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This thesis presents the results of investigations 

of the time variations- of cosmic rays carried out by the 

author with hard component at Gulmarg { X s 25 , alt*- ZlkOsx) 
during the years 1956 and 1957, and at Physical Research 

Laboratory, Ahmedabad ( A -+1 4 °, alfc.= s.l.) during 195$ with 

nucleonic component of cosmic rays. Intensity of hard 

component was measured with vertical narrow angle counter 

telescopes and that of the nucleonic component was measured 

with a standard neutron monitor* Data from other stations 

of the world operating- during the period were also

examined to confirm the.worldwide characteristics of some 

features of long term, short-term, and day-to-day changes 

in solar daily variation and daily mean intensity of cosmic 

rays. The principal results of the investigations are 

summarised below ; :; :

(1) The change in the annual mean solar daily 

variation from 1956 to 1956 at Ahmedabad and Huancayo, both

at low latitudes, involves the shift of the time of maximum
of

of diurnal 'and to some^ extent^the semidiurnal component of
» i s  . 7 * '

I ; ,

solar daily variation,’; towards later hours. This basic change 

is independent of geomagnetic activity. Further the pattern 

of change of annual mean solar daily variation is different 

at equator and at intermediate platitude (X * + 25°)•
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(2) The annual-,mean solar diurnal variation observedri r-
at Gulmarg ( x=+25°V!alt. - 2740 m) during 1956 and 1957 

is consistent with the view that the source responsible for 

this variation is situated, outside the confines of the 

geomagnetic field# T h e ;comparison of theoretical calculations 

with experimental data-show- that the source responsible for 

the observed diurnal variation was situated to the left of 

the earth sun line at an angle of x » 50° £ 15° and had a 

power in the equatorial planq ( - 0) given by: a {̂ S* 0)=0*09+OoJ
gv. ; ;, j

(3) The evidence concerning annual periodic changes 

in solar daily variation of.-hard component is rot quite 

consistent# Whereas Sekido -and loshida (1950) had presented 

evidence to show■that the amplitude of solar diurnal variation 

is maximum and the time of maximum of the solar diurnal 

component is earlier in equinoxes, the present evidence 

indicates that the amplitude of solar diurnal variation is 

maximum in summer and winter with earliest time of maximum

in summer and gradually, shifting to later hours# Also the 

nucleonic component;at. Mt#Horikura does not exhibit any 

annual periodic change of solar daily variation. Further 

studies are therefore necessary, using high counting rate 

instruments, together with a -'regular series of radiosonde 

flights at different— seasons/'which would permit a proper 

correction to be applied to- the meson intensity results, for 

changes of temperature in lower atmosphere#

(4) Enhanced solar daily variation is a worldwide
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effect and high- values of the variance of bihourly deviations 
as represented by % 2 ( >27, see sec.4.23) at Ahmedabad 
provide us with' a convenient index of picking out days, on 

which enhanced solar daily variation occurs on a worldwide 
basis *

(5) During 1957-53, increased geomagnetic activity, 
by itself, does not have any repurcussions on the character 

of solar daily variation. However, increased geomagnetic 
activity does accompany certain striking changes in solar 

daily variation. Some of these are (a) high values of diurnal 

component of solar daily, variation on (see sec*4 *2 3) days 

are in general accompanied by increased geomagnetic activity, 
(b) high variability in the time of maximum is accompanied
by enhanced geomagnetic 'activity*

(6) The' time; of maximum of the solar diurnal 
variation of the nucleonic component is subject to enhanced 
variability compared to that for hard component during 
magnetic storms of the SC type.

, i ___

(7) No ‘unique.,and simple relation exists between the
. ‘ \

solar semidiurnal' variation and SC type storms.

(3) There exist correlated changes of daily mean 

intensity and solar daily variation of cosmic rays which
r l~" ■

are of worldwide natureV 'Further these correlated changes 
involve not only decreases but also increases of daily mean 
intensity. Taking into account everything one is, thus led to
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believe that several processes are involved in the various 

cosmic ray variations that have been observed. Tentatively 

these processes may be subdivided into Hie following groups:

(a) Those responsible for causing the 11 year change 

with solar cycle involving decrease of i n t e n s i t y ,

(h) Those responsible for GRS during which the 

cosaie ray intensity ‘is depressed.from a f e w  days to a fe w 
weeks *

/

(c) Those responsible for day to day changes which 

involve both increases and decreases.

(d) Those responsible, for causing prestorm type 
decreases and increases.

(9) The present investigations have been handicapped 

oy the counting rate of the instruments n o b  being large enough 

to study hour to hour or. day, to day changes of intensity 

with precision. Further.confirmation of results reported here 
is necessary.

The author has included at the end of this thesis 

a list of references to original papers published in different 

parts ox the world. The thesis mentions' the specific information 
derived from each one of them.

Guiding teacher, |

\id_lU_hL
\  \  Vv AaA'vO—
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GENERAL SURVEX

I

1.1 Introduction

As a result of the copious amount of work done 
during the last few years, the complex nature of cosmic ray 
variations is beginning to be appreciated. The geophysical 
and astrophysical implications of the study of cosmic ray 
variations are apparent. The study of cosmic ray variations 
thus bids fair, not only to establish an intimate link with 
meteorology, geophysics, heliophysics, and astrophysics but 

it goes even a step further and promises to put at our 
disposal an effective probe for investigating the electro­

magnetic state of the interplanetary and interstellar space. 
Elliot (1952), Simpson (1955), Sarabhai and Nerurkar (1956) 
and Singer {195$) have reviewed Idle progress made in the 
study of cosmic ray variations during its various stages of 

development. Borman {195?) has written a comprehensive 
treatise on the subject encompassing its many varied aspects.

This thesis deals primarily with the study of the 
nature of, and the long and the short term changes in the 
solar daily variation and in the daily mean intensity of 
cosmic rays. In what follows, therefore, we shall be content 
with pointing out the experimental results relevant to the 
present investigation and the various interpretations
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offered to explain them; a passing reference would, however, . 

be made to other types of cosmic ray varia tions.

1.2 Primary cosmic rays and th e ir  in te rac tio n  
with the geomagnetic f ie ld .

Of the order of Bo$ o f primary cosmic rays consist 

of protons and the re s t 20$ of the nuclei of heavier 

elements {Peters, 1952). Thus the source of the varia tion  
observed on the earth has to be traced, to a f i r s t  

approximation, in  the varia tionso f the most numerous 

component of primary cosmic rays i . e .  protons. Thus in  what 

follows by prim aries we would mean, the primary protons.

Because of th e ir  charge, the prim aries are subjected 
to  the Magnetic analyser’ e ffe c t of the geomagnetic f ie ld  
which can be roughly represented by a dipole having a 

magnetic moment of $.06 x 1 0 ^  gauss cm? (Vestine and Lange, 

1947) and situated  a t 400 km (Jory, 1956.3) from the centre 

of the earth . Assuming isotropy of the prim aries and 

applying L iouv ille’s theorem i t  i s  found th a t a t a given 

geomagnetic latitude** {A ) certain  d irec tions became 

inaccessible fo r charged p a r tic le s  having momentum le ss  than 

a certa in  minimum value pmin (the so called  forbidden or the

* Recent work o f Rose e t a l (1956), Waddii^on (1956), Kodama 
and Miyazaki (1957), Rothwell and Quenby (1957), Simpson (195$) 
MacDonald (1957), Pfotzer (1956), Skorka (1956), however, 
ind ica tes  th a t such a simple representation i s  inadequate to 
explain the re su lts  obtained by them.

** I f  geographic la titu d e  and longitude of a place be«A and <A 
respectively  then (McNish, 1936)

^  * arc sin  £ 0 .1963 cos A  cos ( *A. -  290°) +0.9601 sin  A
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Stormer*s cone). Again since the geomagnetic dipole is 
located at a certain distance from the centre of the earth, 
pmin will also depend on the longitude of the place of 
observations. Thus for a particle to reach any particular 
point of observation and along any particular direction 
it must have a certain effective minimum value of energy 
£mia (corresponding to momentum prain). But since the number 
of primaries decreases sharply with increasing primary 
energy (e.g. see the spectrum given by Neher, 1952) the 
observed intensity of cosmic rays depends strongly on , 
Thus by studying the time variations of cosmic rays at 
points with different values of Erain the dependence of 
these variations on the energy of primaries can be 
investigated.

If, in addition, one knows the trajectories, in 
earth*s magnetic field, of the primary particles causing 
particular type of variation, we can determine the direction 
of the arrival of these particles outside the geomagnetic 
field and thus locate and study the properties of the source 
responsible for these variations.

Stormer (1936), Lemaitre and Vallarta (1936), Dwight 
(1930), Schluter (195.1), Firor (1954), Jory (1956b), Lust 
(1957) and Gall and Lifshitz (1955) have numerically 
calculated the trajectories of, primaries of energy ranging 
upto 10 GV. But the credit for putting ,the results of 
trajectory calculations in readily usable form goes to 
Malmfors (1945) and Brunberg and Dattner (1953), who
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experim entally  determined, the t r a je c to r ie s  of a l l  f i e l d
' ' ' \

se n s itiv e  p rim aries having an energy g re a te r  than 2 GV 

and a r r iv in g  a t s ta t io n s  s itu a te d  on geomagnetic la t i tu d e s  

0 ° , 10°, 20°, 3p°, io°, 50°, 60°, 70° and S0° along th e

zen ith  angles 0 ° , S°, 16°, 32°............. 56° in  the E-W and

N-S p lan es . The v e lo c ity  vec to r of the prim ary of known 

r ig id i t y  was sp e c if ie d  by two asym ptotic coord inates*

) fo r  a given la t i tu d e  and a  given d ire c tio n  of 

a r r iv a l  and these have been p resen ted  in  a convenient 

g rap h ica l form. For p a r t ic u la r  s ta t io n s  Brunberg (1956) 

has a lso  rep resen ted  these  coord inates on c e le s t i a l  sp heres. 

The m eridians here show th e  angle of ‘d r i f t*  of the 

p a r t ic le s ,  while p a r a l le ls  show the angle ^  . The f ig u re s  

around the curves give the value of £ , th e  energy of th e  

prim ary p ro ton . • r

Their r e s u l t s  enable one to  determ ine th e  asym ptotic 

d ire c tio n s  of p a r t ic le s  of given energy and a r r iv in g  from a 

given d ire c tio n  a t  a given p lace , ou tside  the  in f lu en c e  of 

the  geomagnetic f ie ld  (a t a d istance  ^ 1 0  e a r th  r a d i i ) .  

However, becuase of the d i f f e r e n t ia l  bending su f fe rre d  by 

p a r t ic le s  having d if fe re n t  en e rg ies , the impact o f the f lu x  

emanating from even a w ell defined source lo c a te d  a t a la rg e

% i f  fhg le  between th e  d ire c tio n  of motion of p a r t ic le s  
a t  in f in i t y  ( i . e , ^  10 e a rth  r a d i i )  and the p lane of 
geomagnetic eq u a to r$ is  the angle between the p ro jec tio n  
of the d ire c tio n  of motion of the p a r t i c le  a t  i n f in i t y  on 
to  th e  plane of the geomagnetic equator ,and the p ro jec tio n  
on to  the  same plane o f the  rad iu s  v ec to r produced from the 
cen tre  of the e a r th  to  the po in t on the e a r th ’s su rface  where 
the p a r t ic le  should impinge ( th e  angle of ’d r ifv * } . The angles 

and <| la rg e ly  depend on E, )  , ^  , and ? (Malmfors, 1945; 
Brunberg, 1953 and Brunberg and D attner, 1953).
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d is ta n c e  ( ^  10 e a r th  r a d i i ) would g e t s t r o n g ly  ‘b lu r r e d ’ 

and i t s - d i r e c t i o n  o f im pact a s  observed  on e a r t h  would n o t 

o n ly  depend on th e  d i r e c t io n  of a r r i v a l  o f p a r t i c l e s  on 

th e  e a r th  and th e  l a t i t u d e  and lo n g itu d e - and th e  h e ig h t o f 

th e  p la c e  o f  o b se rv a t io n  bu t a l s o  on th e  ty p e  o f secondary  

component b e in g  re c o rd e d ; w hich makes th e  -problem of 

lo c a t in g  th e  d i r e c t io n  of th e  so u rc e  of v a r ia t io n s  from  th e  

v a r i a t io n s  rec o rd ed  on th e  e a r th  r a t h e r  complex* To a f i r s t  

a p p ro x im atio n , however, i t  i s  p o s s ib le  to  d e f in e  ‘e f f e c t i v e  

asy m p to tic  a n g le s  ■ & o f  th e  so u rce  as fo llo w s  (Dorman,
A ^

1957)

( 1 . 1 )

(1 . 2 )

where ^ (£ , h0 ) i s  th e  ’c o u p lin g  c o e f f i c i e n t ’ (see  S e c . 1.4 

• p . 12 ) g iv in g , th e  m agnitude of v a r ia t io n  to  be' ex p ec ted  in  

th e  i ’k*1 (secondary ) component ’ re c o rd e d  a t  th e  geom agnetic 

l a t i t u d e  A , a t  a  p re s s u re  l e v e l  hQ f o r  a  c e r t a in  v a r i a t i o n  

& D (£ )/d (B) in  th e  energy sp ec tru m  D(E-) of th e  p r im a r ie s  

cau sin g  th e  p a r t i c u l a r  seco n d ary  v a r i a t i o n . The low er
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lim it of integration is determined either by instrumental 
cut off or. geomagnetic cut off or the cut off in the energy 
spectrum of the primaries due to modulating processes, 
whichever is  more.

— *  iOnce 'sf' i s  determined, the direction of the source 
(X*) with respect to the sun-earth line is  given by (Doraan, 
1957)

4  s ( 4 a X>̂ -  ,2 > <1-3)

where . is  the time of maximum of the variation of i ^
component recorded on the earth. For an observer in the 
northern hemisphere who is  looking at the sun, the angle X 
is  positive to his le f t  and negative to his right (Dorman 
and Feinberg, 1958a).

1.3 Passage of the primaries through earthts atmosphere

The high energy primary protons and heavier nucleii 
impinging on the top layers of the atmosphere generate 
electron-nucler showers whidh consist of secondary nucleons 
(protons and neutrons), charged and neutralTT-mesons (pions) 
and heavier mesons which also ultimately decay giving pions 
(Shapiro, 1956). At each interaction the primary particle, 
at least in the energy regioiE ^  10 x 10 * eY, retains a 
greater part of i t s  energy (about 2/3, Grigorov et a l, 1955; 
Vernov et al, 1955)* At energies 20 GY the primary protons 
form mesons not only on. the f i r s t  encounter but on two or 
three subsequent ones too (Grigorov and frlurzin, 1953) • The
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cascade so generated is shovax Schemetically irh Fig * 1 

given by Simpson (1953)*

Pig, 1 ~ Schemetic representation of she typical 
development of the secondary cosmic rays 
■within the atmosphere arising from an 
incident primary particle.

The cosmic rays observed at sea level or on mountain 

tops are predominantly secondaries. Phenomenologically they 

are conveniently divided into two main components known as 

’hard1 and ’soft* components. Hard component includes all 

particles which penetrate 10 cm of lead, the remainder 

being the soft component. At sea level the former consists 

of roughly 99$ of /u-mesons - moons - (formed by the decay 

of charged pions in the top layers, 100-200 mb, of the 

atmosphere) and the remainder are protons ( 0.5$) and

penetrating shewer particles. The latter consists of



electrons and low energy mouns and protons*

In phenomenological defin itio n  of bare component 

only ionising p a rtic le s  were considered but besides there 

are present a number of neutrons which a re , of course, 
secondary p a rtic le s  produced in  the atmosphere. The number 

of these depends strongly on the energy band which is  being 

measured (Gie^er, 1956; Brown e t a l ,  1949; Puppi, 1952). 
Neutrons having energies down to a few MeV are present.

These neutrons together m th  a few high and low energy 

protons (which can penetrate about 5 to 6 inches thickness 

of paraffin  and produces nuclear in te rac tion  in  lead) 

constitu te  the Tnucleonic component; *.

Grigorov and Mur aim (1953) and Vernov et a l (1955) 

have shown th a t the primary protons in  the energy range 

< 7  6? (mean 3 GV) tran sfe r about 60% of th e ir  energy to 

nucleons and only 25$ to  charged pions, while protons of 
energy 7 GV (mean 20 GV} tran sfe r considerably larger 

amount of energy — 50$ to charged pions• Further 

according to  Rose and Katsman (1956) primary p a r tic le s  of 

energy as low as 1.5 GV and probably a l i t t l e  lower, 

generate measurable amount of neutrons a t sea lev e l (at 

places where *Stomer cone1 admits such prim aries). This 

information supplemented by the knowledge th a t meteorological 
corrections can be more unambiguously applied to nucleonic 

component (see See. 1.5, p*H) makes i t  possible to  re la te  
the variations of nucleonic component reg is te red  deep down
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in the atmosphere, in a unique manner, to the temporal 
changes of low energy primaries (Fonger, 19531# Hard 
component (corrected for meteorological effects), on the 
other hand, can be used to study variations in relatively 
high (20-50 GV) energy band of the primary spectrum 
(Brunberg and Dattner, 1954)*

1*4 Methods of linking variations of secondaries to
those of primaries

The chief objective of the/study of tine variations 
of different components of cosmic rays, recorded at different 
latitudes and altitudes, is to connect these variations with 
variations in the primary energy spectrum incident on the 
top of the atmosphere. First step in this direction was 
taken by Meher (1952) who showed that the latitude effect 
data at a particular pressure level (hQ ) could be used to 
calculate the number of secondary particles, n^iEjh^), of 
the itli component at h0 formed by a single primary particle 
of energy 1* m*“(E,h0) was called the *over-a~l multiplicity’*
Treiman (1952) and Simpson et al (1953) succeeded in 
transferring the concept of •multiplicity1 to the study 
of variations of secondary component and thus calculated
* specific yield function*, Fonger (1953) evolved the concept 
of ’effective spectra** to determine qualitatively the

* Brown (1957) has since presented the revised values for
these. Webber and Quenby (1959) have calculated the ’specific 
yield functions* taking account of higher order terms to 
represent earth’s magnetic field at large distances from the 
surface of the earth,



10 -

dependence o f th e  various secondary v a r ia tio n s  on the  

energy o f p rim aries producing them* Dorman*s * coupling 

co e ff ic ien ts*  ^  (E,h0 ) (1955) rep resen ted  e s s e n t ia l ly  

a refinem ent and an ex tension  o f th e  above concepts*

B asica lly  a l l  au thors have made use o f  th e  

experim ental dat§  on la t i tu d e  e f fe c t  on th e  io n is in g  o r 

neu tron  component obtained  by in strum en ts of p a r t ic u la r  

geometry f o r  th e  a l t i tu d e s  they  were in te re s te d  in* The 

advantage of such a procedure l i e s  in  th e  f a c t  th a t  no 

assumption need be made regard ing  th e  n a tu re  o f p rocesses 

involved in  th e  transfo rm ation  o f p rim arie s  in to  v ario u s 

secondaries. The l im ita t io n  o f th i s  method, on th e  o th e r  

hand, i s  th a t  i t  ap p lies  only to  f i e l d  s e n s i t iv e  p rim aries 

(E ^ 1 5  GY) and f o r  h igher en e rg ies  e x tra p o la tio n s  have 

to  be made which by t h e i r  very n a tu re  in tro d u ce  a c e r ta in  

element o f u n re lia b il i ty *

The t o t a l  v e r t ic a l  in te n s i ty  (h0 ) of i ^

component (mouns, n eu tro n s, s t a r s ,  b u r s ts ,  s o f t  component 

e tc* ) observed a t  l a t i tu d e  A , lo n g itu d e  f  and a t  th e  

p ressu re  le v e l  h0 i s  g iven  by

Oo

H1 (h ) -  f B(E) m1 (E, h . )  dB . . . ( I . A j)
■i , f  °  J  min

E
A , f

where D(E) i s  th e  d i f f e r e n t i a l  energy spectrum o f p rim arie s ,
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m M E ,  h 0 ) i s  t h e  m u l t i p l i c i t y  a n d  iim ^n t h e  e f f e c t i v e  v a l u e

o f  t h e  m i n i m u m  ( c r i t i c a l )  e n e r g y  a l l o w e d  b y  e a r t h ’ s m a g n e t i c  

f i e l d }  f o r  d e t e c t o r s  l o c a t e d  d e e p  d o w n  i n  t h e  a t m o s p h e r e  

m a y  b e  t a k e n  t o  r e p r e s e n t  v e r t i c a l  c u t - o f f  e n e r g y ,A ,f
D i f f e r e n t i a t i n g  (1,4) w i t h  r e s p e c t  t o  t h e  l o w e r  

l i m i t  o f  i n t e g r a t i o n  w e  g e t

m B thm i n  )  a 1 (Emin , h „ ) 
• J ' . f ’ A ' , S '  0£

o r

1C /  ( # in  , (1*5)

w h e r e

(1.6)
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W* (£, h0) is called the coupling coefficient and it 
A f

gives the magnitude of variation in i ^  (secondary) 
component for a certain variation in primary spectrum*
If relative variation of intensity is measure! in percent 
and total energy of primaries (E) is measured in GV then 
W*" (E, hrt) will be in % GV^* Fig* 2 shows the values of
coupling coefficients obtained by Dorman* for various 
components recorded at various pressure levels h0.

Fig*2 - Coupling coefficients, (1) For total 
intensity,(ionising component) at high 
altitude* (2) For sea level neutron 
intensity*(3) For 4300 meters altitude 
total intensity. (4) For sea level 
hard component*

* As a first approximation he has neglected the longitude 
dependence of coupling coefficients.
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The tim e v a r ia tio n  o f the observed in te n s i ty  o f  th e  

i**k component o f cosmic ray s can be got by varying eq*(1*4) 

w ith re sp ec t to  a l l  a v a ila b le  param eters and making 

s u b s t i tu tio n  from «q*(1 ,6 ) .  Thus,

JHT (h0 )
........

W
v J , f

(hQ)
.  d"in  ** ■ h j  ♦ ]  ^

A , £  J.f ° J i a  0 { S )
A,f

\ f lE ,h0 )dE

♦ J Uha»fa0)
grain

 ̂ >f

(B,h0 )dS • •* (1*7)

I f  experim ental da ta  o f v a r ia t io n s ,  recorded by a p a r t ic u la r  

d e te c to r , a re  co rrec ted  fo r  m eteo ro log ica l e f f e c t s ,  the  

th i r d  term on r*h*s» in  eq»(1 ,7) becomes aero* F u rth er when 

v a r ia tio n s  involv ing  changes of e x t r a - t e r r e s t r i a l  prim ary 

f lu x  a re  s tu d ied , the f i r s t  term  on r . h . s .  o f eq*(1*7) a lso

£ £ (S, hQ)dS ...(1*& )

where index j  in d ic a te s  th e  type o f v a r ia tio n  ( s o la r  d iu rn a l, 

sem id iurnal, 27 day, annual, 11 y ea r, e t c . ) ,  and £^D(E)/D(E)

becomes aero* Thus,

t 1 l A 1
I

V

gnxn
A , t
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gives the relative variation of the primary f l u x  and may, 

therefore, be called *energy spectrum of the variation of 

the primaries1# Eq* (1«$) can b e  utilised f o r  uwo purposes:

(1) Quantitative verification can be m a d e  of specific

hypothesis as t o  the origin of various variations, and

(2} Using data of various secondary components having

subsantially different (E, h A ), the energy spectrum
X *fof the variations of primary cosmic rays oD(E)/D(E) 

fo r  a particular type of variation of secondary 

component can be determined#

1 #5 Methods of eliminating meteorological effects

Before any attempt is m a d e  to l i n k  the variations 

of the various secondary components recorded deep down in 

the atmosphere with variations of the primaries, it is 

necessary to rid the data of the variations induced in the 

terrestrial atmosphere* We shall consider meteorological 

corrections to be applied only to two m a i n  components 

(hard and nucleonic) of cosmic rays which have been studied 

in this thesis#

1*51 Meteorological corrections for hard component

From purely qualitative arguments on m e s o n  decay, 

Superior (1949) sought to correlate sea level intensity
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variations ( S I/I) with changes in ground pressure (SB), 
variations in the mean height of 1 production layer* C&K}, 
represented by variations.in height of a fi^ed pressure 
level (100 mb. layer was chosen) and temperature changes 
(ST) in the region nf reference level (average temperature 
between 100 and 200 ‘ mb * was used). He thus aoggested a three 
term' regression formula of the form

«§|i. ® ^SB + oC|T S H - r  c C t g  & T ,  *.* (1 *9)

However the values of the coefficients f t  3 °^T
determined by different wox-kers (on the basis of extensive 
data in each case) have yielded widely different values 
(e*g* see summary given by Bachelot and Confcrto, 1956)«
This is not surprising, because as pointed out by Barrett et al 
(1952), %ada and Kudo (1954)» Trefall (1955c,b,c) and more 
recently by Mathews/ (1959), no distinct physical meaning 
can be assigned to the three terms in eq*(1«9) because each 
of them includes the contribution of eifects which should be 
represented by two other terms separately*

01berb (1953) has shown that eq* (1*9) is consistent
i

i kwith a theoretical approach phased on the assumptions i

(i) mouns are continuously produced in the atmosphere and
(ii) they lose energy by ionisation in passing through, the 
air ) provided S T represents the variation of mean
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temperature from sea level to pressure level x 2 ^ 2 ~ 2 ^  

and if S  H is the variation in the height of pressure 

level x.j (xj ^  100 mb) * M aeda and W ada (1954) have 

improved upon Q l b e r t *s calculations by taking account of 

the fact that mouns are produced by the decay o f  pions 

and have derived the ’partial temperature coefficients' 

which take account of temperature changes in each layer 

of the atmosphere instead of the average temperature change# 

Hayakawa et al (1955) extended Maeda and tfeda’s wor k  by 

considering the contribution of nucleonic cascade to the 

production, o f  pions which in tur n  decay into mouns#

Starting from F e i n b e r g ’s work (1946), Dorman (1954) 

worked out a comprehensive theory of meteorological effects; 

his basic assumptions being similar to those of M a e d a  and 

jilada (1954)* The final result has been' expressed by Do m a n  

in b h e  form

h 0
* A & B  + J~ ■ Wy(h) &T(h). dh . . * ( 1 * 1 0 )

, ; ; i ' O

where &  T is the change in temperature of the isoberic 

level at xvhich the pressure is h  atmospheres; for an 

observations at sea level the pressure h 0 (in atmosphere^ 

is equal to unity. Graphs of the ’temperature coefficients 

density* W y ( h ) a s  a function of observational levels (h)

* Wf(h), is defined as the contribution to temperature effect
due to 1°G change in temperature of isobaric level h 
(Dorman, 1957)*
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in the atmosphere and underground has been given by 

Borman ,(d 957) for the detectors having different
i

geometries. Wf(h) values are universal and in first 

approximation hold for all latitudes and longitudes, 

has further suggested that fo r  all practical purposes 

integral m  eq. (1.10) ' -can be converted into a sum and 

eq. (1.10) can be written as

He

the

i=1121 Ki Stx 
i~1 .

(1.11)

P is the ffiass absorption cpefficient and can be d e t e m i n e d  

unambiguously and ■ S is, the temperature variation in the 

iso baric level and Kj_ are the integral of Wrj(h) over 

the respective layers. ■ The levels normally used are 1000, 

S00, $00, 700, 600, 500, 400, 300, 2 0 0 j 100 and 50 mb, the 

corresponding values of are given in S e c. 3.11. It 

should however be pointed out that this method cannot be used 

to correct the data of daily variation of cosmic rays on 

individual days because 5  Tj_ is determined by means of 

radiosonde, which determination is subject to certain 

inherent systematic errors'(Kay, 1951) reaching as high 

as 2 to 3 G and Dorman and Fein berg (1956) have shown 

that systematic error of 1°C in the determination of 8 

results in an error o f ,0.3% in temperature correction to 

be applied to the amplitude of diurnal variation of cosmic 

rays and hence t h e y  suggested that the temperature 

correction should be applied to daily variation data averaged

t

\l
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over at least 30 days.

Kuzmin (1955), Glokova (1956) and other Russian 
workers, who have employed the above method of meteorological 
corrections for correcting high latitude data of daily 
variation of cosmic rays, find that temperature correction 
to diurnal amplitude is about 0.1$ with a maximum near noon. 
Thus if diurnal variation, of cosmic rays has its maximum 
near noon then application of temperature correction will 
result in an increased amplitude. Maeda (1953), however, is 
of the opinion that the contribution of temperature 
variations in the atmosphere to the diurnal cosmic ray effect 
amounts to only 0,05$ with time of maximum at 1400 hours.
In the light of the observations of Semmelan (1916), Barkow 
(1917), Bines (1919) and Venkateswaran and Desai (1953), all 
of whom have shovm that the amplitude of daily variation of 
temperature above 2 km, does not exceed 1°C which 
determination itself is not outside of instrumental error, 
Sarabhai et al (1953) cams to the conclusion that no 
significant contribution to diurnal effect results from 
temperature variations above 2 tea from the surface of the 
earth. So that for the purpose of applying teaxperature 
correction to the daily variation data it is enough to take 
into account temperature changes between sea level and $00 mb 
for sea level stations* A practical method of applying 
temperature correction to the daily variation data of hard 
component is given in Sec. 3.11.

Miyazaki (1957) applied temperature correction to the
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dat a  of lo w  energy cosmic rays by comparing ^he cosmic ray 

intensity measured by similar instrument at two stations 

situated near to each other but at different altitudes. He 

shoxfed that it was enough to correct the difference in the 

two intensities (which gives the low energy component) for 

the changes of temperature in the intervening atmosphere.

An accurate estimate of such temperature changes can easily 

be made by application of Laplace*s formula to the 

temperature variation recorded at the ground stations.

1*52 IteM o r o l o g i c a l  corrections for nucleonic 

component.

The bulk of the nucleonic component, in, the 

atmosphere is generated by rather stable particles (nucleons) 

through collision processes and as such the intensity of 

nucleonic component recorded by the measuring equipment is 

dependent on the mass of ma t t e r  between primary particles 

and the detector. It is well known that incident nucleonic 

component is peaked in the vertical direction (the angular- 

distribution near sea level varying as Cos11#  j with n^L to 5), 

and thereby a measurement o f  local atmospheric pressure is a 

measure of the average air mass over the detector. As such 

the intensity 1(h) of nucleonic component at any given depth 

(h) of atmosphere is given by

1(h) ~ e “h/ L * (1.1 2)
where L is the absorption m.f.p. of nucleonic component. Thus

Sljh)
Kh). *  •  « (1. 13)
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where fl = -1/L » barom eter c o e f f ic ie n t .

Simpson e t  ©1 (1953) have experim entally  determ ined 

th e  value o f L. They fin d  th a t  in th e  reg ion  2004h^5QG mb 

th e  value o f L changes from 150 gnucnT2 a t  X" 54° to  210 gm.cm 

a t A ® 0. At g re a te r  depths L somewhat decreases e .g . a t  

A *  40°, L decreases from 175 gm.cm**2 fo r  h<5QQ mb to 

145 * 3 gm.cm fo r  h ^700 mb. They f in d  th a t  fo r  h ^700  mb 

th e  value o i L becomes independent of geomagnetic la t i tu d e  

and remains equal to  145 gm.cm So th a t  a t  sea le v e l  o r 

a t mountain e lev a tio n  upto 700 mb,

" 4 -  & “0.69$ mb”1
Jjt

^  s -0*94$ mm”1 Hg.

wnich value i s  in  good agreement with those  rep o rted  by 

Tangiorgi (1949), Adams and 'B rad ick  (1951), van Heerdan and 

Thambyahpillai (1955), Rose arid Katzman (1956) and Lockwood 
and l in g s t  (1956).

The constancy, of fi fo r  h>/700 mb im p lies  th a t  a t 

such depths the magnitude o f th e  la t i tu d e  e f f e c t  o f nucleon 

component rem ains co n stan t. T his, however, i s  no t the case 

as has been po in ted  out by Rose e t  a l  (1956) who f in d  th a t  

th e  counting ra te  a t sea le v e l a t  geomagnetic la t i tu d e / ,  >55°

13 1*77 tim es th a t  a t A ~ 0 while a t  atm ospheric dep th  83 

6$0 gm.cm 2 t h i s  r a t io  i s  2,55* Thus i t  i s  ev iden t th a t  th e  

value o f L and hence of {5 would no t be independent of 

geomagnetic la t i tu d e  even fo r  h^-700 mb as was o r ig in a l ly  

suggested by Simpson. McCracken (1959), has p resen ted
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evidence to show that j0'is also sensitive to changes'in 

the rigidity spectrum of primary radiation, becoming smaller 

as the primary cosmic ray spectrum hardens-. This, limitation 

becomes particularly important in studies conducted at high 

latitudes where the rigidity spectrum of primary cosmic rays 

is known to change in step with solar activity (McCracken, 

1959; Meyer end Simpson, 1957 ) . This limitation however, 

is of no appreciable consequence for equatorial stations 

firstly because the barometric fluctuations are far less at 

equator and secondly because relatively high energy primaries 

are involved in producing secondaries that are observed at 

these places and as such the magnitude of effect arising 

out of the change of rigidity spectrum of primaries would 

be rather small.

Detectors involving local production of neutrons 

are used for recording nucleonic component (the advantages
t

of using such an arrangement have been summarised by Simpson 

et al, 1953)* If all neutrons produced locally were to be 

generated by nucleons there would be no observable temperature 

effect, however, pions and raouns also partieiplate in local 

production of neutrons. The processes through which locally 

produced neutrons are linked with pions and morns are 

represented schematically in Fig.^a. (Simpson et al, 1953) * 

High energy moans, low energy negative moans, high energy 

pions and low energy pions in the neighbourhood of the pile 

contribute, respectively, ^,2$ (Cocconi et al* 1950), 2^ 3%

{Gocconi and Trongiorgi, 1951 ),£,!$ (Simpson et al, 1953) and
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<5%  (Bernadini e t  a l ,  1949) o f  the t o t a l  lo c a l  neutron 

r a te .  Based, on th ese  es tim a tes  Simpson e t  a l  (1953) conclude 

th a t  upper l im it  o f  tem perature c o e f f ic ie n t  i s  -0 .02$  ° g” 1 

a t  A -  0 and -21.-0*006$ °G a t  ^ “ ’SO0 which a re  ra th e r

in s ig n if ic a n t  to  be considered . This view i s  shared by 

Dorman {1957) who has* in  a d d itio n , provided rtem perature 

c o e f f ic ie n t  density* ¥^(h) graphs fo r  neutron component 

recorded a t  v a rio u s  a l t i tu d e s  and a t  v a rio u s la t i tu d e s .
TlVî se ..are sho

P

m  in  F ia . 3b I

UJJV v

F ig . 3a. F ig . 3b.

F ig . 3a -  Atmospheric tem perature s e n s i t iv e  l in k s  in  the 
nucleon ic  cascades.

F ig . 3b -  Density of tem perature c o e ff ic ie n t o f  neutron 
in te n s i ty .  1 and 2 -  co n trib u tio n  o f f a s t  and 
slow muons fo r  sea le v e l ,  X « 50°; 3 -  c o n tr i­
bution  o f p ions; 4 and 5 -  to ta l  c o e f f ic ie n ts  
fo r  sea le v e l ,  A f 50° and 0 °? re sp e c tiv e ly ;
6 and 7 -  t o t a l  c o e f f ic ie n ts  f o r  mountain 
e le v a tio n s , A **> 50° and 0 ° , re sp e c tiv e ly .

\



-  23

1.6 ■, Long term variations of primary intensity

1,6l Variation of total inoensitv.

Roka (1950) and Glokova (1952) found that the mean 
annual intensity of muons at Huancayo and Cheltenham during 
1937 to 1947 was inversely correlated {correlation coeffi­
cient “ -0.60) to the mean annual values of Wolf numbers, 
being least when solar activity was highest. Forbush (1954) 
studied ionisation chamber data from Carnegie stations over 
the period 1937 to' 1952. His findings show that : •

(a) an 11-year cyclic change of mean annual intensity 
of cosmic rays inversely related to solar activity, exists;

(b) the amplitude of this change is of the order of 
and is practically independent of geomagnetic latitude

between 0° to $0°!1;

*  '•■•(c) the magnitude of the change remains uneffected
no matter whether magnetically disturbed or quiet days are
chosen for study.

Neher (1955) has shoxm that at high latitudes,
65 - 66 N, there was a change of ionisation of the order of
50$ at balloon altitudes ( ■— ''70,000 ft.) during 1937-1954. 
Meyer and Simpson (1955) reported a change of t3% in 
intensity measured by neutron monitor at aeroplane altitudes 
(-̂ /30,000 ft.) from 1946-1951 (waning part of solar activity) 
corresponding to V/o change observed at ground level. They 
show that the additional particles in 1951 had rigidities
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within the range ~  1 «*4 GP/c

The evidence from balloon experiments taken together 
with Porbush * s finding presented above thus show that low 
energy primaries are the ones that are effected most by 
solar activity.

Fenton et al (195$) get a slightly higher amplitude 
( 5%) for 11-year cyclic change for mesons during current
solar cycle with respect to the period studied by Porbush 
(1954), which they say is commensurate with the fact that 
during the current solar cycle the solar activity was 
exceptionally high as reported by Ellison (1957). They 
also find that for neutrohs amplitude is ~  4.5 times that 
for mesons; which result is supported by Lockwood (195$) 
and Simpson et al (195$). During the same period Keher et al 
(195$) report that the primary particle intensity over the 
geomagnetic north pole changed by a factor of 4* Fenton et at 
(195$) have also shown that 11-year cyclic change at ground 
level does not arise from the eummulative effect of short 
term transient decreases, a result which is in conformity 
with Porbush9s (1954) earlier result. Fenton et al thus 
believe that 11-year change is a slow and gradual process 
over which are superposed transient decreases; Lockwood • 
(195$), however, thinks that the change occurs rather 
abruptly through sudden drops (not arising out of the 
cumulative contribution or transient decreases) with long 
relaxation time, which view is supported by Morrison’s (1956) 
finding during the previous solar cycle. Heher et al (195$)
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have p resen ted  s tr ik in g  evidence fo r  in v e rse  re la tio n s h ip  

between cosmic ray  in te n s i ty  and s o la r  a c t iv i ty  a t  Huancayo 

and Thule in  re la t io n  to  th e  p resen t s o la r  cy c le .

In  c o n tra s t to  the  above r e s u l t s ,  a l l  o f which 

in d ic a te  an in v e rse  re la tio n s h ip  between s o la r  a c t iv i ty  and 

mean in te n s i ty  o f  cosmic ray s , Katzman (1958) p re se n ts  lone 

evidence o f in c rease  o f mean in te n s i ty  w ith  in c re as in g  

s o la r  a c t iv i ty  during  Sept* 1956 to  Feb. 1957* recorded by 

a narrow angle te le sco p e  having a s o lid  angle o f 11.5 x 10"^ 

s te ra d la n s ; th e  mean prim ary energy of response fo r  the  

te le sco p e  being 30 GV*

1.62 V aria tion  in  th e  ’knee’ o f  in te n s i ty  

versus la t i tu d e  curve.

Meyer and Simpson (1955) rep o rted  th a t  th e  ’knee1

in  the  in te n s i ty  versus la t i tu d e  curve ex is ted  a t  the

a l t i tu d e  o f 30,000 f t .  in  1948 a t  > s^5 5 °{  f o r  nucleonic

component} which by 1951 had s h if te d  northwards by 3° i.e«Jcb 
oA . Van Allen and S inger (1952) concluded from th e  

r e s u l t s  o f , Van Allen and S inger (1950), Pomerantz (1950), 

Pomerantz and McClure (1952) th a t  the  ’knee’ in  th e  la t i tu d e  

curve ex isted ; a t -css. 55°N. T heir r e s u l t s ,  however, were 

based om en-sim ultaneous f l ig h t s  a t  d if f e re n t  la t i tu d e s  and 

as such were .subject to  e r ro rs  a r is in g  out o f appreciab le day 

to  day f lu c tu a tio n s  o f primary cosmic ray in te n s i ty .  The 

absence o f the  in c rease  o f  prim ary in te n s i ty  in  1951 above 

A ^ 5 5 °  was, however, confirmed by Neher e t  a l  (1953) who
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took sim ultaneous f l i g h t s  a t  two la t i tu d e s  reach ing  15 gnu cm 

and showed th a t  p ro tons having energy le s s  than  0.& GV were 

m issing , The r e s u l t s  o f S taker e t  a l  (1951)* who measured 

neutron f lu x es  in  th e  v ic in i ty  o f  th e  geomagnetic po le , 

a lso  in d ic a te  th e  absence o f low energy p rim aries in  1951* 

However, in  1954 Neher e t a l  (1955) found th a t  th e  ’knee* 

had vanished; in  f a c t  they  deduced from th e  observed in c rease  

between la t i tu d e s  5$° and 63°H th a t  p ro tons having energy 

as low as 0 .^0  G¥ were p resdn t in  1954. R esu lts  o f fow ler 

e t  a l  (1957) fo r  1954 when compared w ith th o se  o f Dainton 

e t  a l (1952) fo r  1950, however, in d ic a te  th a t  th e re  was no 

change in  theoC - p a r t ic le  f lu x  between 1950 and 1954* As 

such th e  increase , observed by Meher in  1954 was due e n t ire ly  

to  the presence o f more protons in  1954* That th e se  p ro tons 

were no t o f so la r  o r ig in  was in fe r re d  from th e  f a c ts  (Heher,

1953); th a t  i t  was a period  o f ex trao rd in a ry  q u ie t fo r  th e  

sun, th a t  th e  in te n s i ty  o f th e se  p ro to n s was very  steady  in  

1954 over a period  o f  th re e  weeks and th a t  th e se  p ro tons 

were not p resen t in  th e  au ro ra l zone when rocket measurements 

were made by M eredith e t a l  (1955).

E l l i s  e t  a l  (1954) conclude, from an experiment 

performed in  1953 w ith io n is a tio n  chambers a t  two la t i tu d e s ,  

th a t  cut o ff  e x is ts  fo r  heavy p rim arie s  a lso  and occurs a t  

very n ea rly  the  same l a t i tu d e  as f o r  p ro to n s; in d ic a tin g  

cut o f f  dependence on r ig id i ty  r a th e r  than on energy of 

prim aries^ This fin d in g , however, i s  no t supported by th e  

more d e ta ile d  work o f  Fowler e t  a l  (1957).

-2
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Neher (1957) infers from the ’shape1 of ionisation 
versus depth curves at low pressure ( ^  100 gm,c« ) that 
the knee reappeared in 1956* This conclusion is supported by- 
Meyer and, Simpson (1957) who took observations in August 1956 
and found that protons' of energy ̂ .1 *5 GV were missing thus 
showing that knee/appeared at X^52°. Neher (1959) has shown 
that knee of latitude curve, as was to be expected, exists 
in southern hemisphere- also.

The above facts thus indicate that the appearance 
and disappearance of the ’knee * in the latitude curve is 
related directly to the absence or the presence of low 
energy protons and that JL -particles and heavier nuclei 
are either not' involved or play a minor Sole*

1#7 Short'term variations of primary intensiby

1*71 ■ Variations of intensity during; magnetic storms

The association of decrease in cosmic ray intensity 
with magnetic storms was first reported by Messerschmidt 
i|953) Steinmaurer-and Graaiadei (1933) • The reports of 
woriuT^ide* changes in cosmic ray intensity during magnetic 
storms were first given by Forbush (1937) and Hess and 
Bemmelmair (193.9.)> Hogg (1949) showed that changes in cosmic 
ray intensity associated with magnetic storms are invariably 
decreases* All magnetic storms, however, are not accompanied 
by decrease in cosmic ray intensity (Forbush, 1933 and 
Trefall, 1953)* MacAnuff (1951) showed that during the storm

* According to Singer (1954) these changes are observed even 
at the geomagnetic pole and that they are more magnified.
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of January 24', 1949, when sea level intensity of hard 

component decreased by 5 - 6$, no perceptible variation 

was observed in cosmic ray intensity (with an accuracy to 

several tenths of a p e r c e n t ) recorded at 60 m,w.e. under- 

ground’’’'. Kfeher and Forbush ( 1 9 5 2 ) found that the 

magnitude of decrease in lovi energy cosmic r ays (recorded 

at 1 7 ,0 0 0  ft. above sea level) during the storm of July 2 5 ,

1946 to be four times larger than the decrease recorded by 
ionisation chamber of Fit.Wilson (mean energy o.f primaries 

^  40 GY). On a f e w  occasions (Chasson, 1954) decrease in 

cosmic ray intensity has occurred an appreciable time 

before any measurable geomagnetic disturbances took place.

World-wide decrease of m e a n  intensity ( A I )  of 

cosmic rays has been called ’cosmic ray s t o r m 1 (abbrevated 

as CRS) by Sekido et al ( 1952 ) .  Kitamura (1954) has shown 

that CES associated with SC-type magnetic storms are larger 

than those associated with the other types of magnetic s t o m a  

Wada (1954) noticed that CES occuring in March equinox are 

larger than those which, n  occur in September, equinox 

though the magnetic storms in the two periods are not very 

different from, each other. Sekido et al (19551 have shown 

that magnetic storms which are accompanied by CES within 

two days are closely.related to c.m.p. o f  large sunspot 

groups and such storms are called * S - t y p e f storms by them.

