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ihe werk deseribed in the present theslis I

i

investiration planned Ly the Fhysical

srabary, Ahmedabad, for studying the Line
variation of the wvariocus coswslc roy components in low

fion was carriad oub bhobh ab

iatlonal and Ahmedabade The work at Sodaikanal was
done by the author and is described in the pregent thesls.
Thae wo L'. 1 ?% } d ¥ e e T Te R v v PR i~ % g
The work ab Ahmedabad hos been carried out by my collespgue
Puring the boilding of the apparatus Tor Lhe
present :&rﬂms.sl}m sobion, demoribed in Chapber 1T, the
aukbhor recsived assistance from Fr. Uesai,for which he
ig deeply prateful, The enbire running of the apparatus
ab Bodasikanal, a9 well as the conmputsbilon and analysis

e
i

data, deseribed in ChaptersIiI and ¥V, wee conducted

Fa
kS

by the awbhor. In the discussionz and conclusions given
4n Chapters LV and VI, the interprotation of the overall
data collected at hoth Kodailkanagl and Ahmedabad has been

nade in collaboration with Mr. U B, Desai snd Dy V. A

bl o Tt ol
Uaraibsle

Paeilities at Rodeikanal wers gencrously provided

by the Indla Heteorological HYeparbnent for wi el the

aubhor 4 oblipged bo Hp. Sohoni, Dr. A. K, Das, Ur. dnanthe

krishnan and dre Shargava of the :{ndi'z Yieteorologica

Departrent .



(i1)

e prodect under which the present Investlgation

gdod oub, was gupported by bhe Atemic fnergy

aff India. 4 tabe this oppovbunity to expres:

S

ssioners for bhelr hoelp,

Yy thanks ave aloo due vo all wmy eollsarnes in the
labovsbory for thely kimd sooperabion during the course of

the invesbisation. Mre J. Yo Dave has rondoyed assis

in making the diagrams for this thesis.

(%

pxpress my desp gratitude to De. Vo 4, Sarabhal

Por s eonbinuous guidance t?zmugﬁmu&z the course of this

investiszation. & am indebted to Pr. K. Re Homanathan Lor

il h«s%i.pful discussions especially on the moteorss-
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studled systewabically during the last bwoe decadese. The
variations can be divided inte twe distinegt groups vidge
ne non-periodic varigtions and the perlodic variationd.
The Lormey éﬁwsist of variations due bo changes in peteow
rological factors, wagnetic activity, solar flares, abd.

v,

The periodic variations can be classified aceording to thie
Length of the period, namely, annual and dally, reckoned

on solar bime as well as sidereal and luogry Limess
1. Huneperiodic variations i=-

The non-periodic variationg have been atudied
extunsively by using both lonization chambers and Gl .

sounters as debecbing devices. The results have proved

the existance of a vass-absorpblon ulfect és=w&li s

an effect due to chenges in heights of isobarde levels
in the upper atuosphera, fecently & positive tempsrabure
effect due bo bemperature vardations in the upper
atmogphoere has beon observed. Hagnetic storms and solar
Mlares are occasionally found Lo cause large changes in
cosmie ray intensity which occour sometines simultoneously

all over the world.

Tofe Iffect of meteorolopical factors i-

Daywbo-day changes i ground pressure ave found to

be negatively vorvelatod with the verlations of the daily
! .

1. .’ . | 1. .



means of cosuic vay iabengiby. The prossure Lﬁ&fi&ﬁﬁ&ﬂ*
as found 0 Dy woay workers for the obal and the meson
I . 5 . i . S A " NS N
intensitien, varies betwecn wfold b and  =5.0 % Pl criedlie

A . 1
{(nefer to Tavle 20 P.119- 120), A pointed out by Duperier,

G
&
[

this may be due to the fact that the overall press
cocificient is not purely a masse-absorpbion e
also includes a factor due Lo meSOD decay, since the heipght
of the mesen formation layer 45 yelobed tn the ground
prossure by the hyposonebyrlc formla. Dupericr Pound
phat the partial correlation ¥gy,p hobween cosmle ray
intensity '0Y and height of any isobaric level THY, the
e A

ound pressure rexaining consvant, increased for higher

1levels and uas highest for H B 16.1 kme, the maximan level

for which radicsonde dabs were shen aveilable.

These restults were obtalned for the tobal inbonslly
of the cosmic rays. Labter o, the experiaent was repeabed
with a narrower anple of the counter Lelescope and & lead
absorbor of 25 om. thickness was interposed in between the
counber Lrays. The partial correlation Tey,p thon inereased
upbo the helght correspending to the 200 mbs Level bub
deereased rapidly for helghts potwesn 200 and 100 b, levels.
'ﬁdditimﬂal ¢¢Lawre were loolked into lovr explaining the
vardations of o AR BOI inbansilya flh,’%.}ij‘ml“i(ﬂ“g calewlated Lthe
partial emfrclah&ﬂn& reg,pi  between cosulc Tay intensiby
TOF oand tho ﬁwmﬁeraﬁgre 154 Just below an isoburic Javel,

- Lhe gfﬂuné pressure tPY oand Ghe height of that o sabarie

lTevel YUY remaining congbant. The ﬁgﬁtiﬁl@gorrwlaﬁimm had

3:@' ?t\




a high gg sibive «alﬂw:€+30aé$) for the re ~10 hetwesn 200

and 100 mbe lovels but'wﬁﬁ.inﬂigﬁiﬂiﬁaﬁb for any lower

Level. In a rocent paper, ﬁupa?iewﬁ has shown that the

fade

correlabion sbill better 1 the temperature belwe
200 snd 50 mhe levels is considered instead of thal betwoen

200 and 100 mbe levelss.

It can be concluded therefors, Hhat the ground
pressure, the helght of the 100 mb. level and the tempee
rature between bthe 200 and }ﬂ mhe levels are all eff&aﬁiv@

in cousing the variations of the wmeson intensity ab grouwad

level. The Tpegitive temperature effect’ is interpreted by
2 . ] “ » = L
PBupericy  as boedng dug Lo cmmpatztzva processes of

uelear capture and decay of - mesons. The TT- mesons
produced Ey smdlc ray priugrien, either &@ﬁ&? into M-
mesons or seb captured In a nuelesy collision. The probabie
ity of saptwre is increased for greater densltles. lience,
o decyease in bteaperature is instrudental in Inereasing
the probebility of nuclesr capbure and qorrespondingly
decresasing the nuaber of p- mesons which sve produced by
decay. This ' interprebation explaing the posltive affect

of Lamgasau wre gualitatively; bub numerica ﬁl*ﬁl&ti&ﬁ$3

£

R

mmwthm;mm dNVHﬁL%%@ﬂhﬂmqm wabi gbout 3 times

creabor than the temperabturve effech ealeulated on Lthe basis
1 “ ] i » - ﬂg g o gl - ?

of the valuos of  iTr% 2.6 % 10 sec, and R & 00 gneond,

where T is the life«time and i the mean free path Lor a

Snuelear iu@&*mctiam for a T- mneson. Duperder’s interprota-

Cblorn seems btherelore to be somewhat i,’s,:imhumili..

. T | ?:  , i
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it has been obs éﬁﬁéﬁ_by zeveral workers that the
intensity ef cosmie rays deopeases during some magnoeblic
Tha s Li&blﬁ?ﬁ% p between the two has nob however
bémﬁ found o be aguite conslstent. Large haguetic storms
are somebises found to be mwcomneebed with any 0baﬁfV¢ﬂlﬁ

change of eosumle ray intensitve

shown that the variations of cosnde ray

inbensity durving magnebtic storms ave broadly gludlar vo

W

s &

the sbormebime varisbions of I (horizountal cowmponent of

netrt fMeld

Mopit?

garth's which ave characterised by sudden

e

initial changes followed by a slow recoverys It is also
Fouwrd that the cosule ray changes, especially when they
are very large, are delaved by a fow bours relative to the

large changen ol i,

ion of the changes of cosnmie ray lntensihy
s%urm& as been atbempted notalbily by

YR h » Jolmpon' and ALT f&ﬂ"?gﬁ lxistence of
soveral sesréh redil and the ereation eof

&

fields by the moblon of charged particles ln the

field have been locked futo for an widol-
standing of the »roblem: bHhut the tiﬂu?¢.” are shill besebh
[ L 4

of Jifficenltioss

The increase of cosplc ray Labensiby with solar

,
4

Elares has besn obgeyved 1 by veral workers .8 lange and
_ ikg‘ Ty gl o ,,ﬁ: I . 1? I 1’} e £ g Crea Aty conm o e de
Forbush,” Duperier, bhwert,  Olay,  obe. Yhe madn characte

rigtics of such variations are @



{a)

,csu, variagbiong are um always worldewide,

(1) ﬁm,mmimmzﬁ?tmaaw.jaaﬁyint psity and

solayr {lare ocowr at aboub an J&ﬁl s dntorval s

{g) the magnitude of the effect differs for stabtions

at different latitudes and increases rapldly with altitude,

(d) The effect is greatly veduced near the Zeow

4

magnetic eguator, spesting that the prin fies regponsible

-----

fer these variations have womenta less than 10 BeV/cs

Pk

Iu ﬁ?ﬂ&i to explain this effect, different nechanisns

the accelevabion of parbticlesn upto

energies of shout 10 DeV. nesr the sun. The arpuments can

ot e geTE ey 1 e « FFn Y e
be summarized as fellows ¢

\ o 8 : . " , ,
(1) i;fvﬁn 'Y - jdcceleration of such pavticles in

29 4

the electric fiel 1 associnted with solar corpuscudar

streams polarised due to thelyr woblon Lhrough the solar

{2) Bhmert = - Acceleration hy the bebabron acbion

* the changing mapgnotic feld of a growing sungpot. This

possibility was also supgested by awaan*g gariler in 1933.

(3) Henzel pndd ia‘fshu?yQBA» Tiactro-mapnetic waves.
of low Lrequencles (1000 to 01 ayﬂlaﬁfﬁﬁﬁw) may be produced
bocauvss of flmctuﬁtians in sunspot nagneblic fields due to
burbulence Lo the solar atrpsphere, These waves are propie

X

pated oubwards from the sun and produce eloctric fields

1. . 1.



1Y e A n i Ty s e v e g b N 3 sy 2 £ T
W Liﬂls Avdslerate Gaargzed partio Lat f,, Lo &"L»w,. dwes upto 10 DeVe .

(L] Porbush, Gill snd #aLlar*ﬂ?& s The magne
biepolar Dleld of a sun g}?; sroup may reduee the effscbive

12

solar Jdeld to such a velue as to allow conporsbively low

energy parbticles o be ewltted from the surface of the pun.

The ewperimental data ave still insufficient to

declde 1L any ol these gsuzpestions iu valid, .

I way be remarked that occasionallyv, such varistions

ol cosmic ray intensity, either dus to solar igalﬁﬁ or dus

Lo magnebic storms, ave found to occur simultaneously all
\». ‘ .
over the world. World-wlde changes have been notably

- %
reported by i%{:sr msaiiw

¥ : 38 U R
Re FPoriodic variationsg i

249 SGeasonal veriation e

i

A seasonal variation in cosmic pay intensity has

been reported by many workers .l kaiﬂmc*%’*’ ’m, Hess and
17 18
¥

Grasiadel ', Hogg gbte The maximwa of the intensity

is found to e in winber and bthe minfmus in sy umers Yhe

»

variation in thus

:ufr

appesite In phase Lo the ground tomperature,

An explanation of this negative temperature oflect

has been 7.;9,%1, by ildf“zkl"‘t—t‘ig ot the basis o instbability

of' tha S SHEEON . 4 warming of the atmesphore as a whole

incroeases 4 e neight of the LA:'“"JR. Lormation layere. Tha

mesong have Lhorefore to bravel a pgreater distance before

ITe 2.
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o

ti*my reach the ground dﬂi’i i;m:u.:v probability ol decay
%5

] §E w,.. Vet iy R am e s rnde B e e d¥
incyreased, TiAs results in s redocbion of bthe

& PRUCRRTE - Y. V. RPTTTRTRPA. 1
- 1%%5“5“553{&4 FER VI Al Wide

The bemperature coefficient s fownd to vary by
R I S A
as much as 2 ¢ 1 from winter to summers {logg , Hess ).
The diservpsucy is reduced Lo some exbent when average
tenperab ure she 10 ke i considered. This can be undere

sperature rather than the pround

;-:h
'f'f
‘:f
&
5’:

sbood sinee it

bt

-

benperalure which is really effective in causing the

expansion and contraction of the atuospheve as a wholes

4

S 20 , » L
Yallarba and Goddart had @ gsted an alternative

"

explanation o nneebod with the solar magnetic ficlde They

had assumed a dipole moment of 163" b £auss {}rﬂ% for the sun

and v iuto consideration {al) the yearly thanze in

*

the b ashic Labltude of the earth due to the angle

boetwsen the sun's dipole and the plane of the ecliptic

th

'

{b) the verisdic change in the distance of the ocarth from

the sun and {e) the offect due Lo the angle bebweon the

N

sarthfs axds sod the plane of i,m, weliptle. The varistion

x

calouwlated in bthls way does not aprvece wibth the vesults of

I3

Forbush wnd GLll. In sny case, thers is strong experimental
evidence denying the cxisbonce of a pernanent solar magnetic
.
Aield ab the prosent i fﬁ 128 23
BLliot and Dolbsar  have studied the seasonal
vari f{tim with Gell countor teleseopss. The monthly means

>

of coanic vay Intensity, after correcting for barometric

I L] ) 2,.



effect, show a hip

af the 100 mb,

*

for the sane aiat-:i.r Howevor,

Lhere a%@ slipht discrepencics hbﬁmﬁ@ﬁ she variation of

soamic ray intensity and the variation of the keighﬁ_uf-
she 100 mbe level Qor sowme sonths. The &uthars therelore

Cpontlwie Uhalt some adddtional faebor is operabive in gausing

EE

these veriotions. The poasibllivy ol = posldive bemperature

ef et reported by Duperier is congidered by the authors.
i \w »
Zed Daily variailon e

Variations of cosnic ray intensley with a ?Lf&ﬁﬁ ﬁf
* ) E Jwifr 25 K}E}

ane sidereal day have been reperted Dy some workers

The variebion is nob however Iully sutablis hed se Ua

Ly T . R T T s E B S £ et o F O < Py
Such a variation, AL 16 exd abay Ig obf gY cat Inmporianc

thing a ¢lue to the origin

from the polnt of view ol 2

Yariabions with loecal solar time have peen investie

gated wader difleront atmospheric conditions and for places

w3=

in labitude and lonpgltude, A sumary of the work

| 27

done upto 1947 has been given by Nieolson and SGarabhal e

giss ﬁ:‘flh N

The following bable includes additional data from work

N‘I

pubdis hed subee gouently. The notations

R
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#

#

i

#

Leon

altisude of

labitude of the sts 1.-&5&,

in zﬁetreaa above

avilon

suea levele

Ske
*nt-e

of seasurs 6.. Lion

LOne

T

ighe of

i .
I S
(bi i 36

weiral as wide and

3 of observed cone

3

wdirmall) veriatbion of

Mw

dinrnal {seni

amplitude b ¢ and mexinwg st ¢ hours,

the maxlmee of the varlation

dilsplaced by less Lhan one

hour from

the maximam {(miniscem) of the senis

divernal pressure variabion.

indicabe use of fonisabion chambers

.‘éa::!..mﬂl counter apparatng.

indicate gorrection for barometer

gffect; oxternal temperabure effecty

1

internal bemperature effech.

-~
’l?;- *



2.21  The diurnal variation fe

It can be é@en ll}m.idhlﬁ 1 that - the diurnal vardias-
gdon has av amplitude of about .2 % at places iu the tenpe-
rab@ . IONC. H%WQVéT,Athﬂ phase seems Lo vary widely from
statiom to stabion and is different for statlons on the same

N

labitude. zven allowing for the Laet that the diflerent

workers have applied different ecorrections to thelr daba,
the results are difficult to wnderstand. The only definite
eonclusion that can be drawn about the diurnal variation il
that the maximus occurs somebime during the gunlit hours

and the minimyy during the dark hours.

'Alﬁa oue can 8ay in gensral that the percentage
amplitudes of the variations obgerved with iominution
chambers are less than those measured by counber telescopes.
This can be understood in terms of the widensss of the
‘afféctiv& golid angle in which cosmic rays are recorded
by the two dﬁvimes, Aa 1is ale&f from the results of Alfven
and idim,¢rb, folhorster and Elliot and Holbear, the phase

> A

of the ﬁi?ﬂnal varisbion is aot the same for all zenith

24

angles. ifjthérﬁlﬂ?& a measuring device is measuring cosmle
rays in a wide & uw3 0, the variation of intensity incident
in dirensxuqﬁ ou appmplto sldes of the zenith bub egually
inalmx sd Lo it will have different phases. The resultant
ampiztuﬁe will sherefore pot reduced. This  effect will be

Hore prominent: in an fonlzation chawmber wheres the solid

ey

ang l@ is wvery wide. The percentare amplitudes sBeasured by

Te 2.



counter m,l(. BeopPes {specially those with narrow anples)
waulu‘-la: be largﬁr tnaﬁ those measured by jonization

chanbors.,

‘u

dnother thing worthy of note is that the hour of
meorivivn of the diwmal variation for higher albitudes is
in general shifted towards ?&vlief hours in the day. This
is quite elear i from the resulis obbained at Cheltenham,
Chrigbehureh and Uodnavn which are within an altitude of
100 metrey above sea-level as compared with those from
Halfelekar and Huvancaye which are at altitudes e§'335ﬁ e
and 2300 m. respectively above aaa»lﬁvel, The hours of
maxima fov ug:xtwa 5raup% are agboubt 1500 hra. and 1100 hrs.

respectively. The vorigtious obtained by other workers ab

seg-lavel show bthe hours of waxims sowmebime in the afternoon.

In most attempbs at explaining the diwmal varviation,
the changes in the phase of the varistion from station to

“rty

station are nerlected. The diuaragl variation is asswwd to

have a maximum at about middaye. A3 an sxample, Vallarta

20 have suggested bthat such a varlation can be

and Godart™
producad at high latitudes by g heliomagnetic field and

at low latitudes by varistions of the huumagnsbia fields
Ubviously, Lax& gxplanation cannot account for the chanpos
in phasé of the diwrnal variation for stations on the same
1.&%‘1;:.‘:.,@1@ Horeovey, Malal ors” has shown that the results
he | lﬂw Obﬁdilb@ with Alfven in Stockholn are not compatible

®

»Wiﬂﬁ»ﬁhiﬁ gxplanation. Hils results are particularly

I. 2.



intereﬁting betause they cannoet be explained by mebeorolos
”icdl effects. A8 hajyde'v suEEesto, the results wmay he
uua bo gmall disturbances in the i "@Lrwyv of the prluary

radiation.

