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STATEMENT

In January 1959 the author undertook the maintenance
of a neutfbn moni tor which;was‘already in operation at,
the Physical Research Laboratory, Ahmedabad. This neﬁtron
monitor was of -the sténdard IGY design and had two inde-
pendent but identical sections, each having.3 enridhed'BF3
éounters. The counting rate of fhe neutroh mohitor‘Was
about 12500 bounts/z hours. It was decided to expand this
‘neutron monltor and 1ncrease its oountlng rate so that
small changes in the cosmic- ~ray intengity can be reliably
:studled on a day-to-day basls. For this purpose enriched
"’BF13 counters were purohased from the Atomic Energy
Establi shment, Trombay, India. Due to 1imitétigns of space
in the existing'building‘a new geometry of the neufron_pilé N
was triéd in which there were two layers of BF; counters:
separated'by 2" of lead. A 16-counter neutroh monitor was
set up in the above design. This was lelded into tWO
_independent sections each having 8 BF5 counters (4 upper
+ 4 lower), The %otal counting rate 'of this neutron monitor
was about B0,000 countwes/2 hours. ‘Reiiable data from thig

heutron monitor were obtained for the years 1962 and 1963,

On account of the geometry of the neutron monitor
differing from the standard IGY ingtrument, the barometric

pressure coefficient was experimentally determined and



(ii )
Waé“fOUﬂd to be about -0.86%/mm .of Hg. . The variations
in the pressure corrected monthly mean éounting rate wére
compared with the data from Mt. Norikura neubtron monitors
A part of the variatiOﬂ'seems to be- due to the atmospherio

temperature effect on.the’nuoleonic component.,

Wlth the exigting fa0111t1es it was not possible
to further increagse the douriting rate of the Ahmedabad
neutron moniter., However, WI%h the beglnnlng of the IQSY,'
'seVeral,highAcountlhg rate neutron monitors started
Afuhctioning at varieus locations. A study of the modulation
of thée galactic cosmic-ray intensity'was thereforermade_by
‘uping the data from these neutron monitors. It is well
known that the electromagnetic conditions of the inter-
planetary spacé,‘relévant to the modulation of the intensity
0f galactic cosmic-rays are under solar oonﬁroi; In order
to relate the ground based cosmic-ray measuréments with the
conditions in the interplanetary space and those on the Sun,
a study was undertaken to egtablish s%atistioal relatiohships
between the solar coronél intengity at 5305,AQ, solar
wind velocity measured in the interplanéﬁary space and the
intensgity of galactic cosmic-rays observed at the earth.
The solar coronal intensity was particularly chosen since
it seems %o be closely related to the conditions in the

solar corona which are relevant to the solar wind veloci tys
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The data on A B303 intensity héve been obtained from the

maps of the sun, supplied by the Fraunhofer Ingtitute,

Freiburg,'while the data on the solar wind velocity,

measured on Mariner-2 and IMP-1, have been made available

by the respective investigators.

(1)

(2)

(3)

The above study includes the folioWing investigationst

The 1ll-year variation of the galactlc cosmic~ray
intensify is compared with the average A B303 intensity

at each 5° heliolatitude for the period 1957-1967.

Using cross~correlation analysis, an empirical relation-
ship between A 5303 coronal intensity and solar winé
velocity, as measured on Mariner-2 and IMP-1 1s

egtablished.

The 11-year variation of the solar wind velocity,confined
to low heliolatitudes (+ 50); is estimated for the
period 1957-1967 by using (a) the empirical relationship
between ,A 5303 intengity and solar wind velocity and

(b) by using the available data on the temperature of
the dinner corona following Parker's polytrope modél

of the expansion of the solar corona.

An empirical relation is established between the
long-term variation of cosmic-ray intensity and solar
wind velocity at low heliolatitude (4 5°). In terms

of the diffusion-convection model of Parker, the
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empilrical results are used to estimate (a) the cosmic-
ray intensity in the nearby interstellar space -2d
hence the residual modulation at the solar minimum

in 1965; (b) radial gradient of galactic cosmic-rays

and diffusion coefficient, X along the inter-

11’
planetary magnetic field direction and their

rigidity dependence.

