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1s. The daily varistion of meson intenalty measured with
vertical telescopes, having semiangles of 229 in the bei plane
and 379 in the Hed plone, bas been studied by the autbor during
the years 195k, 1955 and 1956 at the equatorisl mountain station
of Hodaikanals The 12-~month mean dally varlation during each
year and bhe dally vardation on individual days have been
studied, The 12;£3hzh mean dally variation has been compared
with the dally variatlosn for the years 1952 and 1953 measured
with the same instrument a& fodalkanal and with the daily
variption of intensity messured by Carnegie Institution ion
chambers gt Huancayo and Cheltenham. The change of the 12-month

mean dally varistion has the followlng noteworthy festures:

“{al  Duping 1952 to 1996, changes of the time of
‘axloun of the diurnsl component and bhe amplitude and time of
maxdoin of the sesi-divraal component of the 12-month mean

dully varistion are well correlabed at the two eguatorial

i
LT

- stations of Hodaikenal and Huancayos

{b)  Change of the tine of maxinum of the diuensl
and the geni=diurngl componentint Huancafo over a period of
18 yoars is most clearly sugsestive of a relationship with
the 22-your cycle of change of polarity of the magnetic field

of sunspot.

4 ZRmyeur cyele of chmnge is cloarly seen in, the form
-t -
R [ ™ ~

\



@f-ghg {2-month man daily V&Ti&ﬁi@ﬂ~umﬁ@ﬂﬁlvad.iﬁﬁﬁ it
narmonie components. The change of form tabes place prinaipally
in relation to g maximum in the early m@rﬂing or near noon as
sugzested by Sarabhal et ale The change ls large st minimum of
golar activity and is gradual at other periods of the solar

eyele.

| {e} For p proper study of the anisotropy of the
Primary<e§smiaﬁm§§iaﬁian and its changes 1t is necessary,
yawﬁi@ﬁlarly fop 5%3@?V&ﬁi@ﬁa at low lativudes, to take acoount
of the é&ﬁi»diﬁfﬂal component of the dally variation in addition
to the diarﬂal'aampaﬁaab. The change of deily variation
woreselved inte lve harmonic coOmpunents can be related to a
meaningful physiesl model of change of the anisoiropy of

primary radiatlion,

2o A gomparison of the form of the 12-nonth mean daily
veristion and the distributdon of paremeters of the diurnal

and the aemﬁ»diuwnml componaents of the dsily variation on
individual deys does not either confirm Gﬁ‘fﬁiﬁ}@:thewﬁﬁdal

of change of the jZemonth mean dsily variastion sugsested by
Sarabhal et ale This model involved the éhaﬂg@ hwing_praduaéd
through alteration of frecuency of Gaéurrﬁnca from year o yeer
of a"ay moximum typeund a'nipght maxinm type" of anisotropy.
It appears from the present study that bovh major states of
the primery anisobropy are comnectsd with a diurnal as well

a8 a semledivrengl componente Yhey differ in relatlon to different



relabive bagnitudes of ths maxima in the early merning and
near noon which sre observed in the daily variations produced

I;ry Lhatle

i

Fe 4 study has olso been made by the author of the

variastion of the méﬁam intansity mgasured with ¥ narrow angle o
ﬁ%lé&%@ﬁ&ﬁ of sembangle 5°in the L-¥ plane and 19% in the Hed

plune opsrsted ab Rodalkenpl durdng 1956, The dadly vmrimtiem

has been ﬁﬁﬁpﬁﬁéﬁﬁyiﬁh the daily varistion m@&&uwaéﬂby R~
%@1aﬂ@¢pﬁs and g neutron moultor ab ﬁédaikanala The charagveristics
of the daily varistion of the neutyoen monitor and the A2y
telescopes are very similers The narrow angle telescopes exbibic
arléaily vardation of la arger amplitude than the ovher two
instrunants. fdenvificabion of the state Qflgh@ anlsotropy on
individusl days by an exsminution of ouly the characteristics

&f th&\&&rmaﬂiﬁ semponents of Lhe dedly Va?iaﬁiwn.iﬁ not in

that on na

sbically disturbed days the rasio i’?ii*' of,the
atplitudes of the diuraal and the send=diurnsl ammnanvnta
regpectively of the daily va ri&h&gn, has uauractvrs stie values
related to the correlabed changes of anlgotropy snd tha mean

intensity of coauie PaYSe

& The averssze dally veristion on duys with differant

-

degreas of B banges, as Indicated by the walue

B evin § vt gt e, ™ ipndfleant bransit:
OF Lp on dndividual days, suggests that a sipniflcant transition

s

e
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23

takés place in the range of Cp from 0,85 to 1.20, LThe nature
of change bebween groups corresponding to low and high Cp is

not the same in 1954, 1955 and ia 1956,

| 5," A solar flare type of increase of inteusity ab
Kodaikanal, observed on 23rd February 1956, represents one
of the first ovservations of this effect at a station on the
geomagneticreouator. It has been interpreted as lndicative
of the generathikon the sun,of cosmic rays in the energy o

rdnge 35 to 65 Bev.ln association with a type 3+ flare.

6. - The present dissertation describes in Chapter LI

the apparatus and in Chapter III, the methods of anélysis of
daté; Chapters IV gnd V deal with results of the iHVestigations
made with vertical Lelescopes of moderate and narrow angles of
opening respectively. in &hﬁpter VI, the principal conciuglons
of the iavestigation are discussed. The author has included at
the end of his thesis a list of 167 references to original
Pépers puﬁliﬂhad in different parts of the world, The thesis

. mentions the specific information derived from egch of sthem.
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GHAPTER X

THTRODUCT LY

The study of cosmic ray time variations hag grown
in imp¢rt@nae in pecent years with inereasing rcaiiaﬂtion
that an mndersﬁamdin of these variatians will give a clue
+o the arlgin af*@asmic rays and of the ei@ct?cmagﬁetia
fields in interplonetary and {interstellar space, Moreover,
the close relationship of many of the cosmlc vay variations
with events oceurying on the sun is of great interest in‘
understanding the physics of the sun end its @avirmnmént- "
Canﬁequ@nﬁly various workers have sought Lo a%tabligh ohe
main features of cagmﬁe ray time variations and thelr
yelationshipg with known peophysical and agbrophysieal
phenomena. Elliov! hes reviewed the status of knowledse
regarding cosmic ray intensity variatlons shudi@d upto 1951,
Since then significent advances have been made and Lhter
reviews ef the progress in tie subject have recently been

‘pubumed by Sarabhed & Nerurkar® and by Singersds

As bhe primary G@dMi¢ ey parulélas approach the
garth from outer space bhey sulfer deflection in the earth's
magnetic field and inveract with patter in the earth’s
atmosphere. What the eﬁsmie ey wwcerdur Viacatéd ab various

places on the surface of the earth r@ccrd, iﬁraswanbially a
N

.sacandary phenomena. It is necessary therefore 1O aﬁuQS$




"and make allowance for whese terrestrial effects helore one
@aglignerprat the'axpérimantaily obaerved vardstions ln toerms

of primary radiation.

1.1 G&@Mﬂ?'@hi@ eﬁgaets

Tha early studies on the &@h&vieur of eharved
paytial@s 1n the dipalu field of the earth were carried out
’%y ﬁt@rmer#;*h;§@itr@ and Vallavta®i97, They compused
@arﬁiala‘%rajaeh%rias by numerical integration methods and
worked out the basic theory of geomagnetie efﬁ@@tsa‘Through‘
the application of Liauviilaiﬁlth@arem and by assuming the
isotropy of primary radiation, Lemaltre & Vallarta could
derivﬁ‘a simglé and satisiagtory theory bthat explained the
@r&&@iﬁalyaxperim&nﬁally dhoerved geoomapnetic effects and
:‘at the same tilue a@via%&d the need for compubation of
inéi?idaal particle orbits. The results of these investigations
have been ﬁﬂmmdriShﬁ and prasented iun a ¢onvanlent fgvm.ay

fi-lﬁ)ﬂﬁx‘gan o ) ]

The ﬁhvery devalaped by Stormer, Lemaltre & anlartav
daais with isotropie radiation, To intarprat effects such as
the solar flara effect where imatrcpy 1w not obaarvad it
_bea@m@a necegsary to know in detail the trajectories of
particles. Sehiuter? and Firor!Q have computed individual
orbits of protons of energies extending upto 108eV. This
work is further refined vy Joryll, Vallartal® and his groupe

Lust et all3 and Lust!™ have calculsted pmr%mcle vriits for



L1 2
s

‘different source wldths snd declinations. From the erbits,
aggﬁmigg'a flat rigidivy spectrum at the source they have
éaleulatéd the counting rates ot the top of the atmosphers.
Brunbureg & Q&ttnarig o the other hand have approached the
problem by model experiments. They have deternined the
asymptotic coordinates of velocivy vectors for protons of
energy greater than 2 BevV which can arrive at apeeified

'ang;es tQ>$h@\§§§iﬁh in =5 aﬁé'mww_planea at various latitudes.
The resulis have been presented in convenlent graphical form.
Thess résulﬁs form o most valwable bagis for the interprevation
ef effects caused by andsolropic radiatdon. The results show
that the trajectories 6§'particl@s arviving at a place like
Kodaikanal , méar the geﬂmagne%ia gguabor are more or less
constrained to the aquitaéial plane of the earth and that
they‘aﬁa mush slmpler compared Lo the trajeciories of particles

- arrviving at hi@har lagvitudes.

142 Helationship between measured intemsity and priuary

o L

- gosmie radiation

In order to interprot the variations of the secondary
component measured in the lower atmospherw in terms of the
primary component of the conule radiation, it is necessary
o ﬁ@l&te the primary spectrun through an "yileld funcbion®
or a "generating fun@hisn"; with the spectrun of the secondaries

-
-

sensitive primories this can be done withmuﬁfgeing into the



v”dﬁﬁaﬁi& of the iﬁt@TVuﬂixg u?&ﬁd&b?ﬂ&tlon provesses. L for
"ﬂaa ebserving shabion sivtuabed at a latitude N\ and level
with pressure ho, intensity of jth component produced by

ahﬁ'primary gpeetrun F(B) is ﬁ% (hy), then following ﬁorman16

ﬁi (hﬁ) o F(B) miifii, hg} BE “ae wah ‘1)

where mh (B, hohds the production coefficient showing how
© much of N+ (hy) is supplied by the F(E) AL primary particles
af enargy E, while h* ig tb& @@@ma metlc euboff for the

given latitude A .

Variation dj F(B) of F{E), of the type J which may
be &aaaenal, diurnal etc.) produce variation dj Ni {hy) to-
%i hy) e Varying both ¢ lﬂ%w of equation {1) _
[ 2]
BNy (ke 5 \A/ CEfy FEE de
Ny Cho) ES FCE) L
Fle) st CENY 0

L

o o
Q.:}V\Qn.e, \A{> (_E,L\°) = NL Che) B T .---(:?).

is the coupling coei’ iant showing how ld g AT Sﬁsandwry
)

variation will be due to the variation’ @i the primery spectrumy .

Biﬁferantiaﬁiug aquation (2) with respect to E?{ we get

Y c o BNAUM _
VA(Ex,L)= - O Ny Ched L (42

For latitude sensitive primuaries connected withfth@=v&rtica&

™~

intensity (lee. By & 15 BaV}, im latitude cfxeet fﬂr a given



4 %0 gomponent is known, the ReH.S. of equation &4 can be
gvaluated und the coupling coefficlent may e calculateds
For B > 15 BeV the curve B Ve Wl (h; hg) can be extrapolated

with the help of sulbauvle parunciric formulaes /

: ¥ . - S , | 5 K
fpi@%aﬂizg ﬁ@ﬁg@riﬁg %ag&ﬁﬂimaﬁg and Eormaﬁié have
worked vut the yield funcblon from the latitvude variation
" '., +9
data obbtained Ly PFW%mﬁﬁ“agﬁg Bilmpeon £3 . Barry & E@aﬁgﬁ and

; :\\ a/m PR
yarious other’ worlers 3{ The important ¥ 3S¥3Lu are aummari sed

o 4

by Doyman and by Fonger ag showa in Fig.l & 2 regpeotively.
Fig;?,fr@m.ﬁawa@m iadieutes for A = 0 the value of the

N,

coupling coe z ficlents for total dlonising intensity, hard

&

gomponent luhensiby and neutron intensiby ab sea level, and
sobal intensity ab 4300 mdters altitude, for primary energies
uptbo 1000 BeV. Fig.2 Lyom Fonger shows tha® the nucleonic

compenent as measured by the local production of neubrons at

Glimax (A= 48%, h = 3500 m) corresponds Lo & mean muurhy

primarmam ol Pe3 BeV whereas an lonisation ¢ xambnr a@ gea,
devel at & similar latitude gorresponds tq maan primary

enerigy of 40 BeVa

ﬂmnémptﬁ Bire oftven wmade o d@%ivm, from data
congerning the sudar dally variation of cogwic rays,; information
regarding ﬁhé direction of anisotropy of primarvy radiation
outside the influecnce of the geomapgnetic fi@ld-vﬁmma lnvegti=-
gators refer to an average engrgy ol the primary spectrum

™

correspondlng to the secondary radiatvion which is‘measured
¥ o 3
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;aga bhen. ﬂpply a carx$¢»1am for. vhe geomagnetic delflection
gf'prdmayy‘parﬁiélﬂﬂ of the appropriate average energys
speclal apsumpblong ¢onceraing the energy dependence of the
anigotrople radiation ave involved beiore the result can be
interpreted. It is howﬁver'pr&farable, us ﬁ&rurkang;haﬁ
dﬂna, 1) darlve the s@aﬁmal gonfiguration @f the anisobropy
.and its d&@%ﬂ&ﬁﬁﬂb on primary Enersy acaawdinm Lo a particular
maéﬁi aa& th@ﬁfﬁmia& ﬁ@rmanfﬁ coupling coefficients and the
veaults of Brunburg & Dattner regarding g$QMﬁ£ﬂéﬁ1¢ deflﬁatiang
to é@m@u&@ & dally variation of secondary raﬁiat&an which may
be a@mpareﬁ with exmarim@nadl obgervations. Agreement can be

taken to impiy_ﬁnut the assumed model is consistent wiﬁh the

experimental observationgy

13 Yariations of stmospheric oriein

& great deal of work has been dome concerning the
wasﬁia rﬁy variaﬁionw of.atm@spherQ origin ﬂant@ Du?eriar
pr&ﬁenﬁéé his ?éftial regression éguation camneﬁhins the
perﬁenﬁlahang@-bf megon lubensity thh barometric preﬁbure‘sp,
change in n@ight af 100 mha Lavhl.Ab*anﬁ change of nmean
temperature AT between the 100 ang 200 muelavals, A numb@r
of workers have serutinised Duperier's equation and the
Physical m@ahing ascribed 4o the coeliiclients deriveﬁ from
it Cur knowledge regarding the subject has been greatly
elarified by the thaoretical work of diuartﬁ9 «%meﬁa & WadaR®,

Hayakawa et algf, bjénbarg“ and by the expwrlmmnﬁal



s 8

investigabions of Barvet et alk?, Tfﬁf&11}6“32: weda?? and
other Japanese workevs. She state of kuowledge concerning
whe subject till 1950 has been reviewed by Sarabhul &

ﬁgruﬁkarzt‘

Wada & Kudo ¥ have sugeested a three tern partial
.g-@gwgmi@%l sguation connecting AP , Avand AT o correct
“gosgnic ray.yggégtidng for meteorologleal effects, which
' é@v&aﬁ@a some éﬁ‘tﬁa diffieulbies encountered by Duporierts
equation, They have suggested that by taking H 'ﬁg repyasend
ﬁﬁa‘é#ﬁfarﬁﬂﬁ& between the helght of mean level of meson
@ﬁ@ﬂu@tiﬂﬁ‘ﬁﬂﬁ‘cﬁ"i&ﬂ%ﬂ?iéjlﬂ%&i'ﬂﬁﬂr the grouad the mean
temperaturs of the lower atmosphere ls taken care of and the
possibility of decay effects boing included in 13 is provented.
: ﬁersevér this H is lndependent of sea level prassure. Using
this H and a mean a%maﬁphariﬁ mass bemperature, in conjunction
'with_an.apprayria&ﬂ wemporature coeffielent a sakigfactory
'regﬁagaiéa pguation can be formed, Such an @g&aﬁimnk#an be
agpliad.with advantage o aiveéa@ types of changes of pressure
and tempeysture in the atmogphere gith@ut r@quﬁr&ng éhange of

'V

values of eoefilolentse

Dormen & Felnbery have recently outlined a sethod

for eveluating a correction for atmospheric eifeckg. Starting

S oS S B s A :
from Feinbergtus® work Dopmand?17° has worked cub the theory

of atmospheric effects on the M meson componehic Gaking into
gonsideration the continuous production and ionisation loss



o
.

of M ﬁ@&@ﬁs %hr@ughmgt the &tm@sﬁh@re$ Just as Olbart did.
However bmrman has carefully avoided any peneral sssumption
regarding the equilibrium of the atmospheres He gets a genersl
pub complex analytical expression involving several variables,
 the chief aﬁmng then belng the grouad pressure and the densivy
of diffevent isobaric levels from the ta? of the atmosphere
down to the cosmic vay recorders the lnbegrals idnvolved depend
igﬁ'thé m@aéﬂ*p&gﬁuatiﬁn fmncﬁiﬁgz on the relation between
density and vemperature abt dlfferent lovels and on the
instrumental cut-off energys The integrals are evalvated
,partly;anﬁlyﬁically and partly aumerically and the resulbs
ave susmarised in the eguatlon

Yo
él&.) = @)Sﬂxa o f \/\I(:c')STtx')té‘&f:r.'.

Iy Jx,

where B:noiafchanga of pressure al the ebservation point,

' F) a definite coefflicient (barometric coefflcient) not
sontaining any arbitrary quantities, g'rCGCD‘Gh&ﬂg@§Qf
Vemperature at the level ¢ o The fuaction \J<;z35 whi.ch

he calls "vemperature coofficient density" has been caleulated
and plotted in a graph. If ﬁuffici@ﬁﬁ %ﬁdiaséﬁd@ data are
a?aila%la Lo deternine B'rtxn atb various standard isoburic
levels the corrsebion for meteovological effeets can be

easily evaluated,

7 gaviation

-t

The correction to be applicd to the dpil

J(f'

F

of meson intensity for the removal of variautiong of atmospheric



'12'3?0' s

']¢rigin haa"beaﬂ ﬁanaidaraﬁ by several workers. Sarabbol aﬁbal3793g
gava dmaeus&ad Lha relative imparﬁance of contributions due Lo
daily variabion of barometriec pressuye, of helghts of isabarmu
levels, and of temperatures of various levels in the atwosphere.
éh@y point oﬁﬁ that slgnificant snd regular diuwrnal variation
of zeﬁparatura ogeurs only in the turbulent surface layer of

the atmosphere upto 2 km above t& o grounds In the high&r levels
Athg maiﬁ:ahaﬁgégxaf tamp@ranuwa are not diuwynal hua g irregular
éayﬁtﬁgday mharaéhar which ave exp@é&eé to be smoothed out when
da%a are averaged over a long peviod. The ampiitude of the
semidiurnal esamiiatioa of the atmosphere ot 100 mb level is

net known to vary move than a few meters even at the equator.
Thus in the daily variation of meson intensity there is

expected to be little contribution due bHo the ehangé of height
of isobaric levels or of upper alr tempersture. Sarabhai et al
'-ﬁh@rafare gconclude that the barometric effect is the only
atmospheric effect sthat has to be considered while eyaluating

\

the ﬁaily vardation of meson intensity.

Glokovad?, Kuznin®® gng aﬁher Ru§ai@ﬁ workers have
used Dorman's method to correct daily é&ri&ti@n as well as
_Qﬁhmr typ&& of intensity varietions. They find that the
Beagonal vardations of cosmic ruy lntensity are almost

exclusively of meteorologlcal origln and that seasonal changes
of diurmal vardation Jdissppears when metamrglagica&’vari&tienm

are properly taken iuto account, fnay have shown that when the



L E

EERIE

method is applied to the @iﬁrnai’variati_ﬁ, the correcticn
gggiamlampiituda of about U1 % whith & minioum nesr noon,
éﬁﬁs the correction almest doubles the messured amplitude

of the diurnal veriation ab high letitudes. On the otherhond
. Mﬁgé&givhaﬁ‘ﬁhﬁﬁﬂ that the temperature veriations in the
atmosphere may be expected to pglve rise to a small dlumal
variation of anplitude 0.05 & only, with & maximon abt 14 hese

o .

\..‘\ ) -~
o T }; g ST B BTN TR e X gwd ompr B laayde b laoeoan
it dis cdeay from alld poiunis of view Lhab there

wonkd be sOMo agpilguity of Interpretation off & dally vayiabion
af meson invensity when the neaswred amplitude is cowparable
Wiﬁh the amplitude of the atmospheric Lemperaturs gifects
which are estimated to cause a variation of about 0,05 to

gi? Q %n

.

ihe effects ﬁf peteorological factors oo the nucleonic
..¢ﬁﬁyéﬁaﬂﬁ are essier Lo sstablish ﬁh&n‘ﬁhaﬁw for the /u'maﬁon'
| component where decay eff@éﬂs'ﬂﬁmplicate whe problem. Simpson
et al%® have shown that the aifect of mtma&ph@riﬁ ﬁéﬁyéraﬁur@
variatlon upon oLserved plle neubron intensity is nepliglbly
small, being of the order of«8,02 % per O wt, A w O and less
than 0,000 % at A\ 2 500, Bar@m@txim’éwﬁﬁsuw@ &@@fﬁiai@ntnﬁb
ie essentially constent over bhe geomegnetic latibude range

A = U'bu 549 end for atmospheric depths gr@atér than 600 gms,
per om®. J3 has hoen sstimuted by them to he (=094 +0.03)%/ mm. Hg.

E e . ) . Y, ’ L e e 1
i good agreeuent with valuey reported by Adgme % ﬁraddimk*B,
. R ~ N '

\
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;H@érdan & Thambyphillai4@ and Rose & Katazman®®. Lockwood &

'Yingﬁtké get a value for f% equal to =(10.9 +0.9)%/cm.Hz.

Miyazaki“7 hag run&mtly studied the time variation

- gf the eampara%ivaiy low energy portion of the ?rimary casmié
rays by comparing the intensity variabions observed at
differenﬁ altitudes. He has shown that the aﬁm@syheﬁia effect
'ﬂn the differaag& betweeni the pressure corre¢bed intensities

of meson camponent obgerved at sea level and at a nearby
meuﬂtain gtation ls mainly cavsed by uhe mean -Lemperature cf

- the atmeﬁyher@ between the two stations. He has also shown
nhat.ﬁhe daily varlation of this low energy campoﬁantvof cosmic
ray mesons corrected for atmospheric effects has a high

gorrelation with the pressure corrvected neubtron intensitys

Jaeklyn43’has made an interesting study concerning
the dally variation of the barometric coefficient Fb « He
reP@rts a divrnal variation of about 5 % in the vaLua of ﬁh@A
barometric coefficient and secular changes of the sume ordep.
The experimental results are barely outside the 95 % fidueial
1imi@#\of significance but hava’baem'aécrihed by him to the o
noa~wiform propertiss of the atwosphere at different times
-éf the day, or to the change of the energy spectrum of
Primaries which is not accounted for in Duperier's equation.
He also remarks that it is meaningless to correct the diurnal

e ~ -
variations of mwban Lnbﬁﬂ%&ty Lo c@ndlﬁimns ui gtandard surface
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;@r&sﬁmr@ using a barometer coeffiglent averaped over the
mgan”days if the standard pressure chosen is very diffcerent

from the observed mean value.

1.4 Time variations of primary radiution

1«41 Variation of intensity with golar cyele

One of the most remarkable long term variations
Tl i

‘phat has been dijcovered recently is the change ol general
intensity of cosuic radiablon with change of solar activity
of aénspct'nmmberSQ Forbushh? aﬂd:ﬁl@kova59 have obaerved
that the 12-month mean intensitles measured by Cavnegle
Xnaﬁitutiaa pbations vary by about 4 % between sunspot minlmum
and gunspot maximum years. Forbush has &héwm that thls change
is equally present in all the fcn?:sta%ians whoge 1atitﬁﬁe
range from 0° to 80%. He has seperated the data for
‘magnebically quiet and disturbed days and shows that the
Qhaﬁge is present almost equally in both sha_graupa:§‘hia
indicates that the seculsr change in intensiby is naﬁ'proﬁucad
by a serles of gborm type decresses aeeurring with varying

froquency during different periods of solar activity.

