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Gasb-west asymmetry is generslly defined as

'&’:

T $§m.?um where ¥ qud i are sevondary intensities in
. i %

' want and east ﬁ&r&rhimam r@myaﬁ%?vwlj» Jahw&wm?& tas shown
bhat peinaries in the energy vange betwoon the theoghold
anergles in the two di?%ﬁéi@nﬁ ean completely explain the
asymnetry ab low latitudes. fﬁ@ agyametry s found to
inersase proporbiongtely with zenith amuiw upte ¢ 0%, bus
~near the horigon due to the absorption of bh& low energ;
Tield seasitive rays 3t declines as the sonith angle is
Logreased hay&uﬁ s, The exlstence of 8 shall ssymaetey
of 1% sven at bigh lavitudes found by &&iﬁlﬁs sna obhers
has besn explained by Jcshmgmﬁ & by @‘@ﬁi@i@fﬁﬁ%ﬁz the
deflection of secondary meschs in the esrthts magaetio
Field, lue to the presenge of the sarth's mssnstic field
the sscoadary particles will suffer & alight deflaction
durdng thelr passage thfwmgh vhe strogphere asd &&ka
‘result of iv the slight excess of secondary pesitive

particeles over negative ?aﬁﬁi@#aa will vause a soell smount
ol cast-west auymEEbLY. ﬁ*L'M Lwan gnd wilsontg” a5 Yadues
for tha ratiog ef the posltive to negative particles,
Buybury and ?ﬁn%@mﬁﬂ’ﬁ? Dave caleulated the expecied wpube

_ _ .
wast asymnelry ab Hobart which sgrees well wish the
sxporimental velue. Vhe eonvribubion of vhis process bo
thy east-west adymsetry ab low latitudes is however

negligibly anull.

Tor . Llmw variacions of primsry rediasion

1.21 Long bterm vaeristicns.
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Meyer and Siapson T, Pomerantsz

?E}, oy

Dne of the mest resarkably long ters veristion
digeoversd receutly is the change of &maéraé mean Lovoosiny
of cosmic padiavion with soluoe actlvity. Ths @tuﬁéﬁa of
baruuahjﬁ, ﬁlm&%v&ﬁ§, Laamw@mﬂﬁg gnd FPanton at ml peveal
s ehgnge of about & o 5 bercent for meson labensiby ot
aea level #ﬁé bout five pinmes thoet Lla vhe intensity @f'

the nucleonie component. This choenge lo mpean l&%ﬂﬂ@i%g

Cwndeh is negatively ﬂﬁ?ﬁai&ﬁ%ﬁ with sunspoy nmmh&rﬁ i

found to remaln the sane from O° 4 {Hugncayol vo B9
Godbavn) and 1s found to be y?@ﬁﬂﬁb Lo nha~ﬁmw& sxbent Lo

huth Che mapnetically guiet as well as ﬁx sturbed days.
Fenton et a1l T nave. ggandaed veson ad well as neutren data

At

of desolute and Utbawy and have conclusi @:&.y proved the
@xistonce of 5 decresse of 0% in ah@ augleonic compoenent
and &iv An megon ceuponent during this cyele of solax
&é%iviby, aven alber corrscbiag for the transient decreussd.
fhls ﬁlaérly proves bBhab biae 11 yegr variabilon Ls nob due

to the cumulative effect of %urb&ﬁb HECraases.

avidence of slnilar changes ab high alt&ﬂuﬂﬂﬁ is

provided by balloon expsriments conducted by dghwﬁ “’“j,

b},bﬁ

c
vorresponding 0 a change of 4k at ses level frow 1937 %o
19534, dehor finds a chenge of 0% o ﬁ@@&i londlaation at
85l latituds and 70,000 ft. aluitude. denerte® ¥
rosulta for Ghe present sclar cyele confime bhe above
rasult. Winckler at gihw,fu Lind she affews in this cyole
to be mors than the change observed during the provicus

golar oycle and show that bhe major part of the phange
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eocurs near bhe pesk of the aselur setivity which indicates
& Lriggering mechanisy rather $han & proporiélonal
?aiatimmahip with punspet mumbeors. UThe rw&aiaa &E

e .‘ . ‘ g
preier et el’! and lMeher w indersoa’® for o fiux and
i
heavy nuclel indicate bhe Baie ragulls The gueasion

!

g cndebe g lag of ia I E t&%dmdu bl wean

whother bl

5

lotenalty and sun’s activisy still recsins wusswered.
k!

’?h& only rwéult whiﬁh apparently iz contradictory,
ig that of ﬁ&%?ﬁdn?ﬁ wuo Dinde an inoreaSe of 12% in
intensity msavurad by extpramely ﬂ&??ﬁ%’ﬁﬁg&ﬁ_ﬁﬁi?%?@%ﬁ&
(2% vo 3ﬁ aetilanguior opening In the ¢astewast plane) ab.

{Hbawa From 1?&) Lo 1%5?» The lgrge svatistical @rwﬁr

involved ﬁ?ﬁﬁ not parmlt any velld. c&ueimaim,ﬁ to be drawn

from this stray observabion.

C3e28 phgnzs of Thnee" of lstitwls eif

. The wost imam&j&ing faot that smerged oub

of the early high altiltuie aﬁd&i@& gonducted by ﬁﬁh@rﬁ’ and
Van adlen ol gl & at high latituses was bhe abesencs of low
‘energy cosnic radiatlon beyond o latltude of about 3 R -2 5§J,
even ob the highesy mlbib&i%ﬁ st eould Yo reached by
bedloons.  The sharp cus off of the primary specbiws ab

Go i Bov for protons corresponding vo the "knes®, has

presented g dLlieult provlesn fop iduufwfbﬁﬂbimne

Te study the finer neuneges of the lebltude variuvion
N [ -
of eognie ray lotensity at high altitudes Seher ou w0/& 77

have developed o new teehodgue of condugting simultatecus
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Flignt s aﬁ q&iﬁ&an worne dngbrumgats ot dilferent labitude
by which they can ﬁVﬂiﬁ'Eﬁ% poliuvting eifeot of genersl
fluctuations. The st wdy rovesdis bthab the Knes was no
stationgry bubt shifbsd Lo aig%ar lavivudes Drom 1937 o
1951, Tﬁ“ low energy vua?wfﬁ for protons whiah wad b
da i Bov durxnb 1951 vanished in 195 when provons of
sugrghas dows %o U.15 Bov were detected., In reappearod

‘méﬁiﬂ in 1950, 4

Hecentdy Meyer aud éimp&&n@%”?g have. reported a
sorthwerd ohilt of knew for the nucleonip ;$EFVMﬁu& by Eﬁ
freom 1948 vo 1951, They furbher estimate that the power
daw spocvrun lop Lne differestial prissps lotensiby changed
frow j = S{ﬁ?£3~3 in 1968 o § = ui; ) =7 in 1951, for
particles of prigldicy i L & dev Wﬁ&%n 18 avouspanied by
an locrease in the ta&ai goanie ray ioteasity by 13n during
the save period. & close r@iﬁmimaanip bebweon the shily

‘@& knee and 11 year cyole of change of coessle ray intensity
.

isg evidsnt, /
at it e e seocerk » L IR
Basurdkentd sads by deredith ob al’ with thiln

walled counters in bailoon lwsached rocitots confirsed bhe

oy aluitwies. [he®

abgence of low enorgy wmfb&ﬁlu% sk

ehosrvatioss of Blils ey aé at bolloen sltitwies showed

Bhat Ghe cut olf ol heuvy prisaries veourred b simost the

geme fabltude az for probone showiog the depoadence ef oub

GEE en magnablo rigdlity ravher than on che energy of

pragsaciss, whleh swgests vhat thy pnyelead meshsnd g
winpible Do bhe ¢ub ofY in bhe apadhirs o bobh proton .

o
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sount resulis by dlnckler ey mi’j aasd Freler el s
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sy dinnesota show that even in 1957 when the sun wee ab
ibe pesit activiby, low susrgy particles down to the energy
Limis imyﬁﬁé& by alr {iﬁﬁ Hevynuolaeon ) were still prosent
from which thay conclude that the reducblon in flmx~%ﬁa
due Lo the reduction ia lntensivy of bﬁtm 5&“& and low

e

=

L7

anergy partleles. The wmgjor part of aﬁﬁ roduchlon gesurrad

%

dupdng 1956 o 1957 which aguin sy

/ “ & ) L4 .
meghanigs rether Slan & proportions) reliblenship with

BUNEECL nURbE .

et

Gasbewsst %ﬁﬁﬁm&ﬁ?in

#1

dackiyn and Fegbon” have reporbed a decresse

in esa ML-»@@ o sgsmebry fros WOES Lo 1950 to G.011 dn 1934

inerease aiter 1954 with increasing f@iﬁ? pobivity.
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R

he fagt that the lotensicy &f/%ard gompe ent Lncresssd

¥

5

with decreasing solar activisy, shows thas tha dﬁﬁrﬂaaﬁ in

goyumetry was caused by a greaber inerense In lntensluy
arriving from egst Chon lotansity arpiving from west. o
gonfirmation of this result would be highly upssful, The

study ©f the asymeetry ever o poried of yoars may prove ve

By

be a ﬁml%tti?# mathod for Jetecting bhe eneygy depasdang

&

ol the variastion of prigsey Spochrws.
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granty eailed "Porbush deoreisest are o shary dacreasse in

ﬂwasi Py iuhwntinv uybu 0% elogely asseoiabed with th
main phase of the sbomm, iﬂli@%@ﬁ by w slow recovery lastiog
soveral @ay&« abngn agﬁmkﬁ ray'ﬁaaraaﬂﬁs bWnnooospanled by
wetla sborms a ke stoms unactespanied by gosnice
sy d@a??a“v' apa Both nob RacoRDER {Ed“fm«ﬁgwﬁﬁu D61 gﬁ}
_Shae relatien i}ﬁ;e%;wza@r% bhe Gwo cennot be dirdet. dhers
o . effective sborms do Lake place 1v i fouad vhat thi vabie

field stroagbh to the chanecs of cosmie
y ,
remain sonstant Deom- gvent Lo eveat.

In large storms of the typoe whlch oo sourved in Moveh 1942,

no lativude effeet wag observed” in che magnitude of

decransy ot JiiTerent atationd. 10 mauy shoms, a5 shown

ﬁ

4
har and Fer ﬁmwh*f Wl deeresgse ab high aiﬁiﬁudm s

by
aout four times tihe deo wa@wﬁ ab Ses level.  Foos %p has

deereate Observed Ly a neutron aealtor
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e
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wag five times larger than thaly cbserved by an dom chasber

e e o TR |- 3N £ v oxte ‘
ab the sang place. Chasaon™ hes polnted ous lustancas

< when decreate of Intensivy ocourved congiderably sprlier

oty oo B
BTG Lag

Than whe eccurresce of any measurable geom
2 s % v d% - *:;,::} 4 % ™ - - D

dighurbanoe. Yrefell”” fiods that the magnotic shormy wi%ﬁ

a dominant posivlve poak and a vaol &%‘aﬁ,‘zsggz ¥yosnall negesive

. e oL
poak produce ne change in coauic ray iwaaﬁwimg. Aiﬁawurﬁju

has shown that lerge doorsases are always %.&mngumh & by

}‘ B
magaetle storms with swdden commencenent. Hacanuli'y’
sxperlment at 60 i, 0.4 wnderground did not reoord Gy

perceptivle changs in mesn Lotensivy when se: loval Lotsnalis
‘x R - s
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chaiged by § 1o & %, @runpy' ey 3 whi has shodisd weplde
wlde storms swos up hils conclusions as follows.

{1} ALl worddwide mag gt le stopma cuuse only
dgereases in cosule ray inlegsiby. |

iﬁ;‘%m simple ?ﬁi%ﬁiﬁﬁ abween ?ﬁfi&ﬁiﬁi of snrbhia
magaebhe Meld and cosmle ray Luvensity variotion exists,

(3} An exact and detalled sorvelablon between the

. Glsturbaace of the earth's mepgnstic fleld dad corvespe zﬁing

eomale ray storm does Bob_exkat.

{h} Inbsnsity ol cossic—ray ﬁ%wrm depends on the
masn energy of primary cosmde rediation.  Higher the mosn
anergy, the sealler is the amplitude ?1“§9d&i“ ray shorm,

{5) & ssall desrease of mmp&itud@ of cognic ray
storm with despeasing seonagnetle Lobitude exlpbs,

{6} Hagnebic stirms of ghort duration correspond o
coala ray aborms of lower idvunsity,

{7) Cosmic ray storss are ssvoolated wish g diura

variation wi&h a maximum at O~ 2 hour Llocal tiwe.

serido et ulya have made gn exbasustive study of the

ceamie ray elfective mid nop-effcobive magnetic sturms

which bhey desigaate as § and M type sterms ves oblvely.
3 type storms follow the 11 year eedsy cycle of solsr

activivy and are well eorruluted wish ﬁhé centrgd meridisn
passage of large sSunspot zroeps. O type stoprns, whilch do
not follow She 11 year cyole of solewr sebivivy, ove found
Lo Do associabed with ¥ repgiens on the suo and are Dound

s ' , G5
to sharply exbibiv &7 day recurrsnce tandancy. Venkatesan®?
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hus ang ly o the data fw&m.ﬂ&mgﬁign stabiong frow Lebeber
B0 Lo Decamber 1957,  He concludes bhat bhe observatlen
of rocurtesces in suell a8 well as largs degresses of
gosmie ray intensity wekes Lt difliculy se distlagulsh

] ) .
bebweaen Y day vardetions and Forbush decrsasof.

suan though it s largely belloved that cosmic pay
Loy W x

storiis are always assoclated with decreassy in cousmle pay

-

B 1L TS < SR e e
&i&hﬁwiﬁf, dlmps am*{; dargbbal st 2l”’, Yoshida et al”

o . L+
wd HeCracken et 2177 have reported s few inereases in

. — / i -
gopnde ray inbtenslcy assoolszbed with magaetle shorms.