<. 2 M
iua results obbtained wily by Blliet mnd Dol aQQ%L55

9’5

with diroctional counter Lc%uﬁggpaﬁ show a warked difference
bebween the diwrnal variation for cosmic roys coming in the
north end scuth directions. The howr of mawimuws for the
fafmur i shifted earlier by about 2 hrs. The two tel&&émpas
50

are inclined to the wvertical by 457, Since ﬁh@ 1a thuaa of

Hanchestor is‘536‘§§ the north telescops ls polnting apprDe

ximately to a Timed direction in space, whereas the soubh

@

b

telescope sweaps ae?aﬁs the sky in the sguatorisl plane
of the earth. The sbmospheric effects for both the Lelem
scopes are aslile singe the particles from both the north
and south have travelled the same amount of atupsphere
muﬁ?iapmeMdWﬂ%aMFlLﬁ’ﬂ%MlﬂuuﬁaLuhiﬁfhﬂmi (e An

vhe two veriations may therefore be abbtributed to & Nohe
mawnrmpy of primary vadiabion, a measure of which is obbtained

by the difference ¢wrve between the two.

The difference curve so obiained can be representod
by the sum of o 24 hourly and a 12 howrly component asnd

ghows a meptimum at about 18 hrs. and a ainiman ot aboub
10 hrs.

BALiot and Dolbeny bave suggested that the none
isotropy may be connechbed with the emnission of corpuseular

sbrwans by the sun, According to &1ﬁvmn9, such sbreams. pob

I ' , : -
L . L o
5



volarised during bhelr }diﬁﬁﬁ& throu sh the wuﬂg magnetbic
jl - it A NoF ¥

3 da

fielde CREnEVETER Eléﬁtwie’fiaiﬁs ave cherefore produced.
silict and 33{;!.":";&&3:‘22‘% szﬂt -a;si;t hmt bhe dircction of this
fi@ld as seen from the cardh will be opposite Lfor ydfﬁiﬁltu
@m@tnm& from the cast aud wesh 1imbs of the sun and would
Lead o a dec se of intensity in the late worning and
m;ﬁz"ez~émﬁw;ﬁmamfy LRmmm,wmwuwdtm,mﬂwf
dipele is oriented in bhe same way &9 that of the earth.
This seens Lo be In qu&lit&ﬁiva agr@aiuut with the Gxperie
mentally obscrved difference curvis it raﬁgh qaamﬁitative

+

apressent iz obtaincd by aspuming a golar eguatorial field

%34

of about § pausd. The assweption of the existonce of a
solar magnetic field is however doubtiul as slresdy pointed

oulbe
2,22  The semie-diurnal vardation e

4s is evident from Table 1, the nature of the S
diurnal variation, like the dingnal vufiatian, ig widely
varylug frow yiw,m to place and is different Por dillerant
aﬂﬁmig ray components. Anongsh the resulis bhat may be
considered to be stabistic: ully signiliieant are fivebly
those of Pau whieh were obbtalined fron Lo tonizaticn
shambers susponded in a narrow vord ciesl fissure of
L0 metres wider bhe Surfaéé of Lake Congtance. The variation
js purely senl~diurnal with an awplitude of about .16 % and
i

phage almost coineiding with that of the somi-aiurngl Varide

tion of ‘daily baromotrle pressurt. in Hau's experiment, bhe

Lo : 2e



variation asured was only of mesons which could penetrate

shroush 5ﬁ'm%tras7¢£:uﬁﬁé:}aquinX$nt‘{ﬁnaladiﬁg the abimogs
pherg) and lence had an iﬁiaial enermy gﬁuataw Ghun 1&7'@¥u
oreover,; the solid enpgle was narrow because of the prosence
of the fissures of rock. The Inbeusity moasured was vhus

almost vertical and was walfected by magnetic variabtions.

The other results are those of Duperier for the

botal intensity of cosmie rays as measursd by a counber

b o 0 g g PR Sy ey o ¥ 4 et e s3ed Ty mpaaead ede e 0T I T TR
telescopes Duperier obiained a duily voriation with a

durnal component of amplitude 25 % and hour of maxiuun

ent with amplitude

iae Lablboer was

off muxlman ot about 03 hrs.
thus negatively correlated with bhe daily vardabion of

oy i oA . J = Ny ) 5
ArOWid DIeSHUTG.

Aeqy AFs s PN . e By, gty J §e T g e JERPL NS SN ST I » sy 2y by 2
An explanation for hobh those effects is sought in

baras of the Pekariﬁ§9559 thwory of atmospheric oscillations,
the implications of which have been examined by Nicolson

and Sayabhal” e Yhe main feavure of the oscillation is Lhe
vaversal Qf‘phﬁﬁﬁ &“ﬁmf a hedlght of aboub 30 km. above
grouwnd. Thus for helghts apto 30 kme the pressure varilatlon
has got the same phase as ab ground. AL 30 kme there exists

&

a nodal surface. Yhe pressure vearistions abave this swriace
T3

have a phase in opposition 4o the presgure vardations below

S,

These pressure voriations are direetly connected bo

the variations A H in the heipzht of an isobaric level

v-‘}:ﬁ . . ) . 20



Csituated at g segn helght 'HY Por levels upto 30 kme an

Ainereass of

ound pressure would correspond to an elevabtion
in the dAllerent is {;bd.li levels. fowever for Levels above
30 km. the phase <:»i the variation woudd be reversed mud on

increase in ground pressure would lowsy 213 the isobarie

levels, vodues of A B eorrosponding
£h

ehanpe of asplitude 1 e, ab sea-lovel are piven in Table 2
for various helghts THY, The gaplitude of the oseillatlon

Increascs with decreasing latitudes by a Tactor of aboub

509,

&

08° N o The values ziven are for MN= 0 and M
Tuble 2

10 20 3G LO 50
D12 W02 @002 =086 =272
<003 W003 « 007 =-,023 072

>

2% it
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.4 &

g g2 °
o

H {knm. ) 60 70 80 90 100

(B0 w90 o510 =60 wio05 w222
U {kina }E : )
/\315 ﬂn’;z{; "'t?gﬁ N'g._‘i'é.) mmuzg "0@-5?

The posltive or negative correlabion with the seni-

diurnal cosponent uf’ groud pressure onn bhorefore he

axplained by asguming bthe meson formabion mx.&m“* to be sither
avove or below 30 km, ves speehively. Nlcolson and Bareabhal
have shown that the positive pressure effuet im Hau's vesulbs
ce.:;;r; be explained by assweing that the mesons are formed ab
an averapge helght of avout 65 hme above grounds Above the

nodal surface ab 30 koo the anplitude of the pressure

3: 8 ’ 2 &
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vard dt¢$h 3'1?3563 rapidly and attaing at about 70 km.,a
.Vﬁlﬂu ol the ri but order to explain the ground veriation of
meson intengity. ﬁam&?arﬁ’ﬁhﬁ sortion oi atmogphere lefs

above 70 kae is ouly 1/8000 th of the whole atmosphere, The
primary redistion has therefore bo traverse only this much
mass befove it produces the secondary meson component. Such

an assunption leads Lo an abnormally high value for the crosse
secbion of meson formabion, 47 the primsry rediation is suppow
sed bo be compossd of protons. fven for beavy nueclel in the
primary radlabion, such ag are found by Eraiargﬁ'%t al., Ghe

discrepency would not be removed.
The negative pressure effect observed by Duperier can

"

be explained qualitatively by assuming the meson formation
layer to be below 30 km. The height varistion is in phase
with the pressure varlation below 30 km. An increasse of
pround pressure is asseciated with an incresse in helght of
the various Isocharic levels. The cosmic ray intensity is
thevelore decrsased beecsuse of an Inoreased probability of
meson decaye. Since an incregse in grouwd pressure also increases
the masa 4uﬁarnh¢mn &fiﬂ by both these effects are in the
gane direction. Duperier has got s pressure coelficient of
w3a5 y per cueige out of which 60 % is abtribubed by hinm to
Hass absorption and the remginder to the decay process.This
requires an amplitude of helght variation of sboub 22 metres
at bhe naig&n of 16 ke As is seen fron Tabl&la, the masimaua
dis>lamamnnt of isobaric Llevels bolow 30 kme. is only about

3 metres ab 50”~latibu&&.

E o : 2,



iY is evident, thereiore, bhat the positive and negative

pregsure eifects obtalned Ly Rau and Buperier cammm bo explained

»

quéﬂﬁi‘i&-:—z"‘aﬁ.vﬁiy on the bagis ol varlations of the heights of
iscbaric levels,produced by the Pelteris oseillation. Un the
' 0‘51;1'@ P _%*;axfze:ig, it is difTiculd to imagine & alternative process
‘witich ean produce such veriatious in cosmie ray intensity.

3 S.tataemeu_m; of the problen s

The bm :d featuyes of the problem of the tine-variation
of cosale ray intensity can be sumarised as f@ll(:st -3

(1) Dopeudence on the latitude and altitude of “Lma
statioe— The seniediurnal component of the deily verdation
of & ‘m-:::-zs;ﬁ:w:zﬂi{:t;a ragure in expested to produce veriations in

the meson intensity. The auplitude of the pressure variation

-

increases yag z:i.dl:y for decreasing latitude. On the other hand,

‘-...:

the day-to-day ehanges in baromebric pressure are more prominent

in ‘1:;4 her latitudes as compared to the troples. A study uf‘ the
day=to=day variations would therefore be mor e revealing in
nlgher latitudes whereas a study of the duily variation would
he more reliable and cmm‘ms}im in lower latitudes. Also, bthe
ag%},.ain,m, of the varliation of gosmic ray intensity is wore
prouounesd at higher albitudes. 4 ﬁ‘é;m:iy of the variation ai
mowntain stabions and at low latitudes is,bheref ‘ore,desivablo.
{2) Dependence on bhe nabure of the payticles - The
nature of the daily variatimz of cosmic ray intensity deponds
Clargely o upon u}l@ nature of particles wder considey rabion,
haecause (a) the intervctions of the various types of fuandoe
mental partieles in cosmic rays with the constituents of the
atm 5;:;1"&31‘*&;_;;1?@ different and (b} cerbain components of coswic

To “1 -"7f'f E | 3,



ray iﬂ%@ﬁﬁiﬁy,arﬁ»prédueed primaydily in certain sbrata of the
atitosphore and ‘l;hém J_s & Ag,x*’é;ﬁ; deal off dlfierence in the
variatiaﬁs of the meteorologlcal factors ab different elevations
The nature of the dally variation depends,;therefore, upon the
eomponent studied. To resolve the complications dug to these
factors, it is desirable to gseparabs the various components.

{3) Dependence upon tho angle of lncidence .. The phase
and amﬁiituﬂe»af the dally varlation are dependent upon the
angle of Incidence of the observed particles with respect Lo
the zenith. Measurement of the intensities within raaﬁriﬁtaa
aﬂgiag i#, ﬁhﬁ?@fﬁrﬁ} expected to bring out more cleaviv the
amplitude and Thase of the true vaeriation. It is desirable,
ﬁh&f@fbrag to use counter telescopes (with narrovw angles)
instead of ionisabion chambers which measuve inbensity From
all directionss

Taking these fuctors into account, a special apparabtus
was designed to study the btime-variation of the variuus eosnic
ray componanty in low latibudes. The apparatué congisted of g
number of triple coincidence telescopes wibth varying amounts
of absorbér. The instrument thus measured the totel and the
meson intensities restricted in narrow vertical cones.

Buplicate units of this apparabus were construsted and
inastalled, ﬁné‘mt the Solar Physics Observatory, Rodaikaval |
(magelats 1%, alt.7688 £t.) and the other at Ashmedabad {mag.
1ot o13%,alt.180 £b.).

The results obbalaed at Kodadilkanal by the autbor are
deseribed in this thesgls. Tho n&turuAuf the varistions at |
Kodaikanal and Ahmedabad is discussed in chapter IV,

1. - | 3,



Phe mein components of the apparatus used for bhe
present Investipsation are Gelger counters with thelr assge
ciated electronle wits and an auvtomatie photopraphie unit,

ALl these were prepared in the laboratory.

section 1 of this chapter deals ﬁith the experimental
arvangement and the photopraphic wit for takiﬁg aubomatic
hourly exposures of the dials of the mechanical recorders.
Sectlong 2 and 3 zive detailed accounts of the Geiger

counter and ghactronic uwnits used in the experiment.

To Luperimental arranpements and the automatio

photographing devices

Ry

Tal sxperimental arrangement for measurisg the total and

it

Lhe meson inbensitics e

The epparatus conslots essentially of two sets of
three triple coincldence ¢ounter telescopes. Following is
& schesatic dlagran of the counter arrangenent and bhe

plectronic mits associated with 16w

IIQ ' ?"



Pige Tu Experimental arrang enent, for ueasuring

' Lh@ total and the weson intensities.
Five counter trays A%, 5%, O, DY, BT egach conbaine
ing fowr G-M cownters in pavallel, are arranged one above
the obher and the brdple coincidences ATHYCY, BIGYDY and
CYOTEY are moasured. 4 simllar set of trays A7 '-Ei-“_ﬂ CYy 1%y

BT i ar alongside of them snd colneidences ATHHCH®

prgnon PR are measwred independantly.
The output of esch of the trays 4%, 1%, €Y, Y, 4¢
ig fed to a separate quuncu¢r; mit (G ebt.)s The outputs
+1 vu’ V g A g g i ooy gt P ¥ ity oy A JI" )
ol guenching unlts Qq, aggg ard Wy are I gd Lo Lhe ooineh al{;?x
unit ﬁ; whdoel plves an output pulse only vihen ui’“jﬂ andd

x:’:; ) 1‘.



'Q§ ave trigpered ¢ simdtaneonsly. The sutput of W; is fed

-fir;t o oa 3?&1ﬁrA'$9 ~@a& thence te a ;wczaxi al recovder
ﬁ; o Th@ALw0¢rdars &I, h% Cand R§ thus record the scaled
golncidence rates 1”’V', BYCIDY ang CYRIEY, Similar
rocorders ﬁ¥5 §g and R§ (not shown in the figure) record
the coincidence rates AMIPQH, BUORDN  ang  gupee,

he sensivive area of vaeh of the Lrays ig about
500 SQubﬁmﬁa (length = 30 cwms., breadth % 16 ciisa ) and the
vertical sepavation Letween any two rrays g 20 ous.
serd angles of the telescopes ATI'CY ebe. are bhus 377 in
the lengthuiss and 22 in the Lreadthwise divecbion. ALl
the counters ave arvanged with theiyr axes in the oLl
south direction. Thus the telescopes measmred particles
in a wider angle in the N direction thaa in the Hey

2% 1 P

direction. Since oune of the primary objects of the exporie
ment was to study the daily solay bime variabion which is
produced by the rotation of the ecarth from West to Lant, a
ﬁarrmmar anglo of the teleseopes in thi$ dirvection was
gxpact ﬁtm%&zﬂv&zﬂwmw,Xn&mmmmatmeumy CYel? and
DYDY and also between DYDY and BY.pv lead plates of

38 ewm. ¥ 30 ome and thickness of about 1 cm. are piled up
one asove the other. They intercept the solid angleaol

the telescopen 3 OBTOYDE . BRCNIE ang YR 5 CUOMEY  comples
tely and pive aﬁ efffeetive lead thlehness of 7 one babweaen

trayg CV-C0" qud D'-D" and € oms. between trays D=0 and

ek

g

AMAE

11 : 1



=3 2 e

e “r;j '::u; aice rates g and - L reprassat
| LLBT dig 1

the -*t;c}'f;.zz.m gosule ss’ay‘ dnte msity and are de ssignated by
N et RPN P T, . --(} . o

ana WU renpectively. The rates K, and i, ecorrespond Lo
) 3 2

the dntensity of particles, which can penetrate through

. ¢ §1;
7 cws of lesd and are desi Lenased as L:ai i .ifi,l reapeeihle
vely. The rates 'z-':;3 3 xiq tmrit“efspu Lo Lhe intenslty of
o

cosmic ray particles capable of penetrabdng through 15 o, .

RS
wr
i
He =
£

A

S R SN R g N T T k-
of Jaad and ave desipnated as 4.

"

ih.t: COVBILOY 05 ;ZAT.::IIBJ.}.:I?' 2 wi_&;‘xlu LB CHCLOSCE AN &

whers the investies

Way carriod of grouwnd bempersture ig
. ey s 3 v enft Y ot :
very sumall {~10Y F). The use of an ins wlating material
o bthe walls reducos LhHe vranre aof dhe o AEy Yy s
L03 Wne WAl Ll reduces the ELES 04 G0€ Lenperaburs varise
tion inside the box s%ill further. Ac bual measurements
. - LI {} frve) o 3 - .
& odess than 47 F during the course
of the day. No special tempsrature conbrolli ing device wag

Tt l.’i
z

therefore needed for the present investiration.

The advantage of having twoe siallay talescopes
running independently side by side is in mrovidiag a conpas=
rison with 1*4;,%5;3“ 't to each others In casse a bele 3300pe
stops functioning because of any counter fal Lure,the rate

x

of the adijoining telescope gerves for atandardising the

counting rats of the covrocted telas scope in termgod its

or:‘.;:‘::i.naii. rabes bven obherwise, twoe independent teleseopes

showing similar trends of variatiow for any cosmic ray Compow

nent incroase the reliability of bLoth oboervations,

II. | Lo ‘{o
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The advent & b pi@ pedinvidence arvonpensnt

over g deuble ¢ tﬁ&éuﬂﬁv‘{?rrng ment: ig firstly to reduce
the olifect f siﬁe«shaaerﬂﬂ A8 estimated by Ureisen and
o
5‘ A e Tene Ton 4 tr erluees st
lc“uaﬁﬂ rhe conbribution due to side showers o a

=

vertical coincidence rate at sea level is about 15 % for

o

louble coincidence and 7 49 for triple coincidencs for a

¥

separation of 35 ome. bebween the extrene counbers.

Secondly, 4 multiple coincidence set-np helps in
redusing the percentage ol chance cemn sidences. 1T & teay
of gounbers is measuring cosmie rays at the rate off Tng?