Similar changes in toval intensivy have been observed
at high latitudes and high altitudes Ly Neherd?932:53 and
Heyer & Simpson®¥, Corresponding to vhe change of only & %

Observed at sea level, lleher finds thet at the latitudes
| : Lit
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5@ %0 %BOE there was a change in total lonissbion of about
50 % at an altitude of FO 000 £6. iram sunspot maxiwum year

of 1937 to the sunspob miniwmuwn year of 1954

1+42 GChange of 'Knee! of the iavitude effect

A remarkable feabure that emerged out of the early
gguaig§55 af.ﬁhe datitude effect of gosmie rays ab various
.al§itud%$ waé“ﬁﬁ@ a&&enca of a iQW‘@nﬁfgy ammyan@ﬁﬁ of"
yrimary vadiation, The 'knee' in the iaﬁiﬁuﬁe effect indicated
that beyond a latitude of about 55%° there was ho furthey
ahaugé'in the tobtal intensity even at the highest altitudes
that could be reuchied by balloons. The sharp eub-off in the
costle ray primayy spectium ot an energy of about Q.8 BeV for
pra%ans coryespondlag o the Tineg! has presgnted a difflculs

provlen for inberprotation.

| since 1951, Neher et al92,53:50,57 naye made &

- sysgematiq study of the {iner 1ewt ures of l%twtud vdriation
of cosmic ray intensity at high altitudes in high latitudes
beyond the Yhnee'!, They have developed a technlque o study
the 'knee' independently of the generai fluctuations in
ihtansityAhy condusting slmultaneous flights of balloon borne
inahrum@nts at various lativudes. The results of their
experiments have revealed the int@r@&ﬁing fact that the "kneo!
is not stationary at a particular latitude but &ﬂlibd in a

'/f

way consistont with the observabion of Forbu&h“’ rcyard)nw
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the iﬁvarva reletlon between the solar activity and cosmic
’ray invensity. Luw Yhnee' gppears to shift to higher lutitudes
as more and moru soib partialab arrive at the earth during
gunapot minimus. Meyer & Simpson’ts58 have studied the shift
af latitude Tknee' during the recent 11 year soclar cycle,
Thelr ab&ervétiﬁns indicate that the low energy cut=off of
primary purtiﬂ Leg iﬁ the cosuic ray spectrum went Lhrough a
minimum duriag 1?5& in whieh solar activity also reached a
minimum in the ?1“y@ar,aalar cycles They have also shown

" that the total cosmic ray intensity and the exponent of
power law spectium both passed through & maximun near the

golar minimun in 1954,

kilis eb ald®Y have pointed out that during 1953

there was & cub off for heavy primaries abt gboub the gsame

 latitude ag for provons. fﬂi& indicates a cut off dependent

on the ripldity rather than the energy of the primaries and
. I -
sugrests & mechanism invelving mezgnetic fields as Veing

responsiblie for the latitude cuy off,

Te43 Chanse of Li-W asymnetry

Jucklyn & Fentonﬁw have recently reported a long
berm change in the high latitude B-W asymaetry during the
period 1947 to 1956 measured at Hobart { A\ = 5292, sea level).
The L asymmelry has decreased duﬂing the yaarﬁ"qﬁfdecreasing

solar activitye The fact that the intenﬁxty of zhe ‘hard component
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was observed to lncrease during the samne period sugiesis
that the decrease ln asymuebry was coused by a greatey lacrease
in the intensity from the east than from the west. However,

further confirmation is necesgexy befors one can disguss the

implications of these interesting Tindings.

Tehdr  Magnetic storm Lype chatinos

\ ' K )

Ag far back as 1933 some of the fluctuations of

e
-

gosmic ray intensity were known to be agssoclated with the

29 4

p@rturbatisﬁ& of the earth's magnetic field (Steinmaurer &
Graziaﬁei@7)a Theae storm tim@.chamgaﬁ of ¢osnlc ray imieusiﬁy
which are invariably decveases were shown 0 be worldwlde in
nature by Eurbughégaéﬁ and'atm@rﬁ in 1937. Since Bhen 1&?35
worldwide decreases of cosmile ray intensity upte 10 &
agsociated with megunebic stoyms have been repovied by various
investigators. These ﬁenr#mﬁeﬁ, usually called the *gopnic
TEY 3t0rmﬁ§ or Worbush events? have s&ver&l‘?emawkaélé
features, The decrease appears, in general, most elosely
assoclated with the main phage of thg'gturm and is falléwad
by a skow rdeovery lesting for several ﬁaya, ALY magnetic

storms are not assoelated with decrease of cosmic ray intensluy

i o

and when effective stoyms o¢cur the yratio of chunpe o

magnetic field strength to the ehange of cosmic vay lntenslty

T a
-

is not constant from eyent to events In stors® sush as the
. N :

£ g

larse storm of Marcn 1, 1942 there is almost no latitude
ESY ? - 4
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effect observable at didfevent glations exteuding fyom the
éq&@twf'%w Gigh levibudes beyond vhe Ykneel. On the otherhund
in some 8LOIMS ﬁﬁa LOW GRergy aﬂmpcﬁamb of the grimary
radiation appears 0 be disturbed more than Lhe high energy
- gonponent » ?éng@rig has roported thad cosmic ray sborms
gbserved by & nvubron monlhor are five tlmes lavger ‘bhan
those Qumervau by an 1¢nmcu4@bur 4 storm type decrsase
- pbserved ab fu}ﬁﬁu fus over Texas by Heher & Fo ?am;hu“*was

;

found o be four blmes greatey &nhﬂ the decrease in the

jonwchanber ab Wt.Wilson,

»

Ghasaanﬁﬁ has made a systematic study of the time
and mzpnitede of cosmic yay changes eci&&ed with magnetie
stormss. He has shoun los Lqémeﬁ when the decrease of intensity
socured an appreciable time before any weasurable seomaanetic
dlsburbance. xwefxiiuﬁ ohserves that magnetle storms with a
doninent positive peak and & negetive peak which ie small or
absent eroduce no change of intenslty. Kits mur&”7 th shown
chat large decressesare asccompanied by magnetie storms with
sudden commenconent. o .

piscussing the relstion bevwoen the cosule ray

&

Varian: ong, seomagheblc activivy and sungpot achlvity Mdyazaki

e

& Via &’ ohuerve Lhat bthe phases of 11 year eyele of varlation

o

off coswic ray disturbances and wsarti's horiwmnﬁa1 dmfﬁitiﬂ

force neurly coincide with eoch other, while’ L? edd time of
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.13,

wimun goes aot coineide with the sunspot meximume On the
mex.Lin .

%
otherhand mognetic dizturbanee does nob beoome gmall at the
pime of gunspob mindmun bub gosmic yay disturbances become

.

very swsodd even Uo the extent of natural fluctuablions.

Sekido ot al¥? have svudied the solar relationship

of cosmic vay eflective and non-effective magnetie sborms

which tﬁ@y‘da&igéaﬁ@ as 'S and "M type storms respectively.
They have found ghaﬁ the frequency of '8' type storms varles
in step with the 11 year cycle of solar activity, but same

ig not the case with 'HY type storms which they associated
with the supposed "' reglons on the sun. There is correlation
between the ﬁcsurramém of Y3% type storms and the CMP of large
sunspot groups. This faaﬁéye i5 absent from "HM! type storme
The 27-day recurdence tendenoy as gseen with Chree dlagrams
shiows sharp peaks for YM! gborms bubt sinusoldal changes for
151 guorms. From this they conclude that '8 storms are caused
ﬁy wide corpuscular clouds ¢jected frgm sunﬁpd%'gra&;a; but |
the MWi' type storms are caused by narrow corpuscular beams.

Tehf Day~to~day chunses of intensiby -

Day=bowday changes of intensity studied in recent
o % :

0

years cspociaily after the development of Olmpgon's ncutron
monitors ond Lhe norrow anglo telescopes. Lo lsg now quite
evident from the analysig of neutyon oile daba that larpe

' o < .
and sgienificant changes of intensity of a few paresnt in
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amplitude occur Lrom day~to—day.quiﬁe frequently. Simpson

et a17% hove found close agssociation of intenslity increases
with the CMP af‘éetiva-salar reglons and parﬁieulariy of
regions of green coronal emission on the sun. Thege increases
“were offten sesn Lo be followed within two or three days by
increased geomagnetic activity. Simpsan et all? have shown
the close assoclation of the CMP of UM reglons with cosmic
ray lncreases Egiiag 1953, These regions as well as thé

increases of intensity persisted for several solar rotablons.

The worldwide nature of the day-to-day veriations

18

has been demonstrabved by a number of investigators. Foager

hag shown that changes in the geutron intensity ab Climax

are similar to sisnltuneous changes observed in the lonwchauber
at Freiburg but on the avergge are five times greater in
amplitude. Neheor & Forbush®* have demonstratved the corvelated

day=-to-day changes o¢curring in the lonw-chambers at Huancayo
L

and Cheltenham, the neubtron monitor ab ﬁiimax‘éud thé iéuiaaﬁion
at 70,000 £t. over Bismark, Heerdan & Thambyahpillai® have
investigated the correlated changes measured with a nentron
monitor and a4 counter telescope at London. They have studied

the 27-day recurrence ol these changes and lind a decrsase

of mean ipnvensity assoclabted with increase in amplitude of

the {luctuatious, They have come Lo the conclusion that 27

e

-
Ras

. \ " ' N o
day recurrence changes sre cuused by decreases in gosmic ray



intensity o the same ﬁaturé as the Forbush @Véﬁﬁﬁa eyeyr

& Simpson’® have studied bhe RY-day recurrence tendency in
iom~cnambﬁr‘&&ta of Huancaye and neutron monibtor ab CLimeax
and have shown thal the recurrernce t@nﬁaﬁﬂy is‘altﬁva& durﬂag‘
the ﬁélaf eycdes It is more pronounced during sunspot maximum
when incldentally she genersl intensity is low and is weak

at sunspot minimum when the getteral iuntensiby is maximum..

TN

1s40 Solar Llare effect

vudden increases of commic ray intensity which

follow within a short time after large solar flares are
rather rave events. Uubil recently only four such events .

had been observed in vhe last fifteen years. These four

well-known carly events (February 28, 1942, March 7y 1942,

July 25, 1946 and November 19, 1949) have been studied

extensively and the cbsérvationsl data concerning them have

been suwmarised und discussed Dy Baudin?3, ﬂlliot?é Forbush

eb a174, Biermann & “chluter’? and Sekido & Mur&kami?ég The
onset of the increases was rapid, the éhanﬁe of intensity wasf,
large and p&f5iatad for a few heurs;jrhese'isnwaases were
observed only in middle Latitudes and theip charagter ﬁ@@@udé&f
strougly on the type of detector, its altitude, geamagnatiﬁ |
latitude and local solar time. The intensity decreases whigh .
Lollowed these larse {lare events u$ually 0ﬁ6G}veé with a

; ! . .

time delay of about one or two days and were associabed with



geomagnetic disturbences and radic fade outs. The intensity
decresses were more worldwide in nature but slower in onged

and longer in duration than the flare increases.

The recent solar outburst of - %ﬁ%‘rmwg?%m
was the most enevgeble cogmic ay event so {ar observed. The
copmlc ray Llncrease was auhrﬁnha;i“"d by a Tapid uﬂb@u, a
remarkablyﬁﬁﬁgfzﬂrise o maximum and quick decay, ﬁhe magnitude
of the rise i@aeif being highly seongitive to energy. A $trikiﬁg
feature of this flare was that complete igotropy was esaa%liahed'
within a very short time after the rise of intensiby to the
peak. Largest incresses were vecorded at middle and high
:latituﬁa statlions while the equatorial stations bf Huaneayo
(Forbush??) end Kodaikansl (Serabhal et al’®) recorded for
the first time significant increase in intensity. 4 aneubron
monitor at Leeds which wag in the early morning impact zone
egiatered an increase of about 4500 % (uursden ‘@b axlg)
while the vne whab was at Glimax recorded 2000 % increase
{Meyer & bim&ﬁﬁﬁgﬁﬁ though 4% was far away Lrom a favoured
impact zmone. Howeveyr, an extensive awviwww* ~u}”§‘)d3.d{:u-3 Lhat
wWay L upmuwau ab the high altibude station ab Hehauvinsland

vegisbered no additional eventy ol energy ¥ i > 1u? ef durdng

N
the erruption (Bitikus ey al81),

Kuzfmin et 152 a4t Yakusus k,>\ 51%-a%d prunbery &

J{" A 3 ) e ) . \ '
Bekhart®3 gt Stockholm }\zrpdﬁ have aotlcad that the north



polnting telescopes record more particles than the south
painﬁiﬁg telescopese From the observed M-8 asymmebry the
latver autihors é@ﬁcluda that eithey the intensity or the
energy or both of the flare primaries must be different in
diffevent asymptotic dirsections. They are of the Gpinian
that {lare particles did uot ftravel in straizht line orbits
from gun bo the earth sad that the particles emitted by bhe
N )
sun aust have suffered a deflection in a mesn meguebtic fleld

of bhe ordor of & x 19"6 geuss before yeaching the north

pointing telescopes at thelr latitudos.
: & .

»

A number of investligators have tried to estimate . o
the enerpgles upto which purticles might ve accelerated dgﬁingl
a selar cubburst of the type cbserved on 23vd February, ?§56; '
Saravhal et ai?é iwive shown that 1 the obaerved iﬁ&ra&&éﬁ&ﬁ
Lthe sguatorivd sﬁ@tiaw& gra gaused b?’&olar protong travéliiﬂg
along more or less direct potbs themn Che aﬁergy~§§¢§§fum of
flare rudiation must axbond wpio appramimﬁﬁﬁlﬁxé? ﬁﬂﬁa They
bave estimated tho flux of flare particles tnnb&.about 15
times the poraal flux of bﬂcmground'epﬁmim rays In the aﬁergy} |
range LO 4o 59 Be¥a Thus the upper limit of energy of pmrﬁiel@a
responsible for flare type increases is much higher than was
hithervo bolieved.

fheyer et a1”4 have studled the 23rd February, 19560

- ar
o
a

flave eifect in detaeil uwsing the data from six nentron wonitors
. "\ . \ . '
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distribuﬁﬁﬁ over & wide range of geomagnetic latitudes. B&sed»
“ca the cumelu&i@msfdrawm from a study of the time aud energy
dependence of fiﬁr@ paruiele inteusity, they have proposed a
model Go explain the cosmic ray Llare effect and propagation
of flave particles in iloterplonatery fields. The model is hhé
Wali“kﬁﬂﬁﬁ cavity-barrier type demending a field &?uﬁ rezion

B < -0 gaqggﬁ‘af rodive a2 144 A, arommd the sun. The
parrier is supposcd Lo scabter the flave particles back iﬁ%@
the £ield Free reglon producing & high degree of ;s@brﬁpy ia
them, The decay of intensity with time that follows a law
b*3/3 is explained in terms of difiusion of flare particles
out of the cavity through the barrler. From experimental
observations they find that in associsvion with a solar flare
the sun can inject particles of energy of the order of 30 BeV
into interplanebary ﬁ@d&e; The integral intensity I of primary
particles as a function af particle rigidity(?a/ge)has been -
found to obey a power law of the type Io(,(Pc/ze)"? for
geveral hours following maximum intensity. At high rigidities
the speétrum is found to fall aff‘more,ghargly with parﬁicle»

rigidity.

almert®5 has studied the delays in onset and the decay .
pattern of cosmic ray incrcases observed during 23rd February,

1956 solar flave at verious stations spread all _over the world,

.4”"

He comes to the conclusion that the Maln_feaﬁuresvmf the coamic
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y¢y flere efi'echs, Gﬂy@bidll; qh@ mldndght effect and high
1at¢tuu¢ dmpacts can be patdeluctordly explalaed in terms of
doflection ol fi@v% parci idle b j chories in an iunterplanetary
Cfield of the oxder of 3 m 1@“ &4, usa. A veriilication of the
above explonastions would be possilbile from avﬁtuéy of seagonal

dependence of the flare elfect at polar latitudes, but whe

abﬁervanimﬁaibﬁata avallable at preéseant is inadequate vo do

B
RS

thiss \

FirortY hoas studied the eosmic ray iauong;ty variations
durdng small solar flares of magnitude 1 s ¢ has sugrested
that even during small golar flares additional particles of

cosmic vay edergles spproagh the earth from the dirsetion of

the sun. .

1e5 Anisctyropy of primary redistion

151 Golar anisobropy I

Ouco bhe oextroa terrestrial nature of cosmic radiation

wag proved falrly couclusively by Hess and Kolhorster, a

N

nunbeyr of mavmhvi“aanrs trisd to sbudy the 'mtlwﬂ$uh of cosmic
ray dubengity with solar snd sidersal time with a view o pet
gome information on the orlgin of the radistlons The ilastruments

they used were wsuaidy of ounidirectional scusivivitye. In order

-
- ".“

Lo luprove Lhe stablstlcsd significance of whe debdradnations
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it was customary to take the average of data ﬁxteuding over

a8 large a period as waé possible. Whilst a daily variation
with sldereal %iﬁe could not be eaéabliaheé wibh any aarﬁaimty,
a small solar diurnal varietion with an amplitude of about
042 % was Observed by many warkarsgﬁng7. However, uneertainties
regarding the corrections Lo be made Lov the dally varistbion
of ma@ear&&ag@cai elements led many workers iﬁ&tia}ly Lo

[N

guestion the valldity of drawing any concluglons regar&iag

A

vhe anisotropy of the primary radiation.

To establish the existenmce of an anisotropy of the
primary radiabion which could give rise to a solar dally
variation, simulieneous observabtions with directional
selescopes paiﬁzing to two different direotioms ineclined
aqually to the zenith were made by & number of workers.
While the atm0$§héria effects were axpaéted t0 be the same
in the two directions, the Vari&tiom due to anisotropy of
@fimary radiation would be different for ﬁha,@wé't@lﬁﬁeﬁpas'
When a difference bebween the daily variations measured by
the two telescopes is baken, the atwosphorie effects should

cancel out leaving & residual effect which can be attributed

to the anisotropy of bthe primery intenslby.

The first measurements of this nature were performed

by ﬁmlhmrsﬁer&g in Berlin and by Alfven &vmalmfarsgg in

Stotkholms They found that the diurnal variation is not the

\



sume when measured in different directions and that a novdh
poinving Lelescope exhibits an earlier maximwna than the southe
piscussing the results of his experiments ﬁalmfarsgg pointed
out that the difference between the variabions for the two
divections canaob be due Lo atmospheric eflfects. He showed
fyom model espeyiments vhat the effect was unlikely ©o be

due 0 geom&gﬁagéf or helio-magactic flelds. He thurefove
reached toe eamclﬁaia& that the marked difference observed

in the daily variatioms from the norih and south directions
must be due to an anilsotropy of primery radiation in the high
ehergy part of the primary spectrum whleh suffers little

deflection in the geomagnetic field.

'Exzeagiva mea$ure£eﬁﬁs on the directional dependence
L of diurnal variation of ¢osmic ray mesons have been carried
out ab Manchestey by Elliot & Noibeardt. They have confirmed
the earlier results of Alfven & Malmfors for north and south
'difecﬁiaQSa In addition they have found that @h@fdai%y :
varistion measured by a soubh pointing telescope containg @
largar gemidivrnal component compared Lo that measured by
a noroh paiﬁ%iﬁg telescope, They haVa/ﬁétiﬁe@ that the amplitude
and the time of maximum of the deily variation from the south
direction vary with season while only the amplitude of the
variation from the north shows any seazonal variabione
The above experiments of Alfven & mg&mﬁersyaad Elliot

B
\
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& ﬁ@ib@df snowed beyond doupbt that the diurnal variation of
meson &nnemdity/éamnct be explained away simply in terms of
atmospheric or obher terrestrial effects. Apart £wam the
results of the above experiments there was other ovidence
indicatlve of the prescuce of a solar anisotropy of primepvy
cosmic rays. Bhmert & Sittkus¥? pevealed a difference in
amplitude of the dadly variations simulbaneougly measured by

an fon chamber of omnidirectional gensitivity and by a vertical
éauﬁ%er t@leﬁﬁmﬁé\wf Limited directlonal sensitivicy. Sekido

et al?3 pointed out that the amplitude of the daily variation
increased from V.19 % Lo 0,24 % when semiangle of the measuring
telescope in eastewest plane was reduced from 40° to 129,
Sarabnai et alBg showed that at low latitudes th@ 1 2=-month
mean delly vardavion of medon intengiby mamaarud with telesgopes
wiﬁh semianglos 22° in east-west plane had at different periads
of time g diurnal ampllitude yanping from 0.3 to 0ed %. The
latter aunplitude g amnsid@rably larger than what ean be
expéeted fyum corresponding meteorological whan (= Tpeﬁe
Lactors led the Investlpators $o gonclude uhau iar&& part

of the observed dai;y variation can in faect be atbribubed

-~

to an anisotropy of primary'radiahioﬂ,v/

Bliiot & kothwell?4 and wore recently Parsons?? have
cast doubk on the view that the daily variation is due to a
non=-igotropic L£lux of primary particles enbvering thie eorth's
magnetic field. In vhelyr experiment on solay delly variation
conducbed at London, A = 599 with counter ﬂg&ﬁgﬁwgés\inclinwd

: N :
at 45° to the vertical pointing to & and W directions, the



former wubhors find the dnily variation measured by W telescope
Lo ba three timea Largey bhan that measured by & telescope.
They have odvanced the following smroBepments to show Lhat

the result observed by then is contrary to expeciobions.

avcording o Brunbers & Dabtbner 515296 gapa R
trajectories, at letitude 507, particles of energy 3 x 1010 oy

whose initia L directions are in the geomaznetic equitorial
plane aryive L\\ﬁxﬁ ab an angle of 459 to the Vwr@ieal, while
particles of same energy bub whose initial directions are
perpendicular te vthe geomagnetle equitorizl plune arrive from
W oagaln at an angle off 459 to the verticals. 4 west telescope
situated aﬁ|}\:: 509 inclined at an angle 45Y to the vertical
therefore %ﬁll&ﬁ@% radiation from nearly the same direchblon
shroughout the day while %ﬂé talescope similarly ordented to
the & scans the plane of the ecliptlc in the course of a day.
I one apsudes a mean energy of 2 - 4 X %019 eV for particles

responsidle for the daily verdation observed by L and ¥

belescopes &b London, and i bthe direction of gréates% anisotropy

lies in or near the plane of the eeliptic then one wmuld expect
west e ﬁllma; & Hothwell therefore convont that the gonbrary o
result obtained by them is not consistent with the view thab
the daily variation is produced by an anisotropy of primary

radiation exisblng at large distances from the sarth.

Parsong has also reporbtod similar diseresangins

—< e
-~
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3 1 ; % pe L S . \.,ws.'kp ’
concerning vhe dirsctional dependence. of daily varfution.
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filiot & hothwell and Paraony come to the conelusion that
phe dally verluetion is provaply due GO modulation of primary
cosmic ray inbensiby within the infloence of the sarth's

magﬂ@tic Pield.

The disdrepancies cbserved by Elliot & Wothwell and
Parsons ey perhaps Le apparent. Biliot & Rothwell have agsumed
a mezn primayy energy of 2w 4 x 1ﬁ?ﬁ &V For the particles
responsible fé@“ﬁ&ﬁ dadly vawia@iém ohserved by bthed, and
then they bave geduced bhe asyaptotic divections of particles
oif bhis enexgy a?rivimglfrwm Bagt and West directions ab Phelr
iﬁsnrumeﬁt, As has already been sbabed, in gseebion 1«R;pd,y
Hhis matheé of deriving spatial confizuration oi aulsatl'opy,
pasing the calculablons on mean energy of primary parivicles
pay well lead vo confiicbing resulvs of the Lyps reported

by them,

Firor et al§7 have reported from s tudy of the nucleonic
gomponent measured with meubron menitors ab different latitudes
phat averaged over a large number of days ﬁneﬂ@aily gariaﬁian‘
shows a pealk to peak amplitude of aboud 1.0 % which is

comparable to the amplitude observed at low latitudes in

-
'

meson telescopes of moderate wewnianigle

Hezarding the solar anisobropy of hizh energy primary
particles, evidence is &V&ilubl@ Prom measurements made at
preat depths underground and from extengive alr-shower
experiments. The intensiby of the measured radiation veing

o 3

Low, the stabigbloal slenificance of tie d&ﬁérmiu&@iona is




poor i Most Cases. The results of the underground experiments

a ""1 {:- g T {:- gy iz -( L
of Maeanu;fﬁg, sherman?? and Barvest et al?? exclude the
existonce of a dlurnal variabion exceeding 1.0 % in amplitude.
The results of exbensive alre-ghowsr experiments of Farley &
vscrayfao show & solar diurnal amplitude 0f 71445 » 025 %,
The above results show the absence in the primury spectrum

P y &p

between 1012 &7 wo 1036 e¥ of any large solar anlsotyopy

that. can %iVﬁiﬁikﬁ o & dadly vardiatlon gresber than 1 00 2 %e
' ' N

R

1052 Ualacy ig &n;se»x% ¥

Laveze and pervsistent gideresal time varwbtiﬁn has

been repovted for particles in the enerzy rogion 1&12 o
fﬁié e¥ by Auger eb al1g?, Daudin & Eaadinﬁaék Uransnaw &
Galbraith?Y3 and wany others. Recently the studias of solap -
as well as sidereal dally variations have besn extended to
still highey snerpgles greater than ?st e¥ by Grawshay &
&111@%’94, Mevugkery & Wils Qﬂ109 and GraﬂsﬁaW‘&;ﬁﬁlbraith1Uéo
uoa&rd*w vO expestations these iavestigutors find signific&mt
%

solar deldy veriation at these stergiss and no &$ﬁuifiada$

variagion in sidereal vime., HBoluskey & wilson have observed
variationa 1o solar time with a lorge semidiuvenal component

in the rate of dense aly showers (j>7QG partiel&s / m?) and
also penetrating showers. These auvbthors have gonsldered the
pés&ibi&i@y of expleinlng the large s@midiuvﬁal wvapriatlon
observed lu bhelr experiments in berms of semidiuwrnal pressure

cscillovions dn the abmosphere. They point out that the

vardatlon caniob be due simply to variations in the aiount
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of air above the apparatus, since they obtoin the vsual value
for the burometyic coefficient, when short bverm variations
are counsidereds uranghdw & Galbraith have alsgo reported large
semidiurnal variation in the rate of arrival of exbensive aiy
-~ showers of energy =2 701? Ve They find a 13 % aspliitude for
the senidivrnal component with time of naxima at 0230 and
1430 heg,s ond a divrnal ampiitude of 9 % with mazimue ab

1530 hrg. ﬁdi}iﬁm&ln@ the absence of sidereal daily variation

16

for particles of enﬁrgy sreater than 10°° eV, Tthey come Lo

tﬁe conclugion that the highest Qpﬁféj particies i protons

are of extve galactle in origin. Regarding the variaﬁiama in
solar blme, they beve offered no explanation. However, following
bhe arpuments of MeLusker & Wilson, they have pointed oub th?o
o obtain gignificant chan 3@ of shower vate at ses level fr@m
Ghaﬂga the distribution of air above the apparatus requires
primaries with very lorge intersction crogs sagtion, larger

even than that of heavy nuclei, suggesting uh@rﬁby'%hat the

variablons eunnol be due Lo atmogpherie pressure varisbions.