TP

=arabhai ot al#! have anaslyped the stoem of Febrdary 11,

kag&& &b%wﬂv&d

1958 and fiad shay th@"@ Bite thraee r
whideh can ﬁ&ﬂvarg yrwminanﬁ&y*a@@ﬁsy The fipst i3 ao
antlaelpsbory incroase of iutensity obswvved only a%

guaborial neutron wonlver stations o fow hours befors Lhe
Carcival @f ths solar plosng o & distanog ab which 1%
iuteragts sigs Lleantdy with & :@ goamagnetle flelds. The
main Forbush decrease ﬁlﬁﬂﬁﬁ-@@iﬁﬁ@h@% with the Jdo
@@wmaaﬁﬁwia storn and
Lop glow ﬂnmﬂgy Lhen for high energy prdmaries. 4 sscond

aerepse whleh is sore promingst ot low latltuies than ﬁh_
high latitudes and with strong eabbewest and nNorthesoush
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ot
The resul 3'a£‘ﬁ@yﬁw amﬁ slopson , and of

el
™

o 1w ;
Van der wdlﬁ show thas “the peeurrence bwuwa gy Ls wost

B ¥
P ,_u

pronounced quria“ sunspot waxtig.  iperdan ool

[ 3 ) i A3 Y i :’%? - L e . {‘ ? .. e ) >"‘-) ;. i
fa%mﬂya;' illai®’ ang Stapeont™? gna ﬂ&ﬂ&jw% P bhab she

ét

mindmun of cosy ray dabenelity ogeurd Tive days warlier

TR

o that of ﬁ? the index of @@aﬂﬁg&ﬁﬁiﬁ ddsturtance.

,.;

. . . ) 234 oL y b P N
Venkabesan”?, Truapy™ sod ovhees huve observed that bhig
bebgvicur 1s aot elweys followed. Somebines he Sinimus

| in cosmic ray intennity precedes sud sametines it foliows
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ﬁﬂﬁl&ﬁﬁwia.aﬂi rir%r1 havW endoulabed bhe trajectories
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Lven though many of the ﬁaﬁ&y.%ﬁﬁk@ﬁ%z3ﬁ}?3§
abserved & dadly variamiﬁgxmﬁﬁh an anplitude, 0f Ui,
una@ru ainity with wugard;aﬁ\tﬁﬁ.mataareiwgiﬁal guresations
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gy compared bo that segyured by ﬁwrﬁh,yﬁiﬂﬁiﬂﬁ‘L%&&ﬂmwy&g
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¥4

change of mﬂi“}v}%wjf‘yn They

m:a;fmw.am’:.m;g are m'm wonsiatent mi;}a & view that ii}i%._ﬁ? aaddy
variation A:ﬁ ’ g:;;mfdx sed by an anlsciropy of prinary Slux
located ot o luvge distance from the eartie  Dowsver

ks mu:*ramui‘? m%;—mm-mamw& ek a&mxmamﬁ A ab dirusg Qind
birat the phase shifd of dluwenal variation of uﬁkaf“"fﬂ’@?

vaar s seon dn vertical as well ap igm‘mwd valen ww

durdng the pordod 1947 be 1950,  Tuis evis wifl.‘gei ¥ e

weley

the desurepaneies cboerved by sliiot et al ars found

Sy eertain conditions duriay sooe. gerdods of observotion,

— i, 150
PHAONng ' fras repurted giodlior soomaliss lo

Ghe Girectlonel dependgnee of the dally vardzsion.

sxaitdnlog the data of versicenrl veliéscopes sod teleseo os
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fnelined ub @ﬁ? Lo the 3@ﬁiﬁh in sngh of noreh, east, west
and south dirsetions, ﬁ@*fﬁﬁﬁ% Hhat the aouth puolnting
i&%i%&ﬂwﬁﬁ wih el a@ﬁuﬁi&y'ﬁaéaé vhe gelestlial latitude belu
close B0 and intermediste Getweun thoge sewined by obhep -
telespopes, shows a virthmﬁ ahuence of duaily ?aria%ima_frﬁﬁ
which be surmiges that tﬁa datly variabion i probably
guusal by modulation of privary cvenic ray intensiny ,itgi‘
the ialluencs of carthts mmgﬁaﬁia fiald. %ﬂwsﬁhﬁ%wh EVA

- these results el be oritvicised as &hay h&f% uﬁ tlised the
Hasn energy of “&59&&@@ in iu r caleulations rasher than
the efiect over an extesdsd vaugs of snergied, Lhay
 nevertheloss raloe a sarious problen ﬁf‘imﬁ@ﬁﬁr@ﬁaﬁiﬁﬁ i

the sular dally variailon under aarﬁaigxéamﬁﬁﬁiwmse

The auther hes exenisned vis data of directicnal
telescapes built by him, w&tn»adﬁﬁig& rofevence to thig
p&iﬂ% of auntruv&r¢f. e ﬁagﬁmﬁam* Ansatrument ﬁiﬁkwﬁwd
ke mﬁﬁ@d&ﬂa& hﬁs dn advantage a8 both the sost angd wes t
gaaaniug ﬁﬁﬁ%éﬂﬁw@a sucgessivaly scan almout the sume
portion f %ﬂm-g@&ﬂﬁ&&&ﬁ spheis. Hoenoe the ﬁxwa@mﬁ@ oK
abseace of & phase differcice between the daily wardationg
measuresl by esot and west poloting telescopes Lo an i
ol the presease or absence of an pridutropy of prisary
radistion located Lar away In spece. ‘The resuits wilgh are
digoussed latery show very interestiong Festures. The author
Bas discupsed the conditions under which the aﬂiamnrmﬁy Ly
located far away and slse conditions when T aauﬁu@ ol tie

daily variastion L& probably of geocentric origin.

i iiﬁ#ﬁ&ﬂl
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1ody Ghenzes of ﬁml ar anisetropy

.,umr‘h-.-&yvr

L4

Tobet  Goug, Goom Qnuuua1 @i gadiy variabion snd

bhedy werdewlie characiuristics.

N

Y . 9 3 4 155#
Sarabhal and Rane

lange and Fo ?h@&H?}' and fowd thab the selae seisohrapy
a# charseterised by the ampiitwie and pheve of the 12 monbh

maan dally variation of mesen intensily, uanlerwent

long bopm chanpes of worldwide chapsebor bhaving 11 youy
of periodicity. Thambyshpillal and | i,i;},a;sw”‘"" £pom o
exgningtien of cosnlc ray dota from 1932 te 1952 of vorious
' abgtdons, mﬁmanthabus the worddslde ﬁiﬁﬂﬁﬁw of tine o
maxdmun of divengd componany sad polatad out that thiv may

have o 22 year yyciw of periodicity. .

Hegent ﬂl&f?ﬁ%‘%&ﬁ?&ﬁig@ﬁ"ﬁ u;g* mt;@mmmmf md :.;'E%ﬁ;si:*iwﬁ

alse dndloste n :: vagy gyele of- gs;:x;:‘m igivy,  da exaviuation
Haflekar. imz wmﬁmw dava fop over 23 years, shows n
zfzamzmm at aboue WW howrs durdng vhe sunsoobt sdnlawam dn

153 and 20 yearw %&B%? during 195 319%, wheress in 1044 it
( .

e wlndlar phase ehanges of diwrnal

o

[T ﬂmuﬁmdafﬂhifrf*ﬂi°
X 1 “-@ L’

vardation have also bsen repoerbed by ;&El,.w§1“ gt

They observed that bhe hour of maximus of dedly vardpbicn
measured by north end south pofnting w‘am eopes Showed an
anomslous shift to midalght hours during o few moaths Lo
1953, During the same peviod noe sueh phase shift wes

wbsarved in the sucleonic component bub the obseeved

smplitude of the Laily varistion of peutrons for that p m*u:wx
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was pegligivly asasll. wwhﬁuwﬁu,w;ﬁ slansgon Pa tave

ﬁ@m&ﬂﬁuikw @d & progressive phase ahdis tﬁ pariiep #ﬁ%?d
'ﬁurmag Tgi# in the dally warlstion mepoured by beth
nucleonic component and eharged partiels detectors,

fand abron “ Shocknols and uquv”iani " At

g i

Kiruns have reported o phase shift fo the diurasl varisticen
for vertical snd divectionsl telescopes. S wastren Fiads
& phase shiflt of ¥ ﬂ&&?‘E&?‘fﬁ&?ffrﬂﬁxﬁﬁé?*j§§§ whigh 1l
iaé@§%&ﬂﬁﬁt_ﬁ§;&&a direetion of méaﬁh?au@}ﬁ of purticles,
darabbei et $l” have cumprad tg@ data from vertical |
LalaBlones ab Ahmedabud wi Gk don ehasver data frﬁm.ﬁuaaﬁagﬁ,
They find thet changes in bosth ore well corrglated, even
though changes obaerved in aémﬂ&ﬁ?5&ai§&a@ywa ape in g@maral
gbout Z.5 Limes greaper Lhan the ﬁhaﬁﬂﬂw ﬂb&Q?V»d in ion
chamber, v?ﬁﬁlﬂh ﬁﬁ?Lﬁ 0 Lhe ziaurumwms ﬁm&uw B have a
L0

nylderaale ru@uut of tafluenes Qn the auplisude of

variation aud @hﬁ?imuq beras eheuges, Saraubial ot al bhave

furthey anawa tua& in addivion to long term chamges of the

dmmrﬁ&i COMDUTIS ﬁ%g}ﬁmﬁ“&&i Sant Changes do soour in the

oy
et

A

gemidinrnad a&m; aamt slee.  When the dally curve conp

of both the flrst i'iti vhe Bocund harwonlcen i b“’gﬁ-ﬁm;ﬁ&w*f'

& r&magkmﬁlw seouence OfF mh BEES bE muﬂmxvud Tt yess Lo
yaay. A% ﬂu&nea?m,‘ﬁhﬁ T4 wonth meun Muggy Vardswdon wileb
Loe

s A @ -y e
ﬁ?&n\ié Eﬁ’.‘:'.’m? 3&@?4 d’

by 1952 w0 a verdation exbibivlng one eash
morning.  In the dntervening Lordiod o wlear ovidescs o the

ﬁf”i#ﬂﬂ&i?ﬁ iagrease ﬁf-@avﬁy,m@’ﬁirﬂ wmsimeg sectmpunied by



daily vordasion exilbivs ﬂﬁa.maﬁimatiﬂﬁﬁﬁ&ﬁ gf onm. The
seguence of ehanges indicats & 22 yaar eyele of periodicivy.
' Savabhai et a1 bave bhug denonsbraved thet partioulerly
Por obseprvations at Tou Latlsudes, it i loportunt 6o
stmgider the daily variesion wirgsolved inte ibs haruonie

sﬂm»mnwﬂh%«

&4

Garavhat ot wl” have ﬁuﬁgﬁﬁﬁmd Lhat the changos in
ﬁ%&.&ﬁiiy varistion geuldd be “Qﬁﬂm&ﬁfﬁd as dus Ho the
gontribution {rem Lo %ianiueﬁ Lypoad ﬂﬁ’V@v&ﬁblﬁnﬁ w T
type having a neon maxiuws sl Gho obher Tat wype Daving a
maximum st 000 houps, both of whiied ba Lng proninently seen
&t ?ﬁfh&nh&?lg sguaterdal lusivudes. The cbserved ﬁ@qﬂam@w 

C ghanges from yesr $O year ab ﬁgan@ay ognd Ghelt %Uﬁ%ﬁ SR
e Gxp L%;ﬁmg by aspuning thed the polabive chany uu of day
and night c&nﬁrxﬁdhzunﬁ of ﬁﬁzii ?mﬁidhiuﬂ irum jﬁ&ﬁ Lo year
e wopldwide in hhur&&?@r ael &f% aloasly related bo the
ﬁblﬂ? ag&ia ol mﬁh&?&hf, Just preoceding sunspob minisiwe, w
briaef yuria& whan ﬁﬂlf doy componant 18 ackive aprears wileh
is lmsedlately foliowed by ou eqgually brief porlod when only
the night component s active, 'Lhe pattern of addition and

o

attenuation of dndividual conbributions appesrs Lo be

rovarasd aiter 11 yeasrs,

A

Vankobogsn and i%uwﬁﬁfqﬂ} bave studisd data eom
four stations at diflerent labitudes and £ind thab Mﬁ}
ghanges i tn@ diurnsl sppdibude foliow She changes in
gewnagnetic acbivity mere closely than Bhe ghanges in the .

solar sctivity. iy plobbing wean yearly vestors fur divrnal
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and senidicvsal vardsbions separatiely end to ﬁﬂﬁg Lhey

wbserve stgnificant diflsrénces in bhe behaviour of

urnal varistions, The changes in Lhe

9
-4 I )

Cdiurssl sed semic
diurnal variestion are fﬁﬁﬁd Lo by w&r&ﬁﬁi&@ aud positively

coprrelated sb vorious anwtlunﬁ, wiiprang Che senddliornal
gomponent dogs not follow a pavticular pavtern. This

conelusion doas not seen warrenbed as the sarliar
n'\

obpervations of o Barabiai i "11 h";i}ﬁ? that Libe if‘w "Fﬁ Gaf LL@

dally varis stioan is ﬁ@fgnrugn for dlffersny lot aud and

Ao wieh Swe bypes of maddee and with a

the delly var
predominant ﬁﬁsi Lurnal compongnt s cbserved mainly ab
Low luvituies.
% fl e B on i by ephal Ve s o 'iff({,} e ,
W Ly GLheer hand Sastey’® ;,g,;_(; LUJATE 2 oub bhat

vnly ob low lspivwles, whe sesldiurnal ﬂ%&y@ﬂcﬁ% gan Do

5*& &}.. fu’k} {a',ﬁ "'b '{j,;)‘.}r@ mﬁﬁiﬂ,ﬂ{@i&

dBaneayo

£54 }T’iyﬂihh,é{; E?ﬁ,.
Lron year QW ym&@ arg vary siuilar, Oros wiidich b concludes

are also worddwide.

that changes Ln bhe senidiurnal corpe

Furbbery he Uinde that the bous of maximum of the swsidiurnad

mtnye has changed by 10 hours in 19 years

componant ab i

Lyam 1930 Lo 1955 and appesavs to follow a 22 year ¢ftle.