»

Dar 568., bhevgrobability that a ecount will oscur duwring

o

= a

5 bime interval 6% {vize the resolving time of the

coincidence sircuit) is

?1 - n1iﬁt w B W 0 8 @ @ ¥ & A 6 W (7)
For otier brays with counting rabes nopy N, eLC.
2 29 g
the probabillties will be Py, ?B ebo. A chance coincldence

3. 2%

greurs when independent par&zcln& pass thy :15h g diff g
rent trays all in the sawme time-intervsli '4%. The prova-
Lility that two independent counts will oceur dupring the

same interval 'tV is
Py - w 2 PP 22 tialla® tg _ ' (@)
1,2 B g olly e w ow e ow 2
The product of the individual probabilitles is
Cmultiplied by 2 because the time interval is overlapping.

IIQ : o 1q




For mefold colncidences

Pg n = Iﬁﬂﬂ'ﬁﬁ- ; ’I’l"‘fam ; : (3}
}F*‘af}““"‘m o F 1*ilnee oty ® & 9 & @ W & @

LI the tray rates ng, 0, ebtce are all alike
. b
PO m
Pemea « 1% o . % B W w W B & 6@ U#)

This represents the probability off a chance coingie

dence duwing an interval 4%, The rate of chance colngie

#

dences is glven by
S o D e @ g )R =
B & & / 'ﬁ\w Mme 3t =« (3}.’{3) T ¥ o F 4 & B B 8 @ ( )-)

. < Nate 505 R = 100 « m o me)™ L. .. . (6

&9 g

The resolving vime "4' of & coincidence cireuit igs

3

ugually of the order of a few microseconds. The factor

(nt)mm? therelores, decreases very rapidly with increasing
values of W and more than compensates for the increase of
'RY due to the factor 'm'. Thus multiple coincidence
arvangernents are instrumental in reducing the percentage

of chance coincldences. The percentoze csn also be reduced

fmia

by redueing the individual counbing rate "n¥ which is
however not desivable, since hiph counting rates are
necessary o gob stabistleally similicant results within

a reasonzble periode

The uwse of a scaling stapge bobtween the coinecidence
£

and re ccording sbase gerves two purposes. Pirstly, it

11, - 1,



raduces the cowmbing rate and the wesr of tle z‘mz;}izmimai

recorder which has usable range of about

ration. Yecondly, it
resuses bie losses due to tho Findte resolving tine of

Lihe a,m“a.,.m gnd Jum_,rtlef*

dhen e resolving Uiume of the mechunical- recorder

is T (ol the ovder of 107" Bec.) it can count only those

pulses which are separated Prom cach obher Ly at leasst

%

Gime interval Ta Pulses followlng each obher within this

interval would only be counted as one. If the resorder be

now aulbjestodwy a randon counting rate avers

5

?Ii ¥

per seeond, tae average nunber of pulses arciving during

e

¥ ds given by

&

the interval
nEn e TEUM, vwhore 8 1/6 4 o v v o o (7)
Yor a rsndom distribubtion the probability that ¥t

aunber o particles will arvive when an sverage rate af

$ =

m' is expecied is given by

X en 41
io—z-wv g * o & 8 s 6 4 0 & & @ an ( 3 }
xd

;::

X

Y

For preper counting, the rote Tyt goming during the

interval T should not excesd wnilty. lense the probabiliby

5 % N VU S 3pe e
of loging counte is glven by

I"IO ) 11
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Yor low counting rabes *™m?!, the fraction T i
small and the Iractional loss given by (9) can be taken
tu be n = ”ft Lo a Mirst approxinmatlon,

!'. -

if g we j;nw stage is now introduced, the oxtput
of the sealer willnot remain o Poisson distribution. For
a4 scale of two, the losses will occur when the nmher of

"'45,.\
particles aveiving in the interval T will excesd 2 The
fractlonal loss Is therelore given by
% = oo — -
—_ &
Pz Bl e™
£ =D ®e
] -i e
' & T
o 1 faid (j“ﬂ+§.~. nioa} "11 (i‘“ﬂ+m qnnm)
; <
ne =3
m&“%.ﬁ- wa»n.ono»oooacon(ia)
23

The fractional less is thus reduced by a Pactor of
about 0/Ze Por higher scating stages the losses tan be
shown Hva be almost neglibible. The only limitation tien
is the resolving time of the scaling stages themsolves

which 18 genorally of the order o

w
ok .

£
b

L Feow microseconds,

Te



i Kodallanal, each scaler conslsted of three

: L - . !
soples of Lwo connected in cascade giving bthws a reduction
, g . .

in the rabe by a factor of 27 ap Ba : :

The voltages given to the vorious al@éura&ié unlta
are Lfyrom fowr voltape terminals vize L0V, EibV, 150V and
70V eath obtained Crom a separate elestronically repgulated
power supplys The high woltape for the counters is obtained
from a cowmuon high volbtage power supply provided with

: .

mappiﬁga diffe?iﬂg by 50 Volts in the range 1000-1400 volts.
A1) Ghe counters are operated at aboub 75 volls abéva

thelr respective thireshiold voltages.
"K%

In the initial stages of the experiment Lot of
trouble arose due Lo interfeeding in the electronic
circuits at Various stages. To overcome this,gystematic
meagures had to be &ééptﬁd, Firstly,shielded cable for
iﬁta§£5§§écgiﬁg'ﬁhﬁ counters, the quenching units and the
coincidence wnits was used. Adeqguate earthing of the
shields of the cables was very essential. Sccondly, dee
coupling condensers were pub across all the volbapges
terminals viz. high voltage 1000-1400 volts, 420,150V
and =70V, Thirdly the bias voltages of all quenching

units were properly adjusteds

The electric supply at Hodaikenal was found o
be extremely unsatisfactory. The maina voltage used to
Tlugtuate between 100 and 210 volts. This bhad no effech

on the power supplles wihdich were highly stabilised to take

Ixo ) Te



gare of input variations from 150 to 250 volts. hen i

\ . " 4 X - 5 " . e " ~J

however, Lae maing voltage dropped down to 160,Lhs 5
b : wtatt b

fil&mentigugwwy was affected and the £4 liﬁcun used

to zeb mueh lass than 5 Ve instesd of .3 Vo A consbant
voltage tx rauslor was therefore used. This Qaﬁ capable
ol giving a constaub oubput of 210 velts for a flucbustion
of 150 to 250 volts of the meins volbage, for a Ltotal

a,

current drainage of aboub 4 amperess In the pres a"?.“L

.

!

investioabion Lhe oversll curyent drain was only 3 amperess

4e2  The autematic photographing deviee iw
"'\%

The mechanical recorders are mounted on a panel
and photographed every hour by an automatic photographing
device which is shouwn with the camera unit in the

following diasranm

MOTOR

fig. L Auﬁamaﬁ&a pHOLOLPllen“ device.

:I‘In . 1.



LubCe are mouwnbed, formg the end o uéu ol o },,ig:-:%s;'v'.;.

Toarnap i o om 2 ‘f ERRAR ey ] 1"‘" se 4R
IE e v L3 8B et ‘i‘b-«-d% WA RN R L

the Lens L ig adjusted 8o as to focus the im

péﬁgé‘;&_ﬁ" o Lhe photographic Lilsm running in the proove (.

The film is wound on the spool “; and pets collected on

the spool ;5::;" after being pulled by the sprocket wheel

Wo The shaft of the sprocket protrudes outside bhe camera

box gmé Lo driva?n by an electric motor. With the heélp of
, L

a relay avrangement trigrered by an electrical contacs of

a few seconds duwratlon made hourly by a clock, the Lollow

w@g %ac:;,aema “ui' operations is achieved at repular

hourly intervelss

(1) Momentarily lighting of the bulbs by and }.il?_
which exposses.-the £ilme . oimo o

aa

(11} iloving the exposed portlon of the film in
Front of the lens by a distance equal to the size of the
image on vhe Lidm and thus saking the cwaera ready for

a frosh exposure.

The electric motor has an internal gearing AT Pan G
ment, 0 that its main shaft rotates with a very slow speed
vige one revolution per minute. Two ebonite cams each
px*‘mssai;m; apaingt a soparate switeh 4 1 and ‘312 are mounted

on the shaft. It is so arvanged thab i"i,z ig on when :‘.32 is
off' and vice veras (Vig.R.(311)). The shaft of the mobor

rotates the wheel W. The switches ave iu a relay circult

ILe - T



o

shiowm sehenetically in the following ﬁ&avrn, $

|| et

«Q01pF

Flge Je  Sequence conbrol ciprcuit.

The motor cireult is made either when “s s closed
o when relay Rw is closed, In the normal positlion of Lhe
shaf't of the mobtor, bthe switeh 32 ig open while & ? is
closed,

{a) livery hour,the minute hand of s pendulum cloek
closes the contaet € and the grid of the Lhyratron ?73
which ig normmally biassed negatively, receives a nositlve

pulse of 150 Y.

IT. ' ’ 1.



Firxd

(b} ‘I'he thyratvon ¥q passes current and relay Hyq
I

4 2

closes wher ay the iaup glrcuit is nade. f 1ﬂmibuﬁ&an31v §
. r#\ ";.,
the plabe cireult of ’.‘ii‘,t sets epen and ‘f“,! LEGOMEH M-

conducting. The ralay(ﬁi opens and the lamps get switched
off, bnﬁ plate of i? gets a positive voltage bub does not

beeons aau&ucting as the grid 1s novw negatively biassed.

(e} The positive pulse Lrom the plate of T3 i fad
S Lo Ghe grid of dnather thyratron w? which becomes now

v

cuaﬁuvtinJ and ﬁpurabaﬁ he relay‘ﬁ? since SWAﬁchfbi'is Ol g

{d)  The motor circult is thus completed and the
main shaft stoxys rotating. The switch Si lg soon openad
by the cam, and {he thyratron cireult gebs broken. Jub the
guitich S, 18 now on and hence the motor keeps rmmning till
the main shaft rotates through 180 and the other half of

the segment under 5? apain switches it offe The size of

the wheel ¥ i adjusted se ao to pull just the proper

Length of Pilm durdng hall g revolutiongl the shaft. Switch

Sg is thus lelt open while switeh 3y is closed.

The sequence of operationsis now complete and cannot
be repgated wtil  the grid of shyratron T? azain recoives
a positive pulse. This occurs only afftter an hour's interval

«

when the clogk operates the contact

The penel P conslsts of an allweinlusm shest with
slite Ffor tie dials of the mechanical recordey and a cliroile

Lar opening for a timewpiece. A plece of paper with the dabe

of the day is mounted in one corner of the panel, In Fip.
: £



w ;}3@ 5w

K . ity ol . . & o P v ey R
g reporduced a byploal photograph taken houwrly n,f Lhe
- ]
‘ !
" . ’ N
ganera unit. “ S
. ~ A

fige aﬁ ﬁﬂldfgxnma"
OF  an Bourly axpOsira.

The £idm used is of the atandard Kodak Saper XX
types The spocl 54 ean hold about 30 £t. of the film at
€

a hime. YThe camera undt O iz detached from the root of

L Just afber the 9 ALl exposure,

n-m

and opened in darkness. the {ils eollected on the apool

Sé is cub go &% Lo include the 9 ofclock exposure. The

locse end of the sbeck filuw is then attachked once again

Cho the Lake up spool S; cand Ghe camers unlt replaced

in ivs position in the appavetus., The cut oub portion of

»

Cthe film is valoped and ﬁa»hwdm

(i

The hourly data 1s nobed

Wi oand anslysed as described in Chapbter I1X.

Te3 wrpeyimental arvangemont for measuring the hard
component which can penetrabe 30 €. of lead e

k) i?
Whe counting rabes m? wid Mo An et correspond

Il _ fe



E Y S S S S
Gl wnbensity of cosnic yrave

Lhwough 15 cme of lead. A additional it

aan poenstrate

the intensity He

showar below for studyling the voariation of

shat could penebrate 36 ¢ie of Load.

Or messuring

Fige 5e uxpam mental arrangement
he hard component.

Bach ol the trays A, b,

Feartan ) Py o % g TR
parallel. The counbers are

deseribed varlier, The outpubs of

Go the Ghree quenching unlts

assembly of

direetion,

goincidences AL are reglatered by the mechanical recorder

R oafter sealing Ly a factor of 8 by

A

ab inswlabing material.

; conbains five combers

vhe Lhree trays are fed

the scaler J. The

couwnhers is enclosed iy w with walls of

along the northesouth

e axes of the eounters

directlon aod the trays are separate
distoance of 30 em. The s senmleanoles of the bole

thus 22% in the neréthesoubi and 1550 in o

The tobal thiclness

a vrertical
HOQPE are
the eastewast

between the snd



trays 4 and O dg 36 eie "’“m«;‘z recorder h Lo mo iK?.UR{:. on Lhe

o |
fﬂfi oot ﬁh& camers box and is photozraphed houwrly. |

1ok Vardation of stwmospheric shower intensity se

CThe variation of the intensity of sbuospheric
showers was ptudied for a short pordiod by a nodillcablon

of the apparatus deseribed In 1.1, Altersoabe gounters of

s T

bray: Clare connected in parallel md the triple coincldence

i

rate of tray Afand the twe sections of tray 0Tis neasured.

The avrangessnt thus repisters only atumospheric showers

witheub any absorber. Tyays BY sad B arve removeds The
_ . *-\ .
oubput of tray A¥is fed Lo the guenching unit g and

¥
that of the two sectl s}nf= of 0' to the gquenching uwnitsiyy and

-3

.1 o . Y .
C\z,gg; fhe outputsol Qg ¢ ﬁ,?, and ﬁgS are fed to the coluel

it E‘Z% as belora, 3ince both sides are used Lor thig
y ¥ s oW . \
wmurpose, the recordsys Hey and £y  plve the independent

vates sealed by a facbtor of 8. The combined

(43

designated by S

Gountgr iw=

o
2
o
&
Fdu
1’?".;
@
3
Lo

2.1 Coumbter tube technioue i

The passase of & ehavrged particle through a g85,

€2
f
£l
Fad
[3]
P
&
e
f'i:
o
o

i

vl

produces lonleation. I there is an elec
electronsg tyruvel towards the anode and are colleched by

dte The positive ions drift towsrds the cathode, ab a

I:It 2.

dence



slowor speed becauge of thelr h@aViﬁ?vm&ﬁﬁu in the case of
a uu.&wu; couwnber, generally the cathode is a aopper ;
cvhinder and the anode is é.ﬁungat&n wire stretehed al&ng‘
the axis of the eylinders The electrodes are enclogsed in

a glass envelope which ifis filled with a fas.

Gonsider an experinental

Counter cylinder

arrangemsnt as shown in
Fige 6o & ?@ltage;vg is
applicd across the elete
trodes of the cowter
thwough a resistance R
having an éﬁsﬂciaﬁed CAPQe

city € in parallel. The

Figs 6., Fundamental counber. size of the pulse developed
clrcuit..
on the central wire (anode)

is determined by the charge collected by it and the effec
\@ive capacitye. For particles of unit electronic charge

(1,60

central wire is pgiven by

Ry B . n .
107 “coulombs) the rise of the potential of the

a )
dvxgx%—:‘héﬁxfﬁwixﬁ» P & ® ® & & » & @ (‘2)
L G
where = Mo, of electrons collected, C = the effective
capacity in micromiero farads and dV = the rise in poten-
tial in volis. Yor low applied voltsges Vo, the nurber of

electrons o' arriving at the central wive is equal to

&
‘ -

Ix,



» > i

that pr ’1&52 in thv xﬁlalal fonising event uinus the |

)

b,

3 7

number which has r"s;‘ s wy recoubinabion. ?ﬂ;» STy
i wihieh h Heappeared by recoubinabion. Yhe gounty

»

is then wu;mmh@ Miﬁmamm“ ahw&zmhﬁﬁeNXw”mﬁh

an decrease of the voltage Vo iniviates the produce

3 Ul

tion of sec condary electrons by collision. This process

sterts fivst in the neipghboursoed af Lhe central wire
where the Uleld ds strongest and is suillicient to perwit
ovey a mean fre¢ path of the electron an acceleration

) ,
adeguabte Lo caﬁgm further Lonicat

e

on by eollislon i.e.
he il swvlﬂ’anafgy of bthe slecbron exceeds the lonisation
?ataﬂﬁi&l of e gaéa AL this stage the original electron
COs
precipitates an Yavalanche® of secondary electyong. I
each initial lon-palr produces 'A? lonwpaivs by this process,

dvxﬁnéﬁfﬁwi}?{% nwvn-biﬂuwﬂﬂ(g)
Q .

-'-r

\ TAY ds termed  the gzas amplilication. Pepending

upon the voltage Vo , it varies Lrom 1 o 19?

in the
'proportional region' which is characterised by a constant
value of 'A' fur a partichilar applied voltase Ve The
pulos ﬂire in this region is proportional to vhe nuwuber

of ions yruduh@d in the initiel lonising evens.

For a further increase of V,, the coumter operates
in the region of limited proportionality where the factor
TAY is not constant any more. Its value depends upon the

size ol the ilnitial lonising event and is smaller for

highey Initial 1ax sablorie



when the applied voltage ¥, is incressed sbill

more, bhe size of the pulse 4V on ﬁha a&ntr&l wire becoles
¥y A % %
3ir

r A

independent of the nuwmber of ifons formed in the initial

lonisging evente. The product *An' thus atbains saturatlon
and the counter is sald to be operating in the TGelger
regiont . The minimum. voltapge ab widceh the ssturation
ocours is terned as the 'threshold volbage? de for any
vmltdﬂe V grester than V,, all the pulses arriving on

3

t:hea central m{m are of a particular sisze, proportional

{0
to the overvoltage ([ V Vi Jo The number of lon-=pairs
produced in the initial Jfonlsing event is largely dependent

o

upon the natisee of the particles. Thus,in the nonerelatie-

5 several times more

foln

vistic region,an o, « particle
ioniging than an electron or other lighter and singly
charged particle of similar energy. The pulse size d¥
dﬁ‘ml@pa:i ot the mnt al wire due to an oLe particle ond
s;m ‘alectron for different applied voltapes,is shown in

oo
Fig.7 {originally given by Montogomery and Montogous 31y 77 ) o

PROFORTIONAL REGION OF
REGION _LIMITED
PROPORTIONALITY

ORIGER | CONTIMOU
REGION | DI P

-

Hige Te

Operating chie
racteristics

ol a countber

in various regi-
ong fox large
and small im;iﬁm
ing eventse.

threshold

O{~PARTICLE

{
i
B
.

|

COUNTER VOLLAGE

ITs




iy 1;:(;5 S

tam gud Jf the Qai rer region the counber poes |
{
" , “J

nbo aﬁg rwnﬂly & continuous dis charge which actually 5

conalsts of a number of fast mulbinle pulwaﬁ.