The andsobtropy of hesvy primaries has besn studied
in balloon experiments by Anderson ot alt07, metlure &
Pomersntz! U8, Yngva}ujg $tix1 10 snd Kostiiba & shanet 11,
Koshiba & Shine have measwred the daily veristion of prinaries
with % 2 10 at A= 559 They report an amplitude of (34 +7)%
with maximum near @ n.me while MeClure & Pomerants £ind ne
difference between nipght snd doy intens 31V e X Lix _and Eoshiba

& shine report a value of 0.87 for the rML;m 8f aftdrndon

intensity to that in the morning, The anisotropy of the very




i@w energy specbrum bhas sindlsrly been studied in balloon
flights by Bergstralh & sohroeder! 12 and Dawton & 311163?73.
The results agaiﬁ do not yield‘a consistent picture. These
experiments are difficult to perform and present even greater
difficulvies of interpretation. Due to great variability of
anisotropy Lrom day-to-day, observations made in balloon
flights ave not strictly comparsble amongst bthemselves and
with results peported from ground stations which relate to

the average of daﬁa.ﬁv¢r a large number of dayss

sekido et alll¥ have made & systematic search for

wrrow angle albl-aszimubh

,.,.
b=
-2

point sources of cosnie radiation witl
tellescopes inelined to the vertical at 80° to 850, The results
of thely investigutilon provide the first reported evidence for
& polnt source of dosmic xéﬁiati@na The source is in the region
of 5 =0, L = 5 by 30 min, with an angular width < 5% and

has an intemsity 20 % of bacvkground intengity in the same
dirveetlion. Further confirmation of this by other techuiques

is awaited. Rossi snd his group are conducting iﬂvegﬁ§ganions
at stationg in different latitudes to test the existence of

palagtic andsotropy of very high energy primaries.

153 Loug term chanres of solar avisotropy

The svlor snlsovropy ag characterised by the amplitude

and phage of the 12-month mean daily vardatlon of meson

Iatenslity uwndergoes large long-term changes thab are worldwide
. N oy 25 b 1 £ . . e R oy

in character, Sarabhal et ald®:85,115 pave made a gystematle

-

: R .
study of these Clwages ag reflected in the daba of Caranegie
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Instibution gtabions and Lhe low latitude stations of Almedabad,
Kodalkanal and Trivanﬁfﬁma fhey have drawn atbention to the.
gorrelabed changés of amplitude and time of maximum of the
diwrnal component of the daily variation at Christchurch,
Cheltenham and Huaneayo ﬁufing'the‘yeri@d 193 7=46. Pointing
out the relationship of these changes with relative sunspot
numbers and magnetic characber figure they have susgested

that the @naugg§¥prabably follow the 1l=year cyele .of solar
aevivity. Exﬁaadﬁﬁg bhelr eapriler analysis of Carnegle
antiﬁuxian data, to the period 1946~53 Sarabhal et all?s
find that while the changes of amplitude at ﬁifferent statlons
are not correlatved in the new solar cyele, the changes of

pine of maximum continue to exhibit worldwide characteristics,
iurtbﬁrm@we bhey find that. they are be ther correlated with
agtivivy of 5303 A coronal emission than with relative sungpot

nunbers or magnetic charagter fizure.

The secular phase shift of the dlurnal component of
daily variatlon has also been examined by Thmmbyahszidi &
Liixafiiﬁ. They have shown the correlated Lhiﬂﬁ& acgurriﬂ&
in 1t @t vhe Carnegle Ingbitubion stabions and have come to
& geneval conclusion that the chanpges grmuauly follow a

22-yeur cycle ol solar activity.

. s . |
Stelnmauyer &,bhewi117 have recendtly compared data
taken in groups of years over the pash 22 years, They show

that doring Sho gunspot misdmom in 1 2593 the time of meximam

e X

of the divenal component was ab aboulb 700 aimp eﬁ@para@le

with tho time of moximwn ebout 20 years later in 1953-54,



';3;

e
%3
&
5.

but wes cerller than the ime aff mascioum 11 years later in

19&@. This LQﬂiﬁ&hﬁS ah&in @ rniut&an shiip with a 22~year

eycle of polar a&tzvﬂty. During sowe months in 1954 sthey
observed bthe time of maximuw of the diuwrnal variation to
Cpecur as early as 2.00 a.m.  Siwmilar chonges in the phase

of the diurnel variation have been yreporbed by Paswenmr &
Ha%rﬁaﬂigso They have shown that the dally vaviation in the
norbth and soubh p nbing telescopes exhibite & mazimummaraﬁnd
aidnight during wumg months 1 1953 and 1954 Conforte &

&m939g3?} have demgnstrated a progressive phase shift to
pariier hours during 1954 in the dally varia%iam measured

by the nuclesnic component and charged particle detechors.

ey
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Selldo et sl studied the bebaviouw

Hear sLorm Lype veckoy representing the difference in the

et :'u

diwrnal components of the disturbed period delly variablon
and the culet peviod dally variation during gach year, They
have shown Hthat the disturbance vector vepresenting & shorm
type anlsobropy pelnts on the averuye aewardanthe vadially
gubward direction from the gun and wndergoes & long term
change Lrom yeay Lo year brosdly in step wilih the tleyear
eyele of soler actbivity. The quiet day's ami¢uhr¢py Was

i

nowever found to undergo o different type of secvulary wvariation,
They suerest thab the Jong term varnmtzwm of diuwrnsl vardiatlon
obgerved by Llliot ey “L??@ wnd others which dogs net follow
Hi=yeor peviodiciby mlght be due to this secular variation

Oof quiet day anisobyupy. : e



P30y

fhe secular phase shift of the diwrnal variation

has besn ghown by Sands Lromﬁdq B0 be independeat of the
direction of measurement of particles and of the daily
geomagnetie disturbances. Sarabhal eb dl3$ have compared

the changes in vlime of maximum of the {2-monbth mean dally
varlavion studied simulianecualy by an ion-chamber at Huancayo
and & vertleal counter telescope at Ahman%bdd. For these
phations in low latvitudes the phanges are well uarréldﬁaﬁ
for the short ég?iﬁd congidered, bub the magnitude of ﬁhe
change wibh counter Lﬁi9mcoyu$ La aboub £.5 bimes greubter
than the change with the lon~chamber. Thus the sdmi-angle
ol the detecbing imstrument influences not only the amplitude

of the dally variation bub also the long term changos observed

&

in the divraal variation,

Sarabhal et 3133 have demonstrated that in addition
%0 long term changes in the diurnal component of dally
variation significant changes also take place in the semidiurnal
companmnu' when 1 tho duzly variation is examxn@d as 4 Wneia
instead of udyxng in berms of harmonic cempauanﬁs, a very
remarzable sequence of changes is revealed as shown in Fige3.
4% Huancayo the 12-month mean doily vardation -which exhibits
one maximum near the noon from 1937 to 1943 changes over by
1952 to 8 variation exhibiting one maximum early in ﬁhﬂ morning.
In the intervening period there is clesr evidence of the
progressive increase of the early morning maxlmun Followed

by a decrease of the noon maximume. During the pgyiod 1945 Lo
1950 the dally varlablon therefore exhibits Lo maﬁima instead



.18

36

of one. As tan be seen from the figure, only helf of the

gycle of change appears to be completed in 11 years. This
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agein indicates a 22-year cycle ol change of the gnlsotropy.

Sarebhal et al therefore conclude thet individusl consideration

of only the diurnal component of the daily variation does not

-

o
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fully Peveal the physical progess ol change of the daily
yariation, According to them the most apprmpriaﬁe muoner of
studying the changes of solar anlsotropy ls by the exanlnation

of daily varistlon unresolved into its harmonic components.-

Venkatasan & Dabbneri?2 have drawn attention to the
gignificant differences in long ters changes of diurnél and
gemi-divrnal cc}mgé\nems of the daily va:r*ie::xt.ign.-» They péinﬁ; oub
that the changes iﬁ the diurnal varistion are worldwide and
positively correlated at varlous gtations whereas the semile
divrnal variation, although they ave significant ot various
stobions do not reveal common feabures. They contend that it
is possible to determine the direction of the anlsotropy
uniguely from a study of the diurnal variation corrected for
seomagnetic deflection at different statlons. They have shown
thén long term changes of amplitude of the diurnal variation
follow mors closely the ﬁhanges in geomagnetic aaﬁi@ity than
the solar actlivity represented by the sunspot numbers, suggesting
thareby that the cosmic ray variations are not directly and

gimply connected with the sunspot numbers

Sarabhal et a13$ have suggested that changes of
daily variation gould be considered in terms of the contributions
from pwo distinet types of variations, one having a mazedanan
near the noon and the other having a maximum at about 0300 hr,

They have nemed these 'd' and 'n' type contributions respectively.

-
: -
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Is has been shown by tham that thé relative change of these
eﬂﬁb?ibﬂﬁiﬁﬂ% is ';xf{iﬁz'ldwiﬁ.é in characber and can sstisfactorily
‘explain the observed changes from yeér to year ot Huancayo

and Chelbenham, The setivity of these contributions ls closely
related to the golor cycle of acziviny and the pabbtern of
additlon and atbenuation of thﬁsé contributions appear to be

‘reversed after 11 yeulSe

A gtudy of daily varlation of meson inﬁensiﬁj
clearly shows that there are significant day=~to-day changes
in the anisatropy of primary radiation. The change of diurnal
componant of the daiiy variation, especially on magﬁetically
disturbed days has been extensively studied by various workers
{Ref.92, 121, 123, 97, 124=127). It is found that on days with
high Kp the amplitude of the diurnal component increases and .
itg time of maximum becomes garlier, On the otherhand the
semi~diurngl component of the daily variation gets reduced on
mognetically disturbed days (Sekido & Yashida128). Sekido &
Kodamal?9 have demonstrated that these effects are revealed
to & greaver exbent in measurements made with narrvow angle
telescopes than with instruments having wider directional

gensitivity.

Many attempts have been wade to study the ghort.

term changes of anisotropy not necessarily connecbed with
-z “ :

LY
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magnetic dignurbaneagg Fivor et ai§? have poianted out that
the daily varistion of the nucleonic component as revealed
by neutron monitors is highly variable in ehafaqtar. A study
of the quiet day variation by demy & Situvkus!<¥ and Firor

et 2197 revealed the presence of groups of days having a
large diurnal amplitude with a maximum during the day. There
ware some days on which there was no appreciable daily
Varldtlmn and aaxxéhars the dally variation appeared to have
a meximum in the night, Sittkusi3¥ studied the amplitude of
the daily variablon measured by an lon chamber on individual
days and noticed the tondency for large noon time maximun to
ocour on groups of days. He found a 27-day recurrence tendency
for these groups but compared to the rest of the days, the
days with large noon time amplitude were not associated with
significantly @ifferanu magnebie character figura, Remi &
Sittkus found that days wilth large day time maximum of inteusity
was raver in 1954 than in 1953, Sarabhai & Nﬁrurﬁ&r?ﬁj have
made similer studies of the day-to~day changes of anigsotropy
as revealed by nasrrow angle telesvopes., They find a marked
veadency for the diurnsl maximum during 1954 to ocour elther
at 1200 hr, or in the early morning at about 0300 hr. local
tima. They find g 27-day recurrence Lendency for days with

large noon time maximum that vsually occur lo groups as

observed by Slittkus,
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| Yoshida &»Kmnﬁoj32 have analysed the ion chamber
data of Huancayo in search of a recurrence tendency of the
solar anisotropy. They find strong recurrence tendency
extending upto two solar rotations which is more prominent
than recurrence tendency in either general cosmic ray intensity
or magnetic chavacter Tigure. Evidence of recurrence tendency
in dally variation has been presented by Kanel33, He has
shown that recurf&gge tendeney in dally variation, unlike the
tendency in genoral intensity remains unchonged during the
three years 1951, 1952 and 1953 studied by him,

‘ Sarabbal & Bhavsar!?* have studied the correlated
day=to-day chanpes of anisotropy and mean cosmic vay intensity.
They find that the deys with night maximum are assoelated
with decressge af Hen imbangity while daya with maximum at
day time are associated with inéreasa of intensity afber ths
r&gp@cﬁiﬁe apéuhs, The méaﬁ inﬁenﬁity is found bo bé normal,
fﬁf other dayss ‘Tﬁis evidence ls suggestive of the crééﬁiﬁn
of & ﬁariable anisotropy, and changes of mean inteﬁﬂity.

depending on the nature of the anisotropy created.

ssmie ray vardosbiong

From the foregeing sections, 1t is clear that-a vast

ot “
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amount of evidence is now gvallable 4o show that the sun
abrongly influences cosnmic radiation measured on the earth.
Most of these influefices have peen revealed through relationships
wi@h tvhe acbtivity of the sun which changes markedly from Lime
1o bime., It is ﬂﬁW’kﬂQWﬁ that eeortain sctive reglons on sun
Cpersist through uuverdi golor rotations and pgive rise to
characterissic 27-day rgcuwreﬂ&@s, General aalar aehlvity
changes with an 11=year period while the stoate of mamnetic
polarity of blspelar sunspots wderso a 22=year cyele of
variavion. These recurrences and perlodicibies are reflected
in varying degrees in cosmic vay variations and may be

sunmarised as follows.

Phe sun appears Lo indluence the low energy cut-off
i the primary spectrum over an 1i-year c¢ycle, Apart from
this it is known also o produce a general change of iatensity
with a cycle of 11 years. It produces short durasion changes
in intensity, many of which ave related to CHP of active solar
regions such as sungpob groups, unipolar regions and regiong
of intense coronal 5303 g emissions Oocurrences of these
active regions at low h@lium?lﬁh‘ﬁ lanltudgs appear bto favouy

their effectiveness in influencing cosmic rays

The 12-monthly mean anisobropy undergoes o chunge
consisbent with a cycle of 22 years and perhaps covstlbtubes
the firat solar influence detected go far which hap g period
covresponding o what may be congldered the true solar cyele
of agtivitye This requires to be veriiled by omﬂurvdb¢uns

extending over several oycles wulah 1n0¢ucabﬂll3 x@lm one



ol the purpoges of the present wura' The sun also producss .
day=to~day fiuctuations of anisotropy some of which are

related to CMP of active reglong on the sune

In assoelablon with solar flares, the sun emits
cosmic yays which under certaln gircumstances can abbain

energles in excegs of 50 PeV.

Some of the cosmle ray varlations are closely ralated
40 bm&m&aﬂgticw&éu§Viuya This ana,xungazp however 1z probably

due to the numﬁmn gource of golar acbLivity.

Tha close relationship of cosmic ray variations with
solar acbivity has prompted varlious workers to invesbigate

whether these wvarloations are caused by the direct cmission

of particles fyom the sune. 4D present thore ls geueral agreement

regarding scelor enlsslon only dn the ease of solar {lave type
ineresses. Explaiving other verdabtions in terms of modulation
of intengity has found favour in recond times because of the

strength of the followlng arguments.

&) At minimum of solar aetiviby as judged by visual
evidence from the solar disk or by camparmbiva absence of
terreﬁtrial,effaats sush as magnetle, lonospheric and avroral
agbivity, there ls absenee of Thnee! with ﬁxc presence of low
onersy devlbL““ down Lo 150 DeVs Associated with this there

»

is an incrvesse Lo generval intensity, not only due o the

adaitbance of Low enersy particles bot due to @nh&na@d intensivy

1

bosrvabisn qugu oty a

AN

throughout the whole specirume This ob
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sereening of the gayrth, probably by magnetlised clouds of
inverplancbury matber whose efficiency Lo screen cosmic rays
ig poverned by the solar acllivity. AL sudspot minimum the

gereen is temporarlly removed or made less inpervious.

b) Magunetlc storms on meny cccasions are agcompanied
by decreases in cosmic ray intensity but never with incresses.
‘There is evidence to show that R7«duy recurrence chunges are

also decreases whuller o megnetic storm type decroases

taken bo dndicate the prescnce of a soreening mechanism that

is under solar control.

However, there ig unlgue evidence of an increase of

intensity assoclated with CHP of scbive solar reglons pub

Foyrward by Simpson ot al7u*?3g This evidence requires
strengthening by fwbher observationg. duch increases if
present are hard o be explained in terms of & seresning

meghanl st

1462 Yeompmmotic and seovlectric models

bayly workers tried to explain the wariations ag
dus to modulabion of ceosuic ray iut@nSi%y-by geomagnetic £ield
purturbations. Bub it was found labter thal various aspeets of
cosmic roy Intenaliy verlations cannot be explalasd éﬁ the
basls of obscrved geoumapneble field vardutvions. Simpsun135

ghowed that the varlaetions in agutron intenslivy at latitudes
. by 86
"V‘G«B% E‘i!’t’,} v{:}r:?u.

-

above the tkneetl of the intensity legitude ou
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similar to thosc obuerved ab ELW‘JLH middle Jatisudes and
phug  preved that observed variations in intensity cannot be

due to geomagnetic fleld varlations. :

”'qaakimaqg hag proposed a model lovolving a

peo=electbric fleld to explain the worldwide nature of cosmic
roy lntensity vardationse iils theory explaing falvly well

the altity ewﬁﬁsﬁv and lutitude dependenceld® of ?&?iaﬁiﬁﬂﬂ
ébwurvad by various workers., However, iU caunot explain largs
yariations ﬂﬁﬂﬂr&iﬁg during mapneticully guilet perivds when
presumubly no purturblag geo-clectric fields can bs prosent.
Simpson 35 finds that in the rangs -'A”G‘ 50 60°N the
latitvude dependonce @ﬁ‘fr‘LbLﬁﬁdi changes in neubron latengity
during different periods does nos sgres with the iaﬁiﬁadé
effeect caloulabed Ly assuming axially symnetrie geo-slecuric
fields at different distances from the earth. After a critical
study of the effects of geomugnetle and geowelectrle field
purturbetions on cosmie rey intensity he comes to the cenclusion
that the variation mechanlss must be of extra-terrestrigl
origin snd ite assoclatlon with golar phencmena is dndependent

off the earth's sgystem,

Phe early theories which tried to explain mhe’daily
variation in berms of peomagnetic or hellomagnetic field
variations became witensbls bDecause of their fallure to explain
phe approximube latltude independence of these variationg,

(Bela97,137=140)

-
.
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o #% ! . .
0 hus exaidined in a guatitetive

hecently, Parker
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way some of the difficuliics of The 'Heliocentric! wodoels.

He finds tonat

a) they ave not sufficlensly local snd therefore
demand imuense amounts of mabtter and magnetic fields carried

away from the gun,

W) they avo sulled upon Lo prescive Uhe obaerved
isobrepy ol cosmic pay particle distribution while ab’ the

gale Line Vurv‘ﬁﬁw dotensity by derpe amountbs
o o £ 3

¢} they bhave falled Lo provide an effective vemoval
meciignigm within the velume comsidered to prevent evenstual

stabistical equilibriun of lntengliy.

......

With a wiew o overcome these difficultles he has
proposed a mechanism which operabes within a few sarbhis
?aﬁiia Interplanetary magnetic gas clouds are capiured by
the terrestrial gravivaslonal field and a pebulous geocentric
barrier iz formed. This barrier gives rise to the obsevrved
low energy cutw-offs Waen a cloud of magnetised plasma
occasionally emi.vted by the sun is captured, abrups Porbugh
type decreases ol cosmic ray intensiby are obgerved at the
earthe The mechanisn is under soler control and the intensity
variations are lnterprebed in terms of woduvletion of galactic

copic way particles ot eurdly,

The thecory has many atbractive features bub ab the
present moment Lhere is no evidence vo show the presence of
s

a peocentric barrier of masnctised ivaised gas supperted by

verrestrial sravivationsd flelde



1.63 pHodulation in interplanetary space

Alfvenl ¥R has suggested that lonised rarified jets
of gas ewltted by the sun which are responsible for peomagnetic
storus are also responsible for gosule ray variations. He
has developed o theory of variations making vse of the fact
thot the 'frozen in' magnetic field carrvied by a rapidiy
moying bean of ionised gas through bhe iaterplanebsyy space
ﬁiil glve riss te an glectric fiecld for an observer in a
Pixed frame of veferesnces The beam is supposed ko ach ag an
electro-stabic modulator for cosmic ray particles passing
phrough 4t and give vise to variations in primapry intenslty,
and an anisotropy in particular diraﬁﬁions depending on the
position of the eavrth relative to the beam. This nodel has
been worked in detall by Brunburyg & pattner! 42 to explain
she decroases associated with magnetic sbtorms and 1t requires
an iﬁﬁéfﬁl@ﬁetary field of 10”5 zauss in the vieinity of the

carbh if only decreases are to be obsuvrved.

Erunhﬁ*g & Dattner’® have pointed ouy that seen from
a flxed coordinate sysbem ﬂhm rovatlng sun would be strongly
polariped so that there would be a volbage difference b@hwuem
the poles and the solar equater of the order of 107 voluse
Phe gombined action of the eleetric fleld produced by the
polariszution and the solar magnetiﬁ Field will moke charged
particles parteke in o geonoral robation with the sun so that
the sarth will reccive an excess of radlotion from th¢‘13mh0urly

direction. Thus & tanpentisl anisotropy is proguieds Alfventld
. AN
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on the otherhend has shown the possibility of an outward
radiél flow of energy depending on the accelerating processes
within the polay systems This will Lmpart a radial anisobropy
bo cosmic fays which will change with the 11-yeasr cycle of
golar activiby. These explanations requlre a general solar
magnetic fleld of the order of 1@“5 gauss at the ea:ﬁh*ﬁ
orbit to sccount for a diurnal veriabtion of a&pliﬁude

a@praxim&t&ly;Qag\%,

ﬁaga&him&fgg has guantitetively examined the
trajectordes of cosmic ray particles passing through the beam
under the combined influence of the electric field inside the
bean and a frozes megnetic fleld within the beam derived from
the goler dipole [leld. He finds that sssociated with every
bewn thers is & pdnddwhn energy fér primayies which ¢an traverss
it, and whilch alone contrlvute o the anlsotropy. For highey
encrakes the percentage anisolbropy would fald off pragresgival%‘
with dnereaslag energys Nagashime has snown that maxdmun
anigcotropy would ke produced in the directlon pointlog bowards
the gune This lg in agresment with the determination of dhe

120

stoyie bype vecbor by Sekide et al’ ™. Hagaghima's theory also

explaing the 1i-~year eyele variation of gtorm type anisotropy

as being due Lo & change in the density of the solar shreams

£

and the strensth of the trapred magnetic {flelds during the
(0D &L el o

solar cyele of acbivibtys

Nagaghima bes not tried to glve an explanation for

-

ot \
N u - . - N .
the cccurrence of a night maximum in the diurnal vardation.

ferurkardd has shown that by admitting random orientabion



P47

for the frogen-in magnetlc flelds, oeccurrvence of & night
maximun at low latitudes ean bo explained by an extension

of Nagashima's theory.

Howeveyr the exlgting theories ér& sbill Inadequate
4o explain the known features of the diurnal variation, It
has bo be menvloned .that any theery advanced to interpret
the solur anisctropy and its changes wlth time has to take
acgount of ﬁhe‘ﬁg}lawiﬁgvexpa?imaﬁtally observed feabures

of the daily varlation:

a) For several years in the pasht the 12-month mean
daily variation exhibited twe siynificant mexima. This indicstes
bhat the dally variation cannot av all times be satisfactorily

deseribed in berws of the diurnal component alone.

L) & sbifv of the principle maximun of daily

°

vardietion by as much as 10 o 12 howrs takes place over a
period of years. The lmplicablon of this shift 1g that during
some years bthe daily vardiation exhivits a principle maximum
during the day while in others the waximum is shifted to

the nighte

¢} The amplitude of the daily vari&tiﬂn is &
funetion of the directional sensiviviiy of the recording
instranent. The chuanpge of ampiibu&& of the daily variabimn‘
wibth chanpe of semiansle of the tﬁlmacnpe in very much lerger
than coa be wormally @xp&otad,'Lmrgm amplitudes of the ovrder
of 1.4 % have been observed with narrGW'anﬁleg&éiﬁqabgésAat

low lLetltudes.s .
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d) The exis vence of a psrﬁun(ﬁt anisotropy has
not been proved beyond doubtg fven if such an anisotropy is

present, iv is masked by lsrma variable anlsotropies..

Further progress bherefore depends aot only iun
Tgomparing with known exéﬁrimmmﬁai faets, the implications
of various theoretléal models for wmodulation of cosmic ray
intensity, but in exvending our deiailed knowledge of- the

varistions of Lsensity and of dﬂluatr@a;a Wie require dependable

guperimental QQ%*IV‘E&QH% which can reveal the changes of
the eosmlc ray varviations which occur at different periods

of the solar eyelsj ab statlong at dilferent lgﬁlaudaq,
Jdeongitudes and elevaticns) and of components of the primery

Toring in compogibion and en@rgya

1.7 Statement of the problen

Por a proper wderssanding of the nature of the

sotropy of primayy rediatlon, it ls imporbant to sbudy
the solay delly variztion of intenslty in sll ibe aspects.

