
condense:a are put across the connecting resistances, The
coupling double diode (Vy, V,) is used for injecting the
pulaea. On account of this the pulse is applied only to the
grid of the conducting tube,

When v, is conducting and V, is cutoff, the plate
of V, is at a lower potential than that of Vé while the grid
of V,'is at a higher potential than the grid of V, + Vhen
a negative pulse 1s applied to the input,it 1s fad to the
grid of V’ baecause 73 is cohducting and Vb is non-conducting.
Dus to thia negative pulse the c¢ircuit triggers and vz
becomes conducting and V1 stops conducting. Uhen another
negative pulse 1s fed to it, it is novw applied to the gtid
of Vz by the diode V,, and tho circuit reverts to the original
gtate.. During this proéeas of double change-over duo to two
neghﬁfﬁé pulses a sbep-valtagé function is generated at the
plaﬁe-pf V4 which on differentiation gives positive and
negati#a pulses: If negative pulses are fod in soquence to
the circult, one gets positive and negative pulse; ih

¥
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succession. By gelecting pulses of one polarity, we get

a scaling factor of two.

A 8lightly modified circult w@thout diode coupling
has been designed by the author. This has a very low power
consumption. This is suitable where a high scaling factor
is of importante., Units with scaling factors of 2'0 1.,
1024, have been prepared by the author and are found to be
very stable in operation.

In both typea of acalérs neocns have been used as
indicators, Some trouble was experienced in the raiiable’
working of the unit becanse of photoelectric effect on neons,
The trouble was overcome by the use of proper limiting resis-
tances 80 that the indicator circult did not load the scale
of two unit to which it is coupled,

_ The resolving time of these scalers 1s of the order
of 15 microseconds., The electromechanical recordef for
registration of counts is driven by a bilased power amplifier,
A nogative bias of 70 volts applied to the control grid of i
the 6F6 tube keeps it non-conducting except when a positive
pulse from scaler is applied to it.

246 Pover Supplies

To achiove high stability in the wurkiné of the
electronic units and the counters all D.C. voltages were
stabilisged aga;nat line voltage fluctuations and against
(&md..¥¢whqﬂuo~m.

II 2.6
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The two baramebera that can specify the working

of the regulating netwoik Aa far as line and load variations
are concoerned are the stabilising ratio (S,) and the internal
resistance (R) of the regulating unit. Hunt and Hickman?0
introduced these terms, Givary and Ruthlang‘have nodified
the method of analysis of regulating circuits as put forward
by Hunt and Hickman. According to them four parameters ere
necessary r;r complete gpecification of a regulating network,
These paramcters are defined as

o

8, io =0

" (1) Stabilising ratio S =

e
{2) Internal resistance R = -
‘ i,/ =20
vWhere e, w output voltage fluctuations

iy = output current fluctuations

Sy ='1nput voltage fluctuations

i, = input current fluctuagions

(3) Shunt conductance for opem output = q

11i5=z0,

(4) Shunt conductance for ghort circuited output = {;-
e
where p & .I__L_: \
vi'- °030

Hunt and Hickmanigive complete analysis of the
different types of regulating units. The following table
sumnarises the different types of regulating circuits along
with their properties, o

II 26 |
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From the above table we see that the degenarative
type of regulating circuit is the most suitable for getting
a close control over the output, a sufficiently high stabiw
lising ratio, and low internal impedance. A detailed dige
cusaion on the'wbrking of the degenerative type of regulating
network is given in the book "Electrog}c Instrumanta72" (M.I.T.
series) « The following is a summaryktheir discussion,

The unit is divided in four basic elements as ghown
in thoe following diagram.

N33
MRy
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:Ewif The smpling circuit develops the error-vpltage
"'af

function. This is compared and modified with respect to
a reference element by the compariaon ceircult, and fad to
the control element which compensatea for the chango that
dévalopeazzhe error-voltage function. :

Normally the sampling element 13 a resistive
network, A fraction of the output voltage variation is
tgkén by the help of s tapping on this bleadar, rﬁ neon
glow tube serves as a reference element. The atagiiity of
operation achieved by the use of a neon glow tube 18 not
.1nferior to what can be achieved by the use of standnrd
voltage regulator glow-gap tubes like VR75 or VR150., The
couparison circuits being a high gain D.C, amplifier amplie-
fies the erfor voltage function. 4An analysis of the regu-~
lating network shows that the stabilising property 1is greatiy
dcpendent upon the voltage gain of this ahplifier. To .
achieve high gain the author has used ‘starvation type amplie
fier circuits. The control element in the present design |
ig a high'gm beam power tube, HNewer types of tubes 6AS7~G
giving heavy current at low voltage drop are not avallable
in this country but a 6L6 typs tube gives good performance,

To achieve simultaneously differsnt voltages,
segparate regulaéing units are utilised along with the same
filtered D.C, oueb?t. For low bias-voltage supply, stabila-
volt or VA75 type tubes have been utilised,

The eircuit of the complete power supply unit for

iI 2,6
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low voltage as well as high voltage is given below :

I it 213
The following table indicates the stabilising

property of the power supply.

xanx"A.c. volts Qutput D.C, volts

A S o ) SUS G S W Y SR Gy N O TN D SN S S WD Ik Soly 0 G Sk Gy S AR B0 SR ap WD SO Sl v S B O

250 300
230 300
210 300
190 300
170 300
150 300
140 300
130 298

Lo g ) 60 b s B un o0 0 e Wa B9, - Lad Y T 1)
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2.7 Automatie Photograshic Device

Telephone-call type recorders are mounted on a "%™"
panel along with a clock and a calander, This panel is &Bptf
exposed £0 a camera in a completly enclosed box. The following

diagram gives the plan and the saction of the camera uniﬁ '
and one representative photozraphic record.

(& oo d ﬂjll

‘\ .

149"1 ‘g‘n.l{a“g,"faq‘a]“' \0002 358'5

o T T |
sux v ™ g™ ‘2088 tae o

.’Z T ) -
’j‘l"} 2y

The canera is df'tha fixed focus typé ﬁtilising a
lens of short focal length. There are two spoolk and a
sproket to move the 35 mm film, The sproket is coupled to
a gear~down motor to drive the film., The loading capacity
of the camera is nearly 30 ft. of standard 35 ma f£ilm.

The automatic soquence of working of the unit &s
as follows. Lvery hour an eleotrical contact is made on the
clock, First the bulbs are flashod and then the film winding

motor 1s made to run one complete revolution of its geared

11 2.7
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shaft, This moves the filn by one frame.

The control unit for the flash of the bulb and

the start of the motor is given below ¢

‘
. 5 s
e ——— W D

The uﬁgtzcéﬁsists of two triggered switches
vorking in suc&éssioﬁs The first one controls the flashing
of the bulb and the next starts the motor and keeps the
parallel switch of the motor on for some time. Vhen
the contact 81'15 cloged by the arms of -the clock~work,
the positive pulse is applied to thé grid of the tube '1‘1
which 1s normally at «70 volts. The plate circuit of the
thyratron T4 containé ihe relay and the contact controlled
by the relay. Vhen T4 rt::f, the relaywenergiaed. Due to
this the awitch for the bulb is @add on for a short interval
of time. When ths relay is energised the contact in series
with the plate circuit is made off and ng%hyratron extingui-
shes and the grid again gets control, Vhen the thyratron

extinguishea the positive pulse is developed on the plate

W
II 2,7




T 61 1

which 45 applied through a condenser C, to the grid of
another switching thyratron Tz whose grid is also kept at
=70 volts. The tube T, fires due to positive pulse, The
relay in the plate of Tz 1s energised and it keeps en the
parallel switch of the motor on for some time, ;ﬁﬁe'to this
the motor starts and after some time the plate rgtﬁrn switch
of thyratron T, is made off while the wain awitch for the
notor is made on due to rotation of the shaft of the motor,
Whentzotof completes one revolution it again yugs'an the
plate cir§uit and puts off the main motor swit@ﬁm ‘In this
way the initial condition is attained for a fresh exposure,

4 .
v,
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Sgction 1 of the presont chapter 18 dovoted to a
description of tho methods adopted in the present invostie.
gation for the representation aﬁd the agnalyals of the data.
The analyscd data are presented in scetion II.

3.1 Methods of analysls of dat

3.1,.1 Tabulation of prinary data e

The hourly photopraphic records give the counts of
the mechanical recorders corresponding to thoe various cosmie
ray telescopes for the hours 0100, 0200, 0300eeccccae.+2500
1.3.T. Even though data for the intcnsitics of cosmic ray
corpanents and the ground atuosphuric pressure and temporaturs
are available for hourly intervals, the analysis has been
dono for bi<hourly intervals commencing from mldnight I.S.T.,
which is forty miautes in advance of the local timo of
Ahnedabad. For tha purpese of studying daily variation
curva, tho use of bi-hourly valucs is advantagcous as without

111 - 3.1
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mach loss of accuracy, it helps to reduce the atatistical
fluctuations because of tho doubling of the nuuber of counts
for each reading. Readings for 0100,0300,0500, 4+ ¢4 +.2300 hra,
are tabulatad and the differcnces batween consecutive readings
reprasent the twolve bi~hourly moean rates centred at 0200,
0LOOesssee2.2400 hours I.,3.T. In addition the daily average
bi-hourly rato centred at 1300 hours is calculated from the
differencs between the rcadings at 0100 houra on consccutive

days.

The valuea of atmospheric prossure and temperature
are obtained fron the dally chart of an accurate micro«barc-
graph and thermograph. Uppor air moeteorological data are
obtained fronm radiosonde ascents with I.!1,D. Fetypo or Vaisala
type instrument conducted by lir.Venkateswaran in collaboration
with tho author. Detulls of the collection of mateorological
dgtg are given in the following chapter.