The magnetic storms not accompanied by CHS are.called

Later work e r s , ’McCracken. ( 1 9 5 8 ) and Kuzmin (1959) have, 
however, observed decrease in cosmic ray intensity following 
magnetic s t e m s  at 40 m.w.e. and 7, 20 and 60 n.w.e. 
respectively.
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’M-type1 storms. S-type exhibits a pronounced 11-year 

cyclic variation similar to one shown by relative sunspot 

numbers whereas M-type do not show any such effect. The 

former type* they attribute to large magnetic corpuscular 

clouds ejected from sunspot areas and the latter, they 

think, are caused by hon-magnetic narrow corpuscular beams 

from, idle so called ^ - r e g i o n s ’ of Bartels {19324* Taking 

Huancayo ionisation chamber data from 1936-1946, loshida 

and Kondo (1954) selected days {115 in all) of SC-type 

magnetic s t e m s  which are associated wit h  appreciable cosmic 

ray decrease {A I :>0 , 4 ^ }  as epochs and using Chree*s m e t h o d  

o f  superposed epochs they showed that magnetic storm recurs 

only over a small number of solar rotations whereas CftS 

continue& to; recur, after 27 days for a muc h  longer period 

even^nb typical magnetic storm occurs during this period.

The earlier observations of various workers who had found 

that CHS is sometimes associated with a typical magnetic 

storm and .sometimes with a small magnetic disturbance was 

thus explained by loshida and Kondo was due to the fact that 

both magnetic storm and OHS are caused by the same agency 

which after'some time loses its potency to cause magnetic 

storms but retains its effectiveness f o r  causirg CHS. Kamiya 

and Wada (1959) show that every solar flare which is 

accompanied by type I? radio outburst is followed b y  a CES. 

However, the amplitude of GRS is indepndent of the meridian 

distance of radio outburst on the sun.

Latitude dependence of the amplitude o f  GRS has
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been examined, by Forbush (1933), Wada (1952), Yoshida and 
Kamiya .(1953)» Glokova (1956), Kodama and Miyazaki (1957) 
and Brown (1959) who find that the amplitude of depression 
increases as the latitude increases.

McCracken has recently studied CES in neutron 
component of cosmic rays in detail and his findings are :

(a) The greater the amplitude of CHS the greater 
its duration (period in which intensity recovers to 
pre-event value or settles down to a new lower level - 
McCracken, 1956)«

(b) Quite frequently a CRS is preceded by a 
transient decrease which exhibits strong directional 
dependence (McCracken and Parsons, 1956).

(c) Onset times of CES observed at stations 
situated along different longitudes are different - the 
difference, in some cases, amounts to several hours.
(Fenton et al, 1959).

(d) At the same station the onset of CHS does not 
occur simultaneously in all directions. The intensity in 
the directions between 300-120°W of the earth-sun line is 
the first to decrease and is the one that suffers the 
greatest depression. The intensity from the directions 
0°-90°£ of the earth-sun line is the last to be affected 
and it suffers the least depression (McCracken, 1956).

(e) The amplitude of CRS is a function of altitude
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and at high latitudes the amplitude increases at the rate' 
of 12 $  per 1000 meter,»(MeCracken, 1953)*

Tenkatesan (1959)» who analysed the data of Canadian 
stations from October 1956 to December 1957 for neutron and 
meson monitors^ found that :

(a) an> association (statistical) exists between CRS 
and c*m»p. of active .solar regions9 On the average, the 
greater the activity "rating of the regions, the larger the 
amplitude of CRS*

(b) CRS exhibits 27 day recurrence tendency though 
the amplitude of recurrent decrease is very variable, being 
sometimes smaller than, equal to, or larger than the first 
observed decrease* However, very large ( ^  9 $ at Ottawa) CRS 
do not recur*

Murakami and Kudo (1959) have pointed or, that in a 
CRS, low energy - cosmic rays (neutrons) have earlier onset 
time than high energy ones (hard component) • Kitamura and 
Kodama (1959) show that, in a CRS, low energy component
(neutrons) recovers later than the high energy component

\
(hard component}* They have also studied cosmic ray energy 
spectrum during CRS and find that the spectrum becomes flatter 
while CRS is in progress} which finding is consistent with 
Biokh et al*s (1959) observation that with increasing amplitude 
of CRS, the ratio of the depression amplitudes of neutron to 
hard component, increases*
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Recently Yoshida and Wada (1959) and Kendo et al (1959) 

h a v e  studied, in detail, the CRS associated with two severest 

magnetic storms of the present solar cycle; one of which 

took place on 13th Sept.1957 and the other on 11th Feb*195$* 

Their findings are :

(a) A pronounced increase w a s  superposed o n  the 
intensity decrease associated with normal CRS. This was no t 

a flare typ e  increase because firstly n o  solar flare was 

observed just before o r  during t h e  actual time of increases 

(however, flare activity was high two days prior to the 

commencement of CRS) and secondly a normal flare type 

increase is larger the higher the latitude of observing 

station whereas the current increases were most pronounced 

in lower latitudes. Also these increases could not be due 

to pronounced anomalous diurnal variation which appears 

during CRS (Sekido et al, 1952) due to their being 

simultaneously present at the day (Zugspitze) and the night 

side (Rorikura) of the globe**

(b) The intensity increases occurred almost in 

coincidence with the maximum depression of the geomagnetic 

field intensity,

& However, Sarabhai and Palmeira (1959) have poin t e d  out, in 
connection w ith the February event, tha t  the increase did 
exhibit a longitude dependence being mor e  p r o n o u n c e d  in the 
longitude belt 0 - 3 2°E and less so in 75* 1 15°W*
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(c) The dependence upon energy of the increases was 
nearly the same as that of the decrease i*e* the more, the 
lower the mean energy of the primaries*

They (Kando et al, 1959) conclude that these 
increases are caused by the lowering of the cut off rigidity 
during magnetic storms. Their theoretical calculations show 
that such a mechanism will produce'greatest increase at sea 
level stations having rigidity of the order of 7 GV and at 
mountain (pressure 600 gm.em ) stations having cut-off

s

rigidities ca 5 G?* Increase will also depend upon the total 
depression of the geomagnetic field during a particular 
storm* The more the depression of the field, the larger the 
increase*

Sarabhai and Palmeira (1959), who studied the 
differential effects of longitude, of latitude and the 
northern and southern hemispheres with respect to the 
February 11,1950, event in conjunction with detailed solar 
and terrestrial observations provided by Trotter and Roberts 
(195$) and ¥an Allen (1959), have pointed out the following 
salient features of the event :

r

(a) A transient increase precedes the main decrease 
by a few hours at equatorial stations (recording neutrons)* 
At higher latitudes this phenomenon is not observed#

(b) The amplitude of the decrease is more and the 
minimum is reached later for low than for high energy 
primaries*
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(c) The secondary increase superposed on normal 
main decrease is  more prominent in low than at high latitudes 
(as also noted by Yoshida et a l, 1959)> but exhibits a strong 
N-S and fi-W asymmetry j being very small in southern 
hemisphere and absent in longitudes 147°*16B°S.

They thus infer, in contradiction to Yoshida and 
Wada (1959)i that .the second increase is  mainly anisotropic 
and has an energy dependence different from the mainly 
isotropic decrease. They believe that these increases are 
caused by magnetic fie lds in the shock front of the moving 
plasmas as suggested by Dorman (1959). The la t te r  author 
has also calculated the energy spectrum of partic les which 
participated in pre-storm increase and has shown that with 
decreasing rig id ity  the amplitude of increase should increase 
but i t s  duration should get diminished e*g. for partic les 
with rig id ity  <-* 1Q^eV/c the amplitude of the pre-storm 
increase would be ^  100 $  but i t s  duration only 2 minutes*

1.72 Day to day variations of intensity

Neher and Forbush (1953) established the world-wide 
nature of day to day changes of intensity  by showing that 
changes in  intensity as recorded by ionisation chambers at 
Huancayo and Cheltenham and by a neutron monitor at Climax 
and changes in to ta l ionisation at 70>000 ft*  over Bismark 
are correlated with each other* Further Heher et a l (1953) 
have shown that changes at high altitude over Bismark and
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near the geomagnetic north pole are correlated amongst 
themselves*«, Fonger (1953) and Van Heerdan and Thambyahpillai 
(1955) also testify to the world-wide nature of day to day 
changes*

An -important type of day to day change of intensity 
is the one which. shows 27-day recurrence corresponding to 
the synodic period of sun*s rotation about its axis'*"* with 
respect to ’earth# The earlier work with hard component was 
done by ‘a number- of workers Hess et al (1936);- Kolhoerstar 
(1939) ? Gill (1939)? Monk and Compton (1939)? Forbush (1940) 
and Waffler (1941}• Glokova (1952, 1953) who analysed the 
Carnegie stations* data over the period 1937-'950 has 
pointed out that ;

(a) , 27-day variation is most pronounced in years of 
maximum solar activity and completely absent during years 
of minimum solar activityj which finding tallies with those 
of Eoka (1941)? Broxon (1949), Meyer and Simpson (1954) and 
Venkatessn (1956)*

(b) 27-day variation for hard component shows 
practically no difference in going from X r 0 (Huancayo) , 
to X s 50° (Cheltenham)#

* However these correlated changes differ in the order of 
magnitude of change involved.* ■

Store precisely this relates to the .4 r latitude region 
the sun, the period of rotation of high latitude regions 
1-2 days *
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(e) Tiie position of maximum is stable during period 

of high solar activity in that the mean annual vectors of 

27-day wave lie in first quadrant (1 -7  days of rotation 

after passage of the Carrington meridian across the centre 

of the solar d i s c ) •

M eyer and Simpson (1954) and Simpson and Babcock 

(1955) have shown that peak to peak amplitude of 27-day 

variation associated with nucleonic component is four to 

five times that associated with hard' component (and this 

relation holds throughout the solar c y c l e ) * Recently 

feraov et al (1959) have shown that total component at 

30 km. shows 3 to - 1 0  times the amplitude of 27-day variation 

compared to the intensity measured on the surface of the 

earth* This should be compared with K u z m i n 4s (1959) result 

that amplitude of 27-day variation decreases with increasing 

depth underground^ 'amplitude at 60 m*w»e. being 1 /3  of 

the amplitude at 20 m*w*e* 'These results show that though 

low energy primaries are most affected by 27-day change,

.high energy primaries (mean energy ^  450 G?, Kuzmin, 1959) 

are also influenced by it«

Close association of 27-day variation with geomagnetic 

activity is inferred from the works of Benkova, (1944) and 

Afanas *yava (1954)* Sekido et ‘al (1955) , and this has been 

confirmed by Glokova (1956) who showed that the amplitude 

of 27^day variation decreases to almost half, if solar 

rotations during which * effective* magnetic storms take
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place ( i . e .  those storms which reduce the in te n s i ty  of hard 

component of, cosmic rays by more than 1 Glokova, 1952) 

are  excluded from the averaged m ateria l*  Van Heerdan and 

Thambyahpillai {1955) have show© th a t the  minimum of 27-day 

v a r ia tio n  occurs 5 days e a r l i e r  than maximum c f  Kp* Simpson 

(1954) and Kane' (1955) have a lso  rep o rted  & s im ila r  r e s u l t •

Simpson e t a l  {1952) be lieve  th a t  quasi p e rio d ic  

increases of in te n s i ty  take  p lace and have shown th e  

a sso c ia tio n  of the in c reases  w ith c.m*p> of a c tiv e  so la r  

reg ions and,regions of green eoronal em ission on the  sun. 

Simpson e t a l (1955) a lso  f in d  c lose  a s so c ia tio n  between 

cosmic ray in c rease s  and m eridian t r a n s i t s  of un ipo lar (UM) 

region discovered by Babcock (1955) * ICodama an i Murakami 

(1956) .adduce evidence f o r  so la r  em ission ( i» e ». production) 

csf p a r t ic le s  a t  le a s t  during perio d  of l u l l  in  s o la r  a c t iv i ty  

involved in  27-day v a r ia tio n s  by studying  concurrent d iu rn a l 

v a ria tio n *  However, fan Heerdan and fharabyahpillai {1955) 

f in d  th a t mean in te n s i ty  decreases as the am plitude of 

27-day v a r ia tio n  in c reases  and are thus le d  to  th e  conclusion 

th a t 27-day v a r ia tio n s  are e s s e n t ia l ly  decreases produced 

by a screening  mechanism*.

The n a tu re  of 27-day v a r ia tio n  i s  an open question 

to-day* Because of. i t s  a s so c ia tio n  w ith sunspot numbers, 

geomagnetic a c t iv i ty ,  m agnetic storms and i t s  energy 

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

* Their observations extend from October 1954 to  Ju ly  1955*
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Neher {195®) and Kuzmin (1959) believe that 27-day quasi- 

periodic variation belongs to the same group of phenomena 
as do the 11-year cyclic change and magnetic storm effects# 
However, one can see from the evidence presented above that 

such a view represents an over simplification of the picture 

because apparently some times the increases do take place 

and they do recur# Author has examined this problem in more 
detail#

1*® Increases of intensity associated with solar flare

Flare type increases provide the most direct evidence 
of the acceleration of charged particles to cosmic ray 
energies either on the sun itself or in regions very close 
to it# The additional cosmic rays during such bursts thus 
constitute a special sonde for sounding conditions on the sun 
and in the interplanetary space and for studying the nature 
and the form of geomagnetic field at large distances { 1
earth radius) from the earth# The results of four well-known 

early events (February 2®, 1942; March 7, 1942; July 25, 1946 
and November 19» 1949) have been discussed in detail by 
baudin (1951), Elliot (1952), Forbush et al (1950), Biermann 
and Schluter (1955), Sekido and Murakami (1955) and Dorman 
(1957)* These studies have established that the increase 
(which may be delayed uppo an hour after the visible sighting 

of the solar flare) and its magnitude depends upon the mode 
of detection and is a function of geomagnetic latitude,



-  39 -

longitude and the height above sea level of the observing 

station, lone of the above four flares produced any increase 

at the equatorial station of Huancayo *

Assuming the additional cosmic rays to be locally 

generated on the sun and propagating reetilinearly o u t w a r d s , 

Schluter (1951) and later Firor (1954), taking into account 

the deflection of such particles in the geomagnetic field, 

showed that these additional particles (if photons) will 

produce sizeable increases at places having local time 

0900 and 0400 hours xi&thin the geomagnetic latitude 25° to 

6 0 ° | the higher latitudes falling in forbidden zone** 

Increases .were, however, observed at Godhavn ( X  s 30® }f 
Resolute ( A  * 33°) (Rose, 1951) and Thule ( X  * S9 .50 ) in 

July 1946 (Graham and Forbush, 1955)* Kraushaar (1955) 

ascribed this effect to deflection by galactic field. Sekido 

and Murakami (1955) suggested it to result f rom the 

scattering by an buter* trapping field extending a little 

beyond the e arth’s orbit*

1 *$1 Solar flare of February 23. 1956

The solar outburst (having magnitude 3^) of 

February 23, 1956 was associated with the most energetic

* Firerls.j calculations stopped at 10 QY and therefore there
exists a-blank at geomagnetic latitude below 25°. H o w e v e r , 
if higher energies are involved, as happened in ehe flare 
type increase of Feb.2 3 , 1956, the impact zone would extend 
to still lower latitude, even upto equator*
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solar cosmic ray event observed so far, in that the
increase was registered even at equatorial stations as
reported by Forbush et al (1956) and Sarabhai et al (1956)»
The latter authors have estimated that solar protons of
30-67*5 G¥ were involved in causing the observed increase.
Heutron monitor at Leeds, which was in 0400 hours impact
zone, recorded 4500 fa increase (Marsden et al, 1956) whereas
the one at Climax -registered a 2000 increase (Meyer and
Simpson, 1956) even though the latter did not lie in any
impact zone,*’ Winekler et al (1956) observed a 100 ^ rise 

1 - —2in.neutron intensity at 10 gm.cm over Chicago, some 
15 hours after the onset of the flare; at sea level the 
rise of neutron intensity at that time was only 26 
However, an BAS instrument which recorded showers produced 
by particles of energy ^  10̂  GY did not register any 
increase (Sittkus et al, 1956)#

Brunberg and hckhartt (1956) at Stockholm ( A  & ^gO) 
and Kuzmin et al (1956) at Yakutsk ( X « 51°) found that 
north pointing telescopes recorded more particles than1 the 
south pointing ones*-^he latter authors interpret this to 
mean that solar protons did not travel in straight line 
orbit but suffered a deflection by a magnetic field ^  6x10“^ 
gauss before reaching the earth• Bhmert (1956) reached 
similar conclusion after making a detailed study of the 
time difference in the onset and the decay of the increases 
for different recording stations all over the globe. Meyer
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a n d  S i m p s o n  ( 1 9 5 6), f r o m  a  s t u d y  o f  t h e  n e t w o r k  o f  n e u t r o n  

m o n i t o r  s t a t i o n s , h a v e  s h o w n  t h a t  a d d i t i o n a l  s o l a r  c o s m i c  

r a y s  h a d  a  s t e e p  m o m e n t u m  s p e c t r u m  ( p o w e r  l a w  w i t h  e x p o n e n t  

n ^  -7) a n d  t h a t  t h e  i n c r e a s e  d e c a y e d  w i t h  t i m e  r o u g h l y  

as t " ^ / 2  % f h e y  b e l i e v e  t h a t  a  h e l i o c e n t r i c  f i e l d  f r e e  

c a v i t y  (B -C 1 0  g a u s s )  of  r a d i u s  ^ 1 , 4  A . U .  (1 A . U *  =

1*5 x  1 0  ->) e x i s t s .  T h i s  c a v i t y  t h e y  s u g g e s t , is  s u r r o u n d e d  

by a  s h e l l  of f i n i t e  t h i c k n e s s  i n  w h i c h  d i s o r d e r e d  m a g n e t i c  

f i e l d s  (B 1 0 - 5  g a u s s )  e x i s t -  a n d  t h i s  s h e l l  r e f l e c t s  

b a c k  t h e  f l a r e  p a r t i c l e s  i n t o  t h e  f i e l d - f r e e  r e g i o n .  I f  

t h i s  m o d e l  i s  t o  h o l d ,  s o l a r  f l a r e s  o n  t h e  i n v i s i b l e  s i d e  

o f  t h e  su n  s h o u l d  a l s o  l e a d  t o  i n c r e a s e s  at t h e  e a r t h ,  

u p t o  n o w  n o  e v e n t  of  t h i s  t y p e  h a s  b e e n  o b s e r v e d *

K c ^ k r t t  (1956) h a s  p o i n t e d  o u t  t h a t  H o b a r t , w h i c h  

l a y  o u t s i d e  B'iror’s i m p a c t  zone, r e c o r d e d  e a r l i e r  o n s e t  

o f  f l a r e  t y p e  i n c r e a s e .  T h e  p a r t i c l e s  r e s p o n s i b l e  f o r  t h i s  

i n c r e a s e  s e e m  t o  h a v e  a r r i v e d  f r o m  t h e  d i r e c t i o n  o f  the 

s o l a r  b e a m  w h i c h  p r o d u c e d  t h e  m a g n e t i c  s t o r m  two d a y s  l a t e r *

- M c C r a c k e n  (1959) h a s  p o i n t e d  o u t  t h a t  o n l y  t h e  m o s t  

e n e r g e t i c  s o l a r  f l a r e s  ( w h i c h  a r e  a l s o  o b s e r v e d  i n  w h i t e  

l i g h t )  p r o d u c e  c o s m i c  r a y  i n c r e a s e s ‘a n d  t h a t  t h e  r a r i t y  o f  

e o s m i e  r a y  f l a r e  e f f e c t  i s ,  a t  l e a s t ,  i n  p a r t  d u e  t o  r a r i t y  

o f  v e r y  e n e r g e t i e  s o l a r  flares'* Hox^ever, a  v e r y  e n e r g e t i c  

f l a r e  o c c u r r e d  on' M a r c h  2 3 , 1 9 5 6  w h i c h  w a s  o f  C l a s s  3 ’h  a n d  

w a s  o b s e r v e d  i n  w h i t e  l i g h t  a l s o  b u t  d i d  n o t  p r o d u c e  a n y
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cosmic ray .increase* But then, this flare occurred on the 
eastern limb of the sun* Cocconi et al {19$$} have, pointed 
out that elongated magnetic ’tongues’ extending from the 
vicinity of the sun serve as ’guides’ for solar flare 
protons. So that earth will register a cosmic ray increase 
only if the' earth, at the particular moment (when an 
energetic flare is observed)., happens to be, ’Coupled’ to 
the flare region by such a ■’tongue*«1 If such a condition 
does not hold then no sizeable flare type increase would 
be observed on earth even, though the cosmic ray3 have been 
actually generated during the flare* They have further 
shorn that for such a coupling to take place effectively 
the flare regions have bo be sibuated on the western regions 
of the sun#

1 >«$2 ■ Effects of small solar flares

Doibear -et al (1 9 5 0) and Firor (1 9 5 4) have shorn 
that small,increases ~ 1 $  may occur at' the time of less 
intense flares#- Heher (1 9 5 3) observed an increase of 
intensity. during descent compared to the intensity during 
ascent of a balloon carrying ionisation chamber. A flare 
of type 1+ had occurred one hour prior to the1 ascent of 
the flight. Corrigan'et al (195$) have reported transient 
increases ( ^ * '3 0  f B) of low energy cosmic rays that occurred 
cn August. 9 f 1957 at 23,000 ft.* The increases ■ were preceded 
by solar flare of type 1+ . McCracken (195$) has reported
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a. 2 fs increase at sea level of neutron intensity w hich was 

observed simultaneously at Australian and American stations 

on August 3 1 1 1956* The increase was preceded by a solar 

flare of type 3 V .

1*9 The solar daily variation

Lindholm (192$) was the first to detect the 

existence of cosmic ray intensity variation dependent on 

local solar time* However, complications arising out of 

meteorological effects - the nature of which was not fully 

known then - prevented any definite conclusions to be drawn 

regarding the existence of this effect. Alfven and Malmfors 

(1948) succeeded in circumventing these difficulties by 

making use o f 'the ingenious idea of erossed-telescopes in 

which particles arriving f rom two opposite azimuths (north 

and south) were recorded. The difference between the 

variations for the two directions is then independent of 

any atmospheric effect, because particles coming f r o m  north 

and south pass through the same thickness of the atmosphere 

and the conditions along the paths so traversed are about 

the same* The fact that a finite difference exists was 

interpreted to mean that there exists an anisotropy of 

primary cosmic rays and the above authors demonstrated, 

from model experiments, that this anisotropy existed only 

for high energy primaries'(comparatively^ speaking) which 

were not subject to solar magnetic field and only weakly
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su b jec t to  e a r th 1s f ie ld *  S im ila r conclusions were a rr iv ed  

a t  by E l l io t  and Dolbear (1951} who performed d ire c t io n a l  

s tu d ie s  in  a l l  th e  fou r azimuths a t  Manchester* According 

to  the above l in e  of th in k in g , d a ily  v a r ia tio n  r e s u l t s  

from e a r th ’s ro ta tio n  in  an a n iso tro p ic  f lu x  of prim ary 

cosmic rays* Brunberg and D attner (1954) showed th a t  th e  

mean energy of primarieiwhich c o n s ti tu te  the a n iso tro p ic  

f lu x  l i e s  w ith in  20-40 GV*

S olar 'd a ily  v a r ia tio n  c o n s is ts  o f two im portant 

components the d iu rn a l v a r ia tio n  which has a  p e rio d  of 

24 hours, and sem idiurnal v a r ia tio n  which has a p e rio d  of 

12 hours* Evidence from E l l io t  and Dolbear*s (1951) experiment 

in  which the amplitude of th e  sem idiurnal v a r ia tio n  in  

southern d ire c tio n  was found to  be th ree  tim es th a t  in  

northern  d ire c tio n  a t  th e  same zen ith  angle when taken 

along with Micolson and S arab h ai’s (1946) th e o re t ic a l  

c a lc u la tio n s , prove beyond doubt th a t  sem id iurnal v a r ia tio n  

i s  a lso  of e x t r a t e r r e s t r i a l  o r ig in , though very  l i t t l e  i s  

known about i t s  o r ig in  so far**

R ecently  E l l io t  and Rothwell (1956) and Parsons 

(1957) have pointedj out th a t  th e i r  r e s u l t s  ob tained  w ith 

d ire c tio n a l te lescopes during 1954 and 1955 a re  a t  variance

* Dorman (1957) has 
how sem idiurnal com; 
s a t is f a c to ry  as he

re c e n tly  hazarded an exp lanation  as to  
iponent can a r is e  but i t  i s  no t very 
h im self adm its* ‘



-  45

with th e ;view th a t  th e  d a ily  v a r ia tio n  a r is e s  from earth*s 

ro ta t io n  in  an iso tro p ic  f lu x  of p rim aries and have come to  

th e  c o n c lu s io n 'th a t th e  cause of daily  v a r ia t io n  l i e s  in  

th e  modulation of p rim aries w ith in  ea rth*s magnetic f ie ld *  

They have' considered only th e  mean energy of response 

in s te a d  of the in te g ra te d  e f f e c t  of p rim aries of a l l  

energ ies; nMch method i s  r a th e r  crude, considering  th a t  

th e i r  r e s u l t s  r e la te  to  high la t i tu d e s  where p a r t ic le s  

a r r iv e  from widely d if fe re n t asym ptotic la t i tu d e s  and 

longitudes*  Sarabhai e t a l  (1959) in  th e i r  study w ith 

d ire c tio n a l te lesco p es p o in tin g  e a s t and west a t  45° to  

the se n ith  are le d  to  b e liev e  th a t ,  ap p a ren tly , th e re  a re  

two sources resp o n sib le  fo r  s o la r  d a ily  v a r ia t io n  on 

in d iv id u a l ,days* They have p resen ted  evidence to  in d ic a te  

th a t  on days ch a ra c te rised  by low geomagnetic a c t iv i ty  

{Gp ^  0*9) and high east-w est assynm etry, the  d a ily  v a r ia t io n  

r e s u l ts  are co n s is ten t w ith  th e  no tion  of a n iso tro p ic  

d is t r ib u t io n  of primary cosmic rays f a r  out in ' space whereas 

on geom agaetically  d is tu rb ed  days, a source lo c a lis e d  w ith in  

earth*s magnetic f i e l d  seems to  be operative*

1*91 Energy dependence of s o la r  d a ily  v a r ia tio n

Thompson (1948) showed th a t the  am plitude and phase 

of so la r  d a ily  v a r ia tio n , fo r  hard component, does no t show 

any dependence on geomagnetic la t i tu d e  of the p lace of 

o b se rv a tio n , Dolbear and E l l i o t  ( 1950 ) , from v e r t ic a l
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measurements o f hard component a t  an a l t i tu d e  of 30,000 f t .  

exclude occurrence of so la r  d a ily  v a r ia tio n  w ith an 

am plitude g re a te r  than 1 B erg s trah l e t a l  (1951) d id  not 

f in d  any so la r  d a ily  v a r ia tio n  a t 75,000 f t .  g re a te r  than 

1 $ fo r  t o t a l  io n is in g  component and more than 3*5 % fo r  

neu tro n s, which f ig u re s  rep resen t th e  l im its  of accuracy 

a tta in e d  in  each case , F iro r  e t  a l (1954) found an am plitude 

of so la r  d a ily  v a r ia tio n  of nucleonic component, measured 

by neutron m onitor, a t  Climax which was f iv e  tim es th a t  

found by counter te lesco p es (wide ap e rtu re )  or io n is a tio n  

chamber experiments which measure the  hard  component* By 

comparing s ta t io n  near equator , (Huancayo) w ith Climax 

( X s  46°) .they showed th a t  th e  am plitude shows on ly  a 

sm all v a ria tio n -o v e r  a wide s p e c tra l  range, th e  r a t io  of 

peak to  peak am plitude a t  X a 4a0 and a t  X = 0° being 

1*4 £  0*2. Kodama and Miyazaki (1957) have, however, 

rep o rted  a d a ily  v a r ia tio n  averaged over the months January 

and - ebruary 1957 a t  A n ta rc tic , fo r  nucleonic component, 

which has an am plitude a few tim es ehat observed by Mt# 

lo r ik u ra  neutron monitor during the  same period*

Lord and Schein (1950) s tu d ied  so la r  d a ily  v a r ia tio n  

of heavy prim aries 10 4  2 > 2 6  a t an a l t i tu d e  having p ressu re  

< 10 gnucnT* over M inneapolis ( X = 55°) and got a r a t io  ■ 

between day and n igh t f lu x es  ~ 2*55 & 0.26 which, w ith in  

experim ental e r ro r ,  w as.independent of Z in th e  reg ion  

4  2 > 2 6 ,  F rio r  e t a l  (1951) and Anderson e t  a l  (1953)



-  47 -

fcSund that the solar daily variation for heavy primaries 

of z ^  1-0 cannot have an amplitude >  20 $. Ingve (1953) 

found in the period 12 to 14 hours the flu x  of heavy 

primaries (Z ^5-10) was 25 ±: $»5 fs greater than in adjacent 

intervals of time at X s 55°B* Stix (1954), using 

proportional counters, found that the intensity is actually 

less by 14 to 16 .$ at noon compared to intensity in morning 

hours for;■ primaries having z >  6, Peters et al (1952) have 

advanced argum oats to show that, if at a l l , solar daily 

variation exists for heavy primaries its amplitude could 

hardly exceed 10-'$* However KoshiMa and ^chein (1956), 

using a'technique similar to Yngve, did get a solar daily 

variation for primaries with Z ^  10 of amplitude 3 4 *  7 $  

with maxima at 0900 hours* Thus the only definite conclusion 

that-can be drawn is that solar’ daily variation of heavy 

primaries,,if at all it exists, is not so conspicuous as 

reported by Lord and Schexn (1950)*

MacAnuff (1951) obtained solar daily variation 

having an amplitude of 0 *0 5 $ at 60 m,w*e* Barett et al 

(1952) at a' depth of 1574 m.w*e* and Sherman .(1954) at 60 

m *w*e« could not detect any daily variation greater than 

1 $*■ While Sandor et al (1959) report an amplitude of 

0,065 - 0*012 $ at 40 m*w*e« obtained with semicubic 

telescope, B-egner (1 9 5 9) observed solar daily variation of 

amplitude, 0*12 t  0,001 $  with telescopes inclined at 45° 

to the aenith and situated underground at 30 m.v#*e* (measured



vertically). Kuzmin (1959) has recently made a detailed 
study of solar daily variation ..with semicubiss telescopes 
at surface and at 7, 20 and 60 m.w.e. during 1957 and 195$, 
and finds the amplitude to be respectively 0.36$, 0.25$,
0.1 $$ and 0.05$ i.e. amplitude decreases with the increasing 
depth underground and so with increasing primary energy.

Farley and Storey (1954) ...found a solar daily
variation of amplitude 1.4iQ.25$ in investigations on large
atmospheric showers. Crawshaw and Elliot (1956) reported
that a significant solar daily;variation exists for E.A.S«
of total energies 10 to 10 *eV recorded in England. On
the other hand, Greisen (1,959) did not find any significant
solar daily variation for shower of 10^ to 10^ particles
during 195$. It is necessary to confirm beyond any doubt
whether there exist any solar daily variation for high

16 17energy primaries ( ~  10 ..to 10. ©V), at all.

1*92 hong term changes of solar daily variation.

•The solar daily variation as character!bed by the 
amplitudes and times of maxima of diurnal and eemidiurnal 
components of the 12 month mean daily variation of hard 
component undergoes large long term changes that are world­
wide in character, as pointed out by Sarabhai efc al (1953, 
1954, 1955). Giving their results of investigation of data 
of continuous recording at Huancayo, Cheltenham and 
Christchurch for the period 1937 to 1953 they found a 
particularly distinct relationship between the time of
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maximum of the diurnal variation and the intensity of the 
coronal line of A z 5303 2 (relation with sunspot number R 
was. found to be somewhat weaker). Significant changes were 
observed also to take place in the semidiurnal component. 
Considering the daily variation as'a whole, without resolving 
it into its harmonic components, they demonstrated an 
interesting sequence of changes at equatorial station of 
Huancayo as shown in Fig. 4» One can see that the 12 month
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Fig. 4 - The 12 month mean daily variation 
of meson intensity at Huancayo 
during different years.

mean daily variation which exhibited one maximum near noon 
from 1937 to 1943 changes over by 1952 to a variation 
exhibiting one maximum early in the morning. In the
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intervening period there is a clear evidence of progressive 

increase of early morning maximum followed by the d e c r e a s e . 

of uhe noon maximum. During the period 1945 to 1950 the 

mean annual daily variation exhibits two maxima instead of

one. As can be seen only half of _the cycle of change appears
"1 r_"

to have been completed in 11 years, thus i n d i c a t m ^  a 22 year 

cyclic change for solar daily variation. They thus arrived 

at the basic conclusion that the daily variation could be 

considered in -Germs of the contribution of two distinct types 

of variations! the ?d s or day-type which has a maximum near 

noon and 'a* or night'type wpicii ‘has a m a x i m u m  nea r  0300 hours 

local time. In general the ’d } .and >n? type variations are

simultaneously added or attenuated. Just preceding the
I '

sunspot minimum there is.a brief period when only the 1d t 

type variation predominates and this is immediately followed 

by an equally 'brief period when ‘n* type gains p r e p o n d e r a n c e . 

The pattern of addition and attenuation of the two ty]pes of 

variations thus appears to be reversed after 11 years.-. 

Sarabhai et al (1955) h a v e , h o w e v e r , pointed out that the-— - 

existence of 'd* and ?n* type components of solar daily 

variation are not quite as clearly discernible at middle 

latitudes (Cheltenham) as at equatorial stations (Huancayo 

and Ahmedabad) which feature had also been n oted by 

Feinberg (1946).

A long term change of the phase of the diurnal 

component of daily variation having a period of 22 years 

has been reported by Thambyahpillai and Elliot (1953)• This
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c o n c l u s i o n  i s  s u p p o r t e d  b y  t h e  f i n d i n g s  o f  S t e i n m a u r e r  a n d  

G h e r i  (1955) w h o  c o m p a r e d  d a t a  t a k e n  i n  g r o u p s  o f  y e a r s  

o v e r  t h e  p a s t  2 2  y e a r s .  T h e y  s h o w e d  t h a t  d u r i n g  s u n s p o t  

m i n i m u m  in 1933 t h e  t i m e  o f  m a x i m u m  o f  d i u r n a l  c o m p o n e n t  

w a s  a b o u t  0 7 0 0  h o u r s  l o c a l  t i m e  w h i c h  w a s  c o m p a r a b l e  t o  t h e  

t i m e  o f  m a x i m u m  a b o u t  22  y e a r s  l a t e r  i n  1953- 1954, b u t  w a s  

e a r l i e r  t h a n  t h e  t i m e  of m a x i m u m  11 y e a r s  l a t e r  i n  1944. 

D u r i n g  s o m e  m o n t h s  i n  1 9 5 4 ,  t h e y  o b s e r v e d  t h e  t i m e  o f  

m a x i m u m  of  d i u r n a l  v a r i a t i o n  t o  o c c u r  a s  e a r l y  as 0 2 0 0  h o u r s  

l o c a l  t i m e .  P o s s a n e r  a n d  H e e r d a n  {19 5 6 )  a l s o  f o u n d  t h a t  

d u r i n g  1 9 5 3  a d d  1 9 5 4  t h e  t i m e  o f  m a x i m u m  i n t e n s i t y  o c c u r r e d  

d u r i n g  n i g h t .  D u r i n g  t h i s  p e r i o d  t h e  a m p l i t u d e  o f  t h e  

n u c l e o n i c  c o m p o n e n t  o f  c o s m i c  r a y s  w a s  f o u n d  t o  d e c r e a s e  t o  

a  v a l u e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  a e r o .  C o n f o r t o  

a n d  S i m p s o n  (1957) h a v e  a l s o  d e m o n s t r a t e d  a  p r o g r e s s i v e  

s h i f t  o f  t h e  t i m e  o f  m a x i m u m  of t h e  d i u r n a l  v a r i a t i o n  f o r  

b o t h  n u c l e o n i c  c o m p o n e n t  a n d  h a r d  c o m p o n e n t  t o  e a r l i e r  h o u r s  

d u r i n g  1 9 5 4 *  S a n d s t r o m  (1955) h a s  s h o w n  t h a ^  t i i s  w o r l d - w i d e  

s h i f t  o f  t h e  t i m e  o f  m a x i m u m  o f  t h e  d i u r n a l  c o m p o n e n t  i s  

i n d e p e n d e n t  o f  t h e  d i r e c t i o n  tff a r r i v a l  o f  t h e  p r i m a r i e s .

V e n k a t e s a n  a n d  D a t t n e r -  (195?) s h o w e d  f r o m  t h e  d a t a  

f r o m  n u m b e r  o f  s t a t i o n s ,  s i t u a t e d  at d i f f e r e n t  l a t i t u d e s ,  

t h a t  t h e  l o n g  t e r m  c h a n g e s  i n  t h e  a m p l i t u d e  o f  j i u r n a l  

c o m p o n e n t  a r e  m o r e  c l o s e l y  r e l a t e d  t o  g e o m a g n e t i c  a c t i v i t y  

t h a n  t o  s o l a r  a c t i v i t y .  T h e y  a l s o  p o i n t e d  o u t  t h a t  w h e r e a s  

t h e  s e c u l a r  c h a n g e s  i n  t h e  m e a n  a n n u a l  v e c t o r  o f  d i u r n a l  

c o m p o n e n t  a r e  w o r l d - w i d e  i n  c h a r a c t e r ,  t h a t  o f  s e m i d i u r n a l
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component a re  n o t. Sarabhai e t a l  (1959), on th e  o ther hand, 

p o in t out th a t  i t  i s  only meaningful to  study sem id iurnal 

component a t e q u a to r ia l s ta t io n s  .where i t  has la rg e  am plitude • 

They have shown th a t  the change in  sem id iurnal component a t  

Kodaikanal ( A 1 ° ) and Huaneayo [ A  - 1 ° ) are very s im ila r  

from year to  y ea r. They have a lso  shown th a t  th e  time of 

maximum of sem idiurnal component changed from 1936 to  1955 

by about ten  hours and thus th e  phase o f ' sem idiurnal 

component of d a ily  v a r ia tio n  a lso  seems to  partake  in  22 year 

cy c lic  change.

1*93 Day to  day changes of so la r  d a ily  v a r ia tio n

The d a ily  v a r ia tio n  v a rie s  s tro n g ly  from day to  day 

and a s u b s ta n tia l  p a r t  of th i s  v a r i a b i l i t y  i s  apparen tly  

of e x t r a t e r r e s t r i a l  o rig in  (F iro r e t a l ,  1954). As such, 

the study of th ese  changesis-very  im portant from th e  po in t 

of view of acqu iring  in form ation  about the mechanism causing 

th e  d a ily  v a r ia tio n .

Eemy and S ittk u s  (1955) and F iro r  e t a l  (1954) have 

s tu d ied  d a ily  v a r ia tio n  on groups of days. Some groups 

show very la rg e  amplitude of so la r  d a ily  v a r ia t io n  inhere as 

o thers  show n e g lig ib ly  sm all am plitudes* F u rther on some 

occasions the d a ily  v a r ia t io n  shows a maximum during day 

tim e whereas, on o th e rs ,- th e  maximum of d a ily  v a r ia tio n  

occurs in  the n ig h t . S ittk u s  (1955) found, from the a n a ly s is • 

of io n is a tio n  chamber d a ta , th a t  days having la rg e  am plitudes 

w ith a maximum near noon occurred in  conspicuous groups.
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Though these groups showed; a good 27 day recurrence tendency, 
they were not found to he associated with any significantly 

* different magnetic character figure compared to the rest 
of the days. Sarabhai et al (1955) also noticed these 
features in their studies with narrow angle telescopes at 
Ahmedabad. On purely phenomenological basis,the latter 
authors classified the daily variation into three groups 
designated as *d’, ’n* and ’s' according as the daily 
variation has a maximum during the day or during the night 
or has two maxima instead of one. They showed that daily 
variation of »d* type occurred in groups and exhibits a 
pronounced 27 day recurrence tendency. Sarabhai ct al (195$) 
further showed that the daily variation of »df type was 
associated with increase of mean intensity whereas that of 
fn» type was linked with decrease of mean .intensity; for 
*s» type the daily mean intensity was normal.

Sekido et al (1950» 1952) found that with increase 
of geomagnetic disturbance, as characterised by the character 
figures J.C.F. and G., the amplitude of diurnal variation 
increases and its phase advances; the effect being more 
pronounced the smaller the aperture of the counter telescope. 
Sandstrom (1955) also found that with increasing magnetic 
activity as characterised by the maximum Kp value for the 
day, there occurred a progressive shift of time of maximum 
of the diurnal component towards early hours along with 
increase in the amplitude of the diurnal component and this 
effect was more prominent for primaries arriving from vertical
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oand from 30 S and le s s  so fo r  p rim aries recorded by counter

te lesco p es in c lin e d  a t 30 to  the aen ith  and p o in tin g  to

the northern  d ire c tio n . Sandstrom (1956) fu r th e r  dem onstrated

th a t  i f  d a ily  v a r ia tio n  be regarded as a r is in g  out of 1$ hour

or ta n g e n tia l component and 12 hour or r a d ia l  component of

an iso tropy  in  so la r  system as envisaged by Alfven (1954),

then  the co n trib u tio n  from 12 hour component in c re a se s  (in

negative d ire c tio n )  w ith in c reas in g  EL. whereas ~ h &  1# hour
P

component of the  an iso tropy  f lu x  remains u n a lte red  and th i s  

f a c t  is  ju s t  in  accord with Alfven*s th e o ry . ? i r o r  a t a l 

U954) 1 who stu d ied  the  re la tio n sh ip  between so la r  d a ily  

v a r ia tio n  fo r  neutrons and the  geomagnetic a c t iv i ty  as 

ch a ra c te rised  by the sun of K in d ices  fo r  the  day, found 

th a t  la rg e  am plitudes whre a sso c ia ted  w ith  la rg e  K in d ices  

sum. However, Satyaprakash (195^) found th a t  in  1957 th e re  

d id  n o t, ap p a ren tly , e x is t  any re la tio n s h ip  between th e  

param eters c h a ra c te r is in g  the daily  v a r ia tio n  of nucleonic 

component reccrcied at Kodaikanal — -*-T) and geomagnetic

a c t iv i ty  as in d ic a ted  by Cp. This problem has been fu r th e r  

in v e s tig a te d  in ,d e ta i l ,  by the author in  th i s  th e s is .

lo sh id a  and Son do (1954), from io n is a tio n  chamber 

data  a t Huancayo fo r  the p e r io d '193^ bo 1946, dem onstrated 

th a t  a s trong  27 day recurrence tendency e x is ts  fo r  th e  

am plitude of the d iu rn a l component of d a ily  v a r ia tio n  which 

was of non-storm o r ig in . Sane (1955) observed 27 day 

recurrence tendency in  the am plitude of d a ily  v a r ia tio n  of 

nucleonic component of cosmic r a y s . Qlokova (1955) found th a t
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in 1,954s ike y e a r  o f minimum s o la r  a c t i v i t y ,  no p e r c e p t ib le  

27-day r e c u r re n c e  was e x h ib i te d  by th e  a m p litu d e  o f  d iu rn a l  

component o f s o l a r  d a i ly  v a r i a t i o n .

1 *94 Dependence o f th e  c h a r a c t e r i s t i c s  o f s o l a r  

d a i ly  v a r i a t io n  on th e  geom etry  o f th e  

d e te c to r .

. Sek ido  e t  a l  (1950) showed th a t  th e  am p litude  o f  

d iu rn a l  v a r ia t io n  in c re a s e d  from  0 .19$  to  0 .2 4 $  when th e  

se m ia p eru tu re  o f th e  te le s c o p e  d e c rea se d  from  +L0° to  + 1 2 °. 