In the earliest experiments counburs were used

vobh in the proportiounal and the Ueliper reglon. lowever,

in mosb conteuporary experiments, especlally in coincidence

3

w@rk counbers are operated only in the CGolger reglon. The
] & ) &

rgruamm& invuﬁuiw§t an has been carvied oub with Gelgoer
counters, Gue discussion will thereiore be uoui;ged ondy
to this Lype .of gounber.

"\'h
Cihe mechandisn of a Gelpger counter mPﬂ&Fg& has
been fnvestigated by several authors and th& work has been

56
summerised by Korff

ES

in ais book 'Electiron and Huclear

Comnbers= Theory and Use.? Pip. & gives the Yocorona' or
conbinuous discl wrww'
chavactaristics of a

wmter in the circuit of

L“,}

Mee Ge It is evident thab

3

the digcharge cannot be
maintained uwnless the
volbace and the current

I

CURRERT

min. exceed mininum values Vg

anel 1 e : VT
and Lin regpectively.

Fige. 8¢ Corona hd?mbwﬂ“iﬁtiﬁ The current Im., £lows
of & counber man

through the resistance b,

When the counter is operating ab a volbage VYV, > Vmin s Lhe

IT. 2.




o on Bhe counber 1 ;:z Vo = Ve » £L the volbage

drop K Lggq exceads bhis overvolbage, the app.'i.i,sgd Yy

OVervolh

\tttn.

counbor &».LLM;&"M; 3 11'“3@ dowi below

. et o e e g - BT P i
aisenarge stops. Lf YV, is incressed sulfie

Iow gy Ly an
appreciabde amount, the cowter btends to zo inko a contle

s

nuous discharge. §| iz thus the elffective range
of eperstion or ‘i;‘iw Tolateau® of such & comber gnd the
resistance 'h! derves the purpose of Tgquenching® phe

4

discharge sud keeping the counter ruady for detecting

e—q!

the next ovenb. Thig interpretation is not howsver

T By
strictly. avcurabe snd should be aocepbed with reservabions.

The value of the resistance & cannoet be inereased
indefinitely as it would incroase the recovery time (RG)
of the circult and thus put a lisitation to its use for
fast counting. Hesort is therefore made bto electronic
civeuits whieh gserve the purpose of quenching the di senarge

» 2 * % ‘W’l
within a psriod of about 1077 sec.
e the same purpose can be achleved by introducing

'

some heavy organic vapour inside the counter. Such counters
are termed 'ielfwguenched counterst. To understand the role
of @ polystomic molecule in the procuss of quenching the
Qisecharge, it is {first necessary to discuss bthe mechanism
of counter discharge in greater detail.

The genorael picture of the je'zrl;z;s_sr:e.fm mechanden as

on
suardned by Nontogomery and Hontog ?if!ﬁf’:}:“y) is as follows,

L.

i
®



i uluvfmmu formed Somewhere in Gie lnterior of the um&a?&r

ide dmen ot e d ey Vo e 3 evryd o vaee apess 4 T PG
dug o donisation by sowme loundsing event, is adcelsyrabed)

A

Lhe conbral wire snd Torms the "Townsend avalanche?

by

procwsie Because ol the

clevtrong, Lhely collection &b bthe central wire is over

within a a mlore-secorud, Uy bhen, the positive

B ey o P emmnn Ta gt PO, R T2 sm pmr e sy e o - .
ilons bave herdly woved any distance and heange form a
AT T O UR. DU T VR & SN P T S L5 c VROV, S
;GS;%&%&.iﬁﬁ shngath argund the central wire. The effect
T Y SR T S X SN S S e Yo A Ry I B o3 T Bl o
is bo reduce thd fleld strengbh there and thus stop the
{

X 1 ‘ LF L AR 7 L . s ta gy e B oy N TR DO S P TS a4
dischargs. Yoo POsLh ive lon sheablh serwves the purpose of

ehing the discharge, whereas the rusistance

5-1

astually quene

e

K hnelps in leahng the sace back to bhe central

P

wive ard thus serves the purpose of & Yrecoverv resistancet,

The discharge remaing quenchad so long as ne further

4

glegoctrons are produced by auy subsequent protess. When th

&

positive lon sneath reaches the cathode it may produce

r‘v

Py

secondary electrong by positive ion bombardrment. These

electrons neutralize the vositive fons and the neutral

moleculs ealts 1ts characteristic reconbination radiation

{ ohobons) while returning to dts ground stabe.

k7l

e
&

hase

photons may endt secondary elecbrons on reaching the cathude,

"y

depending upon thd photoelectric efficiency and work

"

funesion of the mabterial of the cuthode. The voltape Vﬁﬁn

can therelore e interpreted as the wnlbtage ab which every

lon sheath produces ab least one electron after reaching
the cylinder, The secondary elesctron then produces snother

x

Tavoalanche? and the couwntor gows Intoe a continucus discharge

el
®

Ll



8 m

i b3

7

The Dunction of the *@u&nchimg TR

shotancs’ or exteraal

. . . i

guencihing cireult 1s bherc clore Lo Reep the potential ol J
W o . . A

Gue wive welow Vg, wbil all the positive ions reach bhe

neubralised blioerea,

{’3:;.3. indur sd

The initial avalonche may not always be strong
encagit to produce a positive lon sheath capable of reducing
the wire potential below Ly However, thera are photons
forwed in the in iﬁx&h avalanche itsell, whiev on regching
Lhe eylinder ageut gecondary electirons which form’ fvw*u&w
avaiaﬂsnaﬂ. The wire thus attains its £ull drop of potential
aob in one ele Q}rmn évxidr chis bub in several stases in
QRiQM\FuécwﬂﬁiQﬂ. Yhe subsequent recovery to a new operating
potentlal is as usual controlled by the exbernal guenching
circuit o resistanca,.

This mnalysis by Montogonery and Montoromery ‘is

o o 58
extended further by Stever”  Go inberpret the 'dead-time?
and recovery time? of a counter in terms of the motion
of the positive ilon sheath. "Dead Qtimw‘ i the time intere
val durdng whilch quenching mechanism is in ouv“ab¢on and
Chence uo now londslng event can he deteatad, For an uvent
yecurdng Just after the deat time interval, a small pulse
of a barely d%tueﬁmhl@ size is developed. For later and
Latver dInstants the pulse developed is bigger and bigoer
AL Dinally it vegalos its norsal sise. The phenonenon

as seen o a oscilloscope scereen 1s shown in Flg. 9.

I, ‘ -



Fize 9. Oscilloscope pabbtern of the
deall=time and recovery time
pHeNomena.

..

&
o

recovery blme is then the minlmue interval

3
i
e

[

after which a new pulse will be developed of the full size.

xd

How, the positive ion sheath reduces the potentisl of the

o w Fiend uter Koo A Tag e Ao de T ravsepaen Lagrd JTy,n wpd . TE S :
wire Leiow Vﬁﬁiﬁ An the sheatin woves oub thwe wire starts

A

regalning itz potential and rebwrns Lo noermal when the

asheabit has travelled a distancs Ty {eriticad radius) which

is related to the eylinder radius "'r' gnd overveliage V as

w

PO T

r‘“rg/hqo-n/a.oaﬁ’nnwuoi(g)

e

whers *q = the positive iom space charge per wnib length.

Phpad » time'! is thereflore the time bvaken by the pogitive

ion sheath to travel the distance Yr % while Trecovery time?
u ¥

i the time reguired to reach the cathode and pobt neubyge

rised there, Hobh vhese are functions of the MoLIlivy of

the positive 1onda

Ix, | 2a
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A SVROR . el e prents E2 TN N
A S eviomb Oy now PR RN A
o AT .} SRR N el eV o TR e & e ey ® r"" \)"
€343 %,}.L.’!, YJL ) ‘iL‘{ o ¥ {}-{ {}'&ii E»—'*.a i, i} a‘(n%x &1%)1} _F t}’"&.‘ o B

the indtial avalanche,

Cridsd

srglanche by the

( 1':‘} U; L.e(.:‘,: }t).‘ii)r {;ihx

pesitive ion

ol the secondary emission wien the

oub of these, (b} 8 o o
presenee of any polvabouice

"

80 1Lay

moleeule. vue role ploved by a polvabomic snleculo

as (2) and (€) are concerned is

Yhe absorption of enory

Lo an exolted stabtus The reverse
AT Y i ey de o .
divferant ways v

ur in Lhrae

v i ey
Q@ Qoo

(1) Uecomposition (ii gociatlon),

on {(fluorescence) and

s—«h

{2) ladiat

{3} Desetivation by

Dul of s neglipgivle since
e within 107 sec, which
connter. The process (1)
" w1073 sec. wnile PIOCEs s

il . )
10 sace Dlatosde molecules aad

have well~delined

in

possible can
{2) has a

oeewr witidia 0
a8 mwfsl’& o

radiation

some of tLhe light polyatonic molecules

Iis 2o



vibﬁa tisnal-rotatlons l shruchbures and possess disor

L
et

4

stable electronic : «mw well above the dissogistion Limdt
. . i

%

2Ny BT o B, onmpsnd 4o s de £ enns gmensn oh o o i B o g e, £ vt o
af the the de-excitabion procoss, Lneroiore,

roanlls rege-grission of the absorbed plnbtons snd

s ; P " (%) e e n el ; |
rarely in dssoclatlion. The case of the polyatomie molecules

3 5

is altogether diffasrent. Spectroscopic and photochemical
data show thab dizssociabion is more  a rule than an

gxception in their case and thely asbsorption gpectra ab low

X
-

pregsures show reé\ continuous absorption in the lnv %, vle
ulbramviolet reglon, Thelr decomposition 331“’(.}(.3,{1*31;8 area
ummlb.y free radicles which combline to form some othery

&

iIn ooe Qasaes Cnit 0T 4R

cwﬂ

:3:&%{2.331331‘ orgonimmolecales whiie

apents Ghus prolonging the 1ifle of a counters

"y

It is clear therelfore that a polvatomic moelecule

»

nlave a substantial rele in the process {a) of quenching

—

T ae

of the phobons in the inivisl avalancho. Une can also

selfwquenched cowsters "go bad! alter use.

the larpge vapoar molecules are all reduced
Lo nopeguoenesing gases and neavy hyd rocarbons, which geb

Cabiindse For Lhe same reasoli,  SORe Tapours

&

depoaited on Lh
gdve longer life than othors boecause vhelr initial decompow

sition producte are sgelin some quenching pases.

Let us conslder now the neubtralisation process and
the subseguent secondary omlssion. The none-quenching gasoous

surface

1-1

ion {w.ge au argon ion) , ou approaching the catomle
#
withiln 10 / oile Can producce a field strong sneugh to sxbract

t

an electron Trom She cabhode. The mebal suriace {8 cetually

TLe 2. /.

;



wi LTt

a pobential baveier which separ: Hw'ﬁ mw electrons from the
vacant enorey levels of the posivlive fl,cm.,. Bat there is a;

. s e
definite probability of the electrons leaking oul Lhrough

these potential barriers. If ¢ 4o the workefunction of the
smetal, the eleetrons are @ volbs below the top of the
barrier, If the vacant energy levels of the ilon ave 17

et

U y, Ty e PO Ao e I B SO T 4 N T
volibs below the top where I ® Tondsablon poten

oas, bhe o neutralilsed aton fo
N + .
o b - Yy « 3 pmn s T ke ot o werm ¢ B ds en e gy suvtin gy
arbraction and ghsor] sthion of the eolecbron, 1&&&%}1&;5 SBRGCRY

{

gqual Lo {1 ““-‘CP}, volts. I Ghls energy ls stlill g,whimy

than @ , au additional photo-electron is ejected from the
cab: f"w::— and & secondary avalanche starts in the gas. I is
in tidg way shobt a continuous discharge is malntained in

the absenco of any nquenching device. Consider now a polye
atomic ion (ee.p. methane) in place of the arpon ion, Jince
the Tonissblon energy of mobhene 15 the5 eV, the neutras

ralent Lo &

-—-

lised aton carvies an exelibation energy equlv

s

oy

;m)‘i.ﬂn of 1200 A%, For such low wava=lengths,the exeited
zm;»'t;hmm molecule has o life-btime ppainst deconposition of
the order of 'i()m"s'?} Bets fhus, almost all the wmolecules

set Hecomposed before blwy are able to reach the cuathode
puriace. wven L0 they do reach, the ¢jection of a secondary
‘elecbron is o aost improbable becguse of thely several bond
shyucbure. she dischavpge 18 Ltherefore complotely guenchaed.
Ay gas or vapour hawing a diffuse or continuous gbsorption
gspectiun corvesponding to the :i';ca,g;;;im"x {I -~ q@),is thus a good
quenehing agente. This coenditdon is fulflilled by most heavy

polyatonic molecules,

Il : e



iawmvz o wixbures of vuenching and noneguenching g

_ J

ses also exbibitv sdmilar quencl hing ol H:itfﬁ%ﬁ‘;“l;(%!‘i&'biﬁf%. Thi
reagon is a5 follous. The nonequenching gases %1%(\;@ sob
higher Ioundsgbion potentials than the q&enahiﬂg Enabe

*

bardng the time the lons of the nonequenching pas move

. . . o g 5
aoress the counter to 1ts eabhode, they sulfer ~ 10
collisions with the quenchlng vepowr mclocules. Llectrons

are ‘bherelors ux,ﬁmtmu:;mm Drom the guenching gas to. the

\
OB g pas in this progesc and the lottesr

tralised, liberating photong of energy edual bo Lhe diflow

LY

vence of Lo J.qu ai, on potentials of the two gases. These
gzigmz;gz‘m are then absorbed by the gquenching vapour. The
vapour mologules whiech are converted into positive ions
the transfer of slectrons, reach the cathode

in due course bub pet decomposed there as already stated.

A hoavy polyatomic molecule is therefovre a very good

quenching st for bobh Lhe procosses {a) and (a)s

Le have surveyed till ¢ Lhe actuel nechanisn of a
Gedjer counter, especlally the one of the selfeguenched
Lype. Leb ua conalder now the various opoeradion characiyle

dstics of g Geliger counter in general.

{1} starting potential : The storting potential is
the threshold voltage of the Gelsoxr vegion. For noneselfe

guenchod combers the threshold voltages are generally lower,

LT, | 2



wa B 5349 & v

{2} Platness of the plateaw 3 An Important ck&"ﬁ%w
: ~J

iy o (e e aenaeende i i1 e P
i;aear:i.ési;icz of & Gelger counber is its Yplabtenute For'a

E>

constant source of Indtisl lonising rodiation the couwnbing
rabo o8 neasurcd trm counherr ;'rl'!?i‘i()‘-‘.!.‘i{t i a4 1) ‘L}& 51 ?x{"htlm

s gallad

C) . L, 1
v s

menched counter.

fipe 10« Plateau chaorecterdstics of a sell=
quenched counbers
LIV

mixture of pure g

Tea]
13

Ty " . £ 2 I
The curve & is Tor

R T T N LT SO M, T M ¢ g ,
Bodls Por the saoms odxbure with 2 % of alr.

It is obvious that the flatness of the plateau is

£9)

laypgely dependsnt wpon the purity of the gages used. The
idpuritles that are wmoest detyrimenital are {4) Adr and (i1)

saber vapour, bucause of the spurious counts they produce

I BT SN S 3 s 4o B oy L . 34t e ua - -
e Lo FE O VAR S Lon-for P bhione A "EJ.}..H{.**‘\?U, vibiy & ,xlh(}é.;{j LH,‘

=
—
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less bhan 3eh ¢ rise of cowbing rate per 100 volbts 1 ;
panerelly considered to be goods, The advanbage in having |
A , S Ty

B

a good plateas s bwololdd. ¥Firstly 16 ensures a proper

working of the counbur in the ST DGNLON . SECUBULYY

the counbting rate remains waeltered for small flucbuations

"

in the applied voltage Vge

(3) officigncy i This is defined as the probability
thabt the eounter will record on event, which is tentwmount
o the Cotmabion of abt least ong ionepair in the sensitive
voluwe of bhe countors The efficloncy can be expressod by

PR ST JPRP T
Lha erwula 3

\

4l

where 8 = gpecific ionisation of the gas mlxture,

w average path length in the counter and

i

P = the gas pressurg,.

»

For counbers arranged in a colneldence sebeup,

sS4y b

Pl k4

the inefficiency of the arrangement s maldd siplicatives

It is desirable, therelore, bo have countors of very

.

(L) Stability or life : Because of the decomposition
of the larger vapouwr melecules; a scelf-quenched counter can

be used only Por a limited period; depending upan the

X,
o
q *

aotual rumbor of vapour molucules, ¥his sets up a Yiile to

o coumber of the sellequenching Lypea

L.

o
®



In case of the noteselfeoie

2l Selection of the bype of sounbers fe

Since the present investipetion was v

2

ainly concerned

wiith the Gime vﬁriﬁﬁiﬂn of cosmic ray intensity, the nost

mmpaﬂhvnﬁ rcuaiqiaﬁ of a Gelger cownber fron dur poing of

view wag the stability of tho counbers. It was sherelore

adviaible to use counters of the nonesell-guenching type

courns of the

Gownters were initially £illed with pure {99.9 %)
Argon, pure Hydrogen as well as their mixtures in different
proportions. However, we did not succead in preparing none
self-quenched counters with ﬁaod platesu charactarisbies

galf-guenching type.

3 et v g
ard henes resort v

5

fhe mdxbure uscd for the self-quenched tyvoe consisted
of argon snd bthyl. acetate vapour in the proportion 9 @ 4

A

0 bhag gountey was

e

raespectively and the total pressure

P The efficien wey of such o cownter,; as

"
&

~ 10 crn. of U

3
r3

P - . S = 7 AR » 1 .
caleulatel Irom eg.{l), i nesrly 99.8 4. The efficiency

IXs Ze .



&N

GCountburs of these speciffications have their starting
. . . 1
. i
o i 3 A . in - -
potentis i” near abont 1200 voelts and glve a yiahuuwkmi e

vy Ay -

aboub 200 volta with a wlm@w of less than Re3 9% in 100 volts.