PN
Ty £

PR B 1 ¢t o
ARGy T ana Hﬂ#ﬁ@ﬂa 7 haws also roported a
decroase in bhe anplitwie of the diwpal veristion Feos

19504 6o 1557, dusbrey Dlads what wide o goused by the

gomikined elfeot of the decrosse iu %lga¢%uﬁﬁ o bndivicual
days and the ineroased scatier of the houwe of sexdma Drom

day WO day.



toh Jay b0 day chunges Of mdloonreny.

ok g st F oy e papy ot SEOAE WA s BT
wmnges 8 the anleouropy of

PRLEOYY ruk gubject of Intervating wbudy.

**%ﬁnﬁi&ﬂ B bhe silreme voarl

Firer et al bl

Latdon of tae nucleonlo cuupenent

8 gt s F I 2 i o gk ik e b i iy B die gk : dl 1§;§'
weossured by o noutron mosibor. Firer ot al ”’

ghngracter of the
i.&k:iﬁ EQ‘:‘F:;:Q)( Az¥ E\i

e wers groups of

SR p A ¥ 5 ﬁi &
i:'rm;'hs{m?? S8 Pound thoeb

ation el g omesdneg ab opight and

whileh maxd mm pecnrred g day blug. \mgm;;m”«' has

sramined the daily varistion meawured by an ion chawber on
individual ﬁaya aml has nobiged the bendeney Sor variavions

£ large smplituwde bo ocour in groups ﬁf daye wiblh a waxinus

o

near nooi.  This phencuonon showsd a mdvied tendeney Lo

g

Fopnal ltsell after 2¥ daye but It was non fou

qﬁ"n’f}

whe Bave stuiled the daily

i?e%‘:s;gai; B 2

zmn Libs wnly i
&t 1200 noon i?ﬂ* ﬁyﬁa} G in the
GI00 hour logal tlose ﬁ a® typal. The results indd cﬂiz m
gxighence of ab lesst two preferred ovientebicng of

ARG uauﬁllybfamﬂd W bguur in

anlsobropy. Y4 type 4
. T .
grovps and sre fvuad te exhlbli o morksd &7 duy regurrence

SRR

o

Qnd 1 Bave stuwiled the regurreaca

tandency of anlsgotropy cbserved by lon chanoer Qﬁ&ﬁ af
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Huatioayo. They Sbgerved a-%ﬁxﬁﬁg recurroncd teadency
much sbrenger bl i:;hu ity sesn lo elbher the megn

u

a78 X in the sguebic charscter

'&:&%wn ity wi coamd

oy g

<

Tflgure o the ssve period. - .;&mmm“ wihiy exanined the deba
of seversl sbations for the years i"?;’i‘.i*"‘t“}ﬁ-i?iég finds tha
Lhg recurfence vendency doas not slgaillcantly wary from
puiied S ‘;gmx*:md. |

Y

The Dirst Bhgaid ,.et,, evidence

A Lhs pslure of

2

G ohion bé,ewm&ﬁat Ll S

i fabensity an
Bt sany s 65 Yaom ot o S S ey balyes § 0 aniacd L 3"‘“"&*
Laobrany has if:ws;; pubt fopsard by Ssrabhal and b rs,gw agp

in genersl, the doye having a night maximum

4

arg susvedated with o mean lntensivy o dgad ‘*mmu.,; barden
s:&ezxrzmg& aak days haviog day cive hsw,mmm ' are assoglated ol 1k

Hean i WEnBL Y f sigolficontly ebove nommale ‘

£
Jgfi ﬂ‘ml 2

ixgm aa,.«wts -\,(,af'i"w i iv.‘.“ s b3 hj-s—.}

46 nob xw'z:emm&a\ LJ. : “m:m;a sRlang nese og H,;,aax«a; a0d Lha
exiatapce of lm*’u gbnponcats of delly variasbiva, '4' and Fady

RO P RN VN ‘ " T ';‘ N e es R A B g e
are ROt oulve olasPly defised :’Uz @Eddde lativwles, sithough

S uimani i ¥¢1 E;;L,-! Lima ‘L»E. inasiag of Lotal dak\.ﬂ'{usl «f&.i"ﬂmahﬁ.#i

k}ﬂf-@?&ﬁ'ﬂu ¥ a‘t R I‘?f}rﬂ&nk; ”@uxs’ i'—n'l "i.ut,’#t}.mhﬁu U\.}\#ﬁ«f dmio

| hm change of daily variab iow o ua‘m&m radd v
dlsturbed davs has been axbensi wely atulisd by o noubse of
wm'hﬁ He Ve resulbi of gorlier work . ~sz3_ sabed Chat oo days
of bigh ,ﬁﬁ;ﬁ,ﬂ the amplitude of the dlurnsl sonponont incroatan
and Ats tloe o § againun beeomes esriier.  sexido and fod alia

Lave showd that shils effest s mare ppominently sesi in

Fe]
it
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Hareoy angle &wi@&nwwmm than iw wide angle inatrusenss,
%@&iﬁ@ snd Yoshida Qﬁ Bave further denenstrated that the
ﬁ&midiurmhl Gompenent whxun is nepmally present in guiet Lay

varlatdon getbe reduged ﬁde&gﬁ&%Lﬂ&Liy'&iﬁturhﬂﬁ dayse.

.v?. Ny,

e . w3, . . o
caicdde ey al 3 have Found that, in genaral, Yhe bloe of

éﬁaﬁiihm Pollows the trend of the mesn fntensivy I and nou

L5y uaa hnord goatad ﬁum,uqﬁnu af ﬁur fqrt%*g Aqwt””ig £iaid Hy

atnd bhe ilnergass in asplitude A A fﬁilﬁﬁ@ ﬁxw w&“f&ﬁ%ﬁ in
mewn lovessity ~»A@ Hteg o eiw&u&y Lhian. un@ ku%aﬂu in
horiscatad %ﬁﬁmuﬁﬁﬂm wl the sarth'y m&gnaﬁia Tinld,

suadetron’ % finds that the 12 hour compoaent whieh can be

abttribubed bo vhe reldlisl flow of ﬁdfﬁi@i from the sun is

well correlated with the @ﬁ&ﬁ&ﬁ&ﬂ%i& aﬁtivi&yy it i

ﬂ@ﬂﬁ&ﬁiabﬁuﬁ§*,,éravvrw%w in sign whed the goo

r\_“/"’
pobivity as aﬁarae ceriged by ¥, is low bub inefunses w&%h.ﬁ@u
,~Jr'
. - ” C
LT85 s

aakiﬁw aa sl have 3hna;@u the bubiaviconre of the

Bean 3twrm e vwﬂ%wr representing the diflerense in the

'a;urﬂgi Qﬁmgﬁﬂmﬂt\ﬁﬁ dadly veristion of disturbed and quist

days separately durlng sech year of o selsr orele of sesivity

the disturbancu vector representing a stors typs anigotropy,

pelnba on. the average towsrds the radially ouwtward ddrection
frow the sun & wid uelike the guiet day anisotrepy, undergoce

a long teru change from year o yesr in gbep with whe 11 vear
ayele of solar activity. iney suggest that the 22 year pyede
of periodicivy Ivund by 51110t 19% gnd otiarg sy be dud e
the ﬁ&ﬁﬁiﬁr v&v&abiwn Gf gulet day anlsotropy. gu@mkuagw“
hap musde sn exvsnsive iu¥us“igatiun Gl storm Lype aalsotropy

and goneludes that sboms type changes ars caused by andeverepic



e
£low of cosuie rays produced by © the aceslerativn of cosalc
rays dun the ablar strewmd. rom ot exsuinabion of
ﬂﬁﬁﬁiﬁ&ﬁ&& Agubrin monitor data datys Prakash 1w flads that
dadly J@?iuhkﬂn o ndgh Up-days shows o shawp W&A@“&ﬂ nesry
acon a8 eompared Lo dadly varistion on low wﬁ days walon
ﬁﬁﬁiﬂitﬁ aéite o broad HdK&mw’ b Lhe ssue time., The tlme

of maxiwwt of the divmal &Q%duﬁfﬁﬁ For the tw g

mz{miix.ﬁs e&iw& hﬂﬂﬁw@ia? A0 the amplivude i?? hhe div
eolpanent ia &mui’ar for cays of high %,f uimilur regulss

fave bewn auaﬁrvgd oy Duastey ?& Lor delly vav*xhiu& $E
' i o
a1 4iee Ping

meson dntengity b ﬁ@@%ﬁkﬁa&i% “darabbal ot

i PR A G Eand Y 4 2 e sop B ownwk ey G i ‘ ¥ T a5 a4 O L DT SRy Qi )
Yhat Lihe ;xa‘il_f varistion on Al Bh i-v;\ i:“w‘ 8 assoglabed with
Lo

dedreese in mesy ot ﬁi Gy Bhows o img?ﬁam@'im anptitwie

R, e

Wit wn ageliar "wa“ S ma

46 *

St vm gomperel o th @ dodly

vari=bion oo gudet days.  Tois ﬁiaariy tndiooted vhat

ssgoviated %h»ﬂg@% of bouh Bean- iﬁama sty and O heve Lo be

gonsidared Lo ﬂ?&@ any ooug ihﬁikﬁ& regarding the

of daily variabion wish Qﬁﬁ The apparent contradiction of

thig result with Ghat of 5;@&3&?%&’*% gan  be understocd iy

one considers tLhat Sandstrom has taken stope Lyre days when

;V)’

A

the mean dntensity is low.

, el .
. ﬁﬂwhiﬁ&’ hay pototed aut auu e Linperd ant
conglderation o expisin bie ui;i&r@uaa batwaen the presults

G=1947. Bhe fisdsthat the

relaving to 1971450 and 1%
disburbaies voctor whleh displases the veokor repregunting
the guiet peried dinrn+3 varistion, nay iﬁ%@lf an 11 yoar
perdcd of chenge in the anplituie as well as tiue af “wximwd;

T hug !Lw nel change tnat ls ﬂ&aarVﬁx ux&h hich u ghuuld be
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dependent ou the poriod of observation relavive to the

ghase of the polap ﬁ?ﬁl@'ﬂf aebivity.

This problem &8 by no wmeans conclusive. The
suthor has exatined the reldvionship between the dally
varbsbion aad G £or the dube of the inelined telsgoupas,
and has disgussed the losation of aﬁiﬁﬁﬁfﬂﬁ? on

Y

satnagnetically disturbad aod gulet dayd.

1.5 Intows

prgbution of variations

The major cosuic ray effects which cen be
susociabed with events cccurcing on the sun can be listed

ps Follows.

{1} when piant flarss vedur on the Bus, sua enits
sognie ray particles which dn exceptidnal guusgimay even

atvaln an eRergy upbc 50=60 Beve .

i ; L i 5 Y 4 5

_ Mapy short tern ceswiv rey intenaity chayies
and some fluctusbiong of andaotropy cwt be dirsatly
apgociabed with the genbral meridian passage of noblve

soler resiona sueh a9 sunupol groups, wiipolar reglons, gnd

n)’

rezions of intenss goronsl esdssion of 530

o {3) Captuin scbive reglona on the s wiligh
pursist for several rovatlung glve rise to the
characherigtic R7 day recurrence tendensy in the verisulon

af euamic rays.

&} Cosudo ray iovensity as well as the low energy

cut off have inverse relationship with 11 year ayols of



golar sgbivity. Probably ehanges dn vast-west ssynsatay

at widdle latitudes £ollows the solay oyole.

151 It 18 waﬂy“ lnteresting to avte that the
12 month mean aolar anloot¥opy exhloite g @2 yeay
poriodicluvy in step with the activity of some of tha
Invergsting ﬁts.:az‘;mﬂm o1 vhe sun sudngst which the
felivwing vuy L’?@ zjmrm:imi@ﬁmg,

'{'gg The state z;,ﬁ" sagnetic w;mm‘«[ g bipolay
= sungpot groups. ‘ “

(b} slvernating churscter of suscessive

am:ﬁ;m ovoleg, )

(¢} Feengueney of prowinences.

{4} Provable varistion of f:éssla::* dlabeter.

g} The diverying moticn of forming

mm;y% FROUDH. ~

(£) {fhe proper motiun of spoba in latituie.

{6} The clode relation existisg botween tosode
ray varkoblea and geomagnebic scblvigy polods out 4o =

somson seuwres of selar activi

-

tic
ivity vheongh particle redigtion

A
fron the sun.
The laverse yelatlonsilp between bthe solar
aetdvity and chipnpes Lo mean intensity and zeomggnetic cut

off of wosmile raye angd the fuob thal magnetic sturs are

malnly ascompandied by only decresses in cosuic ray
intensivy and sob ingreases, sugeess that the mechanisn
respongible may be wmodulabisn by solar controlied

soraening of Lhe azrth probably by magastlised clouds of
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wﬁi}g

iaterplancbary vautey waiuﬁ Eay bégoms bar

[ R 1o

ingeblve at suappob migguum and gimit low @ xarwy parbiols

bO anter Lhe abkosphere.

1439 Gegeloctreic and Hellosensris models.
HREt g s v ik nwovi Rl 25 AR e

R L: RN . ey
bavis 7 bas digoussed a medel in which

# Fleld=free cavity of dianstor 200 .. arownd the sun

da ereaved b? tho Gransportation of polsetic fields by the

dgUd

bighly Lﬁmﬁmﬁbiﬁﬁ lon stresms from ﬁh@ sutt,” The size of
tﬁ%'eaviﬁy,i%‘ab%&im%a by ﬁ%ﬁ%ﬁiﬂg,ﬁuﬂ moseabus Thux of
Wiverging eorpuscular esission to the mgberlal presuure.

This cavity can trap cosmic vay partioles of snergies logs
¥ j &

Lhan U ey, for pericds vwrg<iarg a&ﬂ§&W¢@‘t0 & sunapot
eyele. Davis has shown that o shange c:;ﬁ’ Woin she seun
radius ﬁf thae eaygﬁy‘w%ﬁh 11 yeuir of solar sobiVity can

cnuse u change of 4% in the oy 3&3ﬂtﬁﬁ dey of cosmie rays.

iv

Sinma the travel Limw ranulred iﬁr chrpugcules Lo %rﬁwwl
from a%& ﬁmn (23 nﬁw cavity wall i one year as ﬁﬁuymfﬁﬁ
to one day required by cosmic rays Lo travel the same

digbance, rapla dlucbuaticas of cpsoie rey ntensliy ssanct

e

be sxplalned by Lhis shoucy. .