Lt hoes i

of fug

ily variation in terms

i
& period of moubhs op
yvearg. Such a sbtudy however, is not complete unless 1 ia

supplonented by a study of the dalily veriation on dndividual

&

days, and iLs chauges {rum daystoeday. This is because the

averadge vordation could bo nothing more than the arithmetical

average of & veriation which le dntermititent or recuryrlng in

nature, ¢ bhat days with large variations arg,ﬁmmbiﬂéd with
. - .
I

3

days with no variation.
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We hnow from the invesvigasious of Flror et al97,
Savabhai gt al731, Sekido e%“al126$124*1383 Remy & Sitﬁkusfz?
and Hx%»kuw‘ﬁu titat lerge daye-bo-day changes bake ylumu in
the noture of the dadly variabtion during QA&nbulCmmLf disturbed
cas well as durding quiet periods. Sarabhal & Horurkar! 31 have
examined the dateibubicon of the tine of meximus of the ddurnal
gomponent of the dally wvarlation on individual deys messursd
with narrow saple meson telescopes. However, a detsiled study
of the patters of distribubion of all charactoristics describing
the form of the delly varlabion on individual days 1n relation
o the form of the average varlation over a group of days has

not baen g*stwmmﬁi@&lly undertaken, This has hendicapped the

&v.-

shysical interprebation of the characteristices of the averase
5 (=4
daily verdation, Uhile the exawination of the dally variation
on indlvidoal dave Lo inherently subjeet to a larger gtablstical

A T B e s g RSNy Ay [P, [ RO w3
erroy than 1f data are averaged over an exvtendsd period, the

ol

result of sompling on individenl days from a p vuglﬁiiau which
ig evnsbaat can be predicted from statdstileal theory., Thug
from the distribution of characteristics of indlvidual days,
insight can be gained of bhe physical meaning to be abbached
wo the chavegteristics of vhe average dailly verdatlon. The
inter-relotionsnlp betwesn the parameters defining the hoymonile
componsnts of the average dally varietion and dally varietion
of cosigle ravs on individual days at Kodaikanal for a period

of three yearg has been examined by the author in bhe present

Worke

A Ansipght into the processes by which&a: anisobropy

E
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of & highly variable characber is ér@duced can be obtained
by a study of simultaneﬁua'chang@s of anisotropy and of the
mean cosmic ray intensity, end their relahionsﬁip Wiph
geomagnetic disturbances. Sarabhai & Bhavsar have reported

an investigablon of correlated changes of daily variation

and the daily megn intensity of cosmic rays measured with
narrow angle telescopes at Ahmedabad. They have also examined
how the cérralatad'changea are connected with Up the daily
planstary gha?&@taéffigure for peomagnetic diﬁﬁﬂ?b&ﬁ&&ﬁalét e
Kodaikanal, due to frequent interruptlcas of the electric
supply, it is difficult with counter telescopes to make
- gonbinuous measuremnts of day-to=day changes of inbanéity
over an exbended period of time. In consequence it has been
possible only to study the relationshilp of the daily variation
with Cp. &n Ghapﬁér V, the results of an investigation made
by the author wlbh narvow augle telescopes are compared with
the results of Sarabhiai & Bhavsar and with the results of a
later study with o neutron monitor made by Satya Frakash at

Kodaikanal .



CHAPTER  IT

THE APPARATUS

The characteristics of the daily vax‘iat;ién dépami
on the direction of moasurenent and bhe cone of accepbance
of the measuring apparstus. 4 counter telescope having a
restricted cone of acceptance for the incoming radlation

\]

reveals a daily yariation of more prominent amplitude Ghan

an aniﬁirecﬁicﬂaifdeviae guch as an lonlsation chamber,

Therefore it 15 advantageous to study the nature of the
daily.variatiaﬁ end ibte changes with time with direectional

counter telescopes, The Physical Hesearch lLaboratory at

Ahmedabad commenced in 1950 continuocus measuresments of meson
intensity with counter telescopes of standapd geometry at

stations in Llow latitudes. The Abmedabad station {Am = 139N,

sea level) started with a unit consisting of four vertical

triple coincidence telescopes having a semiangle of 229 in

the E«W plane and 37° in H=-3 plane. 4An absorber of 8 em. of

lead was used with the telescopes. Similar units were laber

bullt and set in oporvabion, one at Kodaikanagl (Am = 1°N, 7688 £, )
in 1951 and another at Trivandrum (Am = 1°8, sea level) in 1953, O
In 1956 two nsvirow angle triple coincidence vertical telescopes

wore seb up ab Bodaikanal. ALL units are in continuous operation
gince then,

In this chapter, the requirements of an experimental

technique for time varistion studies of cosmic rays are First
i E -

Y
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stated in section 2,1, 4 detalled description of the meson
monitors in operation st Hodaikanal is piven in section 2.2

0 Ralie

2a'

Valid inverpretation of obssyvationsl data of cosmic

ray time variations is possible only when measurezents extend
over & long perié%g This makes 1t necessary that the apparatus
ghosen for the studles should be stable and retalns its

characteristics. longterm stability is diffievlt with counter

o

Lelescopes, since the useful life of self guenched counters

e
&

o
"

is limited. Therefore to geb falrly continuous data it 1s

necessary to run as many duplicate gets of counter taelescopes
of identical geometry as possible. The telescopes are designed
50 as Lo obLain the maxlmum counting rate consistent with the
desired geomebry of the telescopeg. This helps to secure dabta

of improved statistical slgnificance,

In addition, experimental fallures should bhe fadueed
to a minimum by proper design and construction of the apparatusg
and by efficient maintahancej Care ghould be taken to see #hat
no counter with‘doubtful.nharactariaties are used in the
coincidence belescopes. The counter failures can be minimlsed
by the use of suitable electronic quenching univs, They

improve the platean characteristics of the seli-quenched

-
e

counbers and thereby increase the stabllity and u§afu;_life

of the counters. The variatlons of atmospheric tempérabure,



4,0, maings voltase flucbuations, changes in the D.U. voltages
supplied to the gounbers and thelr associated uwnits and
spurious pickups are some of the important factors that affeck
the efficiency of the unit and therefore the reliabiliﬁy of
the data, It 1s extremely important te stabilise all voltages,
A,Cs 85 well as D.G., to a high degree, both for input and

for load variations,‘ﬁinca the frequency of 4,0, malns voltage
may vary, the use of synchronous clocks should be avoided.

The counbers m&é%hb@'maiﬂtained in a constant besperature
gnciosure througheﬁt the period of experimentation. The
glectronic units should be built aand mounted in such a way

ag to avoiﬁ'elﬁctrical inter feeding bebtween the units.
Properly eavthed shlelded cables must be used %o ieed the
pulses from one unlt to another and thelr lengths should be
kept as small as practicable to aveld spurious electrical
pickups and attenuabion and distortion of signals. ALl the
output terminals of power supplies must be decuuple% with
sultable condensers Lo avoid undesirvable interfeeding. Taking
these requirensnts of experimental technlque into conéi&aratian,

counter telescopes 2ol and ST, were built at Kodaikanale o

3

A cchemable dlagram of the experimeantal set up of
athtaluﬁeopss is shown in Figeh. It consiste sasentially

of Pour vertical triple cvincidence teloscopes. Two ldentical

sebs of four counter trays A5,0 and U and A',B',07 ang D°

‘ ' A . e _
Care mounted side by side in a constant, temperature énclosure
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with a vertical separation of 20 cm. between the individual
trays of sach set, Hach tray consists of four Gelger counters
connected in parallel. Trays 4, B, ¢; B, ¢, D; A%, B?, G';
and BY, ¢¥, D' gre connected in triple coincidence. fhe

" bobal senéitiva area of each tray 18 nearly 480 cm®., the
length of each counter belng 30 ¢m. and dismeter 4 cm. The

whole appavaius is aligned so that the axes of the counters

e glong the He§ direction. The geometry of this appédratus

3
é *5%”

gm\\&\\

B - -a-a
il (oo NS UUU
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Fig 4.

zives the telescopes a semiangle of 229 in the E-W plane and
a semiznzle of 37° in the M-8 planes 8 com, of lead absorber
ig introduced between the trays B-8' and C-C' to eliminate

the soft component.

-

T .
Pulse oub-puts from trays A, B, C and D are.fed to
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geparate electronic qguenching unlts Q,, ng @3 and Qh and
the out puts Uy, Ony U3 and g Ggy Q& ave in turn fed to
fast Gossi colneldence units b1 and G n* The pulses from the
comﬂcxaenae unitya are scaled down by scalers 3? and S,

and then recorded by mechanicel reglstors R, and R,. Similar
arrangement is made to record coincidences from telescopes
{7BYT) ang (BWCDY), The dials of the mechanlcal recorders

L ot - :
Res By h; end B, gre photographed at houriy inbervals b

an aubtomatic phgfggra@hiﬁ arrgngement. The telescopes ABC,
BCD, ABYCY and 3’81§famﬁa5ur@ only the hard component of
cosmie réﬁiatian which congists ﬁesﬁly of /V'meé&ns. The
counting rates of these telescopes cen be evaluasted from
.the hourly readings of the wmechanical recorders “1’ Rg,

R1 and ﬁz' regpecblivelye

Sekide snd his ﬂG~WO?KQP$QJ 125,128 and Sarabhal et al

{ref.131,146) have drawn attention to the remarksble differences

observed in the nasure of daily variation and its changes
when measuremnents ave made with telescopes of dt“f@rent
samiangles¢ The gosuwic ray Pevgdrch group at Ahmedabad have
studied the ﬁaily variation of meson intensity wmeasured with
vertical counter telescopes having semiangles of 2,59, 59,
150, 229 and 450 in the Lt plaae; They have coime to the
conclusion that verstical telescopes with s semiangle of 59

in the E-W plane are very suivable for the utugy ax the daily

variation and its changes with time. Because of thlw thw
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author has set up a few narrow angle Lelescopes at the
equatorial mountain station of Kodalkanal to compare with

studies mode, with narrow angle telescopes at Ahmedabad.

Fige5 shows the experimental arrangement used to
. peeord mesons arriving from the zaniﬁh in & cone of semiangle
5° in the E-W plane, and 19° in the N3 plane. It consists

" bwo ind@penﬁenh triple coincidence counter telescopes
(x.ix,jx } and (\‘\9"‘33;3 The trays x;, X, X3 and ¥y, Vps ¥y
each contain four counters connected in parallel. The counters

_ ¢ (%;
%ﬁ
s < fof— &

’ .
| |
o

' ® dmb R
({5?1"'>  i ‘:{@ﬁgfj /oad f;Eé

A leng F\WACM
used sre of 60 cm/ diameter and provide a sensitive area

of 240 cnfe tO each tray. The trays %y, x, and x3 are mounted
one vertically below another; the separation between x; and
X being 180 cm. Trays Vi3 ¥y and y3 are similarly mount ed |
by the side of %4, %y and x3 in the same enclosure. The

ot
» ) i % . oy ) £
counters are aligned along the N-S5 direction. & ciie of lead
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absorber iz kept bebween the trays X, = ¥g andﬁxg - Ty 4s
in the case of 227 telescopes, separate quenching units are
used for each tray, and the out-put of the quenching univs
are fed to the t¥iple coincidence units Gx and Gy, The
ecoincidence outw-puts are scaled by scale~of=Four units 4,

and Ey and are finglly registered by recorders &, and ﬁy.

The mechanical recorders R, and R, ave placed along

Y ' ) ‘ 2 . " . ¥ = | RSy
with the recordags 8., H, ﬁ;,anﬁ-ﬁé of the %*T telescopes
in a common phioto~unit and thelr dials photographed at hourly

intervalse -y

e} é@aatérs are high gain amplifying diodes operated
at potentials below the continuous discharge voltage. The
important property of a G-E counter is that the magnituds,
durstion and generael character of discharge in the tube is
independent of the specific ionising power of the initial
particle, The theory of counbter disch@"ge, quenching and
consequent development of the counter pulse in a self quenched
counter ﬁas beon widely discussed in litorsture (Wilkinson147,

_ g - « - .
quff745, HMontgomery & Montgemary’ag and Stevers!s0),

When an fonising particle passes tbrough a counter,
it produces a few fon puairs in the sensitive volume of the
counter. The frec electrons trigger an avalanch 4nd a discharge

u
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which spraads rapidly throughout the length of the counver.

The discharge lagts only for a few microseconds. Soon the

field conditions inside the counber are altered due to She
Cpositive space charge formed in the high field gﬁaﬁitivity
reglon neoy the gentrsl wire and the discharge is quickly
‘exbilaguished, Within a Praction of a milli-second after the
triggering event, all the ions and electrons are cle: red

out, of the interelschrode : 2pace aﬁd the counter s ready

to register hﬁéﬁhax% ioniSing eyent. A a result of discharge
~and quesnehing of éhe counter, 2 small voltage pulse is developed

46Y085 the counter which can be suitably amplifisd and recorded.

The most important operational characteristics of

G-M counters are (a) low operating voltage, (b) long operating
range or plateau, (e) high efficiency and (d) long useful

1ifa. AL the fopbures cannot simultanecusly be attained to

“

makldum deprea since soms of Lhem sre mubually exclusive,

but g workable compromise is possibles The useful life of a

e NFAES

countar is measured In terms of the munber of events regisbered

before the platesu characterdstics deterlorate bo such an
that the counter can no longer be reliesd upon. Gounters
contalolng only permanent gases ghould exhibit ne appreciable

changs with time provided theres are no constructional defects.

Bug this s aob the case with self=guenched counters. In the

guanching protass dcvunpanyinw each discharge a certaln number

off moleenles of the guenching vapour is decomposad and hence

a self-quenched counter progressively debericrates. The
e et )
B4 “

A
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deteriorstion is due not only Lo the loss of quenching
molecules but also to the cormabion of a diclectric coabing
on the glectrodes by the dlsscelstion products of the quenching

ffactive ares of the electrode

A
7

vapours. This woating reduces the

surfaces, Spatz!®! hes estimsted the useful Llife of a normal

o

self~guenched counter to be ¢f the order of 1019 counts. The

i

detericration con howeve? be rebarded by working the counter

on low “over vwk&ggas” and abt the same time using an external
electronic quenching unit to limit the extent of discharge

in the counber.

A1 the Gt counters used during the present
investigation ware prepared by the author at Kodaikanal. The

constructional procedure followsd is desecribed in the following,

Fige6 shows a typical metal counter prepared at
Kodaikanasl. The cathode is made out of thin walled brass

tubing of 4 em, diameter. The counters for <41 telescopes
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are preparsd out of 36 cme long btubes and those for 5y

teieméapéa are pade out of 66 cm. tubes. Thin tungsven wire

of & wmil, diameber is used for the anodes The ends of the

brass tube are machined properly and bhe inside surface in
"

polished by steel wool. iubes having depressions Or grooves

LY

punning porallel to the axis of the counver sre vejected.

The selected tubes are fitted with end pleces which are cub
from o brags rﬁﬁﬁffa@’ﬁ cin. dlameber. These dises areAhurned
on & labhe o t&@wéequirad dismeter so that they it vightly
inside the brass tube. The inside surface of these brass
pieces is polished with steel wool as before, lioles are then
drilled ab the centre of these dises to Lit the plass seals
that hold the anpde wire in its place and at the same time
provide for evacupbion snd filling of the counter. The holes
drilled sare made a bit conical by using a reamer so thab the

tapering ends of the glass seals gib vightly in them

Sefore asscmbling the parts the loside suriace ol

3

the counter tubes and the end pilsges are carefully cleaned
with commercizl ebhyl acetate and then rinsed with pure
ethyl accbate Lo remove wetalle powder, dirt, greass euc.

mL
Lochert52 and others have stressed the lmportance of removiag

dirt, dust and conbamination from the cabhode surface, since

dust particles creute strong Tocal fields inside the counter

which distort the main field and sive rise Lo SpUrlous counts.

The parts of the counter are then assembled as shown

4 & suitable length of b mil. tungSten wire is

T S A
1 Flge.t all 3 ;
Y



threaded Ghrough the capillary of the ilass seslse. The ends
of glass seals improduced on either side éﬁ@&ﬂd ableast 3 oum.
lato the counber thersby forming protective sleeves over Lhe
ends of the avode wire!?d. The surfaces of all the closely

e

Uit metal bo metal and glass o wetal Joints acre clesned and
warmed toe 280%F to 3009 and sraldice (

a thermosetting plastic)
is applied to the joints keeping the counter rolling wll the
while s0 that ‘aw.gven coating of araldite is formed over the
joints. ALl the joints ave kept warin 6ill the arsldive sets
and then allowed to cool gradually to roofm temparature, The
araldite 3@318 are then coated with a thin coating of Apiezon
high vacvum wax W', The ancde wire is apot welded at both
ends to thilck tungsten studs which are then sealed Lo the
thin capillary ends of the gless seals keeping the central
wire taut in its place all the while. The thick bungsien
studs protruding cutside the sealed plass ends are then
soildered to copper wires using an zlloy of nickel and silver

to provide for external electrical connection to the anode,

The counters thus prepsred are bLhen connected to a
Vacuan system and evactuabed. Wille evacuaiting, the counters
Care warimed slightly to drive out moisture and the central
wire is glowed to lncandescence by passing a current through
ite This is ﬁeceﬁsary to burn oub dust and sharp points on
the wire. About ten hours alter evacuating, the counters ave
tested for leakage and the leakpreooi counters ave fillgd with

o0 W% ol argon and 10 % of pure sthyl acetate ¢ n botal pressure




of 10 om, of Hg, Argon is a wamd.fillin# gas sinee it has
a large cross-section for ionisption, a sufficlently hlgh
ionisation potential to allow electron transfer with most
polyatomic molecules, does not form negative lons, is
inexpensive and veadily available to the reguired degree of

puritye. Gthyl acebabte is used as uhe auenching ageut as 1t

exhibits band absorption spectra bla tebting the re %1eﬁ
& = ’ 5 1 a LI ' *
between 1020 and 790 A which happens Yo be the raglan in

which the radls i n emibibed by exeited argon also lies,
Therefore the othyl scetate molecules can readily absord
phetons emibted by excited argon and in addition they have

the iwportant property of not v re-emitbing the absorbed energy.

The fMillir sses are allowed to mixn for about Lwo

u n..:‘-

e o . B T e B ride B s o 3 : R T B & od ~ T b 1
hours and the chavacteristics of the counters are then checked

inddvidually for thelr plateosu characteristics, If the counting
rate dees nob exceed mors than 2 % for every 100 volt increase
above the bhrasheld for 200 volts the pla teﬁm of the counter

is taken to be satisfechory and the counter is sealed at the
congbriction provided in the glasse sleeving, Then the counters
sre 'aged! by working them for about slxteen hours at the
midﬁie of thelr platean and thelr chatacteristics are rechecked,

The counters that retain thelr characberistics after thils

process are taken for use.

2y hR 3l eotronic units
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he  Uvanebing undt = The r,hfzr;cbgr* sries of a

€ o] '\"'m;:_ﬁlg_.‘g}ﬂg'}_ L GO wiber GRSl AL ey o gl bain p;ff‘:’i() ,,,,, kS

i
wd VRS o




e

¢ 63

CQnmimuuus use and the ¢ounter tends o develop spurious
pulses due to lmproper quenching actions 4s expleined earlier,
ail eXberagl electronic guenching unit is used to suppress
spurious discharges (Putman?®%). 811i0t755 nas shown that

the use of an exbernal guenching unit improves the plateau
and stability of the seli-quenched cauﬁﬁey, and extends ivs
uselul life. 4F a gquenching pulse of well defined duration
and magnitude‘i&ggpplied t¢ the éemﬁ?al wire it uot ouly
quenches the initigl discharge but alse liwmits its spread

on the central wive, Lhus the number of disgoclating molecules
per diseharge ls limited and therefore the useful Llife of the

counter is imorowved,

The guenching circult used in the present investigation

(Fig.7) consists of a univibrator and a differentiating network
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 followed by a diode clipper and cathode follower. A high
conductance bwin triode GBNY is used for the.univibrator,
The negative pulse frvom bthe counter triggers the univibrator
as a result of which a rectangular negative pulse of about
350 volts and of durgtion 1000 microseconds develops at the
anode of the counter, This brings down bhe voltaze acroas
the counber far below the threshold and keeps 1t low unbil

the discharge in“she counter is guenched,

The rectanguleor nezative pulse developed at the anode
of ¥1 ls differentiated by means of an HU network having a
short time constant of the order of 0.5 microseconds. Un such
& differentiation the leading edge of the rectangular pulse
which represents the onset of ths dischaerge produces a sharp
negatlive pulse, This is follewed by a positive pulse aflter
1000Q wmicroseconds, The pogitive pulse 1s bypassed by the
clipping diode which offers o low impedence pabth for positive
gignalses The negative pulse ls fed to the colncidence eireuit
shrough a cathode follower. When pulees are o be fed to .
several cireults through shlelded cables 1t is advantageous

Lo use g gathode follower to prevent loss of dignals156-

B, Coingidence gireuit - The coincildence ¢ircult

L]

used is of the well known Hossi type (Figz.8).The lmportant

proparty of the cireuis is that an oubtput pulse ls obbolned

only when she input pulses from wvarious channels crrive within

a very short interval of time of the order ol a few wlcroseconds,.
-

Te seeurs high resolution and geod desérimination bebween




pertial and total coincidences sharp cutofi pentodes with

low interval resistance ave used. the plates of the coincidence

tubss are bled t{'}’f‘ﬂi}haﬁ?‘ =0 & CcOomuon }}_Lat;p load resistor R,
The control grids are connechbed %o the individual trays of
the telascops, TG»&V@%% the small pulses of partlal colncidence

hat wight be de veloped due to vhe finlte lnternal impedence

jpracs
5
4..

of the 6847 tubes a level discriminstor is used zb the output
which selects the large pulses of threefold colncidences only
and posses then on &0 the scallng clreuits, Yhe resolving timo

of bhe ﬁiruuin e of the order of 5 wmlcroseconds.

Co  Boslins and vecordine circuits ie- 4 scaling

clrowit performs btwe lmporbaut functions. First 1t scales

down the counbing rate to a level sul ftuble Pow ohe meehunlcal
Y

recorder to follow without lch and secondly im rewoves the
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randonness of coingldence pulses %o a certain extant157.

It has been observed by Stevenson &'&etcinw158 that the
fractional variavion in the time between every ¢t pulse
taken from a distribution initially random, decreases as

r increases. In fact the fractional standard devigtion of
the variation in th@»tima between every rbh pulse is given
by ivi/(j * ziﬁ . This means that in the cutput ol a scaler «
ghere are fewer shost inbervals and that by suitable cholce

of the »ca?zzp ?a&tar the losses due GO the mechanical

vecorder can ve obviated.

The design of the scalers used in the present

invesbigation is b asd on that of Lh well known sccles »Jﬁrdan

grisgor clreulis. Gach stage ol the scaler is a scale»of-two

+210 ¥
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undé and a nueber of such stages can be put in ca&caég Lo
get higher sealing factors. The counting rates of <2¥
telescopes are scalsd down by & factor of 8 before recording
and those of S by o factor of L. The Fig.9 shows the
‘basie seale of two eircuibs used and the recorder circuit
that deives the reglster. The scale=~of=two circult has two
stable stabes of operation, In the first sbate ong triode

V1 of the & di\&i\canﬁuctﬂnv while the other Vn is non-
conducting. In the second state it is the reverse. HNow if

a sequence of negabive pulses are applied at the input the
giveuds flips from one state to the other as successive
pulses arrive, The flipover pime which decides the resolving
pime of the scaler is of the orvder of 15 microseconds, The
outpus of the scaler, on di”“emcnalatlan, produces alternate
positive and negative pulses and scaling is achi@ved by
accepting the pulse of one polarity and rejecting the other,
This function is performed by the coupling diode 6HG. When
scale-0i-two unlts are connected in cascade, an landicating
neon is used ab ﬁhe end of each stage t0 show whebher the
particular stage is functioning properly or not, The final
oubput of the sealamis fed to the grid of a blased power
pentode. The plate voltage 18 applled to this tube through
tha golenoid of the meeb@aical recorder. The tube conducts
and actustes the mechanieal racorder 031v when a positive

pulse arvives ab 1ts zride

D, Power supplies i~ The A.U. mains 5uppiv\at'

N

Kodaikanal is far from satisfactory. The voltage varies from



©

180 ¥, to 24O V, and power failures ave quite freguent
uspocLulij during the monavon monthg. A good 5 K.V.A, constant
voltage transformer giving an output of 220 t 4 ¥V, at loads

greater than 2.5 K.W., when the input voliage variss from

180 ¥, to 240 V., was used to stabilise the mains volbage.

-

the powar for the warious D.C,Repulators and filaments of

r'*?*

‘vom bhe regulated out gt of the

vacuwt tubes were derived

" econsbank va&nm~@H\r ansformer,

The 8.0, valbqw »s supplied to the counters and
thelr associnted unite were stabilised by means of electronic

regukabors bmtn fer input and logd veriations.