F u r th e r  {Sekido e t  a l ,  1951) th e y  showed th a t  th e  n a rro w er 

th e  s o l i d  an g le  o f th e  te le s c o p e  th e  l a r g e r  i s  th e  a m p litu d e  

o f  se m id iu rn a l v a r i a t i o n .  From th e  f i g u r e  giver, i n  t h e i r  

p a p e r one can e a s i l y  see t h a t  t h e . s e m id iu rn a l a m p litu d e  

re c o rd e d  by th e  narrow  a n g le  te le s c o p e  (+12°) i s  3 tim e s  

t h a t  re c o rd e d  by w ider an g le  te le s c o p e  (+40°} a n d ^ 5  to  6 

t im e s  t h a t  re c o rd e d  by th e  o m n id ire c t io n a l  d e te c to r .  They 

th u s  recommend th a t  f o r  th e  s tu d y  o f s e m id iu rn a l  v a r i a t i o n ,  

narrow  an g le  te le s c o p e s  sh o u ld  be u se d . From th e  p u b lis h e d  

cu rv es o f  l a g i  and Ueno (1956) i t  i s  c l e a r  t h a t  th e  n a rro w er 

th e  an g le  of th e  te le s c o p e  th e  e a r l i e r  i s  th e  tim e of maximum 

of th e  d iu r n a l  com ponent. ’ Fhmerb and S i t t k u s  (1951) a ls o  

snowed th a t  th e  a m p litu d e  of th e  d a i ly  v a r i a t i o n  m easured 

by a v e r t i c a l  c o u n te r  te le s c o p e  o f a l im i te d  d i r e c t i o n a l

s e n s i t i v i t y  i s  h ig h e r  th a n  th a t  re c o rd e d  by an io n  chamber 

S a rab h a i e t  a l  (1955) made s im u lta n eo u sa t  2 2j,S ̂

m easurem ents w itn  t h e  te le s c o p e s  h av in g  a p e r tu r e s  5° x  36 o ±.

■V Q  , Q

5 x  38 i s  to  be i n t e r p r e t e d  as ; a n g le  o f open ing  o f  
te le s c o p e  m  1S—W p lan e  = 5° and th e  an g le  o f  opening  o f th e  
te le s c o p e  in  Ni-a. p lan e  n 3g°
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10° x  3 $ ° , 30° x  3$° and omnidirectional detector. The 

respective amplitudes for diurnal variation were 1 .21+ 0 .15$; 

1.1$t0.00.6&+Q.Q5$ and 0,31+0.01$ with the time of 
maximum of the diurnal component occuring progressively 

later as t h e :aperture of the detector decreases (latter 

result is opposed to Yagi and U e n o ?s, 1 9 5 6 , result).

Bhavsar (1956) had earlier used an ultra-narrow angle 

counter telescope having an aperture of 3*6° x  1 3 .4 ° and 

had observed an amplitude of 2 .2+ 0 .5$ with diurnal maximum 

at noon for the period November 1952 to August 1953. Elliot 

and fossener (1955) however, did not observe any change in 

the amplitude of daily variation recorded by n a r r o w  and 

wide angle detectors at A z 50°.

Recently Brunberg (195$) has worked out in detail, 

the theory of the dependence of the amplitude of solar daily 

variation o n ■ohe geometry ox the telescope, taking as a 

basis t h e ,assumption that solar daily variation is caused 

by an extraterrestrial anisotropy. He points out that what 

we actually measure in making measurement of solar daily 

variation, is the ratio between the source and background 

intensities and hot the source intensity itself. Thus if 

the source of daily variation were to subtend rather small 

solid angle at the detector, then the narrower the effective 

aperture of the dectector, the greater would be the magnitude 

of the amplitude recorded. Thus a broader angle telescope 

measures small amplitude because it records a higher 'background? 

He has shown that if the intensity of anisotropic flux were



to vary sinusoidally for a detector situated at equator, say 
Huancayo, then to a first approximation the amplitudes of 
the first, second and third harmonics, as recorded by the 
ionisation chamber, would be 0,72, 0.32, 0,05'“ of their 
actual values. One can see that the second and' higher 
harmonics are most adversely affected. The corresponding 
reduction factors for counter telescopes of cyclindrical 
geometry at Huancayo for first and second harmonics of solar 
daily variation are given in the following :

-  57 -

Aperture of the 
telescope Reduction factors.
1 O 1st Harmonic 2nd Harmonic45 0,86 0.53

25 0.89 0.60
1t-o15

»
0.92 0.66

From the above, it is clear that the narrower the 
aperture of the detector, the more faithful'- is the 
reproduction of the first and particularly ox the higher' 
harmonics of the profile of extraterrestrial anisotropic 
flux of primaries which causes solar daily variation. This 
fact apart from being entirely in agreement with the 
experimental evidence presented above, points to the 
importance of the study of solar daily'variation at equator 
with narrow angle telescopes.

In the calculation of these factors} allowance has been 
made (under certain plausible assumptions) for the fact that 
several processes occur in the atmosphere vriaich have a 
spreading effect upon the secondaries so that a parallel beam 
of primaries is gradually converted into a more or less 
divergent beam of secondaries which are finally recorded by the detector.
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1.95- L o ca tio n  o f th e  so u rce  o f s o l a r  d a i ly  

v a r i a t io n  and i t s  energy  sp e c tru m .

Dorman and F e in b erg  (195$'!̂ ; have made use  of 

e x te n s iv e  e x p e rim e n ta l d a ta  on th e  average  a m p li tu d e s ,

£ £ (hQ ) / l j j  f (h0 ),  o f s o la r  d iu r n a l  v a r i a t i o n  o f d i f f e r e n t

com ponents’ o f cosmic ra y s  re c o rd e d  a t  d i f f e r e n t  l a t i t u d e s  

( A z 0° to  \  = 8 0 ° ) . F u r th e r  making use  o f th e  co u p lin g  

c o e f f i c i e n t s  Ifj' s f o r  th e s e  d i f f e r e n t  com ponents th e y  

u t i l i s e d  eq . ( 1 . 8 )  to  d e te rm in e  a p p ro x im a te ly  th e  energy  

spectrum  o f bhe v a r i a t i o n  o f th e  p r im a r ie s  w h ich ’g iv e s  r i s e  

to  q u ie t  day s o l a r  .d iu rn a l  v a r i a t i o n  (a s  d is t in g u is h e d  from  

d is tu rb e d  s o l a r  d iu rn a l  v a r i a t i o n  which i s  ob se rv ed  on 

geom aggie tically  d is tu rb e d  d a y s ) .  They showed t h a t  a l l  d a ta  

fa v o u r  th e  spectrum  :

f D(E) 
D (E )

w here f

E 1

0 ; E < B 1

a( 4  }E j h ^  E.|
. . . .  (1 .14 )

l 7.5iP*5GV} i f  Ej > Brj i n ,

E'a m , if E1 < tl a i n
X

* 9 9 * (1 . 1 5 )

’a{ §  ) ’ i s  known as ’pow er’ o r ’i n t e n s i t y ’ of th e  so u rce  o f  

d iu rn a l  v a r i a t i o n . They have s tu d ie d  th e  a n g u la r  d i s t r i b u t i o n  

o f th e  power' of th e  so u rce  in  a p la n e  p e rp e n d ic u la r  to  th e  

p la n e  o f e c l i p t i c  i . e . a s  a  fu n c t io n  of <£ (d e f in e d  on p . 4) 

and th e y  have, shown t h a t  power d e c re a se s  as $  in c r e a s e s .

Some ty p ic a l  v a lu e s  a re
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a! §  = 0°) «  0 .1 7  

a( # r 26°) « 0.14 

a( §  : 75°) » 0 .0 5

also a(~ £  ) « a{ $  }, being positive for northern 

hemisphere and negative for southern hemisphere. This 

indicates that the power of the source is symmetric with 

respect to the plane of the ecliptic.

Knowing £ D(E)/d (E), they reconstructed, the 

trajectories of particles in the field of earth's magnetic 

dipole using Brunberg and Dattner*s (1 9 5 3) analogue results 

and thereby (using eqs. 1.2 and 1.3) found the effective 

asymptotic angles ^  of the source responsible for

solar diurnal variation of various secondary components (i) 

recorded at various latitudes ( X  ). They founc that the 

effective values 02 calculated for different components

of cosmic rays varied over a large range? showing that the - 

source of diurnal variation has considerable angular 

dimensions in a plane perpendicular to the plane of ecliptic. 

Also using the calculated values of and knowing tiQV / 

from experimental data for ten different components, they 

used eq. (1 .3) to calculate the effective direction (X̂ j ) of 

the source of the diurnal variation with respect to earth-sun 

line. They found that diurnal variation in all the ten cases 

is caused by a source which is situated to the left of 

earth-sun line and its effective position with respect to 

earth-sun line is given by

X r 82° +_ 8° .... (1 .1 6 )
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a lth o u g h , due to  d if f e r e n c e s  in  e n e rg ie s  o f  p r im a r ie s  which

produce a g iven  secondary  component ( i} ,' t h e i r  o b se rv ed
•  ̂ o

tim es o f  maxima tjfiax > s c a t t e r e d  w ith in  ^  4 hours i . e .  60 .

I t  sh o u ld , how ever, be p o in te d  ou t t h a t  by u s in g  d a ta  

averaged  over te n  y e a r s , Dorman has f a i l e d  to  ta k e  accoun t 

o f  th e  im p o rta n t a s p e c ts  o f th e  form  o f s o la r  d a i ly  v a r i a t i o n  

and th e  s i g n i f i c a n t  changes t h a t  ta k e  p la c e  i n  t h e  form 

p a r t i c u l a r l y  a t  e q u a to r ia l  s t a t i o n s  (S a rab h a i e t  a l ,  1955)• 

B e s id e s , as r i g h t l y  p o in te d  ou t by S a ra b h a i  and S a ty a p ra k a sh  

(1959), th e  b road  c l a s s i f i c a t i o n  o f s o l a r  d a i ly  v a r i a t i o n  

i n to  two groups : q u ie t  p e r io d  and sto rm  tim e  d a i ly  v a r i a t i o n ,  

i s  n o t  enough.

1*96 S o la r  d a i ly  v a r i a t i o n  d u rin g  m agnetic  storm s

Sekido and lo s h id a  (1950) observed  t h a t  th e  am p litude  

of th e  d iu rn a l  component in c r e a s e s  and i t s  tim e o f maximum 

s h i f t s  to  e a r l i e r  h o u rs , whenever m ag n e tic  s to u t  o c c u r s . The 

am p litu d e  in c rem en t ( & a ) and th e  phase  advancem ent ( ^ t max) 

o f th e  d iu rn a l  v a r ia t io n  d u r in g ,s to rm s  was term ed  ’anomalous 

d iu r n a l  v a r i a t i o n ' by them* They a ls o  r e p o r te d  an in t im a te  

c o n n e c tio n  between th e  w orld-w ide d e c re a se  ox cosm ic ra y  

i n t e n s i t y  ( A  1) d u rin g  m agnetic  s to rm  and. anom alous d iu rn a l  

v a r i a t i o n .  The g r e a te r  th e  cosmic ra y  d e c re a s e , th e  l a r g e r  

was th e  am p litu d e  in crem en t and the-m ore  was t h e  phase 

d isp la c e m e n t. Sekido e t a l  (1952) a ls o  showed t h a t  am p litu d e  

(a) b eg in s  to  in c re a s e  a t  th e  v e ry  moment when i i t e n s i t y  ( I )  

b eg in s  to  d e c re a se  and ’a* a t t a i n s  i t s  maximum v a lu e  j u s t  ■
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b e f o r e  r e a c h e s  i t s  m i n i m u m  v a l u e ;  t h e  p h a s e  ( t m a x ) 

h o w e v e r  s t a r t s  s h i f t i n g  t o  e a r l y  h o u r s  o n l y  a f ^ e r  ’a '  h a s  

a t t a i n e d  i t s  m a x i m u m  v a l u e .  T h e  s i m u l t a n e i t y  o f  c h a n g e s  i n  

t h e  t h r e e  p a r a m e t e r s  l e t  t h a m  t o  c a l l  t h i s  p h e n o m e n o n  a s  

1 c o s m i c  r a y  s t o r m U b b r e ^ t e d  G R S - a n d  t h e y  s h o w e d  t h a t  G R S  

b e g i n s  a l m o s t  s i m u l t a n e o u s l y  w i t h  t h e  m a i n  p h a s e  o f  m a g n e t i c  

s t o r m .  H o w e v e r ,  n o  c o r r e l a t i o n  e x i s t s  b e t w e e n  t h e  p a r a m e t e r s  

c h a r a c t e r i s i n g  G R S  a n d  t h e  c h a n g e  i n  t h e  e a r t h ’s  h o r i z o n t a l  

c o m p o n e n t  ( A  H )  d u r i n g  m a g n e t i c  s t o r m .  A l s o  G E S  i s  o f  

l o n g e r  d u r a t i o n  a n d  e x h i b i t s  s t r o n g e r  2 7 - d a y  r e c u r r e n c e  

t e n d e n c y  t h a n  a  m a g n e t i c  s t o r m .  T h e y  t h u s  c o n c l u d e d  t h a t  

G R S  a n d  m a g n e t i c  s t o r m  t h o u g h  i n d e p e n d e n t  a r e  ’b r o t h e r s '  t o  

e a c h  o t h e r  a n d  m a y  b e  d u e  t o  a  c o m m o n  c u a s e ,  w h i c h  t h e y  

t h i n k  i s  t h e  s o l a r  c o r p u s c u l a r  s t r e a m  w h i c h  c a r r i e s  f r o z e n  

m a g n e t i c  f i e l d .

C o n s i d e r i n g  t h a t  a n o m a l o u s  d i u r n a l  v a r i a t i o n  a r i s e s  

f r o m  a n  a n i s o t r o p y  w h i c h  a p p e a r s  d u r i n g  s t o r m  t u n e ,  S e k i d o  

e t  a l  ( 1 9 5 2 )  m a d e  a  q u a n t i t a t i v e  e s t i m a t e  o f  t h i s  a n i s o t r o p y  

b y  t a k i n g  v e c t o r i a l  d i f f e r e n c e  b e t w e e n  a v e r a g e  d i u r n a l  

v a r i a t i o n  p r e v a i l i n g  t w o  d a y s  p r i o r  t o  t h e  s t o r m  ( t e r m e d  

q u i e t  d a y s )  a n d  t h a t  p r e v a i l i n g  t w o  d a y s  a f t e r  t h e  s t o r m  

( c a l l e d  d i s t u r b e d  d a y s ) .  T h e y  p o i n t e d  o u t  t h a t  t h e  a n o m a l y  

v e c t o r  s o  o b t a i n e d  o n  t h e  a v e r a g e ,  p o i n t s  o u t  i n  a  r a d i a l l y  

o u t w a r d  d i r e c t i o n  f r o m  t h e  s u n  a n d  u n d e r g o e s  a  l o n g  t e r m  

c h a n g e  f r o m  y e a r  t o  y e a r  i n  s t e p  w i t h  t h e  1 1 - y e a r  c y c l e  o f  

s o l a r  a c t i v i t y  d i s t i n c t  f r o m  l o n g  t e r m  c h a n g e  e x h i b i t e d  b y  

q u i e t  d a y  d i u r n a l  v e c t o r  w h i c h  u n d e r g o e s  2 2 - y e a r  c y c l i c
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change as pointed out by Thambyahplllai and E llio t (1953)* 

Yoshida and Hondo (1954) showed th a t storm type anisotropy 

shows a strong 27-day recurrence tendency which p e rs is ts  

long fcfter the magnetic storms have ceased to  recur.

Glokova e t a l (1955) analysed the ion isation  chamber 

data of Huancayo from 1937 to 1944 and selected  10 magnetic 
storms which were accompanied by marked varia tion  in  cosmic 

ray in ten sity  ( 5 1$ ) a t few widely separated s ta tio n s  of the 

world and fo r which the amplitude of so lar daily  varia tion  
was quite pronounced. They found th a t the amplitude of both 

diurnal and semidiurnal components enhances and th e ir  phases 

sh if ts  to  e a r lie r  hours. E a r lie r , however, Sekido e t a l 

(1951) ted  shown th a t amplitude of semidiurnal component of 

so lar daily varia tion  actually  reduces during magnetic storms, 

The author has fu rth e r examined th is  issue in  th is  th e s is .

1.10 The S idereal daily v a r ia tio n .

I f  cosmic rays orig inate outside our galaxy and are 

iso trop ic  in in te rg a lac tic  space then (Compton and G etting, 

1935; V allarta  et a l ,  1939) because of the ro ta tio n  of 

our galaxy re la tiv e  to  the d is tan t galaxies, there  should 
exisl^sxdereal daily varia tion  of cosmic rays with an amplitude 

of the order of 0.17$ and a time of maximum of 13 to 20 hours 

G.T* E llio t and Dolbear (1951) however, ru le  out any s id e rea l 
daily  varia tion  greater than 0.02$ fo r hard component at sea 

lev e l. MacAnuff'(1951) could not detect any sidereal daily 
varia tion  a t 60 ia.w.e. underground outside the lim its  of
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e x p e r i m e n t a l  e r r o r  ( ^ + p . 0 2 % ) » S i m i l a r  r e s u l t s  h a v e  b e e n

o b t a i n e d '  (Sherman,, 1 9 5 4 )  f o r  a  d e p t h  o f  £ 4 6  taw. 3 . w i t h

a c c u r a c y  o f  + 0 . 5 $  a n d  at 1 6 0 0  n u w . e .  ( B a r e t t  et al ,  1 9 5 4 )

w i t h  a n  a c c u r a c y  o f  +  0 . 7 $ .  C r a n s h a w  a n d  G a l b r a i t h  (1954)

c o u l d  n o t  f i n d  a n y  s i d e r e a l  d a i l y  v a r i a t i o n  f o r  p r i m a r i e s
16h a v i n g  e n e r g i e s  ^  1 » 5 x  1 0  e ?  o u t s i d e  t h e  e x p e r i m e n t a l

e r r o r .  Crawsfaaw a n d  E l l i o t  (1956) a l s o  c o u l d  ns»t f i n d  a n y
1 6  17s i d e r e a l  d a i l y  v a r i a t i o n  f o r  p r i m a r i e s  of 1 0  t o  1 0  eV. 

Clarkefc.41957) t o o  f i n d ;  t h a t  n o  'sidereal d a i l y  v a r i a t i o n  

e x i s t s  f o r  h i g h  e n e r g y  s h o w e r s  o u t s i d e  e x p e r i m e n t a l  e r r o r .  

G r e i s e n  (1959) a l s o  d o e s  n o t  f i n d  a n y  s i d e r e a l  d a i l y
14v a r i a t i o n  f o r  E . A . S .  c a u s e d  b y  p r i m a r i e s  o f  e n e r g y  10  - 1 0  e V .

H o w e v e r ,  S e k i d o  e t  al (1956, 1 9 5 9 )  w h o  L a v e  b e e n  

m a k i n g  m e a s u r e m e n t s  w i t h  n a r r o w  a n g l e  a l t i a z i m u t h  

t e l e s c o p e s  { m e a n  e n e r g y  o f  r e s p o n s e  = 2 4 0 G V )  i n c l i n e d  at  G 0 °  

t o  t h e  z e n i t h  ( s i n c e  1954) i n s i s t  t h a t  ‘a  p o i n t  s o u r c e  o f  

c o s m i c  r a y s  ( a n g u l a r  w i d t h  5°) e x i s t s  i n  the r e g i o n  o f  

d e c l i n a t i o n  0 °  a n d  r i g h t  a s c e n s i o n  0 5 3 0  h o u r s ; a n d  t h a t  it  

u n d e r g o e s  r e g u l a r  t i m e  v a r i a t i o n s .  D u r i n g  1 9 5 4 - 1 9 5 5  i t  

(the p o i n t  s o u r c e )  g a v e  a n  i n t e n s i t y  2 0 $  a b o v e  h u e  b a c k g r o u n d  

i n t e n s i t y  of c o s m i c  r a y s  w h e r e a s  i n  H-S"*] t h e  o f f s e t  h a d  

v a n i s h e d  a n d  o n l y  b a c k g r o u n d  p r e v a i l e d .  C l a r k  a n d  C h i t n i s  

(1959) h a v e  s t u d i e d  t h e  p r o b l e m  o f  s i d e r e a l  a n i s o t r o p y  i n  a  

d e t a i l e d  m a n n e r  b y  a n a l y s i n g  o y e r  1 0 0 , 0 0 0  s h o w e r s  w i t h  a n  

a v e r a g e  s i z e  of 10 p a r t i c l e s ,  at 2 ^ , 0 0 0  m e t e r s  a b o v e  s e a  

l e v e l  d u r i n g  1 9 5 6 - 1 9 5 8 .  T h e y  t o o  d i d  n o t  f i n d  aa.y e v i d e n c e  

f o r  a  p o i n t  s o u r c e  o r  s o u r c e s  of c o s m i c  r a y  p r i m a r i e s  i n  t h e
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energy range lO^-IO1 * * 4'* eV. It is necessary to continue 
such observations and see whether the point source reappears. 
If it does, it may provide some interesting clue to the 
origin of cosmic rays.

t '

1.11 Interpretation of various variations

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

(i) Solar activity has a period of 11 years which 
period is the same as that of the long term changes in 
cosmic ray intensity and that of the low energy cut off 
in the spectrum'of primaries.

(ii) Corresponding to 22 year period of
. (a) the state of magnetic polarity of bipolar 

; sunspot,
(b) the frequency of prominences,
(4) the probable variation of solar diameter,
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. (d) diverging motion of the forming spot groups 

and (e) the proper motion of spots in latitude, 

we have the cyclic change of the same period to be f o u n d  in 

the f o r m  of - the solar daily variation at l o w  latitudes 

(Sarabhai et al, 1955), in the time of maximum of the diurnal 

component (Thambyahpillai and E l l i o t , 1953) and in .the time 

of maximum of semidiurnal component (Sarabhai et al 1 9 5 9) 
of average annual solar daily variation*

' (iii) Corresponding to the solar synodic rotation 

period of 27 days we have 27-day recurrence tendency present 

in cosmic ray intensity as well as in the amplitude of solar 

daily variation® Moreover, this fluctuation:., in cosmic rays 

can be linked, in' many cases, to the presence of certain 

regions on the sun*

Various workers have, therefore, veered round to the 

v iew that the fluctuations in cosmic rays, incident on the 

earth, are caused by modulation processes u nder over-all 

solar control of an otherwise isotropic flux of primaries 

which comes from', beyond the solar system. Several models 

have been proposed,
1 1 "  ' t

In 1949, Alfven made a very important suggestion 

that the solar corpuscular streams which are responsible 

for magnetic storms and aurora {see Alfven, 1946) are also 

capable of causing cosmic ray intensity f l u c t u a t i o n s . Due 

to their large conductivity the streams would carry magnetic
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field (H) frozen into them f r o m  their origin, regardless 

of the manner in which they are produced. When viewed from 

the earth, the stream would appear to be electrically 

polarised wit h  an electric f i e l d  perpendicular to the 

direction of the propagation of the stream a n d  the direction 

of the frozen magnetic field. Before the earth enters such 

a stream it would receive cosmic rays w hich have been 

accelerated by this electric field and hence an increase in 

cosmic ray intensity should be registered on the earth.

After the stream passes over, earth would receive decelerated 

cosmic rays and hence a decrease of intensity w o u l d  be 

observed. Brunberg and Dattner ( 1 9 5 4  b) who extended Alfven*s 

model found that if only decreases are to be produced by the 

above model, then there must also exist a general although 

weak magnetic f ield (H0 ) between the sun and the earth outside 

the stream which deflects cosmic rays sufficiently to prevent 

the acceleration of cosmic rays by the electric field**

*  T h e  a u t h o r s  h a v e  n e g l e c t e d  t h e  d e f l e c t i o n  o f  c o s m i c  r a y s  
w i t h i n  t h e  s t r e a m  i t s e l f  a s  w e l l  a s  r e f r a c t i o n  e f f e c t s  a t  
t h e  e d g e  o f  t h e  s t r e a m .  S w a n n  (1954) p o i n t e d  o u t  t h a t  l o w  
e n e r g y  p a r t i c l e s  w o u l d  n o t  b e  a b l e  t o  c r o s s  t h e  s t r e a m ,  
h o w e v e r ,  A l f v e n  ( 1 9 5 4 b ) s h o w s  t h a t  t h e y  c a n  d o  so i f  o n e  a l l o w s  
f o r  t h e  g r a d i e n t  of H  i n  t h e  r a d i a l  d i r e c t i o n .  D o r m a n  ( 1 9 5 7 )  
h a s  f u r t h e r  p o i n t e d  o u t  t h a t  h o t  a l l  l o w  e n e r g y  p a r t i c l e s ,  
h o w e v e r ,  c a n  c r o s s  t h e  s t r e a m .  F o r  a  p a r t i c u l a r  e n e r g y  (E) 
of a  p a r t i c l e  o n l y  t h o s e  p a r t i c l e s  w h i c h  a r e  i n c i d e n t  o n  t h e  
s t r e a m  a t  a n  a n g l e  g r e a t e r  t h a n  c e r t a i n  m i n i m u m  a n g l e  c a n  
s e e p  t h r o u g h  w h i l e  o t h e r s  w o u l d  b e  r e f l e c t e d .  F u r t h e r  t h i s  
s e e p a g e  w i l l  t a k e  p l a c e  o n l y  f o r  t h o s e  p a r t i c l e s  w h i c h  a r e  
m o v i n g  f r o m  r i g h t  t o  l e f t  (in t h e  d i r e c t i o n  o f  t h e  d r i f t ) .
For particles impinging on the stream f rom the left, a total 
reflection will take place for all angles of incidence*.
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Considering that the particles of energy S 30 GV are involved 

they estimate the general field {Eq ) to have a magnitude 

Hq ~  10 '; gauss in the vicinity of the earth and its direction 

should be the same as that of the earth*s field. They show 

that if solar magnetic field has a magnitude v~ 10 gauss 

(Alfven 1950, 1952} and it varies with distance (r) as r~n , 

with il ~ 2*6, then its value at earth*s orbit would b e ^  10“'’ 

gauss and solar magnetic field is assumed to have the same 

direction as that of the earth* s field*
■ i

One of the ■ consequences of Alfven * s model is that 

the change of energy of a cosmic ray particle passing through 

the electric field is independent of initial particle energy 

i«e. the percentage change in energy is a decreasing function 

of energy* One expects therefore, to find a fairly marked 

latitude dependence of the intensity decrease*

To explain the origin of diurnal variation of cosmic 

rays Brunberg and Dattner (195 42L) pointed out that seen from 

a fixed coordinate system, the rotating sun is strongly 

polarised; so that there would be a voltage difference between 

the poles and the solar equator ^  10^ if. The combined action 

of an electric field produced by polarisation and the solar 

l^gnetie field will make the cosmic rays, reaching the

.ghbourhood of the sun from the galaxy to partake in the 

,/neral rotation with the sun so that the earth will receive 

xqess of particles from 1B-hour direction, giving a

‘ 1, anisotropy* They show that if cosmic rays were to
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p a r ta k e  in, th e  s o la r  r o t a t i o n  c o m p le te ly , th e  r e s u l t a n t  

d iu rn a l  v a r i a t i o n  observed  by s t a t i o n s  s i t u a t e d  a t  geom agnetic  

e q u a to r  would have an am p litu d e  0*3 -  0*4 A lfven (1 9 5 4 a), 

on th e  o th e r  hand , has in d ic a te d  th e  p o s s i b i l i t y  o f an outw ard  

r a d i a l  flo w  of cosm ic ray s  g e n e ra te d  in ' th e  i n t e r p l a n e t a r y  

space round  th e  su n . The g r e a t e r  th e  number o f cosm ic r a y s  

th u s  g e n e ra te d  th e  s tro n g e r  i s  th e  r a d i a l  flow * F u r th e r  th e  

mechanism o f  g e n e ra t io n  o f cosm ic ra y s  i s  i n t e n s e ly  s e n s i t iv e  

to  th e  s o la r  a c t i v i t y ,  be ing  la x  when a c t i v i t y  i s  h ig h  and 

v ic e  v e rsa*  Thus' th e  r a d i a l  a n is o tro p y  (hav ing  12-hour 

d i r e c t io n  o u ts id e  geom agnetic  f i e l d )  undergoes an 11-y e a r  

c y c l ic  change* A ccording to  A lfven s o l a r  d a i ly  v a r i a t i o n  

th u s  com prises of c o n tr ib u t io n s  from  t a n g e n t i a l  and r a d i a l  

a n is o tro p y  of which th e  t a n g e n t i a l  component g iv e s  s te a d y  

c o n tr ib u t io n  w h ile  th e  c o n tr ib u t io n  from  th e  r a d i a l  component 

v a r ie s  th u s  le a d in g  to  lo n g  te rra  changes o f th e  am p litu d e  

and th e  phase o f s o l a r  d a ily  v a r i a t i o n .  However, a s  p o in te d  1 

ou t by Sands t r a m  (1 9 5 6 ), such  a  sim ple  p ic tu r e  canno t e x p la in  

th e  2 2 -y ea r c y c l ic  change o f th e  phase o f  d iu rn a l  v a r i a t io n  

observed  by, T ham byahp illa i and E l l i o t  (1953)*

Magashima (1955) e x ten d ed  A lfven’*s id ea s  to  e x p la in  

th e  anomalous d iu rn a l  v a r i a t io n  a t  th e  tim e o f m agnetic  

sto rm s a s  observed  by Sekido  and Y oshida (1950)< For t h i s  

purpose c e r ta in  s im p lify in g  assum ptions were mace* They a re  :

(a ) th e  stream  i s  bounds; by two i n f i n i t e  p a r a l l e l  

p lan es  p e rp e n d ic u la r  to  s o l a r  e q u a to r ia l  p la n e ,
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(b) the magnetic field (H) frozen in the stream, is 
parallel to the boundary of the plane and moves along the 
stream with a velocity v. Also H is assumed to be uniform 
over the width of -the stream though strictly speaking it is 
noty

(c) the magnetic field outside the stream is zero*
His finding that the maximum anisotropy would be produced in 
the direction pointing towards the sun agrees well with the 
experimental determination of the direction of the storm type 
anisotropy by loshida (1955). However, as he himself points 
out, his theory does not explain the fine structure of effects

. observed during the CRS * Further Hagasnima*s theory cannot 
explain the *n* type variations that occur on groups of days 
as reported by Sarabhai et al (1955)* Herurkar (1957) extended 
the Nagashima* s theory by considering the possibility of the 
frozen magnetic field in the beam being derived from intense ' 
local sunspot fields rather than the general magnetic field 
, of the sun. Consequently, the field perpendicular to the 
plane of the .ecliptic would have a component which is either
in the direction ,:of the general solar field*-or in the

?

direction of opposed to it. Herurkar considered both these 
possibilities, and Showed that type variations correspond 
to the orientation of the frozen field in a direction opposite 
to the solar field whereas sd* type variations arise when the

* The general solar field is assumed to have the same 
direction as that of the earth* s field*.
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f r o z e n  field points in the direction of th e  solar field#

Also assuming different values for the frozen magnetic fields 

he has derived amplitudes of diurnal variation which are 

consistent with the values actually observed on individual 

disturbed days*

However, the most complete interpretation yet offered, 

to explain the varied aspects of cosmic ray variations was 

given by Dorman in 1 957# He makes use of Alfvends basic 

concepts but in contrast to Alfven*s idea of solar generation 

of cosmic rays, his basic postulate is that all cosmic rays 

(down to the particles of lowest energy) arrive from galaxy 

where the flux of cosmic rays is isotropically distributed 

in space (barring a very small ^  0*02 f0 anisotropy) a n d  

constant in time# According to him, all cosmic ray variations 

(excepting solar flare type increases) observed on earth, 

result from the modulation ox primaries by solar corpuscular 

streams carrying magnetic fields *frozenf into them as 

envisaged originally by Alfven* H o w e v e r , Dorman (1 9 5 7 ) 

realised that apart from the electric field (produced in 

the stationary system of coordinates because of the motion 

of the corpuscular streams - having magnetic fields frozen 

into them » with respect to this system.), the primary cosmic 

rays are also subjected directly to a strong influence of 

the magnetic field frozen into the streams, leading to the 

scattering of low energy primaries; a fact, the adequate 

importance of whichj had not been realised by earlier w o r k e r s .
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To* explain various geomagnetic and cosmic ray variations 
he has postulated the existence of two kinds of streams - 
called fstreams of _,the first kind9 end ’streams of the second 
kind9« The characteristic features of these are summarised 
in Table A below.

Table A

Streams of the first kind itrearns of the second kind

1• Place of Faculae and other high Solar eruptions confinedorigin latitude' formations.' largely to the sunspot zone..
2* Velocity r .8 ~ 1  —  10 em.sec * 5  2  x  1 0 a  c m . s e c * * ^

3» Particle ~  2  corpuscles c m ”  3 a -i- ^  2 x 102 corpuscles cm“ 3 at
density earth’s orbit and v- 105 earth’s orbit and ̂  10?

corpuscles cm**3 at their corpuscles c m "3 at their
origin. origin•

4* Duration Persist longer so that 
& mode of more often they engulf 
engulfing -the earth with lateral 
the 'earth front*

Persist for a short time and 
so the probability of /their 
impinging on the earth with 
leading edge is rather high.

5* Mature of' Cause storms with gradual 
magnetic onset which (a) have 
storms’ indefinite start' (lasting
caused over hours}, (b) have a

rather-indefinite 'end 
(lasting half a day, or 
longer).,' (c) in general 
they, last longer," (d) ' 
produce a’ slow and smooth 
variations of earth’s"' 
fieldt ' and (e) exhibit a 
rather marked recurrence 
tendency particularly 
during the period of 
minimum solar; activity*

Cause SC-type storms which 
(a) have a definite and sharp 
commencement, (b) generally a 
definite end cut sometimes the 
recovery takes one to several 
hours, (c) mostly they last 
'over a few hours, (d) produce 
r api d 'oscillat i ons of 
geomagnetic field which are 
most pronounced in the 
horizontal component, (e) only 
weak recurrence tendency 
exhibited, especially so is 
the case for great and very 
great storms*
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Streams of the first kind Streams of the sec o n d  kind

Mostly the general field 
of the sun and its dire c a ­
tion is perpendicular to 
the plane of the ecliptic. 
Its value at earth* s orbit

1 gauss.

7* Region in Outer layers- of the- sun* 
which

■ ■ freezing - ■
of magnetic

" ■■ field takes - .
place. ' - •

Relationship A weak dependence 
w ith solar exhibited} its frequency 
activity of occurrence does not 

vary- by more than a . 
factor of two from period 
of minimum to the period 
of maximum of solar 
activity*

6* Nature of 
the
frozen
magnetic
field

■Sunspot or other local fields, 
the main component of which 
lies in the plane parallel to 
the plane of ecliptic but is 
perpendicular to the direction 
of motion of the stream. Its 
value at earth* s orbit
~~ IQ**4  g a u s s «*

Solar Corona.

Exhibits a strong 11-year 
cycle of v a r i a t i o n » Its 
frequency-of occurrence ma y 
vary by a factor of twenty 
in the intervening period 
between the minimum and the 
maximum in solar activity.

He has presented qualitative and quantitative evidence 

to demonstrate that*,

(i) to a first degree of approximation the curvature

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

(ii) the angular w i d t h  of the streams in a plane

perpendicular1 to the plane of uhe ecliptic is about 10°-30° 

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

o r d e r 1 of 1 Q°~15° t  [ ■ ■

*  Some of these facts had,earlier, been established by Alfven*
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( i l l )  th e  f i e ld  (H) frozen  in to  th e  stream s decreases

as the stream  progresses outw ards; the r a d ia l  component

dim inishes w ith the d istance  (r) as r~2 and the  tran sv e rse  
-1component as r  ?

(iv ) un less the tu rbu lence*  s e ts  in ,  th e  d ire c tio n  

of the  f i e ld  frozen  in to  the stream s would not vary g re a t ly  

as the stream progresses towards the  e a r th  since th e  tim e of 

decay of th e  f i e l d  i s  unusually  long {many thousand years; 

P ik e l’n e r , 1954) which by f a r  exceeds th e  time of the passage 

of th e  stream from the  sun to  the e a r th ’ s o rb it, {only about

a day)*
(v) only those p a r t ic le s  can cross the stream** which 

have a c e r ta in  minimum ,energy (S-j) given by ;

Eh 300 H 1 ..,{1.13)

where H i s  th e  magnetic f i e l d  frozen  in to  the stream  and 1 

i s  the x-rildth of the  stream,

(v i) a' p o s itiv e ' p a r t ib le  cro ssing  the stream  in  the 

d ire c tio n  of th e  e l e c t r ic  f i e l d ,  which a r is e s  out of

❖  Syrovatsky (1953) has-show! th a t  th e  time of rendering  th e  
stream tu rb u len t i s  ^*105 sec* which i s  of* th e  o rd er of th e  
tim e of passage of the  stream  from th e  sun to  th e  ea rth .. Thus, 
i t  i s  not im possible th a t  somb of th e  stream s reach  th e  e a r th  
w ithout being tu rb u len t but a sh o rt d is tan ce  away, most of 
the stream s would c e r ta in ly  become tu rb u le n t .  T urbu len t_ stream s 
cannot have any apprec iab le  in flu en ce  on cosmic ray  v a ria tio n s*

As explained on p .66 , H i s  a c tu a lly  not homogeneously ‘ 
d is tr ib u te d  over the width o f th e  stream  so th a t  th e re  e x is ts  
a component in  th e  r a d ia l  d ire c tio n  which' enables a few lower 
energy p a r t ic le s  (impinging on th e  stream  from the  r i g h t ) 
a lso  to  seep .through the  stream .
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polarisation, always gains an energy (A S')(regardless of 

the form of the trajectory of the particle inside the stream) 

by

AE « 300-JL H.l .,eV ‘ ...(1.1 9)c

where u is the velocity of propagation of the stream.

Particle crossing the stream in the opposite direction will 

lose energy by an equal amount.

Dorman and Feinberg (195^.) have shown that :

(a) quiet day diurnal variations are caused by 

streams of the first kind which are situated to the left or 

to the right of the earth. If equal number of streams be 

situated to the left, and to the right of the earth then the 

variation per n .pairs of streams is given by

f  DU)

DCS)
. (1 +Y A S  n f  , v
±  -----—  . _ 6 (1+ lnJL ), if E >«''!■}

" '  2 $ . 1IT
0 , if J3<<y,E1

. . . ( 1 .20)

where E-j is defined by eq.(1 .1$), £ is the width (angular) 

of the stream in the meridian plain, V  is the exponent of 

the energy spectrum of the unmodulated primaries and « 1 . 

Positive sign refers to the contribution from the stream 

situated to the left of the earth and negative sign to the 

one situated to the right of the earth. Eq.(1.20) is similar 

to eq.(1.14) obtained from observational data, if we have
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a('l) ® pcwer of the source s

( 1 * 2 1 )

and S-j ^  7 GV. ( 1 * 2 2 )

They have further shown that for the relation-, a (§>rO)~G*17, 

to hold, we should have n ^ 1 0  i*e* there must exist ten 

streams to the right and to the left of the earth* Further 

eq,(1*21) clearly shows that the more the number of streams 

the higher the power of the source. Also these streams lead 

to an effective source to the left (if H is directed parallel 

to the geomagnetic field and we are situated in the northern 

hemisphere) situated at an angle ^  90° with respect to the 

eartli-sun line,

(b) decrease of intensity during storms arises from 

the deflection of low energy primaries by the streams of the 

second kina sweeping the earth, whereas the diurnal effect 

results from the acceleration or the deceleration of 

unreflected primaries i*e* high energy particles*, by the 

same streams* This also1 explains why an underground detector 

which may not record the decrease in intensity, m i l  record 

the increase in diurnal effect as observed by MacAnuff (1951),

❖ However, because of,the seepage of low energy particles 
from the right of the stream, a certain specific diurnal 
variation would be produced in low energy, region with the 
source located to the right of the earth-sun line»

(c) no matter whether the frozen magnetic field in
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streams of the second kind is directed along tne direction 

of revolution of the earth round the sun (that is f rom east 

to w e s t ) or opposed to it, the amplitude of diurnal variation 

will increase and its.time of maximum will shift to earlier 

h o u r s , when such streams sweep the earth* However, in the 

first case (when field is directed from east to west) 

particles coming from southern direction would be accelerated 

while those coming from the northern direction will be 

decelerated, c r e a t i n g 'a north-south anisotropy in diurnal 

effect* This would give a larger diurnal effect for stations 

in southern hemisphere than for those in northern h e m i s p h e r e • 

For an opposite- orientation (that is from west to east) of 

the field, a reverse effect w ould be observed,

(d) correlation with magnetic activity should exist* 

In particularj an increase of magnetic activity must be 

accompanied by an increase of amplitude of diurnal variation 

and the shift of -its time of maximum to early hours and a 

decrease of mean intensity*

Not every raagnetic storm or disturbance should, 

h o w e v e r , have its repurcussions in cosmic raysi The magnetic 

storm depend bn che density of the stream and its velocity. 

The frozen magnetic field has probably no direct influence 

on the disturbances in geomagnetic field while for cosmic 

ray perturbations it plays the main role (together w i t h  the 

velocity of the stream)• If for instance a dense stream has 

weak (or strong but turbulent) magnetic field it would
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c a u s e  a  l a r g e  o r  e v e n  v e r y  l a r g e  m a g n e t i c  d i s t u r b a n c e  b u t  

n o  a p p r e c i a b l e  c o s m i c  r a y ’p e r t u r b a t i o n s  w o u l d  b e  p r o d u c e d , .

s t r e a m s  s w e e p i n g  t h e  e a r t h *  T h e s e  e f f e c t s  w o u l d  b e  m o r e  

p r o n o u n c e d  d u r i n g  t h e  p e r i o d  o f  m a x i m u m  s o l a r  a c t i v i t y  w h e n  

t h e  f r e q u e n c y  o f  e m i s s i o n  o f  t h e  s t r e a m s  o f  t h e  s e c o n d  k i n d  

i s  v e r y  l a r g e ,

( f )  s e m i d i u r n a l  v a r i a t i o n  i s  c a u s e d  b y  t h e  s t r e a m  o f  

t h e  s e c o n d  k i n d  a n d  a s  s u c h  i t s  a m p l i t u d e  s h o u l d  f l u c t u a t e  

s t r o n g l y  w i t h  s o l a r  a n d  m a g n e t i c  a c t i v i t y !  i t s  a m p l i t u d e  

b e i n g  m o r e  t h e  h i g h e r  t h e  a c t i v i t y ,

o f  m a x i m u m  o f  t h e  \ l u r n a l  c o m p o n e n t  i s  e n v i s a g e d  a s  a r i s i n g‘ j
o u t  o f  t h e  m o d u l a t i o n  o f  c o s m i c  r a y  p r i m a r i e s  b y  s t r e a m s  o f  

t h e  s e c o n d  k i n d  w h i c h  a r e  e m i t t e d  f r o m  o p p o s i t e  h e m i s p h e r e s  

a n d  p a s s  a b o v e  a n d  b e l o w  t h e  e a r t h *

T h e  i m p o r t a n c e  o f  D o r m a n ’ s  h y p o t h e s i s  l i e s  i n  i t s  

a b i l i t y  t o  c o n n e c t  t h e  v a r i e d  a s p e c t s  o f  t h e  c h a n g e s  o f  

s o l a r  d a i l y  v a r i a t i o n  a n d  m e a n  d a i l y  i n t e n s i t y  o f  c o s m i c  r a y s  

v d t h  c h a n g e s  i n  t h e  e l e c t r o m a g n e t i c  s t a t e  o f  t h e  i n t e r p l a n e t a r y  

s p a c e *  A  u n i f i e d  a n d  r a t h e r  c o n s i s t e n t  p i c t u r e  t h u s  e m e r g e s .  