The data shcet of a day consists of twslve bishourly
rates for cach cosmic ray telescope and corrosponding rocords
of valuos of ground level proagsure and atmospheric toiperature.
The doviations from the mean bi-hourly rate of the day for
all the variates are cheh galculated, The criterion uscd
for tho climination or inclusion of the data for any partie
cular day 3 the range of bi-hourly deviations., The data is
discarded for days on which any individual bi~hourly value
18 nore than 5 % different from the mean for the particular
day. This correasponds to a deviation exceeding threse times
tho expecetod standard deviation for a bi~hourly value, Such

111 3.1
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¢ases are generally attributaeble to some faults either in
the electronic circuits or in the counters. Cases of
abnormally large daily variatlion in cosmic rays which may
rarely occur are however also rejected on this criterion.
The useful data as presented here extends fronm May 1950 to
Feb, 1953. The rates of the telescopes ABC and A'B'C! are
designated as T and T's, Similarly Fq end M,°*, M2 and Mz'
ropresent those of BCD and B'Ct'D', and of CDE and C'D'E?

respectively.,

Daily Variation s

Generally, in the data of any one day, the réndom
statistical fluctuations predominate over the genuine perioe-
dic variations. To get a significant daily variation curve,
rates corresponding to the aame bi~hourly interval of diffe-
ront days of a month are added up. The twelve values of Cq»
Cas sseeaslyy for 0200, 0400, 0600y ess00s0.2400 hours for each
coincidence rate are'ovaluated. The average for each such
set 13 takaen to find out the deviations which arc expressed
as percentages, The monthly average values of the variates
were used for the seasonal variation in the dailly variation.
All the monthly values are superposed to obtain an average
dally variation curva for the year,

If distinction i3 to be made only between the soft
component which is absorbed by 7 cms. of lead and the hard compo=
nent which can penetrate the same thickness, we can superimposed

¥y and M, to got the moean curve M for the meson intenasity.

11 : 3.1
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Jete2 (A) Correlation Analysis

The correlation coofficient betwoen two variates
gives a neasure of tho dogtee of rcelationship botwaon then,
In the case of two variates, when a lincar relationship
betwoen them is assumed, tho following formula gives the

corralation coofficient betwoen then.

Z.(<N)
VINERRY

\r

DC\{_ =

The numarator £s the gummation of the product
of corresponding deviations froﬁ moan of ths two varigtes
totallyy(il) dn numbor. Tho denouminator consists of the
product of the standard deviation of cach varliate as defined
below.

)
3 1Y £
2 abk) y
T, - {OL'149,L14~. I )M"é . {Z\ }

The relationship batween * and f, tho two variates,

is piven by the following "rogression equation®

> /(-Tac'\}q}
Phine s, > v T
Sy
If there are more than two variated, the partial
corrclation coefficient between the variates gives the degroe

of rolationship betwoen any two of the variatoes, others
remaining conatant, The following formula givoas the partial

I1X
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correlation coefficient between x and y for constant z.

Yoo T T T 0
l/
- Vo )% (1-Y) >

The regression equatitn of x and y aud 3. gives

the amount of variation of x which is associated with the
variation of y, % reuaining coastant, plus the variation of
x which 18 due to the variation in z, y remaining constant.
It has the following form
T = ,Lr.x__(\}f '{r')tnz’ %/
1% LA
Whe > (A S S
- 2. N
M*X% I rs,(y— Y Wﬂﬁ 2
The above analysis of the partial correlation
coefficient can be extended for any number of vaeriates. The
constanta of the regression equation are statistically
termed as the regression cbcfficients Lutween the respective

variates.

3.1.2 (B) Harmonic analysis i1~

For an elucldation of a periodic variation and 4its
relationship with othor factors, it is oftun very useful to
analyee the curve harmonically, The primary variation
connected with the earth!s rotation is brought outfin the
harnmonie compohencs of:24'hourly and 12 hourly periods. The
magnitude of the anplitude of these two harwonics in compae
rison to those of higher ones indic.te the presence of

disturbing factors.

The method of resolving a certain continuous periodic

111 3.1
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function into its harmonics have becn treatod rigoroualy
in various text-books. One can got the amplitudes and the

phase anglea of the harmonics in terms of 12 oqually spaced

values of the variates as are obtained in tho present

investization. The data is tabulated in the following way

to find out the constants.

Harmonic snalyain of 12 bi-hourly values.
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The values Uo, U‘. uz,........u" ropragsont the 12
hi*h@“rly valuss centrod at 0000, 0200' 0400 s s e0ee22200
hours respeotively. As a rosult of manipulation we get the

original variation oxpresscd as
xz By ¥ (Mine tiear) +hSwie x 8 5H29)
F PaSinig 4R, @) & -0 0 0 -

The sino and cosine torms for similar poriods

can be combined together to give
X2 AL .p()s{.n(s_'-zt)‘) +7Y, S\ (20 ¢1.) '\'V.SS,’“B@-(-¢3).. -

W Yn VB218,n & b= ot A

Since the initial variation curve is obtalned
by taking doviations {rom moan it does not contain a
constant ternm 1.0 Ag # 0. ry and & represent the azpli-
tude and tho phass of the fundamental harmonie, the period
of the fundamental in the present case being a day, that
is 24 hours. 7y andd give the gorresponding parameters
for tho gecond harnmoni¢ having & poriod of 12 houras, T3 ¢3
and T c{;ztgro the corresponding parameters for the third
and the fourth harwonics. The angle ~ corresponding to
the time of maxinum of the amplitude of the harmonic compoe
nent 13 obtained in the following way.

t- -4

3.13 (C) Harmonic Dials

The harumonic dial method as suggested by Bartols
and extensively used by Forbush, Thouson ard others to study
variations of geophysical and geomagnetic cloments has baen

11l a 3.1
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used for the present inveatigation,

In this the vestor donoting tho amplitude and
tho hour of maximum of a harnonic coefficient is represcented
on a dial,simtlar to tho faco of a clock. Tho longth of
the veotor is proportional to the amplitude and the angle
which the veotor makes with respect to the positive y axis
io proportional to tha hour of maximum. On a 24 hourly
dial a clockwise rotation of 15° corresponds to onc hour
but on a 12 hourly dial on wiich the semie-diuwrnal component

is shown, a eclockwise rotation of 30% corresponds to an hour,

Study of the harmanic dial reveals mixod periodie
cities of different perdods which may be suparimposed on
the daily varlation.

3.2 Lxperinent csult
et Periocd of experimentation te

The experducnt at Ahmedgbad was started towards
the end of 1950. Except for interruptions due to experi.
mental fallures it has run nore or lcas continuously asince
that time. As duplicate sets of tclescopes were being
operated, the available dbhta on some days refor to more
than cne teleacopo. In such czses the data have boon taken
as having boaen furnished by twice the number of days. Table

34 indigates tho days of obsarvation for teleoacopes with no
lead, with 8 cms, of load and with 15 cws. of lead measuring
rogpoctivoly the total cosmic ray intonsity T, the megon
intensity M, and the hard meson intunsity Hz.

I1X : 3e2
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Table 1 - Pariods of observations for the Total intensity T, Meson intensity H,
and Hard Megon intenaity M.

Year. Jan. Feb. Mar. Apr. Illay. June. Jul. 4ug. Sept. Oct. IHov. Dece

1950 17 17 9 8 20 23 22
1951 28 25 15 19 11 8 20 31 10

1952 22 5 26 35 L1 L6

Total

days. 50 30 41 5k 69 71 9 8 20 51 33 <2

1950 ~ | 9 1 11 3 2 9

-~
195¢ 28 25 15 20 9 10 9 27 32 W% :
1952 &4 L 19 36 40 L6 25 7% 36 L1 91
1953 58 46
Total

days. 130 75 34 56 58 75 36 12 101 68 72 100

1950 : 8 12 11 6 20 21 22

195¢ 28 25 15 22 15 10 22 20 10 7
1952 54 6 20 27 3, Lt 16

days 82 31 35 49 57 63 27 6 - 2 w 3 29
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It will be noticed that the telescopes reglstering
the total intensity T, werae discontinued from the niddle of
1952, This was done becguse it was realised by then that
the soft component intenaity'ﬁas mainly governed by atmose
pheric effects and for the purposs of interpretation of
the daily variation in terms of an anisotropy of the primary
radiagtion, it was preferable to confine one-gelf to the
meson intensity variations., Prior to June 1952, the meson
intengity was registered under 8 ams. of lead absorber as
well as 15 cmse of leads The difference in counting rates
under these two conditions was negligible (M"/M2 = 0:9%.),
indicating a small contribution of very high cnergy electrons
and slow mesons, The statistics of the difference curve
botween My and M, was in consequence so poor that interpreta-
tion was rendered impossible. The daily variation curves
for the days on which data is available for both M, and M,
exhibit a corrclation of +0.927 between the two variates. Hence
from June 1952 onwards the lead aborbers in M, were reduced
in order that liy like li;, should also register cosmic ray
intensity under 8 cmse of lead. Thus during the later period
of the experiument four similar telescopes have been in operation
with the same amount of lead in each of them,

3¢2.2 The annual mean daily variation te

The annual mean values expressed in pergentages for

the bi-hourly deviation for T, and M obtained by superimposing
all ugeful data 1s presented in Tablei?., The component which

II1 - 3.2
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is absorbed by lead conabituz:: the soft component., This
e
is composed of clectrons andk;ow energy mesons. The dally

variation of this component desipgnated E, can be obtained

by subtracting the variation of t*i{' fram that of 'Tt, This

io also shown in Table 2. Lven though both the daily varia-

tions of 'T' and 'M' gro statistically significant, tho

variation of E 48 not significuant to the same degrae.

Table 2 = Pinul values of the peroentage deviations

from nmean of the total coamlc ray intensity
T, meson intensity M, the eleotron compo-
nent E 27 « M and the moteorological

elementa P (atmospheric pressure in rm.Hg.)
and Q«(ground teumperature in 9C,.).

Hour, T " E P 8
0.08 0.05
00  «0.13  ~0.18 0.12 0,22  =3.2
02 0.2k 0.25  0.19  «0.20  <huh
ok 0.3 0.23 142 «0.43  <5.3
06 oQ1% 0.25  «0.43 0.10  =6.9
08 -0.09 0,26  =1.92 Tl =540
10 w053  «0.16 =248  $1.69 0.6
12 =0,17 0,13 1,74 1407 Lo
1% 0.19 0.03 0,75  =0.46 7.0
16 0.56 0.19 2,48 ~1445 743
18 0,13  =0,03 0.99  ~1.41 50
20 <0.2%  =0.46 0.93  ~0.53 0.8
22«08 0,56  =0.06 0.23 1.7

11X
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The nature of variations is bettor ravesled by figure
3 +l. Tho bi-hourly valucs of thu deviations, oxpressed in
percantages are shown with their probable errors. Foy
comparison, the annual moan daily variation of barometric

preasure P and ground atmosgpheric temperature ® are also |
shovn in fig, >4

Pige ¥t Dadly variation curvea for the total intensity
T, megon intensity M, elegtron component 35,
ground prasswre P, and ground vcmperature 0.
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FIRST HARMONIC DIAL SECOND HARMONIC DIAL

Fig. 3.1.1

Harmonic dials for T, I, K, P, 8.°+ *
S 2 . ':7:’,'
% %
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The dally variations of T, I, E, P and ® have
been hermonically snalysed. The hzrmonic constanto for
the first six harmonies ero prosented in Tablo 3. The
arplitudes for the first two harnonics along with thelr
respective hours of maxina are indicated in terms of the
angle with respect to the positive y axis, made by the vector
reprosenting tho particular component on the harmonic dials.