The most desirable features of a resule tua DG,

powWer sourco are hish stabilising power, low intennal

2

I
o+ -

yenistance and low pipple outputb. Hnn&f& Bieckmanl b9 have

discussed in detinil various btypes of voltage stabilising

gireulis and have shown thet the sinple degenerative type
ave in genersl moast satlsfactory. Hence for the presant
investigation mestly degeinerative type stabllising cireults

are used,

Hiph voltase power supply i= Figs10 shows the
circuit diagram of the high voltame supply used for providing

voltages for G- counters. By means of the pobentiometer P,

the oubput voltase can be varied over a wide range of 1000 to
1700 volts bub the stabili sation is better at the lower end
of the renge, The sharp cut off panbode 6SJ7 iwréﬁenated as

: .
o Ysbarvabion ampli 1fier?! {Volkers 160) 50 uhat it gives a vVery

1



P69 #

gh smplificstion to the fed~back difference volbage.
pives high regulstion Lo the oubput veltage, The regulation
obtained by this eircult is of the order of + 2 V. at 1300 V,

for an input variation of 180 to 240 V, Iun the present
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investigation the powgr'supply is adjusted to an output

of 1200 volts and the various velitage taypings Yoy counters
are obbtained from the blesder circudt shown in the diagram.
Bach bapping of the bleeder is blased with 0,005 i, condenser
bo aveild inber feeding Qf'cauab@r pulses whlch may result in

SPUPrious counts,

Low voltace power supnly i 4ll the clrcuits deseribed

garlier in this section ave deslgned to function on plate and
o, 2
N .

sereen voltases of 420, 210 and 150 volts and a bias voltage
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D =75 volts wherever Lhis is veguired. Uircult diagram

of the power supply used to get 210 V. stabilised voltage

2
iy

shown in Fig,11, OSimilar circeuits are used for congtructing

A
]

the 420 and 150 V, stabilised power supplies. Since the load

b
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on the bias supply is of the order of 20 HA only, a VR75

tube I8 used for stabilising ~75 bias voltase.

te The detalls

of the camera unit used is shown ia Fig,12. The electiro-

mechanical recorders registering the counts, a clock and a
calender ere mounted on one side of a light tight box with

an easlly detachable camera {ixed on the opposite side. The

camera 18 of an open shutter type and has a good quality

short focus lens. AL a time, Ghe camera can hold about 30 £t.,
L S

of 35 wmm, Kodak Super £X f1line Ly and Eg are twﬁfiamps that



flash at lntervsls determined by tho phobo-unit trigiering
cloelk, The spool in the éamers which takes the oxposed film
(8,,) is zeared to the shaft of a low Spﬂﬁﬁ»mﬂtﬁf whlch-?ﬁliﬁ

[
he film through one frame af'ter each oSXposure.

ot

cLOtk  PECORDERS
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Tha seguence of gperation is as followst The minute
hand of a claock set to L,5.T. gives elaecbrical contects at
hourly intervalg, At each hourly contach the lights inside
the camera flash momentarily and the panel of reglsters is
photographed, Immediately after the lights go off the film
winding and res @rhinm motor starts and rolls the exposed
£ilm by one frame and keeps fresh film ready for the next

EAPUBUL S

The circuit that control% and makes the whole process
sutomabic is shown in Fige13. It consists of twe trimherad

thyratron switches working in succession, The first‘one controls
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the flashing of bulbs and the next operates the motor. The
civeuit gebs automatically reset after 30 seconds of each
exposure, In the préﬁant investigation exposures were btaken

at hourly intervals,

HGyery day in the morning‘tha exposed film was removed
for developing afer the 9 as.me exposure. The readings of the
mechanioal recorders were noted down from the negatives. A |
bypical enlavged<phobograph of the panel of registers is shown

in the Fi,{ff;;eu%
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CHAPTER IIX

METHODS COF ANALYSIS

The readings of hourly photographic records of
mechanical counters eorréapending to different telescepes
prmvida the basit.cosmic ray dats. For the purpose of the
prasent invaatigaﬁiﬁn readings corresponding o only odd
hours namely 2300 hr. of the previous day and Q%OQ, 0300 ..
ve se 2300Nare tabulabed and the differences.in ﬁuﬁcesﬁive ¥
readings are evaluated. This gives, for any particular'
telescope 'l' on each day a sequence m%a m% sa an ss mij
of 12 biheﬁriy'caunting rates centered at 0000, 0200, .. .
es 2200 he, L,5,T. respectively, The mean bihourly counting
rate for the day centered at 1100 hr, is given by | |
Ei = (m% + m% Y he we .;_+xm%1)/12. The deviatlions A mg, .
A m%, v ee .aéxmi? of bihourly counting rates from the daily

mean bihourly rate W; are then ealculated for each telescope.

Thé 12 bihourly deviations thus obtained for different
telescopes of identical geometry are tabulabed aidé by side
to exauine whebther within the limits of statistical significance
the deviations from mean of the rates, of different telescopes,
for the same bihourly intervel, are similar. The data from
the telescope which shows entirely different var;dtiona as

compared to varintions recorded by other simllmr taibscap@s
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is rejecbed, The daily mean bihourly intensities mt are
also similarly checked to see whether telescopes of similar

geometry show siniler day-to=day varlations of latensity.

After thus selecting the gooed data, the deviations
for the same bihourly interval as well as the daily mean
bihourly values on each day for properly functioning similar
telegcopes are added together. The resultant daba of ?dﬁh
day thus cﬁﬁpriﬁgs of 12 bihourly values ZE:éS 5 '$‘g;m%, oo
5o E:Aﬁ%? canberad abt even hours of the day, expreqsed as
the deviations fyonm ahe day*'s total mean bihourly rate E;m
where n is the number of properly functioaning telescopes;
Thesa 12 deviations are finglly exzpressed as percentage

ta ):{ .

de"ifia’si@ﬂ&'l ”?‘?I%J‘igs *%1, ve e TMX"" a me 5&11 where

The daily borometric pressure and ground temperature
readings for the hours 0000, 0200, .. .. 2200 hr, were uvbtalned
from the dally westher charts of the Solar Ubservatory,
Kodaikanal, The daily means T and P of temperaturs and
pressure and vhe bihourly deviations from meanAT,,4T, ete,
and A PO,Aﬁ‘F? abe, are then evaluated and tabuluted along
with cosmic ray deviations H,, M, ete, to facilitate

-

application of meteorological correctionsg. - -



The coantributions of the dally variation of
atmospheric pressure and temperature to the solar daiiy
variation of coamic ray meson intensity have been discussed
in an earlier secbion {1.3). YWe have used a barometrie
o

coefficient ﬁ5w-wz,2 %/em. Heg, for correcting the meson

ubensity for the dolly vardation as well as the day~to-day

[N

ariations of bﬁr'ma Lrid pressure. The bihourly deviations

<

L b RY ) .
of meson iubensity ey My, s se s ebic. corrected for

barometric pressure variations are indicated by iy, ﬁ#, oo ..ﬁ17.

fo attempt has been made to correct the daily variation
on individual days and day-vo-day changes of ionvensity for
inmwbph@ria bempersbure variations ﬂsimg Dormante methad.
This is because in the absence of radiosonde data the nature
of' the dally variation on individual days and day«to-day
variations of temperature at various iscbaric levels above
hodaikansl are nob known, From radiosonde daba ab Ahmédabad,
ﬂéaai & V@nkateawarin ﬁave shown that significant and regular
daily variatlon of jemperature occurs only ian the burbulent
surlace layer upto 2 Xms above the ground, K my?6“$ from
ohservations Made alsawhere has come o Lhe cenclusion thet

tha daily variabilon of temperature at high elevatlons is

.....

&

probably Less than 19%. Kedalkanal st an elevatlon of about

242 Kme 1o on o naveow pountain range with plains almost at
sea 1mvel ont two sides of it. The daily variations of temperature

ot

of the atmoaphore ¢ baae Kodalkanal may. the r@Jarv be btaken to

[ARVEH
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correspond largely Lo the negliglble daily variation at

levels above 2 Km, over the iomediately adjoining plains.

Over a twelve month periocd, day-to-day chamgeé of atmospheric
temperature would tend to average out leaving only the
regularly periodic daily variation of temperature Ho correct
for. Thus the temperature correction so derived can reasonably
by applied to bthe fR-month mean daily variation of mes?n
intensity, For awggrst approximation therefore we may compute
the correction Lo meson inbensicy by Porman's method using
only the first verm corresponding to the 12 monthly mean

daily variation of ground tempevature at Kodaikanal.

xXo

Ageording to Dorman's equation (8igﬁi>;='/%(x)6T(x)dka
For practical evaluation of temperature correabiag, this
eguation ¢an be written as (Slﬁﬁu)r ~ _?%ifb' KiESTi
whers S’Ti is the temperature variation agﬁéza ith standard
isobaric level and K; the ﬁartial tempsrature coefflcient
obtained by integrating Wix) over the corresponding layer.
The value of K for 800 mb, has been glven by Dorman as equal
to 0,022 %/9C, Ve have used this coeffieient to corvect the
12 monthly moean daily variation of mescn Intensity ab

Kodaikanal using the stmospheric temperabure measurenents

near greunds

An estimace of the correection, derived later in J
shows that 1ts smplitude is of the order of 0,05 to 0.1 do
for meson inveunsity at Kodalkanal. The appropriate. correction
‘/f'“

Y -~
has been applied te the 12-month mean daily variation of meson
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iﬁt@msity and in}yeaﬁs when the émplituda of the lattver

is small (of the order of 0.2 %) the correction is quite
significant, The 2 G level of significance adopted to judge
the significance of the daily variation on individusl days
corresponds to an omplitude of 0.6 % for R2T data and 1.6 %
far 5T data. Therefors the omission of temperature correction
dees nob ma@arigily alter tha conclusions drawn in respect

of days on which the daily veriation on individual days is

. o o }
significant at the 2 ¢ level. .

£ on a particular day, one of a set of =n telescopes
of identicnl seometry goes out of order due to counter fallure,
the total daily mean intensity will not be same o8 what 1t
would have been, had all the n telescopes been functioning
properly. Moveover when counters fgil, 1t is hordly posalble
to replace them with new counters of identical physical
characteristics, Thevefore it is necessary to nonualise the
daily”meaé sounting rabes Lo a common base before employing
then for the atudy of day-bo-dzy or long term changes of

megon intensity. This is done as follows !

Suppuse & telescopes of a similar type are in operstion
and Ghat ‘N}, N;, ﬁ% and N; ave daily mean bihourly rates of
the telescopes for the 18t day and ﬁ?, Nga N§ and Nﬁ are Lor
the second day and so on. The mean bihourly counting of all

A

. . i - F "4 .
telescopes for any day Y iz glven bylﬂi + N; **R; + ﬂbq if
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oo

on g day =, ﬁ% is missing due to counter failure then the
mesn hihauriy rabe Lor this day, had all the fuur telescopes

were working, is glven by

)

. L
O 4 0% + 1) = yhere C = 3. (e + k. x;sk) and
2 3 Loa K=y 3
A= (g + Nj %“)a After thus predicting the mean

K=o~ . . .
gy
counting rabo luggphm day x comparable %o = m™ of pravious

of totad dally mean counting rates that starts

P
4

,...
0

day, Lhe ser:
after the bregk =x is norwalived to the level ol the series
before tae brezk by wulbtiplying the terms of the series after
the break by a factor

*+H

&QL whore B = %?(N?*?§=9§H mﬁi)w > hﬁﬂﬁﬂﬁﬁih
Asl T ket & 3 Lt Ty 1 3

Yourler saslysis

LY
8
(821

dn order to understand the nature of periodicities
invelved in the daily variagtion of neaen intensiby, dﬁd the
relationships of these periodiclties with the known geophysical
and astrophysicald periodicities, it is often convenlent to

esolve the veriation into 1ts harmonic components.

Any experimenbally observed variatlon can be @xpre ssed

in terng of & Fourier sories of the type,

Fau) = a, * {a; cos x * b, sln w) o+ (ag cos 2x * bz glin 2x) * aeo
N |

. . ) "/’. - - -
= oa, t 2&, {a, cos nx *+ b, sin nx) where "O<xwcam



If the experimental curve is defined by 1a eq&@g’w gpaced
ordinataé Ua’ Ug, e be 8 311 gorresponding to the times
Ly Byo ee oo o0 t%? respectively, then harmdﬂia anglysis
consists in determining the coefficients a,, a, and b, such
that {Ug - Flt, )} is a3 small as possible. The cosfficients
a, and by sorresponding to a 12 ordinate scheme is plven by

12 3 42 ;
eé’smgx,i) f6 ard b, = { ZU; sin ax }/6
1%, e

where values of n = 1, 2, e s 980, correspond to first,
socond, e o» ebe. hovmonics respeotively. F(x) can also be

K3 u

WOLLUGENn as

Flx) = a, + Z ry sinax * ¥y) where ay = v, sinpy,

and by = ry, cos,. T and@, ave ealled the amplitude gnd phase
e > RE ""1 1

of the v haymonic mnd can be svaluated as r% = mﬂ * bz

‘ - & .
and (Upn = tan ! e when U; are expressed as deviations
n c

from mean a, * 0. In the study of solar daily variation, the

12 ordinetes ave taken over an interval of a solar day and

tharefors Ty and V’ i vepreseant the amplitude aad phase of
ne First havmenic wave in the solar daily variation having
a peried of 24 hve ¥ ooand g mive corresponding parameters

for the seecond harmonic, haviag a period of 12 hra The higher

narmonics in the delly variabion of meson intenalty are small
and for most purposes it would be sulfilclent to consider the

fipst two hormonies, Instesd of the phoss angles su'.‘ and ¢,
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it is customery to use in discussions Py and P, the angles
representing the time of maxlmum of the first and second

harmonlos ré&pe@tiwaly. ¢1 =90 - @y and.ﬁg =90 = o

346

To compare the variastions recorded by different
instrumantyg, or to study the relation bebween differsnt
periodic yhenwmégﬁ} it is counvenient to use a graphical
rgpresentation wherein the amplitude and of the phase of

the harmonic component can both be represented simultaneously,

One such method is the harmonic dial representation. The
Fourier coefficients ap &nd.bﬁ can be congidered as the

components of the vector ry, on mutually perpendicular axes

as shown in Fig,15, The maximum of the sine wave ry sin{nx +{p)

L
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ocours when {nx +q1 = 60% The vector r, therefore s
directed alonz the time of maximum of the h“rmonmc component N
Suitable time scale can be inserted in the figur@ aueh thab

it represents bthe Iirsh, seeond or higher harmonicg. & eircular
time sesle of 24 hours equal o 360° mnaﬁurad in a clockwise
direction frem b axis is lntroduced o represent the first
haymonic and 12 hours equal to 3600 for tha gecond harmonic.
The harmonic dial ¥epresentation of perxcdic yectors has been
fraé&enﬁly used in the discussion of experimental results in

Ghapter 1V,

37 The srrorg of Fourler

r-ul
ﬁ’

The standard erroy GF of guantity F yhic

i
funetion of § variables h?# Goy ss an oo Og 1= glven by

" ( — 2F X =2 AEN /1
(BQ) ¢, -+ -+ BCL> (Ct’i‘"" -—S—CF"S 6;; .

In our cose 5 = 12 and

) & ’ 1 2
Fe r? o S {U; cos xi)z + §Z_ (U sin xi)z
| g2 e | 1=

i . ' . X I .
w— --Smg {Z(Ui sin ::ci.) cog x3 * Z(_Bi 530 :{.i) ain ;.;i-}

. bxq'i o :'2 K ( S )
r 6-?-}-; v:z sin V‘/.} Xyl
@z = .....«... Zulﬂ‘“(w? o) J”Ui

all Ui have agual bihourly gtandard errors = : é, and
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£ 2 3

sln“( Wy + x3) = 4, Therefore Gp, **«%»«u or {1"1 = i

let tan (/4 = © « This is equal to Ui cos xy
Z‘Ui sin }Ei

Then 00 = €08, ¥ €08 Xj - sin (Y, - ¥ sin 3 _ cosl &/ * x4)

U, '
i .6 1y cos® (V4 6 cos? ¢
—2
. ——*1 1 Crﬁ» — 1 c |
. s w*é;, o SRV, | 05”‘"'{ s, Since
Z "ﬁ:z;, (7“1 /6 2 cos? (v,
ar,

—-’-J' .
(#% ® ﬁaﬁ"i F 0@ = a@sg Q/i, CZ; = = .
1
Thus errors in ry and (y are given by é'//6‘ and é‘/rn ‘/?
raespectively. These errors are shown by drawing an error circle
at the end point of the vector in the harmonic dial. The size
of the error circle in relation to the length of the vector

indicates the significance of the particular harmonic component.,

Defining periodic varistions in terms of their harmonic
constants rq, f,, rp and Py has distinet advantages specially
when the measured amplibudes are swall and errvors tend Lo be
large. When randomly distributed events of the nature of caamic
ray arrivals are measured, a standard deviation g =% jfﬂd is
associated with every estimate derived from N nuaber of counts
counted by the measuring device in a particular time interval,
Thus each estimsbe of a bi-hourly percent deviation is assoclated

with & standard deviation of * 2 %, where ¥ is‘the mean



bihourly counting veabte of the days 4 deviation sigaifieant

at the 2 ¢ Level corresponds to a probabllity of 95.4 j that

it is due o nopnepandon causes. L therefore the value of i}

15 sueh thet ¢ = * 0,8 % a bihourly deviation is not ﬂigﬁifidant
at 3‘6’1@?%1, unless it exceeds 1.6 % However, in the case of
narmonic consi Bhanba ﬁarivad from 12 bihourly values, the
svandard errer Zobo reduced by a faetor of J”E or = 2.4 a8
ghown in the pw@*”mus sention. Ab the same level of aigmi“icanae

& . . k. 3 Y » -"é ¥ - 45, ARy g s - oy 13 5 LY
tharelore an @ %%g@l:zmdes uf 0,7 % con be considered significant.

Anpther adventages of represcuting the daily veriaetion .
in torms of 15 hermonle goefficients 1s that, if vthe higher
harmonie beyond the dlurosl and the send-diurngl are assumed
to be unimporbeoty; ase Lo knowa to be the case Lor many peophysical
phenuinena, the poraveters necessary o define the daily varistion
got reduted to four namely &4, m? s 8 and b, instead of 12
bihourly deviatliong. The guentitiss are additive gnd can be
seolerly added to et the sverape dally variastion over groups

' d:&:}?ﬁ %

308 ﬁﬁwﬁmmgfﬁ Lhha, dodl

Tha @q&ll}’ wmm%m t::i“ zmam vsﬂm»@n‘““' *w on iadividual
davs has either o single moximum or two mexima. The significant
Teaturo of the f;im:i..‘i,y yarintion may therefore be msnamwm& to be
the amplisuds and the tiue off maxlmm of the domlnent coupenent
| and relative mapnitudes and the difference in the vimes of

maxing of the divrnal and the semiediurngl cemponents. Yne can
ot
-t -

Y



get an insight in to the change in the form of the dally
‘yaristion by a study of the relative change of the diurnal
and the semi-diurnal components. The parameters velﬁveﬂ’é for
such & sbtudy are the ratio r1/r2 and the difference angle

(2¢{~¢2)f2, in Fig.16 we show the form of the daily varlabion

JIIIIIIIIIIJllIIlllIlIIIIlIIIIIIIIIllI
o o 90" 10d® 170° o° o‘_ 90°  ac® 276° . 0° o° o 18" 27 o° Sl
Frate.

— — - ey g P e g
produced by the superposition of vy and vy for three different
) ; ' * 17 s o 4 0 “(”. IA
values of ry/r, and with change of the quantity (20 ﬁ@)/z' ¢
w X » . - - . oy {._, ) “;‘ ::',14;1 r 3 7 1 5
is seen that for eny relagiouship between Py andfy 1f £4/ry 71

L
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.
&
aw

the daily varistion is mainly diurnal in nature while if
rq/vy < 0,75 the form of the daily variation is mainly
gemi~dlurnal. |

It has to be stabed however that for a finer study of
the daily variation and its changes with time it is necessary to

examine the dally variation unresolved into its harmonic components.

?waaﬂiﬁalégethads of harmonic aﬂaiysis suitable for
handling lapvge &mmaﬁts of doba have been described by various
authors, The one devalled by K&§ﬂ1éh has been adopted hers. Fox
cach working day, the deily variation of meson iatensity as well
a8 baromebeyr pressure are harmonically analysed gnd the consbants
£y ¢1g r, and j, for weson daily variation and Pa.s Ppyy Foy

and P for pressure variation are detsrmined,
b2

3.9 Pungh-card asvstenm of tabulstlon of daba

o

4 detailed study of varlous aspects of the dally
variabion of coamic rays on the lines indicated in 58Ca 10
requires the preparation pf frequency distributions, sorting
of days according te different cpiteria avd evaluating the
parsmeters of the average dally variation oﬁlgroupgynf aays
thus sovteds Far'aMalysia of thig nuture it is convenient
to use the punchegard system of tabulstion of daba 80 thab
standard electrical sorting and tabul abing machines can be
uged to perform variols computationel operations. In the present
investigation Heilerith cavds of eighty column-ten row Lype
were used for tabulating the primary datas. The 55%@ qpntains

the following information punched on 1t.




3, &

5y 6y 7
8, 9

10, 11
12, 13
14 to 37

38, 39
Lo

b1
L2

*w

87

B A

L BDeseription

Type of Telescope., 4,0 denotes 2Ty
W3 ooom FRg
Year
Ray of the year
Lunar Phase u'
Cp' index for the day
Solar declination
The 1% pressure corrected cosmic ray percentage
bi~hourly deviabtlons Yoy hours 00, 0R,....22 which
are described in Jec.3.3 as No, M1,...Mq4
=
The variance X~ for the day

Reliabllity indicating number of bi=hourly
deviations extrapolated if any.

Number of telescopes working on the day

Range of G~ in which ry or r, whichever is
larger lies

Total mean bi-~-hourly rate from which percentage
devigtions of bi«hourly values of cosmic ray
intensity are caleulated

Hornmalised botal mean bi-~hourly rate corrected
for pressure variations

a1, by, as and by the Fourder coefficients of
meson daify variation

rq and rp caloulated from aj, bg, and az, bp
respectively

P1 and Pz calculated from aj, by, and ap, by
respectively

Ration r1/ry ‘5»
Fourier coefficients of daily variation of
barometric pressure Pa12'9b1’ Pap and Fpy
Hgan barometric pressure for the day.-- =

-

Blank : . .



Correlation analysis enables one o det@mina the
relationship between two or mom variates. 4 measure o..,f" the
degree of this relationshlp is given by the ‘correlation
coefficiont' usually denoted by \6} . U = 0 corresponds to
absence of any cc:rmlét-ion, while U = J 1 corresponds to
perfect positive or negative correlation. If there are two
variataes A and an the correlation coefflclent betwean
them is given by i;hé formula

Yin = 2lofeoB)
AB T W .sh-cB

where & 4 and A B gre the respective deviations from the mesn
of the two variates, H the nvaberof pailrs of values of 4 and B
considered and O 4 and OB ore the standard deviations of P
- N (\ (;‘ o (‘ . ~ Al ’L E A‘bl >
each varliate,. 4 gnd 0B ave given by VA = (?_.T\J.—) (,3 N o—
' }

N
| S (AF\-A%)A , _
< v 0aB " —iZ_A A s an>{”

The relation between the twe variates & and B is

expressed by the following equation called the Ppesression

K N -
squation®, Ap =LAB, where L= ¥an -——‘g_ » This equation
- ,

represents the regression Line of A on B having a slope equal
to the regression coefficient . Similarly the regression

line of B on A is given by A B = QCAA, where o = 4B -8 ? 5
A XAB approsches the value 1 the two lines tend to be ?

identical, ' .

e



AT I

The probabie error associabed with the correlation

goeiiiclents is given by the formula

0,67 (1 ~X°)

b3

2'.';

where \§ is the correlation coefficient, and n is the
number of pairvs ol values frow wileh 7( ig calevlaved, The
or P

lavger the value of 2, the smaller would be the value
i fleance

the probable er*@m asd the greater wondd be bthe aipy

g

of 7{ » boe porrelation coelfficiont,
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ra, P2

Gp
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NOMENGL ATURE

Geomagnetic latitude,

Barometric coefficilent.

The standard error,

Teloscopes having a semiangle of 22° in E-W plane,

working at a station X. For stations following

symggi% have been uaed; K = Kodaikansgl,A = Ahmedabad,

H = Huancayo and ¢ = Cheltenhsam.

Telescopes having a semianglebéf 50 in the'E-W
plone, ‘ |

Heutron monitor working at K.

The daily varlation of meson intensity corrected

fopr barometyic pressure variations.

The amplitude snd time of maximum of the diurnal

component of the deily variation on any particular
day; ‘
The amplitude and time of maximum of the semi-diurnal

component of the dally varliation on any particular

Ad&Yo

The doily planetary character filgure for geomagnetic
dlsturbance.
The 12-month mean dally varistion of meson

intensity corrected for barometric pressure

- variatlong,.