N e v e r t h e l e s s ,  a s  a d m i t t e d  b y  D o r m a n  ( 1 9 5 7 ) h i m s e l f ,  t h e  

h y p o t h e s i s  r e q u i r e s  c o n s i d e r a b l e  e l a b o r a t i o n  b e f o r e  i t  c a n  

b e  t r a n s f o r m e d  i n t o  a  u n i v e r s a l l y  a c c e p t e d  t h e o r y *  F u r t h e r  

a s  p o i n t e d  o u t  b y  S a r a b h a i  a n d  S a t y a  P r a k a s h  ( 1 9 5 9 ) ,  D o r m a n * s

( e )  2 7 - d a y  q u & s i - p e r i o d i c  v a r i a t i o n s  o f  m e a n  

i n t e n s i t y  a n d  t h e  d i u r n a l  e f f e c t  a r e  d u e  t o  r e c u r r e n c e  o f

c y c l i c  c h a n g e  o f  t h e  t i m e

A
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method of com parison; o f  experim ental r e s u l t s  w ith  h is  theory  

is  no t adequate since he r e l ie s  c h ie f ly  on data averaged 

over long periods of time and he considers only th e  d iu rn a l 

component to  describe  the so la r  d a ily  v a r ia t io n . Thus he 

neg lec ts  the im portant aspects  of th e  form of so la r  d a ily  

v a r ia tio n  and th e  s ig n if ic a n t  changes th a t  take p lace in  

th e  form* The inadequacy i s  worst a t  an e q u a to r ia l s ta t io n  

l ik e  Huancayo, during 1948 to  1953 (see Sarabhai e t a l ,  1955) 

when the  form of so la r  d a ily  v a r ia tio n  d ev ia te s  s ig n i f ic a n t ly  

from a simple d iu rn a l v a ria tio n *

Besides the  above th e o r ie s , th e re  are o th e r th e o rie s  

which attem pt to  explain  th e  various cosmic ray  v a r ia tio n s  

in  terras of the d iffu s io n  of p rim aries through in te rp la n e ta ry  

magnetic gas clouds which a re  h e l io c e n tr ic  or geocentric*  The 

main co n trib u tio n  to  th is  group of th e o rie s  has come from 

Davis (1955), B oiser (1958), Morrison (1956), Parker (1956, 

1958), Magashima (1953.) and S inger (1957) *

Davis (1955).showed th a t  th e  11 year cy c lic  change 

of 4 $ in  cosmic ray  in te n s i ty  as observed by Forbush (1954), 

could be explained in  terms of a 1 fs change in  th e  rad iu s  

of a f ie ld - f re e ' cav ity  having a mean rad iu s  of about 200 A.U. 

which i s  brought in to  ex isten ce  by sweeping away of so la r  

and g a la c tic  magnetic f ie ld s  by io n ise d  m atte r em itted  from 

th e  sun* B eiser (1958) improved upon D avis1 model and was 

ab le  to  exp la in , in  a d d itio n , th e  low energy cu t o f f  in  th e  

primary energy spectrum and i t s  appearance and disappearance
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as observed by.Usher (1953*>1957}« However, as pointed out 

by Chandrasekhar, the cavity which plays so important a 

role in the above models is not stable enough*

M o r r i s o n ’s (1936) basic idea involves emission of 

large ionised gas clouds which carry tangled magnetic f ield 

embedded in them. He envisions such clouds engulfing the 

earth and thus shielding it from incident galactic cosmic 

rays* However, as pointed out by Parker (1936), the mechanism 

suggested by Morrison, requires certain drastic assumptions 

to be made .regarding the cloud velocities and .the magnitude 

of tangled magnetic fields that they carry; even then it 

cannot explain cases of CRS where cosmic ray intensity drops 

abruptly in a f e w  hours ( ~  5 h o u r s ) and then levels off and 

requires days and weeks to recover to predecrease level or 

anywhere near it« Further the rate of loss of mass by the 

sun, in such a picture, is grossly inconsistent wit h  the 

experimental determination of this quantity by van de Hulst 

(1953) and Beirmann (1931)• Also it requires sun to eject 

clouds in all /directions' including the polar regions* But 

both visual as well as magnetic observations show that 

violent aspects, of solar activity (flares, sunspots etc*) 

with which we associate the emission of the c l o u d s , do not 

oecur near the.poles of the sun (Payne et al, 1952)*

Parker (1956) has proposed a mechanism which is 

geocentric but' operates well outside the confines of the
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terrestrial atmosphere and the regions of dense geomagnetic 
field* He envisages earth capturing material from inter­
planetary magnetic clouds to form a nebulous geocentric 
barrier of chaotic magnetic fields which scatters the galactic 
cosmic ray flux* Commenting on the merits of this model,
Parker points out, that the small scale of the model vastly 
reduces the amount of magnetic gas that is needed, eliminates 
the necessity of, the sun to eject clouds in directions far 
from its equatorial plane, reduces the characteristic time 
to the observed value of a few hours’for augumending the 
barrier and producing a GBS and readily accounts for the 
steady low energy cut—off in face of only sporadic solar 
ejection of clouds* It is also shown that tne geomagnetic 
field is sufficiently dense to support the weight of such 
barrier* Thus this model suggests that %

(i) Low energy cut-off is due to scattering of low 
energy primaries by the barrier and the duration of such an 
effect is determined by'the decay time of captured magnetic 
fields which is of the order of a few months and this also 
explains why the cut-off does not vary violently with day 
to day solar activity but does vary over a period of years 
with mean level of solar activity**;

❖ As suggested by -Singer (195$) if this explanation is correct 
then there should not exist any low energy cut-off beyond the 
extent 1*3 earth radii) of Parker*s barrier. This can be 
tested by means of rocket experiments which are within our 
reach now*' . ;



(ii) CSS is caused by fresh capture of interplanetary 

matter; the” fraction by which the cosmic ray intensity - 

decreases will be approximately equal to the extent to which 

the barrier is strengthened and the rate of decrease of 

intensity can be made as steep as one wants to. Following the 

capture of magnetic'gas the cosmic ray intensity should remain 

depressed till the newly captured fields decay*,

(iii) F i r o r ’s {1954) conclusion that there must exist 

some scattering mechanism responsible for deviating t h e  flare 

time cosmic rays from straight line orbit receives a logical 

explanation, because a geocentric barrier  ̂  1(A km. thick 

will produce a.random deflection of about a radian which is 

of the right order of mag n i t u d e *

(iv) The geomagnetic effects are caused by two 

mutually compensating processes*

(a) The weight of the barrier compresses the 

magnetic field leading to increased intensity of the 

horizontal component of geomagnetic field*

(b) A non-magnetic gas cloud i*e* a gas which 

does not carry an internal magnetic field, if captured, 

would result.In inflating the geomagnetic f i e l d  so that 

the intensity of horizontal component of geomagnetic 

f i e l d  decreases*.

* Such a mechanism, however, can explain neither the pre-storm 
transient decreases' (McCracken, 195$) nor pre-storm increases 
(Sarabhai and Palmeira, 1959) nor the increase superposed on a 
normal GRS (Xoshida and. Wada, 1959s Sarabhai and palmeira, 1959) •



T h u s  an i d e a l l y  s u i t a b l e  c o m b i n a t i o n  o f  t h e s e  t w o  

e f f e c t s  w h i l e  e a r t h  i s  c a p t u r i n g  n e w  i n t e r p l a n e t a r y  m a t e r i a l , 

c a n  p r o d u c e  d o t h  a  c o s m i c  r a y  d e c r e a s e  a n d  a  m a g n e t i c  s t o r m  

of S C - t y p e #  T h e  p r o p o r t i o n s  of m a g n e t i c  a n d  n o n - m a g n e t i e  g a s  

c o m p o s i n g  t h e  c a p t u r e d  m a t e r i a l  d e t e r m i n e s  t o  w h a t  e x t e n t  t h e  

c o s m i c  r a y  d e c r e a s e  w i l l  be  a c c o m p a n i e d  b y  a  m a g n e t i c  storra 

a n d  v i c e  versa-®

N o  e v i d e n c e  e x i s t s  a t  p r e s e n t ,  i n d e p e n d e n t  o f  c o s m i c

r a y  i n f e r e n c e s ,  w h i c h  c o u l d  e s t a b l i s h  t h e  g e o c e n t r i c

d i s t r i b u t i o n  of m a g n e t i c  p r o t o n  c l o u d s• B u k  as s u g g e s t e d  b y

B a r k e r  h i m s e l f ,  if  s u c h  a  b a r r i e r  e x i s t s ,  rocket, b o r n e

s p e c t r o g r a p h s  s h o u l d  be a b l e  t o  r e v e a l  a  n a r r o w  a b s o r p t i o n
o

l i n e  ( h a l f  w i d t h  as s m a l l  as  0 . 0 4  A  ) i n  t h e  v i c i n i t y  of 

solar* L ^  l i n e #  A  d i r e c t  t e s t  of t h i s  k i n d  w i l l ,  t h e r e f o r e ,  

be v e r y  u s e f u l •

M a g a s h i m a  (19 5 3 )  h a s  p r o p o s e d  t h a t  a  v a r y i n g  g e o e l e c t r i c  

f i e l d ,  a  g e o c e n t r i c  m e c h a n i s m ,  c a n  c a u s e  o b s e r v e d  m o d u l a t i o n s  

of t h e  f l u x  of p r i m a r i e s .  l o s h i d a  a n d  K a m i y a  (1 9 5 3 ) h a v e  s h o w n  

t h a t  s u c h  a  t h e o r y  e x p l a i n s , f a i r l y  w e l l ,  t h e  l a t i t u d e  a n d  

a l t i t u d e  d e p e n d e n c e  o f  w o r l d  w i d e  i n t e n s i t y  d e c r e a s e s  o b s e r v e d  

b y  m a n y  w o r k e r s .  H o w e v e r ,  S i m p s o n  (1951)) c o u l d  n o t  e x p l a i n  

t h e  e n e r g y  d e p e n d e n c e  o f  2 7 - d a y  v a r i a t i o n  o f  c o s m i c  r a y  

i n t e n s i t y  on t h e  b a s i s  o f  t h i s  m o d e l #  M o r e o v e r ,  t h e  v e r y  

. e x i s t e n c e  of g e o e l e c t r i c  f i e l d  is d o u b t f u l  b e c a u s e  o f  t h e  

h i g h  e l e c t r i c a l  c o n d u c t i v i t y  of t h e  i o n o s p h e r e  a n d  t h e  

i n t e r p l a n e t a r y  s p a c e #  A l s o  a s  p o i n t e d  o u t  by P a r k e r  ( 1 9 5 6 ) ,



the effect on primary spectrum of such a field would be to • 

shift the energy of each incoming particle by a fixed amount 
whereas Meyer and Simpson (1955) think that the fluctuations 

in cosmic rays' represent a change in the total number of 
incoming particles# Parker*s objection is applicable to all 
processes which' utilise the idea of deceleration of primaries 

by electric, fields to explain the intensity decrease* It is,
1 I

therefore, imperative to measure the primary spectrum during 

a GES to be able to verify whether a change in the total number 
of particles is involved or whether deceleration effects 

predominate* Such measurements should now be possible by 
making use of artificial earth satellites*

Singer'(1957) thinks that CBS, the 27-day variation 
and the 11-year cyclic change of cosmic ray intensity are a^l 
caused by the, deceleration of primary cosmic rays in inter­
planetary space due to expansion of turbulent magnetic clouds 
(of the type proposed by Morrison) emitted by the sun. The 
detailed mechanism depends upon a statistical'decrease of 
initially high tangled magnetic field and can therefore be 
called an *inverse-Fermi1 effect* Here the random walk of 

cosmic rays -in the region of decreasing tangled magnetic 
field causes-the deceleration by induced electric field* 
However, Parker's objection to lagashima's hypothesis holds 
for the above mechanism also*

-  , t I

Recently Parker (195&) has shown that the hydrodynamic 
outflow of gas from the sun, as inferred by Biermann in •his
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observations of comet tails, can cause a reduction of cosmic 
ray intensity in the inner solar system, during years of high 
solar activity. The computed cosmic ray energy spectrum, 
based on this model, of the 11-year cyclic change of cosmic 
ray intensity resembles very closely that observed 
(experimentally) on the earth. However, as pointed out by 
Dorman (1959), Parker has apparently underestimated the free 
path length of scattering of low energy particles* Dorman 
asserts that the length cannot be less than the distance 
between the elements of turbulence, whereas in Parker*s theory 
it tends to be zero at low energies* Dorman (1959* has 
presented a revised version of Parker»s theory in which the 
velocity, with which the inhomogenieties are propagated in 
the interplanetary medium, falls off exponentially. He also 
takes account of the *inverse-Fermi» mechanism of the
deceleration of particles by induced electric fields in this 
new theory*

Any theory which' stakes its claim for a general 
acceptance must be able to explain the following features of 
cosmic ray variation in addition to other well knownfeatures.

(a) The ehange of the form of solar daily variation 
with a period of 22 years, as observed by Sarabhai et al (1955)*

(b) The origin of the semidiurnal component and its 
relation with the diurnal component of solar daily variation 
as also the 22 year cyclic change of the time of maximum of 
semidiurnal component as observed by Sarabhai et al (1959). •
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(c) The nature of 27 day quasi-periodic variations 
which apparently do involve increases besides decreases.

(d) The variability of the relationship of the diurnal 
component of the solar dally variation with geomagnetic 
activity as reported by Parsons (1956) and Sarabhai and 
Satya Prakash (1959)*

(©) The implication of the directional studies of 
Elliot and Eothwell {1956} and Parsons (1957) during 1956-1957 
and of Sarabhai et al (1959) during 1956-1956, which indicates 
the possible presence of a non-meteorological local geocentric 
source of solar daily variation at certain periods*

(f) Why is a CIS some times preceded by a transient 
decrease and sometimes by a short lived increase and on other 
occasion has an increase superposed on a normal decrease?

At present no single theory adequately describes the 
varied experimental facts and their solar terrestrial 
relationships* There are indications that a combination of 
some of the Alfven-Dorman ideas along with the heliocentric 
and geocentric processes,suggested by Parker, may provide an 
appropriate, but by no means simple, interpretation; of the 
complex phenomena of various cosmic ray variations*

1 *12 Scope of the study of time variations of cosmic rays
and the purpose of the study presented in this thesis

In the preceding pages we have seen that both solar
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daily variation and’ daily mean intensity of cosmic rays 
exhibit large world wide changes on a day to day as well as 
on a year to year basis* It has also been shown that the 
study of these variations holds the key to the proper 
understanding of various processes involved in the modulation 
of primary cosmic rays* This fact, in turn, brings out the 
importance of using primary cosmic rays as a probe for 
studying the -electromagnetic conditions in the interplanetary 
medium* Before such a step is taken, it is necessary to gain 
a comprehensive knowledge about the varied aspects of cosmic 
ray variations and then form a unified picture by establishing 
the inter-connection between these various aspects*-This 
entails experimentation on a large scale with different 
components of cosmic 'rays which are representative of the 
different bands of the primary energy spectrum. Further such 
observations, of necessity, have to be spread out over a 
fairly wide range of latitudes and longitudes and such 
observations have to be conducted at different altitudes 
and at various depths underground*

Besides'one has to refine the methods of analysis of 
the observational data* So far it has been customary to use 
experimental data averaged over long intervals of time to 
reduce the statistical errors in the results obtained. This 
procedure, at best, gives only a general picture but fails 
to bring out,the finer details' of the processes involved in 
producing cosmic ray variations and geomagnetic disturbances*



This limitation has become particularly obvious through 
recent studies which have established that there exists a, 
so called| * meteorology1 of interplanetary space, so that 
the electromagnetic state of matter in the interplanetary 
medium varies from place to place and from time to time* The 
solar corpuscular streams are, presumably, instrumental in 
bringing about these changes. Thus an interesting possibility 
exists of being able to classify the different electromagnetic 
states of matter populating the interplanetary space, if only 
one could find an index which could specify the electromagnetic 
characteristics of these streams unambiguously % Dorman (1957) 
has shown in a detailed manner how the velocity, the corpuscular 
density, the orientation of the magnetic fields frosen into 
the streams and heliolatitude of emission of these streams 
could be related, in a rather definite way, with observable 
changes in cosmic ray intensity and the perturbations in the
geomagnetic field* Although a considerable refineiaent is still 
needed in Dorman’s hypothesis, a preliminary beginning can 
oe .made towards, v e m y i n g  the salient features of this model.* 
Sarabnai and Satya Prakasli {1959} have suggested that this 
could be done by looking at significant changes in individual 
bihourly intensity of ..cosmic rays on each day, together with 
the perturbations in geomagnetic field during the corresponding 
interval of time.. They further pointed out that it is 
advantageous to use tile- data of nucleonic component of cosmic
rays ror such analysis because such data can be corrected for 
meteorological effects' in an accurate way,- However, very often,
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the standard error of an experimental determination of 
individual bihourly intensity on any particular day is too 
large to permit any valid conclusions to be dram* As such, 
they suggested that the next best alternative was to average 
the data over a number of days grouped together on the basis 
oi parameters defining a particular state• The parameters 
used were (a) Cp which represents geomagnetic disturbance 
on a particular day, (b) the variance for the day-, which 
parameter represents the degree of variability of cosmic 
ray intensity on that day and (c) the mean intensity for the 
day* *rom the results obtained by them they believe that the 
above type of approach towards phenomenological classification 
of the various electromagnetic states of the interplanetary 
medium, in.. the vicinity 01 the earth, holds promise* Their 
analysis was confined only to the data obtained at Kodaikanal 
{A * + 1°, f = 147°, and h = 2343 m) during 1957,. With 
more data available from neutron monitor stations at Ahmedabad 
'and from the network of other neutron monitor stations 
operated during, ;the last I » Y *, an attempt has been made 
(in this thesis) to 'elaborate on some aspects 'of their 
analysis and confirm whether the results obtained by them 
hold on a world wide basis* In addition several other 
distinctive features of day to day changes in solar daily 
variation and daily mean intensity of cosmic rays have been 
brought to light« Briefly speaking, an attempt has been made 
to answer the following specific questions :
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(a) Do there exist w orld wide correlated changes of 

the solar daily variation an d  the daily mean intensity of 

cosmic rays as has been reported by Sarabhai and Bhavs&r 

(t9>8) and Sarabhai and Satya Prakash (1959)?

(b) Are there only increases or are there only 

decreases o r  are there both increases and decreases in the 

day to day changes in the daily mean intensity pf cosmic 

rays'?

(c) Do .only the decreases or only the increases or 

both inereases.and decreases recur?

Besides the author has utilised the data from. 

A h m e d a b a d  and Huancayo neutron monitors' to study the general 

features of solar daily variation and of daily mean intensity 

of cosmic rays during 1957 an d  195$. In this connection, 

the following are the Questions to which who author nas 

sought to find the answers i

(a) How does the for m  of the mean annual solar daily 

variation change from 1957 to 195$ a n d  whaw relationship 

does such a change bear with corresponding changes in the 

level of (i) mean annual daily intensity of cosmic rays,

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

mean annual solar activity?

(b) Is enhanced solar daily variation a world wide 

effect? If it is, then does there exist an index which can
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en ab le  one to  s e p a ra te  days of enhanced s o l a r  daily- 

v a r i a t io n  on. a  w orld  wide b a s is ?

(c ) What r e l a t i o n s h i p  does enhanced s o la r  d a i ly  

v a r i a t i o n  b e a r ,w ith  geom agnetic a c t i v i t y  a s  r e p r e s e n te d  

by Cp? ' ,

(d) What i s  th e  n a tu r e  o f  th e  change t h a t  se m id iu rn a l 

component o f s o l a r  d a i ly  v a r i a t i o n  undergoes d u rin g  p e r io d  

of h ig h  geom agnetic a c t i v i t y  and d u r in g  m agnetic  sto rm s?

■Further, in  - June 1955 th e  a u th o r  was asked  to  

e s t a b l i s h  a  m ountain  ‘l e v e l ,  cosmic ra y  r e c o rd in g ,  s t a t i o n  

a t  Gulmarg ( A *  + 2 5 ° ,  £  s  + 147°, h = 2740 m> in  th e  

H im alayas, a s 'a p a r t  o f  th e  developm ent programme o f th e  

P h y s ic a l  R esearch  L a b o ra to ry , ilhraedabad# I t  was p roposed  

to  s e t  up a-num ber of narrow  a n g le  te le s c o p e s  tc  r e c o rd  h a rd  

component o f cosm ic ray s*  The whole e le c t r o n ic  equipm ent 

r e q u ir e d  f o r  t h i s  pu rpose  was d e s ig n ed  by th e  a u th o r  h im s e lf  

as d e s c r ib e d , in  d e t a i l ,  in  c h a p te r  I I • . The u n i t  was p u t 

i n to  co n tinuous o p e ra tio n  in  e a r ly  1956 and was m a in ta in e d  

by th e  a u th o r  t i l l  e a r ly  195^* Because o f a la rg e  number o f 

d i f f i c u l t i e s  e*g# snow bound c o n d it io n s  f o r  abou t s i x  months 

in  a y e a r , absence o f  r e l i a b l e  A»C. m ains su p p ly , th e  

a v a i l a b i l i t y ,  o f  o n ly  m eagre l a b o r a to r y  and workshop f a c i l i t i e s ,  

absence o f  s a t i s f a c t o r y  a rrangem en t o f t r a n s p o r t  e tc * ,  th e  

experim encal programme co u ld  non be c a r r i e d  o u t on a  s c a le  

o r i g in a l l y  env isaged#  Only a  p a r t  o f  th e  f u l l  c a p a c i ty  o f th e
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experimental arrangement could thus be utilised, which 
resulted in the statistical error of the data being rather 
large. This being the case, no detailed analysis, on a day 
to day basis, of Gulmarg data collected over a period of 
two years could be undertaken• Nevertheless, the data have 
been used for the study of certain broad features of solar 
daily variation in conjunction with neutron monitor data 
from Mt.Horikura* and hard component data (obtained with 
meson t e l e s c o p e s ) f r o m  Ahmedabad, In particular, an attempt 
has been made,to answer the following questions :

(a) How, did the power and che'position of the source 
o f , diurnal component of solar daily variation change during 
1956 and 1957?,

(b) Does there exist a periodic annual change, of 
nan-meteorological- origin, in solar daily variation of cosmic 
rays as reported by Sekido and loshida (1950) and by Sekido 
and Kodama (1952) ?

'(c) ' At the time of onset of giant solar flare of 
Feb,23, 1956 Gulmarg (geographic longitude s 75°S) was just 
entering 0900 hours impact zone.,Hence an attempt has been 
made to see what distinctive features did the flare type 
increase exhibit at Gulmarg ?

v The author is grateful to Br,Y.Miyazaki of the Institute of 
Physical and, Chemical Research, Itabashi, Tokyo , (Japan), for 
supplying these data,
** Mr*H*L«Razda», a colleague of the author, was kind enough 
to supply these data for which the author is thankful•



II

experimental techniques

2.1 Recording of meson component;
\

2*11 Introduction

In 1950 a comprehensive programme of cosmic ray- 
variation was begun by cosmic ray research group of 
Physical Research Laboratory, ihmedabad# One of the 
chief objectives, on development side of the programme, 
was the establishment of sea level and mountain level 
cosmic ray recording stations along the 75°E meridian 
section and spread out over a wide range of latitudes 
ranging frcm geomagnetic equator, in South India, to as 
high a latitude as could be reached in the North India.
In pursuance of th is objective cosmic ray recording 
stations were firs t, set up at Ahmedabad {A = + 14°, 
f  ■=. 144°, h ~ sea level),* Kodaikanal (A -  +1°, f  » 147°, 
h •=. 2343a) and Trivandrum (J s  -1°, f  s  146°, h = sea 
level). In the middle of 1955 the author was entrusted 
with the task of setting up a high altitude cosmic ray 
recording station at Gulmarg (A * 25°, f  = 147°, 
h =• 2740m) in the Himalayas,^o s ta rt with, i t  was decided 
to concentrate only on devising satisfactory means of

* A > £» h are respectively the geomagnetic la titude, 
geomagnetic longitude and height above sea level of the 
station.
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r e c o r d i n g  h a r d  c o m p o n e n t  o f  c o s m i c  r a y s  b y  c o u n t e r  

t e l e s c o p e s  • T o  d e c i d e  t h e  g e o m e t r y  o f  c o u n t e r  t e l e s c o p e s  

a c c o u n t  w a s  t a k e n  o f  t h e  w o r k  o f  S e k i d o  e t  a l  ( 1 9 5 0 )  

w h o  s h o w e d  t h a t  t h e  a m p l i t u d e  o f  d i u r n a l  a n d  s e m i d i u r n a l  

c o m p o n e n t s  o f  s o l a r  d a i l y  v a r i a t i o n  i n c r e a s e s  a 3  t h e  

a n g l e  i n  t h e  E - W  p l a n e  i s  n a r r o w e d  a n d  o f  S a r a b h a i  e t  a l  

( 1 9 5 5 )  w h o  s h o w e d  t h a t  i t  w a s  e n o u g h  t o  h a v e  a  s e m i a n g l e  

o f  5 °  i n  t h e  E - W  p l a n e  b e c a u s e  a n y  f u r t h e r  d i m i n u t i o n  o f  

t h e  a n g l e  o f  o p e n i n g  i n  E - W  p l a n e  d i d  n o t  s i g n i f i c a n t l y  

i n c r e a s e  t h e  a m p l i t u d e  o f  s o l a r  d a i l y  v a r i a t i o n  b u t  i t  

d i  d  a d v e r s e l y  e f f e c t  t h e  b i h o u r l y  c o u n t i n g  r a t e  t h e r e b y  

a s s o c i a t i n g  a n  i n c r e a s e d  s t a t i s t i c a l  e r r o r  w i t h  b i h o u r l y  

i n t e n s i t i e s  r e c o r d e d .  T h u s  i t  w a s  d e c i d e d  t o  s e t  u p  a  

n u m b e r  o f  t e l e s c o p e s  h a v i n g  a  s e m i a n g l e  o f  o p e n i n g  o f  5°  
i n  E - W  p l a n e  a n d  a n  a d e q u a t e  c o u n t i n g  r a t e 5*". T h i s  c o u l d  

b e  a c h i e v e d  w i t h i n  l i m i t a t i o n s  b y  u s i n g  s i n g l e - c o u n t e r  

t e l e s c o p e s  h a v i n g  a  l e n g t h  o f  30 c m  d i a m e t e r  o f  k c m  w i t h  

e n d - t r a y s  s e p a r a t e d  b y  4 0  c m .  A  d e t a i l e d  d e s c r i p t i o n  o f  

t h e  a r r a n g e m e n t  o f  t h e  c o u n t e r  t e l e s c o p e s  i s  g i v e n  i n  

s e c t i o n  2 . 1 1 1  b e l o w .

H a v i n g  f i x e d  t h e  t e l e s c o p e  c o n f i g u r a t i o n ,  t h e  

p r o b l e m  a r o s e  o f  d e s i g n i n g  e l e c t r o n i c  c i r c u i t s  w h i c h  c o u l d  

b e  o p e r a t e d  o n  b a t t e r i e s  s i n c e  A . G  • m a i n s  a t  G u l n a r g  

f l u c t u a t e s  o v e r  w i d e  l i m i t s  ( 9 0  v o l t s  t o  2 3 0  v o l t s )  a n d  

t h e r e  a r e  f r e q u e n t  i n t e r r u p t i o n s  d u r i n g  t h e  c o u r s e  o f  t h e

*  A t  t h a t  t i m e  t h e  a u t h o r  w a s  n o t  a w a r e  o f  t h e  i n f l u e n c e  
o f  t h e  a n g l e  o f  o p e n i n g  i n  H - S  p l a n e  o n  t h e  f o r m  o f  s o l a r  
d a i l y  v a r i a t i o n .
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day. This, in turn, required that; the power consumption 
by valves of the circuits be kept to a bare minimum.
From the l i s t  of battery operated valves, i t  was found 
that BL 67 electronic tube (manufactured by Philips 
Limited) was just the valve which consumed the least 
power on both H.T. and L.T. side and at the same time 
could give a performance commensurate with the requirements 
of the electronic circuits used for continuous recording 
of cosmic rays. Hence a ll electronic c ircu its , the details 
regarding which!find place in the ensuing pages, were 
designed using DL67 electronic tubes. The filament of 
th is tube requires only 13 MA of current at 1.2 volts and 
an H.T. as low as 22.5, volts is  enough. However, pulse 
height and s tab ility  considerations led the author to 
operate these circuits from an H.T. of 90 volts. But in 
case of recording stage, relatively high current was 
required because the 1 telephone-call1 type mechanical 
recorders which were used to  register cosmic ray counts, 
require a minimum of 15 ®A to actuate them. Nevertheless 
the author could s t i l l  economise on power consumption by 
using cold cathode tube type QA4G which does not require 
any filament current.

After completing the construction of various circuits the 
equipment was given a t r i a l  run for two months during 
which time the author sa tisfied  himself about the proper 
running and stab ility  of operation of the various c ircu its . 
The unit started operating, on regular basis, from



31st December 1955* , The author shouldered the  

r e s p o n s ib i l i ty  o f  i t s  maintenance upto 31st January 195&*

In  th e  e a r l i e r  stages o f th e  work, th e  au thor 

rece iv ed  generous a s s is ta n c e  pnd h e lp fu l advice from 

Dr. Uip. D esai, th e  header in  E lec tron ics*

2.111: The layou t o f  th e  apparatus

The schematic diagram o f  th e  experim ental s e t  up 

of te lescopes having an ap e rtu re  o f  10°x112°* i s  shown 

in  Figure 5« - -
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F ig . 5 '~ I l l u s t r a t i n g  th e  layou t of 
th e  ap p ara tu s .

* 10° -  apex angle o f th e  cone in  E-W p lan e  and 112°= apex 
angle o f th e  cone in  E -S ;planer



-  96 -

Triple coincidence system of recording was used> Each 
telescope (T) consists of three one-counter trays A* B,
G mounted vertically  one above the other at a distance 
of 20 cm. from each other; the extreme trays being thus 
40 cm apart. Self-quenched type counters were used.
The length of each counter was 30 cm and i t s  diameter 
4 cm; the to tal sensitive area for each telescope being
120 em .̂ There were eight such telescopes T1, T2........e tc .) .
The alignment of the telescopes was such that the 
cross-section of the end-on position of the counters lay 
in the B-W plane whereas the cross-section of the broad 
side-on position of the counters lay in the N-S plane.'
The respective semi angles of the cones defined by the 
extreme trays in the two planes was 5° and $6°, To 
eliminate the soft component, 10 cm of lead absorber was 
interposed between middle and the bottom trays. Unsealed 
counting rate of each telescope was 1200 per bihour.

With a view to keeping the recording arrangement 
as simple as possible and to economise on power consumption 
the use of conventional quenching unit was dispensed with 
and resistance quenching system was used"'. The quenching 
resistances also formed th§ ^ id-leaks of the coincidence 
unit. The output pulses from the trays Af , B1, C .; k oi 

^2* ^2  ̂ were fed to the coincidence units

* This type of arrangement was. made possible by use of 
good quality GM counters which were prepared by the author 
himself# The method of preparation has been described in Sec. 2.121.
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* ^ 2 * ............. r e s p e c tiv e ly . Output o f th e

coincidence u n its  were fed to  le v e l-d is c r im in a to rs  in  

twos* e .g . th e  output o f C* and c |  was fed  to  □1 . 2 ;; 

wherefrom i t  passed on to  th e  sc a le rs  S .,, z  e t c .  and 

thence, through an i s o la to r  Iso- . ' e tc .  to  th e
1 J *

reco rders  2 e tc .  The d ia ls  o f  th e  m echanical 

reco rd ers  ( th e  mechanical reco rd ers  were a l l  mounted on 

a panel) were photographed a t hourly  in te rv a ls  by an 

autom atic, b a t te ry  operated, photographic arrangem ent 

which makes use o f  a 16 mm a i r c r a f t  camera. D e ta ils  

regard ing  various c i r c u i ts  i s  given in  Sec. 2 .3-

The in h e ren t s im p lic ity  o f th e  arrangem ent 

described  above le d  to  g rea t amount o f  convenience in
s -  *

the  maintenance o f  th e  u n i t ,

2.113 Response c h a ra c te r i s t ic s  o f th e  
te lesco p es

One o f th e  p r in c ip a l  c h a ra c te r i s t ic s  o f  th e  

counter te lesco p e  i s  i t s  d ire c tio n a l p a t te rn ,  o r  more 

ex a c tly , the fu n c tio n  I ($  )j showing th e  r e la t io n  between 

th e  in te n s i ty  o f p a r t ic le s  recorded by th e  giver- 

instrum ent and the  angle ( $ ) between th e  d ire c tio n  of 

th e i r  motion and th e  zenith* The knowledge o f 1 (9  ) , 

ap a rt from a id in g  o th e r c a lc u la tio n s  ( e .g ,  th e  th e o re t ic a l

* 'fke grouping o f th e  output pu lses from coincidence
unxt o f th e  te lesco p es T.,, T2 ,. To.........e tc .  in to  p a i r s
was undertaken to  enable the author to  use le s s e r  number 
o f record ing  stages w ith  obvious economy in  power 
c on sumption and e le c tro n ic  components. A ll th i s  was 
achieved w ithout imparing th e  e f f ic ie n c y  o f operation  
o f th e  arrangements
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P 'O 'A *  -  FIG "0*

Fig. 6(a) &  6(b) give the response 
characteristics of the telescope.
Fig. 6(c) gives the contributions made by 
different arbitrary areas to the total 
counting rate o f  the telescope.
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calculation of barometric coefficient e tc .) , enables 
one to locate the position of ex tra terrestria l source 
of various variations of cosmic rays with respect to  a 
particular geometry of the counter telescope.

I( 9 ) may be calculated in many different ways 
as suggested by various authors e.g. Witmer and Pomerantz 
(194S), Newell and Pressly (1950), Blokh and Dorman 
(1957) and Brunberg (195#)* Author has followed Newell 
and Pressly’s method of calculation and the resu lts for 
the telescope configuration used by him are indicated in
E lg n r f i s  61a ) .  M  and &ln \ . ____________ ,

3«®4 e«s®&

%*G£ CONTRIBUTION OF m *  DIFFERENT AREAS 

OF £ tJTOWARDS ITS TOTAL COUNTING RATE

O o'
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Figure 6(a) shows th a t  55$ o f p a r t ic le s  .are confined 

to  1/5 of th e  to t a l  s o l id  angle subtended by th e  

te le sc o p e . F igure 6(b) gives th e  p e rce n t o f  p a r t ic le s  

confined w ith in  various a r b i t r a r y  f ra c t io n s  o f  th e  t o t a l  

s o l id  an g le . F igure 6 (c) g ives th e  co n trib u tio n s  made 

by d if fe re n t  a rb i t r a ry  a reas  (defined  by angles subtended 

by than  in  two m utually perpend icu lar p lanes) to  th e  

t o t a l  counting r a te  o f  th e  te le sc o p e . F igure 61b) would 

be, l a t e r ,  used f o r  c a lc u la tin g  th e  p o s it io n  o f th e  

source of d iu rn a l component o f  s o la r  d a ily  v a r ia tio n  

from th e  data obtained  from meson counter te le sc o p es  

operated  a t  Gulmarg during 1956 and 1957*
V J

2.12 Self-Quenched Geiger-M ull er Counter

The self-quenched type o f Geiger com  te r  i s  

e s s e n t ia l ly  a d iode, f i l l e d  w ith an in e r t  gas^argon and a 

polyatom ic vapour* l ik e  e th y l a c e ta te , which operates in  

th e  region of th e  unstab le  corona d isch arg e . The 

arrangem ent, in  a c tiv e  s t a t e ,  being so s e n s it iv e  th a t  th e  

fo  m a t ion of a s in g le  p a i r  o f  ions anywhere w ith in  i t s  

confines i s  s u f f ic ie n t  to  t r ig g e r  a d ischarge; th e  

magnitude, d u ra tio n , and general ch a rac te r of which are 

independent o f th e  s p e c if ic  io n iz in g  power o f  the

* For s a t is f a c to ry  performance the  polyatom ic vapour 
should have ( i )  low io n iz a tio n  p o te n t ia l  compared to  the  
monoatomic in e r t  gas and ( i i )  a  broad and in ten se  
u l t r a v io le t  absorp tion  band which should  enable i t  to  
d is so c ia te  r a th e r  than emit ra d ia tio n  when in  an ex c ited  
s t a t e .
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io n iz in g  p a r t i c l e ,  Montgemery (1940), S tev e r (1942), 

W ilkinson (1950) and K orff (1955) have ias cussed , in  

an exhaustive manner, th e  process of th e  development 

of th e  d ischarge and i t s  quenching in  a  s e l f  -  quenched 

G eiger coun ter.

When an io n is in g  p a r t ic le  passes through such a 

coun ter, in  a c tiv e  s ta te ,  i t  produces a few ion  p a irs  in  

the  se n s itiv e  volume o f th e  co u n te r. f,ie  e le c tro n s  so 

fre ed  tr ig g e r , a discharge which spreads ra p id ly  

throughout th e  leng th  of th e  coun ter. The d ischarge , 

however, l a s t s  only a few m icroseconds. Soon th e  f i e l d  

conditions in s id e  th e  counter are  a l t e r  3d due to  th e  

form ation o f a sheath  o f p o s it iv e  space charge in  the  

h igh  f i e l d  s e n s i t iv i ty  reg ion  near th e  c e n tra l w ire and 

th e  d ischarge i s  ex tingu ished . A sm all v o ltag e  pu lse i s  

developed, in  t h i s  p rocess, aeross th e  counter and th i s  

can be e a s ily  d e tec ted  and recorded by e le c tro n ic  

c i r c u i t s .

The im portant requirem ents th a t  such counter 

should meet a re , th a t  they  have low o pera ting  p o te n t ia l ,  

long o p e ra tin g  range,' h igh e f f ic ie n c y , .s ta b i l i ty  w ith  

use and tim e, la rg e  pulse s iz e  and sh o rt recovery tim e, 

in  p ra c t ic e , however, a workable compromise has to  be 

made between those s tr in g e n t  requirem ents depending upon 

th e  purpose f o r  which these  counters are  to  be used.

For tim e -v a r ia tio n  s tu d ie s  th e  prim ary requirem ents are
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that the counter should have a long l i fe  and that the ir 
characteristics should not change significantly during 
the course of the ir useful life*

2.121 Preparation of self-quenched 
Geiger counters

A typical self-quenched Geiger counter used by 
the author consisted of a pyrex glass tube 30 cm long,
4 cm in diameter along the axis of which was stretched 
a fine tungsten wire 4 mils (1 mil -s 2.5 x 10~ ĉm) in 
diameter which serves as an anode. The cathode consisted 
of a cylindrical copper sheet. Thin glass sleeves were 
introduced at the raids to confine the sensitive area of 
the counter within well defined lim its. The whole 
assembly was thoroughly baked in an oven to drive out 
the adsorbed gases.

The chief cause of the deterioration of the 
counter characteristics i s  often the multiple pulses 
which arise because of the photosensitivity of the 
cathode* Multiples also adversely effect the useful life  
of the counter. So the chief problem in producing good 
counters involves devising means of diminishing and i f  
possible eliminating the photosensitivity of the cathode. 
I f  a quenching unit is  used, in conjunction with the 
counter, th is problem i s  relegated to the background 
because in that case, after every discharge the voltage 
across the counter is  automatically kept far below the
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th re sh o ld  t i l l  th e  discharge i s  com pletely quenched 

and hence we get. a s in g le  pu lse  in  th e  ou tpu t fo r  

every  d isch arg e . But i f  one decides to  use re s is ta n c e  

quenching system, as th e  au thor d id , i t  becomes r a th e r  

im perative to  tak e  sp ec ia l care in  t r e a t in g  th e  cathode 

so as to  reduce i t s  p h o to s e n s it iv ity . The au thor 

succeeded in  doing th i s  by su b je c tin g  th e  cathode to  a  

chemical trea tm en t suggested by Curran and Graggs (1949)# 

I t  involved th e  use o f th ree  s o lu t io n s . Complete 

d e ta i l s  regard ing  th e  com position of these  so lu tio n s  

to g e th e r w ith th e  procedure follow ed i s  given in  th e  

appendix a ttach ed  a t  th e  end o f th i s  ch ap te r.

At th e  end o f  th e  d e s e n s itiz in g  trea tm en t th e  

counter was washed p roperly  and dried  and then evacuated
f

by a ro ta ry  o i l  pump and f i l l e d  w ith  a  m ixture of argon 

(90$) and e th y l a c e ta te  (10$) to  a t o t a l  p ressu re  o f 

10 cm. of Eg. A fte r allow ing s u f f ic ie n t  time f o r  th e  

gases to  admix, th e  counter was te s te d  f o r  p la te a u  and 

only those which showed a  p la tea u  of a minimum o f 200 

v o lts ,  were considered accep tab le . They were nex t l e f t  

f o r  aging overnight and r e - te s te d  in  th e  morning. Only 

those counters th e  c h a ra c te r is t ic s  o f  which remained 

u n a lte red  a f te r  aging were f in a l ly  accep ted .

A ty p ic a l  counter prepared in  t h i s  way had a

th resh o ld  a t  about 1150 v o lts ,  a p r a c t ic a l ly  f l a t  
p la teau  of 200 v o l ts ,  an u se fu l l i f e  o f  s ix  to  e ig h t
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months during which time few m u lt ip le s  appeared in  '
. _ I

th e  ou tp u t. The e f f ic ie n c y  o f  such counters was found  

to  be 99*5$?.

Old r e je c te d  c o m te r s  need n o t be su b jected  to  

th e  d e s e n s it iz in g  treatm en t a g a in . I t  i s  enough to  

ju s t  r e f i l l  them. At th e  tim eNof i n f i l l i n g ,  th e  counter  

was m erely r in sed  w ith  d i s t i l l e d  water to  r id  th e  cathode  

and th e  w a lls  o f  th e  counter, o f  decom position products 

o f  polyatom ic vapour. A lso , fo llo w in g  Shepard' (1 9 4 9 ), 

th e  cen tra l wire was heated to  a d u ll red h e a t . T h is  

procedure r e s to r ed  most, o f  th e  counters to  t h e ir  o r ig in a l  

c h a r a c t e r is t ic s .

2 .1 3  E le c tr o n ic  c ir c u i t s

2.131 C oincidence c i r c u i t

I t  i s  designed  a f te r  the wellknown R ossi (1930) 

type c i r c u i t .  An im portant property o f such a c ir c u it  

b ein g  th a t  a la rg e  output p u lse  (p o s it iv e )  i s  obtain ed  

only when th e  input p u lses  (n eg a tiv e) from variou s  

(say n) channels a r r iv e  w ith in  a few  m icroseconds of 

each o th er . Of n e c e s s i ty  th e  d iffe r e n c e  in  th e  output 

r e s u lt in g  from n - f  o ld  and (n -1)~ fo ld  co in c id e n c es  has 

to  be rath er  la rg e  so  th a t i t  i,s  easy to  d iscr im in a te  

between them .. The author used a t r ip le  co in c id en ce  

i . e .  n = 3, c ir c u it  shown in -F ig u re  ? .  The c ir c u it



has a resolving tin e 7 x 10” sec. and a ratio  of 

three-fold to two-fold coincidences greater than 15*

1 V 9 0 K  R2-47GK C |=O O LU F C 2-IO O PF

— -̂7 rT=“ "t

Fig. 7 -  Coincidence unit.
' s  ’> 1 (

i I Si

Attached to the coincidence circu it was a 
^evel-discriminator* which also acted as phase inverter. 
The output from th is  stage had the same sign (negative) 
as that of the input pulses arriving at the grid leaks 
of the coincidence unit. ,''"0j _ \ ̂

2.132 Scaling Circuit

Cr « • '?•I t  consisted of a suitable number of Eecles-Jordan
3

type bistable .imltivi^rators;;put in cascade. An ideal
> **■''' > ,\ j

bistable circuit should, i f  p ossib le, have a high
' W 4-* * 5
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tr ig g e r in g  speed, a high tr ig g e r  s e n s i t iv i ty ,  a low power 

consumption, a good s t a b i l i t y ,  and a low s e n s i t iv i ty  to  

extraneous in te r fe re n c e s . A ll these  demands, however, 

cannot be s a t i s f ie d  a t th e  same tim e, as an improvement 

o f  one o r more of th e  p ro p e r tie s  mentioned r e s u l t s  in  a

d e te r io ra tio n  of o th e rs  ( e .g . see th e  d e ta ile d  a n a ly s is
* *  «
* , »» *

made by Heeteson 19$6), T herefore , genera l ru le s  fo r  

design ing  a b is ta b le  m u ltiv ib ra to r  a re  d i f f i c u l t  to  

fo rm u la te . Many in v e s tig a to rs  e .g .  Stevenson and 

G etting  (1937), L ifsch u tz  and hawson (1933), Reich (1933), 

Higginbotham e t a l  (1947), F itc h  (1949) e t c . ,  have

described  varied  methods o f  in c reas in g  th e  sw itching  speed
, , * * * *

' . „ • • S -i

and improving th e  general r e l i a b i l i t y  o f such c i r c u i t s .  

R itche (1953), and Pressman (1953) have described an 

e legan t design procedure.

B a tte ry  operated b inary  type s c a le r  designed by
!' i j  ^

the  author i s  shorn in  Figure £ . The ch ie f  fe a tu re s  of 

th e  c i r c u i t  being  very low power consumption both  on 

H.T* and L.T. s id e  and a to le ra b ly  good re so lv in g  tim e.

Diode inpu t feed  to  the p la te  c i r c u i t  was used because

such an arrangement .improves the s t a b i l i t y  o f  the  s c a le r
( - "

and a t th e  same tim e i t  a lso  immunises th e  c i r c u i t  to  

extraneous in te rfe ren ces*  : ,

Apart from p rov id ing  a low ou tpu t r a te  corresponding 

to  a  high in p u t r a te ,  the, s c a lin g  c i r c u i t  h e lp s to  change 

th e  random d is t r ib u t io n  of pu lses in to  one where th e  

d if f e r e n t  pu lses a re  more re g u la r ly  spaced; t h i s  

f a c i l i t a t e s  th e  record ing  of th e  pulses on th e  output
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sid e  by tttelephone c a l l ” type rec o rd e rs , which have a 

ra th e r  low re so lv in g  time ( ^  0 .2  s e c . ) .  As shorn by 

Alaoglu and Smith (1938) the tim e in te r v a l  between every 

r tia pu lses w il l  have standard  dev ia tion  given by 

(1-r)**B so th a t  as r  in c rease s  th e  r t a  pu lse  w il l  be 

more re g u la r ly  spaced#

F ig . 8 -  S caling  U nit.

2.133 I s o la t in g  C irc u it

The output pu lses o f  th e  s c a le r  a re  f e d  to  an 

^ Iso lator*  which c o n s is ts  of a grounded-grid t r io d e .