The electrical comductivity of the inverplanetaey
o F

gpace may aot be dInfinite.  lo such & cade, as Heiser

velieves, thers i o | govd bikelihcod of the wnitted sattor

swasplty Lhe gelactie fieids lesving bordnd s sasll
ragiduel magnetic fleld and thus making the cuvity

digmagaetic dnstead of maklag it Pieldwfres. s

caleulations show that the diapagvetic cavity wili ke av

3t
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......

oblate gphariod of %@M&dﬁﬁ LLE N

5 x ?aiﬁg; and 5 x 10
with a residual nametico &nwla ef ix%un&&t" W =% ;qtﬁﬁ
‘inslde Gt. The out off L the primary rigidity is
gxpluined by considering the ti'a,;im:t;wi ag of purticlos
Cbhpough the dlesegnebic spbheriod and the brapping of
vartedn purticles iuglde iv. Inteprsl speetvum of protons,
oL particles and hedvy nuelel predlcved by this model |
grae well with the mxyazgm@qtai ﬁbdﬁ??ﬂ%i&ﬁﬁu"ﬁ Change

of 1.6 in iﬂ‘w tohal i’;cs;t"gfu&izu’iaxr f,ezm;;;m of sun’ pver &

sHNSpLt oyels” %mu axpladin the - in mean intensity.

Sinee the magnetie fleld withia she dispasmstic spherded

iy ks a Dunotion of ﬂd?ﬁvgh&vmﬁj of iaterslanstary sediue

3,
pid 0F Bhe P%ﬁuizriﬁj af solar don shre asy it ig culve

LG
variabla, ﬁf Preving vhav the changs i eobmie oy
fur lﬁ}t '

mEpdatn

invunsivy follow the changed in By with o aneill pha

of twe to wﬁrev maa%a&, Helser kaﬁ wb%n able o ¢

~

Lhe ehanges in lﬁw WNBrLY ¢ub @fsﬂ aﬁau} aBsshar M&a
%0 tha dnstabilivy

arx&&uxa$4 %&@ %@mv modele by peingi mg
of various ﬁii@m wdiﬁl whli disvupt She on vxuj walla

3 oparticles to @

theraby onabling %L@ ,w_

ﬁagu&hima hmz tried to wxpdain the uﬁ&nuwﬁ La
inn&uﬁity 3ﬁrou sh changes in the stete of geoolewsris

fialds. His nodel is able tﬁ axplala baw chserreird albdtude
Io w zabiafaebory

ancd Lotivude depelence ol variations
iong

P dRar. ﬂupﬂs-t‘l?‘k%:?% AL Caniod &2{(&;,«-}.@125} Tiug .,.3\;33,1’*;?:-& ook g

which are sous bioos observed on sacnatically nulst d&j%,

whon wost probuadly no perturbing suoslettrie Tlelds ars
prasent.  Further Slapsents ohdgervations of lativude
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iﬁ@@ﬂiﬂﬂu% Bl gy uatx@nal QR&R'@H, in neutron latensiby
h@%@a@z7\ = 435% te B0% do not azree with the

aq,‘

'ﬁhu@r&uia¢& aaﬁiﬂaﬁaﬁ saloulated by assunlog axially
symuetrie geoslectrde flelds, at different Sisbances from
Lhe earth. 'ﬁﬁﬁ%? & eritical exmionation, 3impﬂ&&ﬁg3

goncludes t%qt the V@r Potion mechanion must be of exbres

tavx@aariﬁ¢ ordgin ami its associabicn with golar phenoneng
He had dast doubt

da iﬁﬁ@p@ﬁiﬁﬁﬁ‘ﬂf Lhi earth's systen.
on Lhe ?@ﬂj‘ﬁﬁl&ﬁ€“ﬁw of gecelegctyric tﬁazd uﬁwdﬁu@ gt %ha

bigh wiﬁabrlgai sonductivity of jouos vh@r, and dobare
planebary Space.

‘ ’ . ii". 9 " = N " 0" % X o P o
Mmryiﬁal‘;1 Hae proposed a heliveentrie snodel

Wiich pesumes the exisbuice of a nighly Yurbulent o
Piedd in the lonised matier emiﬁ gid ?r@ﬂ tho @uﬁa The
ionlsed ﬁd&%ﬁf m@ViﬁM outwards frnmAth» BUH aﬁanii AT

i~

sarbh and shield %% from @ul&%&lﬁ soanie puay pavrvicles,
The ﬁuﬁwarﬁ mﬁﬁ&aﬂ ol the lonised mabser wiii sweup Lagk
the low ﬁ&gkﬁi@? qoﬁaig ray particles and ﬂﬁhuu i
d@h?@ﬁﬂﬁ in »aﬁmi@ r@j intensity which will slowly pocover
to lbs norsaeld vw&uu when vhe intensity bullds up wmmuzu
the cloud due to she fiffusion of pelactic comude r&y

i

particles lnue in,
’z
ar&ar?! has relsed a nusber of objeetions acaingt
Ghis gualitabive model, priscipal swonget which are &
followa,
(1) fhe nuaber of ﬁuﬁﬁ@iﬁa glouds reguires wlll

result In & losa of solar d&ﬂﬁ Ew tihe btune of ?w%% g BRG.



YT »

whdoh is wvery nush & uwm 5 Ghan the praseat gt
EX o :

A o 1 10 %mx&&&¢, ma%déuad frawm a sbudy of dysasiles

ol wm; tiniliz.
{2} In ﬂwﬂar Lo poPreen wﬁu ?ﬁ?ﬁﬁ‘ffﬁﬁ all vha

4

ddyagtiong, sndlerm u44@%ADW ef fabter lo all directions

from the san Lo ndcessary %&@r an we do nod muva any

gylidance of violeng aﬂtiwgw? in the QQWu? ?d mﬂmﬁ of the

sui whth which are ssveciovsd the ejection of Rt bars

r
.

site vubward rﬁ@niwgrgiuuMﬁ have &

i,
R Y2
e
i
5
B
DA
pd
)
32
o
[

&

sharagterigeie time of ong dayy 4% is rather d817%ouls
e axplain the abaenge of marked cosmis pay varistlens
asavctated with the appesrance of gatzw@ ks dar. raglons
o sty digg. , : : .
. "
i%i The 3nara iwg % aaw by ?Ag " yé?&i%gﬁw i
raacgh the &arth aagg@uba Ll @dﬁ’agﬁag ﬁmaﬁ&@ Hhe earuhte
Srhiy & saaarkaa&y f?ﬁw From geattering sagnatle elouds
which ig myivaasa ol ubﬁ assunption of the sxistence of
ﬁaau@a'wuﬁwarﬁ.mmgiﬁg slouwds required 4o produce Forbush

d@i«f‘@’“‘“é&é-

P
{5) It ip Jif Loult te explaln nha repld Forbugh
ﬁwara@mwa aﬁd slow recovery observed in coanie fﬂj Intangity.
The high vwmmamhy and field strenzth of elouds Pelved Lo
expludn the sudden worlawide decresses have Lo %u}udmuﬁmin
for weeks togebhur to explain the slow recovery of gomudc

ray dntenglty.

1o ovéareaie tm,sw L«!&},}t QB mx:; cdg‘b%x‘z /a 488 proposed

a meghanisn which operates within a Few ssrbh radii.



Eﬂtﬁf?&ﬁﬁﬂtarfm&$wnwiﬁ§ sus clouds ave csptured by the
terrestrial gravitabionsl fisld forming a nebulous
geogentric barrier whick modulates the galactic cosmic
ray p&r%icl@a.‘ Gven thoush the solar burstis ure gl gy
lecegulor, the long 1ife of the disorierad g nebie
fields of gevcentric clouds bullt wp from Bits of capburud
interplanetary matter, will produce an uniform eficct on
the cosmic ray fotensity. He has shown that the.
goomagnetic field s sulficlently dense o buploxt Lie
wolight of thﬂ*%ﬁbuiaq Varkaerts %ﬁﬁﬁ@ﬂ%ﬁi@kwﬁﬁﬁi io able
to explalo sway of the duportant features wbaerved in

+

COBILE PRTS

= The low'enersy euws off can

ke SROYEY oub off
bo explained as due o the scattering £rom the dlsvriered
g |
magnetie flelds in the captured interplanstary materisl.
Forbush decreasé vecurs wienever s magnetle gas fron a
coanie eloud is dapburad by the verrestrial gravitasional

field, The fraction of cossic ray decroase will be wquad

5

to Lhe fraction by which the gecesntric Ragnstic cloud is
augnented. Thé“iém@th ol vime over whieh %h@:@ﬁﬂfﬁ?ﬂﬁ
bakes placo will be more then the tlse requlped ﬁw% the
pravitationsl capture of wagnetie clovds. Forbugh decreasss
which take & Bime of the ovder of 3 to & howrs will
correspond L6 a free Fall of mapnebic clouds frow s 41stance
of about five bimes the sapbhts vadiug.  The recovery of
cosale ray intenaity which will depend on the dscay of

Captured fields, may teke several wontha.



4.

ustmaEnat o effogt 1= #iw w@;g of magnetie

elouds Torming aﬂ% Fevgentric aarﬁ* roounpresses tho
'@ﬁamﬁgaabiﬁ_ﬁiald h@lGW’%h@ alﬁuda causlng an lnorouse iﬁ.
the pewssinetic field on the gurface of the earth, bLa
bha other hamd the presence of aonmagnetlc zas clouds ugy
have just the gpuosite wfzmat* ideaily sultable
combloation of these two ellleets, Wille the earth isg
capturing new iube srplanetury mataerial, cas m”ﬁéuua voth

4 womtdc ray decresse and @ bagnetie ﬁtuﬁﬁ,‘ La@
proportion of ﬂﬁﬁﬂwti& and nompagnetic gas in aha capbured
laterplanstary waterial determihey the 2 extanb Lo wiich bhe

%

eosnic ray deersase will be secompanied by the msesetis

- >

Csborm snd vice versa, : .

hven though this theory has ma 1; abbray %iv@

features, nha awiﬁnaama ol the geocentrle barpier hos not

,,”\-

yot been ﬁﬁ@uvimunuaiay provod. "The debaotion of g

narvow @ﬁﬁﬂﬂﬁtﬁﬂ% line of the bareicp clouds in the lﬁmﬁm
gp@abruw Lakan by FOcket borne spevttrographs sen establlsh

sgoeentric barrier,

173

In a pevent paper Parker' ™™ has suceeaded in”

the @Amﬁiﬁﬂﬁ@ of

explaining the 11 year oycle of #asmiﬁ ray intmnaity by
the hydroiynasic sunilow of gas from the sune By stretching
the mametdo lines of force of the solar magnesie {1 hadd,
bhe hydrodmanie pas will wake u he magovtie Fleld in Bl
inner solay aysten essenbially eadisl.  Juch an cubward flew
of fyiredyganic gas hae alse been Laferred by Wiemusnn Lrom

ohgervatlions of cosat tnils. 2 hﬁiiﬁrﬁibﬁ’“ shell of
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U ig fopmed when turbulunce

diserdersd ffeld of 3‘”“
sgte in it & distanes frowm the sune Juch o shell wan

interred from the observations of the last selar flarve.
Thig model can explain the inverse relstionsilp Ystween
this cusele roy changes and solar setivity end slss give
@ proper cosmlo ey energy spectrun which iy in agresaent
igieated that

with the observed sposbimus.  Farker
tlhie FPorbush byps decresses gre local geccentrlt yHencuens
produced by aha inbarackion of the a&ﬁzl&»img[wxﬁ from
the sw tﬁ_ﬁhé-ﬁ&?ﬁﬂu His wodal howeher, doss nob

exploin the changss in the golir delly varisbion and its

relatdonship with solar wod geomspnebic activity.

_iu&Lgiwu.in iqmnrpl?ﬂﬂt@wv Spags.

. alivent P4 175 g abtenpted vo dkplaln the
osale ray variaion with the help of solur bemis of
iaaiaaﬁ;g&am “wﬁ Froszen in magnoetic Lields m&rrxu& by
the moviag im&m*ﬁi agboriel of the bosm will give rise to

an glectrde fleld for an observer situsted in o fixed fraue
; _

of relersnpeo. Thi Increcsss and decreases of edamio Pays

gan be ﬂ%?lﬁﬁﬁﬂ@ by the agcelerabion ant deceleratdéen of
. NP S EREY
cosnbe rave Wrsversing the fleld,  Drunbe S8 ansd dabmu Tl

have zrestly sxuended this model Go pxplaln %hv Jul.z

dadly vardlotden of coasic pays.  According bo theu tho
rakaﬂimm sany would be gbpeongly polardsed as seen ﬂvmﬁ,m‘
Lorence O

iaad goordlinate s Ahmm go that g veltage
5
Lhe order ol W0 volis wwix be daveloped aeross bhw Polag
sl uim ol ny ﬂ;ﬁ&éu’éml’a fhe i,u..”.'}lmh acticn of the

elactrie fisld pr sdueed by pi.)l:;u.‘é..;a ie and hine sulap
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1

magnetie Mleld is to make the charged particles
partake in the poneral solar robation thus gauging an
anlsotropy ab 1800 boups. U E {8 g &t has resvived the
diuvrnal variation inbe two components and clalme Lhaet
(1) the Pirat ls the 1600 hour component duo Lo Lhe
partdele wind of cossic rays ns & result of She sus
overtaking the earth in its orbit and {2 the sesund is

\ N
of particles fros the sun conslating. of & pnersl cubward

the 1200 howr congonent which 18 dus to the ratlsl flow
difrusion of particles as well aw the direst flow of
particles inside corpuscular Desns sSsocisbed with active
sungpot regios and selar flsres. 'The 1400 hour ﬂ@mgaﬁ@ﬂﬁ
which dmparts the radial snisctropy will chunge the 11 yeur
gyole Of polar sebivity whereas the 1909 hour é@myﬂnamt

will remadn falely sonstant except géxh&@ﬁ»ﬁuﬁﬁﬂg very
heavy maghetdc storme. ?ﬁaéé5&$&uaﬁiaa$ regudre a magnetic
fleld of the éﬁﬁ&r of 10™2 guued abt che earth's ogbis to
aﬁpimigfthé«ﬁiaﬁﬁal varlatdeon of suplitwie of apirexinately

i

'