These cowbers conbaln aboub TQQG vapouwyr melecules
when newly filled, As cach discharpge consmes about 1010
molecules, the 1ife of the counter is of the order of 10
Cﬁﬁﬁbdu Yhe counter could btherelore be salely used for a

p‘Wi@d af abautiﬁ or 9 mwonths in Ahmedabad and about
o

3

6 months in ﬂaﬁaiaaualw

- To ﬁfﬁV&ﬂ t*ﬁ*te? 3taﬁmlmbw to the counters, they
~-~

were used with %ft&rnal quenching units GEQW circult diae
gramy refer to section 3). The essential purpose of an
external quenching mit is to keep the counter voltars
Vo below Vpyn until the positive ion sheath pets neutra=-
li&eﬁ ﬂaur the cathode, This ensures a complete suppression
of &ny v@!lg@fﬁ.éValancae@ It was founnd that the counters
gave bebber plabteaw when used wibtin Lﬁb:rnal quenching units.

The deteoriation of the platean with use was slso very

ueh reaneede.

The exclusion ol Zmpurities like Alr and %Waber

1

vapour from the g8 mixbure is taken due cave of as will

- -~ » e By o Y Y] o L * - P S .
be seen in the following section whare the method adopted

Ffor cleaning snd £illing the countoers is described in

detall.



L Dt PPN . S L4 .
2o Prapuration of g

0

The countar bub

x
-

oy iy . pn S et Ly AT P i rad
consists essentially of

nollow eylinder of copper sheet and the anode 18 a thin
tunsoten wire strebohed along the adls of the cylinder.
e 3 &+

Phe electrodesn arve assembled in g plass envelops at
sirowny Ao Fige 11 belowe

| -
\ .

s

The copper sheet used for the cathode 1o .15 mo,

thicke. It is lirst hamsered Lo remove all sharp edges and

polnts on its surfaee, ond then roliled into a eylinder of

»

Pit in

ot
o
foaiy

s ¢ b T . g e LY S O R I A e T )
length 30 cms. The dilameter is sdjusted po as
73

tbhe slass envelona whieh iz of diamster & ome The envelops
L) H EA

is nade oub of pyrex glass tubing.

A thick pwnpsten wire 1o silver-goldered to the

_ouber swisce of the copper cylinder at onc end. The other

I%. | 2,
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i

end of the wire is fused to the plass envelope and protrudes

out of 1t ab the polnt A. It thus serves the double purpgse
e T
of halding the ¢ylinder in gmfa:;,m s} a::d providing an

extornal elsctrical contact for it.

The (4 wal.) tungsten wire B serves as the anode

#®

and is stretehed along the wiis * the eylindeyr and sealed

PR

Lhrough the tapered ends 0,0 of the glass envelope. The

&ﬂﬂﬁadjaining the cathode bterminates in the glass while
{ )

Lhe auher end is fused through an intermediate nickel

bead to a coppoer wire serving ag an external electrical

o

onbagt for the anode. A constricted neck D is provided
in the glass ﬁnVﬁLepe Lfor weshing and evecuating the

cournbar amd Lor Filling the vequired gas mixture in it.

(&

After the plass-blowing proeess is over, the.
- 5 . . {} 28 w A 4 )
counber is heated Lo aboub 300 (. in an glectric oven
for 3 to 4 hours snd then allowed to cool. This annealing

process 18 necessary lor the prevention of ﬁt”alns in Ghe

glags envelope whdch offten lead Lo cracks especially

when aedium or bhdel walled glass tubing 48 used. The
e e

cathode at this stage 18 very heavily coated with copper

pxide. To rewove this and any obher grease or dirt, the

comibers are reqguired Lo be thoroughly waﬂhefa
The apparatus used for washing the counbters is

shown in the Lollowing diagram @



Figs 12. YWashing sysbem.

o3

The bobtle A4 and the beaker B conteln distilled
waber and dilute nitric aeid respectively. U is a two~way

coek whdeh can comneet the counter side elther Lo bhe

begker B or the {ilter puap D The pinchecocl B 18 opened

AT— 5.8 S B B R T SRR Ay, T P BT i 2 o A - PR PO " 3
wivgin disbilled water is to be adialitted. A cock is providea
¥

"4

ab ¥ ailso.

ALL the connsctions are Lirst made adr bight by
putting sealing waz on all the rubber to glass jointsa,
The counter is evacuabted by the fllter puap aﬁﬁ then cock
G is adjusted Lo admit the dilute nitrie adid in the
counter zide. The acld rusies in and £511ls the counter

tubg, The counber is now connected to the Tilber pump.

This acceleratoes the getion of bthe aclid and the counter

oylinder rets a bright appearance. The acid is unow

TT.& e d 2-



dyained oul by ¥ ia!h Lhe eounters Goek ¥ is now mlmsad]

and the pluchecock & opened Lill the couwnter g Fifled

> oF.

wibh distilled water from the {lask A & ig elosed and

bhe cownboer iz wmoved wp and down G111 16 is thoroughly
ringed. The water ia thwn dirained out by opening s
A fresh supply of distilled waber is then aduitbed,

The progess is repeabed five or six times Lo ramove all
traees of acild fyrom the counters The eouwnber is then

. ! :
anptiled of water and dried as far as possible. by evacuation

with the L£ilter pumpe. It is then separated Lrom the xystfm

2y

and connected to a vacuuwm pump through a U-tube containing

&ﬂ@lg‘ Luipse i% is sisultanecusly haated thh an electric
heablng element capable of siiding over the counter. The
copper sheet thus goets a thin coating of copper oxlde
which is found to be very useful for the proper working
of & couwnber, Fig. 13 below pives the plateaun aaarﬂﬂteriw

stics of two cowmters filled identically but having

E. BN A

dilferent conditfons ol

sabhode surlaces

YRR AG

Fige13. Fh@t&w@iautric @icht in a Geiger counter.

LLs ' 2o
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Gurve A 49 for a counter having a thin oxide ]
goahing on the eanthode fh{i@ curves By nz.and 33 dre
for couwter with a bright shining athode, The curves

have beon obtained by uiimuMﬂ diffmrwnt amount of Lighte

ine in the room whero th@ countcers are boested. Thus E?

ina

from a {luorescent tube

repregents Lths cwrve when

could penetrate into bhe interior of the counter through

ds e By is ‘hn curve obbained by substitubing an
ordinavy elect ris leme B, is the curve obtained with the

3

Tluorescend udﬂu o313 bab phe aends of the counter covereid

ibs>

with Hhlck blag? p&p@r 8¢ that ne iight could penetrsie
ine The similiarity of the tuwo curves 4 and §3 sugreshs

he thin cosbing of Copper oxide on the cathode

suriface is helpful in roeducing the photoegluctric elftect.

COUNTER

FILLING SYSTEM

Fig. e Tilling systoem,



-y 2 o
A ds e bl flask of capacity 2 litres and containg
Lrgon Ropt in contact with Celelum chloride whieh yfﬁarw$,
Cadd traces of molsture from the gose The bullb O contaius
E ¥ AT g s g b o oqe ' AR SaTa £y 7
sthyl acetabe of a relined variety. ¥ s a mevcury manioe
metors The cock @1 gonnects the sysbewm to a Genco high
Vacuua pup. Sock Sa 3 for lesking air in the systenm

o

whanever neadaed. Goths O, and !
§

or gbhyl &ﬂﬁﬁﬁﬁﬁ Is to be

admitt

are opendd whenever argon

8y

gd in the 516N bou? bﬁ

when gloged rgyaka @3 the counter from the malr ﬁy&ﬁcm.
The cowter P@ﬁ?uﬂ%jﬁn i made alretight by puﬁting
Aplunon wax we bhe system o evacuasbed with the counters
o t&ﬁﬁvthﬁ vacuwe g suall Teslaecoll which is essentially
a high Prequency probe, in nsed. The uraar of vactusm is
Judeed Prow the golowr of iha gaseous disc&aruea 5 slight

leakaze of aly turns the colour

redy, whereas g pale blue colour

arder of 10 b e Hige Proper gre

i

8 Very s

Afser proper evacuation, the main coek Cq

and @thyl«ae&tan&.vapour is lat

the Lmnlinbm,mxmmm

i

cury’

G
lg

the manoneter shows a tobal pres
mixturﬁ is allowed to mix up tho
and thon cochk “5 is closed, The

tcth/ﬁm The setual procedure of

da&&rihwd in sectionl.

L1,

indicates a vacuunm of

sgenbial to abbain a vacuws of this ordér.

is then closed and cobk G, openc
o

of the discharge to brick

the
asing of all the cocks

7

)
R

glosed

in by opening cock Gy, till
o1 M descends by 10 mm. Cock

d to admit arvpgon till

sure of 10 cms. The gas
roughly for an hour or go
counter 1s now ready for

eounter teating ig
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J

i refiiled from an Argon eylindsr contaloing 99 *

Tyun
A LE

331
!

Y58 e vmeseeyide Aaemr d- M em g peiage vy
Hoan meant 100 LGS pUuUrpoti.

Prec fron wabers Howsveyr, when cewly

& o . Foun

gthyl acebate vapour dyives
bullrdn a fev minutes and leaves
. ‘,\
Dol Gounbey testing ie

s

bully B3 conbalns alr. It

sump Lhrough the cobk G&.
out alkl the ailr from the

Nt nd

getion {frec from alr

!

PG TR T U, &
coher tesbing 18

in the Tollowing dlagram 3

P

ze 15. Avrangement for

=,

i

The pulse developed on the

of the couwber is fed to the pri

" b R - pare g o o S v e . S ) TVt o
soalereraecorder civeudt. Yhe

1 slowly increased frow
s

Bt

Alph

L

about 8

counber Lesting.

contral wire (anode)

d of a multivitrabor

volb across bhe counber

03 volto. AL sboulb

RS



1200 volta,the yoer rd@y 1 31 sbarts counting. The counbs

e

 ud?L% DY a stjp»u@%ﬂu For & idnute, The VGL}Q“ il
shan ralsed by 25 volts aﬁd the counts measured again.
The process 18 repested, inereasing the volbapge by 25 volbs
sbeps 111 the bobal voltage is about 200 volis over the
thveshold. The eouwnting rates ab different volbapes ure
wwch&ckad by decreasing the voltage. The wmean of the twe

'”dhmﬂﬁﬁ ab vaeh voltage is evalnated and plotbed apainst

-

il Vuluagwn £\ thore is a sablsd ‘actory 1udzusii:g off A

flat plateau {(nobt wmore then 3 % chaﬂgm of counbing ratve

peaw ?ﬂﬁ vgz?T) ﬁﬁteﬁ*'ﬁg‘Fﬁ‘“ﬂ w5 200 volts, the couwnber

bnte

"‘\ . . .
18 sealsd alb e constrichbion in bhe neck,

“he countert i now opasrabted in the mwiddle of its

()

plabeau region for a peried of 12 hours. The plateau
characteristios are then rechecied, Gowmters wiich show

3

good ulub:a@ after this process of aging are selected for

of

9. blectronic unlits sw

In this secbion, we shall describe in bhrief the

various electronic cireuwits used Lor this investipation.

3ed - Power supplias ie

3a11 The high voltage power supply @ Following is the
aircuiﬂ ddagren of tne igh voltage power supply used Loy

'wwvinb nigh volbage to the Gelpger counbers.

Lo
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* “'HIGH VOLTAGE POWER-SUPPLY

Pige Tée The high voltage power supplys
The outpub volbage ean be varied over a large
range vize 600 o 1500 volts by adjusting the potentioe

-

meter P, To pgobt voltage teppings diffeving by 50 volbs,

rgsigtances {(one resistance of 2 Heg. and e@izght reside

s

Lances of o1 MHege. each) are put in series across the

$io

oubpub btersdanals of the power supply,; the 2 lHep. resise
Lance Gﬁmiﬂg firat from the pesitive terminal which is
also earthed. For avolding spurious coincidences dus Lo
feedwback of the cownber pulse, it was necessary %u pub
n osmall capacity Lo earth from eseh of the pegative high

volbase tappingse

nerative type of volbape regulator,which

fs incorporated in the poweresupply , pives wery pgood
volbage resulabion. For a cheange of sains woltase from

(

B~

P



wolbs, bhe oubpub volbage albers by less thau

i"“
23
5y

i g-’a
v-m:u,j at 1200 volis. » ]

3,12  The + B power supplies le The 420 volts, 210 volbs
and 150 volts power supplien are a1l alike and ave eloclhyros

& £

atede The sireult diagresm is glven below ¢

3 AE’ T :‘L"t‘ﬂﬁ ey g gt
nroad ¥ LR

Fige 17« 4+ B powsr supply.

'3

“he oubpub volbage is variable and can be adjusted
to auy desired value by adjusting the pobentiometer Po The
eircwlt has a very good velbage repgulation agalnst varying

input veltage and output load.

3.13  The negative blas volbage power supply
volbaze of «75 V. is obbained from a Vi tube arranged

in a clreuit as follows @

234
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-

S VOLTAGE ) Y -
SUPPLY ) ;

Pigs "i'&?e.' The negative b:’z.a:s yoltage powar-supply

K ‘:;m;a:?ﬁut frow the secondary of a | SLep-up LronSe
Tormer is Ted to the 5¥3 (G.7,) rectifier. The rectified
voltase is applied across the VeR tube through a hipgh
wabtare rusistor. The Vell 75 tube in a daoseous disel arge
Ltube piving consbant oubpub vol Gage of 75 vollLe, m Lhs
pogltive bersinal 48 earined, the neg ;ewiv’ﬁ, Surminal ca

be used a8 a é,bi&:ii voltage of ~75 wvolts,

3ol FPllameat supply 3 The filament volbages ave obbained

Prom sultable filament transfornerss

3.2 The quenching wid

hd

Pollowing is the cireult dipgram of the guecching
o 3 A Uy

unit used wibh {,us., Golper counberss

o
tt
B N

3o
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Tige 19, The quenching unit.
""\\.
Gvery bime the Gelger counbar eéif"ciaﬁxr @, L

guencihing wmit imposes a sgquares negative ptzlﬁse ol appr

. sy . i .
volts and 5 =% 10 Bege durablon. The waib

one shot mutivibrator, with warisble bias
2 .

£ oy S g e e ey gy G e e Taren S el Sy A
for seosdtivity conby ole The bias value is sdjusted to

aveld any intorfeeding bebween Lwo counter LXays.

The various voltages are suppllod Lhe power

gusplics already described.
Se3 The eoincidence Wit -

coingidence wit is conatructed on the basis

of the hossl colneidence elycuit. The clrecult 18 given



N
e 4 ) Yy g o I I N . 2
Fige 20 The triple-coincidence Wit
\--..
eIy s . S . . S ooy "'5 .y
s caraail has a resolving time of ahout 1077 seo,
Al The acalererscordasr unih iw

The gcalererecorder wiibt consists essentlally of
threa heclewjordan scalémol ety stages connected in

2

cascads aud Tollowed by a recording stage, Following is
Lhe clrendd dlapram of a seale-of ~tws stare.
L (%]

“'éﬁ

. ‘ SCALING cIrgUTD
/ R SR .‘(Scale—}o‘f—two)

FigeRle The scaling clreult (3Calewsl=two )

¢
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s bwo stable states and Lhe arrival

» 4 Sl BE v n o s g
of i::z;wuu,m.um, pulse Ly .i.;ﬁ' sgen the Dirst salr frowtone &
O N . T oy en e T qere 3 TS P
state to ancbher. The sacond pair (not shown in the

2

fivst palr whenever thoe latter

" a

rinal sbtate, Similarily,the Lidrd pair
J 8 2

roverhs vo its orl
ceaed by the seconds Clie ordoi

of 27 = 8.

- Y g g N T
Ba Lhus 80a.0G 0y a

h LR L. pisl

indiesntore of the three scaling




CH R LR 8 oy 4 LT, f
PPN il Uwf' Ui AR A e j

&
Fos
?
fwd
€

§ tone

s
4
—
Pu—
%_
*“‘A

- Baad

' o ES

ve have deseribed $ill now bhe agmﬁi@tw gxparinental
rrancenent that was used for the present luvestipabion. i

seotion 1 of the present chaplter, we describe the methods

of analveis of dabta snd in sectlon 2, the dabsave presented.
4

1e 1§ *Lhﬂﬁd off analysls S
{

\

1.1 Tabulablon gi primary data e

- As has been glready sbated, the data wevwkobbained

-

in the form aéxﬁmurly phiotographs of the mecbanical recors
ders. Though the data weveavailable for Every hour, it was
decided to nobe down only blehwourly readings since for the
purpose of the daily variation curve, it did wot mean much
6f accuracy and helped to reduce the stoatistical
fluctuations because of the doubling of the numbsy of
gounba Lor cach fﬁﬁdhﬁ%.’Vﬂadl&“m for the hours 0100, JBGQ,
0500, 0700, 0900, 1100, 1300, 1500, 1700, 1900, 2100 and
2300 (I.5.T«) wore thus noted down every day and the diffom
senees bebween consecubive values computed, Ywelve bi-hourly
rabtes werse thua obtained for every day, thoe values belng
centered at the hours 0200, OLOD, 0600, 0800, 1000, 1200,
1400, *é"@am, 1800, 2000, 2200 and 2400. In addition, the
difforence between the readings at 0100 hr. for consecutive

days was dlvided by 12 to give the average bi-hourly value

econtered at 1300 hrs,

IIT. | T
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Fron charts baken on an accurate thermograph and J
mimrmmﬁ&ragf&yhg the ground temperabure and pragsurt .
values were read for the howrs 0200, 0400, 0600, 0800,
1000, 1200, 1400, 1600, 1800, QGG@, 2200 and 2400 and the
daily averages caloulated. bveryday's data thus consisted
of 12 values (04, Gps svoes 6121 for each of the measured
companents of cosmie ray intensity, and for ground tenpge
rabure anG pregsure. In addition, it pave the daily

- {
averages Lor each of them. The data for the various cosmie

.

{4 ki K]

- : 4 g " £ 3%
ray couponents vig. TV, TW Mﬁs,wi 3 Mg, ﬂg 3 e and S

was agbed separately.