The n ecess ity  o f using * Iso la to r*  arose because when 

the co ld  cathode tube of th e  reco rd in g  stag e  i s  

tr ig g e re d , a continuous discharge occurs between th e  

p la te  and th e  cathode o f the tu b e . So th a t  i f  ou tpu t i s
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fe d  to  tiie  reco rd in g  stage s t r a ig h t  from th e  l a s t  stage  

of th e  s c a le r ,  a  feed  back i s  l ik e ly  to  occur from th e  

foim er to  the l a t t e r .  I s o la t in g  stage p rev en ts  th i s  by 

a c tin g  as a b u ffe r  between th e  s c a lin g  stag e  and th e  

reco rd ing  s ta g e . I t  p resen ts  an i n f in i t e  impedance f o r  

any feed-back th a t  might take  p lace between th e  g r id  

c i r c u i t  of the co ld  cathode tube, and th e  s c a lin g  s ta g e .

2.134 Recording C irc u it
' '  '• '  V  J '  .

As shown in' F igure 8, i t  c o n s is ts  of a cold  

cathode tube (type GA4-G) b iased  to  a  l i t t l e  below the 

’break-down* poin t and in  the p la te  c i r c u i t  o f i t  i s  put 

an electrom echanical recorder in  s e r ie s  w ith an en e rg is in g  

re la y  (R). A mechanical sw itch (S} operated  by the  

en e rg is in g  re la y  serves as tr ig g e r in g  mechanism f o r  the 

reco rder.. (

The output p u lses  f ra a  th e  I s o la te r  t r ig g e r  th e  

cold  cathode tube and a cu rren t o f  th e  o rd er of 1$ m.A. 

flows through the p la te  c i r c u i t  thereby  en e rg is in g  th e  

electrom echanical reco rd er sad th e  re la y  (R) • The l a t t e r ,  

in  tu rn , operates the m echanical sw itch  (S) which cu ts  o ff  

the H.T. connection lead ing  to  th e  e x tin c tio n  o f discharge 

in  co ld  cathode tu b e . In  th e  meantime, the reco rd e r has 

re g is te re d  one count. Thes c i r c u i t  i s  th u s  ready  to  

rece iv e  another t r ig g e r in g  s ig n a l. The m echanical 

reco rd e rs  were mounted on a panel which was photographed 

by an autom atic b a t te ry  operated  photographic device



every hour

2.14  T es tin g  o f  the  proper running o f the
apparatus

The ro u tin e  checks f o r  th e  s a t is f a c to ry  working 

of the apparatus consisted  o f the fo llow ing  t e s t s .

(1) Tray ra te s  of a l l  the counter t r a y s  were 

taken d a ily  to  ensure th a t  counters were working 

s a t i s f a c to r i ly .  Besides a t th e  end o f every month, even 

i f  th e  arrangem ent were working s a t i s f a c to r i ly ,  p la te a u  

of a l l  the counters was taken . In  case o f  any counter 

f a i lu r e ,  p la teau  was taken of a l l  th e  counters com prising 

the p a r t ic u la r  te le sco p e .

(2) Daily measurement of the  fo llow ing  B.C. 

v o lta g e s :

(a) Filam ent v o lta g e s .

(b) G rid Bias v o ltag es .

(c) P la te  v o lta g e s .

(3) P erio d ic  checks on th e  s a t is f a c to ry  working 

of mechanical reco rd e rs .

(4) V isual in sp ec tio n  on an o sc illo sc o p e  of the 

shapes and th e  s iz es  of th e  in p u t and output p u lse s  from 

various e le c tro n ic  c i r c u i t s .

These checks were found s u f f ic ie n t  to  obtain  

stream  lin e d  performance from th e  various co n s titu e n t
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units of the apparatus*

2*2 Recording of Hucleonic Component

2.21 Introduction

After having come back from Gulmarg in 195&» the 
author undertook the responsibility of the maintenance of 
the Ahmedabad neutron monitor p ile  for the period 
May-Becember 195$, as a p a r t  of author* s contribution 
towards the I.G .I, effort of the Physical Research 
Laboratory at Ahmedabad*

The experimental arrangement of neutron monitor 
pile was essentially similar to that described by Chicago 
group and closely conformed to the specifications la id  
down by SCRI? fo r the recording of the nucleonic component 
during the la s t I.G.T.

The entire neutron monitor pile along with 
associated electronic circuitary was assembled by the 
author*s predecessor Mr. Satyaprakash Gupta. The • 
proportional counters f ille d  with borontriflouride 
(enriched with isotope) were also prepared by 
Mr* Gupta according to  a technique of f il l in g  developed 
by him in collaboration with Prof. H.V. Neher of 
California Institu te of Technology (1957), which work was 
essentially an extension of Prof . Neher*s earlie r work 
(1954) in th is  direction.
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2.22  The Heu.trcn Detectors

The neutrcn component may be registered by means 
of proportional counters f ille d  with boron triflouride the 
interaction of which with neutrons leads to  the reaction:

* l° 4- 0&1 — * Li? He| 4- Q1
where = the energy liberated in the reaction = 2*5MeVj 
about 1*6 MeV goes to -partic le  and about 0.9 MeV to 
Li^ nucleus {Veksler 1950) • The two fragments travel in 
opposite directions aid form about 30,000 ion pairs i f  
mean-free-path i s  fully u tilized . For a counter whose gas 
multiplication is unity and which has a capacity ^  1Q~**uF, 
the pulse developed w ill be approximately one microvolt. 
Hence a counter with gas multiplication ^  10  ̂ (which is  
normally attained in practice) will develop a pulse large 
enough to be recorded.

Natural boron consists of a mixture of two ■
isotopes, {about 20fo) and {about 30$), but only
10 5B_ participates in the. reaction; therefore, th is  mixture
5 ' 10 is normally enriched with B~w isotope (to the extent of

96fe) to increase the effectiveness of the counters* The
counting effectiveness is  determined by the probability
of neutron capture by the .boron nuclei. The capture 
cross-section , over a wide range of neutron energies,

is  inversely proportional to the ir velocity and reaches 
i t s  maximum value for thermal neutrons where 
<T s* 550 x 10~24 cms2.
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The counting c h a ra c te r is t ic  o f  a boron counter

has a mde p la teau  ( ^  200 v o lts )  s ince  pu lses from the

o( - p a r t ic le s  are equal in  value and considerab ly  exceed

th e  pu lse  s iae  of th e  pulses from - p a r t ic le s  and o ther

io n is in g  p a r t ic le s  o f cosmic ra y s . I t  i s  im portant to
10no te  th a t ,  since only a  sing le  nucleus o f  iso to p e  i s  

consumed fo r each in stance  of reco rd ing , the  se rv ice  l i f e  

o f  th e  counter i s  p r a c t ic a l ly  u n lim ited  fo r  th e  reco rd ing  

of neutrons in  cosmic ra y s .

The neu trons may) be d e tec ted  by b o ro n - tr if lo u r id e  

p ropotional counters 'with e i th e r  th e  atmosphere ac tin g  

as a moderator or by surrounding th e  counters w ith  a 

moderating m aterial.- l ik e  p a ra f f in  or carbon. In  the 

f i r s t  case slow neutrons (energy leV ) a re  d e tec ted  and 

th e  arrangem ent i s  ca lled  a ’slow d e tec to r* , whereas in  

second case f a s t  neutrons (energy ^  1 to  20 MeV) a re  

re c o ile d  and the  arrangement1̂ i s  termed a * fa s t d e tec to r* .
I

To get a foo lp roo f system o f record ing  which i s
‘ 5

not a f fe c te d  by atm ospheric o r  lo c a l co n d itio n s , a  p rocess 

c a lle d  * local generation* o f neutrons i s  employed. In 

th is  case BF^ counters are  enveloped in  a sm all th ickness 

o f moderator and are surrounded by ’condensing m a te ria l* , 

the  whole of th i s  assembly beingjshrouded by an in c reased  

th ickness of moderator which serves as an o u te r  cover. In  

such arrangement th e  d e tec ted  n e u tra ls  are  m ainly those 

which are  produced in s id e  th e  ’condensing m aterial*
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through local nuclear fission. I t  is  found that the 
greater the atomic weight of the ’condensing m aterial’ 
the larger the number of secondary neutrons pro faced 
e .g . the ratio  of neutron multiplication (mean number of 
neutrons emitted in low energy nuclear fission) in lead 
to the multiplication in graphite is about 3:1 (cf. 
Tongiorgi 1949* Montgomery et al 1949)* So generally 
lead is  used as condensing material with paraffin as 
moderator to decelerate the neutrons generated in lead.
The assembly of local neutron producer (lead), a moderator 
(paraffin) and a neutron detector, i s  termed a 'neutron 
monitor p ile ' .

2*221 The Neutral Monitor Pile
o

The optimum thickness of condensing material and 
the moderator to be used'to set up a neutron p ile  has been 
studied by several workers e.g. Tongiorgi et a l (1949)* 
Montgomery et al (1949)* Gocconi et al (1950)> Adams and 
Braddick (1951) and Simpson et al (1949» 1953)*

Simpson et al have found that the optimum 
thickness, l j ,  of moderator between lead and BFj counter 
(See Figure 9) is  about 3.2 ©as. the lead thickness, lg , 
is  taken a rb itra rily  as 5*1 cms. to  take account of the 
fact that 1  ̂ should be greater than the local transition 
maximum but at the same time, the attenuation of 's ta r ' 
producing radiation should not be large.
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The p a ra ff in  surrounding th e  le ad  -  p a ra f f in  -  counter 

assembly i s  p rim arily  meant fo r  stopp ing  extraneous 

d is in te g ra tio n  neutrons, produced o u ts id e  th e  neu tron  p i le  

from reaching  th e  co u n te rs , but i t  a lso  a c ts  as a 

m oderator and r e f le c ts  back th e  neutrons produced in  

lead  which tend  to  escape*

F i g *  9  -  N e u t r o n  M o n i t o r  P i l e .

The th ick n ess , 1^ , of th i s  p a ra ffin ' was determined 

em pirica lly  by th e  aid^.of a Ea-Be source p laced  ou tside  

th e  p i l e .  The in c rease  in  1^ f o r  each 3*3 cms. r e s u lte d  

in  a decrease in  th e  court o f  neu trons a r r iv in g  a t  the  

d e tec to r  from ou tside  by a  f a c to r  o f 2. The th ick n ess  .

13 = 15.2 cms. »as s e i z e d  and »aa e n t i r e ly  s u f f ic ie n t  

to  assure e f fe c tiv e  slow ing and s c a t te r in g  o f  th e  n e u tra ls  

formed in  le a d .



2.222 CharacteristtcJdf the ieutron- Monitor
F ile  ~  r : . “

Though the d is in te g ra tio n  neu trons are em itted  , .
' ' A  I

is o t ro p ic a l ly  fro a  lead  nuclei,Jjand s c a tte re d  by th e  

moderator in  a l l  d ire c tio n s , th e  high energy s ta r  producing 

ra d ia tio n  (Mueleonic Component of cosmic ray s) i s  peaked 

in  the  v e r t ic a l  d i rec tio n  in  th e  atmosphere ( th e  angular

d is t r ib u t io n  near sea le v e l varying as cosn 8 , with
* ’ *\

fc * i f '

n ^  4 to  5)» Thus n e u tra l p i le  measurements correspond 

to  the prim ary p a r t ic le s  a r r iv in g  v e r t ic a l ly  a t th e  top  

of the atmosphere.

S tud!es (Simpson e t a l 1953) have shown th a t  about
f ' '• ! i ; t ’■

$kfo o f recorded neutrons' arep formed in  le ad , 13$. in
■ , % , *

p a ra f f in ,  and only 3$ make up* £he background o f th e  counters 

and neutrons a r r iv in g  a t, thejde'hector from o u ts id e .

SL O C K  DIAGRAM O F NEUTRON 

P IL E

TO COUNTERS IN TOCOUNTERS »N
'A* HALF OF PILE "B" HALF OF PIlE

'* “N

1 '

Fig,. 10 -  Block_ diagram, o f th e  p i le  and 
the reco rd ing  ..system.
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N eutrco  p i l e  a t Ahmedabad c o n s is t s  o f  two 

s e c t io n s  (A,B)' e ach  h a v in g  th r e e  BF^ c o u n te rs  and each 

s e c t io n  has an in d ep en d en t e l e c t r i c  p u ls e  r e c o rd in g  system . 

The la y o u t o f th e  p i l e  and th e  re c o rd in g  system  i s  shown 

in  F ig u re  10.

2 .2 3  E le c t ro n ic  C i r c u i t s

A ll th e  c i r c u i t r y  a t  Ahmedabad, u n l ik e  t h a t  a t  

Gulmarg, was o p e ra te d  by A.C• m ains su p p ly in g  230 v o l t s  

A.C. To reduce th e  v o lta g e  f lu c tu a t io n s  in  th e  m ains to  

a  b a re  minimum, , th e  in p u t t o  v a r io u s  c i r c u i t s  was d e riv e d  

from a  c o n s ta n t  v o l ta g e  power t ra n s fo rm e r  which m s  fe d  

from the A.C. m a in s .

2.231 P u lse  A m p lif ie r

The fu n c t io n  o f  an a m p l i f i e r , u sed  in - c o n ju n c tio n  

w ith  a  boron t r i f l o u r i d e  c o u n te r  i s  t o  a c c e p t and am p lify  

th e  p u lse s  produced in  the  c o u n te r  by n e u tro n s  and  by 

o th e r  io n is in g  r a d i a t i o n s .  The p u lse s  may be o f  th e  o rd e r  

of a few  hymdred m ic ro v o lts  and h a v e 1 to  be a m p lif ie d  to  

a ' l e v e l  o f  a  few v o l ts  so th an  d is c r  im in a tio n  can be made, 

to  h igh  degree o f  a cc u ra c y , between th e  p u lse s  p roduced  by 

th e  c a p tu re  o f n e u tro n s  by B and th o se  produced by 

background r a d i a t i o n .

Elmore and Sands (1949) have g iven  an e x h a u s tiv e  

account o f  th e  th e o ry  o f  v a rio u s  ty p e s  o f  a m p l i f ie r s  and 

th e  r e l a t i v e  m e r i ts  and l im i ta t io n s  o f  each o f  them . The
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basic requirem ents of th e  a m p lif ie r , f o r  our purpose , i s  

th a t  i t  be capable of handling  randomly d is t r ib u te d  pu lses 

a t  a h i^a  mean ra te  o f  recu rren ce , i t  have a la rg e  s ig n a l 

to  no ise  r a t io  and a f a ir ly - s te a d y  g a in . These demands 

are  reasonably  s a t i s f ie d  by wideband Feedback type 

A m p lifie rs .

F ig . 11 -  Pulse am p lif ie r  and d iscrim ina to r*

The a m p lif ie r  used by the  au th o r i s  shown in  

Figure 1 1 (a ) . The c i r c u i t  co n s is ts  o f  two se ts  o f two 

s tag e  feedback loops, each having a gain o f  about 20, 

connected in  cascade. Short tim e-constan t RC network 

( ^  5«0 x 10 s e c .)  was in troduced  between the  two 

s tag es  and another with about 50 m icrosecond fo r  connecting 

the  counter to the f i r s t  loop of th e  a m p lif ie r . A small

o
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re  s i  stance o f 470 ohm. was a lso  in troduced  as a stopper

between th e  g r id  o f th e  f i r s t  tube and th e  condenser

feed in g  counter p u lses  to  the f i r s t  loop to  supress

p a r a s i t ic  o s c i l la t io n s .  The upper and th e  lower h a lf

power frequency o f  the a m p lif ie r  a re  500 Ke/sec and

30 K c/sec. re sp e c tiv e ly .
*

2.232 Pulse Height D iscrim inato r
i * ** * *

^  < * • * ■ * • *  ’

The ch ief requirem ents o f  such a u n i t  a re :

( i )  i I t  should be ab le  to  d isc rim in a te  r e l ia b ly  

between pu lses th a t  d if f e r  in  am plitude by a  sm all 

f ra c t io n  o f  a v o lt  and.hence th e  am plitude a t  which 

d isc rim in a tio n  occurs should be s ta b le  to  a s im ila r  e x te n t.

( i i )  I t  should be capable of accep ting  narrow 

p u lse s , such as those produced by the  pu lse  a m p lif ie r .

( i i f } I t  ihould* p re sen t -0, high impedence to  the 

s ig n a l source and respond to  each o f th e  many pulses th a t  

fo llow  each o th e r in  rap id  su ccessio n .

(iv ) I t  should n o t overload on a pu lse  o f 

amplitude much g rea te r  than c r i t i c a l  am plitude i . e .  i t  

should not d is to r t  la rg e  s ig n a ls  th a t  i t  re c e iv e s , nor 

should i t s  operation  depend upon the  s iz e  o f previous 

inpu t p u lse s .

(v) I t  should have an e a s i ly  ad ju s tab le  

d isc rim in a tio n  le v e l.



Various types of balanced puls© h e ig h t 

d isc rim in a to rs  which can handle p u lses  as larg© as 100 

v o lts  have been described in  l i t e r a tu r e  (e ,g . see Elmore 

and Sands, 1949)* These c i r c u i ts  have h y s te re s is  o f 

about 1 v o lt  and th e  bias vo ltage  i s  r e l i a b le  to  w ith in  

0.1 v o lt over a long in te rv a l  o f  tim e. In our case , 

however, th e  requirem ents of th e  d isc rim in a to r were not 

so s tr in g e n t since i t  was requ ired  to  handle pu lses th a t  

were f a i r l y  uniform in  s iz e  and hence th e  sim ple 

d isc rim in a to r c i r c u i t  as used by Simpson (1955) was found 

to  be good enough fo r  the purpose. An added advantage of 

such c i rc u i t  was th a t whereas more re f in e d  c i r c u i t s  

req u ire  pu lses of about 20 v o lts ,  t h i s  c i r c u i t  could be 

tr ig g e re d  r e l ia b ly  even w ith nega tive  pu lses c f  about 1 

v o lt which, in  tu rn , enabled the  gain requirem ent demanded 

of the  pulse a s p l i f ie r  to  be reduced by a fa c to r  of 20.

The d isc rim in a to r used i s  shown in  Figure 11(b).
I t  co n s is ts  of a cathode coupled monostable m u ltiv ib ra to r  

which, when tr ig g e r re d  remains in  the u n s ta b le  s ta te  fo r  a 

few hundred microseconds and gives a pulse big enough to  

drive a sca lin g  c irc u it*

2*233 S ca lin g  C irc u it

A high speed sc a lin g  c i r c u i t  was used and i s  shown 

in  Figure 1 2 (a ). Seon in d ic a to rs  were used fo r  v isu a l 

in sp ec tio n  o f  the  proper fu n c tio n in g  o f th e  s c a le r .
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. Fig* 12 -  S ca lin g  U n it.

2.234 Recording C irc u it

The cascade o f s c a lin g  u n its  was follow ed by a 

reco rd er d r iv in g  c i r c u i t  as shown in  F igure 12(b) 

alongside the s c a lin g  c i r c u i t .  I t  c o n s is ts  o f a power 

pentode b iased  below cut o f f .  P u lses Ifrcm one o f the  

p la te s  of th e  twin tr io d e  o f  th e  l a s t  stage o f th e  sc a lin g  

u n it are  fed  to  th e  g r id  of t h i s  tube . The tube ac tu a te s  

an electrom echanical recorder whenever a p o s it iv e  pu lse  

a r r iv e s  a t i t s  g r id .

2.235 Automatic Photographic Device

The raw cosmic ray  d a ta  were ob tained  by ■ 

photographing, every hour, the d ia ls  o f  th e  mechanical
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recorders mounted, on a pen el alongside which were fixed 

a clock and a calender. This panel formed one end of a 

ligh t-p roof box, blackened from inside, containing two 

bulbs (having proper wattage) to illum inate the panel when 

required. On the opposite side of the box a detachable 

camera was attach®! which took photographs of the panel, 

a t hourly in te rv a ls , cn 35 nm. film .

Fig. 13 -  Camera Unit.

The film was moved by a sprocket attached to  a shaft 

which, protudes outside the camera and was coupled to  a 

low speed motor which ro lled  the film  through one frame 

a fte r  each exposure. This was done with the help of a 
relay arrangement t^iggerred by an e le c tr ic a l  contact of 
a few seconds duration made hourly by a clock. The
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Camera u n i t  i s  shown in  F igure 13*

Figure 14 shows th e  re la y  co n tro l c i r c u i t  used fo r  

expo sing  and winding th e  film  a t hourly  in te r v a l .  I t  

consisted  of two tr ig g e rre d  th y ra tro n  sw itches -forking in  

succession .

Fig.. 14 -  Automatic sequence co n tro l c i r c u i t .

Every hour th e  clock gave a p o s it iv e  p u lse  o f  150 v o lts  to  

th e  g rid  o f the  f i r s t  th y ra tro n  ( l e f t )  which i s  norm ally 

b iased  n eg a tiv e . The c u rren t passing  through t a i s  

th y ra tro n  energ ises the re la y  A, thereby  making th e  bulb 

co n tac t which f la sh e s  momentarily* At th e  same tim e p la te  

c i r c u i t  o f  t h i s  tube i s  made open and so i t s  d ischarge i s  

extinguished, and th i s ,  in  tu rn , *opens* th e  r e la y  (A) 

c i r c u i t  th u s  sw itching o ff  th e  lamps. The pu lse  from the



. . .  -  122 -

p la t e  o f th e  f i r s t  tu b e  t r i g g e r s  th e  second  th y r a t r o n  

( r ig h t )  th u s  e n e rg is in g  th e  r e la y  B w hich, in  t u r n ,  p u ts  

on th e  motor* An in te r n a l  sw itch  o f  th e  m otor c u ts  o f f  

H.T. c o n n ec tio n  from th e  p l a t e  o f  th e  second  tu b e ; how ever, 

b e fo re  t h i s  happens th e  f i lm  has moved by one fram e .

After these successive operations the circuit reverts to
i t s  o r ig in a l  s t a t e .  .

.

' At a  tim e ; th e  camera can h o ld  50 f t .  o f  f i lm .  

E veryday, a t  9 a .m ., th e  exposed f i lm  o f  th e  p re v io u s  day 

i s  removed and d ev elo p ed . The re a d in g s  o f  th e  d i a l s  o f 

th e  m echan ica l re c o rd e rs  a re  th en  n o ted  f o r  odd b ih o u rs  

from th e  n e g a tiv e  f i lm .

2 .236  Power S u p p lie s

High V o ltage  S u p p lie s .. .  To ach ieve- h ig h  s t a b i l i t y  

in  th e  working o f  e le c t r o n ic  u n i ts  and  o f  BF^ c o u n te rs  

s t a b i l i s a t i o n  o f a l l  D.C. v o l ta g e s  a g a in s t  l i n e  v o l ta g e  

f l u c tu a t io n s  and  lo a d  v a r ia t io n s  i s  ve ry  n e c e s s a ry . A 

com plete  a n a ly s i s  o f  s t a b i l i s i n g  c i r c u i t s  i s  g iven  by 

Hunt and  Hickman (1 939) and G ilv a ry  and R u tlan d  (1 951) •

A d e g e n ra tiv e  ty p e  o f  r e g u la t i n g  c i r c u i t  i s  th e  

most s u i t a b l e  f o r  g e t t in g  a  c lo se  c o n tro l  o v e r th e  o u tp u t 

vo ltage*  a h ig h  s t a b i l i s i n g  r a t i o  and a  low  i n t e r n a l  

im pedance. F ig u re  15 shows th e  h ig h  v o l ta g e  su p p ly  used

by th e  a u th o r . I t  c o n s is t s  o f  a  half-w ave r e c t i f i e r ,  w ith
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a EC ty p e  f i l t e r ,  feed ing  about 3500 v o lts  to  the  

degenerative re g u la tin g  network which g ives a v a r ia b le  

output in  the range o f 1600 to  3000 v o l ts .

s

j jF ig . 15 -  High vo ltage  supply.

Low vo ltage su p p lie s . Although th e  degenerative 

type of reg u la tin g  c i r c u i t  i s  g en e ra lly  used in  low voltage 

su p p lie s i in  ap p lic a tio n s  vhere th e  cu rren t load  i s  

r e la t iv e ly  s n a i l  and the v a r ia t io n s  in  the  load  a re  

lim ited* a; VR tube s ta b i l i s a t io n  can be u sed . , The .maximum 

cu rren t which can be drawn frcm a ¥R tube .^regu lato r depends 

upon the  maximimi; cu rren t »whieh can be passed through th e  

TO. tube (which i s  of the .order of kO mi)., the  output 

impedance o f  the) f i l t e r  sec tio n  and th e  v a r ia tio n s  in  the 

load current#
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F ig . 16 -  Low vo ltage  supply.

Figure 16 shows th e  low voltage- supply used by 

th e  au th o r. There are two sec tio n s  (I and I I )  of VR tube 

re g u la to rs , one fo r  supplying cu rren t to  the  am p lif ie r  

and the d isc rim in a to r and the o ther to  the  s c a le r  and the 

high vo ltage  supply.

2.24 Maintenance o f th e  neutron m onitor p i le

The maintenance of th e  neutron m onitor p i l e  

involved th e  follow iiig  ro u tin e  checks;

(a) C a lib ra tio n  of th e  in p u t pu lse s e n s i t iv i ty  

of th e  am p lif ie r  using  a sp e c ia l pu lse g en era to r which 

gave pulse ^  1 m i l l iv o l t ,  th e  shape o f which was s im ila r

LOW VOLTAGE SUPPLY

-^
Wv
V—

0
—
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to the one given by BF̂  counters. Pulse repetition rates 

of 1 sec”1 to 100 sec”1 were used for checking the

performance of the scaling and the recording c ircu its .

(b) . Every fortnight the ’plateau’- was taken
a *

using a 2 mg. Ra-Be te st source giving 2.7 x 10  ̂ neutrons 

sec . For th is purpose the te st source was inserted in 
the two cavities sp ecifica lly  meant for i t  and the 

counting rate was taken. The operating voltage for the 

BF̂  counter was selected in the midile of the 'plateau*.

(c) During normal operation the ratio of the 
counting rate frcra A-' and B' sections should be constant 
with time. Similarly, the ratio of the rates from the 

A and B sections for a neutron source must be constant.

From these checks and the parallel running te sts  

(to be described in Sec. 3«1) i t  was possible to  ascertain 

the proper operation of the neutron monitor pile*
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2.3 APPEKDK

Qk-ggioal trea tm en t fo r  d im in ish ing  th e  

p h o to se n s itiv ity  o f th e  cathode o f  GM counter

Prepare th re e  so lu tio n s  as fo llow s:

Sol.A . 300 gm. ammonium ch lo rid e  ■+ 90 cc concen tra ted  

hydroch loric  a c id  4 50 cc g e la tin  so lu tio n  0.2% 

by w eight. These a re  made upto one l i t r e  in  

d i s t i l l e d  w ater.

S o l. B. 250 gm. chromic a c id  •*- 75. cc concen tra ted  su lp h u ric  

ac id  +  35 cc o f Sol.A + 50 cc g e la t in  so lu tio n  

0.2% by w ei^a t. These are made upto one l i t r e  in  

d i s t i l l e d  w ater.

S o l. G. 250 gm. chromic a c id  + 7 5  cc concen tra ted  su lp h u ric  

a c id . These a re  made upto one l i t r e  in  d i s t i l l e d  
w ater.

Procedure

1) Take 100 cc o f  S o l. A and heat upto 90°G.

In troduce th i s  hot so lu tio n  in to  th e  coun ter tube 

and shake g en tly  t i l l  a l l  signs of ox ida tion  

d isappear from the cathode su rfa c e . Remove th e  

so lu tio n  from th e  tube  and r in s e  i t  thoroughly  w ith 

d i s t i l l e d  w ater.

2) Now In troduce about 30 cc o f  S o l. B and shake 

thoroughly fo r  about 2 m inutes. Remove S o l. B and
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rinse the coulter thoroughly with d istilled  
wa ter*

3) Introduce 30 ec of Sol. C and shake the counter
for one minute. Eemove the solution and rinse the 
counter repeatedly with d is tilled  water fo r  ten 
minutes« Now put the counter for drying.

Precautions

Do not allow the Sol. k  to  remain in touch with 
the cathode for more than eight minutes, in any 
case •

The cathode surface gets a dull golden colour after 
treatment with Sol. £ and a uniform matt pinkish hue 
after completing the treatment with Sol. 0. I t  is 
probably covered with a very thin and uniform layer of 
oacide at th is  stage.
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M E T H O D S  O F  . A N A L Y S I S

3*1 P r o c e s s i n g  t h e  H a w  D a t a

T h e  r a w  d a t a  f o r  a n y  p a r t i c u l a r  d a y  I s  o b t a i n e d  b y  

n o t i n g  d o w n  t h e  r e a d i n g s  o f  t h e  m e c h a n i c a l  r e c o r d e r ,  a s  

r e g i s t e r e d  o n  t h e  p h o t o g r a p h i c  f i l m ,  a t  o d d  h o u r s  i

2 3 0 0  ( p r e v i o u s  d a y ) ,  0 1 0 0 ,  0 3 0 0 ,  ..........  2 3 C 0 #  D i f f e r e n c e s

b e t w e e n  t h e s e  s u c c e s s i v e  r e a d i n g s  t h e n  p r o v i d e  t h e  t w e l v e  

b i h o u r l y  o b s e r v a t i o n s  f o r  t h e  d a y  c e n t r e d  a t  t h e  h o u r s  :

0 0 0 0 ,  0 2 0 0 ,  .........* 2 2 0 0 ,  and t h e s e  m a y  b e  t e r m e d  :

i  i i  i
®ot * • • • ♦ • • ,  Ojg, C*22 • ♦ • ( 3 * 1 )

w h e r e  s u b s c r i p t  *x* r e f e r s  t o  t h e  h o u r  o f  c e n t e r i n g  o f  t h e  

p a r t i c u l a r  b i h o u r  a n d  t h e  s u p e r s c r i p t  fi* r e f e r s  t o  t h e  

i d e n t i t y  o f  t h e  i n d e p e n d e n t  u n i t s  o f  a  d e t e c t o r  e * g *  t w o  

s e c t i o n s  o f  t h e  n e u t r o n  p i l e ,  d i f f e r e n t  m e s o n  t e l e s c o p e s  

h a v i n g  s i m i l a r  g e o m e t r y ,  e t c *

T h e  i n d e p e n d e n t  u n i t s  o f  t h e  s a m e  d e t e c t o r  a r e

e x p e c t e d  t o  s h o w  s i m i l a r  p a t t e r n  o f  v a r i a t i o n *  T h i s  i s  t e s t e d

b y  g r o u p i n g  t h e  u n i t s  i n t o  t w o s  a n d  t a k i n g  t h e  d i f f e r e n c e s  
1 o

&  Qx ( *  G x  -  Qx  ) b e t w e e n  t h e  b i h o u r l y  c o u n t s  r e c o r d e d  

b y  t h e  t w ©  u n i t s  f o r  e v e r y  b i h o u r  f o r  e a c h  p a i r .  I n  i d e a l  

c a s e  n o  f i n i t e  d i f f e r e n c e  s h o u l d  e x i s t  b e t w e e n  t h e  c o r r e s p o n d s  

b i h o u r s  o u t s i d e  o f  t h e  l i m i t s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  i * e *
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Cx * 0 + 2 J T  £"~x f o r  95*4 $  o f th e  casesj £~x  being 

th e  standard  e r ro r  f o r  th e  b ihourly  counts* However, because 

o f s l ig h t  d iffe re n ce  in  geometry, th e  d if fe re n c e  in  th e  

s e n s i t iv i ty  o f th e  record ing  arrangement etc* a f i n i t e  

d iffe ren ce  w ill always ex ist*  But then t h i s  d if fe re n c e  must 

remain constant w ith in  the confidence l im i ts  i«e«

A  Cx d ± 2
f~2 \2J * 1  * ^2 • f ♦(3*2)

where *d* i s  th e  constant; d if fe re n c e  and ^ a r e  th e  

standard  e r ro rs  fo r  the  b ihourly  counts recorded by th e  two 

u n its*  The p ro b a b ili ty  f o r  any d if fe re n c e  to  be g re a te r  than

d * 2 *~2 f  s only 4*6

How i f  d-j, d2, dyj be th e  observed

d if fe re n c e s  between th e  two u n its  f o r  a  continuous run o f 

’n* b ih o u rs , then  th e  b e s t estim ated  value (ci) of the 

constan t d iffe re n ce  *df in  p a r t ic u la r  case would be given 

by :

d * d| + ^2 + ^3 *
• • • • • • + dn

n

n
s ;  ^

n
(3»3)

n
The d ev ia tio n s  ^^n ** ^  a re  then  found and p lo tte d  on

a graph paper. Such d ev ia tio n s  a re  expected to  be confined ,.

w ith in  th e  boundary l in e s  drawn a t  a d is tan ce  o f  +2 

and
*1  + ^ 2

>2 + c f  about th e  mean d ; th e  p ro b a b il i ty  f o r  any

d ev ia tio n s  to  exceed th e  boundary on e i th e r  p o s i t iv e  o r
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negative side being only 2.3 So if the p l o t  crosses the 

boundary lines on either side, f o r  a set of consecutive 

points f o r  mor e  than 2*3 $ cases then one of the units i s  
suspected of faulty operation* To locate the faulty unit 

t h e  variance of the same number of bihourly values preceeding 

and following these bihours (36 in all, including these 

bihours) is calculated. The unit exhibiting the lar g e r  varianc 

is the faulty unit. The faulty bihourly observations for this 

unit are then replaced by values manipulated from the 

corresponding bihourly observations of the n o r mally working 

unit by multiplying these values by th e  averaged ratio of 

the m eans obtained on 5 days of the day in question when the 

two units were showing normal behaviour* The data from the 

two units is then combined.*

Th e  various groups of two s  of similar units are then 

intercompared by the same me t h o d  and the n  the data, at 

corresponding bihours, of all the similar units are added 

together to give the bihourly counts for the day* This 

procedure finally gives u s  ra w  data in a standard form for 

the various detectors e«g. neutron monitor, m eson telescopes 

of various geometries etc* The combined bihourly values are 

then normalised to a mea n  of one thousand f o r  the whole 

period by multiplying each bihourly value by thousand and 

the n  dividing it by the m ean of the entire period,
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3*11 Corrections fo r  meteorological effects

3*111 Correction fo r  barometric fluctuations i The 

values of atmospheric pressure are read out fcr 0000, 0200, 

0^00, .......... 2200 hours from daily precision m i c r o ­

barograph charts and these are expressed as deviations from 

th e  standard pressure level for the particular station. The 

standard pressure level for any station was determined from 

the average pressure o ver the course of a f e w  years* The 

standard pressure levels for Gulmarg ( A * + 25°» f *+147°» 

alt, * 2740 m), Ahmedabad { A  ** +14°, f * +143°, sea level) 

and Kodaikanal ( A  *» +1°, f * +147°, alt* * 2343 m) are 

respectively, 525 mm., 750 mm,,‘ and 570 mm*

Using the pressure deviations calculated as above, 

the bihourly counts were corrected f o r  pressure fluctuations 

u sing a pressure coefficient o f  -0,94 $ mm "  in case of 

nucleonic component and -0 .3 0  % nun"'* in case of h a r d  

component recorded at Gulmarg**

3*112 Temperature Correction : As shown by Barkow

(1917), Dines (1919), Bemmelao (1916), and Venkateswaran &  

Desai (1953), the amplitude o f  daily variation of.temperature 

2 km above ground, hardly amounts t o  a fraction of 1°0,

* The pressure coefficient fo r  Gulmarg was calculated from
the intensity (of hard component) versus altitude curves, 
given by Neher (1952).
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w h i c h  d e t e r m i n a t i o n  i t s e l f  i s  n o t  o u t s i d e  o f  i n s t r u m e n t a l  

e r r o r *  S o  v i e w  i s  t a k e n  h e r e ,  f o l l o w i n g  S a r a b h a i  e t  a l  

(1 9 5 3 )» t h a t  i t  i s  m e a n i n g f u l  t o  c o r r e c t  t h e  d a i l y  v a r i a t i o n  

o f  h a r d  c o m p o n e n t *  o n l y  f o r  t e m p e r a t u r e  c h a n g e s  u p t o  2  k m *  

a b o v e  g r o u n d *  B e e r s  ( 1 9 4 4 )  h a s  s h o w n  t h a t  t h e  t e m p e r a t u r e  

v a r i a t i o n s  a t  1 k m *  a n d  a t  2  k m *  a b o v e  g r o u n d  h a v e  a m p l i t u d e s  

0 * 2 2  a n d  0 * 1 1  t i m e s  t h e  a m p l i t u d e  o f  v a r i a t i o n  o n  g r o u n d  

l e v e l  r e s p e c t i v e l y *

D o r m a n  a n d  F e i n b e r g  ( 1 9 5 6 )  h a v e  c a l c u l a t e d  t h e  

g l o b a l  t e m p e r a t u r e  c o e f f i c i e n t  w h i c h  s h o u l d  b e  u s e d  i n  

c o n j u n c t i o n  w i t h  t e m p e r a t u r e  v a r i a t i o n s  a t  s p e c i f i c  i s o b a r i c  

l e v e l s *  T h e s e  a r e  s u m m a r i s e d  i n  t h e  f o l l o w i n g  t a b l e #

T a b l e  o f  C o e f f i c i e n t s  %

~ ~  N o *  1 ~ ~  2 V ”  4 "  5  6~ 7  *  8 9  "To 11

P r e s s u r e  h ( m b )  1 0 0 0  9 0 0  B O O  7 0 0  6 0 0  5 0 0  4 0 0  3 0 0  2 0 0  1 0 0  5 0  

%  # ° c ’ 1 x  1 0 ~ 3  2 0  2 1  2 2  2 4  2 5  2 6  2 8  3 3  3 8  3 1  2 3

s s s s s s s s s a s e c z s s a a s s s s c a s a B K K s s s s a is a c s s e s s s B a s is c B a s s s a v a s B a B a a B g c s E e s a B s s c E a a s B s a s a e a s c iB S a e a :

T h u s  i f  ♦ a y 1 ° G  b e  t h e  a m p l i t u d e  o f  d a i l y  v a r i a t i o n  o f  

t e m p e r a t u r e  a t  g r o u n d  l e v e l  t h e n  c o m b i n i n g  t h e  r e s u l t  o f  

B e e r s *  a n d  o f  D o r m a n ’ s ,  t h e  t e m p e r a t u r e  c o r r e c t i o n  ( d T j  

f o r  t h e  d a i l y  v a r i a t i o n  o f  t e m p e r a t u r e  a t  G u l m a r g  b e t w e e n

*  As s h o w n  i n  s e c * 1 « 5 2  t h e  t e m p e r a t u r e  c o r r e c t i o n  f o r  
n u c l e o n i c  c o m p o n e n t  i s  n e g l i g i b l e *
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g r o u n d  l e v e l  ( p r e s s u r e  v~ 7 0 0  m b . )  a n d  2 k m .  a b o v e  i t  

( p r e s s u r e  ~  5 0 0  m b . ) a m o u n t s  t o  .

dT *  (aT  x  0 * 0 2 4  +  0 , 2 2  ^  x  0 , 0 2 5  + 0 , 1 1  a,p x  0 , 0 2 6 )  $

« a j  x  1 * 3 3  x  0 , 0 2 5  $  ( t a k i n g  a  m e a n  v a l u e  f o r  %  *  0 , 0 2 5 )  

x  0 , 0 3 3  %  * . » (3«4)

T h e  t e m p e r a t u r e  c o e f f i c i e n t  i s  t h u s  -  0 , 0 3  $  € 0  f o r  

h a r d  c o m p o n e n t  r e c o r d e d  a t  G u l m a r g #

T h e  g r o u n d  t e m p e r a t u r e  v a l u e s  f o r  ever- b i h o u r s  o n  

d i f f e r e n t  d a y s  a r e  r e a d  f r o m  t h e  d a i l y  t h e r m o g r a p h  c h a r t s  

a n d  t h e s e  a r e  e x p r e s s e d  a s  d e v i a t i o n s  f r o m  t h e  d a i l y  m e a n  

t e m p e r a t u r e .  U s i n g  t h e  t e m p e r a t u r e  c o e f f i c i e n t  d e r i v e d  

a b o v e ,  t h e  d a t a  f o r  t h e  d a i l y  v a r i a t i o n  o f  h a r d  c o m p o n e n t  

w e r e  c o r r e c t e d  f o r  t h e  d a i l y  v a r i a t i o n  o f  t e m p e r a t u r e *  N o  

a t t e m p t  w a s  m a d e  t o  c o r r e c t  t h e  d a i l y  m e a n  i n t e n s i t y  o f  

t h e  h a r d  c o m p o n e n t  f o r  t e m p e r a t u r e  e f f e c t  b e c a u s e  t h i s  

r e q u i r e s  d a t a  o f  t e m p e r a t u r e  v a r i a t i o n s  i n  h i g h e r  i s o b a r i c  

l e v e l s  w h i c h  d a t a  w e r e  n o t  a v a i l a b l e  f o r  G u l m a r g ,  A s  s u c h  

n o  a n a l y s i s ,  w h a t s o e v e r ,  h a s  b e e n  d o n e  f o r  t h e  d a i l y  m e a n  

i n t e n s i t y  o f  t h e  h a r d  c o m p o n e n t .  O n l y  d a i l y  v a r i a t i o n  o f  

h a r d  c o m p o n e n t ,  w h i c h  c a n  b e  c o r r e c t e d  f o r  t e m p e r a t u r e  

e f f e c t  ( a s  s h o w n  a b o v e ) ,  i s  s t u d i e d *  I t  m u s t ,  h o w e v e r ,  b e  

n o t e d  t h a t  t h e  a b o v e  d e s c r i b e d  m e t h o d  o f  a p p l y i n g  t e m p e r a t u r e  

c o r r e c t i o n  t o  t h e  d a t a  o f  s o l a r  d a i l y  v a r i a t i o n  o f  h a r d
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component is subject to certain uncertainties which become 
particularly important when the amplitude of solar daily 
variation is of the same order as the correction 
( 0*05-0*10 f>* as shown by Maeda, 1953 and Kuzmin, 1955)
arising out of the daily variation of temperature* Hence 
due caution has to be exercised in interpreting the results 
in such cases*

3*2 Determination of solar daily variation

When bihourly data, normalised as described in 
Sec*3*1, are corrected for pressure changes in the case of 
the nucleonic component and for pressure and temperature 
changes in the case of the hard component, as described 
above, they are referred to as normalised bihourly 
intensities corrected for meteorological effects and may 
be designated as : Iq , I2» •«.•**.., Ix» *»•»*•.*, I22*
The fa standard error due to statistical fluctuations in 
each bihourly intensity Ix is :

<r i x
(lx*k)*

.Ix*k.
100

100 *..(3*5)

whore k is the scaling factor. The mean intensity (X) for 
the day is then,

*0 ♦ *2 * h> * Ix * * I22 (3*6)
12
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The % standard error in I is given by

(12)k ...(3.7)

The solar daily variation for any particular d a y  is then 

represented by the 12 bihourly deviations ;

(I0 "* 1)® djj m 1) > *«*»» ( X-jj- " X), **..* (I2 2  “ X)
» • * (3*&)

H o o v e r ,  in case of nucleonic component large day 

to day changes of intensity take place and hence the 

deviations representing the daily variation, curve, in case 

of nucleonic component, s h o u l d ,be further corrected for 

changes of intensity with period longer than one day* So 

nucleonic bihourly intensities-were, in addition, subjected 

to the following treatment. '

^’rom each normalised and pressure corrected bihourly 

values the mea n  of 13 bihours#, comprising the particular

bihour and 6 bihoufs^on either side of it, is subtracted and
> !

thi s  is repeated for each bihour. Let the residual bihourly

# The method of taking moving.averages over 13 bihours, to 
correct the solar daily variation data for day to day 
changes, was adopted because of convenience in calculating 
and as can be shown from elementary calculations it is not 
subject to any appreciable error.
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in t e n s i t i e s  be i 0 , i 2,

(ig - f), (i2 - I),
■ U-j ■ u2

where

I *0 + *2 + H

. . . . .  xx , ,

• • . •  * (ijj- ■ *••• # ^̂ *22

-  \ -  "12

. . . ( 3 * 9 )

+ ......... ♦ i  + •aflk *2 . . . ( 3 ,1 0 )
12

■with

£lUk * 0 (3*11)

Uk thus determ ine th e  so la r  d a ily  v a r ia t io n  f o r  th e  day 

w ith day to  day changes, la rg e ly , e lim in a ted .

In  g en e ra l, because o f la rg e  s t a t i s t i c a l  u n c e r ta in tie s  

i t  i s  d i f f i c u l t  to  g e t any inform ation  about the genuine 

v a r ia tio n s  from th e  data  o f  a s in g le  day* Hence i t  i s  

customary to  derive  th e  average d a ily  v a r ia t io n  over a la rg e  

number o f days, se lec ted  and grouped according to  su ita b le  

c r i t e r i a ,  The average d a ily  v a r ia t io n  f o r  a group o f  days, 

se lec ted  in  th i s  manner, i s  found by combining th e  d ev ia tio n s  

corresponding to  th e  same b ihou rly  in te rv a l  o f  a l l  the  days 

in  th e  group and then  d iv id in g  each b ihourly  t o t a l  by the  

number o f days in  th e  group,
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3*3 Harmonic analysis

3,31 Expansion into Fourier series

To represent the aggregate o f  experimental data 

Ujj (k * 1, 2, ...... 2p) in a  definite interval of t i m e  T,

in the form of a Fourier* s series

a„ n ■ 0 0  2 ITnt 2irnt
Hit) - - 2 -  + XI (a* C o s --------  ♦ b Sin ----- — )

2 n  * 1 ^  T a  I!