(5) Digtributions of coemic-ray intensity perpendicular
to the ecliptic plane are empirically estimated by
using the distributions of A 5303 intengity ih
heliolatitude. Foilowing Subramanian and Sarabhai (1967),
humerioal calculations are carried out to esgtimate
the diurnal and semi-diumal anilgsotropy of the
co smic~ray intensity resulting from these distributio?s
for assumed value of thé interplanetary maghetio field

strength.

- (6) Longitudinal distributions of long-lasting active

| regions in the solar corona and long-lived Ca plages
are studied in relation to the 27~day recurrent
variations of (a) isotropiclintensity of galactic
cogmlc-rays measured on the earth (b) anisotropic
characteriétics of gélactic cosmic;ray intensity

(e) K, and (d) low energy cosmic radiation observed

by satellites and space probes.
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The present study représemts perhaps oné of the few
attempts to quantitatively sanalyse the relationships of
solar aofivity with conditions in interplanetary space and

“their effects that are'measuraﬁle.on the egrth through
oosmio-ray modulation and- geomagnetic changes. The results
provide interesting insights relevant to the models of

the modulation of the galactic oosmic—fays through changes

of the electromagnetic conditions of the interplanetary

space.,

UM U BN YN

(VIKRAM A. SARABHAT) N ( P.N. PATHAK)



ACKNOWLEDGEMBNT

I am grateful to Prof. Vikram A. Sarabhai for
the ggidance and encouragement he has given me to carry

~out the work presented in thisg thesis.

It is a pleasure to- acknowledge useful discussions
I had with Dr. G. Subrameniean and Dr. U.R. Rao. I am
thankful to Mr. S.R. Thakore, Chief of the computing
centre, Physical Research Laboratory, for giving the 
computer. facilities. Thanks are also due to Mr. K.C.Patel
for his help in the processing of the data. I am grate-
ful %o Mr. D.V.N. Shama with whom I had useful discussion

regarding the method of Factor Analysis.

I am grateful to Prof. K.0. Kiepenheuer of
Praunho for institute, Freiburg, for the maps of the
Sun, from which the data on A5303 intensity were
obtained. I am indebted to Prof. D.E. Billings for the

data on coronal temperature.

During the initial period, the author was a
recelplent of a scholarship from the.Ministry of
Education, Government of India, which is gratefully

acknowledged.

Finally, I cannot thank enough my wife, Devangana,
who has forgone much pleasure and convenience and

provided me with invaluable moral support.

( P.N. Pathak )



CONTENTS

CHAPTER I. INTRQDUCTION
1.1 Time variation of Cosmic-ray intensity
1.2 Primary Cosmic rays ;. .o
- 1.21 Composition and Energy Spectrum
1.22 Geomagnetic effect oo
1.23 Asymptotic Directions ..
1.3  Secondary Cosmic fays . .o
-1.31 Production - .o
1.32 Atmogpheric effects .o
1.4 Relagtion of variation in secondary to

variation in Primary Cosmic~ray intensity.

1.5  Experimental Evidence on the Time variation

of Cosmic~ray intensi ty .o .o

1.6
the Interplanetary Sp ace .o

1.7 Direct measurements of Solar wind and
Interplanetary Magnetic Field ..
Indirect Methods for the Observation of

1.8

lodels of Plasma and Magnetic Field in

Interplanetary Plasmg .o

1.81 Comet Tail Observations ..
1.82 Geomagnetic Observations .
1.83 Optical Obgsrvations .

1.84 Radlo Astronomy Observations

11

16

16

17
17

18



1.9

CHAPTER
PART T:

PART TI:

1ii
Cosmic-ray Modulation Theoriesg | .
1.91 MNodulation by Static Electric and
| Magnetio_ﬁields .o v .
1.92 Solar Corpuscular Beam Modulation ..

1.93 Modulation by Inverse Fermi Mechanism
1.94 Diffusion through irregular

magnetic fields . e
1.95 Diffusion -. Convection Model .o

(a) Radial Gradient .o .