% SR S
i.‘;iaﬁ%;(ﬂi

pr
o

ﬁaga@&ima%?? hag gualisasively exanined Bl

trajectvrien of the cosmie ray particles passlng through the
bpam under whe comblned influence of the Lrozen tapnetio
tisld within the beas and an electric Pheld fnside bhe

beam s seen frow o Llxed observer. e has shown Shab,
asgsoclated with every bews, andsotropy exhiibite a sharp
waximum ab & particulapy ensrgy, below whieh it “oes nob
exist and above which 1t progressively decroases sgs b

energy i3 ingreased. The ghange in the densiiy of solar



strean and the gtroengui of the magnetic {isld during ﬂhé
cgei@ Qi Bol ar agtiv&ty cauges the 11 year ugela af aw&mi
ray varlstion. decording tu this hhsury Lhe mnﬁwhm
anigobropy would be prodused in the direstlon ﬁ@iﬁbiﬁg

towavds thi sun, wileh agrees well with the arporing %&i

iy

ebaervetlons of aborm type vector by Senide et sl "7

the purposs of dally varistion e most lmpurtant

component of Lna frosen fleld is onv Q@“H@ﬁd$émlgw'ﬁw bhe
I

plane of @mlxyﬁiﬁa Herurkar has au%dﬂs&aq she possibilivy

of the fromén field in bemms belng derived from the bigh

Loval sunepot field pather thafi the dipele fisld oi the

Sl Uongaquently, the {ield perpendiculsr to the platte

 ogediptic would have avcompgnied whigh ia elther parallel

Lo the solaer dipole field or opposite to it. Using primary

spectrus given by leher and multiplieity function derived
by ﬁﬁﬁﬁﬁhiﬁ&; ﬁruﬁharqg” tas ahmwn thaﬁ Lhe above Lhedry

can %K}A&iﬁ bﬁu‘miuﬁ% m&ammﬁm,iauna ﬁn ilow latisudes,

"ﬁ&rmaﬁﬁ\ﬁﬁa aﬁgamﬁtéa Lo axy&éin the observed
ueamia vy %f@@ﬂﬁ% by the mﬁqul&&maz.nf andsotropie pr rlaary
Intensity buyaugn Qh&&ﬁhdviﬁ slestromsgnetic state of '
laverplanstary space, He has worked oub the wx@eemad
eosia ray @ifeqt due wo different @riéﬂtatiwﬂﬁ-ﬂﬁibh@
Frozen magnetic fialﬁ and Lopr differant positions of boams
whth roupect to the &mrﬁ&« He vannet however esplain the
segular or day Lo day changes of daily wvaristion which ure

sgen prominently at low latitude.

dorsgn and Fﬂiﬁhﬁfﬁ“gj afbe#vﬁxaminim@ Lhe daily
i ‘ : g
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variutlon for differens couporuavs of cvauic rays

Al ilﬂf‘ﬁﬂi
% Jpes of

Bl ast

ubfferent latisudes end longivudes by vevdous

instrunents, have come to the concluslon that

e
< ¥

36 Por all byoes. of (;uzumzmnm in i ven by Lhe

| !
@™ Deth and By = 0.0 Hov. Pt means that the

7

daily varlablon of particles of enevyy less than G ey

ia virtually absente Ta' bas been called by Uoruns a8

thatpower of source’s He has found out what the sourcs

P {’:a 3{;};

of dally variasbioa 39 almost ab ?:‘iﬁ;g};?m wmim R A S 1

3 @'Hﬂ*i‘mﬁ}i’& ;{;irm and is vo the mh, side of it iHe

atwaen Gha ﬁmwéamﬁ iige and 'iaha pogitlen of the gourde.

4 aerious tix mmm@ of ids wetbod, as he himselsd i

g 1Ay 3

is vhut bhe hes ne g;,,hp ahed Lo Lake inte conglderaticn of the

34y she

aceompdating all the obs arved fuots Ls forsid

@R ;A i’ig; i‘wi‘?«w Gf the ufr}ry varisbion,

R
song of Lhe exbsting theoriss ig able to explaln

wbngntadly obssrved compliieatad Faat uras of

roy variations. ihe task of fommulaving a theory

7“’ 5ie . }%S é'y

vable thoory has vo explain p sintuus of the Foliow rhng

important fegtures obgervaed in cogale ray eariabion te

{1) he 12 wonsh mean daily varisvion ofton



eanibitg bwe elp .tiiti?é‘t:.fa ‘&wwi&mx partieon Lart yosh low

akly variatioen

Levdtudas, whigh ir .i? gaben that the

the diurngl guep wsxazm

canset e oan D
pdoing e : SR

he prinelpal maxivus of daily verlabion has
ahrdfsed by a8 nuch as 10 S0 12 houps over a pericd of FERTE,
{3) The very exigtonge of a pe rmanent &niﬁﬁﬁrﬁﬁy

hat not been proved bayond fm; doubs. Swen éi, Sueh an

aniastropy L% srasent it ig &?:E?‘“”i‘%vﬁél”’ it .;..«:x i}g AEPES

at ;\;ﬁ.;, iy mrimbm day e day zm,awm 'ﬁsﬁ" 53 o

(&) The change f the am%&itu&% of dally varlztion
with the sexdangle mfjﬁpaniag &L e muiwduu; et dow
lavivuwies is much larser than G nu;m@wly e ﬁhﬁﬂhw@du

{5) The connection Betwesn the el iﬁﬁ@ﬁﬁity awd

Bl aﬁ@n%as of dal Ly Vﬂfiﬁhiﬁﬂ\ani thadr r&&a&xanahiﬁ wlih

bhe pecmey mn&&a &ianu?naa~% ias ﬁa@ cloars
i

{m} The ﬁﬂwxh*‘

R

| y dependance of iém,lj vars Xﬁtﬁ.séﬁe' Saensy
o be xa,*ef:z:z;"y &:{}ﬁ;g}li.‘g:ﬁﬁﬁ& as ab blmes varigtion In ooue
paergy bands ungod umpaﬁ ed by corrasponding varistivns in
wther snergy bonds or accompanied by‘$@§33$tﬁ ﬁyy@ @f
variubdonn in othuee eagrgy bands have baon t_m:swmm
AP Rwperdwgntal evidenves polnt oul Chab 42: LIoast
wiier certaln gonditlons, the dally variebion is cuused

by 8 sourdce ol geccentyic origine

Purther progress in the subject depends npon
conducting the esperiments ab different latitudes aad
longitudes gnd fn different pericds of solar eyolke and

comparing the results of these investigations with various
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WTesliebiis:

(R dbgtement of Yhe preblen

The study of Luﬁmie ray Ghse variabions hus
%%@wﬁaﬁ grant wm&&?ﬂ&ﬁﬁ& on gocount of the light 1t
%h?ﬁw@-ﬁH ﬂhﬂ origin yr&éé&&aﬁ of modulstion of gognle
radigtion, The study is wmoresover, vepy helpiul in

understanding the elactromagnotle state of inverplanetary

BERCEe

'
o

541 v@uu of the nlghly Variable chmr&*: er of the

dully 'griati&ﬁg vuptrbanee hag ruﬂantly shifted to the

study of ehanges of ﬁﬁily varigbion rebher than o mers
budy of the F@ma &diiy vardation over an extended paried

of Lima. wwmh rmports ub gusutions on gﬂich W wildd dike

o
oy
&

gadn infomation aam e listel ng ﬁmibﬁdo

G
tii ey %yy&#iﬂg Lcrreatﬁun for varistions of

&&&&Q“ﬂlﬁéi sak @?igiﬁ, ig the dally va#iﬁaimﬁ
L cpused & solely by an andsotropy of prisary

r@uAdnwuﬁ oy iy thﬁr@ a differsnt source of

Viqxig varistion which operates oa somg ﬁwyﬁf

Is thers, for instance, a local source of

nownabeorologlcal origin? L

(&) Zp vhers any source of daily Vﬂﬁimiiéé which
may be considered to be constunt over a period
wf ghows & year or longer in addition Lo She
gource or sources which are responsivie for |
the dally v&fiatiun,ﬁf Bighly variable

sharacter sa a day Lo day besis?



e G ‘ :

{3} vhav is bhe energy dependence of the sourcs

of anigotrogy?

{4} “hat is the relationghly betweon nean Lnﬁvﬁb&tfa
da&iy‘?&r&&hiﬁﬁ and Gy, the imdex of

gevhagnetbic disturbanca ¥

{3} what are the changes pocurving in eadtewest
agymmetyry and wha% is vhelr relatlonship with
%9 e bhe d"*iy ?&F&a&iﬁﬂ r

in segidng Lo answer wﬁ%y i tumwﬁ gugstlionsg, the
directional wsbudy of posmic rg3 ah%@ﬁﬁiﬁj dan BE very

tiplpful, Kﬁlh@ra%mr*gh, Halufors *?}3¥ s si@iui ok

. by
T N i . e ' ! -, ) B P, P s de WA WA SRR e Lo . HY gy b S i -
Belbear ; de rated adpost Lon years sgt, the leportancs
p «ﬁ»“ o 1 glasseooes in the ot sy E T oosmic poy
directi iyl Lud RRAGUEE IR Li shuw Nt COOMLG ¥ ony
¢ )
variabiong. La&&r on emphasis shifted to uunkﬁ'hﬁ@ﬂﬁi!ﬁﬂ

&Wtirn*ar f -l maa S nG wiﬁﬁ’ﬁ%m&rﬁa\mﬁniaﬂra @ind
Lhis ﬁh& maﬁiaa && in uvhe nopadeption of a standardised
ipgtru&aat for \mwxiaﬁt irectilonal sbudies durdng 1.0.%.
ww?@wﬁveiﬁﬁ&g iuulut@ﬁ investigotlions at »iddle latitudes
have dermcustrated tm@ vary grest sigadficance of euukamumam
and ﬁxt@mﬁﬁng ~xrw¢@iwﬁmi sbudies. Hecent studles ¢f
liiam ot Qi:im and of ?&r%ﬁﬁ&j&9’7§§ ualng directional
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An order to relste the dally varistion of the
measured M weson lutensity with variations ahﬂ,ﬂﬂiﬁﬁtrapw
of pericary @&gﬁin ray intensity, it 15 @%ﬁﬂﬁ&&al LU Ruow
the response charseteristica of counter telescopes for

background f&ﬁa ticn and for ﬁni@@t?ﬂgi& redigtion and
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of a uwieduuuﬁ in yny dlrevblon, ons.has te caluevlate the
sensitive srea of ah@ telescope for the particles uumiﬂ

Prom that direction and mulsiply iv by the iuuaawiﬁy 1& phat

direction. The sensibive area of the t@l@mcuku xi{m&ximwm

iﬁ?‘y%lhi“i&ﬁ coming ig o dirsction yﬁrm ulxwulxr tw Lha

piene of the gounter tray, & vertical wesen telsscops fop

exapuple, hos g maklown senglbive ares fmr particles comdng

in the vérﬁimal diraetiom. 4 sluple &&@mwaicw’ consideration

shows that the solld engle avallable for particles coming in
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inclined directions s grester then the ong evallable for
inbe scoount

thoge coming dn vertiosl ﬁikﬁ&tiﬂﬁ, Taking
poth bthese factors one ecan ealoulate the ﬁ%wmatﬁical
sengitivity $.5(0] of any t@lﬁﬁcﬂpb srraagenent fop
different values of the inciinetion @ , which the inconing
gosnle ray ﬁr&jﬂﬁﬁﬁriﬂ3'$@§& with she vertloal. Far&&a&gﬁﬁ
ha& obtained an expression for the sune fOF o seseqn
velescope of cubleal aywu@ﬂrg, the author, in éﬁilﬁh@tﬁ%iﬁn
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| 4}
are comuddé ray intansities iﬂftﬁﬁ yertical dirﬁﬁﬁiﬁﬂ and
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chanber. ’

/,

ln the case ol inelined. bﬁi&dﬁ&*uﬂ, the calcoulaticn



of respinse ﬁhﬁ?ﬁ%ﬁw?&whﬁﬂ& ib rendared complicated. Hoo
annulor ring sround the axiy el the telsseope woire asponding
te a partieulup 'wimv vt 6, 33% angle ¢f Inelinstlon of
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direction whieh falls oil with Lhe senlth wagle sceording
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The ax r,\ & dn s."m\sa waéanma;; G, r&daeﬁ“ e 1 % d whey

z
o

i w i&:?'r mi mdx,um Lo ozero when § = {45 + tan 4l
| \ & o
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Intansity iy cmi.«gm;aw& for esok valus of G wnd the
curves showing the mistion batwgen intenaity aod the zenich
asgle as well s the curves sho wing the relutionsbiy betwesn
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Leleseopas haviag 109 snd 20" eidsagles of opening in the
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wean value. For teledcopes having a seulangle of 10%n

L Ehe eastewsst plane and 45% in the noerth-gouth yi wig, the ‘
mean foelinstion is at &Qﬁﬁ‘ and 305 of tho record m& v
radiation ls incident within o aona ol 33 el thig wmean

vadue. Thus we Lind thug thery 1g not much difderence
bmhw&ém‘ah%;fﬁﬁpwnﬂﬁ characteristios for background rediution