...(3.12)

we must find the Fourier coefficients aQ , a.j> > ........

These coefficients are expressed in terms of the integrals
, ^  2 TT t
(where 7  * -----■—  )T

1 Z * '  . , 1 2TTaQ « • S UOO dr ; an - —  J 0(t) Cos ntdl;
O ”K” -*q  11 f r  j q

1 2Tbn * —  iQ 0(7) Sin n rdr ...(3.13)

If the %  are given at equal intervals of time, t h e n  the 

Fourier*s coefficients fo r  n  < p  are calculated fro m  the 

following expressions (Bessel, 1S15, formulas)

1 2p 1 2p nklT
a0 * — » x :  a,- — ■ 7" Uk Cos —"— — J

P p p

1 2p nkTTh_ *wn j z  uk Sin ...(3.14)P P



-  138 -

I f  eqs»(3.14) be su b s titu te d  in  e q s . (3 .1 2 ), then  the
k?

resu ltan t; s e r ie s  a t  t  * - r —> ta k e s  ex ac tly  th e  va lu es of2p
th e  U&, thereby  s a tis fy in g  th e  p r in c ip le  o f le a s t  squares* 

F u rther i f  p * 6 i . e ,  rep re se n t th e  tw elve b ihourly  

d ev ia tio n s  c h a ra c te ris in g  th e  so la r  d a i ly  v a r ia t io n  on any 

p a r t ic u la r  day, then

12
a0 « 0 ( V  X lO k -  0 fron eq,3*11) * 0 . 1 5 )

Many au thors e*g* Thompson (1911), W hittaker and 

Robinson (1937), Henny (1941), Serebrennikov (194&), and 

Sane (1954), have suggested d iverse  methods f o r  eva lu a tin g  

th e  F o u rie r’ s c o e f f ic ie n ts .  Author has follow ed Kane’s 

12 -o rd ina te  c a lc u la tio n  scheme, which i s  i l l u s t r a t e d  in  

th e  appended chart*

Sq. (3.12) ean a lso  be w ritte n  in  the form o f the 

sum o f in d iv id u a l harmonics (combining the  term s o f the  

same periods) :

n 2 IT n t  w
t!(t) •  Y2 r n S in (-—r-—- + ’n ) ,  (a_ » 0, from eq»3*15) 

n * 1 n T °

*•*(3#16)

I t  fo llow s from eq ,(3 # l6 ) th a t  th e  am plitude o f th e  n th  

harmonic i s

2 2 A
rn * <*» + \ . . . ( 3 .1 7 )
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while the phase Y n determined from

tg  Y n * • or Y n * arctg ( - ~ * )  . .*(3*1$)
Dn "a

I f  we denote

^Y n|* arctg  | j  •••(3»19)

then the. phase Y n i s  defined in  terms of 1 Y . | • 
depending upon the sign of an and bn by means of the 
following Table :

an bn Y n

|Y«|
TT- |Ya |

TT+ lYnl 
\Ynl

2  n ' t
Again the nth harmonic given by rn Sin (--------* n + Tn)

w ill have the maximum amplitude rn, when

2 i r t
------ , n * a . 0n ...(3*20}

where i s  the time of maximum of n th  harmonic in  degrees* 
Thus we have
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n . pn Yn * 90° o r n . 0a -  90° -  Yn ...(3*21)

The above table^therefore,be modified to  give n«0a d irec tly  

in  terms of |Y a | *>y su b tra c tin g  Ya values from 90°. 
Modified tab le  is  given below :

% ba n . 0n

• « « »  • «+
G-

♦ (90° -  Yn)

♦ -  -(90° -  Yn)

mm -  ir+(9o° -  Y„)

m . ♦ (90° + Yn>

To get the time of maximum of n th  harmonic in  hours one 

has to  divide the value of 0a (in degrees) by 15*

3*32 Harmonic diagram
i

For a clear representation and convenient study 

of the re su lts  obtained by harmonic analysis, wide use i s  
made of th e ir  representation by the aid of vectors on a 

harmonic diagram. Such diagrams may be constructed both 
fo r the f i r s t  harmonic and higher harmonics; fo r nth harmonic, 

the period of diagram would be £. as shown in  Fig»1S.



-  141

F i g . 1 $  «  T h e  h a r m o n i c  d i a l #

T h e  r a d i u s  v e c t o r  o f  t h e  p o i n t s  (an * b n ) o n  s u c h  

a  d i a l  w i l l  b e  r n  *  (an 2 +  bn 2 )^ w h i l e  t h e  a n g l e  b e t w e e n  

t h e  b - a x i s  a n d  r a d i u s  v e c t o r ,  m e a s u r e d  c o u n t e r  c l o c k - w i s e  

w i l l  b e  t h e  p h a s e ,  Yn o f  t h e  n t h  h a r m o n i c  T h e

a n g l e  b e t w e e n  a - a x i s  a n d  t h e  r a d i u s  v e c t o r ,  m e a s u r e d  

c l o c k w i s e ,  g i v e s  t h e  t i m e  o f  m a x i m u m ,  0 n , o f  t h e  n t h  

h a r m o n i c *

T h u s  i f  t h i s  r e p r e s e n t a t i o n  be u s e d  t o  d e n o t e  t h e  

h a r m o n i c  c o m p o n e n t s  o f  t h e  s o l a r  d a i l y  variation?,, t h e n  

T  *  24 h r s *  F o r  f i r s t  h a r m o n i c  o r  d i u r n a l  c o m p o n e n t  o f  

s o l a r  d a i l y  v a r i a t i o n  n  *  1j f o r  s e c o n d  h a r m o n i c  o r  

s e m i d i u r n a l  c o m p o n e n t  o f  s o l a r  d a i l y  v a r i a t i o n  n  *  2  a n d

s o  o n *
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3*33 E rrors In th e  F o u rie r c o e f f ic ie n ts

The standard  e r ro r  f 6“ * o f a  fu n c tio n  F (m̂  , 

m j, . . . . .  m^) o f m^, nig, . . . . .  mn corresponding e r ro rs

o f which are «~i. « j . ......... r » i s  given by (e*g«

see Topping, 1955) :

2 ~ ) 2dmi
2

+ (
1

2
6T" ♦ . . . . . .  +2 { dF )2 2

n

o r  r  » 5 - ,  dF .21 E‘ * )
n # . . ( 3*22)

Where dF.
dm-j

dF
dm2 *

♦ * • • » dF
d%  * are  the  p a r t i a l  d i f f e r e n t ia l

c o e f f ic ie n ts  o f  F w ith re sp e c t to  m-j, m2, « . # . .

Since the  F o u rie r ’s c o e f f ic ie n ts  are  expressed  by 

c e r ta in  l in e a r  fu n c tio n s o f o f^o rm  £ l^ k  uk» vdier® ^ k  

a re  th e  corresponding f a c to rs  o f th e  grouping ( fo r  in s tan ce , 

r e f e r  to  th e  ch a rt showing a n a ly s is  scheme), th e  e r ro rs  of 

th e  c o e ff ic ie n ts  w ill  be determ ined by th e  q u an tity  (using 

eq#3*22) :

k
(  £  fci—»

(
k .
21 .. .(3 * 2 3 )

tak in g

<*•••••• r k <s~ * ..  (3» 24)
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where l£ i s  th e  standard e r ro r  in  Uĵ * An elem entary 

c a lc u la tio n  shows th a t , ,  in  th e  scheme f o r  12 o rd in a te s , 

we have

as -S L  = 0.41 s'(6)i • (3*25)

Hence tak ing  account o f eqs*(3*17) and (3*1$) in  conjunction 

w ith  eq, (3*22) we have

G1r n a?i

4  v.
/r"  2^  a_ + “n

n
bn *

0,41 6^ * # * (3 ♦ 26)

ana

. b,.{' ̂  4. ^  *_3 j -
"1? bif.71 U

0,41 6T

%

<TV
n ' ».* (3*27)

r n

^— g—■
r Q, r n , being th e  e r ro r s  in  the am plitude and phase of 

th e  n th  harmonic, re sp e c tiv e ly . Thus, on th e  harmonic d ia l ,  

when p lo t t in g  th e  r e s u l t s  of th e  harmonic a n a ly s is  o f th e  

d a ta  U|c each having e r ro r  6 ^  , a c i r c le  of rad iu s  

^""rn -  0,416^ (fo r  12^ordinate Scheme) c h a ra c te r is in g  th e  

accuracy o f th e  given harmonic must bo drawn about the  

p o in t (a^, bn );



3*4 Method of sep ara tio n  o f q u as i-p e rio d ic  v a r ia tio n

Small q u as i-p e rio d ic  v a r ia tio n s  in  cosmic ra y s  

which are masked by the s t a t i s t i c a l  f lu c tu a tio n s  o f 

in d iv id u a l measurements can be d e tec ted  by th e  a id  of a 

sp e c ia l averaging method, f i r s t  used in  the s tu d ie s  of 

geomagnetic v a r ia tio n s  by Chree (1913) and known a f te r  

him' as Chree * s method o f superposed epochs*

Suppose we s in g le  out *n* epochs on a c e r ta in  

c r i te r io n  and we wish to  study th e  a s so c ia tio n  o f  such 

epochs w ith th e  in te n s i ty  changes in  cosmic r  ays. To do 

t h i s  th e  values of cosmic ray in te n s i ty  corresponding to  

th e  tim es of onset of these  epochs a re  en tered  in  a 

v e r t ic a l  column numbered 0 . The values of th e  in te n s i ty  

fo r  th e  tim es fo llow ing  th e  tim es so chosen, are then  en tered  

in .a  sequence of columns arranged to  th e  r ig h t  of th e  column 

marked 0 and are numbered +1, +2, *3 , . . . . .  e tc .  The data  

fo r  tim es preceding th e  tim e G a re  en tered  in  columns 

arranged to  th e  l e f t  of th e  column G and are numbered -1 ,

’“2, <*3j etc* In  th e  ta b le  so ob ta ined  co n s is tin g  of

n rows* th e  mean value of the cosmic ra y  in te n s i ty  fo r  each 

column i s  then  found and p lo tte d  on a graph ag a in s t th e  

corresponding column number. The curve so ob tained  very 

c le a r ly  b rings out th e  re la tio n s h ip , i f  any, between th e  

epochs used and cosmic ray in te n s i ty  and a t  th e  same tim e, 

i t  g ives th e  recu rrence period  i f  any recu rrence  tendency 

i s  p resen t in  th e  cosmic ray  e ffec t*
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3*5 C o rre la tio n  a n a ly s is

The method o f c o r re la tio n  i s  a m athem atical process 

f o r  determ ining th e  degree of r e la t io n s h ip  between two 

v a r ia b le s , say, x and y* The re la tio n s h ip  i s  ch a ra c te rised  

by a c o e f f ic ie n t c a lle d , ’c o r re la tio n  co e ffic ien t* #  I f  

A x , A 7 rep resen t th e  d ev ia tio n s  from the  mean o f x and y 

over a common in te rv a l  o f tim e and i f  *n* i s  th e  number of 

p a i r s ,  th e  c o r re la tio n  c o e ff ic ie n t * X s , y* between x  and y 

i s  g iven  by :

y

n n
n H  k  SI y
r x y  -  n

. . . ( 3 .2 3 )

ny  AX n

X ( A y ) 2]

. . (3*29)

Any o f the fibove two equations can be used to  

determ ine th e  c o r re la tio n  co e ff ic ie n t#  Y x ,y  can be p o s it iv e  

o r  n eg a tiv e  which re sp e c tiv e ly  in d ic a te s  whether x  and y 

vary in  th e  same o r  in  th e  o p p o site  manner. Y x , y -  0 

would in d ic a te  th a t  th e re  i s  no re la t io n s h ip  between x and y 

w hatsoever.

The standard e r ro r  ( 6 ^ )  in  YXjy i s  given by 1
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6y * +
2

1 -  V  * °x ,y
(n *- 1}£

...(3 * 3 0 )

which shows th a t  th e  la rg e r  th e  number o f  p a i r s  *n* and 

the  la rg e r  th e  value o f  N l  , th e  sm alle r would be 6 y *

3*6 The X2 t e s t

To t e s t  th e  conformance o f a s e r ie s  o f *n* values 

o f I Q to  the Poisson law, where th e  in te rv a l  len g th  i s  th e  

same f o r  a l l  th e  determ inations we compute,

X2 £  t tn  -  i ) 2
T

.•*(3*31)

where, n

T - ■£.-!?.
a

.• .(3 * 3 2 )

E lderton (E ld erto n ’s ta b le s  of goodness o f f i t )  

has prepared a ta b le  of X2 from which, knowing th e  number 

of degrees of freedom o f  *n* measurements, one can f in d  out 

th e  p ro p o rtio n  of th e  cases *P* in  which a p a r t ic u la r  value 

o f X  ̂ w ill  be exceeded* Applying t h i s  to  th e  case o f so la r  

d a ily  v a r ia tio n  where we have 12 b ihourly  measurements, and 

so th e  degree o f freedom i s  11, th e  p ro b a b il i ty  *P* th a t  X  ̂

w il l  exceed any sp e c if ie d  value i s  g iven  in  th e  fo llow ing  

Table :
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Values of P ; 0*5 0,1 0*05 0*01

Values of y 2 .A  • 12,90 17.23 19.63 24.73
•  m  * »  a a a w q a a w w ^ i a

O
Thus in 99*9 f> of the cases X  should have a value

~  26*22, if daily variation were to be due to purely
2statistical fluctuations. The m ore the value ot X the 

greater would be the dispersion of bihourly intensities 

about the daily mean intensity* and hence the greater 

would be the amplitude of the daily variation#

3*7 Punch card system of tabulation of data

A detailed study of th e  various aspects of the 

daily variation of cosmic rays involves the determination 

of frequency distributions, the sorting out of days according 

to different criteria, evaluating the parameters o f  the 

average daily variation on groups of days t hus sorted out 

and the determination of the time series of different 

parameters*

In analyses of this nature, it is convenient to 

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

* which would be given by eq*3<*22, where Ia is the bihourly 
intensity centred at the hour Tn*i.



standard  e l e c t r i c a l  so rtin g  and ta b u la tin g  machines can be 

used to  perform th ese  various com putational o p e ra tio n s . In  

th e  p resen t in v e s tig a tio n , H o lle r ith  cards having e igh ty  

columns and te n  rows were used fo r  ta b u la tin g  th e  primary- 

d a ta  co rrec ted  fo r  m eteoro log ical e ffec ts#  The fo llow ing  

inform ation i s  punched on th e  cards s

Column Ho. Inform ation  punched

1, 2 Id e n ti ty  numbers o f th e  reco rd ing  instrum ent*

3, 4 Year*

5, 6, 7 Day o f  th e  year*

a ,  9 Gp

10 Number in d ic a tin g  whether any b ihourly  

d ev ia tio n  in  percen t i s  g re a te r  than  5*0 $ 
or le s s  than »§*Q $ f o r  the day*

11, 12, 13 Blank#

14 to  37 The 12 b ihourly  d ev ia tio n s  in  p ercen t to  

which 5*0 fo has been added to  make them a l l

36% 39

positive*

Residue in  percen t to  which 5*0 $ has been 

added to  make i t  p o sitiv e*

40 Humber c h a ra c te r is in g  any m anipulations made 

in  b ihourly  in te n s i t ie s *

41 Humber of s im ila r  u n its  running f o r  th e  day#

42 Scaling  f a c to r  o f th e  recorder#
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Column Ho. Information punched

43 to 46 Pressure corrected mean intensity for the day#
47 to 50 Blank.
51 to 5$ aj, ; a2, b^ the Fourier coefficients for

the day in percent to which 5*0 $ has been 
added to make them all positive*

59 to 66 r-j, p f; rg» 02 ^he harmonic parameters 
characterising the diurnal and semidiurnal 
variation for the day#

67, 66 Ratio r<j/r2«
69, 70 X2 for the day*
71 to 60 Blank*

- sOOOOOOO s*»



IV

EXPERIMENTAL RESULTS, THEIR DISCUSSION AND CONCLUSIONS 

4 .1  I n t ro d u c t io n

The r e s u l t s  p re s e n te d  i n  t h i s  c h a p te r  r e l a t e  t o  

th e  fo llo w in g  :

(1) Meson d a ta  a t  Gulmarg (. ® +25°, f  *= +147°

a l t .  ** 2740 m}, o b ta in e d  by th e  a u th o r  w ith  c o u n te r  

t e le s c o p e s ,  f o r  th e  p e rio d  Ja n u a ry  1956 t o  Ja n u a ry  195$. 

T ab le  1 in d ic a te s  th e  num ber o f  days o f  o p e ra tio n  o f  one 

o r  more c o u n te r  t e le s c o p e s .

T ab le  1

Ta b le  showing th e  number o f  days i n  each month f o r  
which d a ta  i s  a v a i la b le  f o r  th e  h a rd  component a t  Gulmarg 
d u rin g  1956, 1957 and 195$ and f o r  n u c le o n ic  component a t  
Alims dabad d u rin g  1957 and 195$.

T o ta l
D e te c to r  J F M A M J J  A S O N D  N o .o f

w orking
days.

1 9  5 6
Meson te le s c o c e s
a t  Gulmarg. * 26 27 31 23 23 25 24 23 28 2$ 29 1$ 305

1 9  5 7
Meson te le s c o p e s
a t  Gulmarg. 29 25 25 26 25 25 25 15 -  19 10 22 246

N eutron  m o n ito r
a t  Ahmedabad. -  -  ~ -  t $  26 21 21 30 24 -  -  140

1 9  5 $
Meson te le s c o p e s
a t  Gulmarg. 20 20

N eutron  m o n ito r
a t  Ahmedabad. -  -  -  -  25 28 2$ 2$ 26 28 29 30 222
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A s  w o u l d  b e  s e e n  f r o m  t h e  t a b l e ,  t h e  d s t a  f o r  

G u l m a r g  m e s o n  t e l e s c o p e s  f o r  A u g u s t ,  O c t o b e r  a n d  N o v e m b e r  

1 9 5 7  a r e  r a t h e r  s c a n t y  a n d  t h e r e  a r e  n o  d a t a  f o r  t h e  m o n t h ,  

o f  S e p t e m b e r  1 9 5 7 *  T h i s  i s  d u e  t o  t h e  f a c t  -Wh a t  f r o m  t h e  

l a s t  w e e k  o f  A u g u s t  1 9 5 7  b o  t h e  f i r s t  w e e k  o f  O c t o b e r  1 9 5 7 ,  

t h e  a u t h o r  w a s  a w a y  f r o m  G u l m a r g .  I n  N o v e m b e r  1 9 5 7 ,  h o w e v e r ,  

t h e r e  w a s  a  p r o l o n g e d  p o w e r  f a i l u r e  b e c a u s e  o f  t h e  h a v o c  

w r o u g h t  b y  a  s e v e r e  b l i z z a r d  w h i c h  u p r o o t e d  m a n y  o f  t h e  

p o l e s  c a r r y i n g  p o w e r  t r a n s m i s s i o n  l i n e s ;  a l s o  t h e  d i e s e l  

e n g i n e  w h i c h  w a s  n o r m a l l y  u s e d  a s  a  s t a n d - b y ,  d e v e l o p e d  

m e c h a n i c a l  t r o u b l e  a n d  c o u l d  n o t  b e  u s e d .  A s  s u c h ,  n o  

s u p p l y  w a s  a v a i l a b l e  f o r  c h a r g i n g  t h e  b a t t e r i e s  w h i c h ,  i n  

t u r n ,  r e s u l t e d  i n  a  s t a n d  s t i l l .  A f t e r  a b o u t  a- f o r t n i g h t  

n o r m a l  c o n d i t i o n s  w e r e  r e s t o r e d .  V a r i o u s  c o n s t i t u e n t  u n i t s  

o f  t h e  a p p a r a t u s  w e r e  t h e n  t e s t e d  t h o r o u g h l y  a n d  t h e  u n i t  

w a s  s t a r t e d  a g a i n .  B y  t h e  m i d d l e  o f  F e b r u a r y  1 9 5 $ ,  t h e  

G u l m a r g  s t a t i o n  w a s ,  t e m p o r a r i l y ,  c l o s e d  d o w n  a n d  t h e  a u t h o r  

r e t u r n e d  t o  A h m e d a b a d .

(2} N e u t r o n  m o n i t o r  d a t a  f r o m  A h m e d a b a d  ( A *  +14°, 

f  *  +143 , s e a  l e v e l ) .  T h e s e  d a t a  a r e  a v a i l a b l s  i n  t w o  f a i r l y  

c o n t i n u o u s  s e r i e s ;  o n e  e x t e n d s  f r o m  M a y  1957 t o  O c t o b e r  1957 

d u r i n g  w h i c h  p e r i o d  a u t h o r *  s p r e d e c e s s o r ,  M f c . S a s y a p r a k a s h ,  

w a s  r e s p o n s i b l e  f o r  t h e  m a i n t e n a n c e  o f  t h e  n e u t r o n  m o n i t o r  

a t  A h m e d a b a d .  F r o m  O c t o b e r  1957 t o  A p r i l  195$, u n f o r t u n a t e l y ,  

t h e r e  w e v c  l a r g e  n u m b e r  o f  i n t e r r u p t i o n s  i n  t h e  w o r k i n g  o f  t h e  

n e u t r o n  m o n i t o r  a t  A h m e d a b a d  a n d  h e n c e  t h e  d a t a  a r e  r a t h e r  

h a p h a z a r d  d u r i n g  t h i s  p e r i o d .  F r o m  t h e  t i m e ,  t h e  a u t h o r

A  , f  a r e  r e s p e c t i v e l y  t h e  g e o m a g n e t i c  l a t i t u d e  a n d  g e o m a g n e t i <  
l o n g i t u d e .
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*

undertook the responsibility of the maintenance of the 

neutron monitor, in late .April 1956, the neutron monitor 

started working satisfactorily. The author laid d own the 

responsibility of the maintenance of the neutron moni t o r  in 

early 1959. Details regarding the working of the neutron 

m o n i t o r  (both sections) during the two periods are summarised 

in Table 1.

(3) Neutron m o n i t o r  data from Mt.Norikura ( A “ +25°

f ■ +204°, alt. * 2770 m ) , Huancayo ( A *  -1°, £ ** +354°,
alt. * 3400 m  ), Makerere ( X * - 2 ° ,  f *' +101°, alt. » 1196 m)

and meson moni t o r  data from Makerere and Itabashi ( X *  +25°, 
o

f * +206 , sea level) were also analysed for th e  period July 

1957 to December 1956.

The data from home stations were tested for parallel 

running o f  the similar units by the method described in Sec. 

3.1• They were then corrected fo r  atmospheric pressure and 

temperature changes using appropriate coefficients, described 

in Sec. 3.11. Because o f  the.rather large day bo day fluctuat 

tions exhibited by the nucleonic component of cosmic rays, 

th e  neutron monitor data (for home stations as well as for 

the other stations o f  the world) were further p r ocessed t o  

rid the individual bihourly intensities, as f a r  as possible, 

o f  the day to day changes o f  intensity* The m e t h o d  used is 

described in Sec. 3«2 *

Study of the solar daily variation 

Solar daily variation can be resolved into two

4*2
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harmonic waves; the f i r s t  harmonic or the diurnal variation 
having a period of 24 hours and characterised by i t s  amplitude 

and i t s  time of maximum 0̂  and the second harmonic or the 
semidiurnal variation having a period of 12 hours aid defined 
by i t s  amplitude r2 and i t s  time of maximum Thus to 
study the characteristics of solar daily variation averaged ovei 
a period of time or in groups classified according to some 
d istinc t c rite ria , i t  is  customary to examine the averaged 
harmonic parameters r^ , 0^; r 2, The variab ility  of
these parameters can be studied by looking at th e ir  histograms. 
An alternative method of studying the solar daily variation, 
which has proved very useful, is  to look at individual 
bihourly in tensities as suggested by Remy and Sittkus (1955) 
and Sarabhai and Satyaprakaah (1959).

4.21 Sear to year changes in solar daily variation 
at low- (A* 0 to *14°) latitudes.

4.211 Annual mean solar daily variation of 
nucleonic component at Ahmedabad and at Huancayo Pig. l8a_ 
gives the annual mean solar daily variation curves for the 
nucleonic component a t Ahmedabad for the years 1957 and 195$ - 
actually the periods May 1957 to October 1957 and May 195$ to 
December 195$ are taken to be representative of the two years 
respectively . The mean parameters characterising these 
curves are given in Table 2. The chief features revealed by
the study of th is  table along with the curves of figure 1$a
* ..................'.. "H"'""1""1""" ' ....... " ........" .... ............... '.................................. ‘ ............. "

S tric tly  speaking th is  assumption may be questioned, but 
since the a ata in the two years roughly correspond to the 
same period, the chief features would not be materially 
affected.
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Fig.  ̂ 13a* Annual mean so lar daily  varia tion  
curves fo r the nucleonic component at 
Ahmedabad.

i l,

1,3b. Annual mean so lar da ily  variation 
-curves fo r the nucleonic component a t 
Huancayo.

Table 2. ■

Table showing the parameters r^ , r 2 t which 
characterise the diurnal and semidiurnal components o f so lar 
daily varia tio n  a t Ahmedabad during 1957 and 1953. Values 
of annual7 mean. Gr> and re la tiv e  sunspot number (ft) are also 
indicated.

_ : Ho.of , Z
xear ; • ; /  days A r 2 2]L cD I

$  \ *

1 9 5 7 

1 9 5 3

140 Q.33*0.03 177° 0.17*0.03 3° 0.?3 153

222 0.40*0.0377*32° 0.12*0.03 22° 0.73 194
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are :

(1) in both, the years r-j is two to three times 

greater than i.e. the diurnal component of solar daily 
variation predominates in both the years,

(2) r,j and rg remain practically unchanged, within 

error, in.the two years,

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

becomes later by about two hours in 195$ relative to 1957,

(4) . the ;shif% to' iratbr hours of P2 in 1958 is rather 

small ( ~ 1 /2  hour) relative to 1957.

(5) the 0600 hours negative deviation is more 

prominent in 1953 where it had. a magnitude of - 0 . 4 5 +0 . 0 6 $ 

compared -to ,1957 where it had, a magnitude of - 0 , 23+0 . 0 6 $. It 
will ,be shown later that negative deviation at 0600 hours is

a characteristic feature of solar daily variation at Ahmedabad.

(6) the 2000 hours negative devation has reduced in
magnitude in 1953 where it had a magnitude of - 0 . 11+0 . 0 6 $ 

compared ,to 1957 where it had ,a magnitude of - 0 . 31^0 .06$. It 
will be s h o rn  later1 that this -deviation is also
, associated ,, in a fundamental way, with the nature of the 
solar daily variation. ,

In Fig. 13b are given, for comparison sake, annual 
mean solar daily variation curve for nucleonic component at 
Huaneayo for the'years 1957 and 1953 - the period July 1957
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to December .1957 being taken to be representative of the 

y e a r  1957 and the period January 1956 to December 1956 

represents the y e a r  1956. The m ean parameters of the 

harmonic components characterising these curves are 

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

Table 3

Table showing the parameters r ^ , ; r̂ , wkich .
charactdrise the diurnal and semidiurnal components of 
solar daily variation at Huancayo during 1957 and 1956h 
Values of annual mean Op and relative sunspot number (H) are 
also indicated.

Year

1 9  5 7 

1 9  5 6

No. of
days. r l

d

161 0.25+0.01 7T+1° 0.04+0.01 4°

310 0.22+0.01 lf+16° 0.06+0.01 -7°

0p R

0.76 153 

0*76 194

the annual curves reveals the presence of a similar basic 

pattern o f , change in annual mean solar daily variation at 

Huancayo as has already been noted in case of iihmedabsld. 

Namely,

{1} the solar daily variation is predominently 

diurnal in character: during both the years,
* i J •

♦ *

{2} r.j and remain practically unchanged during 
the two years,'

(3) has shifted to later h ours in 1956 relative
i

to 1957 by about 1 hour..,
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(4) the s h if t  to la te r  hours o f $2 195$ i s

rather small ( ^  1/2 hour) r e la t iv e  to  1957*

(5) the 0400 hours negative deviation  i s  more 

prominent in  195$ where i t  had. a magnitude o f -0.13+0.01$, 

compared to  1957 where i t  haA a magnitude o f -0,14+0.01$,

(6) the 0000 hour negative deviation  .has reduced 

in  magnitude in  195$ where i t  had a magnitude of 

-0»15jp.01$, compared to  1957 where i t  had a magnitude of 

-0.25+0.01$.

Thus we see tha t the pattern  of change of annual 

mean so lar daily  varia tion  from 1957 to 195$ i s  sim ilar fo r 

the  equatorial s ta tio n s  {Huancayo and Ahmedabad).

4.212 . The mode of change of the parameters r^ .0^; 

r*2» 02 o f annual mean so lar daily  varia tion  

a t Ahmedabad.(t ''.....  t m  n i ir r  nr

Me have seen above th a t th e  features of the annual 

mean so lar daily  varia tion  a t Ahmedabad and Huancayo are 

similar* In the following few subsections, we shall probe 

deeper in to  the nature of these annual changes with 

p a r tic u la r  reference to  Ahmedabad data.

Fig. 19 gives the histograms describing the frequency 

d is tr ib u tio n  of the parameters of the  harmonic components 

on individual days a t Ahmedabad during 1957 and 195$. In 

drawing 0^, 02 histograms, only those days have been 
considered which res|e c tive ly  have the amplitudes of diurnal 
and semidiurnal componentjlsignificant a t 2 <r lev e l of
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Fig* 19 -  The h is to g ra m s  o f  and pg ^o r
, , . th e  y e a r s  1957 and 195$ s h o w in g 'th e ir

d i s t r i b u t i o n ,o h  in d iv id u a l  d ay s, a t  
■ -Ahmedabad.

s ig n i f ic a n c e  (d '«  e r r o r  a r i s in g  o u t o f  s t a t i s t i c a l  

f lu c tu a t io n s } *  -T h is i s  done t o  p re v e n t th e  random e r r o r s  

a s s o c ia te d  w ith  0^ and p ? {because o f  th e  f i n i t e  s i z e  o f  th e  

sam ple) from m asking t h e i r  r e a l  f req u e n cy  d i s t r i b u t i o n  o v e r 

d i f f e r e n t  b ihoursT  One can c le a r ly  d is c e rn  t h a t

(1) freq u e n cy  d i s t r i b u t i o n  f o r  r-j and r 2 i s  n o t 

s i g n i f i c a n t l y  d i f f e r e n t  d u rin g  th e  two y e a r s ;

(2) a d i s t i n c t  s h i f t  t o  l a t e r  h o u rs  i s  e v id e n t  f o r

T h is  same p ro ced u re  would be fo llo w ed  th ro u g h o u t in  
draw ing ^  and pg h is to g ra m s .

1

1
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$,j in 1958 relative to 1957;

(3) a shift op 02 t0 later hours in 1958 is also 
seen, though this shift is not so conspicuous as for 0^.

4*213 Mode of change of the annual frequency
distribution of significant positive and 
negative bihourly deviations at Ahmedabad.

A study of this type, enables one to picture the 
nature of the changes affecting the bihourly deviations of 
intensity which comprise the solar daily variation. Such 
changes are not brought out, equally clearly by the study of 
mean parameters specifying the harmonic components of the 
mean solar daily variation.

For the purpose of this study, the bihourly deviations 
were first corrected for the trend of the day to day changes 
in daily mean intensity by the method described in Sec.3*2.
A bihourly deviation A i„, obtained by subtracting the daily 
mean intensity from the bihourly intensity centred at the 
hour x, is considered to be significantly positive or negative 
according as its magnitude is greater than +2 < or less than 
-2 (f respectively; the standard error 6" for an individual 
bihourly intensity at Ahmedabad being 0.9$. A significant

• fpositive deviation is designated as ix or x and a 
significant negative deviation as i“ or x~«

The frequency distribution of x* and x“ for 1957 and 
1958 is shown in Fig. 20, the latter being shown with
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HOURS
 ̂ (LOCAL TlVf)

F i g ,  2 0  F r e q u e n c y  d i s t r i b u t i o n s  o f  s i g n i f i c a n t
p o s i t i v e  a n d  n e g a t i v e  b i h o u r l y  d e v i a t i o n s  
;at Abraedabad f o r  t h e  y e a r s  1 9 5 7 ,  1 9 5 ® .
i -- "

1

F r o m  t h e  a b o v e  f i g p r e , i t  c a n  b e  s e e n  t h a t  w h e r e a s  i n  1 9 5 7
t

t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  p o s i t i v e  d e v i a t i o n s  w a s  p e a k e d

t h e  o r d i n a t e  r e v e r s e d .  T h e  a v e r a g e  n u m b e r  ( i n  p e r c e n t  o f  

t o t a l  w o r k i n g  d a y s )  o f  d e v i a t i o n s  o f  e a c h  s i g n ,  g r e a t e r  t h a n  

1 a t  e a c h  b i h o u r  t h a t  c o u l d  o c c u r  p u r e l y  d u e  t o  c h a n c e  

i s  o n l y  2 . 3 $ .  f a r i a t i o n s  o f  i n t e n s i t y  o f  t h e  p r i m a r i e s  w i t h  

t h e  t i m e  s c a l e  o f  c h a n g e  s h o r t  c o m p a r e d  t o  24 h o u r s ,  c o u l d  

a l s o  p o l l u t e  t h e  b i h o u r l y  i n t e n s i t y  s i g n i f i c a n t l y  a n d  t h i s  

p o l l u t i o n  w o u l d  n o t  b e  e l i m i n a t e d  b y  t h e  p r o c e s s  o f  a p p l y i n g  

c o r r e c t i o n  f o r  d a y  t o  d a y  c h a n g e s  o f  i n t e n s i t y .  H o w e v e r  

s u c h  a  p o l l u t i o n  w o u l d  c o n t r i b u t e  t o  i n c r e a s i n g  t h e  r a n d o m  

f l u c t u a t i o n s  w h i c h  s h o u l d  o c c u r  w i t h  e q u a l  p r o b a b i l i t y  a t  

a l l  b i h o u r s . W e  t h e r e f o r e  t a k e  n o t e  o f  o n l y  t h o s e  b i h o u r s  

f o r  w h i c h  bhe n u m b e r  o f  d e v i a t i o n s  s i g n i f i c a n t  at 2 <5" l e v e l  

i s  m o r e  t h a n  t h r e e  t i m e s  t h a t  e x p e c t e d  t h r o u g h  p u r e  c h a n c e .
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at 1000 hours, the peak shifted to 1200 hours in 1953* Also 
the frequency of occurrence of negative deviations at 1800 
hours has been considerably in 1953 whereas that
of negative deviations at 2400 hours increased, relative to 
1957* However the frequency of occurrence of negative de 
deviations at 0600 hours remains unchanged during the two 
years. Thus the solar daily variation in 1958 differed 
from that in 1957 in the sense that in the former year there 
took place a shift to later hours, of significant positive 
and evening hours negative deviations.

4.214 The mode of change of parameters characterising 
the annual mean solar daily variation at 
Ahmedabad, in relation to the geomagnetic 
activity.

To test whether the year to year change in solar 
daily variation is related, in any way, with geomagnetic 
activity (as represented by Cp) the two annual mean solar 
daily variation curves for Ahmedabad wasesplit up into two 
Cp groups.

T(1) Low Cp group or Cp group which comprises of 
days where 0 ̂  Cp 0.5* ;

{2) High Cp or Cp group which comprises of days 
where Cp >  1.0.

The mean parameters characterising the annual mean 
solar daily variation associated with Cp groups along with 
mean Cp for the particular group are summarised in Table 4.
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Table 4

Table showing characteristics of annual m e a n  solar 
daily variation, at Ahmedafcad, for c|  and CL  groups duriag
1 9 5 71 1958. Mea n  values of Cp and the number of days in each 
Cg group,during the two years, are also indicated.

Group Gp days' < r1 1̂ r2 Z^2 » CP .days. r1 $1 r2 2̂ 2
« *  «■» 5  Sm tm  mm « * £ »  m u m  ***** i w m m i  m i  o w e  « •  o o w a i w i i a w w i M W M i *  ~ 5  «»■F" ““F™ ----- ” F------- %
0? 1.3 44 0.34+ 162° 0.15-2- “62° 1.3 59 0.39+77+44° 0.13+ 39°

,
0.06“ , i 1 0 .06” 0.05~ ■ 0 .05  ,

<*>.oi-5 C
O

■ 59 0.37+ 161° •0.22+ 22° 0.3 96 0.35+77+35° 0.12+ 48°r o . o r 0.05”* 0.04 G.Q4~

One can see that no significant change has t aken place in 

the geomagnetic activity (mean) during the two years for 

both Gp and Cp groups. Nevertheless, in both groups (i) 0-j 

has shifted to later h o u r s  in 1958 relative to 1957 and 

the amount of shift involved is about the same in Cp as 

well as G^ groups ( ~ f o u r  hours), (ii) shift in 0 2 is 

rather s m a l l :{ ~  half hour) for Gp group and quite appreciable 

for (§ group ( ^  three said a h alf hours) and (iii) r^ and r2 

do not exhibit any significant change. Fig. 21 gives the 

form of the solar daily variation fo r  the two Cp groups 

during 1957 and 1 9 5 8 . One elearly sees that j in both the 

groups :

(1) The primary maximum in solar daily variation 

has shifted to later hours in 1958 than in 1957^

(2) The mini m u m  at 0600 h o u r s  ha s  deepened in 1958 

than i n  1957.
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(3,) T h e  d e v i a t i o n  a t  2 0 0 0  h o u r s  b e  cor n e a  l e s s  

n e g a t i v e  i n  1 9 5 $  c o m p a r e d  t o  19.57 f o r  C p  g r o u p  w h e r e a s  i n  

G p  g r o u p  i t  h a s  O v e n  b e c o m e  p o s i t i v e .

T h e s e . f a c t s  a r e  s i m i l a r  t o  t h e  o n e s  a l r e a d y  n o t e d  

i n  S e c .  4 * 2 1 1  a n d  s u g g e s t  r a t h e r  c l e a r l y  t h a t  t h e  c h a n g e  : . 

o b s e r v e d ,  i n  t h e  a n n u a l  m e a n  s o l a r  d a i l y  v a r i a t i o n  h a d  l i t t l e  

c o n n e c t i o n  w i t h  g e o m a g n e t i c  a c t i v i t y .

P i g ,  2 1  -  M e a n  s o l a r  d a i l y  v a r i a t i o n  i *  t h e  l o w  
a n d  h i g h  0 P  g r o u p s  d u r i n g  i n d i v i d u a l  
y e a r s  1 9 5 /  a n d  1 9 5 $ .

W e  t h u s  s e e  t h a t  t h e  b a s i c  c h a n g e  i n  a n n u a l  m e a n  

s o l a r  d a i l y  v a r i a t i o n  a t  e q u a t o r i a l  s t a t i o n s  ( h h m e d a f e a d  a n d  

H u a n c a y o )  i n v o l v e d  t h e  s h i f t  o f  t h e  t i m e  o f  m a x i m u m  o f  t h e  

d i u r n a l  a n d  t o  s e m e  e x t e n t  o f  s e m i d i u r n a l  c o m p o n e n t s ,  o f  

s o l a r  d a i l y  v a r i a t i o n ,  t o w a r d s  l a t e r  h o u r s . i n  * 9 5 $  r e l a t i v e  

t o  1 9 5 7 .  F u r t h e r ,  d e t a i l e d  a n a l y s i s  o f  d a t a  a t  A h m e d a b a d
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carried  out! in  the above , ind ica tes  that th is  change arose 

because of the general sh if t of s ig n ifican t positige  and 

evening hour negative deviations towards la te r  hours in 195$. 

Also th is  change was independent of the geomagnetic a c tiv ity
T

since i t  was associated with geomagnetically quiet (Cp group) 
as well as with highly disturbed (Cp group)days. The. nature 

of the influence of 8 on the  changes exhibited by the annual 

mean so lar daily varia tion  w ill be examined in  the following 

subsection. » .

4.22 Year to year changes in  so la r daily  v aria tion  

a t interm ediate la titu d e  ( A *  +25° ) .

• 4.221 Annual mean so lar daily  varia tio n  of hard 

component a t Gulmarg ; ~ Here we sha ll study the annual mean 

so lar da ily  varia tion  of hard component observed with counter 
' telescopes a t Gulmarg, in  conjunction with hard component 

data available from Ahmedabad and with neutron monitor data 

from Mt.Norikura, during common periods.

Table 5 summarises the averaged parameters 

charactersing the annual mean so lar daily  v a ria tio n  a t 
Gulmarg (hard component), Mt.Horikura (nucleonic component) 

and Ahmedabad (hard component) fo r  the years 1956 and 1957; 
fo r the la s t  two sta tions the annual mean harmonic parameters 

are also given fo r  195$. Also summarised there in  are the 

annual mean value I of Cp and of the re la tiv e  sunspot number
I • ,

(E). The following points stand out ra th e r c lea rly .



(C
.T

.) 
- 

C
ou

nt
er

 t
el

es
co

pe
 

(S
UM

.} 
- 

N
eu

tro
n 

m
on

ito
r

1
-0

*0
+50*0

21
0

*0
1

0.
09

+
0.

01

0.
01

0.
26

+ 
+3

2°
0
.01

“
0.

23
 + 

+3
3°

0
.0

1
 

;
0 

0.
17

+ 
39

°
o.o

aT
0.

27
+ 

+4
7

o.
oi

“

0.
26

+ 
+2

3°
 

0.
09

+ 
69

°
0.

18
+

16
1°

 
0.

14
+ 

35
°

0.
01
. 

0.
01

0.
28

+
 

+1
2°

 
0i

21
+

 
38

°
0.01
“ 

0.01
“

0.
31

1 
15

8 
0.

09
+ 

-3
5"

0.
Q

5 
,,0

.0
5

0.
21

+
 

15
^°

 
0.

06
* 

20
C

0.
05

“ 
0.

05

19
56

 
0.

75
 

11
1

19
57

 
0.

78
 

1 5
3

19
58

 
0.

78
 

19
4

or tn
A

hm
ed

ab
ad

 (
C

.T
.) 

1*
1 

' 
_

|2
'1

M
t.N

or
ik

ur
a 

(N
.M

.) 
'

I
i.

G
iil

ng
irg

 
X

C
.T

.) 
_

ft
 

' *
2

|S?«3t

a
Y

ea
r

T
ab

le
 s

ho
w

in
g 

th
e 

pa
ra

m
et

er
s 

sp
ec

if
yi

ng
 t

he
 d

iu
rn

al
 a

nd
 t

he
 s

em
id

iu
rn

al
 c

om
po

ne
nt

s 
of

 
12

 m
on

th
 m

ea
n 

so
la

r 
da

il
y 

va
ri

at
io

n 
at

 G
ul

m
ar

g 
(h

ar
d 

co
m

po
ne

nt
), 

E
t.N

or
ik

ur
a 

(n
uc

le
on

ic
 c

om
po

ne
nt

) 
an

d 
A

hm
ed

ab
ad

 (
ha

rd
 C

om
po

ne
nt

) 
du

ri
ng

 1
95

6,
 

19
57

 a
nd

 1
95

8.
 

: 
, 

;

T
ab

le
 

5



mm  ̂ mm

(1) The mean planetary index of geomagnetic 
disturbance {Cp) has not changed significantly during all 
the three years.

(2) The solar activity - as given by R - rapidly 
increased during the three years and in 1955 i t  was twice 
as intense as in 1956,

t31 The annual mean solar daily variation observed 
during 1956 and 1957 with a neutron monitor and with a 
counter telescope has similar form for the mountain altitude 
stations (Ht.Morikura and Gulmarg) in the intermediate 
latitude ( A = +25°}» both being predominently diurnal in 
character. At low latitudes (Ahmedabad for example) however, 
semidiurnal variation is relatively more important in both 
nucleonic as well as hard component (see tables 2 and 5).
In fact, in hard component at Ahmedabad, the amplitude of 
semidiurnal component (rg) is comparable with the amplitude 
of diurnal component (r )̂. .

(A) The pattern of change of annu al mean solar 
daily variation is also dependent upon the latitude of the 
observing station. Both at Mt.Horikura and Gulmarg r̂  ,^-j; 
r2»$2 ilave n°b changed significantly i.e. outside twice the 
standard error of determination, during 1956 and 1957* At 
Ahmedabad however, the amplitude of both firs t and second 
harmonic components of solar daily variation increased during 
the same period. Also 0-j at Ahmedabad shifted to later 
hours. §>2 at Ahmedabad, however, did not exhibit any such
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s h i f t  d u r i n g  ,1956 a n d  1957.