It will be observed that for all vartatea the predo~
s‘minenb harmionic component i3 oither the firet oﬂ'che second
one. In meson and in atmospheric pressursc, the two COMpPO=
" nents are about oqually inmportant. For total &ntensity and
for electrons, the second harmonic is larger than the first,
. but temperature at ground level shovs a predominent first
harmonic. In all cases, the third and higher’h“rnonics ara
‘ anall and may be nerlected, ;{3'¢

. . 5w
i I RN

1Ai:3.2.3 Annual gurves of the daily variation of il ;=

Table 4 indicates monthly mean, biuhourli deviations
of the meson intensity i, Tor thip purpose all availablo data
for either My or I, refering to any particular nonth have
been used 1riaspect1ve of the year in which the obacrvations
vwoere uades Also indicated in the Table are rows showing the
nunber of days for which thc data is availablc for gach
month, the moan bi~hourly rate for oach month, and the probae
ble error for the same value. It will be noticed that tho
mean bi-hourly ratos for individual months varies from month
to nonth. Apart from seasonal variation of the intcnsity of

111 3.2
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Table 3.3

2nd

Variate lix:xt:monié harmonic gar:monic ﬁgmnic gg?nonic gatgmonie
- Ampl. Max. Ampl. Max. Anpl. Max. Ampl. liax.Ampl. lax. Ampl. Hax.
7 0.08 w+23° 0.43. 117° 0.06 -~ 2° 0.03 105° 0.03 169° 0.05
1 0.25 1256 0.26 1120 0,08 37° 0.07 55° 0,08 T+12° 0.03
B 1.29  =57° 1.36 122° 0.27 -77° 0.31 T82° 0.21 367 0.17
Prom. Hg 0.86 115° 0.97 «49% 0.05 . 133° 0.01 ™97° 0,02 163° 0.06
e °c. 6.53 T™55° 1.58  64° O.4h  114° 0.4t -62° 0.03°  90% O0.15

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

atzospheric pressure and tomperature

l

9L !
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deviation 0,12

Hieson Intensity

Hrs. Jan. Febe HMar. Apr. May.k June Jul. Aug. 3dept Oct. Hov. Dec.
00 0.01  0.30 =0.34, 0.13 =0,07 =0.08 «~0.07 =0.0h «~0.90 «0.22 0.07 =0.49
02 0.21 0,32 0.12 0.27 O.47 0.56 0.56 0.21 «1.00 0.12 0.45 0.63
b 0.11 0.L2  0.34 0.00 0.60 0.76 1.01 0.69 ~0.45 =0.04 0.30 0.26
06 «0.03 =0.14 0.11 =0.02 0.38 0.80 0.75 <0.53 =0.09 0.15 0.31 0.61
08 0.17 «0.27 0.09 «0.01 0.02 $.06 1.02 0.14 0.27 0.08 -0.12 0.58
10 «0u19 <060 0.13 =0.19 =0.63 «0.61 0.38 «0.69 0.59 «0.62 «0.05 0.13
12 0.36. 0.10 0.56 0.32 0.13 =0.58 =0.81 =0.62 0.5 =0.58 0.22 0.39
I 0.16. 0.16 =0.27 <011 0.34 =0.52 =0.86 0.48 0.48 0.15 0.15 0.28
16 Oe43 0.33 0.06 0.08 0.23 0.05 ~0.33 0.79 1.43 0.25 -0.10 -0.27
18 0.05 0.02 0.04 0.00 =0.,08 =0,07 ~0.15 0.33 0.49 O0.40 =0.17 =0.5¢
20 “0.71 0.06 =0ubh =0.08 ~0.60 =0.49 =0.92 =0.51 =0.37 0.17 <0.51 —0.88
22 “0.57 =0.66 =0.h1 «0.38 =0.79 «0.91 =0.54 =0.27 =0.68 0.15 <0.57 «0.67
lloan bi= | ) )
3:%-3 7.6 620 827 939 820 759 640 730 817 838  76L 1156
No.of days. 212 106 69 105 115 138 63 18 123 108 109 129
Standard T -

0.19 0,21 0.16 0.16 0.15 0.25 0.43 0.15 0.17 0.17 0.13

vy S
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M, the changes are mainly due to alterations in the sensie-
tive arsas of the telescopaes from time to time., Since in
the present investigation no study was being mads of the
acasonal variation of the day~-to-day average cosmic ray
intensity, no atvempt has becn made to apply a correction
for the changes of sensitive area of the telescopos,
Unfortunately during all three ycars of operation there 13'
very scanty data for the month of August. The probable
errors of the bi-hourly percentaze deviations arce therefore

quite large for this ponth,

In order to ascertain the nature of changos that
take place in tho daily variation of !i, tho moathly mean
variation have been haraonically analysed. The constant
for the first and second harmonic componaent are indicated
in Table 5 for each month, It will be noticed that there
is a conalderable chanzs in tho dally variation from month

to wonth. Ve shall discuss at a later stage further impli-
cationa of this,

3.2.4 Year to year chenges in the daily vardation of M i

Table 6 indicates the msan annual variation for the

twolve months ending 30th June 1951 and 30th Junc 1952
réspectively for M.

Since the individual variates are subject to random
fluctuations a smoothening has becn adopted by taking moving

averagze over threo consceutive bi=hourly periods.

I1x 3.2




Table 3.5

Harmonic constants for meo ensitie
Harmonic 4.5, Fob. tar. A May. J Jul. s oct. N D
constants . . . pre Yo un. . Aug. €p. ct. ov. ec.
ry 0.23 0.09 0.28 0.05 0.25 0.60 0.83 0.16 0.86 0.22 0.26 0.65
e 156°  152° 3% 113° 104° 78° 80° 719 72% 470 96 117°
r2 0.3 0.39 0.13 0.14 0,52 0.54 0.36 0.51 0.23 0.30 0.28 0.25
~+ 53°  93° 102° 70° 91° 1510 170° 1110 168° 160° 789 820
a : -
.--‘. - e TS0 s GIP IS BSUND W Q
rqy = First harmonic amplitude. -
%, = Hour of maxdimun for first harmonic oxpresced
_ in terns of angle.
;-é = Second harmonic amplitude.
%= ‘lour of maxizun for sccond harmonic expressed

in teras of angle.




Table 3-6

Variations for ii for thoe years 1950-51

CRAD D U OB 4B u e 45 W W6

Hours 1950~51 195152
00 0,11 0,19
02 0.10 0,09
A 0,22 -0.07
06 0.18 0,01
08 0.08 <0.04
10 «0.04 0.00
12 0,10 0.10
15 =004 0.30
T 0.06 0.23
18 0.04 0.10
20 «0.13 0,17
22 A ~0.21

WY S S @O 4B S e g G2D B W S BY T4 - S e O e ey

7ig.32 11llustrates this. variation, It will
ba noticed that therc is an indication
of achange during the two years. This

aspect is discussed later.

I
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IV DAILY VARIATIONS OF BAROMETRIC PRESCURE AND
ATHMOSPHERIC TEMPERATURE

Section I of the present chap&er presenta data for
ground level temperature. and baromebric pressure. Section

II deals with investigation of the upper air conditions.

S

bet L",' ' ';{T'
k.?;l..'Dail v tion of pround ié%eiftem erature ie

The annual mean bi-hourly g;sund lovel temperature
at Ahmedabad obtained from the daily thermograms is presented
in Table 2.on page 73. The daily variation of ground level
tenperature 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 of

the diurnal component is 6.5%°C while the hour when it reaches
the maximum 1s at obouk |bWs.

The diurnal variation of the ground level tcemperature
i3 due to heat exchange between the ground and the lower

atwosphere., The variations of temperature due to thia.exnhange

Iv bt
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is confined only to the lower regions of the atmosphere,
This is illustrated in the next section from the radiosonde

raocords.

Le1.2. Pressure variations t=

The annual mean bi~hourly ground level pressure,
obtained from the daily charts of a microbarograph for the
year 1951 and 1952 is given in Table 2 on page 73. The
harmonic'conatants for the daily ground level pressure are
given in Table 3 on page 76: It shows that the first as
well as the second harmoniecs are equally important.

The first harmonic of the pressurc variation can
be mostly explained as due to the changes in tcmperature
of the lower atmosphere. The second harmonic with a period
of 12 hours is due to atmospheric oscillations. Kelvin had
suggested that the atmosphere has a free poriod of oscillation
of about 12 houra., The solar driving force has a period of
- 24 hours, but the oscillation of the atuwosphere with 12
hourly period &s built up by recsonance. Systematic novements
of the 1isobaric pressure levels occur because of these
oscillations. In the present investigation such effects
reflecting the overall movement of the whole atmosphere are

important.