Pl



P 89e.:

TTE%, Eg.x  The amplitude and time of maximum of the diurnal
comporent of the 12-month mean daily variation

determined at a station X,

’i}%, ﬁ%.ﬁ The amplitude and time of maximum of the semi-~
| diurnzl component of the 12-month mean daily
variation determined at a station X.
o dmoothed # obtained by superposition of the
| diurnal and semi-diurngl components of M.
Xe¥ °oH Ol conteved at year x, month ¥

A WMz, y-xty') The difference bebween X.y O and x'y?! M,
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The cosmic ray recording stabion at Kodaikanal startved
Puncticning in May 1952, The author took charge of the station
in December 1953 and cpersbed it tilil the end of December 1956,
The Table I shcwgﬁﬁhe working of the R2q . telescopes during the
three years 1954, 1?55 and 1956, In 1954 the number of velescope
days for which déta are available is lower than in 1955 and 1956,
This is partly due to lack of facilities during 1954 for the
preparatibu of counters on the spot, und partly to the dislocation
csused by the shifting of the laboratory Lo new premises. By

the end of 195L the preparation of counters wags started ab

todaikanal aod this ensured smooth runuing of the apparatus for

oa:

the rest of the peviod,

bel Ine 12-month mesn dal ariotion

The pressure corrected monthly mean daily variation
expressed by percent pihourly devistions from monthly mean
insensity is utilised to compute the 12-month mean daily
voriabion M, Sven though the number of teléscopa days differs
Lo suome extent from moabh Lo moubh, eii_.ipal welght is glven Lo
data for each month in cnteulatving . For visual gxamingtion
of the broad festures ol the daily veriatlon it is advantageous

: . ) . R hinrd .
to hormenically analyse the bihourly deviations of-M and to
. P
P - _
' ' 4 ' = s s O
caleulate azain the hihourly values of ‘the smooth varlatlion {4



Teble 1

Hwoaber of duys in sach month of bhe years 1934, 1955 and 1956

fo % 5 RPN s ik h ke By 5w e o L2 % g IR W o oy Wy £ T O % 5
for which dedly variastion date of T are avallable and percent

days in each year on which all four, three, two end one only of
rw ¢

) N
the “* ’E:“ velescopas wers functioning abt Xodalkanale
e

B PR U » o 3 S e g

KOsty LQLD 1954 : Total

serpp de S 3y WLk 1 a g 4 £ n I o
woridng Jd F oM A4 0B J J A 8 O N D davs G

9 0 71411 0 & 912 130 54 %
7 0 &L 6 5 0 2 3 i Bﬁig' 15 %
L Yy 8 5 712 4 3 6 1w 284
1 ‘ 2 3 3 g 9 b %
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P

& 18

3

ot i‘\}

Yoy
T Xy

p o5}
‘J‘_a
o
L]
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H0208 bedie 93 3
b aea S oF ey oz o 1 L% e .n Yy 4 " " oy § s A.
worslng J ¥ M oA M JJ A S O 8 D days %
g o «m«-ammmna’mu-—wummv‘awmmmwpnmmvmwxy&wqaam-mmmwuﬂmua»—uqﬂmdunmwmu—ma—nmnumw

4 R4 18 19 2L 21 17 24 26 27 27 26 22 275 86 ¢
3 301 3 4 01 2 1 2 10 1 2 21 7 %

5 - 304 4 0 O 1 0 3 15 5 4

1 % 04
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3 302 4 1 b 4 % L 51 3 32 104
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produced by the superpositlon of the first and secowmd harmonic

components,

~

We have discussed earlicr in section 3.3 the correction
that should be applied for meteorological effects connected with
the diurnal variation of temperature of the atumosphere. A
brsci&a derivation of the correctlon is not possible in the
absence of radic-sonde dabn for Kodalkansl pertaining to the.

diuransl veriation of vemperature at high Levels in the atmosphere,

Using a modification Of’th@ mebhod sugpested by Yorman, we

sholl now show that the correction is small. Table 2 glves the
bihourly devistions of the 12-month mean daily veriation of
pemparature T near ground at Kodaikanazl and the bihourly
correcblons for meson lntensity derived from it. The tempersture
Variabign § does not chonge sipnificently frem year Lo year,

Thé temperature correction curve has an ampli&ada of sboub
0,06 % por %C and a meximum at 13 hr.

o . ool wD vt =l
Tuble 3 shows the values of Mg, Mw K Mg, and mw K
@ o ]

describing the diurnsl and the semiw-diurn:l aompenunté of ﬁk
centersd ob Successive three monthly epochs, Values derived
before and alfter application of the correction for diurngl
variction of apmospheric tempergbture are Separastely ludicated.
In 1955 and 1956 when the daily veriatlon of meson intensity
becomes small, hhe applicstion of a correction for temperature
aaﬁ malke o difference 0l upto 25 Boin amplibtudes of the diurnal
and bhe semi-diurnsl componoats, bub preduces o negligible

chrage in times of maxima of the two component gg.-- During the
¥ -

yosrs 1953-5% the daily verdation is lwrge and the correctlon

-
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93

e

Tuble 2

Pable showing ths bibourly devistilons of the J2-month mean

daily variation of be

vt

near ground abt Fodalkanol

SREabure
snd the binourly corvrecticns devived fvum iy for the mesn

»

A e o > - PR e SR oy Mg e ety el B A Sy i g S R
daidy veristion ol weson inbeasdiy.
tad hnmmm:ﬂwnmmmmm’-—hmnﬁ-ﬂﬁam—@-ummw—-ﬂu»m*wwhww-ﬂwﬁ

bt 5
Hours  Temperature €  Glbourly correcilons

N g i

2 171 ~0 4 Ol
4 1049 =04 Oy
& 1049 0.0k
8 124 =001
10 159 0,08
12 1547 0.06
14 1546 0,06
16 1467 ' 004
18 135a1 Q.01
20 11a7 -02,02
1144 ~01,03

»

™
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amplitude and time of

produces an dnal Lenific !33‘1“(} Chionge

mardnun o phe diurnsl and the semiwdiurncl componeanta.

Yhe long tewm changes of the dedly "mfia‘t}icm may be
examined oither by a study ol tho amplitude and the bime of
meximum of the first and second harwonic components ol the
{20nonth nean daily variation or by Llooking abt the campo:site
variation “ﬁg Lr vit.‘a.bl a3 tah.é valuas of rﬁg, .ﬁ%,l{ and U P 'u;,; g
Fron Degember 195830 December 1933 have been taken {rom the
observations of Sarabhal eb 2179 st Kodaikanale The progressive
change in the posivions of the ends of \\!'iﬁcbﬁi representing
17»‘*;2 and zﬁﬁ irom December 1952 to December 1956 are shown in

hormonie dials in Figse 17 (a) and (ble

o P R AL TUAR U PR
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The time serios pﬁ%&éﬂt@d in bhese dicgrums COVELD ONG
of the most important periods ol the prasent cycle of amlgr
acﬁiviﬁy; The solar dthi?ih produnlly decreased &urmng the
yeprs 1952«53 and weid through & ol rd s sarly durlng 1“5&a
Tn the year 1956, the acbiviby showed & dafinilte incrsase.

The changes in the dally varisbion associsted with the change
of solar activity has many interes ting features which merit
$ndividusl copsideration. For a detailed comparlson of chunges
gbserved ab & Gi\ii\ﬂ&l with those ab Huancayo, which is also

2 mount sl t&tig% on the geomgguetic equator and &t Chelbenhan
ab sealevel ab L5%H latitude, we have bulten the anslysls uf

g g 9 N 23
Venkabesan & ﬁattﬁ&f? of 12-month mean daily varistion of

Lhe neson Lnbtensity measvred by he Garnegle Xmﬁtitutien
ion-chombers ot Hrancaye and ab Chelbs snhsme The values of M7,
Eg and ﬁ?, Nd for Bodaikansl, for Huancayo and for Cheltenhan
centered &t &pochs sh&f&ed snecessively by a month for the
peri@& Uctober 1952 to December 1956 are glven in Tuble &

Ehe curves showing compsrabive variatlons observed at Kodalkansl,

&

Huanooyo asd Gheltenhan of eanch of these parsmeters are siven

in Figs. 18 {ﬂ) (p), fe) and {d).

fea11 Uhanges of Lhe amptitade M?of she dinynsd component
S

s da mbw@vv&ﬁ fyeem the hormonic disl in Fige 17 {a)

e

that Hhe amplibude Mﬁ of the 12-month mezn diune . varistion

was morimun Lor the 12 month pe riod centered ab December 1953,

o+

simost coinciding with mlalaum of 12 monbh mesn solar actlvity.
The Largest amplitude was associgted with the earliest. time of
ot

weun - . __— Ly 3. - a S 2 ™~ S .3
(o L Mgaﬁm Fpom December 1953 Mﬁ diminished in ampliibuie,
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ab first gredually upto September 1954, and then rapldly till
Sepbemnber 1955, ¥ig. 18 (a), which shows the change of WY at
Kodaikanal as compared to the chonge at Huancayo, reveals that

the diurnzl swplitude at Huancaye was minimum for the 12 month
period centered at Uctober 1954, Thus the minimum ef‘ﬁP at
Huancayo oceurs earlier bhion ab Rodaikanel by slwost one year.

It should be borne in mind thob Whﬁﬂ.ﬁ? iz minimum, the errors

in its determinstion and in applying eorrectlon for meteorological
effects b&ﬂﬁ%ﬁ:?ééﬁtiV@ly Larizes MHorsover, Sarzbhal eb J!.”5
have pointed out h; comparison of dsta Lyom Huancayo, Luulh,aham
and Christehureh thab the changes ol M at the different
stations are not siwsys well correlated, This was not merely
an eifeet of lztitude of the place of observation since Chunzes

-

st Cheltenham and Chidstehurceh were wleo differceat, particularly
during uie solnr eyele commenecing from 1944, Uur present

seults whdch xndngba dilferences in changes ol [T between
fodaikanal and Huancayo during the period 1952 to 1956 are
most probably due to differences in the type of vthe recording
insbirument used st the two places. 'The decrease d.,iig this
period of ﬂp ut Rodaikansl with a directional telescope is of
07 %, whileo bthe chanze is only of O.th % at Huancayo with an
Qmﬂi&irﬂﬂﬁi@ﬂﬁiViOﬂ“Ch&Mbwrg It is intercating bo nete that
from 1952 o 1956 sinilar changes of M cecur b fuancayo and

Cheltenhan whers sindlae dnstrunents are in operablon.

‘ . R+ ¢
held Uhuzas of ﬂﬁ

The seui-divracl harmonic dial dn Fige.47 (b) shows
: N

the progeessive shift of the vector MI in o clockwise direction
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fg”&i%‘i 1952 to ?9‘)1}‘ The ‘“Y},()}lg;uﬁ;e of L’L!L gami-dinrmal wave
also dimluishes fvow 0,26 % in 1953 to 0,11 % in 1956, Table 4
and Fig, 18 {b) show the chantzes of Mg ab Bodeilanal and. ab
Huancayos The chonges of ﬁ@ at the two ploces are Similﬁﬂ;

the mindma coineiding near bthe J2-monthly epoch cenbered at
Harch 1955 and the naging goinciding during the beglaning of
1983:  The correlation of the time series of MD at the two

places i *{Uagh‘i 0,006} and the regression cosld Luieﬂ ig
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i3 This shows thab the change of A7 ab the bwo places is

2 2 3 P - _ N auu
nob vastly different, as 4t 48 in case of changes of M7,

Barabhal @h al 36 rom an earlier QQm?1m¢a@ﬂ of Gﬁanges
at Huancayo and Chalteobam, hove shown thut the trend of changes
Gf.ﬁg«was vory dissimil sr ab the twoe pleces during the period
t9hke GO 1951+ U degreases bebween 1953 to 1955 at Cheltenham
Just as 1t dees ob Eodedikanal and ab Huancayo. ﬁawavér the
vilue Oi’ﬁ$ ig much smaller ot Chelbenbom than at either of
ythm sovabordal stations, In view @i’%ﬁ being barely significent
in 195# and 1955, 1t is difficult to ﬁram detailed conclusions
concerning the relabive change of the semi-diunsl component
at Cheltenham, The present agreement bebween the changes of
ﬁﬁ at Huancaye and Kadaikanal would indicate that the latitude
of the place of ébﬁ@rVﬁtiGﬁ plays an importﬁuu role in |

debermining the m*‘nahuue and changes of %A, he worldwide

(A
m

chovactor ol Ghamg&ﬁ of B¥ is seen claarly for equatorisl stations.

P s
ho13  Chenges of mﬁaﬁ

Pad

BN
The harmonic dizal in Fige 17 {a) revesls the progressive
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shift of the time of maximum ﬁ{?};{,iblm diurnal component
with the advance of the solar cycle ol activity. The gradual
shift Oi'ﬁg.K %0 eavlier hours tersinsbes iu the sunspot
minimum year of 1954 and the vector ﬁﬂ abruptly changes ive
direcuion of movement so that the time ol maximum 53.;& becomes
progréssively later during 1955 and 1956, The maximum of the
diurnal component which was at 0400 hrs. at the beglnaing of
1952 gradually chidgges to 000 hrs; by the middle of 1954, and

then shifts to mid-noon in 1956,

Fig.18{¢) sheﬁa the changes cf‘ﬁg’a@ Kodaikanal as
well as at Huaneayo during the years 1952-56, It can be saaﬁ
that the changes af'ﬁg ab both places are well correlated. The
- correlavion between the time series of ﬁg.& and ﬁg.ﬁ ig *@.80 1,007)
The change of ﬁ%(iﬁ a worldwide effeet as bas been polnted oub

by Sarabhai et a1’®,

From a study of Hafeleskar dabta for 1932-54 Steinmaurer
& Gh@riﬁ17 have pointed out that the shift to earlier hours of
the diurnal maximum during the minimum solar aetivibty years was
more prominent in 1933 than in 1944 and most premin@nt in 19535k,
A time af‘maximumimg of twelve monthly mean deily variation as

early as 2 hrs. durdng 1953-54 has never been observed before,

It is worthwhile to examine the monbhly meaen daily
variation during the year 1954. The amplibudé and times of
maxima of the first and second harmonic components of monthly
mean daily variation at Kodalkanal are given in Table5. It

can be observed that the time of maximum gccurs around midnight
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Tasle 5
T e and hour of mexlman of bthe
diurnal and senidlurnal components of the

amonthly mean dally variatlon durlng the

yeur 1954 gbserved with 227y telescopos.
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during the period May to Uctober in the year 1954, Similar
QeEurrancs &ﬁ sarly maximum at London during these monbhs has
been reported by Possner & Heerdan! 18, Their observation shows
that during the period June to Hovember in 1954, the time of
mgximum was at 3 hr, compared to 10 hr. for the remainder of
the year, They zlso found that no such remarkable changes in
phage occurred durlng the previous sungpot minimun year of
194 . '

N

i % 3 “3'5'8
Lei4 Changes of Wy g

The time of maximum of the semi-diurnal component of
the daily variation of meson intensity ﬁnd@vgmas rapild change
during the years 1953~56. This is evident from the second
harmonie disl in Fis.17(b). Fig.18(d) shows for purpose of

[

comparison,the change of Mg at Kodaiksnal and Huancayo. The O
changes ab the btwo gtations ave well correslated with a correlation
soefficient of (0.79 # 0,008). The changes at the two places

are of the sams order of magnitudes, vhe coefficient of regression
being 1e3. Thus the angle of opening of the measuring instrument
does nob seem be affect radically either the rabe ol change of
emplitude or the vate of change of time of maximun of the
semimdiuraal component of the 12-monthly mean daily variation,
Thig is in contrast Lo the behaviour of the diuvrnal component,

e

. . - o T s
Fige19(al shows the veriabion of Mg at Huancayo for
the period 1937 to 1945, The change of 12-monthiy mean relative ©

sunspot number B is also shown in the sade figurss 16 can be
< =~

.
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geen that the ¢hange oi?ﬁg ig not waiform over the years, If
we consider the change af’ﬁg between the epochs determined by
the maxing and winima of soler aeniviﬁy; we see that the rate
of change Qi“ﬁg is many bvimes larger during the rising period
of solar activiby, marked B and B in the Fig.1§(&§, than during
she periods A snd C of dlmlnishing gsolar activity. The vector
ﬁ% for the period dune 1937 vo Jume 1955 s plotied in Fige19(bl.
Tt can be seen that the vecber completes aboub 3/hths of ‘a complete

\ S . w3
cycle in about 15 yearas. This is strongly suggestive eﬁ‘Mg.H

following a 22 year cyele of solar actlyvitye

he15 ZThe changme of £

2 form of the 12-monthly me: A

de show in Fig.20{a) the pressure corrected 12 month
mean daily variation centred at succagsive thﬁa@ month epochs
for the p@risd Dacember 1952 %o December 1950. As explalned
earlier, the varistion s derived by saperpositicn of the diurnal
and the sami~diurnal components of the 12 month mean deviations
of intensity for the 12 bihourly periods of the daye The 12 month
mean daily variation of meson intensity corrected for teuperature
varistions nesr ground, in éﬂﬁit&om.ta the usual correction for
barometric pressurs 1s also showd for comparigon. The year o
vear diffsrence curve of the daily variations ls also showile
oM{ 54=53) oy for exanple, Lu obteined by subtracting respective
pihourly percent deviations from mean for 53,y “Ml where y 18

any particular wonth ab which the 12 month mean dally variation

is centred.

ot
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It can be cbserved thut the effect of the temperature
corvection on the pressure corrected 12 month mean daily
variation ie not appreciably in the years 1953 to 1954 when
the amplitude of the variation Ls large. The correction becomes
relatively more important in the years 1955 and 1956 when the
amplituﬂe of the daily variation is swall, Thers is no change
in the difference ecurves z&‘ﬁk:siﬁee the average meﬁeérological
corvection for a paried of a vear vemains constant from’ year

. N
CO YRaAl.

| Sarabhai et al3® have drawn attention to the very
interesting changes observed in the form of Off from year to
year in the data of Ahmedabad and Kedaikanal and of the
Carnegle Institution Sgations ab HUancayé and Cheltenham, T&ey

have summarised their resulits as follows i

#{1} The examination of long-term changes of the
grplitude and the time of weximu of only the first harmonic
component does not reveal the true nature of the physical
process which is operating, Similer is the handicap in looking
separately at the changes of the amplitude and time of the

maximus of the sscond harmonlc componente.

(2) It is important to consider changes of the daily
variation % pather than of its harmonic components. However, in
so far as M has generally only the first two harmonlc components
with significant ampiltudes, it is convenlent Lo deal with a
smoothed "M which is bullt by superposition of threa,._;s':‘ix‘e;t.wro

-

A

components,
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(3) Changes of M at Ahmedabad and Kodalkanal are
sugpestive of o mechanism which ilnvolves the addition or
attermation of twe distinet dally contributionsg, Dach is
prineipally diurnal in character and while one of then has

a maximum near midulgzht, the other has a maximum near noon.

(4) Changes of %Ny at Huancayo, calculated frow
Carnegle Iustltution data from 1937 to 1952, rewvsal siéilﬂrly
the operation of éﬁ% and night contributions. Ab Cbal%@ahdm
nleo, there 13 some. gridence of the btwo contridutiong, although
the simultaneous action of both contributions is not as Glefrly
sesn as at stations in low latitides. |

-

(5) The activity of bhe two contributions is closely
related bo the solar cycle of activity. Lo general, the day
and the night conpributions are simulvaneously added or atbemigbted.
However, jusht precedlng sunspolt minimusm there is a brief period
when only the day contribution is active. This is lmmediately
followed by a short peridd when only the night countribution is
active, The pettern of addition and attemuation of the |

contributions appears te¢ get reversed after 11 years.”

These concluslons were drawn by Sarabhail et al from
data of Huancayo exbtending from 1938 to 1952 and data from
Kodaikanal covering the period December 1952 tu Uecember 1953,
An extension of bheir study is how possible by Lhe observatlons
made by the author at Kodsikanal during 1954, 1955 and 1956,
and through the dsta of Huancayo for 1953 to 1955 analysed by

-
-,

.

ot
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Oattner & Veuk%ﬁasa@ggz, The chs aﬁwg of dally varlabion ﬂﬁﬁ
and Ay are shown in Fige.20(b). This may be examined in
sontimation of Big.d and may be cempared with Flg.19{a) for

Kodalkanals

The dats from Kodaikanal, which is confirmed by ﬁhe
results from Huancayo, shows the attemistion of the ailght
maxitm oceuring ab b to & hr. durln& the period Decembsr 1952
to December 1955, “Hday maximum 1s seen o become progr sressively
importunt with the b&gmnniﬂg of the new selar cycle from the
year 1954 onwards, Thus the change oL ofy  which started in
194, whereby a nlght maximum became progressively important
and a day maxinum was stbenmuabed has reversed itsell in the
present solar c¢ycle, Jﬂd the daily variation at an eguitorial
stabion has now o form with a maximum during the day =8 it had

during the lasbebut-one solar cycle extending from 1933 to 1944,

Yhe difforence curves also confirm the features of

i

P

the dally variabtion O observed by Sarablial et al. The
difference curve has large amplitude for December (53=521,
Jocenbor L54=53) and Docsmber {95-54). However it has negligible
amplivade for the period December {(56-55)s Thus the most ra apid
cnun~aﬂ in the daily variation are seen Lo ogour duriog the

end of one solar cycle and the beginaing of the next one. The
changes 4N O (53-52) and A\ Yy (53-52) are opposite in

Torm ©o Zl-“ﬁu (43=42), and sinmilarly the changes A Qﬁx (54=53)
and A 9Fy (54=53) are opposite to the change 2\ Ry (4hek3).
Yhis indicabes thai the pastern of umn‘gm Zoes th’r‘wugh Walf a

u

eycle in a perlog of 11 yearse
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o2 Badly yvordistion oo individuaeld doyve

In view of the lﬁﬂg'pafiQdAvariability of 12«month
mesn daily variation and the average solar ani%mtrapy to which
it is related, it is important to examine the variébility of
the deily variablon from day»tOwdayvbafGr@ attaehing physical
meaning to the 1Z-nonth mean aaﬁa. When we consider the daily

variation on iﬁ&}?iﬂ&&l days, the standard srror i me“? in

he detexginatlﬁuu%i the parameters oy, Qﬁ, r, and W? describing

she amplitude and time of maximum of the diurnal and sesmi-diurnal

gomponents of the 12 bilbourly deviabions oa each day. In this

conbext the study of yearly frequency distributlons of parameters
¥ J 1 p

s, ¢1, T ﬁ? and {r, / ©,) characborising the daily variation

on individual days ls undertoken and feotures of the distributions

are compared o the characteristics of the 12-month mean daily
variation, Since we know that cosmic ray variagtions are often

associated with geomagnetic disturbances, it is also worthwhile
£0 examine the histograms for (p, the dally planetary character

figure for geomagnetic disturbances.

Figsy2t{a), (L), (e}, (1), () and (H) show bhe yearly
hiatmgbamﬂ for 1954, 1955, 19506 of rqs rE, WT’ ﬂg, Cp and ratie
r1/r2 respectively, Only those days for which cosmic ray daba
are available have been considered for Up histograms, TRQPQLOF&
the Cp histograms in Fig,21(g) show the relative abundance of
mognetically quiet and disturbed days ameng the working days in

gach yeals

The porcent days on which low, medium snd high values

of ry, Ty, (rijrq);aﬂd Cp oceur in each year are.«fiown in Table 6.

A
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An examination of the irequency distribution revesls the
followlng salient features of the delly varistion and 1ts

i“’ 21 £':...§.§~,93 E D8 ama

The vy histograms in Fig.21(a) show that the cccurrence
of larsze diurnal amplitudes on individual days decreaaés from
1954 to 1950 oy, with diurnal amplitudes greatev than 1 %
constitute 40.9 % 0'}? total working days in 1954, buy they
constitute ouly 145 and 7.5 % of total days in 1955 and 1956
respectively. Uorresponding to this, the 1Z-month mean amplitude
M” decreases markedly £rom 0,75 i in 195k to 0.28 % in 1955,
but only gradually to G.22 % in 1956. Thus the decrsase of the
amplitude of the 12-month mean diurnsl veriation is also
accompanied by a decrease in the amplitude of the diwrnal

variation on individual dayse

Lo22 Eo listosrams

4 major shift in the distribution ol the gecond
harmonic amplitude r, ﬁak@s place from 1954 to 1955, but alwost
the same distribution vbbains in 1955 as 1n 1956, This is in
contrast to the significant change in the distribution of ry
‘from 1955 o 1956, The ocourrence of large rp values is
gignificantly more in 1954 than in 1955 or in 1956, The amplitude
of the 12-month mean second harmonic component ﬁﬁ diminishes
from (0,14 % 0.02)% in 1954 to (0.05 % O, 02)% in 1935 but

Increases again to (0.09 % 0.02)% in 1956, 'hm Ts due to the
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larger spread of tlme ol maximom, P, in 1955 as compared to

1956 as we can see in Fig.21{d).

Le23 §q. Histoprans

4 steady shift of the time of dlurnal meximum o
Laber hours from 1954 5o 1956 is notlcable in the P, histograms.
Tris is similer to what 18 sgen in the 1Z-monbh mean da%ly
gariavion ‘M in Pig.20{(a). A compamison is made in Table Ba
between bthe most freguent ﬁi observed in the bistograms and
ﬁg the time of maxlwom of the diurnal component of the 12-month

mean daily variatlon for the bhree years 1954, 1955 end 1656,
“Todde .