Cax teloes f.,u;. i haviag 1% wng ?ﬁ(ﬁﬁ mmimp&;},@ Of opening dn

Lhe wawbnwa;t plone,
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Hruibers / ha®) werked oub an expragssion for the

toval counbiug rate of ﬁtﬂﬁiéﬁﬁﬁﬁﬂ for difrerent angular
pouitions of svurce element corresponding vo a so0lid anglo
A ou the sphere of agyuptotie directions, and aﬁaﬁmiﬁg
g certain mﬁ“ﬂ&tuﬂ BPectrutl maah:yértima of the eleuent
pives a cerbain counting rﬁiw»iﬂ L ﬁai&ﬁeagé ﬁmr‘& given
aowentwn iatervil. Harking a distance ih r&dmai uﬁxaati@ﬁ
praportiongl t& the counting rate c&ﬂtrihat&ﬂ by wach
source elament av varlous pogitions An, a curvad surfgoee

above the global surfice is @abaﬁa@a, the m%zgmﬁ of which

Y
B

varies continuously over the Bloba, lula spounbaln &H

called the'polar diagren” of the taleso y@ in tﬁﬁ glven

smwmnmkﬁmmmh fqﬁﬂs thMAQMWMﬂfr%t,wwtw#
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oy ot : T Ee . V Y Al
to aaloulate ti‘ié-ﬂﬂ}m’i‘&%ﬁf}ﬁ rate Aﬁ‘f’\ o nunbay of
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angd aid 3&mi14v %unLWmnuslwna Teow all sionentug 1&&&??&&&.
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Due Bo nhw BEren ﬁ&ﬂ% in the atwmo qgn@r%, even a parallel

bean of prigscey particles graduslly gobs uUﬂVﬁFﬁt& iwam Y

moere or less divergent besw of svcoadaries bafors QM&ﬂg

finadly recorded by the ctelascope. 2

Yhe finel expression for the tobal counting rate of
particles ugm arciving av a velescore of sesdangular opening
Yot a;d off grge of crosv-segblion 'a' perpendloular to the

s i, ia‘mxvuu by Che expression
’ o

1R=0 o

mO\\ .
f J‘m coB P gmxp Gp)i< d ,3 I{e)dp W AJLf bdz .. {16)




-

where 1{¥) reprnsents the ﬂm‘h@ of purticles per oo”yue./
sberad.momentun dnbepval snd B s the magnificstion of the
beast which raprevents bhe retioc of the miiuxwu wnall
solld angle oF the telescops di wo ite projestivs sasie

ﬁa;@ on bhe gseyepbotio dlrectien,

. Hijap nan [6 X a’*w;c*a.imm the nuober of pu
megons arriving st the seleseupe £rom the direction o, f
{azinuthal and senitvh angle of tho aei&acﬁw@ rofpeativelyl,
aad produced by privary partieles coning irom «) B, The
fagbor K s ziven by Hed.B. whers ﬁ‘r&@rﬁﬁaﬂﬁﬁ'ﬂhﬁ
;rjt‘s}ﬁu(%ﬁiﬁi rate of M wessas {fogm T op ;arimai*}* parvicles)
while O represents the dserease in m%@a Antensity dus to

devay wnd J glves the abaorption reve of N mesons.

: dpsuning o source éf'aﬁigazrﬁ§§ Vﬁr?img¢%imm$¢iﬁaily
in the squadtoripl plane, ﬁrauéeﬁﬁiﬁ&% shown vhat the amplitudes
of the extestercestielal luteusity as measuced by lon chamber
a6 Hu&ﬂé@ﬁﬁf&ﬁﬁ;rwducad in the fipst, second and. third
Bapmosdic cempoannts of daddy vardavion by Tasvors 0,72, U.38

\
and 0.0% rﬁwyaaﬁivéﬁy. wven 18 uhe source is gungidered to
have a slausoldal latensivy distribution @i@ﬁ@ & wetidian
alev, the results will pol change Gﬁﬂﬁiﬁﬁ?ﬁ%if'>\f¥@‘
correspanddng reduction [actors ab squator for vertical

gouaber belescopss of various apenings are given below.
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semivertiesl angle Aeduction factour (W) and the exvecbed

i the gashewsst nour of mesdmun (M) fn , i
place tat harmenie  2nd bermenic Jed heroonde

& eV i Wy kS ~y

A O e AP Rk A N IR F g S et it g W . R S w»\dqﬂnﬂnu‘mmmu\éapum«mmw»-m“mm‘mmu Ao A iy e R A e A i Bl R

fon chasber o, 72 56Y e 3 12 105° GallB Ték”
45° 0.86 57 0053 16° .20 185°
230 0.85  58° .62 1150 0.26  187°
15 Gagr 560 o.u3 0wy 1750
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From the above table we oan héqﬁ$mu@ that rﬁqnah&gh

facbors for t@iaﬂaawaa @ig% semigngles of 26" and ?ﬁﬁ'xa the

Sabb- W st p&aa@ ar& ﬁmawm& the sawe. Furbhed it is E?i%ﬁﬁﬁ
Lhab nﬁrvaw angls %@i@@ﬂﬁ;%% have gr@mn~43vﬁa@£«a uvar lon

T

cﬁ&vwﬂw@ or wide angle ¢ *Aimnﬁ%y@b B3 Lna FQ?M%? uhaerve

wmuch bl ghare mmy?i%uwﬁ ;arﬁxﬂwigymy in vra E L g %i tha <nd
and jf”w h’i,l"ik«f,’i:iﬁ.ﬁu- ) \ ‘Z(\?'
¥ ,

\wﬁﬁﬁ tﬁa above table one can slst sse Lhag the  hour
ot maxgmum is nmh gepandent on the angle of opening of the
telescope. The gxperimental results of darabhal ot al‘gm
however, siow that during 1933-1V54, %n& ﬂmFliauz@ aﬁ datly
vardastion measwred by nerrow angls %blmﬁﬁﬁkﬁ% was aboub 1.2
a8 pomparaed to the amplitude of daily;variﬁﬁiﬂﬂ*ﬂf“@mmi“
directional jatensity whidch was Ue2bi.  Sladlarly Yhe
maxinum of vhe dicengl couponent for onnic iractiaﬂ@i totensity
%&ﬁ at US0U hours as cempared W thab Lo nareew angle’
b%l%du0ﬁ6$ whlvh wa ab O%U0 hours. Jdekido et Jfbwbaﬂrvwi

giwd Loy mahuvicuw in nareow angle tﬂlﬁﬁuﬁy@% during the same
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period, ihe cause of { ﬁi& is not usderstoed. It is
therefors Lluportant to lurther mxmuina tite dependence of

‘ maduurﬁé daily Vm?iﬂti 31 ﬁhﬂ angie of opening ol the
telesgope. The lﬁﬁﬁfﬁm%ﬁﬁgﬁﬁﬁﬁﬁrﬂﬁﬁ%ﬁ by,ﬁh@ author has

a nunber of velesgopes having dirferent angles of opening
din the gaate-west plang, by means of which one can study Lhe
ﬂé”eﬂ%ﬁﬁ¢v of daily veriasion of directional *ﬂtmn@in¢@$ o1

bhe angle of opening of the tmi@eevpaa - :
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Tredenga®?, Fonrer™l. nmoshimed? o 28
fedengn®™?, Fou S8 T, dngashing™', Sorman’ aiad Bmoprg

rweamﬁiy'gu@nby aad wobber ¥ hg sve ¢dlm Lated thie coupling

Bob

svggtz vienta For vartiosl Lﬁuﬂﬂ@&bg. £~#ﬁmmgry Of Lhe

: T&&ﬁiﬁ% ﬁaﬁ vEen given iy oh apuer I H@W@#ﬁf;ﬂ%ﬁ&t@‘ar& o

publl shed T@J&Lﬁu ol uup iimg e@%* Lodsinbe applicabie to
W

dlrectiony lﬂtlzﬁwm b0 Ghe sendth. dince the lavitude
/aumkimx,gnaih 14@i£nanxwﬁﬁ upto 20% does not difter

T

G q Lably irﬁm Qﬁ@ Lativude effect fop vertical intensity,

i

Horman™ has 3u;uﬂa%m& th&h ;ﬂa coupling cvelficients for the
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~ triggered by diffefent particles all belonging to the same shower and heng

cidences where -different trays could be triggered by different particles ap

 trays.

A vertical meson telescope is characterised by (a) its dimensions which
y be given as length, breadth and separation of the end trays-.or, alter-
ively, the semi-angles subtended by the telescope in two mutually per-
pendicular planes and the separation of the end trays, (b) the amount of
absorber used in between the top and bottom trays. Once these character-
o are known it is possible to evaluate the expected counting rate of the
escope from known value§ of the vertical flux of cosmic ray intensity at
place of observation and the zenith angle dependence of the same.

A vertical meson telescope offers a maximum sensitive area for particles
soming in the vertical direction. A simple geometrical consideration ‘shows,
wever, that the solid angle available for particles coming in inclined direc-
tions is greater than the one available for theé‘é coming in a vertical direc-
n. Taking into account both these factors one can calculate the Geometri-
Sensitivity G.S. (6) of any telescope arrangement for different ‘values of
nclination 8 which the incoming cosmic ray trajectories make with the
vertical. Parsons® has obtained an expression for the same in case of a
on, telescope of cubical symmetry which is recommended .as standard
uipment for the current International Geophysical Year. His method
1, however, be extended to counter telescopes of any dimensions. We
ve attempted here to get.a general expréssion for telescopes of any given
ménsiors. RETE S
Ti. GEQMETRICAL SENSITIVITY OF A VERTICAL MESON TELESCOPE
~-Consider a geometrical arrangement (Fig. 1) in which the top and bottog
ys are represented by ABCD and A’B’C’D'f' respectively. Let the length
= A’B’ = CD = C'D’ = I and breadth- BC = AD = B'C' = A'D' = d.
¢ separation between the two \rays is AA!= BB’ = CC'=DD' =a.
If the ratios //a and d/a are denoted by 4 and respectively, the semi-
gles of the telescope in the two vertical planes one along the length and
¢ other perpendicular to it are tam? (4) and tan-? (8) respectively. .The
ost inclined direction the telescope can record-has"a zenith angle 6 = tan~*
P I d%a = tan~t 4/4% £ 8¢ and corresponds to rays parallel to the diago-
Is AC’, BD', CA’ or DB A
Consider cosmi¢ rays incident along a zenith angle 0 and an azimuth a,
ere o — O for a direction parallel to the breadth ‘d’ of the counter trays.
¢ beam will then be incident on the rectangular area OXD"Y of the lower
fray where ' ’
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ABSTRACT

Expressions have been obtained for the Geometrical Sensitivity
as a function of tHe zenith angle of a cosmic ray telescope comprising
of cpunter trays of rectangular. dimensions. The Radiation Sensitivity
and Cumulative Sensitivity have also been calculated, assuming a zenith
angle attenuation of the form I, = I.cos?§ for cosmic ray intensity.

~

. . _
- 1. INTRODUCTION

MEASUREMENTS of cosmic ray intensity in the vertical direction are mo
carried eut by Geiger counter telescopes which comprise of a series of counter
trays of rectangular dimensions situated one above the other. All counter,
in the same tray are connected in parallel and the pulses from the various
trays are fed to a coincidence unit which gives a sizable pulse in the outp'
only if pulses are fed to all its inputs within a small time interval, termed s
the ““resolving time * of the coincidence unit. The coincidence output rate
corresponds to single charged particles passing through all the counter .tfay
except for (1) a contribution due to showers where different trays could

arriving almost simultaneously and (2) a contribution due to chance’

rently unrelated to each other. For coincidence units with resolving times
of the order of a few microseconds as is usually the case and for more thaf
two counter trays in coincidence, the contribution of chance coincidences i
negligible. The contribution of side showers depends on the material if
the near environment of the telescope and on the separation of the trays
Under optimum conditions this does not exceed about 7% for triple coinci
dence telescopes, as investigated by Greisen and Nereson.! Thus the va$
majority of counts registered by such a counter telescope are due to cosmi
radiation incident in the cone within which a single particle can cross all th

OX = (/—a-tan 0.sin o) and
OY = (d—a-tan f.cos a) )
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from o to. (¢ + da). The solid angle subtended by this beam at the centre
of the telescope is given by -

_ (R.sin 0.da)-Rdf
Rz

— sin 8.d8.da | 0B

The relative Geometrical Sensitivity of the telescope for directions con-
fined to zenith angles between 6 and (6 4 d6) and azimuth between o and
(a-}— da) is given by ,
G.S.(0).d0.da = A. sdeGda _ 4

%
The total relative Geometrical Sensitivity of the telescope correspondmg ‘
0 a zenith angle 6 is

G.S. (6) = ['A.sin 8.da

Fm 1

The effective - cross-sectmna] area of the telescope normal to the bea
Would be® ‘ :

= sin 0.c0s 0 [1d.(ag — ay) — a-tan 0.1.(sin ay

' —ﬂsina‘—'}-atanﬁd COS ay — COS a
A =cos 0. (Z—a tan 0.sin a).(d—a.tan 8.cos a) 1) ( 2 )

atf4 tan20 €08 2a, — €08 2 5
Consider the shaded area (Fig. 2) normal to the direction of mmden . — (@ ) .(c08 24 o) | 5
‘Puttmg (dja) = & and (l/a) = A
G.i.z ) _ in 0.cos 0[4.5.(ay *"*al) - | N

— 4.tan 0 (sm ay — sm al) -4 8.tan 0.(cos a,
— COS a;) — (’can2 0/4): (cos 2ay — c0s 2a,)] . (6)

here a, to a, is the range of azitnuth for which the\ effective cross-sectional
rea A has positive values. !

S

Assuming that the breadth ‘d’ is less than the length ¢ I’, the zenith
ngle § can be grouped into three ranges for each of which a set of values
f a; and a, would be effective.

Case 1.—0 < 0 < ta1r1 (8). For this range, the azimuth values range
om 0 to 2#. Since, however, all the quadrants are symmetrical, it is suffici-
It to integrate from O to m/2. Thus a; = 0 and a, = =/2.