(b) Anisotropic Diffusion e
1;96 Modulgtion of galactic Cosmic rays

: and Power Spectrum of the inter-

planetary magnetic field .o
1.97 Theories of Diurnal Variation e
IT.
EXPERIMENTAT TECHVIQUE AND PROCESSING OF
DATA | . .. . .
2+11 The Nucleonic component of Cosmic rays
2.12 Neutron detection . .o
2.15 Detection of Cosmic~ray nucleoni c

component ve - . .o
2.14 VNeutron pile geometry at Ahmedabad
215 Electronic clreuits .o oo
©+16  Test Procedure and Practical

Precautions .o e .o
2.17 Processing of Datg .;‘ -
RESULTS OF THE ANATYSES o .
2.21 Introduction .. .o ve

19

19
20

22
22
26

27 |

32

39

39

40
41
43

54

61

61



iii
42.?2.'Esfimatioﬁlof“the standardrerror ‘s 61
- 2.23 Déterminatioﬁ of the pregsure coéfficient 63
2.4 Chenges in Mean intensity during 1962-1963 66
2.25 .Temperature Correction . | .o 70

2.26 Dally variation during 1962-1963 .. 71

CHAPTER III.  SOLAR CORONAL INTENSITY, INTERPLANETARY
| WIND AND COSMIC-RAY INTENSLTY

3.1 Introduction . - - 76

3.11 A5303 Coronal Intensity data T

3.12 Coronal Index - .a 79

C 3.2 Solar wind veloclity and A5303 coronal

intengl ty .o o e 80
3.21 Introduction .. . .. 80
3.22 Analysis of the data ‘o . 81
3.23 Summary of the fesults oo . 96
3. 24 Discussion o . .o 97

3.2 1ll-year variation of golar WWnd
veloclty oo .o <. 102

3+3  Long-term modulation of Galactic Cosmic-ray
Intensity and A 5303 intensity .. 109

3.31 Introduction .. .. .. 109

3.32 Tong-term variation of A5303
~intengity at different hello~
latitudes . . .o 110

3.33 Correlation of ll-year variation
of Cosmic~ray intensity with
A 5303 intensi ty .o oo 114



340

3.6

Cdiv

ll-year Variation of Cosmic-ray intensi ty

and Solar Wind Veloci ty . .
3.41 Introduction : - ‘e
5.42 ‘Empirioal relationship between

solar wind velocity and cosmic-ray
intengl ty - .

5.43 FEstimation of Residual modulation
at Solar minimum in 1965 .
3.44 Estimation of Radial Gradient of
Galactic Cosmic-ray intensity and
Kll - . 8 B * 9 N LI
Digtribution of'Cosmio—ray intensity as a
function of Heliolati tude .o .
- 3.01 Introduction .. ‘e .o
3.52 Distribution of A5303 intensity in
heliolatitude .o - -
5.53 Distribution of Cosmi.c-ray intengi ty
in heliolatitude . .
3.54 Inisotropy of Galactic Cosmic rays
arising from its latitudinal
digtribution .. .o o
3.955 Method of Numerical calculation of
Cosmi c-ray anisotropy from given
distribution .. N .
5.06 Resuits‘ . ‘e e

£7~day recurrent changeg in Co smi c-ray
intenglty and coronal intengity oo

3.61 Introduction .. .. .o

5.62 TLong-lasting active regliong in the

'solar corona and their relationghipsg

with the 27-day recurrent variations
in Geophysical parameters o

117

117

118

120

129

130

130

131

133

136

- 138

“40

147 -

147

149



v

3.65 Cross-correlation analysis between
»5303 intensity and parameters
measured on the Barth related to
Interplanetary conditions . - 158

.64 Study of 27-day Recurrent

variations using the method of
Factor analysis . Cee 161

CHAPTER IV. DISCUSSION AND CONCLUSIONS

4,1 Solar Wind Velocity and A53073 intengi ty 172

.4.2 Long~term modulation of Galactic
Cogmi c~ray intengity and A5303 intensity 176

4.3 © 1l-year Variation of Cosmic-ray intengity
and solar wind velocl ty v . 177

4.4 Distribution of Cosmic-ray intengity
as a function of heliolatitude . 185

4.5 27-day recurrent variations of Cosmic-ray
intensity and coronsl intensi ty ‘e 187

~ Referenceg .o _— - (1) to (xii)