In low latitudes, the day-to-day preassure variations
and fluctuations are less important than daily changes. The
daily nicrobarograph showsa two humped curve. This predomi-

nance of regular variation over irregular fluctuation is

Iv kot
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favourable for a study of the meteorological factors
effecting the dally variation of cosmic ray intensity,

To study the variability of the diurnal and semi-
diurnal components of dally pressure variation over the
whéle yoar, monthly average values for the daily variations
of preaaure:z: stabulated in Tableh'| . These are harmonically
analysed and the constants of the fundamental and the second
harmonics are tabulatcd in Table k2. The curves of the
figure 40 ghow the variations of amplitudes and hours of
maxima for both the harmonies over the year,

Iv | bet



Table ll- .
Monthly average values of the dally pressure variation

(mm. Hg)
Hrs. Jan.  Febe Mars Apr. na§l"'3§;:' Jule Aug. *Sep. “Oct.  Nov. Dec.
00 0.00 0.20 0,20 0.30 0.30 0.70 0.60 0.40 0.20 0.00 0.10 0.10
02 «0.30 =0.30 =0.30 =0.20 =0.10 0.30 010 =0,20 «0.30 =0.40 «=0.40 =0.40"
04 «0.60 «0.70 =0.70 =0.50 ~0.10 0.10 =0.20 =0.40 =0.40 =0.50 =0.60 «=0.70
06 «0.20 =0.20 =0.10 0.30 0.70 0,60 0.10 =0.10 0.30 0,30 <0.10 «0.20
08 0.90 1.00 0.90 1.40 1.70 1.30 0.80 0.90 1.40 1.30 1.10 1.00
10 2.00 1.00 1.90 2,00 1.90 1.40 1,00 1.20 1.70 .70 1.80 1.80
12 1420 1430 1.70 1.40 1.10 0.80 0.80 0.90 1.10 0,90 0.90 1.00
14 “0,60 ~0.40 =0.30 =0.20 =0.40 =0.50 =0.30 =0.20 =0.40 =0.70 =0.70 =0.70
16 140 =150 =1ak0 =1.60 =1:70 =1.70 =1.20 =1.10 =1.50 =1.50 =1.40 =1.40
18 =1,10 =1.20 =140 =1.80 2,00 =2,00 =150 =140 =1.50 =1.30 <1.00 =1.00
20 =020 «0.40 =0,60 =0.90 =1,10 .«0.90 ~0.60 =0.60 =0.70 -~0.30 <~0.10 -1.10
22 0,30 0.20 0.20 0.00 -0.10 0.20 0.0 0.60 0.20 0.40 0.30 0.50

Ty

- _ . — - -, e
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Table 4.2

Harmonic constants for pressure variation

Harmonic

Mar.

constants Jan. Feb, Apr. Hay. Ju. Jul, Aug. Sep. Oct. HNov. Dec,
r1 703 7:7 8.8 ‘100 "307 1109 700 6'5 9.9 803 603 6.2
o 1269 125° 1200 1219 1100 95° 979 1100  116° 1140 1200 1210
rz 110‘6 10.7 1‘ 02 ’0.7 1007 8‘9 8.1 901 907 10-2 1003 ’1 .O
b, =h8° =A70 410 420 2520 370 330 -390 510 600 590 570
ry = First harmonic amplitude.
- ~, = Hour of maximum for first harmonic expressed
! in terus of angle.
rp = Second harmonic amplitude.
ﬁb = Hour of maximum for sécond harmonic expressed
2 in terms of anjle. _

98
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Fige L7 = The annual variation of the harmonie
constants of the ground level barometric
pressure.
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The amplitude of the first harmonic attains a maximum
in May end a secondary maximum is also shown in Spetember,
in August and Degember the amplitude of the diurnal varia-
tion is minimum, The minimum of the phase occurs in June-
July.

The seasonal change of the diurnal variation of
preasure 1is primaril} governed by the change in the diurnal
heating of the 1pwar atmogphere. The blankettiqg of the
ground by clouds durinb the monsoon months 03 July and August
produces deviatioﬁa from a regular seasonal pattern which may

alhevy wise
L@rdinartly be expented.

Le Upper g;rAinvestigation. "f

A radiosonde conagists of a metearo&réph linked to
a radio-transmittcr. A meteorograrh is an aasembly of
sensitive elements: which neasure desired atmdspheric para-
neters, The infcrmation obtained by these alsments is
broadcast to the.figld station receiver by nhe'tranumitter.

The pardméﬁéra commonly measured by a radiosonde

are atmospheric pressure, temperature and relative humidity.
An aneroid capsule (some timeagzggii than one in combination)
is used almost universally as a pressure-sensitive element.
Either a bl-metal strip or a thermistor measures temperature,
The relative humidity is measured in a radiosonde by (1) the
psycarometric method or (2) from the measurement of changes
of either the physicel or the electrical properties of

IV ' Le2
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hyroscopic substances.

The radiosondes developed by various countries for
routine aerological soundings differ mostly in their modes
of transmigsion of the meteorological message. The French,
the Swigs, and the Indian instruments use the chronometric
methods In the Indian F-type instrument, for instance, the
measuring elements are made to actuate pointers which contact
a helicelly-wound silver spiral on a rotating drum once
during every complete revolution of the latter. The disgplace=
nents of these pointers with reference to two other fixed
pointers are calibrated and used as measures of meteorological
quantities., In the Kew radiosonde of Britainntpe elements
vary inductances in én audio~freqpency oseillatqrmﬂhich
modulates a fimed carrier-frequency of 27.5 Me/S. A blocking
oasclllator in the American radiosende has its repctition
frequency altered by recaistors controlled by the meteorological
units. The Pinnish instrument of Vilhelo Vaisala is an
interesting type in which changes of meteorological elements
are converted into changes of radio frequency. This instrument
with which the soundings were made is degeribed in greator
detall 4in the.sequgl.

Proper co-ordination of aerologlical observation
requires compurative tests from actual soundings of the
weabun 950, 5, 307
different radiosondes. Painter ( Metaonolngicai-ﬂngasiae) has
described the results of such tests conducted by the International
“eteorological Organisation at Switgzerland,

Iv Le2
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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 these types. The

Indian instrument was on loan from the India leteorological
Department., A Vaisala receiver was acquired by the Physical
Research Laboranory and calibrated sondes imported from the
nanufacturers, In all about 120 successful goundings were

nade with the Finnigh instrument., Of these thirtyfive were
swarned 1#%0 a period of thirtecn days in April 1952, Most

of them attained appreciable altitudes. Interesting

features of these ascents are presonted snd discussed.

The Finnish (Vaigsala) Radiosonde :=

Complete detaila{of the Finnish radiosonde and the
ground equipnment have been givén by Vaisala in his 'Handbook
of Sounding'. The radiosonde has a triode oscillator with
a frequency range of approximately 2426 Mc/S. The tank
circuit of this oscillator is provided with a rotatory switch
oparated by a wind-mill turaing in the slip-sﬁream of the
ascending balloon, This switch connects in sequence five
different condensers and in conasequence the radiosonde osci-
llator has five differenb‘tranamiasinn-frequencies. All the
condensers are of the barallel~plate type. Three of them
are veriable, the variation being effeotéd by the motion of
the movable plate hy the corresponding meteorological unit,

Iv L.2
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Fige het « Comparison of the F-type and the
Valsala radiosonde$
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The two conatant condensers have their values so adjusted

that their corrosponding frequencies are on either side of

the transmigsion-ranga.

The ground equipment is a 51xpva£% super heterodyne
set, By means of a semi-circular tuning condenser, convennierkly
operated by hand, the local oscillator of this sot i3 made
to beat with the transmlssions of the airuborne radiosonde.
The beats are gudible as fast, short squeaks at five different
possitionsof tl:m tuner., By pressing a stylua attached to
the tuner, these five poaitions are punqhéé'#n a recording

paper clipped on a clockedriven drum,

o ‘ AR
Figd:2 18 reproduction of the'radiogram" obtained at

Ahmedabad on 18=4-52, The dotted curves'cgr;espcnding to
pressure (P), temperature (T) and hmnidit; '(H) are showm
along with the'parallel curves obtained fdr‘ihe{conatant
condensers (K)vand (k)¢ Figures on the righﬁ hand side of
the record give the time in minutes after thg release of

the radiosonde, checked with reference to a standard clock,

Sounding of 13-4~52 =

Described below are a few salient pointsassociated

with a particular soundinga selected from our colLection te

The sounding taken on 18«~4-52 appears to be one of
the highest ascents over made in this country . The radio=-
sonde vas held in position in a cage and the transmitter-

Safe

battery kept sa%£e=from tilting so that reliable measurement

v he2
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RADIOGRAM OF |8-4-52

F‘lgo he2

Radiogram of 18-.4-52.
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of tempaerature and pressure could be obtained during the
ascent of the instrument till the burst of the balloon and
also during its subsequent fall. Since no parachute was
attached, however, the aécent and the descent took place

at appreciably different speeds.

A portion of the radiogram of this sounding has
already been presented in Figqd2. Fig.d -3 gives the height-
temperature diagram evaluated from this radiogram. On |
the -game figure is also plotced the smoothed-out tims-height
curva of hhe balloon uaed { Darex) . Temperaturéa measured .
during the ascent of the instrument are marked.with dotted
circles, and those obtained during 1ts descent by dotted
triangles, ° '

Since the aoﬁnding was made in the afternoon
(1450 hrss) upper-level temperatures can be éubdect to f;;
cansiderable radiation-error. Vaisala has described a
method of correcting for this error on the rollowing main |

- 0
v

agsgmptiona ie .
(1) Below 500 mbs. it is negligible. }
(2) Above 500 mbs. and below 200 mbs. it increasesé
linearly. |
(3) Above 200 mbs. its value at any level is a
function of certain ingtrumental constants (which can be
measured in the laboratory) and on the instantancous values
of the height-angle of the Sun and the rate of‘ascent of

the balloon. The dotted curve in the diagram, running

v he2
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Fige 443 - Height temperaturc diagram
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alongside the curve of measured temperatures gives, according
to Valsala, the correct temperatures at the appropriate
levels. Differences between the measured and the corrected

values are seen to be of the order of 3°C at 200 mbs. and
8°C at 15 mbs. Other features of interest are e

(1) Temperatures obtained at a particular level '
during the ascent and the descent of the radiosonde are
differcnt. This can be explained by (a) thermometric lag

and (b) differences in radlation errors.

In the atmosphere in which temperature decroases-
with height, the indicated temperature will be, due to
thermometric lag, higher than the actual temperaturc during
the asceﬁn and lower during the descent. This lag will
increase with reducéd air-density, s0 that the difference
between the indicatod temperatures will also increass with
height, This 18 actually varified in Fig. 3. 1In this
instance, however, the rates of ascent and descent arse very
different as stated earlier. The effective lags are aléo
naturally differeont. .

Some of the obgerved difference of temperature is
"also due to the difference in the magnitudes of the radiation
error inherent in the two measuremonts. The amount of solar
radiation falling on the instrument is smaller at the later
tine of the descent, while the ventilation given to it is
greater. Thus the involved radiation error is smaller dﬁring

Iv Le2
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the descent. It is an intereating coincidence that Vaisala's
corrested teuperature curve falls roughly along points
obtained during the descent.