Case 2.—tan1 (8) < 0< tan~*(4).. For values of @ in this range
(see” Fig, 3) the particle ‘would miss the telescope for azimuth « = 0. The
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For isotropic radiation incident upon the telescope, G.S. () is directly

cross-sectional area A will first become positive for values: of azimuth gj? _
: , proportional to the number of particles coming at a zenith .. If, however,

' there is a zenith angle dependence of the cosmic radiation of the form
Cos ob1=£=i/£=(a’/a);cot 9= S.cot- @ “th o '
D Dja . ‘ I, = I,-cos 0 : -
Thus the lower limit is «, = cos™1(3.cot §). The upper limit for integ he Radiation Sensitivity R.S. () is given by
tion is still #/2 as in case 1. ‘ ' R.S. (6) = cos 0.G.S. (0). | ‘ @)
} : III. REesuLTS
:— T In Figs. 5, 6 and 7, the relative Geometrical Sensitivity and Radiation
\ 3 . = -
'I >y “Sensitivity for various values of the semi-angles tan—!(8) and tan™*(4) of
; 152 /N a telescope are plotted. The value chosen for A is 2.
. . . - ,__l}
‘ ) | . df 6"' O\’v . OO' ---GEOMETRICAL SERSITIVITY
~— RADIATION SENSITIVITY
. ’
i Xz 00! 8xad
Her . .
. 0005
) Fic. 3 .
Case 3.—tam™ (4) < 0 < tan? 4/4% 1 5% For this region (see Fig ) ’
the particles will have a positive cross-sectional area for values of o betwe 7 ]
a; and ag, where ' ‘ : Z oou- .- 10x26 - e
'-, . a & -2 -
a, = cos™* (8.cot §) and a, = /2 — cos™! (4.cot §), £ oo \‘\ ¥ \
' ' ' E3 002, C~ N\ ’
- v - z LI W
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F1G. 5. Zenith angle -dependence of Geometrical Sensitivity and Radiation Sensitivity for
a ;e}escope having a semi-angle of 20° in one plane and 5°, 10° and 20° in a perpendjcular plane,
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‘plane.

Fi6. 6. Zenith angle depcndence of Geometrical Sensitivity and Radiation Sensitivity for
a tolescope having a seml-angle of 45 in one plane and 5°, 10°, 25° and 45° in a perpendicular

plane. tan~t 4/ 4% + §*
[ R.S.(6).d6
®

N =4I, .

The total counting rate of a tglescope is given by

9
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The percentage contribution to the total rate of particles confined tg:
the zenith angles between 0 and any value 6, is given by the Cumulative Sensi-
tivity C.S. as ‘ o

an~t 4/ AT+ 52

C.S. = [100 . f'rs. (0).d6] = [ [ R.S.(6). 9]

0

(10)

—

The Cumulative Sensitivity for various zenith angles and for various
values of tan~1(§) and tan~1(4) is shown in Figs. 8, 9 and 10.

100

@

[o]
T
~

)

CUMULATIVE SENSITIWIT

L | 1 1 H
20 25

i lozsmm Ar:IéLE )
\FIG. 8. Percentage Cumulative Sensitivity of a telescope having a semi-angle of 20° in one
plane and 5°, 10° and 20° in a perpendicular plane.

A striking feature revealed by the piots of Cumulative Sensitivity is
that the bulk of the radiation is confined to comparatively small zenith angles

in spite of large opening of the telescope: “Thus, for a telescope having semi- -

angles as large as 60° in both the East-West and North-South planes, about

70% of the radiation is confined to zenith angles less than about 35°. The-

bias towards smaller zenith angles is increased still further if one of the semi-

angles of the telescope is small... For example, a telescope having semi-angles . :

'20° and 60°, counts 70% of its counting rate within zenith angles of 0 to*25°

In designing a telescope for a particular investigation, the research worker

is interested in the directional sensitiVity of his instrument. The presl?nt
. work enables the investigator to decide the shape of a. counter tray wl}lch
would satisfy requirements of directional sensitivity in the most appropriate

plane and 5°, 10°, 25° and 45°
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.,

way. If, for example, the requirements specify an 80% response due tq
particles within 10° inclination with zenith, irrespective of azimuth -of direg.
tion of arrival, a counter tray of square geometry obviously provides the
optimum solution. If, however, we are interested in a narrow angle of 5°
in the E.-W. plane, a rectangular tray of dimensions 1: 4 in the E.-W. and N.-§,
planes would still provide an 809 response restricted to 10° with zenith,

The authors are grateful to Prof. V. A. Sarabhai for helpful discussions
and to the Atomic Energy Commission of India for financial assistance,
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formed from the @ng&u@ d&éguflf ﬂ@viaﬁi@ﬂa are Argwi.
Table 4 gives phe ﬁﬁyiih e and tlnes of waxima of the
diumnad and sesddliurnal componanty of the 12 muath nean
dally vardation in esst &5@ waat for the yaars 1957 and
1558, | o

Gince bhere is no sigoaificant change in the form
&ffﬁa&&y'vmriaﬂimﬁ.frﬁm 1957 to 1458, we have coubined the
curves for 1907 and 1958 and 24 mouth mean uwm&% coverdng

the yeers 1937 aod 1958 are aleo shows in Flge i?»
:‘ - K4 .

s . .
» -

o exeminiog the mean éaiig vardavion in esst and
west, the fellowing observabions oun be nade, '
(1} The Pu~ﬂ sm peak anelitude of the vari @kimn in
gast and in west is kuparabéﬁa The diurnal
sl the semidivwenal amgixtﬁaw& in ﬁﬁﬁﬁwﬁﬂﬁ wiast
Cavre sindilarly §§M§&?§§iﬁ-

In geseral we fMnd that the diurnal Lime of

.?ﬂ‘-.'».
1 >

- mpsicen L8 oash ocoupn gboub & houvrs eprliey
i)
o Lhat In west.
./&/r

1

LL so gorrsction ds applied fup v&rLJLiaﬁ xa »
ﬁamg@r&nurﬁ, the wapliitude of the dxurn 24, v&riuei@n;xa
west Le found vo be very suall, being Qﬁlj about hald the
amplitude of the diuwraal varistion in esst.  Fhe four

fours difference betwsen the blmesof diurnal maxioum i

gast and west rewalng umﬁltﬁr@d, Hy applying the currection

for voriatdions of atueepherie tesperaburd, the aupiitude

of the diur;al variatmun in west increases since 1ts tlme



of &Lurnal saxdnum is a““ruxxmaw@i; %t T@QU heiazs,

2038 form of daily werdation on ind 1deui3x%$ﬁg

Wangy di&brihmhi@ﬁﬁ 0ol the oeouerence gt ek bimauy of
the diumel bing of ﬂsﬁxmum‘im saah ﬁnﬁ weat when the -
corresponding diurnal aoplitudes sye algpnificant at bhg RO

teyul are shows do Flge 20, The distributions redated o

the sewidlurmal conponsnt sre aleao shown in ﬁh@QEi ur@»

Farioe uuly amplituiﬁ$ ruatsr Lhmn a@aut ?¢m# dre considersd,

the t@mu&pftumﬂ &ﬂ??ﬁbt&ﬁ% wuia& has & magaiinde of the

ordar of about Q.15 van be ﬂ%mlﬁﬁtﬁﬁw Ve hlebtopran Loy

L MAXIMUL

DIURNAL AMPLITUDE SEMIDIURNAL AMPLITUDE |-

~

Pdge R0 = Fpequency ddstributions o bhe aupli tuua
vl times of maxima of diuragl and

) dlurnnl components ol the dally variat

‘ - of cosmic ray intensities in enst and Wa BT

oa dadividual days durding 1957 and 1958,




enst ahowd o degtelsive preference for the vecurrpnes. of
diwenal v ﬁxi& s mb or 12 hours wheread the histourss in

west shows g large Mﬁw%ﬁ in the goourrance of %;E;m{ diuragl

Por sevidiuvaal Bour of saxiom for

maxtom. The histogras
Badt and west show albost the sume anowet of scabtor even
sugh the ccourrence of maximum in west is shifbed to

lgher hours by twe opr thres hours a8 conpared fw thut An eadt.

W

The histograms of diurnsl and %@fniiﬂ&mﬁzl anpddtudes
for east and west are alse shown in £i .,,mm 20  Sinee the
haraonie components on individial days are not corrected for
bempe ;,;i;‘uf*aa variations in i:stie} aztzzazm;gﬁmr&g we shall ondy

examine the Crecoency distribution of &st 1itudes highey wm

1.00 w?av_;‘h;m iy zmn-‘ ¥ :,sx' Le3 -%asly' x«zz"%wwti %s: i.m.pramw%
correcticn. :,.1%" $inad t;h,m the i“!‘*a“ﬁmw :.Eg a&mb :iﬁ;a u.ﬁ‘

diurngl as m‘ah ap sowidivenal mgnlﬂtudaa Both m @it m.& |

woat aps mmxhi:;r siwilar. & ~ ?1

3 | o o

“5.33 pHoathly mwsm:.aaiiiv Mgrdation i~ Tabvle 3 gives

A
the velwes of monthly mean ddussal and sepidiwmiad oo TR TR
of daily varievlonkin cast and west for various menthe in the
years 1957 and 1998, When monthly sesn diurnsl end seni- |

dduwrnsl mmxmnw BEE p;wmm} ou- A m wnw 'xiai s shows in

Fige 21, we find the La,_,,,;x,r m,r-atmw :1 ttm imz,“mnl L.ﬂsw of
magdman Lo wesb Lrom monbh bo month oheregasd in epst Loty .
geatler L9 less. The havsonie dial of the senildivenal
N . . ) !
eomponent Lorp u&dh and west show bhat the seatbop of the |
wmuwm gl tilme n,f; maxdnun Lrom month Lo moubh in @it and i

/ - 0] R b w ; I
wast iy roughly similar. I g Vo WissooemPa doviablons '

' " o
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21 b mmly and 12 month moan ﬂvﬂ urnal

B8 3
5 J.Q::}q £

sedldiurnal components of dall ¥ ¥
13 sadt and west plotted on i
for various mﬂﬂtﬁm duning

+

4
of indlvidupl vectors ¥y, Vo, gjgﬁz..ut@, frow twhif ens

Vi », L ghawiwr¢ veebor devistion which is & Bensure

of nhass.;@ham mf the 1 &ivmdu 34 V&&Euvﬁ g tﬁu"ma}n

e
Ex

Fngv

BE35 . e
can be %xmrﬁ. sad as g ® J{E:v 74} where # is the tesal
maotber of vectors.) Iasbesd of galeulsting the vautorial

difference betwesn sach vecter and the mean, the eloye

gxpression cun bs redused &u‘rp - EZJ‘ 7. Labla € glves
’ 3.‘&

o5 " "?;' “ v § ¥ i !
the velue of ¢ for the distribution of wmeatbly weun diurnal
and senidiurmsal components in essl and west &ﬂyaraﬁﬁly@ Yhe

reguldts shuw g larger scatvor for the diurnal aumgonesnt in

Cwest Lrom moath to month as compared to the u in enst, —

for vhe diurnal componsni in west 13 about 7.5 tiwes that dg
v
agﬁ. The resdult bﬁ%r% Gut the cwni;txmng existing vn a



Table &hu%iﬂg the value aiu-g, Lhe sguare
of Lhe standard vegbop deviation, for the
distpibution of wonbhily mean ﬁiurnai aad genie
¢£Mrwai components in sast g %@w%'

b h“’ﬂﬂ**-«'%vﬁ"huv&ﬂwm\wm‘#wnwm«ﬂmw w»wwwwukdhw-www-wm .o

e w$ di&&fib& ion ﬂg ﬁi&triuuﬁioﬂ

i

day Lo day basis. Thus on & omenthdy mean bosls uano waiﬁ nd
on & dgy to day basle, the varda ablilty of the Glng of
geourrence of the maximum of the dlurasl component ig preater

For the weist direction than fop aagtufﬁ

+
]
B 3 Qaﬂu;rwnaé of $imnig§£&3%‘“iu%§§;‘,.p
ﬁgggg@i ﬂﬁﬂ&uﬁwﬂtﬂ of the Qdilgé§ﬁ£i& tdon o ingiviuigi

duys - Tuble 7 @i?@$ the nunbar of days in 1947 aﬁﬁ dn 1958,

bavipg significant diumgl and senidlumal amyiihﬂiﬁﬁ ¥y and

Py Por sast and weut intensities ﬁ@g&ruawija I general, we
Find that thers Qﬁ% a&immuy durn on which ry is @igﬁi“iaaﬂt
48 the nunber of days on waduh ro lg axynix&eanu.‘ xP@ﬂﬁﬂ&ﬁ
Lie dmplicstion of thig da that wihien ong coasiders large
amgmibudw;, the awsbor of ays un which Yy anad Fo Call be
slgnificant i not different. Un g fude proportion of days,
roughly o quarctsr of the. Lokal ausber of Eigﬁiiiammﬁxdmyﬁg
agch side hn& both Py and ry signilicant on the Baihe Gy .

Vi
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5.35 Mdsbou L5 LOEUEZRNRS. of sigaliigent

s. 22 sliows ﬁm“hlﬁtﬁwﬁmzm of m}@

{».;{a

pihourly devigtions i~ ¥
oceurrenee of bihourly positive and axﬁs;\ad va doviabtlons,

for east and wase patensitive r“:lmﬁa parlod 1957-1950,

which are za;t gnificant at bhe & o level. From stalist 1 cal
congiderstions, we know that on fs;ﬁszar&xiﬁmﬁimm YSehis 0f the
duys, all the valugh should lie within the 2o lavel, dence
one ¢ got devistions avove 2 o= level on kuGj of the days,
by chancé alons., Sloce deviations ean be elther pogitive

or negabive, the p»m‘i‘;mbiii,i"w of either positive or negative
devistions to sxeeed G wal through chance slone is 2.3
we consider the uotpl nwiber of positive or negatlve
deviotions signiilicens ab & o4 e?;vesl ant ogeureing ab ny
bihour as meritlog some considération when bhe number sxceeds

2ot Limv.s the auwiber of eaimiiicmt deviaviong whlch can
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207 T nEST

~ VE{DEVIATIONS

o
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NUMBER OF DAYS (XOF TOTAL DAYS)

e,

it

15 3 12 8 o~ 6 12 8 °©
LOCAL TIME, (Houas)

PR

i**irf;q &52 bl

Algtograss of oceurrence of rositive and
napative y¢nauriy devigtions at euch
hinmﬁr@ gignificant ﬁh‘ﬁﬁﬁ 2o loavel fop

10T 1 tedles aa£¢¢ in easf and west

durmn ‘1§ 71058, -

&
— 50 s : W . . T
otour thyoush gh&§e% aloneg. 1v 48 rvealised bhat bhis dees

not ﬂﬁh.@ &u?&ﬁhﬁﬂb anough ssleotion vrirarawm (e J?aw

nﬁnexmﬁianm unatibipguously and for this rm*ﬁﬂa vhe results
el this section cad only be taken tentatively and resulre

further uxﬂﬁvimﬁaﬁai ﬁ@ﬁ&id@?&ﬁiﬁ%'wibﬁ an lngbrpweng of

%

higher counting rate bthan the present ong.