"‘i\'\.
T2 vlaseifleation of data according bo 26bs 1=

Siace th@'vafiﬁua rates were greably dependsnt upon
the Individual counting rates of the Geiger counters, a
failure of any counter and ibs replacempnt would ﬁhﬁﬂg@.
the coineldence rate, though not always appreciably. To be
on the sale side, therefore, a rm of days was concluded as
soon a8 there was any such failure in the counters or a
kuuwn disturbance in the peometirical arvanpenent. bach rmn
was deslpnated as a set. In the earlier 3ha§ea, counter
fallures were vmry'fraquent and hence the sets would
1&nuﬁjy'exﬁ@nﬁ Lrom 10 to 15 days. Later on, however,

sets could be obtained of duration more then 20 diayse

Values for the same bi-hourly interval on different

days 8L a set were then added together and the 12 values

ITX.. - Te



2040 Z {32', vasne 2 Qm cenberad ab .{};’2{}0 OLOD,; sanow 2400

fours {I.0aT.) woere cbbained. These were bhen Lvﬂ;iﬁss%}&s

daviations from thely neaﬁ-v&lua | 8
ZG-‘“‘“E{}E‘"‘ wwm‘*‘ZC.‘g

ok
0% mesowa i s st g

12

The resultant data of each set thus gomprised of

12 values AGC,s AU, escea AL cantercd at hours
1 27

12

0200, OLOU, caass 2400 (TeiaTa) and expressed as deviations
.. { -

from the mesn value G, The standard ervor for each of

these volues was bhus

\-..

Q‘&g Cud
a

The factor & in Lhe dernouminabor is due to the Tach that

the rabes as obbained from the mechanical recorders are
1/8 th of the original rates because of the scale of aight

units prececing the recording sta es.

The same procedure was adophed to get the values
of the bi-bourly deviations Z&P@, [3?2, munwmﬁSP?Q and

A g AN Dy soe QJWA%B,‘E for the ground pressure and

tenperature from thelr respective means.
143 Daily wvariation i

he variation obbtained for any ong seb was nob
usually statistically significant. Yhe standard error was
gomparable to btne amplitude of thoe variabion iteelfl and

little ggul& be said Lromw the daba of one set about the

TII. . 1o



nature of the daily curve or the positions of the maﬁimﬁ
mMam@Mm,?MBmmﬁﬁmmc%%%fﬁmaﬂlﬁﬁmimwhAMwNﬁmmg
superpossd for sach biehourdly interval of the

final set of 12 values

i

2] . k3 3

Z AL“ > Aﬁ touee»g Aﬂ'ﬁ?
set gégq 2s SGET 12

N Yy '

was obboined : J\&PVEahlﬂﬁs From the overall =noean mf all
/

sebs

n

L
= 2 C-

aatl

Each one of these values was divided by the sum of the
number off days in all the setse The new set of 12 values
exprassed as deviabions from thelir nean

n

>

. g
o satl

Total Hos of dayse.

and centered ab bthe hours 0200, U400, cueee 2400 (¥ ao,T ¥
thus represcnts the dally biehourly variation of the
particular component of cosmic ray intensity. The procedure
was adopted Dor all the cosmic ray components, for the
ground 91 ssure and bemperature. Fop faeillty in physical
interpretation, the b-hourly Vﬁ?muu were expressed as

parcentage deviations Tronm mesn Lor cach componenb.

IT,
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Tha hz*al curves thus obtained ﬁam g;é:nerailv var‘;
smooth and the resulting vé?iaﬁiaﬂ wa% stabistically
gignificant. The curves foy ‘1 -and mz were almost alike

a8 18 B0 be expected;becanse the percentage of particles
that can braverse 7 cmg. of lead bub geb absorbed in 15 cmg.
of lead dis small {See Vable 10 pa 95 ). He hav@, therelore,
superposed Lhe two giving better statistical siznificance
Bunééﬁﬁ bimhwar@§'Valua, This new curve d&aignﬁ,@m bé Wiy
e subbracbed lrom the ﬂbml inbenaivy Ty gave tﬁw FETL G
Lion of the electron component d .

v

.. .
Tely  Correlation analvsis je

Gorrelation coefficient gives a measure of the

3w

relationship between Lwo or more variables. Thus, if A C

and A P represent the deviations from measn for cosmde ray

intensity and ground pressure reéspectively over a common
interval of time, the correlation coeflTicisnt hebween bhe

bwo i expressed by

S.ANC AP
1’"{3? - 4o mwe {11

/{ STAG)Te ( STAP) }

the suwamnablon being carried out for all the pelrs of

A G oand AP values. Phe regression equatlon bebween bhe

Noig

varfates 18 bthen

$

(i F'A Py where F’ = z"(jrﬂ *

mmmmmumuzw R (2)

2. (AP)

Iix, ‘ o 1.
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Por studying the relationship of ong vard e.«.,-,b.'}ﬁ& Wil

bwo others, the partial correlation coeliicients arc galcum
laved. These are a neasure of the velabi onahdp botvwesn twe

variables, tue third one remaini g constant. Thus, E‘b?se

@

slves Lhe corrvelablon bebween cosmic ray intensiby and
Ground prossure, the temperature vemsining consbant. These

coelficients can Le evaluated as f ‘pllows

Al B

iy
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VSF s Z‘(’,é, " rw,;

l’*iai‘ee ay mwmwﬁnwwwmmwmumumuwmmnwn &U‘d
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{ f e fﬁp)(? - ?ﬁg)}

The relatiouship betweon the : variates can be

i =Ly g Y P e o
gxpressed by bthe resre

AGZP'AF-}-”J}"AG* » 8 5 a4 w w4 5 o B4 (l#}

g
and the constants F» sl 9 can be evaiuated from the

equations
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The consbenta P and 3 are called the regres slon |

» B P Y
ielents. The pressure and tempera e coefficients

o\ 5
DL

o
LY
-

o e dame, A S - 4 o Ve )
ol cospdoe ray dntensibty sre eviduated fron F and

,

as follows @ A ‘

Pragasurs coefficient ;3 e

C’e
Teuperature coefficient Y » 1007 % ver © G, o » o« (6)

\ !
§
\

whare O represents the sean value of gosmie ray inbensity

about which the deviations A C are expressed.

Farbis 1“7,61“1*‘,, atilon coefficients can be caleulated
event when theve are more than 3 varlables. ‘f%}wﬁerz hag
tried Lo correlate the variation of cosmic ray intensity
with three Tactors o speratilng simultaneously viz. the
variations in ground Hrawqm, the chanpges in height of
the 100 b, level and the variations in the alr temperature
between 100 znd 200 wb, levels. The relationship can be

represenbed Ly the sguations
" - ! \ .
A {; S/A'AP+/‘A'A11+O{'A§3§{ & a3 A % @ @ & = B @ (?)
whera Vaali /JL and o are the absorption, decay and tempe-

rature coefficients respectivelys The values can be evas

Luated from the corvelation coefficlents by bhe following

LELo T
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The partial correlabion coefficienta 3"“‘ﬁ@y Lt
3

T enweendate® el a4 T
gan He evaluated as foillows @

L Pa s B o w Yo,
ﬁ;' op s“aﬁ b%ﬁ*@gz P ﬁl‘i -

2
5 €? ,“ rﬁﬁmgﬂ}qi -

- 'z?':z

g} E\(}H)

i1 WO SR

s eguations for e and  Pae
(ﬁgi*&ﬁiﬂi Ubﬂﬂil‘i‘ . (9)

The vaiunes of the aarleﬁu:un coefficients obtalined

E’J

by such melhods have alvays a probable erroy associated

witiy theme 11 is givaen by

_ nﬁ? ('@ - 1."2)
;2 . . rovang ,,.oonrww#il'ﬂﬂ'ﬁ(?(})

v n

wvhere Tt 1z the correlatlion coollicient and Yn' 1o the

numbeoy of palrs from which Y»% is caleoulated. It is obvidus

irnificant

',:

that the wvalues of Yr? will be more snd more
for larger values of 'n'. For any purticular value of 'n?

"

there are curtain fixed values of T abhove whion the

corvelabion coulficients will be aipnificant on the .5 %,

1 5%, 5 % levelse 4 sipnifilcuance on the .5 % level weans

e
PRI . AP . 1 L]
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that thﬂ pruq Wi ity of getting that value for Yr' by the
Inor-

operation of purely random causes in l}*‘ 1 in 3%3{3

1’5

mation aboub the simn :E.i?ﬁ,*:saz‘m@- of cerrelation soef
o yvarions values of o' is ziven in standard tablss.

Levels of sipnificance ave haken into consideration

before stbaching welipght Lo any correlatiom coeflficient,

Ang.

correlabiong can alvays be baken an

Howevor, vory

indbosbive of the high degred of relationship between any

¢
haeause high corraelation coefficients are

* A3

5

eyaen Lor conparatively low values of

mificant uzrwiaﬁiau coefiicients, the values
of NG as fmmpmﬁ;ed from the corresponding 1*@;;:?:“* s3ion
equation do not differ much from the actual values. The

Pactor
/ e - =’3. a3 y- }

can be buaken 68 g aessure of the agree .e,m, between the

ecaleulated curve and tae experimental values, by applying
| 2 \

the so-called X - teat. Such statistlesl tests are,

TOWEVEY E;éz.:ii'-:‘a:‘,f,‘:i‘i to be inberpreted with great caution in

5 byaical problems,sinece they are 1liable ab Limes to lead

g o wrong concelusionsa.
1e5 Harmonic analysis i

oy oan elucldablon of a perlodlc wardation end ivs

IT1. | 1.



g ?{J % s
rti"”¢&i5hip with obher fagbors, it is often very us uhql
FAY) p&ff&xm wha Harmoonic Ang LV&13Q Any varizbtion can %g N
: N

# -

expressed as g Jourdoer §u “@ﬁ; but when there is a periodic
compenent in it, an examination of the amplitudes and
phases of the sucvessive Fouwrder componanis ig very illue
minabing. A primary varlation conneabed with the sarths
robabion vevesls itself in the [irst two components ol

2 &1a 12 hourly pwriadw and bhe amplitudes of these two
in relation to taisa i the highey componenis iﬁdicaﬁe

the presence of disturbing factors.

&

“Whe methad of regolving a cerbaln perlodic curve
inbo its fuﬁdzm snbal and Righer harwonics has been treabed
rigorously in various texb-hooks. One can phlhaln expres
gaiong for bhe amplitudes and phases of the various eoRpo-
nents as funebions of the hourly or bi-bourly values of
the variate. For pracbical purposes, the calcoulation
assoeiabed wAbh the harmonic analysis can be greatly
simplified by arranging the dabta in a parbicular orders
Tue method followed by us iz described by Whittaker and
Rebinﬁsmﬁg in thelr book "he Caleulus of Observations?
{p.R270}. The primary bi biawr;v data is flled in th@

appropriste places in the followlng chart 3

111, | , 1.
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_ Table 3

Sum of 1sbt col.

Gum of Znd col.
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i he W a?ue 8 Une Uoo Uy senas U vapresenh the 12
Qg ,ip 25 B oW ‘5‘3 iak] ] PR T4 }

aiw}awwﬁ"ly velues cenbered at hours 0000, ’()2@50,, OLO0MH oo ;js;
2200 vespeotivelys 45 a wesult of caloulating and £illing
in the various blanks in the ¢l m 4 we geb the ovipinal

i

variation expressed as 3

0"‘

1 2

+ f,éa, Sin 39+ B,Cos 39)+ (A, Sin L8+ 3 Cos 48)
3 - ik 1,;,

."I,’» 54?3} ¢ ©w @ @ o(??}

@ + Qrz Sin 9 4+ B Uos 8)+4 U;? Bin 20+ 0 Con 28)
L

+ {4 54 56+ B.Cos 59)+ (4. O
5 5

5
J‘hm Leras ean we combined to pive the é.ﬂ.'lp-{ itudeg
and gﬁliafﬁd;& of the voerious components in the form 2
£ E Ay o, Sin (0T 93 + 1,
94 B F:1 3
5 ! n(jg.,.(ps) + :x)l WAL (&tﬂ*\-ﬁf)ip}

+ ¥ hiﬂ(f’@?’““‘z’ﬁ}““ T Bin (68 + o)

Sin (28 + ¢2}

2 y o O
where r, ® A?—a-ii,‘ abe. and ¢3 = Tay (131/{% } ettee o (12)

Since the 12 biehourly wvelues substituted for UO sasas

U gp Bre expressed as deviations Lyom thoedy mean, Lhe Lerm

AO raeduces Lo 28ro.

r 4 and ¢ 1 represent the awplitude and phase of
the 24 hourly component, 1“2 and slb 5 those of the 12 hourly
gomponent and go on Loy the & hourly, 6 hourdy ete. periods.
Here the phase angle corresponds to the time at which the

deviation from sean of the purticulay cowmponent of the

'trm*;i,m’w begones zerc. The angle \f/ corregponding to the

1%L, T
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time at which the variate atbains the madmn Valuaﬁgé J
» ; ¥,

caleuwlabed from the phase a&glﬁs<ﬁ frow the relation 3.
o
W$90ﬂ¢ sa&aonn-aon»'q%("z’)

16 Havmonic dial

~v Having debernined the amplitudes ond the angles for
Lhie ﬁ*%&“ of & u;hlm For the principal bsraonic cum¢vnant@
of a variation, it ig convenicent bo repraesent tﬁ@mﬂoa what
are known ag 954 monie dials?, there being one dlal for

-\"

eaech harwonic component of a particular poriod.

Thus the first dial represents the divrnal wave of
. ; . . , o e
2, hours p@riaé and a clockwise rotation of 15 about the

18 equivalent to one hour. The amplitude and the

&
=
3
&
gt

hour of wmaximun of any diwrnal component of a variabion
can then be represented on the dial as & vechtor which
sbarts from Lhe origln of the diagran and makes an approe

priate angle with the positive Yeaxis talken as 0000 hours,

Similarly a dial of 12 hour peyriod, where a clockwise
. » % C . - I ! " N
rovation of 30) gorresponds to ong hour, can be usaed for

Lhe representabtlon of the semdediurnal component.

The aihui”i&ance of a component is Jjudged by the
sizge of the circle of standard orror at the end of a veotor

in relabion to the length of the veebor.

LIk Te
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The study of the harmoulc dial is particularly helpe

ful when a verlety of causes operabing “imuztanﬁ@uﬁly;-
gonfusse L?w nature of a variation and its btrue relationship.-

with other variations. The m@&hw& ig also useful Dor detegte
‘ ing ‘-_z«i‘ Long wg,;':zwu;i variation superimposed on a dally varia-
tion as is 80 mfﬁen found to occur in Eaﬁmia ray intensity
V%fi&tiﬁﬂﬁw I the vardgtion is of éna vearts poerlod, the
endepgints i,\d@ duily variation vectors oy daba grouped
foy g month or a geason Lrace ﬁasruxiigﬁelyna closed curve

over a period of one years
N

Te7 Day=-tosday verdption e

Ap already stabed, each sob gives a d.a:ily.a*mz*aga
fﬁr the intensity of the various cosuic ray éﬂmguﬂ%ﬂtﬁ as
aisoe for grownl pr*e;;a}:szira and temperabure. These valuas
can be correlated with esen obher and the corvelation
coefficlents for day-toeday variations calculated. The
probable CrIOr of the coefficients will, ;z:’n‘favwm be large
since mjority of the eets do wot exbend for more fthan a
fortnight individually. To get sigrdficsant values, some

L

gsort of suprposition was thevefore HECUETATY o

AN

To drm:,xm ab the corvelation coefiilcd mms, W8 have
Lo nalmzmm} f,i rat the values of > (AT AR, ¥ (AG).
and . (A‘P)“ wnere AC and AP represent the deviations
af the daily weans {centered abt 1300 hrs.) f:mr,} the nean
of the sels (refe Teb €9.{9))+ These values were colceulated

geparaboly for. cach seb and then ¢oubined torether fopr all
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Was %hus obbained., The correlation coefficients were then

: o W e v, . L . D

- erleelated frow 'these values by equation (1). This procew
E o

8 pernaps the best way off tackling our dabae
¥ @

1

P

gure

unee ui;«g\ values of Tapy Yop and Ty, are bhu
calenlated, the yast of the precedure for evaluating the

a e e g o -

2 o % S g 5 i“ -
re; '2;"“3” sion coeificientys is the Sane oy belorge.
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The results ¢¢tszrﬁ at Rodaikaoval for the total
intensity € and meson intensities - and ?5%2 are sroupad
in seven intervals or sebs in.all@ For set 1, there ave
no results for the meson inbtensiby as no lead absorber

was Ghen ilnsorted between auy of the Urays.

The results are entered in Tables Wla), bib),5(al,

V
mh,()uhdﬁ(ﬁfmmmtmLQ&M)mM(Miﬁmem
results for the total intensivies TY and %, Tebles 5{al,
(b); () d4u (u) ghve the results for the meson intensities

GT
11, Yy %“ mmd @2 respectively. In each Lable ore entercd

the mean blelourly roabes expressed as deviations frowm

thelr respective weans glven in the last rowe The figures

b g . .
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Ag can be seen {rom theso tables,the general Htrend

of the deily vardation at Kodailanal is  wmainly diwmal
Awith the maxisen in the sarly part of the day and minimm
some bime late in the evening. 4 betbor impression of the

whole daba can be gbtained from the Dollowing few tables
el T . 1, -
which sive for zach sob (i) the hour of Thansition i.e.

ieh the positive bvend of the morning

{34) the mawlmam and wmindloun expressed

e an with thelyr wnurs of ocCursnce.
¢ :

~

S Table 6{a) = 17,

~ y

Sﬁ” [ 1 R . 3 i"

ey e o TP M S P A BRI AT S D O O DT AR DT e 6 TRER 510 60 AR #1 TP A7 IR SR DICN W LT £ tem il WA A (. £
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e values of the meson intengitles seen &0 ba
fairly consistent from set to aet excepb for set 2 fov
> £,

7
which the values are rabther erpalic. Lhus Loy ﬁi

(Table 7{a)), the hour of pyangttlon for seb 2 ig

P

Q£00 hrs, in contrast to 1400 te 1600 hrs. for all other
4 ) o 3 ¥ T T i Y

sebs. Yor i, and ﬁ? {Cables T(L) aad 7(d) },the houy

of minimus Lo 0600 hre in contipast to abm&t 2000 hre for

all sblicy sebs.<dor ﬁz Table 7{c) )} the values are

o

Quit@ consistont. The number of days fm-set 2 is ondy
.

¥

: . A — e P _
8ix. &hﬁ value of ﬁz cannot therefore be taken as repreés

serbative of ‘the peson intensity of set 2 as & whole.

St 2 is thorefore neplected Loy atl the gon inbensitles.
N \ S .
Alasp for the meson intensity 15, the values for
4

sebs 3 and 4 are anm=l;¢»}a¢ Because of fluehtuations in
,maiﬂS—?Qltﬁgﬁ during tne morning ourssy. lhe particulay
meohanicsl recorder was found bo be losing countse i
values for the hours bebtwsen 8 Axlte and 1T Asle are thus
abnormotly low and wireliable (see Table §le) ). dets 3

and & are sherefore rejected Lor wmeson Labenaity Mg .