(2) The rate of ascent of the balloon incrcases
abruptlyAax the stratosphere. Part of this increase is
probably artificial and is the regult of pressure and tempee
rature errors reflectod in the computed values of height,
However it may be noted thaﬁ the daecrease of kinematlc
viscosity in the stratosphere (the appropriate valuc of
it is the oddy-viscosity in the troposphere and the much
smaller molecular viscosity in the stratoapharg) can bring

about sucp an ingrease,

- R

~

Temperature structure of the lower atmgsphere

One of the commendable features of the Valsala radio-
sonde 4s the fine grained continuity of the measurements
that can be made with it. This enables with it the investi-
gation of certain problems of peculiar meteorologlcal interest.

Rig. 26 akon—on-—a—o
sumaorday—at—Ahuedabad, Fig.él-cl is the average of all the
available obaservations in the month of April. These figures

8161 . -G by Ot

illustrate the typical nature of diurnal variation of tempee
rature that 1s generally noticed in the surface layers of
the atmosphere. In the afterncon intense insolation of the
ground produces a shallow layer (approximately 200 metres in
thickness) of super-adiabatic lapsce-rate, Turbulent transfer
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THE DIURNAL VARIATION OF TEMPERATURE

Fige 4o4 Diurnal variation of tenmperature
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of heat, however, tends to dcatroy this unstable condition, .
By evening & weak inveralon starts to form at the surface.
Helped by radiational cooling at night, this inversicn builds
up to a depth of 300 to 400 metres just bofors sunrlse, It
is subssequently "pﬁrnt of " due to heating from the bottom,
It can bes seen ffom the figurea that thue difierence between
afternoon and morning temperatures. which represent epproxi-
mately the amplituda of the diurnal Variation; decreases
rapidly with height and vanighes nearly at 800 mbs. (2 kms).

The diurnal variation of tegperature ln the upper
troposphere.,

In connection with the present cosmié iay study
‘the nature’bf'the diurnal variation of temperature in the
upper troposphere and the lower stratosphore was investigated.
Vith a view to examine this question about 35 serial ascenta
vore apaced in a poriod of 13 days in the montﬁ of April, 1952,
Thrae ascenta wore made 4n a day, one Jjust prior to sunrise (
(0500 hrs.), one well after sunsdt (2100 hrs.) and one at the
time of maximun temperature at the ground (1500 hrs.), Fairly
the same type of surface weather persisted throughout the
period,

The raesults of these ascents afe summarised in Pig. -5
and Table I and II, |

Fig. on page G¢A

IV 42
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Figs 18 a time-gaction of the ascents, The time-
axis runs from right to left. Each day is marked by its
appropriate date, 7The ordinates give the pressure levels.
Each ascont is represented by a vertical line erccted at
the correct time and rising upto its celling~height. The
smoothed lines in the figure are the isotherms drawn at
intervals of 5°C, A scrutiny of this diagram appears to
suggest that the day~to-day variations of the temparature
in the upper atmosphere are'mnch morse pronounced than what
are obgerved in the surface layers. The shapes of the 1s0-
therms make it reasonable to say that there are damped
temperature waves with a period of approximately three to
four daya at these heights. The emplitudes of thesc waves
increase rapidly in the region of 200 mbs. There is also
somo ¢vidence for the transport of very cold («80°C) pools

of alr ncar the tropopause in the form of large sized eddies,
(Table I on pagediR)

Table II is prepared to bring ocut the observed nature
of the diurnal variation of temperature at the upper levels.
For each isobaric surface, the measured differcnces between
the morning and the afternoon temperatures, (Tp - T,), the
afternoon and the evening temperatures, (T, - T,), and the
ovening and the next morning temperatures are presented in
this table. The moans of these differences as well as
their standard deviations are also given. Much weight,

however, cannot be attached to these values as a very large

Iv he2
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number of obsorvations are not avallabla.

The available results point out that significant and
regular diurnal variation of temperatur: occurs only in
the turbulent, surface layer of the atmosphore (upto 800 mbs).
We have alrsady discussed the nature of these variations.in
the higher levels though large chauges of temperatures are
measured by the radiosondes in the course of a day, these

variations are not ghown to be statistically significant.

Hany workers have attoapted to detect the magnitude
of the diurnal variation of temperature in the upper tropo-
sphere and the lower stratosphere by anszlysis of a large
nunber of radiosonde ascents. Lkecently kay vshas discussed
the results of approximately 11000 ascents made in the
courge of four years at four statlions in &ngland, lHis main
results are (1) the temporature dilferences indicated by
ascents just before sunrise and inuedlately after sunset
are small. The magnitudé obtained for the nocturnal cooling
is about 0.5 K which is of the saume order of magnitude as
the theoretical value obtained by Gowan and Penndori on the
assumption of radiative equilibrium at these levels, (2)
the mean midday-midnight temperature differences ars much
higher. The diurnal range varies with the gecasons at the
same level and is iniersely proportional. to pres_sure at
different levels. At 100 ubs. the daily awplitude is 39
in summer and 2°K in winter. At 50 mbs. the amplitudas

are doubled, (3) a sudden increase of temperature is ovserved
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Just after sunrise . A simdilar fall follows sunset, (&)
differences between day-timo observations placed symigtrie
cally about the noon are small., They iudicate a maximum
rise of 045 K in the afternoon consistent with the magnitude
of the cooling at night at these levels., It has boen shovm
by Kay that most of these results are explicable as caused

primarily by inherent errors in radiosonde measuremcnts,

Such errors can be casual or systematic, Casual
errors arise due to atrict intercomparability between
1nstrumeﬁts and the inevitable randomesampling of tho non-
uniform conditions in the upper atmosphere. They may be
effectively smoothed out by consideration of a large number
of agscents. The most serious systematic orrors are (1)
errors in pressurc-moasurementa which arc of the order of
Y 5 mb. at 25«35 kms. aﬁd (2) errors in temperature measurew
nents mostly caused by the direct irraediation of the thermo-
metric element by sunlight. The latter error is attempted
to be minimlsed in ra.iosondes by providing properly-designod
radiation-shields and having measuring units of high reflecti-
vity and low heat-capacity values. But a correct evaluation
and removal of this error is difficult, Scaling cxperiments
in which the thermomotric elemcnts have progressively graded
physical properties have been gsuggestad . Braseficld has
experinmentally studied the dependence of the radiation
shields and the thermal and optical properties of the measuring
units. HMore recently suggestions of indirect methods of

temperature determination as from sonic velocity or deray

Iv ko2
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absorption nmeasurements have also been nmade.

With our present state of knowledge obtained
from aerologlcal ascents, it appears difficult to say
whethor there is diurnal variation of temperature in the
upper atmoaphore betwaen the top of the lower layer penee
trated by dally tubulencé end the upper levels ordinarily
reached by sounding balloons.
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V. ISCUSSION

5.1 uence of meteorological factors on the dai
variagtion of cosmic r tensities.

5.1.1. Barometric coafficient for correcting daily varia-
tion of meson intensities

Extensive studies have been made to correlate the
day~to~-day variation of cosmic ray intensity with meteoro-
logical changes in the atmosphere. Duperier has shown that
variations of meson intensity are connected with a mass
absorption effect, an effect due to alteration of the proba-
bility of meson decay accompanying changes of heights of
isobaric levels and an effect of the tcmperature or denaity

of the atmosphere near the 100 mbs. level.

As has been mentioned earlier, in terms of these
three factors Duperier has suggested the following expression
for the variation in the meson intensity produced by atmose

pherlic changes.

&[‘- ("l‘yﬁ + B)—(YH t {SB‘YT'
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It should not be expected that in the daily varia-
tion the influence of these factors in the meson intensity
would be identical to what is found in day-to-day variations,.
This 4{s because in barometric pressure as well as in atmog-
pheric temperature, the day~to~day changes are brought
about under very different circumstances from those that
produce the dally variation. Processes responsible for the
day-to=day changes of the barometric pressure are entirely
different from those causing the dynamical periodic pressure
oacillations, The use of the barometric pressure coefficient
obtained from studies of the day-toeday variation for
correcting cosmic ray daily variation data for, effects due
to the daily variation of pressure is therefore questionable.
A better method appears to be to derive, if possible a
barometric coefficient from daily variation studies, 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

atmosphaeric oacillations.

It is difficult to draw conclusions about the
effects of meteorological factors on cosmic ray intensity
by comparison of the daily variation curves of Fig.3-|.
Solar radiation and gravitational forcees are the most important
causes for the daily variations observed in geophysical
elements. These variations, as well as one that could be
caused in meson intensity by an anisotropy of the primaries
of solar origin, would have a predaminent 24 hourly diurnal
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component, Therefore it is not clear how much of the nB
variation is connected with 93 and ODor a hypothetical |
upper air diurnal temperature variation, and how much is
due to primaries of solar origin.

The atmospheric pressure, uniike temperaturc has
an appreciable semi-diurnal component. As was originally
pointed by Kelvin, the semi-diurnal variation of pressure
is due to resonance in the atmogpihere which has a free
period of oscillation of nearly 12 hours. Thus, even
though the exclting solar forces are diurnal, the semie
dinrnal component of pressure becomes important and its
predominent at low latitudess The daily pressure variation
at low latitudes is fairly systematic and reflects the
periodic éhangas of aixr mass of the absorbing colurn of air.
If attention is therefore confined dnly to the semi-diurnal
component, we have a means of studying the influence of
pressure, uncontaminated with effects due to temperatuie
variation of the atmosphere or due to anisotropy of cosmie
ray primeries both:ofvwhich should have a diurnal component
of veariation, | |

The first two harmonic components of T, M and E
along with P énd © are shown in Fig.3-rron 24 hourly and 12
hourly harmonic diald. It will be observed that while in the
2L, hourly dial, the vectors liec all around the clock, there
‘15 on the 12 hourly dial a very striking grouping of the
cosmic ray vactors almost completely opposite in phase with

v ' 5.1




the pressure vector. 7This clearly shows that high negative

correlation exists botwgen cosmic ray components and the

pressure,

Correlation analysis of tho gemi-diurnal vectors
of coamic ray components with atmospheric pressure gives

correlation coofficients and barometric coefficients as shown
in Table 5,1.