T T gy e . [, ‘”E

sar lost freguent Py By

240 wor MAE W NN AT NS Weap siied ST MG NG VI . A-hmlpenwwﬂwuw-nmwwmﬂﬂ

1954 300-600 319
1955 AOO=90° . gao0
1956 1500=180° 175°

et . i o A i 0 i 0 8
On days oa which ¥y is small, and less than the 2 G
Level of signifiesnce, Py ls expected to have a large ewror.
In the histograms shown in Fige21{c), such doys are also
snoluded. In Fig.21{&) are shown the histograms for §y for
days on which rTIié significant at the 2 éal&vele Interesting
féaturas emerge {row the histogramns in Fige21{& ). Vuring 195% ©
the vast wajority of days have a time of maximan in the early
moraing and there Is & ghurp peak in the histogram Ior P4

petween 0% to 9&9, Tn 1955 and 1950 the peak moves Lo later

-

)

. F P ?/f‘ o 4%
hours and simulbanecnsly the scabier of the time ol Max e
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progressively lnersases. In cansequénc@ the shérp maxinum in

the histogram gebts pregressiveiy reduced in amplitude and in

1956 is veplaced by a broad maximum around noon: Thus the
diminution of the amplitude of the 12-month mean daily variation
ﬁp>du@ to the reduction in amplitude of rq on individual days

ig further sccentugted by wide scabler Qf ﬁf. The increasing
scavber of @y, as we shall see later, is relabed o the operation
of vhe btwo components of the daily veriation which were observed

by Sarsbhal et al dupdng perieds other then the wminimum of solar

A major ehenge in the time of maximun of vhe second
harnond.c ﬁz feom 1954 b0 1955 s evident in She @2' histagrams
Fige2i{d)s & single maximum in 1954 which wags at about 240°
gives place 1n 1955 Lo Hwo maxima; one ab sbout 60° and the
other ab about 300°. During 1956 the maximum ab 300° becomes
less important bub that at 009 continues to be as prominent
as Lt was in 1955, If one examlnes the histograms shown in -
Fig.ﬁ?i%ﬁ) for days on which vy 1ls sigeificant at tho 2 ¢ level,
it is seén,bhaﬁ aven in 1954, the @2 histogvam exhibits &
tendeney for the semi-dlurnsl component to have a blume of
meximuwn & in one of two preferred periods. The fivst one
corresponds o values of Po froa 0-60° and the second one from
210270, For 1955 and 1956 the histograms of QQ for significant

v, show Lhe sahe feabtures as i observed for all duys.

ot
: -~

n
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A study of the histograms of the ra&ig ri/rg shows
this ths ravio decreases markedly from 1954 vo 1956, This is
becaqﬁe, as>wa have seen eavlier, the decrease of the diurngl
amplitude vy during the three years is not matched by the

decresase of Pos

o . S !
he20  Sr. Mizhogzrams

The histograms of Cp indicate the well known feature

that Qecufrmwe of days of large Cp is signifiiesnvly greater
in- 1956 than in 1055, and 1955+ In 1955 the nunber of days of
intermediate Cp above 0.6 and upte 1.2 ig significantly preater
than in 1954, In 1956 for the first vime very large values of

Cp are observed,

arsmeters of the daily variation

Por the purpose of this study we consider the paramevers
rys Pys Ty oy xyfr, end (2p~p,)/2 of the daily variation and
the value of Up on indlvidual dayse Bays are Pivel classiiied
sccording to the value of a parbicular paramnster and the values
¢i the obher parameters aud of Cp for esch class are bhan
éetévminad. ¥or instance, vo study the relationship of vy with
other porameters, the days in gaeh year avre sorbed into groups

Ugy ﬁz, &3 eb., according to the value of ry. The Limivs of the

AN

- groups ace bthe same [or gach year so that the aveiage characteristics



AN A E A

-y

oi the Eroups of one year are divectly comparable with those
in othor years. Yhe Lindts of ry Lor QﬁCQ group are chosen B0
Shat an adegquate number of days ave included in the group Lo
moke the paraneter of the average dally veriation of the group
bk abmahmsaiij significant. However, when the distribu@iba of

» parameter such as vy changes radically from ons year to

£

3]

znother, it is lmpossible to ensure that all groups have a

representatlive mgg?er 0f days 1n all years,

The mean daily variastion for sach geroup is found by
. “ * y < > =P ¥ 8 % £
vectorial addition of v, and r, on individual days, The
paramsters ol the harmonic components of the averags daily
variation of the groups are designated 11, fzy ﬁ and @q,
The ratio Pfffga the difference angle (Qﬁﬁwﬁz)/a and mean
Up for each group are calculabeds, The result of the sorting
— —>
of rq is given in Table &, The mean vectors r1 and rz are
plotted on harmonic disls and the quantltieﬁ'r1/r2 and ﬁp
~are plotted agaiust corresponding F1 in Fig.22{al,{b),{c)

and {d).

the relationships of the average characteristics
ot wrsen Loiog o b o ‘A y ROV \ - 3
Ty Tps ﬁ1, Py and Up with r,, Py, ¢2 sind Cp are found in
exacbly bthe satie way as in the case of‘r1a An examination of
the results of the analysis reveals the following relatloashipsi

Le3% Eke.lonblng
.———?

{a) ‘The end of points 1,2,3 evc. of 66 &il_Vecors °1

for groups Uy, Gg, GB et¢c. respectively. are piwttad separately
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for each year ou the diurnal harmonic dial shown i Fig.22(al.
___,_9

The meximun standard error associated with Ty ia indicated in

the Table 8. The diagream shows thab r1 steadily increases as T4

'I' X9
L SORTING X 1954
' | : o x8 :.'3::
I 1-0
’ ».\ 5446 +7
- T 054
4 £3 Fig 22 &>
A
g o6
8 I 4 L 6
IA'e2 @3 9%% 1.0% 2
A
34 o7 ,
‘4
5k
64
|
!
| :
|
|
12 -

on individual doys increases. ln aaeh,af the three years studied,

the coustancy of %1 for increasing values of py is sty ikingly

revealed, The shift of the vacbori§1 to labexr hours and pradual

veduebion in its amplltude ¥y over the three years are al so

npbicable.
_MT-')
{v) ‘fho awcond hoymonle dial Fig.2&({b) shows ro vector
plotbed
wibd lQW‘?é volues, ifn 1956 when there are uo large r1 valuas,

lavge r, volues are aloo absente.

For aach group. Lb shows vhat low ¥y volues are assocliaved
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i Jr 7 . xR L
r'lsowa X953
X S
I‘?/Oo— ‘
5
25
Ll Fig 22 (b)
9 & = 2 = ; 3
6 J 5 5% 1.0%
3 Xg
B4
7e
O :
1
e §

I R
o . g 990aY dn which Dld¥. 18 plotbe
{c) Uhe diagram Fig.22(c) in which ry/¥p 38 plotbed
R s 4 L1 o cheandil v inereases for incre sing
against vy shows that the ravio sbeadily lncreases Lov X a8ing

ry upbo 1.0 /% but for larger values of Xy the raclo falls off.

5005 TISQ_RT'NG
] 5
| 7] Z /E
: 100 -
5 @ 1955 |
e A 1956 i
. 4
% X
% |
' 10,04
J 3 2x ) { Fig 22 ()
5.0
1 s %R
126 a Ay ‘ X5 2
2243 o7 X
1.0
Jal |
0.5: “;
! ! ‘
v |
AR |
.' R T o 56 o8 IF Y e -% j
| |

-l -
ad against Ty

(4) The graph in which mean Cp is plots

a o < 3 e ' i g r“i“r" 3 wEl i ":' o - 2 'y C . N
shows thot in 1954 10w-r1 values ave dxﬂOClﬂLQ%%ﬁth\lar&@ [

~
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values, In 1955, and more so in 1956 this behaviour is not
noviceds Thus the relatien of magnitude of ry and CUp does not

remain consbant gt all periods of the solar cycle.

ST

09Ff
AS

07T -
! \‘5\ a2 a6 i f‘lﬂlﬁ-dﬂ)

CP N .6
06t .
I3 o7
2 4
2 X 43 X 6
o3
OS5 . xr
.4 X9
0.4} p .

0.3 1 1 ] 1 L L L l 1 1.1 1 1 1 ] 1 I
0 02 04 06 08 o 12 14 16% f

bhe32 _‘K?w Sort ing

{z) The v, vechors for sroups sorbed on o values
1 & 2

are plotted in Fig.23(a), It can be seen that T, does net change

H®
Oun . [
r
n/ﬂ A
104 l
|
+3
054 26"( .
Frg23(e)
2\
8
* - T o5% o 6
3
|
AA2‘3
|
L
ot - [
¢ N
L.
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much with increase of ra. The excepblon to this is seen in

1954 when large values of Ty avre asspeiabod with Large values
of ry = 1e5 ij‘f?'

(b) Fig.23(b) shows that for the different groups
of r, the amplitude of the mean vector "if:? does not change
appreciably from group ‘4o group except for the group having

Oun i i

=
I; @ 1955
4 1956

/ “\n\ B sorting X w54

05

+h

6 -

|
with the large

the largest values of rg,f"‘i’fhﬁ;;a 18 eonneched

ot
seavter of Wgw as seen in the Lilsbograms of Pp for days with

significant rye. The histograns for each year are shown in

o & “ . N
F;’«ga kfl &)ﬂ

The avel

ooy Walues

Jit

no definite relabionships.

of I’q,f‘.\i“;; and of Op for various

oo

groups of rp show

4a33 By Horting
(a) Fig.24(a) shows the harmonic dial 4ér whe vectors r,

LN
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again shows a gradual

of groups sorted on the value of &31, 1911»& aga

shift fzf‘ the vector 'z',a o Later hours and reduction in amplitude
E Yy b1 GHl B A5 . '
ry from 1954 tO 1950,
R OHR R !n
¢, SORATING X 1054 '}
. i
1.0 A1
+3 '
as- ol
. o5 S ri )
e 72 Figau @)
8 - a2 *2 N " i
0.5% o7 6 :
4
4 3
4 L2
343

<7
]
:__:,.;.'._-“ -

{0) S’i::,.zl;(b) indicates that in 1%&» dmi 1956 large

peigbed with ﬁ‘i ralues 313° and 3200 respectively.

o

ro values are ass
Ny £y £ B * R P 43 A o " et e e R,
In 1955 however, this aasoclatlon of large vy with ctoury czuges

ight 18 net apparent.’.

™

of a diurnal ﬂ*L.xmum ab oi

|
| A g - X
2 1956
‘ Fig 2.4(b)
05-] L
I
3.3 !
T 003,2
qeMay <5
9 l‘.‘w o5 6% 3
I+ %
5
v/?’ -«
‘ -
-
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(c), Fig.2h{c) indicates that for ail three years

the r1/r ranla 13 large on ddyS on whlcn the time of maximum

?HR B - r
¢| SORTING . iezgé i
54 i
)ﬁ YV; 5
20 )
‘. 1
s, 104l |
%
*2
3 > |
. < 2 .°*
18 "‘“}\ 44 - 10 20 F,_ ¢ 1 Fl'q ZL}(“C)
S 44 3 % .
ot 37 1
»3
|
12 .

of the dlurnal compenent is in the early mornings It is aluo
geen thab the ratio is small when the time of maximum of the
diuprnal component ia in the afterncon, These asre common features
for all three yesrs. thus the change that is seen in the form
of the average dally varistion from yeaw Lo year is connegcted
with the shifﬁ of digtribuvion of days in each group of P4 from
yaar LO year. Table 10 shows that in group 1 corresponding to

gq = 0-509 vhere were 103, 56 and 30 days in the years 190k,
1955 and 1950 rospectively. Un the other haod in groud 4
corrgsponding 1o ﬂ1 umbwaeﬂ 180° and 2709 the number of days
was 1k, 60 and 110 in the years 1954, 1955 and 1956 respectively.
it would be further noticed Irom thé table that the amplitude

r1 in the group U1 diminishes from 1.1 % o Dok % between the

-
,'v‘(

-

A
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years 1954 and 1056, However in the group & thore is negligible

change of amplitude from 0.5 % o 0.46 % during the three yaa?s.

Fig,2h(d) shows the average daily variation for the
years 1954, 1955 and 1956 for the two groups corresponding ©o
91.batwaen 0-50Y and Py between 180° o 270Q.}Thi5 shows in a
striking menner that the change inm amplitude of the diurnal
sapiation duping she three years is mainly connecboed with the
change in amglituégﬁbf the diurnal veriation veeuring with a

maximun 1n the early mornings

Fﬂ'9 2L (_c@,)

+Q.5+ -4~ . AN

. ofk *___*1\‘\ s ,4:’[? 1956 __ - '\. ,

-osh t-g 4 (R +
Loa ol bl [ W |
O 6 12 18 O o 6 12 1B O

(d) wnen CTp of each group is examined in Table 10
14 is found thot the days with night maximun in 1954 and 1955

aré agsociated with low Cp values. 1n 1956 when the number of

1ow Op days ave few compared to those of 1954 and 1955, this

assoeiatiou breaks dowll.

P
ot

The vesults of sorting on P, velues reveal ho lmporbant

R BT ﬂiﬁghi.DS§ .T'Cl_l‘!tq_(“\.
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ho3h Gp Sorking

(a) Examinstion of Wip.25(a) shows Lhat Lhe relavionship

of daily veristion with Op 16 quive different in the year 195k x£

of minimum golor activity, & pompared to the years 1955 and

1956 of wiaing soLar activity. in 1955 wmagnetlcally gqulet days

OHR
’ : Cp sorTinG X 1954
."‘k\ _ 81955
N n . Aws6
%
1.0~
+3
Y2
+4
Figas &)
+6 5
#3
o2 05 0%
18 u ol T o6 6
5
dag»2

S12

with Cp upto 0.85 have g larger amplitude Than mo¥re disturbed

days for whigh bhe nmplituda'?1 decreases sharplys In 1955 and
ohgerved for the most disturbed
! ——?
The moveuent of the vector Ty

1956 the Largest amplitude ig

days corresponding o up 771.}o

to earlier hours with inereasing Up is seed only during the

year 1950,
{b) ¥, 1s 0ot affected by Cp in any clear cut hannsl.

However, the ratlo rﬁfrg as seen in the Fige25(b} undergoes an

0. . The

-

A

abrupt change 3t a value of Cp in the range 05 to 1
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hange o Torm of the dally variation
: e PO v = ; 1
. -
3 8r .2 X 4 , .
Cproein, N
7t /F.
X #1e j
@ 1y !
6 X 3 . Y Wi
: i
e !
¥ i . .
lF: ; F‘CJ 25 (b)
4F nl 2 ‘
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o, L
o A 2 *3 | 6)
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Cp

seen more clsarly in F1g.25(e)s Lt would be obsevved thab in

all years an abrupt change of form occurs betbween Sp = 0,85 and
Cp = 1.2. Uroup 5 with an average Up of 1.1 corresponds to the

transition in all theee years.

CpSORTING |
1955 ) 1956
GROUP ‘Fp “
-, ) . .
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haoly 4 goler Ulevo bype incresse of cosuie vayv inbensity

Yhe veeurrence of the large solur flare on 2ird
Fobraary 1956 at 0332 e G was assoclobed with an lncreass
of{Lhe 8 I 1.45)% in cosnmic ray intensiby messured with 2QTK
telescopes at Kodaikanal during the hour lmmediately followlng
the flare, A slwmilar increase was observed with an instrument
of an identical sype™speorated at Trivandrum which is ab the
sane geomaznetle latitude as Kodalkanal, but at sea levels A
similar instrunent ab Almedabad registered an iﬁcreése of
(7.6 * 1.3)%. The author has reported in collaboration with
Sarabhal, Uongesl & Hazdan an aversge increase ofii.7 1t 0.8)%
for the neson intensiby meassured with 22T telescopes ab
Kodaikanel, dlmedebad and Trivandrum, The increase which was
Later kuoun to have vecurred also at Huancayo constitutes the
First solay fiawé type event in cosmic radistion observered
ab tho geomagnetic equator, LU the increase is dueg to solar
provons bravelling in approximately direct paths, theenergy of
the protons must extend from about 35=67.5 Bev, It is estimated
that the averaze flux of such protons is approximately equal
to 1.5 times the flux of general cesmic ray intensity in the
same energy range, Muring tho h@ﬁr, the sun is estimated o
have emlited more than 1Oﬁ3 protons of about 50 Hev energy.
The full report of the evant obgerved in India and its
interpretation is given by Sarabhal et al and iu eaclosed as

an appendix to this dissertation. e
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?@nkatesam examined the affaat of the lunar atmospheric
tide on meson lntensity at Kodaikanal for the period May 1952
%o December 1953, He found significant lunar aaily variation
in cosmic ray intensity with an amplivude more than two tlmes
the probable error, This was positively correlated with the
lunar tide in the barometric pressure and the results therefore
agreed with thosge o£ﬁ§\$imilar study made by Bupavier?é? at
London, Venkatesan has extended bthe Kodalkanal determination
by examining the cosmic ray data obtainaed by the author during
the period January 1954 to June 1955, For this period the lunar
daily variation in cosmic ray intensity has an ampiitude_less
gphan the probable srror and in consequence no conclusions can
be drawne 4 report of this wérk by Venkatesan & Sastry has been

published and is included a8 an annexure to this dissertation,



CHAPTER ¥

HESULL S OF 5T TELUSCOPUS

GAPERIHBNY AL

| The present chapber deals with the results of an
investigation with navrow angle telescopes (91) started in
February 1956 at Kodaikanal. A8 shown by Sarabhal & Nerurkar!31
and darabhai, Nerugsgr & Bhavaar?&é, narrow angle telescopes
are particularly suit;able for the study of the changes of the
daily veriation, since changes of anisotropy are more prominently
revealed by them than by instruments admitting a wider cone of
radiation, The detalls of the apparatus set up by the author
have been given in Chapter Il. The instrument consists of two
triple coincidence telescopes, each of which has a semiangle

of 5° in the Ee¥ plane and 19° in the 8-3 plane, & cm. lead

absorber is kept in the instrument.
Table 13

Distribution of days of observation at Kodaikanal for 5T telescopes

No.of tels. H 1956 | - Total
working. Feb Mar Apr May Jun Jul Aug Sep Uct Nov Deec days A
P 3 21 26 21 23 22 1 k6 23 17 2 207 73
1 13 6 1 6 5 6 26 2 L. 2 5 76 21W

e g SR A e B Dk 5 S B, TR e e O R SR LA e g o s Sk SR B i i Ao il A 4245 4900 s S At P g S EL TS0 O B Bl $50 W 0 IR (7 OHR AL U AT B B Py e A TR et T P fa S i nth 28

T e - k a 1 ¢
otal working 27 27 28‘ 28 27 28 27 19 29 R83

p " W
days 16 27
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Table 13 shows the number of days on which one an
two 3T tél&%&ﬂ?éﬁ were in operation during the period of
experimentation which consists of 326 days commencing from
10th February 1956, Bata for daily yariastion is available for
283 days. This is processed in exactly the same manner as has
been described for 22T telescopes. In addition, an atbempb has
been made to derive the daily mean bihourly intensity for an
extanded period of d@gf 50 that day-to=-day changes of intensity

can be studied. For this purpose the procedure of normalisation

desoribed in Chapber 3 has been adopbed.

The time series of the dally mean bihourly intensity
for the period February 20th ©0 SGepuember 19bh, 1956 obbained
with 5T teleseopes ab Anmedabad and at Kodalkanal ave shown in

Fige26. The Ahmedabad values arve tuken from the study of Bhavsar.
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It will be observed vhat during certain periods; namely
February 20hh'té May 15th and again 15t August to grh September
fh@ changes of mean intensity at Ahmedabad and Kodaikanal ave
woll correlated, However at other periods, in particular Lrom
15th May to 18t August the yariasbions at the two places are
quite dissimilav, A9 has been explained earlier, noymalisation
over an extended period of the value of the daily mean inbensity
at Kodaikanal 13 reugf?ad'diﬁficult by freguent iagerruptlons

of the electriciby mains BUppLye Fig.26 indicates that our
proceduce for normglilsation becomes uareliable over considerable
periods. In what follows therefore no atvempb ig made to study

the gorrelated ¢hanges ol mean intensity and deily varlation.

Witk anele belescopes

1O}

5.1 The daily yaristion

Fig.27 shows for data of 57 pelescopes the histograms
fon vy, ¢1, Yoy ﬁg,_r1irg relating to the dally variation on
sndividual days and for Cp. For comparison, cafrWSPQndimg
histogrems for 227 pelescopes for ﬁhé'yeér 1956 as well as
for the neutron monivor Ny operated ab Kodaikanal during the
period December 1956 to September 1957 are also shown ih the
figura. fhe 11=month mean daily variation of 5Ty can be coupared
withnth@ 12-month mean‘daily variation of zﬁwxbcentefe& o1
June 1956, and with the 10~month mean daily varission of Mg
cenﬁefed ab April 1957, neglecting the emall change in the

daily varisbion that occurs pebwaen dune 1956 and april 1957,

The following features are note=worthy:.

(a) ¥For 2Tg tolescopes, 29% of the days during 1956
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have ¥y the auplijude of the diurnal component on individual
oy

days';; 166 % which corresponds to the 2 ¢ limit of signifiicaace,

Purdng the same p@ricd “eTx has no days with r;;;;i.@ %e The

. 2 ]
histogrem of ry for Ny is very simllar to that Iow «2Tg, and
Al n o) % Ce |
'|\—1 *
°" lﬁ% 90 IL02700 8790 180 0 0
} a0
2
4 20 2 TK
&Ta% a8 o_‘ca o' i
120 N,
K |
!
gl

Frgz27
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for the nsutron monitor there gre ne values of ,32?1.6 B
Thus the amplitude of the diurngl componunt of bthe dally
variation measured by a narrew sngle telescope is much larger
than the amplibtude measured by a telescope with a wider angle

or with a neutron monitois

. .
227, and Ni have muﬂh higher counting rates than Tia

In consequence, daily Vnrigtlou of smaller. dmpldtude can be
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massured JXL anificunee with them then with S¥s, Un 4h of

-

days dﬂfiﬂg 1950 ?dlx pelescopes show 1477 0.6 % torvesponding

Lo a 2 & level of significance. During 1957 Ny shows on 607

y

of the days vy O.4 Y% which corresponds Lo the 2 S 1evel of

slgnificanca.

(b) Larga’aﬁplitudea of the semi~-diurnal component
on individual days with rp 1.6 $ ocour on 32 % of Lhe days
for 5T§ beles cmp&s.‘wg and Ty telescopes have no days with
amplitude rgjz,?sé %e However, am @G % of days zzig teleséapes
have ra 270 .6 % corresponding to the 2 ¢ limiy of ign mficane@.

Hy shows an amplitude Ty Z;G Wb %, which corresponds to 2 5'1i%i§,

the case for the diurnal component,

Pl

on 62 % of days, Thus as is

o semi-diurnsl compenent of larper smplibude can he pbserved

with 37 telescopes than with 29T or N,

{e) For STK telescopes the.frequency Ls almost the
same for oeeurrende of days with significant rq and of days
with significant r,, Similar is the behaviour of 2Ty teloeseope
and Ng. Days with ri/r241 1 oceur on O ¥ of all days for RZTK
telescopes aand 48 % of all days for 51y telescopes and for Hg.
Thuz the semi-diurnal component is relatively more prowinent in

g : ) 7. :
the Ty telescopes and in Ny than in the “aly Gelescopede

(d) The histogranm of the tims of maxlmum of the ulurzal

gouponant of the daily varlation measurad by 51& telescopes
shows a lerger scabber than the histograms of Pq for *RTy

telescopes or for Hy. While the histogram of ¢1 fqruzzTK shows

o sharp maximum ground noon, that for T shows a broad msximum

£ele
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at 1000 hr. The histogras for i becomes more meaningzful, if
only those days are considered for which ry has an amplitude

significent at the 2 ¢ level, In Pig.28, histogroms of ¢1 for

[

days with r1j?-2<{’are shown for 5Tg, 22y and for Ng, It is

Ft'g g

‘O 6 12 1B O
| FoR 326

!

[T

seen that for5?K there 1o cleaf.igéiégﬁion of the tendency for

the diurnal maximum to ocour in one of bhe two preferred periods
of the day, approximately ab 0100 bhr. and 13001hr. Sarabhal &
Nerurkar!?1 have pointed out durdng 1934-35 at Ahmedabad the
tendency for the nagrrow angle telescopes to exhibitv the diurngl
maxivum on a large number of days eilther at 0300 hr. or at 1100 hr.
Puring 1956, thaﬁe}pr@ferre& times of maximum were found by
Bhavsar in studies at Anmedabad to have shifted to later hours
nawely 0700 hr. and 1500 hr, respectively. The results - for the
short period for which data is available for Kodaikaual for 2Tk

telescope would indicate that the preferred vimes of maxima for
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the same period gre shifted to earlier hours at Kedailanal

a8 compared tu those observed at Ahmedabed. However, on this
point no conclusions can be drawn in the absence of data for

an extended period of time, The tendency for the diurnsl meximum
te occur at preferred perinds of ﬁﬁe day is not observable in

& '

the histograms of “2Tg and Wy, which contimue to show a sharp

pesk around noon,

{e) The Matograns of Pp, the semi-diuraal hour of
. [~ LT T e ) o B Y ST
moximun for Ty, 3gf& and Ng are similar. ALl three hlsbozramg

exhibit one prominent mazimum shortly alter widnighte

(%) Fip.20 shows the 12~month mean and the 11-month
3 ) 1 4 el o

megn daily varistion of meson intenslty measured by hzfg and

5Ty telescopes respectively, and the 10-month mean invensity.

measured by Nye

0.5+

0.5 ’-

0
}
i
|
: »
1
:/l
1

I:I‘Q a 0.
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It will be observed thab the mean daily variablions
megsured by pil three instruments have certaln common feabuves.

at 12 and 14 hours, & wiuimum

oF
&

These ore, o maximum of lntensi

of iuteasiby ab 20 and 22 lours, a second mawiaws of intensivy

ab 2 hours and & second minimum of intensity at & hours. Tk

principal maxismun at mid-day and the priucipal minimum around

20 hours ocour almost equally prominantly 1n all Lhree Lnstruments,

s - " - R e -
with pevhaps a slightly larger amplitude in Ny as compared to Ay

y S s > Y poa ehea s 8 Y enapicy ey
and ~*%¥y. The macégﬁ.maxlmum of intensity at 2 hours ocours
Zp

prominently in “Ty, less so in Ug sad bearly shows up in ¥ e

fhe second minimum at © hours is most prominent in Ny, less so

in bTK and bavely shows up in 2%y, Thus the semi-diurnal

cmponent in the mean daily varistion is relatively move important

3

£ . 20 e % LT " . e f
DT than ir dﬁiﬁm For N and 51ﬂ in consequence rq/ro

is less than 1, while fop gwfx it is prester than 1.