A ‘g Y . 5 ‘
Tablen 6(a) and O(b) indlcabe that for the tobal
sutengity curves TV and %, therse isg a trend towards laler

houwrs for wu nour ol transition as also for the howy of

“\
3y

minimum. The variation of the slecbronis eomponent B 18
evaluated by subbracting the variatlion o & the nogon Inlene
sity Ffrom the variation of the total intenalty, hour to

nonr. Sets 1 and 2 are therefove neglected from the Hobal
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intensity as there is no corresponding data for the meson
intensitics and the data for set 2 for sv’%,& ¥ 1’&‘31 " 3‘-«12

. e . . . s ey

ﬁg ig not. taken into consideration TYor reasons glven in

and

the previcus parasraphs

¢ Phe final data thus consists of sets 3, 4, 5, O
: Y ) -
I I ‘s ol i Lot
and 7 for the intonsities TF, TW, Bys &3 and f»ﬁz_
i

- . 1 - N o 'y . .
sets 5, 6 and 7 for My. The raw values for a partl gular

Lo

and

cosmic ray i‘zm'a;ggmum for different sebs are added up as
already descriped in gection 1.3 of this chapber. Table &
gives the final wam bi-hourly vrates dxpressed as % devie
ati@ﬁg‘frmm\their vegpective means {(given abt the bottonm
of eoch column) and cenbered ab the hours {(1.8.7.) giwven
in the i‘irssﬁ COLUM
Table 8. Daily variations of the total and the
megon Intensivies as measured by

indopendent telescopss,.
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The vates 17, ¥y and Mg have been obb ained

s " L . oM -
independéntly of the rates TW, Ity and ey o Lable §
pives the covrelations bebween the corresponding
bi-hourly rates.

I'd . -
: ) .

Table 9. Covrelablon betweon the rates obbained
by the - inddgpeudent teleseopss.

. ¥ 1 4 1]

SHY a3 TR » PO I E awy el T

N and TY MM, and Hg M., and M
.. .h; £ 5 ? 5 : * 2

(S o rorngy T ey de 4 . : ; ’ . )
Cox m;}a‘fzmn ‘¥ .90 W96 |+ .83
aaeﬁf;fimz.mm:s@ .

h

..
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The hizsh velues of the correlations indicate a
very geod agyeement between the twos. The corresponding
bi-hourly rabes ave therofore combined togebher to give
the final curves o the toetal and segon inbensltles.

In spite of the fact that all the trays contaln
the sawmoe number of counbers and the trays are separatoed
by a tm:‘t:-;‘mfm d‘:i;stamce, Lhe cownbing rates ol the ftegleim
ggopes ave not directly comparable. The small diffc-
rences in the effective dimensions of counters and the

-

inaccuracies of alignment of the trays ave respousible

ror thls.

W
1

’ A ‘ ) ) i ) ’ N . ! ;, )
To Iwow, therefore, the exact proportilons of the

various cosmic ray components in the tobtal intensiby,

»

an absorption experiment wes carried cub for a few days.

The procedurc was to measurs the counting rabe of the
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Lriple aaiﬂci&@nce wiilt meant for measuring the ‘a“ﬁ

X

)
‘“p‘)ﬂbhb (i:i'ﬂ) for different lead thicknesses in between
the ﬁrayau The gecwmetrical arvansement Lhms remmined
(%}

constant and Lhe rates for various lead thlcknesses were

‘@mp&rablw. , .

e Y

-

-
The cgolneidence rate was uendur@¢ for one day

1
£ita A

for each velue of lead thickness. The dayeto=day variation
was o élachuu Pov rates which changed by more than 5 &

from one valus of lead thickness to uM¢{A}1 e The rates

o : .
were weasuved for lead thicknesses of Oy 3, ?, 15, 20,

-
.,
N

gé ard 3&3 GlaG e

As the Jdifference in the values for 7 om. sud 15
eme of lead was small, these values were ovaluated to

a gregber acouracy from readings of six days using altere

nate days for the twoe thicknesses.

Table 10 gives the results obbained in the

absorpbion experimnt.

Table 10. Absorption of cocule rays in lead.

V
Lead ﬁh?ckﬂéﬁsa dubv per u;urw Stondard ¢rror.
0 cme 19&”\3 T 1.0
3 wite | 15445 T 049
7 crie . 12369 T 0.6
15 ame 0 117.9 T 0.6
20 Cliie T10.0 X Qm()
35% Qllly ?‘{}29{3 o Q.@
36 @i, 99,0 T 0,9
- 2,

“e
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The percenbage of the number of purticles which
are avsorbed between 7 cm. and 15 cme of lead is thus

# o U7, SN SRR SR U, QR S V- B S LU S " R, i yeer gm § 1]
J3e1 & ol the total dutensitye. This is very snell as

m;,‘-;:z's“ Lo bthe percerbage of the componeut absorbed in
L egm, of lesd wilich is 37 9 . The nes ﬂ‘imﬁﬂﬁﬂi‘hiéﬁﬂ_fﬂ.}

e

and I, can therefore be assumed o be one and the £ 200
M -

3

The raw vu,}m:zs for the wmeson Intensities Mg, Ezi,

sy z:m«; superinposec and the regsultant is

S " b g ,
e ‘f}m regulbant of ¥V -x;c;x::. T is desipnated
seometry of bhe belescopos was identicsl,

roryesponids to the inbensity p et wing through

ness of 11 eme of lead should be 6145 4 of

the botal intensity (see Table 10). Actually the nean

2w 6% . i I‘;:( . # 7y . 5 ant L st .8 TV
raves of T and 1 are 8:!4,-2."! wnd 597.8 réspectively. The

e
5 pE . . .

are Eheru ore normalised Yo a value 519.8

which 15 (1.5 % of the Lotal intensity rabte. The normnas

lised values of M are designated as Ma

The final daily variation cuwrves Jor Lhe tobal

son intensity M, elottronic component B,

grownd Dres :‘.um P end growd temperuture 6 {all ﬁa}z:praw

&

ssed as percenbape deviations from thelir respective mamm}
ave gilven in Table 11 and pletbed in Fig. 22.

e

1iL. ) ‘ 2.
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Table 13. leson inbensity from set bto seb.
St S 2 3 En 5 & 7
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Table 19. Gorrelations betwesn the corresponding
rates before and after taking the
MOVING averageés.
Y 4 g ,f R Ri N
. T gund T g and Ay M? ad B,

I o - - - :

Upriginal valuss, + 456 .82 7 +.73
et ) - ¥

loving aversses, + .00 + 9L .90

The procedure adopted was &ﬁérﬁgﬁre to evaluabe
the sm%iﬂg averages of all the intensities separately
and bhen compare the valuwes of TV with T% and of ﬂ1,
lﬁgg ﬁ; ang ﬁz between themselves. In all cases where
“data was wvailable for both 17 and T for the same period
ghe trend of variation was similara. Hence the two were
combined togzethers. In cages where data For any one of

them was missing, the woving average of the other was

2

taken as representabtive of the total intensity. For meson
intensity, the trends of abt least two of tha lour COWMPOs
neata wera'alwayﬂ found to agree. Vhe dissimilar tvrends
were neglect ud and the rest were combined to yeether. The
valua& for the total and meson intonsities thus obtalned
jﬂﬁ?b then uormalised so ag to gorreaspond Lo the meon hie
IL‘d
haurﬂy zuuwﬁ"@ﬂ 00 and 555 for the btotal and meson
2ntw ibies ro: spectbively for any particular set. The

auaber 900 is srbitrerily chogen whdlle 555 1ls just aboub

1%, 2o
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61,5 % of the tobal iﬁtwnsity rabe, as isrbo be expecbed
ﬁroﬁ the abﬂarpﬁian Tor a wean thickness afjﬁi cle of
lead, Values of T and /1 so obbained were pxpressoed as
deviations from thelr means {(vis. 900 and 555 respectively)
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1 0 %, - ’. L3 a3 f u =
by subbrocting the meson intensity from the total intensity.

The values of & had thus a mean v&l§é of 3h5..

FMowving £§ﬁraga3 were also eveluated for the ground
pressure gnd t&mp&f&ture, the hg;g}ﬂ_aﬁd temperature Qf
tmaﬁﬁzﬁulmmlamimmfMMg&WWwszMMrmammﬁ»
kanal. |

The eosmic ray componentse that have been neglected
in any seb due to insulficient data or diggindlar trends,

are given in Table 20.
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Table 20+ Selection of cosmic ray components in
any set for day-towday vardationse
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The moving averases for different periods arve

slobted in Fig. 24 (p«109). The sbbreviations used are te

o5

T S Tobal intensity,

Heson intenality,

L 4
I i I ! R ) -
g = Llectron component, L
P = Ground pressure, e

@
b3

Ground temperature,

:sj Phe 200 mbe level,
Oy, = Temperasture ab the 200 mb, devel and

Mg o= Zie daily sun-spot nusber.

Correlations have been csleoulabed betwesy the

varions cosudce ray intensities and the different mebteorom

iﬂgicaal fectors and daily sunspot number for each set. It
olutlons veried widely from set Lo
set and were even different in sign. iﬁ\c;i‘xae; sort of grouping
of the iii-:‘i"i}l"r';i wad Sherefore necessary. als was done by
consideration of the Ystondard variance’ of the wmeson and
eluctron ;3.:1'&@1‘13:11:1@3 in the differunt sets. The values are

given in Table 21.
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oy sebs kb oaud 6 is abnormally high
rulue of the obher sets, for both i
therefore grouped together as noymal and abnormal

as follows @
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Hoymad group 3= Sevs 3 {a), 5 (a) and 5

CAbnormal zgoup e

Set 3 (b) is neplected

Setn L oand 6.

as compared o the
and L. The sebs are

aroups

(b) s

as it gives gn gbnormal variance

foy E'as compared to that of M which is nesligibly smalle

Tha superposition is carried oub as already described

in Saectien 1.7 of this chapter. The correlations obtained

fop the two groups are given in Tables 22 (a) and (LYo

Table 22 (a).

Correlations between cosuic ray
intensities and meteorcloglaal

factors.
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IV,  DISOUSSTON OF REGULTS,

&

It 1s evident from Vige 22 {3.98) that the daily
variation of bthe various cosumic ray components at Hotdale

kanal is aainly ddwnal. The percentacs amplitudes with
. . . .;’ -

the sugles corvesponding Lo the time oF naxinms for Lhe

different hersenies of the cosmicg vay intensivies, ground
_ 7 s .

pressure and temperature ab Rodallonal are given in
\N
Table 23!3

?;

.

“Table 23. Percentage wsplitudes and the hours of
maxima for the diffevent harmonics.

i st 2 nd 3 rd L th 5 th & th

B0 S 2R i S R ST O W umn.pm4:»\-aim-wmbmwummﬂ'ﬂmﬂlhrﬂ&ﬂﬁ b AL Ak 3G et
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For caleulating the percentuage smplitude ol the
bomperebureyvariation, bhe mesn Lonpevsture and ite devias

tions frow bhe meau sre Jivst converied into degreas
tabuoluce?, Por the Cirst harsonile, ong solar hour is

- v. 0 3 . ! L " i re e i Y v " o ¥ 2 P
gguivelent to 157, whereas for the gecond harmsnic, it s
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reprasenbed by }0 The howrs are cownted Tra& 12 midnight
ONWArdsS
It cuan be seen that in geneval, the co wnba

whichare predominant in the vari z‘::;:ir,ma are the first and
- ——re v -

the w&ﬂwl&. hus for T, & ;vz.l.ui G, t}za fipst and the second
narimonics are isporbant while tm@ rd and higher CowMpo=
nentbs r&?{? nesligible, Por mesons, even bthe second harmonic

e SO
is very smell and iIs comparable to the higher eam;mnen&

¢

For P, the 1sb, 3rd, 4bth, 5th and- 6th harmonics are all
!\. 0
saall as compared to the secomi one.
Since our analvsls is made according to the solar
time, which is comnected with the esrthts rotation vound

n 2L hours, it is to be expected that the varige

f44)
Bty

its axis

‘u.ra

Les would show aﬂ'iﬁpﬁrt&nt firss har@%miw with a period

of 24 nours. The atwmoesphers, however, g&ala fre@ pmriedag’ga

of oscillation corresponding to approxinately 12 hours

and the presonance exeitation of this oscillation by solar

tharmal and €idsl actions is responsible for significant
gsecond harmonic components, directly fpr the pressure and

indirectly For the other -variabes. A close analys Lﬁ 01 Lua

First bwo harmonies is therefore revealing for undwrstandm

ing the my .umi pausal relationsidps bobween the variabes,

25 (a) and {1;) {p. 114) show the hdrmonic

dials oy the Tlrst and .;,«in'”"?riti naruonics respectively. The
&1’***}\* civele for any cosmic ray cowponent is rirawn at Lhe

and of its rading vector.
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Figs 2%. Harmonic dials for the first and the
second harmonicg., -~

It is seen that in the first hermoniec, all the
cosmle ray components lie in a narrow cone and agrew in
phiase wibh the pressure component. Hosav&r, Lha latber is

o

of negli §4h1 amplitude and hence is not signil

',Joe.-

%

fcanbt . The

-

first haxm&nlﬂ of temperature iz qulte subsbantial bub

.

is almost complebely out of phase with the cosmic ray

componentsiand Is thorelore weorrelated with bhom,

»
et

Por the second narmonic, bhe vobal intensity and

the elecbron componoend have ol

e

Ificant amplitudas and
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. h
he veetors lie in o narrow cone almost in ‘opposition Ho
the corresponding pressure vector with a phase difference

£

(#24

‘r

nearly 1807, The second harmonie of pressure represents

the predosinent gomponent in the nobal varistion of Prew
—— PN ‘ﬂ 5 o “+
sﬁura, dinee the second harmonic ol btenperature i almost
ﬁut of phase wibh the second harmenics of T and Lythe semi-
diurnal variations of T ond B can e supposed bo be malaly
5 4 K ol 3
asused by the changes in Pressure. o8 secomnd harwonic of

3 k) L4

M docs uob arree Ld phase with the othgr two cosmic ray

U‘r

ﬁ.rmu‘x

..,

ities (vize T oand E), but ivs amplitude is extremely

=

gmall and not sbatis st eall y significant. Table 24 pivesn

the rorrelation ecoeflicients of the sopond harmonics of

T oand B with the second harmonico of P and Q.

{able 2h. Corrélahtions of the gecond harmonics of
- P oand B owith the seecond harmenics of P
and .

Lpp Tup g L
ol | weDl [ H 17 | =10
.Lum-m-ne—t-n e ol Aol g ih L e

Kogression coellicients can now be eploulated Tor

those poirs of variates where the correlabion coefficilents
IL ‘41'
are high and J;Nui*icant (vige T 3 P and & 3 ?)s Thus one

)
) per em. Hge o-6 0 o (1)
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foprmation laver and A 8y 1o the vamiatifzi;x of the tenpPee
rebure Just below this layver. S /u‘ and  of  thus
reprasent the nass abs orphion coefficient, decay cooliie
gient, and the so called positive Lemperature goefiicient
'ref gpectively. LT Lho Ry e Bes of squatdons (2) and 13)
are ecguatoed, we geb " --

Al A9y
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achbusl mass abserption coellilclent / by Lhe tuwo Leorns
' A By s Y y er e
/u AR and  of M which are goveraed Ly puraly
AP AP -
neteorological factors. They vary aecording To whabhor
the changes considered are dally, day-toeday or sagsonal
and also with the varistions of the processes sansing the
davetowday chanpes. Table 25 below gives the correlation
w3 [ .

coefiicicnts Lebween pairs of variates consisting of the
day~to=day valuss of ground pressure P, proud Lenperature o,

- 9

nelsht of the

#

200 mbe lovel H and temperature of bls Qi}l} mbe

level 8 for the varlous seba. Hore the values Tor P and @

‘,x

apre those baken Lrom the Xodallkanzl Observabory records

3

and the uppor alr data are Lhose obb .unm& Erom dally radioe=

made at the nesrby station of Trivendmun,

IV,
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Table 26 {e)e Pressure goefficiont for the
' elecgbron compouent. -

Aubhor, Hature ofF Praesaure

vardiation,  coeffliclent.
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W As can be seen, the value of the pressure coelfi

glent P Lov the meson inter ity i not quite consistent.

On the obthier hend, the values for /«A ghow bhebter agresment.
in our investization,the wmeson inbensity ! 2

=

very low posltive correlation with pressure in bhe daily
values and hence the mw low value of+ Q.b % por cueilg.
for the pressure mrsigfjl’ic:i@i:tt « LI /u alone were opsrative,
P y should have been about =1.0 7 per cmeHge and this
would recuire not tar‘xl‘y. e a_g;\pmciz-zbl‘: change of phasa,
bub alse a larper aaplitude than io m}tdmnm for the
second L Aot dc of Me The absence of o significant sende
diurnal uuulww sty for Hy sugpests that even in the dsdly
varietion, the faetors /uu' and ol are opepative in such
| v as & produce an eflech conbrary to thol of M
snd o oresulbant *m.:z":iﬁe:s_t;ia;z'{ almost meorrelabed with the

pressure varlatlion.
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per unit voluse. The obther symbols have their usual negne
ing. Table 27 sives the values of ¥ for different values
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and the eritical energy ° P ? for diffevent substances dne

siven in Table 28. (pe125).

Iv,



Table 28, Valueés of 1% and Y P * 4n_different
mubsthaness,

PO 4o W) AT ey 3 1§ 435 (38 2 Gl Koy S A VAR T SR AV WD D SR el S A D KRN LS AT WS A %A WK A R R ATV SR et U4 e AR S he S o £ el
Substance Aly HoU Al fe P
Lot 0113wz 5208 sy 2y T VI RS S ek, T o “-&\‘%mlv»uk-nw.»ummmu!ﬁlrﬁ'ﬂ:twv&\“!"‘sm?‘aﬁ‘sﬁwn’ FR RAN, e e A
g
YL in ot ¢ 34200 Bl | D80 T84 | 04525
‘ o

S up = P e S P e M T s S st GTE AR et I P Tk Gl e S 68 AL A L e i Ot . s e 298 s A Yo DD
T - Py L% ’ X 1 '—;{‘ Ul I % i< L

P 0 _1':,3;,;@—12-» Ve ?{}3.‘,@ 1 ié{eoﬁ f})m 5@ f_;f};:}% i}eng
FARE 363 M8 R0 e o Xt s o i o ot N e} S R NS W # W wor. pon s el

.