G B WD W WO P W G P B B 0 e e @ wp a0 ul W o

Cosmic ray Correlation goeffi- Barometric coeffie

component., clent with P cient,
Ti - r%? = « 0497 FT" = = Le3% per cm.Hg
Mi‘ | rﬁ% = - 0.95 P = . 2.5% per cm,Hg
b‘i | rf;% = - 0,98 Pe = =14.1% per cm.Hg
Table 5.1

_ The barometric cocfiicient Pmz =245 % per em. Hg for
mesons may be coupared with the value found byother workers
from day-to-day variations of coemic ray meson intonsity.
Coefficients of = 3.0 % per cn., Hg for Huancayo and = 1.8 %
per cm, Hg for Cheltenham, Christchurch and Godhavn have been
determined and used for barometric pressurce correction by
Lange and Forbush for the Carnegle Institution ionisation
chambe; data., It is5 not clear why at Huancayo the coefficient
could be so much larger than at the other 8taciéns in spite

of the shielding being the same for all the instrumonts.
Duperier's barometric coefficlent is -1,5 % cm, Hg and

Dolbear and Elliot hgve reported a value of - 1.88 % cm.Hg

v 5.1
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obtained from seasonal variation of intensity. These authors
by partial correlatién analysis, give estimates for the three
meteorological coefficients which affect meson intensity.
These are shown in Table §2. Qur value of the barometric
coefficient for mesous is larger than the trus mass absorption
coefficient of Duperier but agrecs well with the coefficient
of Dolbear and Elliot.

Table 52

Coefficient Duperier - Dolbear and Elliot

- - -y R w0 e 0 el sy Y A G W

- 1.50%/cm Hg® - 1.88 4 [emHg

| - 1.05%/em g - 2,07 % /onlig
v ~ 3.90% /km, - 4422 % [kn.
0.12 % /°C. 0.4 % /%

S~ £ v T

* Weighted ;ean for 5 periods of observations,

It is important ﬁa examine if there is a substential
decay contribution in the semi-diurnal wariation. Pekeris
and more lately Wilkes and Weekes have examined the details
of the modes of oscillaﬁion of the atmosphere. Riébibon
and Sarabhal have estimated the effect on meson intensity
of the semi-diurnél chenge of height of isobaric levels due
to atmospherie oac;llationé. For meaon production near 16 km,
there should be a semi-diurnal oscillation for the isobarie
lovel vwhich would not exceed 4 metres and thus would not
change significantly the contribution of the pure mass absorpe
tion effect to the barometric coefficient.

A 51
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Finally, we have to consider a possible contribution
from a positive temperature affect. The results of our
upper air meteorological inveatigations have shown that in
the atmosphere near the 100 mbg. level, the main changes of
temperature are not diurnal but of irregular day-to-day
character., When 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 i3 not significant, we are lead to
believe that the barometric effect derived by us from the semi-
diurnal veriation corresponds mainly to the true absorption

coefficient for the meson component.

The validity of a prassure coefficient derived
from the semi~diurnal component of the dally variation in
the manner described above depends on the non-existance
of an intrinsic semi-diurnal component 5 of meson variation
due %0 causea other than preasure oscillation., It is not
certain whether this assuuption is always justified. The
following factora if they are present to an appreciable degree,
would require abondening of our method of applying a baroe-

‘metric correction to the dally variation of mesons.

(1) A dally variation will not in general have only
thé diurnal harmonic component even though it is characterised
by one maximum and one minimum in 24 hours. The variation
would rarely be perfectly sinusoidal, and depending on
the extont to which its from differs from this type, higher
harmonics would be present. In particular, if duc to
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anisotropic primaries, there is an increase in intensity
produced cnly during the day, but at night the intensity
is constant, we would get an appreciableaﬁs with maximum
almost coineciding with that of MD. We can refer to this
semi-diurnal component*MS as a shadow component of the main
diurnal component M2, uhen MP has an hour of maximum near
1030 hours M5 would also be highly correlated with P3 and
would tend to reduce the effective barometric effect, .

2.There may perhaps be a semi~-diurnal variatioh due
to anisotropic primaries. Elliot and Dolbear have demon=
strated that their South-pointing telescope shows a more
pronounced M? componant.than the North-pointing telescops.
We are unable to explain the semi~-diwrnal variation of
mesons positively correlated with pressure which is reported
by Regener and Rau, Unless the anisot:opie component is
under solar control, it cannot produce a semi-diurnal compo-
nent of variation when data according to solar time 1s
averaged round the year, It is not therefore clear how this

could arise,

The high negative correlation between Mo and P8 at
Ahmedabad indicates either an absence of an appreciable
intrinsioc "3 component or that its phase is almost in agree-
ment or in opposition to that of Ps. For a shadow component
%> produced by a daily varlation with a maximum shortly
befora noon, our barometric coefficient would be gsomewhat

undereatimated, However its closeness to the values
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determined from studies of day~-to-day changes gives confi-
dence in applying it for correcting the daily variation

data of meson intensity for barometric pressure changes.
51,2 The barometric coefficioent fo e component @

Reference to Table5lindicates that the soft compo~
nent E has a barometric coefficient - |4'| % per cm.Hg. This
i3 considerably more than the coefficient for mesons, as is
to be expected from the additional radiative loss that an
electron can suffer at high energies and which predominates

over the collision loss, suffered by both elecctrons and

mesons.

The soft component of the cosmic radiation which
does not penetrate more than 10 cms. of lead, is composed
mainly of electrons, positrons and photons, The processes
initially respogsible for the soft component 'E&!' are
believed to be the following :

(1)v the decay of T mesons into photons at the top
of the atmosphere, These give rise to cascade showers which
determined the shape of the height ionization curve for
total intensity at high levels. At sea level very little
of the electronic component is due to this process.

(2} the decay of M mesona,
iB) the knock-on production of electrons by mesons,

At gea level the last two proceases play an important

v 5.2
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rola.

The multiplicative process in which positive and
negative electrons produce photons, and the photons in
turn produce electron pairs gives rise to cascade showors.
The crosg-gection for 'bremmstrehlung' by positrons and

electrons and for pair Kreation by photons is proportional  °©
to .

LEE g 75y wle v 27
e Y, - io% (g2 %) . i -

The cascade theory has been developed as a result
of contributions of a number of investigators. Bhabha and
Chakrabarty have calculated the number of electron Nlw ¢)
produced by a primary electron of cnergy W at a depth 't! of an
abSorbing material, For the sake of convenience, 'i' and
W are expressed in terms of radiation length 'l' and critical
eneipy Wo respectively. For a particular substence the
radiation lcength 1o dafined as

(-~ LHNZE ¥ 0[0} [8‘&2—%}

137

=1

where 'N' i35 the number of atoms per unit. volume of
the absorber. The energy Wy, the energy lost by a fast
particle by the process of ionigzation in traversing a radia-
tion length is called the critical energy. The value of '1!
in ew and We in M- for some common substances are given

in Table . : =

Setrtl2anes ey the M = Fir.
Linom  Maro 4y qio Iy 0%
We v Mev. 193:0 Wiy 5566 2S¢t 619
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When energles of the particles are expressed in
terms of their critical enorgies in a particular substance,
and lengths in terms of the radiation length in the same
gubstance, the numerical results of the cascade theory
are applicable to all substances. Values of Ny, t) as
calculated by Bhabha and Chakrabarty, for selected energies
and depths of absorber are given below in the Table 53,

The energy is expressed in this table in terms of a variable
Y defined by Y = log (w/wy).

Tébles-s. Values 8f N for dififerent. values of

Yand ¢
. 3 b 5 6 7 8 9 10 12
2 3.1 6,2 10,6 17.1 25.6 36 50 67 120
b 142 Le8 13.8 33.2 69.9 137 241 423 1117
6 0.4 2.1 8.6 28,7 80.6 198 460 970 3735
8 0.1 0.8 4.0 16,7 58.8 181 499 128, 6898
10 0.3 1.6 7.9 33.3 121 392 1176 8063
12 0.1 0,6 3.3 16,1 68 252 859 8018
15 0.1 0.8 L5 22 98 396 5080
20 0.1  Ou 2 12 63 1268
25 1 7 198
30 22

It can besseen from the above table S3hthat the
number of particles first increases with depth, attains a
maximum at a particulaxr value of 't! and then decreases for

v | 5.2
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greater thickness of the absorber. The apparent pressure
coefficient would in consequence be positive at the start,
become equal to zero at the maximum of 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 cosfficient would depend on the location of the
point of obaerv@tion with respect to the development of the
ghower., If the soft component is measurcd by differential
absorption as in the present case there would be a large
proportion of low energy component representing the end of
the shower., Hence the barometric coefficient should be
greater than what is found in experiments where the soft
component is studied by measurement of showers with atleast
two time associated particles. Table5kindicates the experie
mentally observed coefficients, '

\

5e¢R ‘Tha barometric pressure corrected variations

The appropriate barometric coefficicnts experie
mentally dotermined from semi-diurnal oombonents can be used
to correct the dally variations of T, M and E for the baro-
metrie daily variation. Smoothened bi-hourly values of the
barometric pressure corrected variations designated by TV,
MY and E' are showvn in figureS5!. The harmonic componént of
. ‘thése are indicated in Table 5k and presented on harmonic

“itals tn Fig..52
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Table 5.4 (p.111)

Pressure coefficients obtainod for the soft component

by various investigators.

1 - N i PO ol
Author Method of Buration  Absorber Type of Pressure
observation variation coeff.
Barnothy Showers % year - Uay=to=day -.42% per
- & Forro Cile Hg
. Stevenson & " L weeks 12 cns.Fb " ~5.5% per
Froman & hd 140 days - Dai].y' - "

Starns
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Table 5.4

Anplitudes and hours of maxima of harmonic compo-

nents of the daily variation of pressure corrected
coemic ray intensities.

. e v

 tst ﬁa;mgnic ‘ 2nd Harmonic
24 hourly 12 hourly
Variate .
AMPL Hax. Ampl. Max.
T 0,37  117° 0.11% 4,29
M 042 120° - 0,08 12°
E! 0.18 4° 0.23  35°
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It will be noticed that T' and M' are left with a
residual diurnal variation of amplitude O'37£:0bgnd p u2+0'4
raespectively, and hour of maximum near 0900 hours I.3,T.

E' on the other hand has no asignificant vagiation excesing
the standard deviation of the individual bi-hourly points.
This indicates that the dally varlation of the electron
component at sea level can be explained almost completly
by a mass absorption effect connected with the barometrie

variation, .

. Duperser has corrected the daily variation of .
mesons:er a decay effect due to an estimated diurnal éhange
of heighé of about 50 metres in the isobaric levels near
16 k., fn consequance of a diurnal heating of the atmosphore,
The proéesa has'baen conaidered to be analogous to the
geasonal variation of mason 1htenaity where, during summnr,
the gengral expansion of the dtmosphere produces a decre@se

of meson intensity.
7 g
An examination of Fiz.B\reveals that the barometric <.

pressure correctoff vectord for total intunsity and mesons on
the 24 hourly dial are both significant and are negligibly
correlated with surface atmospherlc temperature. If the
heating in the upper atmosrhere 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 temperature may

v 542
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o¢cur nearer noon, but even 30 the correlation between the
diurnal vectors for T! amd ' and a temperaturs vector at
noon would be quite low., Onc is theréfore 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 barametric pressure.