F r o m  1957 t o  1955 a g a i n  n o  c h a n g e  t a k e s  p l a c e  

b e t w e e n  r-j , 0^,; F g ,  pV, a t  M t . N o r i k u r a ,  w h e r e a s  a t  A h m e d a b a  d  

c o n t i n u e s  t b  s h i f t  t o  l a t e r  h o u r s  f r o m  1957 t o  1955; r-j, 

r ^  a n d  02s h o w e v e r ,  - do n o t  c h a n g e  s i g n i f i c a n t l y  a t  A h m e d a b a d  

a l s o .  A s  n o t e d  e a r l i e r  i n  Se c *  4*211, t h e  n u c l e o n i c  

c o m p o n e n t  at  A h m e d a b a d  d u r i n g  1957-1955 also . b e h a v e s  i n  a
'i

m a n n e r  s i m i l a r  t o  t h e  b e h a v i o u r  o f  h a r d  c o m p o n e n t  a t  

A h m e d a b a d  i.e.; ■ r-j, d o  n o t  e x h i b i t  a n y  c h a n g e  w h e r e a s  0-j 

s h o w s  a  d i s t i n c t  s h i f t  at l a t e r  h o u r s ;  0 £  a l s o  s e e m s  t o  

s h i f t  t o  l a t e r  ho u r s ,  bu t  t h e  s h i f t  i s  n o t  so c o n s p i c u o u s  

a s  f o r  0-j *

W e  t h u s  s e e  t h a t  :

(a) a t  t h e  s a m e  l a t i t u d e  t h e  c h a n g e  i n  t h e  f o m  ef 

t h e  s o l a r  d a i l y  v a r i a t i o n  o f  t h e  h a r d  c o m p o n e n t  a n d  t h e  

n u c l e o n i c  c o m p o n e n t  a r e  s i m i l a r  e. g ,  c o m p a r e  c h a n g e s  i n  t h e  

m e a n  a n n u a l  s o l a r  d a i l y  v a r i a t i o n  o f  h a r d  c o m p o n e n t  a t  

G u l m a r g  w i t h  t h e  c h a n g e s  i n  t h e  a n n u a l  m e a n  s o l a r  d a i l y  

v a r i a t i o n  o f  n u c l e o n i c  c o m p o n e n t  a t  M t . M o r i k u r a  a n d  o f  h a r d  

c o m p o n e n t  a n  A h m e d a b a d  w i t h  n u c l e o n i c  c o m p o n e n t  a t  A h m e d a b a d .
! * T V

T h i s  s h o w s  ~ h a t  t h e  s a m e  m e c h a n i s m  c a u s e *  c h a n g e s / t h e  a n n u a l  

m e a n  s o l a r  d a i l y  v a r i a t i o n  o f  n u c l e o n i c  a n d  h a r d  c o m p o n e n t s  

o f  c o s m i c  r a y s ;

(b) t h e  p a t t e r n  o f  c h a n g e  o f  m e a n  a n n u a l  s o l a r  d a i l y  

v a r i a t i o n  a n  A  “ 0° (H u a n c a y o ) a n d  a t  A =  +14° ( A h m e d a b a d )  

i s  d i f f e r e n t  f r o m  t h a t  at \ =  + 2 5 °  ( M t .N o r i k u r a  a n d  G u l m a r g )



in  th e  sense th a t  whereas a t Ahmedabad, 0^ s h if te d  

continuously  bo l a t e r  hours during th e  th re e  years 1956,

1957 and 1956* 0-j a t  M t.Norikura rem ains p r a c t ic a l ly  th e  

same. . ; .;

(b] suggests th a t  th e re  a re  perhaps some in flu en ces  

a t work wh_ch lead  to  an observed p a tte rn  o f change ( of 
annual meam s o la r  d a ily  v a r ia tio n )  a t geomagnetic equator 

and sta tiom s closed  to  i t  { 9s ** 0° to  +14°) which i s  

d if fe re n t  from th e  p a tte rn  observed a t  in te rm ed ia te  la t i tu d e  

( X ® +25°I . This fact* in  tu rn , req u ire s  th a t  e i th e r  th e  

agency resp o n sib le  fo r 'c a u s in g  th e  p a t te rn  o f change has 

i t s  in flu en ce  s t r i c t l y  confined to  th e  e q u a to r ia l plane o r 

th a t  th e re  are  c e r ta in  o th e r ,in f lu en c es  p resen t which tend  

to  b lu r  th e  d is t in c tn e s s  o f th e  p a t te rn  o f change a t  h igher 

la t i tu d e s  so th a t  th e  r a te  of change i s  considerab ly  re ta rd e d , 

in  which case observa tions over a period  o f th re e  years  may 

no t be enough to  s tu d y  the d i f f e r e n t ia l  a sp ec ts  of th e  n a tu re  

o f  th e  agency resp o n sib le  fo r  th e se  changes a t in te rm ed ia te  

and h igher la t i tu d e s .  In  t h i s  connection i t  i s  in te r e s t in g  

to  note th a t  Sarabhai e t  a l {1955) also  po in ted  out th a t  th e  

changes in  th e  form of so la r  d a i ly  v a r ia tio n  a re  more 

pronounced a t ct.- low than a t h igh  la t i tu d e s .

F u rth er as we have already  seen th e  so la r  a c t iv i ty  

increased  ra p id ly , from 1956 to  1956 and was tw ice as in te n se  

in  1956 as in  1956. Corresponding to  t h i s  s t r ik in g  change 

in  so la r  a c t iv i ty ,  th e re  i s  no conspicuous change in  th e
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character of solar daily variation recorded at Mt.Norikura 

during t h e  same period. This shows that fi cannot have 

direct relation with solar daily variation, at best 

relationship between the two can only be an-indirect one.

4»222 Location of the source of m e a n  solar 

diurnal variation of h a r d  component at Gulmarg; during 1956 

and 1957 As we have already seen in the preceding

chapter ths annual mean solar daily variation observed at 

> Gulmarg is predominently diurnal in character - having an 

amplitude of semidiurnal component less than 1/3 of the 

diurnal component. N o w  if the diurnal component arises 

from e a r t h 1 s rotation in an anisotropic f lux of primaries 

as was initially suggested by Al’fven and Malrafors (194$) 

and later by .Elliot and Dolbear (1951), then the constancy 

of $ 1  at Gwlmarg during 1956 and 1957 implies that the 

direction of the source responsible fo r  the observed diuraal 

variation, with respect to the earth-sun line, remained 

unchanged curing the two years. To find this direction we 

assume that the variation spectrum of the primaries (of 

energy E) responsible for t h e  solar diurnal variation at 

Gulmarg is given by

DiE) * a(<f>)E~1 f o r  E > - E^i n , (see eqs.1.14, 1.15)

where E^ln i s  the vertical cut off energy due to geomagnetic 

f ield (for Gulmarg ^  1 0  GY ) , which spectrum was found

by Dorman t1957) to hold in case of various experimental data. 

We further assume that &(<£>) varies with the angle <§> made by
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primaries - responsible for diurnal variation at Gulmarg -
i

with the plane' of the ecliptic at infinite distance ( 1 0  

earth radii), from the earth, in the ma n n e r  given' by Dorman 

(1957). 7

Using the differential r e s p o n s e  curve for the 

telescope configuration used by the author and given in ’ 

Fig. 6b, we determine the number of particles ( in percent

of total counting rate) arriving from 0°, 3°, 1 6 ° , .....  56°

with respect to the zenith and let these be n0 , ng, ..

n 56*

The asymptotic a n g l e s ^ g  a n d ^ i ^  are next found, 

through interpolation, from the curves given by Brunherg and 

.Datfcner (1954) f o r  the particles of energies 10, 15, 20, ,

25. •».... 100, -150, 200, 250, 300, 4 0 0 , ....... 1000 GY, coming

from th e  zenith angles 0°, 3°, 16°,..;».56° in the north , 

and the south d i r e c tions!* For a particular energy E-j let 

these be

* We ma y  remind here, that the semiangles of opening of the 
telescopes used by the author were 56° in N-S' plane and 5° 
in E-W plane.

The angle of opening in E- W  plane being rather small 
(semiangle =5°), we neglect its effect on the nature o f  solar 
daily variation observed by the telescope for the purpose 
o f  present calculations.
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for p a n i c l e s  reaching the telescope from

the north and < t Pxu o s1

* CPŝ OE,’ M iB e .

5 •  v •« 0 9 *

5 for particles
1

-reaching the telescope from' the south.

The weighted, Talt.es o f  the asymptotic coordinates

for the particles coming from the north and f rom the 3outh

directions are next found as follows ;
)

representative^asymptotic coordinates for the particles of
§M**

energy entering the telescope from the north and^the south

directions respectively, These coordinates are next
V.

converted into geographical system susing the formulae given ' 

by Brunberg (1956), Let,

( j S  E -j *  ' W E j *  ( p
o he the effective

asymptotic coordinates, in the geographical system, for the 

particles reaching the telescope from the north and from the



south re sp e c tiv e ly .

Now i f  X be the angle between the  d ire c t io n  o f the  

source and the su n -ea rth  l in e  and t |^  be th e  tim e of a r r iv a l  

( in  hours) o f th e  p a r t ic le s  of energy from th e  source on 

th e  e a r th  in  th e  n o rth ern  d ire c tio n  then

I  + 1 ,5 (t| -!.2)' o r  t |  « 1S0° + X - S H  . . .  (4 .1 )
^ 1 1 1 ____ _______  1̂

.15

and f o r  th e  p a r t ic le s  reaching  th e  te le sc o p e  from th e  south

X + 1 5 (t|^ -1 2 ) o r  t ^  * 130° + X - ^ 3  (4 .2 )
— —

S  ’ 'where bj^ i s  th e  tim e o f a r r iv a l  o f  a d d itio n a l p a r t i c le s  o f

energy from the south.

Using eq. 1.& th e  percen t am plitude co n trib u ted  

by p a r t i c le s  of energy Ej coming from th e  n o rth  to  so la r  

d a ily  v a r ia tio n  i s

, *5, ■- K 14-3)
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and th e  percen t am plitude co n trib u ted  by th e  p a r t i c l e s  o f 

th e  same energy but coming from the  south i s  given by

(4 .4 )

S t r i c t ly  speaking th e  coupling c o e ff ic ie n t Wx may be 
d if fe re n t  fo r  th e  p a r t i c l e s  coming from th e  v e r t ic a l  and 
those  coming from th e  in c lin e d  d ire c tio n /b u t as a f i r s t
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H*

where WA is the coupling coefficient and a { d p  g ) and
 ̂ *

a( <p g ) are the values of a(<J>) determined from t h e  curves 

given by Dorman (1957)» for (p  a <p and for

^ Tke . . .
Having calculated, ior/cosmic ray primaries in

narrow energy band of m e a n  energy E.j, the amplitudes and

times of maxima r2 * t5 - and r? , t.? for p a rticles reaching
Mrj , &-J •&-] ii-j

the telescopes from the north and the south directioa s 

respectively, we can get the resultant contribution to solar 

diurnal variation from.the particles,of.energy and 

reaching the telescopes'^rom the-north-and the south 

directions* Let r^ , be the amplitude and, the time
Ja-J s»*j

of maximum respectively of this resultant contributory curve 

due to particles of energy Ej.

Similarly resultant curves may be found f o r  particles 

having energies Eg, S ^ » ... *.etc. L ater all the vectors 

defined by rg^, tg^j r ^ ,  bg^J tg * • •• •»etc., can be

added up ve c t o r i a H y  and- the - r e s u l t a n t . variation can be 

calculated. Fo r  this purpose* various'values of X, defining 

the position of the source can be assumed and that value of 

X  for which best fit with the observed time of maxi m u m  of 

solar diurnal variation is obtained gives the effective 

direction of the source responsible for producing^jjjjii.8 

observed solar diurnal variation* Using t h i s  procedure it

ju u iiu - l jimii ■ u w u r ii in m i — ir  f  r  i —  11 -n n i  mi' i » i» i i ..................... ....................... J.......  .......... . ” .............................  ...... IJI" -.."i.nrigonto««  ̂ „
approximation we have used, in the present calculations,

the values o f  for the vertical direction. We presume that 
this approximation will not materially alter the basic result.
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wa s  found that

I  = 50° i  15° .... .... (4.5)

gives the best fit with the time of maxi m u m  (1030 hours 

local time of Gulmarg) of solar diurnal variation observed 

at Gulmarg. The f a c t  that X  is positive implies tha t  t h e  

source is located to t h e  left of the earth*»sun line. Further 

for the calculated amplitude to tally with that observed 

experimentally, the source is required to h ave power a(<£ “ 0), 

in the equatorial plane, given by

a (  <f> .* 0} * 0 .09+ 0 .01  GV (4 .6 )

These values of X and a( ̂  - 0) are in excellent agreement 

with those given for the source responsible for t h e  solar 

diurnal variation o f  the hard component recorded at M o s c o w  

during 1956, by Dorman and Feinberg (1953). The values 

given by them in the figure 7 of. their p a p e r  quoted above 

are

X ~ 4 0 °  and a ̂  0.10 GV.

In Fig* 22 we give the annual mean solar daily 

variation averaged over 1956 and 1957 for hard component 

at Gulmarg. In the same diagram is also plotted the fitted 

curve.

Thus we see that during 1956 and 1957 the observed 

solar diurnal variation at Gulmarg is satisfactorily accounted 

for by the variational spectrum of primaries given by 

e q s . (1.14 and 1.15) which spectrum was determined by Dorman
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and Feinberg (195$) from experimental data averaged over 

ten years. This fact, in turn, m e a n s  that the observed 

solar diurnal variation at Gulmarg is also consistent with 

the v i e w  that the cause of t h i s  variation is t h e  spinning 

of earth in an anisotropic flo w  of the f l u x  o f  the primarie s 

because it is o n  the basis of the existence of an extra­

terrestrial anisotropy that we link the observed amplitude 

of solar diurnal variation with t h e  variational spectrum 

b Q{B)/ d {E) of the primaries (e.g. see Sec. 1*4).

The limitations of the present analysis are covered 

by the comments that me m a d e  earlier in Sec. 1.95 to the 

u s e  of data averaged over a period of one year o r  longer 

when the phenomena observed show, highly variable characteristics 

on day to d a y  basis. However the general consistency of the 

results obtained by us with those obtained by Dorman and 

Feinberg (195^) does indicate the broad validity o f  considering 

data averaged over long perlod^for observations m a d e  at 

intermediate and high latitudes where the solar daily 

variation is mainly diurnal in character and exhibits less 

day to d a y  changes of f o r p h a n  at l o w  (equatorial)latitudes .

4*223 -Annual periodic changes in the solar daily 

variation o f  har d  component at Gulmarg Sekido and

Xoshida (1950) found that the amplitude of the diurnal 

component of the solar daily variation increases in equinoxes 

and its time of maximum shifts to early hours. Sekido and 

Kodama (1952) found that the annual periodic change of solar 

diurnal variation certainly exists, for cosmic rays coming
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from the vertical direction* They based their study on the
data obtained with narrow angle telescopes having an
aperture of j+12° and covering the years 1949 and 1950. In
their study th'jey considered magnetically quiet days only.
The curves published by them clearly show that from spring
to summer there is a sudden and distinct shift to morning

o{hours, of the time of maximumj solar diurnal variation. From 
then onwards the time of maximum gradually shifts to later 
hours. ;

To check whether such annual periodic variation
exists for Gulmarg data {corrected for meteorological effect#;
the yearly data were grouped into four three monthly groups
centred round equinoxes and solstices. Since the annual
mean solar daily variation at Gulmarg does not undergo any
change during 1956 and 1957j the corresponding groups for
the two years were combined. The mean parameters r-j, P«j»
r^j $2 characterising the solar daily variation over the
three monthly .epochs for hard component at Gulmarg and for

at
the nucleonic." component/Mt.tiorikura are presented in Table 6. 
The mean values of Qp for the corresponding periods are also 
tabulated alongside.' . All available days during the three 
monthly period were-.taken into consideration. In case of 
Gulmarg the following points are quite obvious.

(1) r.j values in summer and winter (solstices) are 
nearly twice as large as those in spring and autumn (equinoxes) 
which fact is contrary to the observation of Sekido and Yoshida
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{1950} who ob ta ined  la rg e  v a lu es o f d iu rn a l am plitude in  

equinoxes*

Table 6

. Table showing th e  c h a ra c te r i s t ic s  o f th e  mean s o la r  
d a ily  v a r ia t io n  obtained  by forming fo u r  th re e  monthly 
groups fo r  Gulmarg {hard component) d a ta  f o r  1956 and 1957.

Three
monthly Season 
groups.

F+M+A Sp.

M+J+J Su.

A+S*K) A.

N+D+J • W,

t Gulmarg i M t.Norikura
°p ! J z : ______L . 1 i 

& 
•

i 
ro

i

2h
qM 0.24+ 77+12° 0.14+ 69° 0.26+. 77+31° 0.06+ 31°

0.07 0.07“ 0,02 0.02

0.72 0.45+ O
o 0 .07+ 124° 0.26+77+37° 0.14+ 54°

0 .1 0 - 0.10 0.02 0.02

0.73 0.22+
Q

141 0.32+ -35° 0 .30+TT+15° 0.03+ 60°
o.or o.or 0.02 0.02

0 ,?6 0.46+ Tf+13° 0.19+ 6° 0.23+77+25° 0.06+ 0°
0.13 0.13 0.02 0.02

{2} r 2 has la rg e s t  value in  autumn but no th in g  can 

be sa id  about th e  r e la t iv e  changes of ? 2 during o th e r  th ree  

monthly p e rio d  since  th e  changes are no t s t a t i s t i c a l l y  

s ig n if ic a n t .

(3) i s  e a r l i e s t  in  summer (S u .) and then g rad u a lly  

s h i f t ^ o  l a t e r  hours which f a c t  i s  c o n s is te n t w ith th e  r e s u l t  

obtained  by Sekido and Kgdama (1950) w ith  narrow angle (+12°) 

te le sco p es  a t  Nagoya (Japan) during  1949-1950. , .
(4) Maximum ̂  to  l a t e r  hours fo r  02 occurs in  autumn {A.) 

In  o th e r  groups e r ro r  i s  ra th e r  la rg e  to  perm it any v a lid
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conclusions to be drawn*

However, in case of the nucleonic component at 
Mt.Korikura there is,apparently,no annual periodic variation 
during the same period. To confirm whether this annual 
periodic variation was some local effect or a characteristic 
of the hard component, the data obtained at Ahmedabad (that 
have beencorrected for the fluctuations of atmospheric 
temperature) with counter telescopes, each having an aperture 
of 22° x.37°, were analysed. However, as we have already 
pointed out there was present a long term change in the solar 
daily variation observed at Ahmedabad during 1956 to 1953.
To remove the influence of this long term change, (_as far as 
possible) from the yearly data, the 12 month mean solar 
daily variation was first found with the beginning and the 
close of each 12 monthly interval shifted by one month, for 
the period July 1955 to June 1953. This gives the moving 
12 month mean solar daily variation centred at successive 
months ranging from January 1956, to December 1957* The 
monthly data so obtained were then subtracted from the 
original data for the corresponding months. The residual 
data were then grouped togette r into three monthly groups 
and the corresponding groups for 1956 and 1957 were combined 
together. This then directly gives the additional diurnal 
and semidiurnal effectswhich are superposed on a supposedly 
constant annual mean solar daily variation to produce an 
annual periodic change. For Gulmarg where there is no 
appreciable long term change present in annual mean solar
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daily variation from 1 9 5 6 to 1957, the annual periodic effect 

is found b y  subtracting mean annual solar daily variation 

data averaged over two years from the t hree monthly m ean 

solar daily variation data. The parameters r|, 0^; r|, 0 |  

characterising t h e  additional diurnal and semidiurnal effects 

corresponding to the annual periodic change of solar daily 

variation f o r  Gulmarg and Ahmedabad are presented in Table 7.

Table 7

__ Table showing the additional effects specified by
r|, 0 ® and semidiurnal effects specified by r|» 0 |

Gulmarg and Ahmedabad during 1956 and 1957*

Three Gulmarg Ahmedabad
monthly Season 
group °p r sF 1

.

0f |»S

..

S 5>? ? |
t . t

201

F4M+A Sp. Q . 8 3 0.15+
0 .12”

-86° 0 .1 6 +
0 .12“

94° 0 .1 1+ 159° 0 .0 6 + 
o.o*”  0.0c

50°

M+J+J Su. 0.72 0.36+
0.14""

69° 0 . 1 3 1
0 . 1 4

138° 0 .1 8 + 28° 0.06+ 
0*02f O.O^”

0
1 2 2

A+S+0 A. 0.73 0 *0 8 +
0.13”

30° 0.29+7T+840
0.13”

G . 0 8 + tT+6° 0.14+
0 ,0 ;4”  0 ,0 4 ”

-77°

N+D+J 0 . 7 6 0.31 + 77+50° 
O . 15”

0.14+
0.15”

2 1 ° 0.17+ -86° 0.03+ 
0 . 0  |T 0 , 0 4

71°

Also the vectors representing these additional effects are 

displaced on harmonic diglsin Pig, 23a and 23b, A study of 

table 7 along w i t h  figures 2 3 a, 23b brings out th e  following 

very interesting points,

(1) The vector representing additional diurnal 

effect has a maximum amplitude in summer (Su,} and in winter (W)
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HARM ONIC D IALS

AHM£DABAB
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e r *

Fig. 23a - The vectors representing the additional diurnal 
{r^, p|) and semidiurnal (r§3 $>|} effects at 
Ahmedabad*

Fig, 23b - The, vectors representing the additional diurnal 
(rf,1 0|)' and semidiurnal (r|f ,0|) effects at 
Gulmarg,

both at Ahmedabad and Gulmarg and a minimum amplitude in
,  . U .  J » VAAutumn (A) andAspring (Sp.)>.-e.^eqiunoxes.

(2) The vectors representing additional semidiurnal 
effect have a maximum amplitude in autumn* a at Ahmedaba d as 
well as au Gulmarg and they are similarly aligned on the 
harmonicmdials.

(3) The abrupt displacement of the vector 
representing the additional diurnal effect towards early 
morning hours 'from spring to summer is also distinctly seen 
for Ahmedabad as well as for Gulmarg,
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(4) The magnitudes of the corresponding vectors at
Ahmedabad and Gulmarg are about the same within the limits

* • ' 
f < * * ’ *

of standard error*

(5) At Gulmarg where the standard error is large, 
the vectors representing additional diurnal effects during 
Autumn and Spring (equinoxes) do not have significant 
amplitude* As such no comparison can be made regarding the 
alignment of these vectors with the corresponding ones at 
Ahmedabad* However,-for summer and winter (solstices) the 
vectors representing the additional diurnal effects at 
Gulmarg have significant amplitudes and their alignment 
'.‘on the harmonic dial compares well with that of the 
corresponding vectors at Ahmedabad*

i

It must be noted that the evidence presented here 
for the annual periodic change in the daily variation of 
meson intensity is not consistent with the one reported 
by Sekido and Yoshida. (1950) in the sense .that whereas we 
get maximum diurnal amplitudes in solstices, the latter 
authors get larger values for diurnal amplitudes during 
equinoxes* The latter authors have not applied corrections 
for tiie daily variation of temperature to their experimental 
data* We have applied this correction on the basis of certain 
general considerations described in Sec*3,11. We also note 
that the amplitudes of the additional effects are rather 
small and as such they may as well be sensitive to corrections
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arising out of daily variation of temperature* Moreover 
the neutron monitor at Norikura, which is not subject to 
an atmospheric temperature effect, shows no annual periodic 
change of the daily variation. Thus this question requires 
to be studied further using high counting rate instruments. 
The data available therefrom should also be supplemented 
with regular series of radiosonde flights so that the 
correction for temperature effect can be applied accurately#

4*23 Relationship of solar daily variation with X2 .

As indicated in Sec*3*6, the value of X2 determines 
the degree of variability of successive bihourly intensities 
during the day. On days on which the amplitude of solar daily 
variation is large, the scatter of bihourly intensities 
about the daily mean intensity of cosmic rays for the day 
would be large and this would be reflected in the value of 
X being greater than normal ♦ As has already been stated in 
Sec#3.6, the value of X2 ̂  26*2 can arise due to random 
fluctuations in 99*9 $ of the days* Hence on days for which 
0 ̂  X2 ^. 27 the amplitude'of the solar daily variation 
would be low. On the other hand, days having high amplitude
of solar daily variation may be expected to occur when
2 2 X >  27* Let such days be termed Xg days*

X^ for individual days, in the years 1957 and 1956 
was calculated from bihourly deviations corrected for day 
to day changes of daily mean intensity using eq*(3*31)*
Pig*24 gives the frequency distribution of at Ahmedabad
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and at Huancayo. The follov/ing points are quite obvious.

Fig. 24 - Frequency distribution of X2 at Ahmedafca d 
and at Huancayo during the period of 
common operation (1957-1958).

(1) Jr values are spread over a greater range 
in Huancayo compared to the spread observed in case of 
Ahmedabad.

(2) There are twice as many days at Huancayo that
2fall into Xf| group at Huancayo compared to the case for 

Ahmedabad.

The above features point to a comparatively higher 
variability of the solar daily variation observed at 
Huancayo* This is quite understandable because not only is 
Huancayo situated at a much higher altitude ( ^  3400 ra)
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compared to  Ahraedahad which i s  situated  a t sea leve l, but

also the v e rtic a l cut o ff r ig id ity  a t Huancayo due to  <
geomagnetic f ie ld  i s  les3 C /—' 13 GV/c) compared to  the 

r ig id ity  cut o ff a t Ahmedabad { 14 GV/c). These fa c ts

make Huancayo, comparatively, more sensitive  to  temporal 

changes in the primary energy .spectrum. (2) can also a rise  

because of some contribution from the following causeI

The mean bihourly counting ra te  of the neutron 

monitor a t Huancayo ~  5000 x 64 with a standard erro r of 
0.18$ in  the mean bihourly coupts compared to  the counting 

ra te  a t Ahmedabad where on the average ^  1600 x 8 counts 
are reg istered  per bihour w ith;a standard e rro r of 0,9% in  

mean bihourly counts. Thus days fo r which the X2>  27 a t 

Huancayo may not have an amplitude of bihourly deviations 

large enough to  give X2 y  27 fo r  the  Ahmedabad instrument 
even i f  the absolute magnitude of the bihourly deviation at 

Huancayo and Ahmedabad i s  the same.

However what we want to  know i s  th a t when X2 has

high value ( >27)  a t Ahmedabad does i t  have a high value
2a t Huancayo also ? Fig. 25 shows a p lo t of X§ values

2observed at Ahmedabad versus X values observed a t Huancayo.

I t  i s  very clear from the figure th a t on days when there
2occurs a high value o f X ( > 27) a t Ahmedabad, the  value of

2X observed at Huancayo i s  also high; only very few points 
1/12 of the to ta l  points) are there fo r which X2 has a 

high value a t Ahmedabad but not a t Huancayo. This fa c t , in  
tu rn , means th a t enhanced so lar daily  v aria tion  i s  a world-



2Fig . 25 -  P lot' of Iff observed a t Ahmedabad versus 
th e  values o f  X̂  a t  Huancayo.

wide phenomena . This conclusion i s  co n s is te n t w ith th e  

observa tion  o f Sarabhai e t  a l  (1956) ,who showed th a t  on 

days on which S ittk u s  observed h igh  am plitude o f  so la r  

d a i ly  v a r ia tio n  a t  F re iburg , th e  s o la r  d a i ly  v a r ia tio n  

observed a t Amsterdam and a t Ahmedabad a lso  had high 

am plitudes. F ig . 26 shows th e  s o la r  d a ily  v a r ia t io n
o

observed on X§ days a t  Ahmedabad and Huancayo; s t r ik in g  

s im ila r i ty  o f form and high vaLue o f  am plitude stand  out 

r a th e r  c le a r ly . F u rth e r th e  am plitude o f  s o la r  d a ily  

v a r ia t io n  observed a t Ahmedabad i s  seen to  be h igher than  

th a t  observed a t  Huancayo.

From th e  evidence p resen ted  above i t  i s  q u ite  c le a r  

th a t  high value o f ( >  2?) a t  Ahmedabad providesus w ith 

a convenient index o f p ick ing  out days on which enhanced
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2Fig. 26 - Solar daily variation observed on days 
at Ahmedabad and Huancayo.

solar daily variation occurs, on a world-wide basis.

4.24 Relationship of solar daily variation 
with geomagnetic activity.

As described in Sec. 1.93* Sekido et al (1950, 1952) 
and Sandstrom (1955) found that the amplitude of the diurnal 
component of solar daily- variation increases and its time of 
maximum shifts to earlier hours. Parsons {1953), however, 
found that the relationship between changes in solar diurnal 
variation and the degree of geomagnetic activity was far 
from consistent. He showed that in the different relatively 
long term data groups, increased geomagnetic activity was 
associated sometimes with enhanced and sometimes with smaller 
mean amplitudes, sometimes with advanced phase and at other
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tim es w ith re ta rd ed  phases. The s tu d ie s  made a t KodaikaUal 

by S astry  (1959) w ith th e  hard  component and by S a ty ap rak ash ^  

w ith the  nucleonic component a lso  le d  to  s im ila r  conclusions.

The analyses p resen ted 'be low  were undertaken to  study, 

fo r  th e  nucleonic component recorded a t  low la t i tu d e s ,  th e  

re la tio n s h ip  between geomagnetic a c t iv i ty  and th e  d iu rn a l 

and sem idiurnal components o f  th e  solan* d a ily  v a r ia tio n .

For t h i s  purpose we p ick  out days a t  Abmedabad and Huancayo 

f o r  which Cp (th e„p lan e ta ry  index o f geomagnetic a c t iv i ty )  

has values 0 Cp 4  0 .5  and~Cp Let th ese  groups be

designated  as Gp and Cp groups re sp e c tiv e ly . The l a t t e r  

group th a t  re p re se n ts  h ig h ly  d is tu rb e d  geomagnetic cond itions 

and th e  form er group r e la t iv e ly  normal geomagnetic con d itio n s.

Table 3 g ives th e  mean param eters c h a re c te r is in g  

th e  d iu rn a l and th e  sem idiurnal components o f  so la r  d a ily  

v a r ia tio n  observed a t ‘Huancayo and a t  Abmedabad along w ith  

th e  mean values o f  Cp fo r  each group. As i s  c le a r ,  th e  

param eters specify ing  th e  harmonic components fo r  Cp group 

a re  not s ig n i f ic a n t ly .d if fe re n t  from th o se  th a t  c h a ra c te r ise  

th e  two components of th e  s o la r  d a ily  v a r ia tio n  a sso c ia ted  

w ith Cp group e i th e r  a t  'Abmedabad o r  a t  Huancayo. This i s  

so, d e sp ite  th e  f a c t  th a t  t h e  former group i s  a sso c ia ted  w ith 

geomagnetic a c t iv i ty  which i s  fo u r tim es as in te n se  as th e  

geomagnetic a c t iv i ty  (as in d ic a te d  by th e  Cp values f o r  th e  

two groups) a sso c ia ted  w ith th e  l a t t e r  group.

To study th e  sp e c if ic  r e la tio n s h ip  between th e  d iu rn a l
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Table &

Table' showing the characteristics of mean solar 
daily variation for Gp and Cp groups for nucleonic component , 
recorded at Ahmedabad. and Huancayo during 1957 and 1958 mean 
values of,Cp and number, of days in ,each group are also given.

q _  Ho.of ' Ahmedabad ' jj0#0f ' _  Huancayo _
__ ____________ _________________ fi___J g ^ ? 2 .

1.2G 103 0.33+7T+23° 0.09+ -6° 147^0.24+1T+110 0.05+ 18°
, 0 . 0 If 0 .0 4 “  . ■-*.■01 0 .0 1 "  0 .0 1 “

0.33 155 'Q.34+7T+170' 0.16+ 35P 102 0.27+7f+10° 0.08+ 9° 
0.03“  , ‘ 0.03" 0.01“  0.01

component of solar daily variation and Gp, days were picked 
out from among the two' Cp groups which had significant 
diurnal component at Ahmedabad at 2 (T-level of significance*
( d7 being the standard error in r̂  on an individual day and 
for Ahmedabad; t f ' - Oi35$). Table 9 gives the mean parameters 

- y , Table 9

Table showing the characteristics, of mean solar daily 
variation for,Gp groups for days on which the diurnal component 
has a significant amplitude at 2d'- level of significance, for 
nucleonic component recorded at Ahmedabad during 1957 and 
1958., Mean values of Gp and the number of days in each group 
are also indicated.

CD _ No.of
group , % d a y s . rl .. r0 * 2

-------------- ___ _ _______ £____—
c| , 1.41 61 0.61+0.0,5 7T 1-24° 0.13*0*05 0°

Gp 0 .2 8 ' '8 4 0.52+0.04 I f  +16° 0.21+0.C4 28°
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parameters specifying the two components of solar d aily 

variation for these groups. The following features are 

obvious.'

189

specifying diurnal component of solar daily variation in 

the two Cp groups. The table clearly shows that no 

significant change (at 2 (T* level o f  significance) takes
T O -------

place in going from Cp to Cp group for Ahmedabad, j

• Let us look at the problem in an other way, by examining

whether there exists,any distinct relationship between days

on which solar daily variation has high amplitudes and the

geomagnetic activity. For this purpose we pick out days
2for Ahmedabad and Huancayo which have high values of X (>*27) 

from among the two Cp groups. Table 10 gives the mean

Table 10

T a ble showing the characteristics of m ean solar daily 
variation for Cp groups of Xg days for nucleonic component 
recorded at Ahmedabad and Huancayo during 1957 and $958.
Mea n  valuesof Gp and the number of days in each group are 
also given.

Mo. of
Group kp days. |!i “1

Ahmedabad Ho.of, 
^ 2  days* i t

Huancayo
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(1) r 1 i s  s ig n if ic a n t ly  g re a te r  { -—'1 .5  tim es) fo r
H i

Cp group compared to  Cp group a t  both Huancayo and Abmedabad.

(2) At both Huancayo and Abmedabad, ? 2 i s  

s ig n if ic a n t ly  sm aller ( r*j1/2 to  1/3 o f r - ) fo r  group
T * °

than f o r  Cp group. In. f a c t  in  Cp group fo r  Ahmedabad r 2 

has a value comparable with r ^ .

To probe deeper in to  th e  n a tu re  o f th e  above changes, 

th e  histogram s were drawn f o r  th e  param eters c h a ra c te r is in g  

th e  two components of th e  so la r  d a ily  v a r ia t io n  fo r  th e  Cp cu*vJL 

Cp groups fo r  Ahmedabad and a re  shown in  f i g .  27a. A study
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of these histogram;* reveals that

(i) r1 is greater in Cp group because in this group 
there are proportionately more days having high diurnal

tamplitudes compared to the days in Cp group;

(ii) 'z* 2 1® greatly reduced in Cp group because the 
variability of 02 is larger in this group in that it shows 
a large scatter compared to c|: group where it indicates a 
preference for early hours.

We thus see that for the days with significantly
high l2, the days having pronounced diurnal component are
associated with high geomagnetic activity. Further a
greater variability in the time of maximum of semidiurnal
component for Xfj? days is accompanied by increased
geomagnetic activity. This latter conclusion can also he
arrived at in another way which involves the study of days
on which semidiurnal component is significant 2 level.
Such days were picked out from among the two Cp groups.

mean
Table 11 gives the summary of the/parameters specifying the

>

harmonic components of solar daily variation for the two
groups at Ahmedabad, We see that the mean semidiurnal

Hamplitude (r2) is reduced to l/2 of its value in Cp group 
compared to its value in Cp group. A study of the histograms 
of r2 and 02 given in Fig. 2?b clearly reveals that though 
the range of values over which r2 is spread in the two cases
is about the same, 02 in case o£ °P Sroup dces r-ot show any • 
distinct preference for any particular hour as it does in
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fable ft

Table showing the characteristics of m e a n  solar 
daily variation fo r  Cp groups of days on which semidiurnal 
component has significant amplitude at 2 ^ l e v e l  of 
significance for the nucleonic component recorded at Ahmedabad during 1957-1953. Mean values of CD and the 
number of days in each group are also given. *

6P
group.

M r

V ; Mo.of' 
days.. }y ? i I2
— ■ *--

PH
UP 1,31 3 6 -J- 0 .3 6 + 0 .0 6  It+39° 0 .16+ 0 .064' o . 29. 53 0.53^0.05 i f  + 6° 0 .4 4 + 0 .0 5

-30°

24°

Fig, Z’Jb - Histogram of the amplitude a n d  the time 
of maxi m u m  of the semidiurnal component 
for days, in l o w  and high Cp groups. The 
Op groups being formed ohtrof days on 

■ which the amplitude of semidiurnal 
-component is significant at 2 level 
of significance.



case of Cp group where i s  d ea rly  peaked at early hours 
{midnight). (

From the analysis presented above we ar© led to
the conclusion that Cp by i ts e lf  does not bear any exclusive
relationship with the character of the solar daily variation.
However, increased geomagnetic activ ity  does accompany
certain striking changes in the character of solar daily
variation. Some of these correlated features are (a) higher
values of diurnal component of solar daily variation

2associated with Xj| days are in general accompanied by 
increased geomagnetic activity and (b) high variab ility  in 
the time of maximum for semidiurnal component seemsjto be
accompanied by enhanced geomagnetic activity*

i • • •„
(a) and (b) suggest that the agent responsible for 

producing short term changes in the two main component s of 
solar daily variation has the potency to  cause increased 
geomagnetic activ ity  but increased geomagnetic activ ity  by 
i ts e l f  does not have any repureussions in the character of 
solar daily variation. The present position can be understood 
on considerations advanced by Dorman and Feinberg (1958).
They have shown that short term variability  in the character 
of solar daily variation is  related to  certain specific 
characteristics of solar corpuscular streams, these 
characteristics being not particularly relevent to the 
production of overall geomagnetic disturbance. I f  th is  be so 
then the characteristics of corpuscular streams must undergo 
long term changes to be able to explain the apparent
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c o n t r a d i c t i o n  i n  t h e  e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  a t  

d i f f e r e n t  p e r i o d s  o f  t i m e .  T h i s  s t a t e m e n t  i s  s u p p o r t e d  

b y  t h e  r e c e n t  f i n d i n g  o f  S a n d s t r o m  ( 1 9 5 9 )  w h o  h a s  r e p o r t e d  

t h a t  i n  1 9 5 7 - 1 9 5 &  t h e r e  d i d  n o t  e x i s t  a n y  d i s t i n c t  

r e l a t i o n s h i p  b e t w e e n  d i u r n a l  c o m p o n e n t  o f  s o l a r  d a i l y  

v a r i a t i o n  ( o f  n u c l e o n i c  c o m p o n e n t  o f  e o s m i e  r a y s )  a n d  K p  o f  

t h e  t y p e  h a  h a d  e a r l i e r  ( S a n d 3 t r o m ,  1 9 5 5 )  r e p o r t e d  i n  c a s e  

o f  h a r d  c o m p o n e n t .

4 . 2 5  R e l a t i o n s h i p  o f  s o l a r  d a i l y  v a r i a t i o n  w i t h  

m o d e r a t e  m a g n e t i c  s t o r m s  o f  S G - t v p e .

A s  w e  h a v e  a l r e a d y  s e e n ,  t h e  a n n u a l  m e a n  s o l a r  

d a i l y  v a r i a t i o n  o b s e r v e d  a t  l o w  { A »  0 °  t o  + 1 4 ° )  a n d  a t  

i n t e r m e d i a t e  ( X *  + 2 5 ° )  l a t i t u d e s  e x h i b i t  c e r t a i n  

d i f f e r e n c e s ,  d u r i n g  1956,' 1 9 5 7  a n d  1 9 5 $ .  T h i 3  i s  m o s t  c l e a r  

i n  t h e  p a t t e r n  o f  c h a n g e  u n d e r g o n e  b y  t h e  p a r a m e t e r s  

s p e c i f y i n g  t h e  d i u r n a l  a n d  t h e  s e m i d i u r n a l  c o m p o n e n t s  o f  t h e  

s o l a r  d a i l y  v a r i a t i o n ,  fefe e x a m i n e  h e r e  w h e t h e r  t h e  c h a n g e  

t h a t  o c c u r s  i n  t h e  s o l a r  d i u r n a l  v a r i a t i o n  d u r i n g  S C - t y p e  

m a g n e t i c  s t o r m s  ’a l s o  e x h i b i t s  a n y  d i f f e r e n t i a l  f e a t u r e s  a t  

l o w  a n d  i n t e r m e d i a t e  l a t i t u d e s .  T h e  p e r i o d  J u l y  1 9 5 7  "to 

D e c e m b e r  1 9 5 $  w a s  s e l e c t e d  f o r  t h i s  p u r p o s e .  F i r s t l y ,  

b e c a u s e  t h i s  p e r i o d  o v e r l a p s  t h e  o n e  d u r i n g  w h i c h  a  d i f f e r e n t  

p a t t e r n  o f  c h a n g e  i s  o b s e r v e d  a t  G u l m a r g  a n d  a t  M t . N o r i k u r a  

c o m p a r e d  t o  l o w  l a t i t u d e  s t a t i o n s  o f  H u a n c a y o  a n d  A h m e d a b a d  

a n d  s e c o n d l y  b e c a u s e  d u r i n g  t h i s  p e r i o d  n u c l e o n i c  a n d  h a r d  

c o m p o n e n t  d a t a ,  o f  h i g h  a c c u r a c y ,  w e r e  a v a i l a b l e  f r o m
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Itabashi M M  20 25*5° 205.5 B139p48» 10.3 0,16
(Japan)

M M  = Meutron monitor. M M  = M eson monitor.

(The information put in this table was taken from the booklet 

published by • National Committe for 1,0,1%, Science Council of 

Japan, U e n o ‘Park, Tokyo)

different stations which m ade it easier to study the energy 

dependence of changes taking place during magnetic storms.

For the purpose of this analysis, we selected 

Huancayo and Makerere College to represent equatorial 

stations and Mt.Morikura and Itabashi to represent 

intermediate latitude stations. The details about the 

geographic and geomagnetic coordinates and altitude of the 

stations, as well as the type of detector working, etc. are 

susamar!sed : in' Table 1 2 , ’

Table 12

Table .showing the situation of the stations which 
have been selected to represent equatorial and intermediate 
latitudes.

, Vertical Error
Station Detector Alt. . f Geographic cut o f f  per bi­

working ia A longitude, rigidity hour($)

Huancayo MM .3400 -0.6° 353.3° W ? 5 ° 2 0 » 13,2 0 . 0
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Only mod.erat.ely severe SC-type storms (i.e. those storms 

where th e  horizontal component o f  the geomagnetic field was 

disturbed by more than 25 x  10"^ gauss) were selected for 

t h i s  purpose. There were 19 such-epochs during the period 

under study. Three groups were formed as follows.

(i) The solar daily variation i n  group 0 represents 

the mea n  solar daily variation during three d a y s  p r i o r  to 

the onset of the SC-type storms. This group is taken to 

represent quiet day solar daily variation. T h i s  assumption 

is justified because the mean Kp value for days in t h i s  

group is rather small (Kp ** 18).

(ii) The day of onset of t h e  magnetic storm 

constitutes the epoch day in group I.

(iii) The day of maximum activity of the storm i.e. 

the da y  on which greatest value o f  three h our K-index occurs, 

forms th e  epoch day in group II.

The mean parameters specifying the harmonic components

of solar daily variation,associated with the three groups,

are summarised in Table 13* The m e a n  values of Kp fo r  these

groups together with the ratios of disturbed d a y  amplitude
fo r

to quiet day amplitude for th e  diurnal (D/Q)p  ̂ and/semidiurnal 

(D/Q)r£ components are also tabulated alongside. The following 

features are quite clear.

(1) On the day of onset of storm (group I) the 

amplitude o f  the solar diurnal variation in relation to 

amplitude for quiet days (group 0), increases and its time
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o f  maximum { ^  } shifts to early hours at all the stations, 

in conformity w i t h  the experience of other workers e.g. 

Sekido and loshida (1950); Dolbear and Elliot (1951); 

frumpy (1953); Firor and Fonger (1954)f loshida and Kondo 

(1954) and Glokova (1955)*

(2) Comparing the parameters defining the diurnal 

variation o f  hard component w ith those defining the diurnal 

variation o f  nucleonic component at the same latitude i.e* 

Maker©re hard component versus M&kerere nucleonic component 

and Itabashi hard component versus Mt.Horikura nucleonic 

component, we see that the percent increase in t h e  amplitude 

of solar diurnal variation is m ore in case of hard component 

than i n  case of nucleonic component.

(3) Comparing the percent increase in t h e  amplitude 

of diurnal v a r iation of nucleonic and hard component of 

cosmic rays in group I we see that th e  percent increase for 

both the components of cosmic rays increases as the latitude 

increases. As indeed, has already been observed by loshida 

and Kawiya (1953)*

(4) The amplitude of diurnal variation remains hig h  

on the day of maxi m u m  activity of th e  Storm.