As can be seen from Table 27 ,', bhe valuwe of 0 fiest
inereases with 4%, attains a mednum abt sweevalue of 'Y
{depending upon the value of yﬁ} g then decreases {ow
bigher values of '4Y. Durlsg the growth of the shower,
therefore, (« W;&b)ﬂ:lh he positive and during its decay

Pl

it will be apparent pressure coefficlent

would Thus positive, ,u,%m,. to sere ab
the maximuz of the showers and then become negative. The
experiyentally observed pressurs coelficlent would depend
upon the locabtion of the polnt of observation with
respech Lo the e él@cﬁron transition curve in the

ab: m&gﬁurui it would perhaps be more logleal to consider

£

saparabely the position of the point of observation vi

a vis the electron transition curve produced by bthe Liret

ﬂl s ] S . Y
proceas of T decay and the electron Lronsibion gurve
produced Ly the segcond gnd third precesses. In general,

for a plave nasy Sea-lovel the elffective 6% value would
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the second harwonic of ¥ is not siyniflc nL,,f%u values

%

of T and B corrected Pfor the pressure effect ave designas
ted as ¥7 and BY. The bi-hourly values sre glven in

Table 2.
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Table 29. Dally vardation of the total intensity

and the slectron component earr@ahuﬁ
for bthe pressure uéwwﬁta
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These ur rsgure~correctod values of T and B and
th&onm:mﬂ'v&uu of ¥ are now correlated with the
ground ﬁﬁmpewaturwm The corvelation coufficients avre

given in Table 30 (p. 128},
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have found oub the Lemperature L*W
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the daily wmeans of cosmic ray in Lens m&y and ground tenpee

balned are zmb vary consistent, bub

the coefiicient is always negative and iis averape value
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35 aboub .15 % pay Y. Blackets has offered an explang-

tion of bhe segsonal ‘c,(.,n serabiure affect on the basis of

phe meson decay process. an inerease in ground tempervabure

S

during bhe swmer cervesponds Lo a warming of the abnos-

phers in general and hence an elevation in ths height
aoove ground c;u’;’ the region where mesons are produced. The
MRS 3;1;:9;@@ thus *i;§> bravel a greaber distoncs befow
arriving ab the ground snd the prob me.m&, ol decay 1s
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wit tie variations are corrected with these
goelficionts, bhe residundl eurves for T and M show low
correlobions with the grouwnd btempsyature. The electyon

onent $hows ”.Ql“h nesabive correlation (-.60) wish

ground Lemperature. iﬂ& tamperature coefiiclient for the

sonent 18 ﬂ,dg %, per YG. The T and ¥ curves
correched for prevssure eifect and the b component COrT@Qs

tad for obobll pressure and Lern
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mexina Tor the firvst and bhe second harmonics are pilven

in T{zijﬁ.{} ,«23 {pn ?32)#

ive '



=
First and second harsonies of Ghe daily
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Pige 26, The final residusgl curves for’ Kodaillkanal{K]
and Ahmedabad (A). '
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The simdiliarity between the Nodalkanald and

Cthmedabad curves s very striling. The heurs of waxima are
Cabmost bhe same. The elselron cuarves oot be relied upon
sineu bhe stablstical ervors {especially ab Ahwedabad] sre
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rather difficalt  bo imagine that a latityde change of only

13‘3 ca ﬁa&fﬁc& so much amplitude change in the residusl

varistion, The meteorelogical effects are different ab the
two places, the correlation goelllcients wibh seteorological
clenents as well qu bhe pressure and the temperature coelfim

clents belap higher em Ahnedabade It seems therefore, thabt

the difference” he fween the wvariations ab the two places
might be due Lo the difference in dlbtitude, A% lower depths
in tl'wat,.dum uz*;su ©,bhe meteoreloglend uctors are expeched
Lo be moye efifeebive. A elj sher altitudes,on the other hand,
fhe pressure snd bemperaturs offects arve small except for

the electron ecosponent which Iis regorded  gs gmicrabed in

altitude of aboub J";’Gu The
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with growd g“*u““‘*fm and bemperature (Vvize

4 86 and v 74} reduce to nen partial

Lhig
Ui bhe whole, tie correlabions for the meson
i{ztuisqw are very low waleh confiims the conelugion
cived ab, that the comaic ray lotopsiby ab

1

W 18 Little affected by varistions in the

donl elonents,

N

The 11‘3‘%} variablon Lron doy-tosday in the cogmice

ray intopolty, woeuld reculve g none-netesrvological cause
Just ag case ol the delly vardetions In the delly

warlatlon, bie intonsity durdng dayetime 1o wore Lhan
3 k4

Lhab dupdr I was Telt worthewiile,thoreiore,

aes were wors for bhe

e
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day-time values as compule

2
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For this purpesg, bhe auba o

pustions 10 dayeto-day values, was
sach day was Jdivided into dayebine and nighteblme walues
pockoned from 7 Adie b0 7 Peie and 7 Pulle to 7 Aalle TOADEC

"E,ivaly’. The day=bime wid night-time valyss for different

5
o
K
1
e
ot
Fa
g
&
b
R

days in the seb were Lhen sxpresisd as devigtions
1

TP S i 4 T S an e S
respechive means. The standard dsviations fpy the meson

'11\ ‘
G RO unﬂ Ly D : ,

imwensity we

¥

(5.7£0.2) 4 for day-bime values and

{4,9£0.2) % for night-time values.

The standard deviation for the day-time values is

sipnificantly different from that for the nighb-bime valugde

Therefore, during dave-tine, thers is an gdditional factor
)3 oo *

contribubing to the variation of the cosmie ray inten: by or,

shution of the disturbinog factor ls greater durlng
Lf.nﬁ in the nloht-tine. This sugsests tbab the

0

il {,

the diwmal increase of cosmi¢ ray intensity
during dav-bime, 18 nmbably responsible also for the

increased devigblong ol L d.a;f«»‘i:.ifmé: values in day-to=day

rariabionse.
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Pesides the vardations of bhe bobal Anbensity Ly

he seson inbtensity i and the electyon component ¥, the

™
b

va r‘! ukd Lon of & b obther cosmic ray (“;Q)Ef?igf.‘?ﬁ_)niﬁ“it3 weprs shudled,

Fhia First vas the hard "-';mmnam, A Efc,u whil penehrate

4 L34

36 ome. of Lead and was

Rd

the intensi Q

e The exp C»l”li?&.ﬁuii arrangenent

The reaults for the hard cowmponent are presonted
n dection 1 below. Those for the showsy
inbensity are given in Section 2 The reason for presenbing

i1 that for %‘iﬁ et

is verv limited., Hence,both of these
x*eqtﬁ.m rurther verificabion.
1. The hard component { H, )

The doba for the hard component is divided luto

o
4
L

{ive sets, the criteria for selection belng the sawe as

1 »

Cwan adopbed for T and M. The bi-hourly valuss fov

differsnt sots are oiven in Table 35(p.1L0).
, 3 1
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L
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tens from the mean with their hours

values exproessed as perceenbape

vanishes, and the

of ovourence
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Raprd component for different sols.
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Table 37. Sally variation of the hawd componenbs
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-2 w2
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. : 16 | =28 ;
\, ‘ 18 “Qng
22 Je3
Visane |270.4
o ka b s iy a9 cons s e
Tha awplitude of the varisation is abnovsslly high

{about 3.5 %} as compared to the other cosmic ray intene

-,

sities and vakies cgonsiderably from sab to seb. It ig,

rabde to continue Lhe obgservetions over a

st

thaerefore; desi
[0

much Longer period in order to ascertain woether the

voristion ds genuvine or gpurlousg.

A

fa

2¢ The atmospheric shower intensity {( 5 ) 1=

The‘éxyﬁyimwntal arrangenent measuring showers
was run for a period of 24 days in Hovember 1951, Yhe
average Hiebourly values eﬁprewswd ag percentage deviabions
from the mean are given in Table 3%..Th@ valuen of the

1 Py

plectron component & avre given in colum 3 for comparison.
it £ h
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Table 38, Daily vardation of the atwospheric
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the two variabtions seem to agree well within the
rors of 2ache. There is a sugpestion of a shift
avoul Ltwe hours as compared to the electron CoMPo=

in 9 by

nente Thin
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houre The

o hd) o

brought out more
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values so obbained are

eardy by baking
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moving averages for thres consecubive velugs,centered at
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Tablse 39. *uus.ly variations of & and & alter
baking moving averages.
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The percentape amplitudes and the hours of maxima
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Table L0 The corresponding values for ground pressure.
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It iz seen that the First harmoniesof the showver

}-:.

5

intenasity and electron component are alwost the same

e B e 2 ‘x - .~ o . . s N & 18] 4. .
while She sceond harmonilce of the former is 45 ( 14 hours )
earligr in phase as compared Go the second harmonic of

“Thé labber. The Socond harmonie of shower intensity s

tierelore a low corvelation {w.iyl.;f} with the socond harsmonic

of pround pressure,in conbrash £ the v slun («.95) Loy

. -~
the electrsn econibonent

For temperature, bobth the first and the second
Y
aaorsonics have L Low correlationgwith the first and
gecond naraonics of the shower intensity and the electron

gomponctl

it weems,therelore, thab the showsy inbensity at

Kodalkanal,is not much alTected by the meteorslogical
frebors. The wvariation bag 0 an lmpordent diummal

I3

component comparsble to the wmeson lutansity Myboth in

ohiage  mnd z‘h’.' ade, Hefore one con make a close snalysks
o F

A,.,“

- -

of the veriation of 5. and its relationship with other
components of cosmic radiablion, it is necespary to accumi-

Late much wore experimental dabta. Further work in this

connectbion 1o in propress,

Ve Re
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Tﬁ@ dally variations of the total cosnmic ray intenle

gity and meson intensity at Hodailuaal (f;wz!dr_w lat. 1%,
al%: "%:Z'mu 7658 1;1; ) are predouinently i‘iim’m;xl with a maximun
at about 1600 hr* Jocal time. 'm, slectron com amwni, which
is obtained as a difference gmva b@&mmﬁm Lhe tmi';al and the
meBoen -iw’;@zi&ii:,% shows a senl-diu ;hu. ecomponent as well. The
prisssure ‘\:ariatim, st Kodaikanal is wmainly semi-diuraal and’
has a high m,um,ivc correlation with Ghe seniediurnal v::mpw-»
m,n:.,;; of the w" 1 and the electron inteusitieg. The zr»x*eaﬁsm:*ﬂ
coefficients are /3 a2 =33 % per om. Hge for the tobal
intensity and By = *-‘E}.fé % for the electron component. Un
the other hand, the senl-diurnal component of the meﬁmn
intengity has a very low positive correlation with the semi
diurnal pressure variation. The sbaonde of a mass absorption
coefficient for mesons indicates that duping the &“f;’]f)‘ég)dﬂf’l @
oscillations responsible Tur the seni-diuvrnal prossure

vard, e‘t,:mn st Kodaikanal, bthere are ('hc,ugé;m in the helight of
the meson Tormation layer or teumperature in the upper abmose
phere, wik a cmask this effects The amall positive effect |
;.u._pm*::_m(mta 1ly observed is nob sipnificant ond doeg not

ﬂ:l.ve, a (:‘m Lo the precise nobuve of the wechanisnm due to

wideh the tdss absorption effuct is obliteratede.
Compared to vhat is obsorved abt Ahmedabad which 1s

\ >

»oa somewhat higher pgeousagnetlc

farid

nearly ot ses=lovel and a

Vie
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Latitude (13%.) s the effects of the meteorelogical factors
at Rodalkanal on the total, meson and the electron components
are aﬁallér and contribute less to the dally variationse. »ﬁ
When the cosmic ray data at both these places are corrected
Tor the variatidns of the atmospherdc pressure and-ﬁh&
graunﬁ temper@ﬁuré wherever avsigﬂificaﬁt correlation has
been found, thore remaing a ﬁtf&ngly diurnal residual
vgriatiaﬁ at bobh places. F@rvK&ééikaﬂal, the vardation of
mesons has an amplitude of about 1.0 § and the hour of
maxikum is at about 0930 hr. At Ahmedabad, ﬁt has an amplic
tude of aﬁéﬁt 0.5 % and the hmuf off maximum 18 ab about

1100 hr.

The results can be compared to those obtained at
Hafelekar (géﬂmagﬁlaﬁa 4??&, altitude 2300 m.), Quaﬁcaye
(seomag. lat. 128, al@iﬁﬁdewﬁﬁﬁémmi}yiﬂhr$5ﬁehurah-
{oomag. lat.'#?ﬁﬁ, altitude 8 m.), Cheltenham (geomag.
late §QQ%, altitude 72 m.) and Godhgwn (g&om&g@lat.ﬁﬁgﬁ,
altitude 9 tie ) where the measuy srents were made with
ionisstion chambers and showed a pra&uminently;diurnal
trend im,maﬁﬁﬁmily variation. Pig. 29,(p0 1k$3‘givem b
harsonic dial for the Dirst harnonics of the varistiong
off the meson intensibty ab these placesn together with the
fivat ﬂarmé&iéﬁ~@f Lhe residusl variations obtaived by

ua ab Kodaikanal and Ahwedabads



Godha%
Cheltenham

Christchurch

Hiinrayo
Hafelekar

Ahmedabad

: I . . ! VA e
Fige 29 dar%mnlc uial for th& fi?ﬁt hgrmmnlcs of
the pressure corrected dailly vardations

at Kodailana 1L, Ahmedabad, Halelelar,
Huaneayo, Shristchuraeh, neltenhan and
Godhau e

The proopwced yesidual diurasl variation wiilch

.

remaing after corresting for the neteorological elements

Wi

neay bie grouwmnd, is wilikely to be caused by wmetesrological
changes in e uwppesr atsosphere which have a totally
insuificient soplituce of diwmnal vuigxhi 1 oaccording Lo

existbing weteorological knowledge. The diuwrngl changes in

peomnagnetde elements are also unli fbly Lo cauge the residual

VI,
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He

variation. The patuwre of the magnetic varinblons cha :mm
radically with letituds whersas the diuwrnal vazﬁiatim& of
coswie ray intensity has a similay Turm ab places as fay
-ﬁe‘ag)m'-é«mmji as Godalkanal, Alwedabad, Hmﬁ‘&l&l{&w, Huancayo,

- Ghayd st churel, Chaltenhan and Godhavne -

-
The inereszse in bthe pmf'(;eé}t&g;ie amplitude of *im
rasidual diurnal vardation of the total and the megson

e N
intensitiesn g.z. 20, zw Trom Ahmedabad o Rodalkanal is wost

w,‘;,

4% -

probably an effect’ of altitude rabher Lhan of change of

latithde, This 18 in agreement with U"e increase of anpli-

tuda found ab the two hiph level stations of dafelekar
and Huancayo as compared to the loy level stations of
Christchureh, Cheltenhan and Godhavn. The hours of maxima
for the first two stations are épp@aximaﬁﬁly threae hours
tateyr Ghan Gie hour of maximus at Sodatkemal and are BPPYO~
wimately three hours In advance of the hours of maxima Loy
the last three gtations. This shift of the hour of maximun
to later hours at low level stations 1v glsc seen between
Rodatlanal snd Ahmedabad, the latber Jtabion having a
maxionen ab@uﬁ,ﬁwa hours later than the Former. In compaying
the hours @f'u xing obtuined with our apparatus with those
with londisation chambers, the difference in the aperture

of the two Hypus of apparatuses should be kepb in mind,

he mrc:r percent ape %3. wie of the dinrmal

variation observed with lonisution chanbors at iluancayo,

Vis
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Chpi M?ﬂﬁﬂrvuy Cheltenhanm and Godham asg Gu&;xwud to the

amiplitude fownd with vertically pointing cowmter

beleseopss abt Bodaikanal and Ahmedabad, wust be atbhributed
313 e apparatus. Lonisation chambers
AN

whdeh can registér intensity from all drections of the shy

o

are expected Lo reveal a lower amplitude of the variubion

then telescopes measurdng ing ‘jih’f:'a:ut"‘f conming bhrough a -

rastricted s0l2d angle from the voertical., This is particue

larly true for variastions of nunmm ummi‘& ogical origin due

Lo anisobtrony in space of the primm "*y‘- conmic radiation.

The dependence of the residusl ddurnal variation on

»

local Lime, Low corrvelation with tersestrial z‘szei}fwu

j=8

1

il

rologieal snd magneblce elements, and bhe increase of its
percenbagze anplitude with ea.'mm’t;im*x , Lead one to beliove

that the variatlon may be comnected with a dreet er ssion

of moderate and Llow energy cosmie rays from the sun. This
is also supported by the observation that the day-to-day

L]

changes of cosmic ray "Lmsm,sm,v at m*ac“i‘ vikanal are more
pronounged for the dayetime values than for the night time

r«‘

valueg, LP there 1lg an omission of low enerpy cosnlc ravs

3

Prom the sun, the follouing consequences would follow, wirieh

G

can be ewgperimentally testeds
Ay

e

“l\‘. *v
(1) T}:&z percentage anplitude of the diurnal varige

tion would depe w;l on the gltitude of the stabion and would

¥,

inersase further for stations hipgher than Kodallkanal.

Vi
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1)

{(Z) The amplitule would alber with 'the

e,..a

cr, g E TR, SRR I I P 1 PR . S . e T 1
ml%‘,‘h‘;ﬁg :;;},Zif}: wrnalel Bave o seabonsd VarLonior

§ ", . o . Lo 1 . 4
(3} For t¢lescopes pointing bast and West, there

would be an albteration of the phase of the diurnal curve.
Whobher the hour of maximum 1z hefore or after local noon,

would depend oﬁwﬁha sipn of the particles causing the
anfgotropy in the primary Coumi¢ rays.
. o F
a\ﬁﬁp'tixJnt have baen ﬁlmﬁﬁﬂitm test these conse

1

quences, Hmwavar, th@AQ?sufz; tentative conclusion for the

serdping of the resid u11 Murnel varistion to low and

medivn energetic parbicles from the sun, is supported by

{a) occasional large increases in cosmic Tay e,
associated with solay [lares,
fi)  pecent work Ly Jimpson assoelating vaviations
of cosule ray neutrons with solary prominences,

(o}  larse dlurnal variation 933_ stor intensiby

69 ...

reparbed by Schein Tor the upper atnosphare.
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