Having eleminated meteorological effects, it is
necessary to consider pogsible geomapgnetic and heliomagnetic
influences on the residual daily variation of mesons,

Janossy has suggested the possibility of a diurnal variation
of cosmlc rays at latitudos beyond 40° due to the helio-
magnetic field, Dwight?%as worked out detailed lmplications
but this' theory can be safely excluded in view, asongst

other things, of the evidence from several quarters concere
ning the non-existence of an appreciable general helio-
magnetié field at the present time, Vallarta and God;rt

have discussed the influence in low latitudes of an ionospheric

current gysten responsible for the gecmagnetic diurnal variae
tion. While the latter alters fundamentally in character
with latitude, ThompsoA7Las shown thnat the meson variation
has similar features over a wide rangec of latitudes, It
appears therefore that the baroumstric pressure corrected | “

variation of mesona is of extraterrestrial origin and is L

connected with an anisotropy'of the primary radiation,

For better appreciation of the reasidual variaticn

it is worthwhile to examine the results obtained by my
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c¢olleague Dr.R.P,Kane at Kodalkanal by a type of instrument
aimilér to the one operated at Ahmedabad. Because of this
the final results at the two places are comparable,

At Kodaikanagl the correlation between the semi-
diurnal components M5 and PY 13 only +.29. As however M
itself is only .12 % in amplitude and is not significant,
this positive value might be fortuitous. |

The atmospheric pressure plays an important ﬁart
in the solar daiiy variation of mesons at the low level
station at Ahmedabad but produces a nogligible eff{ect at
Kodatkanal., The correlation of MM, with 8, like the
correlation of the pressure corrected meson variation M',
and 95 is negligible. Groﬁnd temperaturc has therefore
negligible effect at both places,

The curve of residual meson variation correocted
for pressure at Ahmedabad and the meson variation curve at
Kodaikanal are both significant and strikingly similar,
Both are diurnal with amplitude M', = O. 42 per cent and
HYy = 10 per cent with maxima at 0350 and 0840 hours
local time respsgtively., The increase of the percentage
amplitude with elevation asuggest the contribution of a larger
nunber of low-anergy particles which can make their effect
felt at a high-level station but not at a sea level station..

Taking into consideration the occurrence of the

maximun of the diurnal variation at about the same period

V‘ 5.2
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of the day according to local time at widely separated places
on the earth, it is reasonable to conclude that the anisotropy
i3 cauged by the golar emission of cosmic raya, Dupérierso
has indeed made a similar suggestion by a consideration of

the seasonal change of amplitude of the meson diurnal varia-
tion corraected for barometric pressure and decay coefficient,
As however, the applicatioh of the decay offect is questionable
for reasons mentioned earlier, the close agrecment betwecn

the ratio of summer and winter diurnal amplitudes with what
wouid be expected due to change of the solar gzenith distance

at the two periods may be fortuitous.

5.3 The hour of raximum of the diurnal veriation ¢

An important question arises about the observed hour
of maximum M#D of the meson diurnal variation. There is a
divergence amongst the reported results of various workers
concerning the precise hour of maximum. It varies in aextreme
cases from 0800 hours to 1600 hours. A great deal of this
divergence is perhaps due to differences in methods of

correcting for mateorological effeats.

Hogg has compared on a harmonic dial the diuwrnal
vectors for meson dally variation observed by various workers
at different places. For Canberra data, a vector has been
given for barometric pressure corrected meson variation aé
woll as for one which has, in addition, been corrected for

a temperature offect. Thore is a considarable difference
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between the amplitude and the hour of maximum of the resule
tant variation in the two cases. Forbush for Cheltenham I
data, has shown how the uncorrected meson diurnal vector at
1400 hours ghifts to 1100 or 1000 hours ;ccording to the
magnitude of the barometric coefficlent which is applied -

for correction.

Some of the differences in the hours of maxima
and amplitude observed by various workers are probably
connected with the nature of the measuring apparatus and
the angle within which 1t allows incident radiation.
Generally an omni-dircctional inst¥ument would reveal a
.smaller amplitude of variation than a unidirectional one.
In latitudes where there is an E-l/ asymnmetry 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 lati-
| tudes and elevations can only be ﬁade where aimilar experi-
menatal technique is followed at the various stations, and
appropriate similar corrections are'applied to the basie
experimental data. Carncgie Institution studies are therefore
very valuable for this purpose, and when further significant
data 13 avalla:le from our unidirectional studies at Kodaikanal
and Trivan&rum (Mag.Lat. 1%0., Alt. O mctres) 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
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diurnal amplitude increases in going from Ahmedabad to
kodaikanal. Though all sea=-level stations run by tha
Canegie Institution have maxima in the early afternoon,
the mountain station of Hugancayo has an earlier maximum

before noon and of increased amplitude,

An important point that arlses now concerns the
relationship that can exist between the amplitude and the
hour of maximum of the diurnal variation. %The amplitude
should be controlled, among othcer things, by the cut off
in the solar cosmic ray enorgy spectrum either by geomagnetic
blocking or atmospheric absorption. The mean energy of
the aldowed radiation determines the bending in the geomagnetic
ficld 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 bq expected.

Very recently Sarabhal and Kane have exauined
qualitatively, under certain simplifying assuuptions, the
doflections that can be produced in the trajectories of
golar cosmic rays due to the geomagnetic fleld. A rigourous
solution of the problen involves the working out of individual
trajectories at various times of the day and in the different
seasons. 1his 18 not available at present, but preliminary
analysis indicates the type of changes in the hour of maximum
of the daily variation wiich may be expected with change of
latitude and elevation of the observing station, and for
different values of the declination and the hour-angle of the
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sun .
The principdd featurcs that emerge from this

analysis are :-

(1) The hour of maximum should be earlier at
equatorial station than at higher latitudes. If Huancayo
result compared to Checlthanham or Christchurch; and
Kodaikanal compared to Ahmedabad. " Part of the effect may

be due to change of altitude.

(2) In ahorthern latitude, a Northepointing tele-
scope should reveal én earlier maximunm then a South-pointing
telescopa, This i1s because solar cosmic rays, during the
hours before noon would be deflected towards Ségh and in
tha afternoon towards North.

Thus it can be sald that the main experimental facts
suncernang the nature of the 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 of meson inten-
sity 18 causcd by the emlssion of cosmic rays from the sun,

5.4 The effect of cosmi om the $e

The sun 13 known to emit corpuscular streams uwhich
take about 23 hours to travel to the earth and produce geo=
magnetic and auroral activity. It is also known to emit
during some intenso solar flares, moderate and low cnergy

cosmic ray particles which travel with a velocity not very
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different from that of light and produce measurable effects
at sea level on cosmic ray neutron and charged particle
intensity, The magnitude of the effect has a marked longi=
tude dependenge, and no effects have been observed at
oquatorial stations, Increases in neutron intecnsity reported y
by Simpson et.al, and charged particle intensity reported '
by Heher and Forbush have been associated with the central
maridien passage of active regions on the solar diasc, These
demonstrate the emission of more energetic particles from

the sun which make their effects felt even at Huancayo on

the geomogmetic equator, The present association of the

weson diurnal variation with an anisotropy due to solar

cosnic rays shows that the sun is a continuous emitter of C?
cosmic¢ radiation, Unlike the bursts of radiaticn following ;
the observation of flares,this continuous emission is
energetic enough %o cause measurable effectg in the charged

particle intensity at sea level at all latitudes,

There 1s some evidence to show thaty{ the energy
distribution of cosmic ray particles fromn the sun is dis-
placed towards low energios as compared to the general
energy distribution of cosmic rays from all other gources,
For, the purcentage amplitude of the diurnal variation
increases with elevation as revealed by our comparative
studies at Ahmedabad and Kodaikanal, by the Carnegle atudies
at Huancayo comparod to the low level stations, and the _
studies made at the Hafelekar, HNeher and Forbush have reached

sinilar view from the increase of the worldwide fluctuations
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of ionization yiﬁh altitude, and the fluctuations being

less pronounced at the equator.

76
Elldot and Dolbear have nade a very significant

obsarvation that during days of increased geomagnetic activity
the diurnal variations in both North and South directions

are enhanced, and the N-3 differpnce changes from being a
semidiurnal to a diurnal curve. Since it is known that geoe
magnetic disturbonces are associated with solar corpuscular
streamg,it would appear that when there 1s increaged activity
of the solar leregions, there is glso increased cosmic ray
emission from the sun, The radical change in the nature

of the difference curve during magnetically disturbed days
supports the viow that it has no spacial physical significance
apart from being the arithmetic differcnce of the diurnal

variation in the two dircctions,

5.5 Year to year chansio of diurnal variation.

In gection 3,2.4 on page 80 we have shovn curves
which are suggestive of a change in tho nature of the daily
variation of mesons. The significance of the curves does

not warrent a positive conclusion to be drawn.

Longtime worldwide changes of the diurnal variation
have been demonstrated by Sarabhal and Kane from Carnegie |
Institution data. They have derived time series which demone
strate changes of 30 to 40 per cent in the diurnal amplitude
and significant shift of the hour of maximum. In years of

low solar activity, those series appsar to be well correlated
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¥ith relative sungpot number R and the American Magnetic
Character figure OA' It is likely that the chango of
form of the daily variation that is indicated in our data
is genuine and bart of it is reprasentative of long-tern

worldwide changes.