(5) Changes in the amplitude of. the semidiurnal 

variation are not very consistent at all the stations and 

the differences, in most cases, are not statistically 

significant; ' In the case of hard component at Itabashi an d  

nucleonic component at Makerere, the amplitude increases
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s i g n i f i c a n t l y ,o n  t h e  d a y  o f  o n s e t  ( g r o u p  1 ) a n d  r e m a i n s  , 

h i g h  o n  t h e  d a y  o f  m a x i m u m  i n t e n s i t y  o f  t h e  s t o r m  { g r o u p  II). 

F o r  n u c l e o n i c  c o m p o n e n t  at H u a n c a y o  a n d  h a r d  c o m p o n e n t  at 

M a k e r e r e  r 5 is:.’s i g n i f i c a n t l y  higher* o n : t h e  d a y  o f  m a x i m u m
<S

a c t i v i t y  o f  t h e  s t o r m  { g r o u p  II J ,  c o m p a r e d  t o  i t s  v a l u e  i n  

g r o u p  0. W h e r e a s  i n  c a s e  o f  n u c l e o n i c  c o m p o n e n t  at 

M t . S f o r i k u r a  n o  s i g n i f i c a n t  c h a n g e  t a k e s  p l a c e ,  f o r  a l l  t h e  

g r o u p s .  A l s o  n o  s i g n i f i c a n t  c h a n g e  i n  t h e  t i m e  o f  m a x i m u m  

i s  d i s c e r n i b l e  f o r  a n y  o f  t h e  s t a t i o n s .  H o w e v e r *  o n e  c a n  

v e r y  d e f i n i t e l y  s a y  t h a t  t h e  c o n t e n t i o n  o f  S e k i d o  e t  a l  

(1951) t h a t  t h e  a m p l i t u d e  o f  s o l a r  s e m i d i u r n a l  v a r i a t i o n  

g e t s  r e d u c e d  o n  s t o r m  d a y s *  d o e s  n o t  h o l d  d u r i n g  t h e  p e r i o d  

s t u d i e d  b y  t h e  authors. F u r t h e r ,  t h o u g h  s o m e  s t a t i o n s  d o 

s h o w  i n c r e a s e  o f  a m p l i t u d e  f o r  s e m i d i u r n a l  c o m p o n e n t  w i t h  

i n c r e a s e  i n  s t o r m  a c t i v i t y ,  t h e  r e l a t i o n s h i p  i s  n o t  u n i q u e *  

A l s o  n o  s i g n i f i c a n t  'shift t o  e a r l i e r  h o u r s  i s  n o t i c e a b l e  

i n  t h e  t i m e  o f  m a x i m u m  o f  s e m i d i u r n a l  c o m p o n e n t  at a n y  o f  

t h e  s t a t i o n s .  T h u s  w e  a r e  u n a b l e  t o  s u p p o r t  G l o k o v a fs 

(1 9 5 5 )  c o n t e n t i o n  e i t h e r .  H o w e v e r s t h e  p r e s e n t  e v i d e n c e  

t o g e t h e r  w i t h  t h e  e a r l i e r  r e s u l t s  o f  S e k i d o  e t  a l  a n d  G l o k o v a  

m a y  b e  t a k e n  t o  i m p l y  t h a t  n o  u n i q u e  a n d  s i m p l e  r e l a t i o n s h i p  

e x i s t s  b e t w e e n  t h e  s o l a r  s e m i d i u r n a l  v a r i a t i o n  a n d  S C - t y p e  

s t e m s .

A g a i n  (2) arid (3) a r e  a p p a r e n t l y  c o n t r a d i c t o r y  t o  

e a c h  o t h e r  b e c a u s e  {2) i m p l i e s  t h a t  t h e  a m p l i t u d e  i n c r e m e n t  

f o r  d i u r n a l  c o m p o n e n t  i s  h i g h e r ,  t h e  h i g h e r  t h e  m e a n  e n e r g y  

o f  p r i m a r i e s  w h e r e a s  (3) d e m a n d s  j u s t ^ o p p o s i t e  t o  h o l d .
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«
N U C LE O N IC  COMPONENT

HUANCAYO
GSOOJ>r  CROUP JT

I

HARD CO M PO NENT

S

I
I
i

]

j
I
I

However, th ese  r e s u l t s  need not be considered m utually
l-t\ JLLusirfloA- VoiniaXitf-rv

ex c lu siv e . As shown by Rao (1959) th e  v a r i a b i l i t y  i s  g re a te r  

f o r  component responding to  low er mean energy o f th e  p rim aries 

(nucleonic component)• So th a t  th e re  i s  a la rg e  s c a t te r  in  

th e  tim es o f maxima (o f th e  d iu rn a l v a r ia tio n )  fo r  t h i s  

component, which r e s u l t s  in  th e  mean am plitude r̂ j (of d iu rn a l 

v a r ia tio n )  being very much sm alle r.

f ig .  26 shows mean so la r  d a i ly  v a r ia tio n  f o r  th e  

th re e  groups fo r  nucleonic and hard components recorded a t

F ig . 2& -  Mean so la r  d a ily  v a r ia tio n  o f  the 
nucleon ic  and hard components of 
cosmic ra y s  fo r  th e  groups 0, I ,  I I  
a t  e q u a to r ia l and in te rm ed ia te  
la t i tu d e s .
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low and intermediate la titudes. I t  i s  clear that at 
equatorial stations subsidiary maximum appears between 4+2

U .7 !)
hours/for both nucleonic and hard components on the day of 
onset of the storm and gains in..prominence on the day of 
maximum activity  of the storm (group I I ) .  At Mt.Norikura 
no evidence exists for the appearance of the subsidiary 
(early hour) maximum for the nucleonic component. However, 
a t Itabashi where hard component is  recorded and which is  
at the same latitude as Mt.Norikura, evidence points to the 
existence of the subsidiary (early hour) maximum. Thus the 
subsidiary early hour maximum seems to be associated with 
higher mean energy of the primaries. However we are unable
to grasp the significance- of the appearance of th is  subsi-

jxm
diary maximum and i t s  appparanfe associated with higher 
mean energy.

4.3 Study of daily mean intensity of cosmic rays

4*31 Correlated changes of daily mean intensity 
at. Ahffledabad and Huancayo.

To te s t the world v/ide character of the chief 
features and general trend in the daily mean., intensity 
during an extended period of time we f i r s t  examine, in 
th is  section, the correlation between the daily mean 
intensity at Ahmedabad and that at Huancayo. Fig. 29 
shows the plot of daily mean intensity at Ahmedabad (I^) 
versus the daily mean intensity at Huancayo (IH) fo r the 
common period of operation of neutron monitors at both the 
places. The correlation coefficient (YAj|), for th is



\ 2 0 2  -

common period between and Ig has a value = 0 . 7 + 0 , 0 2 ,

The high positive value of correlation coefficient bears
!> *•

testimony to the satisfactory tracking between and Ijjr •

This1 fact is further,, confirmed from Fig* 30 which represents

Fig. 29 - The.plot of daily mean intensity at 
Ahimedabad (1^) versus that at 
Huancayo'..

a continuous plot of,,f^ and Ij-j ; -alohgsideokre also plotted 
the values of Cp on the corresponding days. The daily mean 
intensity at Mt.Norikura (%) measured with a neutron 
monitor, is also plotted on. the same diagram fcr the sake 

of comparison. The similarity of prominent features and the 
parallelism in the general trends at the three station s is 
quite obvious. The latter, figure also reveals that (a) 

rather large day to day fluctuations of intensity are present 
at all the three stations, (b} the amplitude of decreases 
during cosmic ray storms was very much less in 195$ than
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in 1957, and (c) the general level o f  d a i l y  mea n  intensity 

was higher in 1953 compared to that in 1957* T h i s  is so 

despite the fact that solar activity was h i g h e r  in 1953 

than in 1957*

However since the error involved in the 
determination of is  five times that involved in the 
determination of %, i t  is  not possible to undertake a 
point to point comparison of daily mean intensity  curves. 
Nevertheless we can undertake a study of the broad features 
of day to day changes in the daily mean in tensity  at Ahmedabad 
and Huancayo by considering the deviations ( M j  £fo*ihbhe 
daily mean intensity from the mean intensity  for the entire 
period of operation at the two places.

'  "  f

4«32 Histograms of the deviations of daily.
Sean, intensity at Ahmedabad and Huannayn.

Since we do not have a continuous data for Ahmedabad, 
two groups were formed for the comparative study of the 
deviations ( A I) of the daily mean intensity at Ahmedabad 
and Huancayo. Group I covers the period May 1957 to  October 
1957 and group I I  covers the period May 1953 to December 
1953. Fig. 31 shows the histograms (for the two groups of
days) grouped according to the magnitude and sign of A I

\ *
for Ahmedabad and Huancayo. The dotted lines indicate lim its 
of twice standard error on positive and negative side. For 
a deviation, due to sheer chance, to l i e  outside these 
bounding lines on either positive or negative side, the 
probability is  only 2.3$. A glance at the figure (31) shows
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-1 6  AHME.0ASAD

Fig. 31 “ Histograms of days grouped according to 
the magnitude and sign of A  I* for 
Ihiaedabad and Huancayo.

that the number of deviations lying outside the bounding 

lines on both positive and negative sides are m any times 

larger than what c a n be expected through chance. The - 

difference between the histograms for 1957 and 195$ is 

therefore very real. The striking similarity between the 

histograms for Ahmedabad and Huancayo, during each year, is 

obvious. The chief features are (i) the histograms in 

1957 (group I) at both Huancayo and Ahmedabad are skew • 

towards negative values indicating the presence o f  more 

negative values tha n  positive ones, and (ii) the histograms 

in 195^ (group II) are however almost symmetrical about the 

neutral line.

—J2
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We have seen e a r l i e r  that; during th e  l e t t e r  h a l f  o f 

195? th e re  were a la rg e  number of cosmic ra y  storm s invo lv ing  

sudden and la rg e  depressions of d a i ly  mean in te n s i ty .  The 

uasymmetrical h istogram s during 1957 which e x h ib it a b ia s  

towards th e  n eg a tiv e  d ev ia tion  s and th e  more symm etrical 

histogram s during 1953 are  th e re fo re  understandab le .

4.33 R epresen tation  of day to  day changes o f d a ily  

mean in te n s i ty  a t low and m iddle l a t i tu d e s .

We have already  seen in  th e  preceding sec tio n s  th a t  

th e  g en era l tren d  as well as^ th e  prominent fe a tu re s  involved 

in  th e  day to  day changes o f  d a i ly  mean in te n s i ty  a t  ihmedatad 

and l-Iuancayo are s im ila r-over'.’th e  common perio d  o f o p e ra tio n . 

However since th e  s t a t i s t i c a l  e r ro r  o f  experim ental 

determ ination  of d a ily  mean in te n s i ty  a t  Ahmedabad i s  much 

la rg e r  than  th a t  &t Kuaneayo* vie propose to  use th e  d a ily  

mean in te n s i ty  a t  Kuancayo as being in d ic a tiv e  o f th e  tren d s  

and changes in  th e  d a ily  mean in te n s i ty  o f cosmic rays a t 

low la t i tu d e s  { A s o to  *14 )* Of course i t  i s  re a l is e d  

th a t  because o f  a l t i tu d e  o f Huaticayo being h ig h e r {v~3400 m) 

compared to  Afamedabad (sea le v e l)  and th e  v e r t i c a l  cut o ff  

due to  geomagnetic f ie ld  being lower a t th e  form er ( ^ 1 3  GV/e) 

compared to  th a t  a t l a t t e r  (v> 14 GV/c), jduaneayo neutron 

m onitor has a response to  a somewhat low er mean energy of 

p rim aries as compared to  th e  response of th e  neu tron  m onitor 

a t Aims dab ad. However th e  d if fe re n c e  between th e  mean energy 

response of th e  d e te c to rs  a t  Airaedab&d and Huancayo i s  

in s ig n if ic a n t compared to  th e  d iffe ren ce  between th e  mean
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energy of primaries arriving at the equatorial and middle 

( k = *50°) latitudes. In what follows we would, therefore, 

use Huancayo daily mean intensity of nucleonic component 
to be indicative of changes in high energy primaries (mean 
energy 40 0?) and the daily mean intensity of nucleonic 
component at Climax ,( ^ » +52°, alt. ^  3400 ra) as indicative 
of changes in low energy part of the primary spectrum (mean 
energy of primaries in this case being ^  7 GV).

4 » 34 Elimination of the influence of long term 
changes from the day to day changes of 
intensity at low and middle latitudes.

We have already seen that the daily mean intensity - 
of the nucleonic component besides being subject to day to 
day fluctuations, is also effected by CES and ether long 
period changes e.g. 11 year"cyclic change et c. So that when 
it is desired to study the finer details of day to day changes 
of intensity, it is most desirable to remove as far as 

possible' the influence.of long ̂ terra changes fro© the daily 
mean intensity. To a first approximation, the method of 
moving averages can be used to achieve this purpose. We 
took moving averages over fifteen successive days and found 
W  the deviation { Zh. I*), for a particular day* of the 
daily mean intensity ; (I) from its moving avergge value (I*)
centred at the same day. The. deviations ( A. 3>) are

: -( mean
therefore, largely, rid, of the changes in daily,/intensity ' 
with a period longer than fifteen days. However, any change 
having a period of less thamififteen days would not be
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elim ina ted  by such a p rocess. B esides, th e  t r a n s ie n t  decreases 

tak in g  p lace during CHS continue to  show up in  A. I* , though 

to  a le s s d r  ex ten t than  before . The d a i ly  mean in te n s i ty  of 

th e  nucleonic component recorded a t Huancayo as w ell as a t 

Climax were processed as above and th e  d e v ia tio n s  A ly  and 

A l e  “ la rg e ly  f re e d  of long term changes -  were obtained  

f o r  th e  two re sp e c tiv e  places* A  Ig  and A  I q were then  

expressed  in  percen tages by d iv id in g  th e se  d e v ia tio n s  by 

th e  mean over th e  year and m u ltip ly in g  th e  f r a c t io n  by 100,

These long te rn  co rrec ted  percen t d ev ia tio n s  would 

be used, in  th e  fo llow ing  se c tio n , to  study th e  c o rre la te d  

changes o f so la r  d a ily  v a r ia t io n  and d a ily  mean in te n s i ty  of 

cosale  rays a t  low la t i tu d e s

4*4 C orre la ted  changes o f  d a ily  mean in te n s i ty  and

s o la r  d a i ly  v a r ia tio n  a t low la t i tu d e  s ta t io n s

Sarabhai and Bhavsar (195$), from th e i r  study of 

hard component da ta  ob tained  w ith  narrow angle te le sc o p es  

a t  Ahmedabad and covering th e  year 1956, showed th a t  days 

having maximum, fo r  so la r  d a ily  v a r ia t io n , in  th e  n igh t 

(n-type) were a sso c ia ted  w ith low mean in te n s i ty  whereas 

th o se  having maximum in  th e  day tim e (d-type) were a sso c ia ted  

w ith d a ily  mean in te n s i ty  s ig n if ic a n t ly  above th e  average 

value fo r  th e  t o t a l  period  o f o p e ra tio n . They suggested th a t  

i t  was p o ss ib le  to  sep ara te  epochs of high and low d a ily  

mean in te n s i ty  by p ick ing  days o f tnt and t d* type re sp ec tiv e ly *  

C learly  th e  c la s s i f ic a t io n  i s  r a th e r  too  broadbased,
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particularly, in view of the fact that the time of maximum 
of both *d? and ?n f type days undergoes a long term change 
as pointed out' by the authors of the above paper, themselves. 
It was therefore necessary to refine the criteria still 
further. Sarabhai and Satyaprakash (1959) suggested that 
the refinement of the criteria was possible if individual 
bihourly intensity on a particular day were to be studied 
in conjunction with daily mean intensity for the day.
Analysing their data obtained' at Kodaikanal with a neutron 
monitor duringL1957» they showed that there did exist 
correlated changes between the magnitude of the bihourly 
intensity centred at particular hours and the daily mean 
intensity. , Specifically, they presented evidence which 
indicated that the magnitude of negative deviation at 0600 
hours (L.T.) at Kodaikanal was an index of increases in 
daily mean intensity on a day to day basis. They demonstrated 
at a reasonable level of statistical significance that 
increasing magnitude of negative deviation at QoOG was 
associated with, increasing daily mean intensity which, on
the basis of the arguments similar to the ones first advanced

> . >

by van Heerdan and Thambyahpillai (1955), means that increases 
of intensity are involved. Similarly they also showed that 
increasing magnitude of negative deviation at 2200 hours (L.T) 
was associated with decreasing mean intensity, which on the

ft.
basis of the. argument similar tokone cited above implies that 
negative deviation at 2200 hours is associated with decreases 
in daily mean intensity on a day to day basis.
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In the interpretation of the variations of the 

intensity of cosmic rays, one of th e  crucial aspects, 

w h i c h  various workers have relentlessly sought to establish
O'* W\,C'£

is whether the variations involve only decreases^©!- decreases 

as well as increases. Apart from th e  earlier v i e w  of 

Simpson et al (1952, 1955) and itodama and Murakami (1956) 

who interpreted the evidence obtained by them as being 

indicative of the fact that increases of intensity /are. 

sometimes observed, the most prevalent view has been that 

o nly decreases of intensity take place e.g. see van Heerdan 

and Thambyahpillai (1955), Brown, (1956), Dorman (1957)

Meher (1953), Kuzmin (1959) etc.

The study presented below was undertaken with a v iew 

to confirm whether the increases of daily mean intensity 

associated with correlated changes of solar daily variation 

(as envisaged by Sarabhai et al, 1953, 1959) occur on a 

world-wide basis. As has been shown by us earlier (Secs.

4,21, 4.22) the changes occurring in t h e  form of daily 

variation are most conspicuous at l o w  latitudes and hence 

the nucleonic component d ata from lo w  latitude stations of 

Ahmedabad, Kodaikanal, Huaneay© and Maker ere h a s  been used.

The analysis was confined to the year 1953. This was done 

because this year was comparatively free from the disturbing 

influences of CRS etc.;' Further* since Sarabhai and Satyaprakash 

(1959) had indicated the particular relevance of negative 

deviations centred at 0600 and 2200 hours (L.T.) at Kodaikanal, 

we have confined o u r  attention only to the study of negative 

deviations.sffizlpeed Thus the deviations centred at 0000,
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G2OO,nO40Q, 0600, G&3Q and 1&)G, 2000, 2200 hours (local 

time) were considered for all the four selected stations, 

These deviations were next classified into three .groups 
(I, II, III) defined by the limits : 0 x“ - or>?C

and x“ ̂  -3«~ , where x is the hour of centering of the

bihourly deviation and <*“ is the standard error associated 
with the magnitude of the bihourly deviation. 0 x“ J>_ - tr- 
is to be read as : the magnitude of the negative deviation 
centred at the hour x_lies within the limits 0 to >  -or.
The average magnitude^of negative bihourly deviation centred 
at the hour x and confined^the limits that define the three 
groups (I, II, III) were then found. The mean value (-AIg)of 

A  IH, representing the deviations of daily mean intensity 
from a 15-day sliding mean,* for low latitude stations were 
next found separately for days in each of the three groups. 
Only thise bihourly deviations were finally selected for 
each station for which a pronounced and a systematic change 

of ( A  iJi) with increasing magnitude of the negative deviation 
(x~) centred at the hour x occurred. The negative bihourly 
deviations which were finally selected for the various 
stations are ; 0600, 2G00 hours for Ahmedabad, 0600 and 2200 
for Kodaikanal, 0400, 0000 hours for Kuancayo and 0400 and 
1$QQ hours for Makerere - all hours refer to local time 
at respective stations.

Y »̂ £
f For brevity A l l  would be refer^to as the daily mean 
Intensity at low latitude stations.



1 ^
Pig. 32 *» A, plot of A  I h versus -the average

magnitude (x“) of negative deviation 
centred at 0600 hours for Ahmedabad 
and Kodaikanal and 0400 hours fo r 
Huancayo and Makerere.

(1) Increasing magnitude of the negative deviations 
centred at appropriate hours for a ll the four stations, is

r *
accompanied by increase in the daily mean intensity .

(2) The relationship between A I§  and x“ is  not

In Table 14 are given the average magnitudes of 
the negative bihourly deviations associated with 0600 
hours at Ahmedabad and Kodaikanal and 0400 hours at 
Huancayo and Makerere corresponding to  the three groups. 
Alongside are also tabulated the values of A obtained 
by averaging A. % over the corresponding days for each 
station. Pig. 32 shows a plot of A  l |  versus x" for each 
station. The fallowing features are clear. .,
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exactly linear.
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33 - A plot of A  IQ versus the average
magnitude (x~) of negative deviations
centred at 2000 hours for Ahtaedabad,
2200 hours for Kodaikanal, 0000 h ours 
for Huancayo and 1&Q0 hours fo r  Makerere 
(All hours refer to local time).
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In Table 15 are g iven the average magnitudes (x“ ) 

of the negative bihourly deviations associated with 2000 

hours at Ahmedabad, 2200 hours at Kodaikanal, 0000 hours 

at Huancayo and at 1800 hours at Makerere. Alongside are 

tabulated the values of A  obtained by averaging A I ^  

over the corresponding days for each station. Fig. 33 

shows a plot of A  Ig versus x~ for each station. The 

following features are seen.

{1} Increasing magnitude of the negative deviations 
( 1

centred at appropriate hours for all the four stations is
i  j

accompanied by decrease in the 'daily mean intensity.

(2) At all the f o u r  stations the intensity changes 

v e r y  little in going from group I to group II and t hen a 

rather rapid fall takes,place in the daily mea n  intensity, 

in going from group II to group, III. This suggests that
i

there is a certain threshold in the magnitude x ” of the 

average negative deviations centred at the appropriate 

hours (for each station} upto ’which the daily m e a n  intensity 

Al?j does not change very m u c h  with increasing x “ but 

beyond the threshold, an appreciable fall in intensity takes 

place with further increase of i “ .

We thus see that f o r  each of the four stations 

selected, there are two appropriate hours, the change of 

magnitude of significant negative bihourly deviations 

centred at which is directly related to the changes in the 

level of daily m e a n  intensity. For one o f  these h ours i.e. 

060 0  hours at Ahmedabad, 0600 hours at Kodaikanal, 0400 hours
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at Huancayo and G40Q hours at Makerere, the increasing 
magnitude of the negative bihourly deviation is accompanied

i i ,  „by increasing level of daily mean intensity. While xor
the other hour i.e. 2000 hours at Ahmedabad, 2200 hours at
Kodaikanal} 0000 hours at Huancayo, 1300 hours at Makerere,
the increasing magnitude of the negative bihourly deviation

2

is accompanied by decreasing level of the daily mean 
intensity! The former appropriate hour {for each station) 
is, therefore, associated with day to day increases in daily 
mean intensity whereas the magnitude of negative bihourly 
deviation centred at the latter appropriate hour (for each 
station) is related to the day to day decreases of daily 
mean intensity* Further, as we shall show in the following 
section, the correlated changes of the form of solar daily 
variation (as reflected by the changes in the magnitude of 
negative bihourly deviation centred at appropriate hours) 
with changes in the level of the daily mean intensity occur 
at different stations mostly on same days. This fact, in 
turn,, point s to the worldwide - nature of the correlated 
changes of the form of solar daily variation and the daily 
mean intensity of cosmic ,rays«•

From the foregoing discussion it is clear that world­
wide changes.of intensity involving increases and decreases 
take place on a day to day basis. Also there exist 
Appropriate1 hours (L,.T.) for each station, the magnitudes 
of negative deviations centred at which are sensitive to such 
increases and decreases. Further in case of decreases, there



■ -  216

exists a certain threshold which must he exceeded by the 

magnitude of negative bihourly deviations centred at th e  

appropriate h our for each station, before any noticeable 

change can take place in the- daily m e a n  intensity.

4.41 Solar terrestrial- relationships of day 

to day increases and dec r e a s e s .

■ ■ The association of xvorld wide d a y  to day increases 

and decreases in the daily m e a n  intensity with the magnitude 

o f  negative bihourly deviations centred at 1 appropriate ’ 

hours makes it possible to separate the days on which 

increases and decreases occur, by using the large negative b 

bihourly deviation centred at the ’a p p r o p r i a t e ' hours for 

each station. ' All that one has to do is to p i c k  out days 

on which the magnitude of negative bihourly deviations, 

centred at the ’approp r i a t e ’ hours, is significant at 2 

level of significance. * The days selected on this basis 

would however involve some days (precisely speaking 2.3/& of 

the total working days) which are spurious in the sense that 

the larger magnitudes of the negative deviations at the 

’appropriate’ hours on these days, m a y  arise due to chance 

alone. Table 16 gives the total epochs (during which data 

were available) for each station f o r  increases and decreases 

during 195$. Table also gives the number of epochs to be 

expected, out of random fluctuations of the magnitude of 

negative deviations centred at ’a ppropriate’ hours f o r  each 

station. It is quite obvious that total n u m b e r  of epochs
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. T a b l e  16

T a b l e  s h o w i n g  t h e  t o t a l  n u m b e r  o f  e p o c h s  i n v o l v i n g  
i n c r e a s e s  a n d  d e c r e a s e s  a l o n g  w i t h  t h e  n u m b e r  o f  e v e n t s  
t o  be expected, o u t  o f ; c h a n c e  p l o n e .

I n c r e a s e s
S t a t i o n  T o t a l  B o . o f  e p o c h s  

M o . o f  d u e  t o  
e p o c h s ,  cha n c e .

D e c r e a s e s  ________ _
T o t a l  Bo. o f  e p o c h s
M o , o f  d u e  t o
e p o c h s ,  c h a n c e .

Ahiaedabad XX S 14 5

E o d a i k a n a l 4 5 4 ■ - - ' ' 4a 4

H u a n c a y o 74 % %
M a k e r e r e To % S3, ' *  %

a r e  m a n y  t i m e s  g r e a t e r  t h a n  t h o s e  e x p e c t e d  d u e  t o  c h a n c e  

c a u s e s .

F i g .  3 4 a  a n d  3 4 b  show, o n  B a r t e l ?s c a r p e t s ,  t h e  

d i s t r i b u t i o n  o f  d a y s  o n  w h i c h  i n c r e a s e s  a n d  d e c r e a s e s  

r e s p e c t i v e l y  t a k e  p l a c e  a t  al l  the' f o u r  l o w  l a t i t u d e  s t a t i o n s .  

A  s t u d y  o f  t h e  tv?o d i a g r a m s  r e v e a l s  t h a t  (a) i n c r e a s e s  a n d  

d e c r e a s e s  o c c u r  o n  g r o u p s  o f  d a y s  w h t e h  r e c u r  a n d  (b) 

i n c r e a s e s  a n d  d e c r e a s e s  a r e  a s s o c i a t e d ,  o n  a  w o r i d - w i d e  b a s i s ;  

i n  t h e  s e n s e  t h a t ,  t h e y  o c c u r  w i t h i n  +1 d a y  a t  a l l  t h e  f o u r  

s t a t i o n s ,  i n  m o s t  o f  t h e  c a s e s .

T o  b r i n g  o u t  t h e  r e c u r r e n c e  t e n d e n c y  m o r e  clearly 

a n d  t o  s t u d y  o t h e r  c o r r e l a t e d  c h a n g e s ,  e p o c h s  w e r e  s e l e c t e d  

s e p a r a t e l y  f o r  i n c r e a s e s  a n d  ' d e c r e a s e s ,  s u c h  t h a t  t h e  

i n c r e a s e s  © s  d e c r e a s e s  w e r e  s i m u l t a n e o u s l y  p r e s e n t  at, at
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Fig, 34a ~ The distribution of days o n  which 
increases take place at Ahmedabad, 
Kodaikanal, Huancayo and at Makerere.

Fig. 34b - The distribution of days on which 
decreases take place at Ahmedabad, 
Kodaikanal, Huancayo and at Makerere.

least, two stations. Epochs selected on increases 

constitute group A and those selected on the basis of 

decreases constitute group B; there were 47 and 41 epochs 

in the two groups respectively. Table 17 gives the dates 

on which epochs corresponding to groups A and B occurred.

The dates common to the two groups are m a r k e d  with asterisks. 

We see that there are o n l y  four dates common to, the two 

groups, Tliis fact clearly points out that the epochs in the 

two groups are mutually exclusive.

These epochs were next used as O-days for chree
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Table 17

Table g iv ing  th e  d a te s  on which epochs corresponding 
to  group A (in c rea ses)  and groupB(decreases) occurred .

Group A Group B
2-1-33 10-  6-56 17-2-53* 26-  3-53
3-1-5^ 11-  6-56 13-2-53 9- 9-56
4- 1-53 17- 6-56 19-2-53 16- 9-5 6;
6-4-53 13- 6-56 26-2-53 27- 9-56
7-1-56 20-  6-53 27-2-53 26-  9-56

13- 1-56 6-  7-56 14-4-56 6- 16-56
26-1-53 22- 7-56* 2g}.-4-53 16-10-56
39-1-56 24- 7-56 1-5-56 23-10-56

1-2-53 14- 3-56 6-5-56 1-11-56
17-2-53* 16-  3-56* - . 10-5-56 4-11-56
21-2-53 2- 9-56 15- 5-53 6- 11-56
23-2-53 11- 9-56 2-6-53 7-11-56
24-2-53 15- 9-56 3-6-56 9-11-56
25-2-53 16-  9-56* 6-6-56 11-11-53
16-3-56 25- 9-56 21- 6 -56 15-11-56
17- 3-53 39- 9-56 29-6-56 6-12-53
11-4-56 3-11-56 21-7-56 16-12-53
12-4-56 25-11-56 22-7-56*

4- 5-53 26-11-53 6-3-56
5-5-56 26- 11-53 11- 6-56

26-5-56 10-12-53 17-6-56
26-5-56 11- 12-56 16-3-53*
4-6-56 17-12-53 24-6-53
6-6-56 24-12-56 25-6-53

a n a ly s is  of d a ily  mean in te n s i ty  a t  Huancayo re p re se n tin g  

low la t i tu d e  s ta t io n  (denoted b yZ \ Ig) and a t  Climax 

rep resen tin g  a m iddle la t i tu d e  s ta t io n  (denoted by I q) . 

The a n a ly s is  extended from -5  to  +31 days and th e  r e s u l ta n t  

tim e s e r ie s  along w ith th o se  of Cp and - ;/



for* the groups A and B are plotted

- Plot of the time series of Zh-Ipf, A. Iq ,
> 7 ;  , 1 d { A I j f f )bp and - ~  for the groups A

1 at
•and B,

From figure 35a for increases (group A) the following

-  i  dC A  I g )
I dt 1

respectively in Fig.; 35a and 35b. - 1
A  . I dt

represents the rate of change of intensity from day to d ay 
and as has been shown by. Alfven (1954) the magnitude of this 
quantity is directly .proportional to the magnitude of the 
electric field in the solar corpuscular stream.

*2̂ 0*
5 «

O
lV

JK
oJ 

so «

features are seen
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(a) The daily, mean intensity is maximum on a day 

p rior to the epoch both at low { A  Ig) and at middle 

latitudes C AIq) .
. [ i " '' *£»

(b) - 1  '. ft.*, is hig h  one d a y  p r i o r  to the
I dt i

epoch and is also high on the day when two subsequent pips 

occur in the A t i m e  series,• This suggests the 

association of these increases with the.electric field of 

a solar corpuscular . s t r e a m * U n f o r t u n a t e l y ,  we cannot 

really examine the details-of the implications of this 

suggestion e„g. fixing the direction of magnetic field frozen 

into the stream, the direction of the electric field etc. 

because of the nonavailabli ty of proper data which could 

have enabled us to ,unambiguiously, locate the position of 

the corpuscular stream with respect to the earth on the 

epoch day. As is clear; from figure 35a the changes in Gp 

are nob really very expressive. Gp = Q * B 3 } four days prior 

to the epoch day and on the epoch day its value is given by 

Gp = 0.6$. The latter value of Gp, perhaps, indicates that 

the earth is not located within the corpuscular stream on 

the epoch day. But -it-is nob clear whether G„ ~ Q . 8 5  can
i ‘ •, *
; ^

be considered high enough to associate it with the presence 

of the stream. . - ;

(c) The recurrence tendency of t h e  increases is also
; * - »  . &

obvious, the period being 25-days, This suggests that
/

increases are related 'to corpuscular* streams which have their 

origin in toy& helioiatitudes.

(d) A point to.point comparison of the time series of



* ---- *A  Ig  w ith th a t  o f A  I c re v e a ls  th a t  a l l  th e  f e a tu re s

e x h i b i t e d  b y  A  I g  t i m e  s e r i e s  a r e  p r e s e n t  i n  A  I q  t i m e

s e r ie s ,  only they  a re  m agnified in  th e  l a t t e r .  R a tio s  of

1.5 and 2 .0  are  obtained  when th e  am plitudes of th e

prim ary and recu rren t in c rease s  in  A  In  time s e r ie s  are
J  w

compared w ith th e  am plitudes b f  th e  corresponding fe a tu re s  

in  A l |  tim e s e r ie s .  This f a c t  p o in ts  to  th e  acute la t i tu d e  

dependence of in c re a se s .

r - ’ . >
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F r o m  f i g u r e , 3 5 b  f o r  d e c r e a s e s  ( g r o u p s  B) t h e  

f o l l o w i n g  f a c t s  a r e  c l e a r .

(e) The d a ily  mean in te n s i ty  i s  minimum on epoch 

day a t  both low ( A l | )  and m iddle la t i tu d e  ( A I ^ q) but 

i s  high fo u r  days p r io r  to  epoch,

j  / 1 * s

' ( f)  -  i  i .:. i s  ra th e r  h igh  fo u r  days p r io r
I  & t - - ‘ - i

to  th e  epoch a f te r  which i t  g e ts  reduced ra p id ly  and
0 4  U rio v  b ilk * .

reaches a minimum on^epoch day.

(g) Cp i s  lower ( Qp *̂ Q.5&) fo u r  days p r io r  to  

theepoch, a f t e r  which I t  in c re a se s  sharp ly  and reaches a 

maximum value (Cp * 0 .9 6 ) one day p r io r  to  th e  epoch; 

T h erea fte r  i t  ra p id ly  dem inibhes. F u rth e r th e  tim e s e r ie s  

o f  Cp are r a th e r  zigzag.

(h) C o m p a r i n g  A . %  t i m e  s e r i e s  w i t h  t h o s e  o f  A I q  

t i m e  s e r i e s ,  w e  s e e  t h a t  t h e  c h i e f  f e a t u r e s  a r e  c o m m o n  t o  

t h e  t w o  c u r v e s !  o n l y  t h e y  a r e  m o r e  m a g n i f i e d  i n  A I q  t i m e
S 1  > <

s e r i e s .  R a t i o s  v a r y i n g  f r o m  1.0 t o  2 . 0  a r e  o b t a i n e d  w h e n  

t h e  a m p l i t u d e s  o f  t h e  p r o m i n e n t  d e p r e s s i o n s  i n  A - I q  t i m e
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s e r ie s  a re  compared w ith those  in  A  tim e s e r ie s .  This 

f a c t  i s  in d ic a t iv e  of th e  la t i tu d e  dependence of day to  

day decreases.
r:: i r i  i ' ____ ___ _

( i )  N either o f  th e  time s e r ie s  of A l | ,  A I q, Op,
-  JL ex h ib it any d is t in c t  and smooth p a tte rn  of

X d t

change a t  a l l .  This fa c t p o in ts  to  the  extrem ely d is tu rb ed  

geomagnetic and in te rp la n e ta ry  co n d itio n s . Because of th i s  

reason i t  i s  not p o ss ib le  to  determ ine th e  recu rrence  p e rio d , 

i f  any, fo r  th e  decreases.

(e) ,  ( f)  and (g) a re  suggestive  o f th e  fa c t  th a t  

decreases a re  caused by so la r  corpuscu lar stream  approaching 

th e  ea rth  from th e  l e f t  of th e  e a r th -su n lin e . These s t r e ams 

a c tu a lly  engulf th e  e a rth  (g iv ing  minimum value o f -  JL
d t

and maximum value of ,Cp ) a day p r io r  (on th e  average) to  

th e  epoch day. On trie epoch day th e  e a rth  i s  s t i l l  w ith in  

th e  stream . Since A l |  remains depressed fo r  one day on ly , 

th e  average period  fo r  which th e  hard core of th e  stream  

envelopes th e ,e a r th  i s  only  one day. The f a c t  th a t  th e  

in te n s i ty  o ise s  r a th e r  g rad u a lly  taken  to g e th e r  w ith  th e  

f a c t  th a t  Gp f a l l s  r a th e r  ra p id ly , a f t e r  th e  epoch day, 

in d ic a te s  th a t  th e  steeam has a sso c ia ted  w ith i t  a p e r ip h e ra l, 

le s s  tenuous, p o rtio n  which i s  ;spread out over a la rg e  ex ten t. 

So th a t  a f t e r  th e  hard core of th e  stream passes away ( a f te r  

one day) th e  compression on th e  geomagnetic f i e l d  i s  re lie v e d , 

(so th a t  Gp re tu rn s  to  normal v a lu e ) , but th e  bulk o f low
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energy p rim aries a r e ■ s t i l l  kept away so th a t  th e  recovery
if v ( '  * * -

o f  d a ily  mean in te n s i ty  i s  r a th e r  slow.

We th u s  see th a t  world-wide in c re a se s  and decreases,

observed on day to  day b a s is ,  do bear a cau sa l r e la tio n s h ip
>

w ith th e  s o la r  corpuscu lar stream s. Some evidences (see 

(b) ,  (c) above ) p resen ted  above seem to  suggest th a t  

in c rease s  are ,cau sed  by stream s which o r ig in a te  in  &V* 

h e l io la t i tu d e s .  F u rth e r we have seen above, th a t  whereas 

in c rease s  a re  p rim arily  caused:by e l e c t r i c  f i e ld ,  th e  

decreases are  su b jec t to  both e l e c t r i c  f i e l d  and th e  magnetic 

f ie ld  frozen  in to  the  stream . This e s s e n t ia l  d iffe re n ce  

might be r e la te d , in  an im portant manner, w ith th e  cause of 

th e  f a c t  th a t ,  in  t h e i r  a s so c ia tio n  w ith  th e  magnitude of 

nega tive  b ihourly  d ev ia tio n s  cen tred  a t ap p ro p ria te  hours, 

th e  decreases ex h ib it a prominent ’threshold*  (see F ig . 34b). 

We a re , however, unable to  understand, a t  th e  moment, th e  

f a c t  how th e se  in c rease s  and decreases happen to  be a s so c ia te d

with th e  magnitude o ffn eg a tiv e  b ihou rly  d ev ia tio n s  cen tred1 \ ! '>
a t  ’appropriate,* hours.  ̂ F u rth e r d e ta ile d  s tu d ie s  are 

necessary , along the l in e  suggested h e re , to  c l a r i f y  t h i s  

issue.-'

4.5 S olar f l a r e  o f February 23. 1956.

At th e  tim e of’ t h i s  g ia n t f l a r e  Gulmarg was about to  

e n te r  the  0900 hours impact zone. The c h ie f  f e a tu re s  o f th e
*' 5,

observed f la r e  type in c rease  are  described  in  th e  r e p r in t  
a ttached  herew ith . S ,

’ v  " _ _ _  _____ _______________

* When th e  e a rth  i s  w ith in  th e  stream th e  in flu en ce  o f th e  
fro z en -in  m agnetic f i e ld  assumes g re a t im portance.
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SOLAR FLARE EFFECT ON THE COSMIC RAY MESON INTENSITY
AT GULMARG

Cosmic ray meson telescopes have been in 
operation at Gulmarg, Kashmir (altitude 
9,000 ft., geomagnetic latitude 23° 5 'N.) for the 
last few months at the field station of the Phy­
sical Research Laboratory, Ahmedabad. Each 
telescope measures a triple coincidence rate of 
3 G.M. counters each of length 2 ft. and dia­
meter 1% in. The separation between the coun­
ters and their orientation are such, that the 
stemi-angles of each telescope in the east-west 
and north-south planes are 5° and 56° respec­
tively. About 8 cm. of lead are interposed' in 
between.

On 23rd February 1956, there was a big solar 
flare of magnitude 3. The flare was associated 
with increase in cosmic ray intensity at vari­
ous latitudes and numerous reports have appear- , 
ed from observing stations all over the world. 
Sarabhai et al.1 have reported an average in­
crease of 6% at Trivandrum. Kodaikanal and 
Ahmedabad during the hour following the 
flare. At the time of the solar flare, three tele­
scopes were in operation at Gulmarg. The rate 
of each telescope was only about 700 counts 
per hour and the standard deviation was rather 
large (about 4%). It was observed, however, 
.that all the three telescopes recorded increases 
kn cosmic ray intensity on 23rd February 1956 
,o reduce the statistical errors, data from the 
rree telescopes have been combined and the 
•urly values for the period February 21-25 
kve been plotted in Fig. 1 (a). In spite of the 

e fluctuations in the ground level of cosmic 
intensity, an increase of about 10% (±2%) 
dearly seen during the interval 8 a.m. to 
oon on 23rd February. Fig. 1 (b) gives the 
ing averages of the hourly values of cos­

mic? ray intensity for three consecutive hourly 
valilies, the average thus centred at the mid­
dle jhour. The increase, on the morning of 23rd 
February stands out prominently in Fig. 1 (b). 
Its magnitude is about 8% (±1%) and the

our of onset of cosmic ray increase seems to 
about 10 a.m. (±  1 hr.). No corrections of 

^ny kind have been applied to the data.

The implications of increases of this tyne at 
stations in low latitudes have already been 
discussed by Sarabhai et a t1 Forbush- has 
since reported a 18% increase of ionisation at 
Huancayo which is almost on the geomagnetic 
equator but was outside the impact zone at 
the time of - occurrence of the flare on 23rd 
February 1956. He has also reported a 50% 
increase in ionisation at the high latitude sta­
tion of Godhavn (Geomagnetic latitude 8(P N.). 
There is, therefore, a ’ complicated mechanism 
for storage and scattering of cosmic primaries

z i / y ^ v
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FIG. 1, Hourly values of cosmic ray meson intensity 
tor, the peried 21-25 Feb. 1956.

(a) Actual values. {6) Moving averages over three 
consective hourly values.
of solar origin and the estimate of the mean 
energy and yield of the primaries macs by 
Sarabhai et al.1 would require ■ re-examination.

The authors are grateful to the Atomic Energy 
Commission of India for financial support of 
the present work. Thanks are due tot Prof. V. A. 
Sarabhai for helpful discussions.
' - ' R. P. K ane.
Physical Res. Lab., H. S. A hluw^ lia .
Ahmedabad, February 13, 1957.

1. Sarabhai, V., Duggal, S. P., Razd.m, H. L. ar,d 
Sastry, T. S, G., Proc. Indian Acad. Sci., 1956,
43, 309. .

' '2 .  Forbush, S., “ .Collection of cosmic ray, solarr 
ionospheric and magnetic data relating to tin  sola 
cosmic ray burst of 23rd February 1956,” by H. 
Elliot and T. Gold.
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4.6 ■ C 0 N .0 L ’U S 0 N S

The principal’;conclusions of the present study are j

(1) The change in the annual mean solar daily 

variation from 1956 to 1953, at equatorial stations, involves 
a shift of the time of maximum of the diurnal component of 
solar daily variation to later hours and this change ,4s 

apparently independent,, of geomagnetic activity and could be 
observed with meson telescopes as well as neutron monitors.
At intermediate latitudes, however, there did not take 
place any noticeable year? to year change during the same 
period.' '-i--

(2) The annual mean solar diurnal variation averaged
over 1956 and 1957 at Gulmarg is consistent with the view 
thab this variation arises due-to an anisotropy of the 
primary cosmic rays# • ! '

(3) The evidence presented by Sarabhai and Bhavsar 
0958) and Sarabhai and Satyaprakash (1959) regarding the 

correlated changes ofIsobar daily variation and day to day 
changes of daily mean intensity may now be regarded to have 

been confirmed, at least in the case of low latitude stations* 
When this evidence is taken together with the evidence 
presented by Simpson et al {1952, 1955), Kodama and Murakami 

(1956), Lockwood (195f;);,r'Ioshida and Wada (1959) and Sarabhai 
and Palmeira (1959), all of which favour the existence (at
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some periods)of increases in cosmic ray intensity that are 

not related to solar flare type increases, one is led to 
believe that ( broadly speaking) there are two types of 

such increases :

(a) prestorm type transient increases which may be 
related to the magnetic field in the shock fronts of moving 

plasma; and

(b) day to day;jincreases which are related to the 
electric field associated, with the solar corpuscular streams 

carrying magnetic fields frozen into them*

The increases correlated with the magnitude of 
negative bihourly deviations-in the early morning^ which are 

studied in this thesis, belong to the category (b) above.

However, the magnitude of such effects is rather 

small and the most fruitful course of future research appears
\ i '

to lie in the establishment of several high counting rate 
instruments, operated in different parts of the globe*
These should permit the study of individual small (0*2 to 
0*3 ajo) bihourly deviations with precision. Moreover, taking 

into account the greati*variability of conditions in 
interplanetary space, the data should be examined in detail 
for individual events and on a day to day basis rather than 
by averaging over a long period of time*
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