By an exaninastion of the form of the dally varigtion

on iadividual days ss measured by 57 telescopes at Ahmedabad,
Sarabhal & Ehavgar134 have suggested that there are three distinct
sypes of varlations, They have giwven an experimental basis for
a phenosenolozical alassification of days eccording to the
following eriteria ¢

() gﬁ"bype daye are those days on which the daily
variation hes vy 726 rﬁjré >0s75 and the diurnal maximunm

peeurs betwesn midaight and 100l
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: 1 il

(b} 'd' vype daye ave vhose days on which the dally
vardation has ¥y R& , ry4/rp 7 075 uﬁﬂ the diurngl maximum

ocours bebwesn noon and nidnlght.

(¢) ‘'s' vype days are those days on which rp 2 2 €
and vq/Ty £ 04754 "

i ¢ . q w CR1 e s ) 4
45 we have noticed eavlier, the @y histogram for ¥y

shows preferred t;gﬁﬁ of maxima earlier than at Almedabad, and

in consequence the criveria for Kodalkanal reguire a modification,

td? days at Kodaikangl correspond Lo i between & hre and 18 hr.

and 'n' days o @y between 18 hy. and 6 hre In Fig.30 are shown

+1%}

- ol / \

+1 9
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Tat and to’ type days. The

Lhe wean daily varistions for LIVEIN

o e

chapacheristics of the diurnsl and the semi~diurnal components
;%e given in Table 1he Yhe dally Variabiﬁﬂ‘far {n+d) days
which correspond Lo Ty « & and fii?2'7’ﬂu75’ as well ss the
daily variation for (n+d+s) days are shown ln the figure. 4
comparison of the mean daily variation for 's' days and (n+d)
days illustrates the change of form of the mean daily variation
on days for which riigg.d;ﬁ‘?ﬁ with vy gignificant and on days
for which rqu2‘7 0,75 with Ty significant. Lt will be noticed
that during 1956 on 's' type days Py occurs abous & hours luber

than oz tdta) davse

Sarabhal & Eh&?ﬁar13h have demonstrated a physical
nasis for their classification of 'n' and 13! type days by

showing thab

(1) OUn days on which the narrow angle telescopes
‘“ T S 3 - Y PR 4
2T, have, 'n' or 14 type characteristies, the wider angle
- ‘ 2 b ¥ ‘ . « 4 “ . 2
telescopes “Afé have similar characterlistics, thus indicabing

that the effect iz not an lastrumenval one and
?

(2) The 'a' and 'n! type days are assoclated with

correlabed changes of mean cosmic ray incensity amt of Cp.

We can gpply similar consilderations to elucidate the
phygical basls of characberigation of data fron ATy telescopes.

I vhe occurcence of 'df, 'n' and 's' type dally wvariations is

polated bo the state of aulsotropy of primary cosnde cvadlatlon,

i
we should observe correlated changes of daily varidtions not
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‘bimractewmmc.s of the diurnal and sewidiurnsl components fﬂl‘? n fréfpﬂ d type, 'd Lypeidays and (n + d) and (n +d *+ s) days determ.ned by BTK’ 22,1, ”5,1, &, 22,1»&

Tel. oAl R N _ {n+a) s ‘ (n+ d'*'ﬁ)'*; ,
By P e Py m B T, Py 0 v Py Ty G, m T Py T, Py om ® By T, Py B
26° 57 0.16 163° 0.49 7O 51 0.23 114° 0.2 60° 108

CSpr 1.40 200 0,05 56° 32 1,70 1740 0.30 -21° 25 0.35 105° 0.16
22 - 0.2 152° 0,05 4%° 31 0.3k 1679 0.15 107° 2% 0.23 15,° 0.08 T 55  0.22 173° 0.22 35° 49 0.23 165° 0.13 519 104
5T, 0.23 1620 0,16  44° 30 0,28 13194 6,13'ﬁ?£8@ 23 0.25 147° 0.04 38° 53 0.26 T+5° 0,27 40° 48 0,24 166° 99103_359$3

0,25 154° 0.06 ~19° 23 0.29 142° 0.0, T 19 0.26 48 0.02 -42° 42 0.23 158° 0.tk 32° A

R ol 1 N L2 0 KM S0 i e T AU AR G 7es S R W LA o TR S TR, AT sk R I A O g . DA IR S s k. S0 ST S0, S S D SO s Y P80 A WP T T O, S, e AR, At A’ e . i s A e (I i . R D QM e S e e Lt D 5, ol S e s
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- only for 3imilar Lstruments at the same stabion but ale

Cinstruments at different stations Cperated slmultaneouslys

Buring 283 days for which 5‘@ was in operstion at
Kodaikanal, we have 25 'a' type days {r1 25 vfr, 7 0.75
and f; between 6 hr, and 18 hr.), 32 'n' type days (r177'2 G
ry/ry > 0,75 and ¢1 between 18 hr. and 6 hr.) and 51 's! type
days (v 77 2457, r,/r £. 075}, Tha‘aVerage characterlstics of
the daily varistions™ow these da yo ané on {n+d) days have been
given in Table 14 for 5TK‘ For eomparison, characteristics for
ngﬁg 5TA amﬁ.zzTﬁ on the same days are also glven in the

- Table '31;..

1% will be observed that 'd' and n! typa?days of
Sy are not aseociated with daily variations in gg@K; 5TA and
EQQA, which significantly differ for 'd' and 'n! groups in
relabion vo ﬁq in the way as they do for 5IK On the other hand
g1 Lype days o£‘5TK correspond to days of significant gsemi-

2
g“fﬁ. As compared to these

3 N Yy e W oty A 22"" 5” «
diurnal componengs in T, 2T, and
- the {d*u) days of PPy correspond to days in 270y, %y am&,dﬁT&
fiMﬁQLMW@atmgugwlemmbﬁMWmﬂtm@mmmtamiammw

predowinent diurnal component than 's' type days. Hoveover, the

regpectively have a furbher comwmon characteristic in that the

¢1 for (ntd} days is about 3 to 4 hours esriier than for 'sf

NALLow auuie telescopes “Tg and %0, at Kodaikanal and ab Abmedabad

type days. Thus we gan conclude that the ‘d‘ and 'n' charecterisation

Loy ﬁTK data ab Hodalkanal on the basis of the vuTue of ¢1 on

.4

days on which ry ig significant is by itsell aot ohys 1c Ly



*

ECESA IO

£y 13 oo o e on By . : ’ . "
wul, However for Uy the ratio rq/rg balng < 0,75 op

7 375 im of real interest,

From o recent deballed study of the types of daily

voristions observed with a neubron monibor, Satva Prokash has

eome vo the conclugion thab at Kodaikanal, during 1956-57,

merely the ratio ?i/f* or the time of waxinmm ﬁ; of the diuvrngl

»
e

compenent, of the dally variastion at Kodaikansl is nob ancugh

to pick out days exhihitving diffevent types of anisotrepies,

Fige31 taken from Sarebhel & Satya Prakash shows the daily
:

variation of Ny associated with positive, negotive and normal
deviatlons of dally wean intensity snd with high, low and

medium Up. It will be observed thab the daily variation shows

shorp changes-of intensity ot certain hours. Days of positive

oy

A I P LA D S A S (YN TR I S o g5 O oy # o i, oy e T
deviations of dully meon lubensity, sssociubed by Bhavear?3%

ad
o

at Almedebad with 47 days, have in Ny abive
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Geviabion of bihourly inbensity ab G hours. Jays of negative
deviations ol dai13 Aean qupﬁﬁiﬁy, assoclated by Bhavsae ab
Anmedabad with o' type days, hsve in Ng o large nagative
bihourly daviaﬁiuﬁ at 22 hours. According to Sprabbal & Satya
Pralkas ﬂ106, the characberistics of the diurngl and semi-diurnal
components of the deily varlation at Kodalkanal can be used
during 1956 o separabs ’ﬁ’ and *a' type of days, which are
agsoelated with‘cwrra;&teﬁ changes of mean intensisy in the
mgamer observed Ly Sarggﬁa’ % Phavsar, only Ffor bigh Cp days.
Fo:wﬁp-zyﬁp days of positive devigtlons of mean daily intensity,
corresponding o Bhavsar's' 'd' days have ab Kodaikanal an
rqjkgig;ﬁ and ﬁqllatar than the ¢1 of days with ﬁagative
deviabions of daily mean intensity which have v/, 1 and
gorregpond to Bha V%ﬁr’s "n? vype days. Table 15 shows the
characteristics of the mean dally varxwtlan of QTg and @i 32TK
felescopes during 1556 on growps of days sorted aceording to
the following criteria i ' |

Group I has days on which Op > 1.0, rq/ry > 1,

7

Group 11 has days on which Cp > 1.0, ry/ry < 1.

{n the toble are shown separately bthe cherncte isbics
for each group not only for all days on which date for dally
varigbion is available but elso Lor those deys on which both

componants of the dally varisbion have an amplibude greater

Lhan <5/1 “he latbor condibion makes the dlnberpretation of the
ratio r1/r? more meaningful. For comparison the charascberistics

of the dally variation observed with a neubron mo ol bee” during

N

1956-57 are also showne
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Ty w11 be ohserved that for Group L with rafra 770,
the dlurnal componens of the dally variabion in cach case has

2,

o bime of runcioum which is frow b to 6 hours earilicr than the

bine of maximun of bhe diurnal component for Gproup LI, Moveover
“ePw and ﬁﬁ have for both a7 oupa g diurnal variacion with a
thme 0f moxlman ﬁ1 which is later than the bime of moximum for
5Ty welescopes by about 2 4o 3 hours. ‘hus during 1956 at

Ecdgi anal, bthe critdsion & suggested by Sarabhal & dabya FPrakasg h166

-

f@“ differentiotion bebween the da dly variation of two types 18

valid for narrow aud | wide angle telescopes in addliticn Lo &

neuitron menitor.

It is interesting teo apply this griverion to data for
i telescopes for the yeals 1954 and 1935 and to compare with
the results for the year 1956, Table 16 shows the characteristics
of the daily variation for the two groups. The following are the

noteworthy features which emerge from the comparison from year

(1) &, in Yroup £ doss not alter aisnificantly from
4 § e
1958 w0 1956, LThis Lq sn dispinesion to rgq fou » Grouy LI uanﬁ
1

gals reduced by glmost 50 5 4 fpom 1954 0 19 050

| (2) P,y shifts to later hours for both groups from
1954 ﬁu 19450, But, while the chanpe is by about C hours in
Gﬁ:‘(‘;au;:; I, i i by almosy 12 hours in Group Il Thus though 9)1
Pop Group L is earlier than the $q for Group Ll by almost 4
hours in 1456, the volationship is veverse ln 1650 ashere Pj

for Group L is later than bhst for Group 1L by about & hourse
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(3} The semi~diurnal component for the two groups

does not chonge significantly in amplitude irom year to year.

liowever g iz not constant from year to year for elther group.

{l) The number of days corresponding to Uroup I and
II alter radically from year to year., It is ofcourse to be |
eypaatad with inocreasing solar actlvity thab the tobtal of naye

in both groups, which corresponds bto Cp 71, should increase
markedly frmm.iyph 36 1950, However, the interesting aspect

¢ L

of the present analysis 1s that the ratio of days of Group 1

v

and Group II which is 3 in 1954 changes to 1.4 in 1956,

Y L

The forepoing analysis demonstrates that since the
nature of the dodly vorichicn 1s not the same when measured
with different bLypes of instruments, with the same type cof
instrument at differvent places and ab Gifferent periods of
time, there is Aifficulty in fixing general crite Tla for

acberisation of anisotropy based only on the Cﬂuracberlstlcs

o

1~=‘

char:

af‘th@ diurnal and the semi~diurnal components of the daily

varigtlon,



CHAPTEE VI

Some ¢f the principal questions related GO the dally
variation of ¢osmic ray lubensity, o which we should like %o

have answers, ¢an be stabed as follows 3

(1 Lo differences cbserved in the daily variation
represent diffevent states of the primary anigotropy of the
cosnle radisvion? IL they do, what are the solar and terrestrial

relavionships of bhese states?

(2) Is the long term eﬁange of the 1Z2-month mean
aily Variutién due to a continuous gradual change of the
anisotropy or is it due to an alteration of the frequency
of occurrence from yeér 40 yesr of anisotropy of two or hhree

definlte types?

{3) If there ave different types of daily variabion
porresponding to the dirferent states ol the anisotropy, how
ann we experimencally ideuntifly the states from comnle ray daily

variabion data?

The invwstig&tiou made by the guthor ob Kodalkanal,
Lhe results of which have been desceribed in carlioer chaplors,
wes with the object of throwing some Light on these reshions.
The conclusions from the Lnvestigations are now discussed in
aa

berms of conbemporary studies made elsewhere and-views expreased

by obhey workers conceraning the same questions.
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Latics of long berm changes of
ity variastion

cter

The majority of studies of the changes of the 12-month
mean daily vawiatieﬁ relabe exclusively to the changes of the
diurnal component of the daily variation. In the first chapter,
menbion has h@@g made of the work of Sarabhal eb al’153’c£
Elliot & ?hambyahpillai116 and others which demonstrated the
worldwide chara&ﬁeéxﬁf changes of the tiluwe of maxwimum ﬁ% of
the divroal component, and during some periods of the solar
cycle,of the amplitude 0 of the diurnal compunent. In spite
ol the clesr evidence presented by Sarabhal et aiag of the
importance of the semi-diurnal component aad of the relatlonship
of the naresolved daiiy variation with changes oi anisctropy,
the worldwide chsracter of the changes of the semi-diurnal
component have not so far been generally recognised by workers
in the field., For instance, in a recent publication Venkatesan

& Dattnar122 have conecluded as follows i~

#{1) There are essential significant differences
in the long term changes of the diurnal and seml-diurnal
components of the dailly varletion. The changes ia the diurnal
variation ave worldwlde and are positively correlated st the
various stabions. The chanzes in the semiw-diurnal variation
altbough observed at various stations nevertheless do not
reveal any common Leatures. The semi-diurnal component at the
various sbtabions needs greaver consideration in view of the

gtrikine dissimilsrity amongst the stations and no general
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conclusions can be drawn about the semi-diurnal component ab
prosent, Tha differences in the changes of the diurnal and
semi-diuraal components of the daily veriatlon sugzest that
i% is appropriste o congider the two independently although
it is necessary to consider both in oprder to understand the

dally veriation completely.

(2) It is possible to debtermine the direction of
bhe anisobropy unié&ély from a study of the diurnal variation
correcbed for geomsgnetic deflection at different stations. The
anisotropy tends to sarlier hours during years of minimum solar

200iVityrecvnsoms ™

The main reason for reaching the conclusions quoted
avove gppears to be the disgimilerity of the diagrams obbtained
by puttlng end to end Yor successive periods, the semi~diurnal
vectors of the dally veriation observed at Huancayo, Christchureh,
Cheltenban and Tokyo, This representation corresponding %o the
dadly variation et two differvent stablons is vigually dissinilgr
on account of Inherent differences in the nzpure of the daily
Vafi&ﬁi@ﬁ at different stations and with sppavatus of different
types. Thug comparison of worldwlide changes of the daily
variation from an exawination of these diagrams for different
atations ig nob an aasy*task9 mven 80 we show In Fig.32 the
time geries for the dlurnal ond semi-diurnal vectors for
Huancayo, Cheltenham and Kodaikanal srranged end to end for

the perldd 1952 to 1955, L
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it will be observed that Lhere 1s intrinsic difference
in smplitude and the 1‘:«:&1@ of maximu ¢f the diurngl and the
sémiQaiuﬁﬂal couponz nts measurad with omnidirectional. ion
chambers ot Husncayo snd Cheltenhan, and with a dlvectional
teloscope ab Bodaikanals TYor the diursmel component, the
diaprems ave sinllar for Huancayo aad Chelt enham in respect
of aharp change which is observed for the 12-nonth period

centerod at January 1955 Ab Kodallanal, there ige a mere gradual
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change ab “ha Bame yu;uun for the é@mi«diu“ﬂal eomponent bhe
similarity bebw 1T uumﬂuaya and LGQ&&K”H&L ig very =btriking
iudeod, Uhelbenhan Like the other tuwo Sbaﬁan& also shows a
curling over of bhe diagram sbarbing with Jamuary 1954. It has
been poiabed cut by Savabhal et alsw that the semi-diurnal
variasion and changes in it are best observed at an equabtorial
sbation sueh as Huaméayo or Bodaikanal, since Ghe send=aiurnal

component is 1oy ngminent for stablons in middie labliudes
122

such gs Chelbenbam or Christchureh. Venkabesan & ﬂnttner’“
conelusion 1s in ervor because the comparison made by ﬁhese
subhors does not relate to two stations at low labliudes where

the semi-diurnal componesnt can be studied unambiguouslys,

The dat;mis of the ﬁhanwes peeurring in both components
of the daily variation and in the dally variation as a whole ab
Hugneayo and Kodsikanal have been discussed in Chapter. IV, it
is quite clear that changes ol both components individually
and of the unresolved dally variation have striking worldwide
characteristics. the ahangas are relabted to the ¢ycle of solar
ackivity snd exhibit a periodicity of eleven years 28 well as

aw WAl Sa

We can conclude bherefore that for g study of the
chdng s of the anisotropy the exemination of only the dlurnal
component of the dally variation is inadequate. Une has to
take cognisance of important changes in the semi-diurnal
component, porticulerly for statione in low latitudes, In making

uge of both the diurnsl and semi=diurnal componedts it is
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Gonvendent 60 examine the daily variation produced by Lhe

superposition of the two. Ulrectional telescopes permit changes

in daily veriation to be studied more effectively than omnie
directional instruments. Ybudies at equatorial stutions reveal
workdwide characteristics of the changes and permit their
interpretation in relabion to anisotropy of primary cosmic
rays, meye unambiguously than observablons at wmiddle and high

Latl udes, ~

6.2 Ihe mechanisn of lone term chance of the daily varistion

A debailed comparison of characteristics of the
harmonic components of the 18-nonsh menn daily variation with
corresponding chavacteristics of the daily variation on
individual days during 195L, 1955 and 1956 has been made in
Chapter iV. It vevesls that the cioanges of the harmonic components

are of o conbinuous and progressive nabure. For inssance, the
shift Qﬂ'ﬁg by 9 hours bebween June 1953 to June 1956 oceurs
progressivaly between the two epochs and is assocliated with a
total shift of the histosrams of ﬂﬁ on individual days. With
wide angle telescopes we have no evidence during oy of the
Lhree yaérs Tor a preferred occcurrence of the time of diurnal
maxitnum ab more than one spoech ﬁuring the day., There ars
however algnlficant aspechs which indicate thobt tLhs mechamism
off change 48 #ove complex than what would appear ab first sight.

these may be summarised as follows o

{a) from an gxmiingbilon of the differoned bebween the
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12-month mesn daily varistion fyrom one year to anocbher, it

is fairly clear that tﬁé changes bake ﬁlaee in respect of a

i aximum shortly after midnight and a maximum near noon.
Sarabhel et glis?® conclusions frem a study of the lon chamber
data of Huaneafa from 1937 to 1952 are therefore confimmed in
the later observations at Huancaye and in the dats from

Kodalkangl for the period 1952 teo 1956,

(b) TYhe-qistribution of the time of maxlmum P, of
the divrnal component on individual days which has gquite a

A

) N Wk P
sharp peak

&

or the =ih®ar5fé‘an&‘§ during 1954, beconmes gradually
broader during 1955 and 1956 with a shift of the peak to Labey |
hours. ‘he 12-month mean diurnal amplitude in conseguence gets
reducaed between 1954 and 1956 to a much gregter extent Lhan

the reduction of the amplitude on individual days.

(¢} If attention is conlined to the year to yoar
change of the mean amplitude of the diurnal componsnt on
groups of days for which the time of maximum of the diurnal
component on individual days lies between 0%-909, 90°~180°,
180%-270°

differest for thefdwn groups. Lhe largest decrease of amplitude

and 270°%=360%, it is seen that conditions are

¥y for 1954 6 1956 is for the group for which i corresponds

£0 a time of maximum shortly after midnight. Almost negligible
changze of suplitudes ?? ocours bebween 1954 to 1955 for the

group corresponding to a time of maximum of vhe diurnal component

shortly aiter nooH.
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| (@) For all vhvee years ry/r, exhibits certaln
constant featureg, ri/?g is larvge for the group Lor whieh the
pime of maximwn of the diurnal component is in Lhe early
morning and it iz swall Yor the group for which the time of
maxinun of the dluraal component is in the afterncen. The
‘semi=-diurnal component 18 therefore more prominent in the

daily varistion which has a diurnal component wibh a maximun

in the afberncon tkan wh a1 Lhe magimoum g in the early morning,

e

During 195456 the major changes in the daily variastion

5 1954
may be looked upon as due to the dlwinution of ampiitu&a of

the dlurral component on individusl days with o meximusm bhnvtly
after midaisht, sccompanied by a rapid decrease of the frequency
of oceurrence o suchk davs. Theve is a corvespounding increase
during 195456 of the frequency of oceurrence of days with @
divenal maximun in the afterncow, but the amplitude of the
voriation remaing plmest unchanged., In addition to this major
changa ¢f the 12-month e an da 11y variation from year to year
there is evidence for a change of form of the ¢ daily variation
which is correloted with the changes in daily mean lutensity.
Phis change occurs with a shift of the tlme of mgximum of the
diurngl componsnt by about four hours, and is meost prominent

on days with high geomsgnetic disturbuances.

63 Igenpificetion of types of dally variations with diflereot

P

sbubos of anjactrepy of bhe primsry cognlc radiation

The sbudy made at Kedalkanal demonstrates”clearly that
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aome 0F the most int aresting Vad_z¢guifieant aspeebs of the
chaonges: in the 12-month mean daily variation can be identified
only by an examinstilon of the ddily varistion gs a whole.
These changes oceur in & physic cally meanlngful manner and are
consistent with o hypothesis proposed by Sarabhad ot alBs that
'thcv'dre dua Lo two states of the anisobtropy which are related
Lo the pecurrence of a diurnal component with a maximum either
in the sarly movning, or near noos, They have suggested that
the chauzes wf'QQA 12=menth mean daily varistion are primarily
due o changes from year to year of frecuency of occurrence of
days wlth the two types of anigotropy. While they observed a
third type of daily veristion which was mainly semi«diurn&l

in chavacter, they did not link it with either of the first
Tywe types,

The present investigation at Kodaikanal with wide
angle Gelescopes, can unfowtunataly neibher confirm nor refute

the mechanism of 10P$ term change of 12-month meun dally

variabion postulated above. It suggests however that distinetion

may exlst between only two major types of daily va wiations,
instond of threes The presence of a significant semi-diurnal

component on a Large number of days st an eguatorial mountain

station, ond 1ts associabion with days which were designated

ML LS,

o8 Mday moxlowa® and "olght maximun® types inddcsbes that a

slgaificant seni-diurnel component is involved in bobh types,

Sl

particularly the formers IL this is so, both types of anlsoe

tropies produce at equaborisl stations daily varitions with
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two maxima, one in the early morning and the othor aneal NOO0N.
fhe two daily varistions differ fyrom each eﬁher in the relative
magnitudes of the twe maximas The unanbiguous identiflcabion

of these two sbates using only the characteristics ¢f the
harmonic components of the daily variation is not always
poasiﬁlea It has been expleained in Chapler ¥ that the identl-
fications is possible under cortain conditlons. These conditlons
depend not only on the type of instrument employsd but also on

. 5 .
the rlace and period of observation.

6ol Lonclugion

b grest desl of further study is required, particularly
with direchionzl instrunents operabted mﬁﬁhiﬂuﬂﬁuiv ab ega@torial
beations In order o umdar sband more preciaely than hlbherto,

the relabionship of the nature of the daily vaeiation and bthe
Jifferent stabes of the aﬂx&oﬁfopy of primgery cosuls ruys.

While thore arg mumerous invesbigations of the relacionship of
the dally variastion wibh geonagaetic disturbances snd changes

of intensibty occurring with them, the general. problem of
correlated changes of deily mean intensity and of dally
variation st an equatorial sbatieon has 80 far been studied

only by Satya Prakash with a neutron monibor at Kodalkanal. An
axbeusion of this work and glinilar study with directional |
polescopes measuring meaon ingensity would pernlil an undersbanding
of the energy dependence of the primary cosmlc radistlion.
Theoretical studies dealing with the ingerpretation of the daily

variation tend strongly towards the view thab beams .ef ionlzed

o
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mabter Irom the sun carrying Lrepped magnetic fields within

then ave reéponsible fer sose of the variations of cosmic ray
intensity as well es the anisotropy of the radiation, In this
context the solar and terrestrial relationships of cosmic ray

vardatlong and in particular the relstionship with geomagnetic

i

sturbences and golar activity in the corona are of great

Foe
Jods
i

iuportance, Uosmic Rays have provided the first terrestrially
observed effect of the 22~year ¢ycle of the polarity of the
magneble field of sunspots, This is demonstrative of the
imporscant role which studies of %ime variations ﬁf.Cﬁﬁmic rays
can play in the physics of the sun and of the interplanetar

8P8Ga,
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