5,6 The annual change of diurnal variation :-

In tho introdustory chapter, the significance of
tho annual change of diurnal variation has been discussed
from the stand point of the solar wrigin of cosmlic rays.
and a possible sidereal timec dally variation of intensity,
Most analysis in the past have been done by a study of the
annual movement of the tip of the solar diurnal vector.on
1 24 hourly harmonic dizl using the methodology suggested '
by Thompson. Since we now realise that the hour of maximum
1n£ensity is centrolled by the geomapnetie bending of
trejectories of aolar particles, and is therefore cxpected
to undergo a change with an altcration of the solar zenith
distance at different times of the year, the situation is
more complicated than was visualised by Thompson. OQur
knowladge about the geonagncetic effect on solar cosmic rays
is very limited. It appears that without it, an interpree
tation of tho gombined effect of thc annual change of ampli-
tude and hour of naxinw: on a harmonic dia)l can hardly be
attempted, Ve therefore propose here to deal with the two

effects soparately.
For the purpose of an agcurate study of the
nonth to month or annual changes..
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of the diurnal variation, our data is not yet extensive
enogh. Besides, during some months, the probable error

of the bi~hourly deviations from mean of meson intensity
is larger than during others., 7o smoothen random changes
in the data, we havc calculated the dally variation of M
for overlapping bi-monthly periods centered at successive
epochs separated by a period of one month. This procedure
is equivalent to taking bi-monthly moving averages. TableS'{
indicates the diuwrnal aplitudse and hour of maximum of the
baronetric pregsure corrected meson diurnal variation for
each monthly epoch, Fig.5.3 shows the annﬁal variation of
u¥ ana 1%,

It will be noticed that P has two maxima in the
year, the bigger one almost coinciding with the time when
the sun's mean genith distance is a minimum, If beccause of
the atmospheric path length being least in June-duly, lower
energy solar cosmic rays are allowed and the maximum variation
results due to these additional particles, we should simule
taneously expeot a lowering of the mean momentum of the
radiation. This should be accompanied by the hour of maximum
shifting to an earlier time and a consequent reduction in
Mﬁn. Except for the abnormal hump during the months of August
and September MﬂD shows a smooth change from a maximum 4in

January to a winimum in Juns-July.

The weather conditions during monsoon at Ahmedabad

are very different from those obtaining during the rest of the

year. Ve are now examining whether the flattening of the uP
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Table 5+6
First harmonic constants for pressure-corrected meson intensity.
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M= AmplitudeAbr the diurnal component for presgsure-
corracted meson intoensity.
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Fige 543

Curve showing the variation of the first
harmonic constants of the pressure corrected
meson intensity. :
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Thé annual veriation of the magnetic activity
mR in years of high, medium and low activity,
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change curve and the strong maximum in the,MﬁD change curve
during this period has any relation to the abnormal weather
c¢onditions found in July and September, |

The second maximum cccurring in uP during November
and December is very striking, GCeomagnetic activity, indi-
cated for'qihkple by the index 'U*, ﬁﬁieh is known to be due
to particlé;nadiation from the sun,‘uﬂdergoes an annual
change as shown in FigJ-{ taken from Chapman's Geomagnetism
(page3¢6). The two equinoctal ma;;imé ‘during the year are
believed to be due to the annual chéﬁge of the heliographiec
latitude of the ecliptic. If the &un's equatorial belt is
rela&ivelyffree from the occurreﬂéqfo% M regions, streams of
solar particles have an increased probability'or approaching
the earth when the radius connecting the sun's centre with
the earth cuts the sun's surface at maximum hellographic
latitude,

it is possible that like particles responsible for
'U' activity, solar cosmic ray streams have a higher probability
of hitting the earth during certain months; If the annual
chenge of MD 15 considered to be built up of

(1) a maximum during June due to minimum solar genith

distance, and

(2) two maxima coinciding with colstices ;
the latter could probably be produced by regions of cosmic
ray activity confined to a narrow equatorial belt on the sun,
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The annual change of diurnal variation of mesons
studied by Duperier with counter telescopes exhibits a
maximum amplitude in the summer; Juat as is found by us
at Ahmedabad, In the absehce of details of his data, we
are unable to check the existence of a variation with
maxima in the solstices.

The Carnegie atudies show an annual change of

b and M#D at the four stations where measﬁrements have

M
baen made over a long period., UWhile the firat harmonic
of the annual change of MY at the different stations
offers difficulties of interpretation, the second harmonic

shows a maxima near solstices as at Ahmedabad.

The problem of the annual change of the daily
variation is very complicated and requires extensive
experimental and theoretical studies. The preliminary
results nentioned in this thesis represent the initial
phase of such a study which has been commenced at the
Physical Research Laboratory. The views expressed here

are thorefore necessarily tentative,
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i CONCLUSION

6.1

The daily Variations' of total cosmic ray intensity
T, meson intensity M and the soft component intensity B
possess important diurnal as well as semi-diurnal components.
The latter, in ocach case are highly correlated with tho

semi-diurnal component of pressura.

The barometric pressure coeftjicim ts obtained from
the semi-diurnal components arepo & - 43 & per em., Hg for
the total, By =-225 % per cm.Hg'for the meson intensity and
PE=-iul ¢ per cnHg for the c&rc component .

The barometric coefficients for meadm applicable to
daily variation appears to correspond to the pure mass
absorption coefficient determined by other workera by studyihg
the day-to-day variation. This, as well as consideration
of the daily variation of meteorological olements at different
levels of the atmosphere leads us to conclude that changes
of heights of the meson fomation layer and of density of
the atmosphere near it, do not contribute significantly to

VI
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the effact of the daily variation of air mass on meson
intensity.

The higher valus of P . obtained by us compared to
values of other workers who have studied the electronic
component by measurement of showers, appears to be due to
our differential absorption measurement of'E’ being influ-
ence by a less energetic soft component which can no longer

produced multiplicative cascade showers,

Compared to Ahmedabad results, the Kodaikanal
studies have shown a daily variation of mesons which is
mhinly diurnal in character. This variation is negligibly

correlated with barometric pressure variations,

The atmospheric pressure plays an important part
in the solar daily variation of mesons at the low level
station at Ahmedabad but produces a negligible effect at
Kodaikanal. The correlations of }&k with ©k and of the
pressura corrected meson variation M, with Gk are negli-
gible.’ Ground temperature has therefore negligible effect
at both places.

The curve of the reaidual meson variation corrected
for pressure at Ahmedabad and the meson variation curve at
Kodaikanal are both significant and strikingly similar. Both
are diurnal with amplitude M', = 0. 45t 0.06 per cent and
M = 1e1 3+ 0,08 per cent with maximum at 0360 and 0840 hrs.
local time respectively.

VI
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Our results concerning the meson intensity can be
compared tb those obtained at Hafelekar (geomag. lat. 47N,
alt.2300 m.), Huancéyo (geomag. lat. 198, alt.3350 m.),
Chriatchurch (geomag. lat..9%5, alt. 8 m.), Cheltenham
(geomag.lat, 50%N, alt.72 m.) and Godhavn (geomag. lat. 80°N,
alt. 9 n.), where the measurements were made with ionisation
chamber and showed a predominently diurnal trehd in the
daidy variation. Fig.t! (pe13 ) gives the harmonic dial
for the first harmonic of the variations of the meson intene

sity at these placeé together with the first harmonic of

the residual variations obtained by us at Kodaikanal and
Ahmedabad.
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The pronounced residual diurnal variation which
remains after correcting for the meteorological elements
near the ground, is unlikely to be caused by meteorological
changes in the upper atmosphere which have a totally
in sufffcient amplitude of 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 Kodaikanal, Ahmedabad, Hafelekar, Huancayo,
Christchurch, Cheltenhm and Godhawvn,

The increase in the percentage amplitude of thg‘
H fresidual diurnal variation of the total and the meson . .
intensities in going from Ahmedabad to Kodaikenal is most

o probably an effect of altitude rather than changes of-f'

| latitude. Thia‘is in agreement with the increase of ampii-
~tude found at the two high level stations of Hafelekar é@d
Huancayo as compared to the low level stations of

Christchurch, Cheltenham and Godhavn.

The lower percentage aumplitude of the diurnal }_
variation observed with ionisation chambers at Huancay&}’
Christchurch, Cheltenham and Godhavn as compared to bhél'
percentége anplitude found with vertically pointing gounper
telescopos at Kodaikanal and Ahmedabad must be attrihﬁﬁeé
to the difference in the apparatus. IJonisation chambers
which can registér intensity from all directions of the sky
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are expected to feveal a lower amplitude of the variation
than telescopes measuring intenaity»coming through a
restricted solid angle from the vertical. This 1avparti-
culhrly true fof variations of non-meteorological origin

due to anisotropy in space of the primary cosmic radiation,

The depanqence of the residﬁal diurnal variation on
local time, its low correlation with terrestrial meteoro-
Jogical and magnetic elements, and the increase of its
percentage amplitude with elevation, lead cne to believe 9
that the variation may be connected with a direct emission *

of moderate and low energy cosmic rays from tno sun,

The Qiew that the pressure éorrected diurnal
variation of mesons is a sensitive index of continuous
solar emission of cosmic rays, is supported by the following
furcther experimental facts:

(1) Long term changes in the nature of the diurnal
variation of mesong, recorded by the Carnegie stations, haie
been found by Sarabhai and Kane to be worldwide in character,
Thesg changes follow broadly the pattern of the solar cycle.
There is als& somo indication from oﬁr own studies, though
not significant, that the daily variation éié@altered during
the past tﬁo years. The annual change of the daily variation
has a maximum of amplitude coinciding with the sun's zenith
distance at Ahmedabad reaching a minimum in June-July. The

hour of maximum also simultaneously advances to an earlier

Vi
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time, as we should expect, if the atmoapheric absorption of
golar cosmic rays is a minimum in gummer and the mean energy
of the solar radiation that is measured also reachaes a
nininmum, Duperier with counter telescopes reports a maximum
of the amplltu&a of the daily variation in summer in agreee
ment with our results. It is not clear yet why lonisation
chamber data of the Carnegie Institution appear to be at
varience with our findings, and those of Duperier on this
subject. UYimpson et.al. have estgblished a connection |
between the central maridian passage of solar prominences
and variations of neutron intensity., HNcher and Forbﬁsh have
pointed out correlations botween these variations aznd cosmic

ray intensity at both high and low latitudes,

Several instances have been reported of oceasional
large inerease of cosmic ray intensity associated with solar
flares. These further demonstrate that charged particles

of cosmic ray energies can be ejected from the sun,

Present knowledge concerning the relationship of
the amplitude and the howr of maximum of the diurnal variae
tion caused by particles from the sun leads us to discard
the current procedure for studying the annual change of the
daily variation and also the view of the boasible contribution
of a sidereal time variation. Tentatively it i3 suggested
that 4t might be more revealing to examine separately the‘

annual changes in amplitude and hour of maxirum respectively.
The author'!s data are not yet extensive enough to yield
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aignificant results, but point the way towards further
oxperimentatidn and analysis for understanding this
puzgling and important problem. Work is continuing now
with this aim,
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