We find t&&ﬁtﬁmﬁu ywinting telescopes Laportant
vihours for signidicant positive deviations axoeeding
twice the value &kﬁﬁdtﬁd by &hﬁna@ are 0800, 1006 and, 1200
hwarﬁ, while va wesh podsting hﬂia&magag Lhay are 1000,

1200 and 1400 bhours gnsd OU00 hours. in west, this phonomenon




i seen only for 207 teleswspe

erroe in the bilourly counts is swellop Eh&ﬂ'fﬁr'ﬂﬁ?

i

a8, where the steatlsticsl

i

telegcvpes. She luporiasnt bihours Yo B
deviations to cceur in 10% and 2% tolegcopes in sast as
well as for 20° teleswops in wesh ave 160U and 1500 Boups.

it ks wewy luterestlng to note that the shift to later

howrs seen in the voowerence of large positive devieviong

L wSet aB compared W that i m&ﬁhﬁ ia abuent fhr Regative
daviabiong. ;hm praks of maxima aund mir MJ A Lh% hlatograms
in sast sre @ﬁmﬂ@ aod proncunged wﬂﬁ?ﬂ&& hua panks A want
are brosd and less conspicuvus. The results confirum the
faaturey ol hlstograns {vide paze 121) of the sccurrence of
the ﬁimrﬁ~i timas of maxina g sy and weab ﬁﬁi ivﬁ

Laias ¢09$3 Top dayu o whioh Lhe &iammgi pmpidiu s Arg

E

: & 25 ; i e W o ' M A
signilicont at the 2 o lawel, - JJ

gﬁ’xﬁ»mﬁﬁlw?&lﬁkﬁ%ﬁ it is

From sn exanloation ef wh

- 3 _ -
=u@vlaua that the ore are Lhiree groups, one dorrssponding to
y@ﬁiﬁivﬁ &aﬁiﬁﬁimm& a% UOU0 hours in west (hjp the sesond

sorvegsunding to ﬂé@iaivw deviations nosyr noen in sithep

wast or west {B) and the third corresponding to negabive
. oM
doviablong ab 18600 ang 1800 hours In either gast or wont (s

Ge deslgnste these groups as i, 5 and § vespectively.

g,

4 = Poslvlve deviavion at C0U0 hours in wost.

Bo= Ppsitive deviasvdons ab 1U00, 1200 or 1400 nmuw@

®

in wost o powitive devistions at UHOU, 1000 or
Je0 houprs In east,
woo= Wagabive deviubions at 1600 or 1900 hours in
' eiihior gast or west.
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5 Communicated to Moscow Conference on Cosmic Rays of the
. LUP&P in July 1959,

ANISOTHOPY 4ND THa ORIGTN OF THe SULAK -
DellY VARIATION OF COSMIC RAY INTENSITY

By

V.Sarabhai, S «P.Duggal, U.ii.Rao, H.kazdan, T.5.G.5astr'y

Physical HKesearch Laboratory, Ahmedabad, INDIA.
. \

L.Palmeira, Laboratory for Nuclear Scilence,

Massachusetts Institute of Technology, Cambridge,U.S A,

I.‘,Introduction

e
~

We wish [to present here some recent experimental
results concerning the time variations of cosmic rays
though we are not able to understand the details of the
physical processes which are involved, we can now see the
maln characteristics of the phenomena. The results which
we show are mainly derived from a. series of experiments
conducted over the past seven years at three stations near
the geomagnetic equator along the 75°F meridian. ' In all
Cases triple coincidence telescopes with 10 cm of lead
were used and apart from studies on the vertical component
by Duggal: (1), Razdan and-Sastry (2), Rao (3) has followed
at one station the intensity from east and west directions |

inclined at 450 to the zenith. Some interesting new

results obtained with the MIT high counting rate mu-meson’
scintillation telescopes are also presented. These have i
been obtained hy H.Palmeira and relate to a counting rate |
of about 1000 per second which enables us to follow with ' ¥

pPrecision the details of variations of short period,

Without elaborating on experiientsl details or
precedures of analysis we present results which have a
bearing on the following crucial questions which we believe
would help us in interpreting variations of cosmic ray

intensity. We shall examine

(1) What is the nature of cnange of solar daily

variation that one observes and how is the change

related to the cycle of solar activity?

(2) What is the energy dependence of the variations of

cosiiic ray intensity and anisotropy?

Y
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(3) Where.is the source of the daily. variation
located? Under what conditions can the solar
deily variation be associated with an anisotropy
outside the influence of the geomagnetic field?

‘ Finally we summarise the analysis of Sarabhai &
Palmeira (k) concerning tne very interesting event which
occurred on 10th and 11th of February 1958. For the neutron

monitor data used in this analysis we are indebted to &nmert,

Fenton, siyazaki, Hose, kyder, Sandstrom, Simpsgon, Thomsorn,
van wWijk and wilson., The energy dependerice and the east-
west &nd nortii~south anisotropy associated with this large
Eorbush“typ@mevent are studied. S .-

BN ‘ .

II. The changes in the dail varixtion of meson intensity.
& Yy

Fig. 1 shows the time of maximum of the semidiurnal
component of the annual mean daily variation at Huancayo
from 1939 to 1956. 'The results are derived from Carnegie
institution ion chamber data for which the aut»ours are
indebted to Forbush., The time of maximum shifts by almost
10 hours in 19 years, reflecting as we have remarked

garlier (5) the very significant change of form of the daily

variation at an eqguatorial mountain station. The change is
nest rapid during increasing solar activity, and appears to
nave a period of 22 years. we would like to emphasise
again the importunce of the semidiurnal component in the
interpretation of the solar dally variation of cosmic ray
intensity.

Fla. 2 shows the frequency distributions of the
amplitudes of the diurnal and the semidiurnal components,
r1 and r2 respectively, of the daily variation on
individual days at the three statlons Ahmedabad,

Rodaikanal and Trivandrum during 1955, 1956 and 1957,
Uuring any one ygar, Kodaik.nal which is a mountain station
has a smaller amplitude than either Trivandrum or Ahmedabad
wilch are at gsga-level, Moreover with increasing solar
activity from 1955 to 1957, the frequency distribution is
displaced to smaller amplitudes at each station. We have
reported earlier (2) the rapid decrease ol amplitude of

Te month mean daily variation at Kodaikanal from 1954 to
1956 and our present results show that the same can be
observed in the distribution of chdaracteristics on
individual days. '

Fig« 3 shows the frequency distributions for the
diurnal and the semidiurnal components of the times of




Maxima on th e days on which the amplitude of the appropriate
harmonic component on an individual day is significant at
the 2 v level, 4 remarkable feature is that with increasing
solar activity, the time of maximum has increasing
variability and this is an important reason why the annugl
mean daily variation exhibits a low amplitude during 1957 gas
comipared to the amplitude in 1955, :

hesults of great statistical significance originating
Lrom the MIT high counting rate mu-meson detector are “shown
in figures 4, 5-and 6. We see firstly in Fig. 4 that the
form of the monthly:mean daily variation changeg signifiéantly
from month to month andg thuat in Novemper 1958 itsg Peak to
peak amplitude is apout 0.8 %. Fig. 5 shows tnat the most
proveable amplitude on an individual day is about 0,6 % but
there are lany days on which the amplitude is considerably
sredter, Wwith thig instrument it ig Possible to follow the
daily variation tarough individual bihourly deviations as.
iz szen in ig. 6 where the histogramg of the occurrence of
nourly pogitive and_negativetdeviations EXCeeding 5&°=0,5 %
4t different hours is shown. We conclude from this analysis
thiat the daily;Variationvof meson intensity has on many days
an amplitude large enough to permit us to neglect the
atmospheric Temperature effect whose influence in the daily
viriation is of the order of 0.1 to 0,2 %, but with time of
Heximum which ig somewhat uncertain gt the present time,
Tne study of the daily variation on individual days is of
great interest for an understanding of modulation Processes
or ton-meteorological origin, '

III. The eneray dependence of the daily variation,

Our observations made earlier by comparing the
daily variations 80 three stationsg become clearep from a
Stuay with east ang west pointing telescopes at Ahmedabad
during 1957 and .195g, Fige 7 shows the frequency digtribiy-
tions of the amplitudes of the diurnal and the semidiurnal
components and the times of maxima on individual days on
which the amplitude 4g Significant, It is seen that

(1) The diur al amplitude for €ast intengity ig larger
than for wegt intensity. This is not the case for
the semidiurne] amplitude,

() The diurnal time of maximum for west has much .
greater Variability tnan for east. This is not 7
80 Lo the same extent for the semidiurns] component,

3




oince the geomagnetic cut-off energies at Ahmedabad
are 10.4 BeV and 20,6 BeV for west and east intensities
respectively, we conclude that the amplitude of the daily
variation of the component related to low mean primary energy
is less than the amplitude for the component related to high
mean primary energy. Also the variability of the time of
maximum is greater for the former than for the latter,
Fig., 8 shows that this etf'fect is most prominent on days” of
low or moderate geomagnetic activity. For geomagnetically
disturbed days with Cp index greater than one, the west
telescope has a distribution of diurnal time of maximum
which is gquite similar to that- of cast. However the mean
amplitude for.west telescopes conbinues to be ‘smaller than
for east telescopes in all cases. There is no difference in
diurnal time o maximum in the two azimuths, indicating that
on geomagnetically disturbed days, the main cause of the
daily variation is not located outside the influence of the
geomagnetic field,

IV. The location of the source of the daily variation,

, ihen we have the characteristic difference in the
times of maxima which should be expected between the daily
variations measured by east and west pointing telescopes
wiich at the eguator successively scan the same belt in
Space with the spinning of the earth, we relate the daily
variation to a primary anisotropy. But when the daily _
vartations in east and west telescopes have nearly the same
times of mxima, we associate them with a source nearer
the earth. S

At equatorial latitudes where the atmospheric
cut-off is smeller than the geomagnetic cut-off a change in

east-west asymmetry of daily mean intensity can be associated

with a cnange in primary energy spectrum, Fig. 9 shows the
mean daily variation in east and west direction for groups
of days with low, medium and high east-west asymmetry, and
also through Chree analysis the relationship of low and high
asymmetry with mean intensity in each direction and the index
of geomagnetic disturibance, It is seen that days with high
east-west asymmetry, are associated with low index of
geomaznetic disturbance and a large daily variation in east
as well as west telescopes with times of maxima consistent
with a primary anisotropy. On the other hand, for low
east-west asyumetry we have a negligible daily variation in
west telescopes. We therefore conclude that on geomagnet i~
cally quiet days there is the absence of &.local source of



duily variqcion wialch permitcg ug to observe the daily
Varlatlon at g sreater distunce in interplanetaryvspace -

MOsT propa=ply connected with beams from the sun carrying
wlthin them frozen Magnetic ficlds. we believe that we have
stleast two Principal sources, both non-meteorolozical in
Golaodn, of tne solar daily variation of cosmic ray intensity,
viie locel source now requires further study from a theoretical
stalidpoint, 51110t (6) has also indicated the neeq for
Cxplaining a local source. The abrupt increases and decreaseg
observed by Satyaprakash (7) in neutron monitors at the equator
#lso point to 4 local non-meteorological cause for the daily
vartuation on gome days . ' : -

Minally we have New evidence relating to cosmic ray
The storm of Feobruary 11, 1958 has three remarkable
which are shown in Fig. 10, The first is an

1patory incresse of intensity Oobserved only at the
“iustorial neutron monitor stetiong a few hours before the
“riival of the solar plasma to g distance at which it inter-
aclts significamtly with the se0magnetic field. The main
rorbush decrease almost coincides with the 5S¢ geomagnetic
Storm and itg minimum igs larger wund occurs later for low
CILErZY tnun for nigh energy primaries, 4 second increage
wiich is more prominent at low latitudes than at high
latitudes ang wWith Strong east-west and north-south asymmetry
occurs about 10 hours after the onset of the cogmic ray storm,
de believe that in the two increases and the main decreage
ouserved with the Cosmic ray storm of February 11, 1958, we
HevE essentinlly three types orf modul gtion Processés. QOne

is directly dssocliated with the moving plasma, pProbably
rolited to the magnetic fielg in the shock front ang glves
ncreases as well ag decreases of intensity dlong with
dllsotropy, The second gives decreases of intensity and is
related to g process wnich hag g sharp onset but a reldtively
Llong time constant ol recovery. The first is often more
wilective for Nigh Primary ellergies thyn Low, but the second
iz wuch more effective for Low than for high energies,

the large dnisotropy parallel to the north-south ang
cast-west directiong in the second increasge Poses an
important problem, The different motions of solap barticles
trapped by the seomagnetic fielq have been discussed by
wold (8), and pefore average conditions ape established
round the globe there igs Provably a bagis for major differen-
C&s 'in conditions over the hemisphere and at different
meridional sections immediutely following the arrival of g
dew cloud of solap particles. But the time element involved

Pl




is very short compared to the observed effect which shows up
over periods of several hours., Moreover even though changes
in the Van allen radiation belts could pernaps provide an
adequate mechanism for the Perturbation of the geomagnet ic
Tield and through it alter cosmic ray intensity, a quantitative
evaluation of the effect nas not so far been undertaken,
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The long term change of time of maximum of the
semidiurnal component of twelve month mean daily
variation of cosmic ray intensity at Huancayo
from 1937 to 1956 and its .relationship with the
¢ycle of solar activity as indicated by Zurich
sunspot number K. g2 = 0 indicates the semidiurnal
time of maximum at midnight or noon local time.
(Sastry) - : _

Fredquency distributions of the amplitudes- of
diurnal and semidiurnal components of the daily
variaztions on individual days at Kodaikanal,
Ahmedabad and Trivandrum during 1954, 1955 and
1956. (Dugzal, Hazdan and Sastry,
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Frequency distributions of times of maxima of
diurnal and semidiurnal components of daily
variation on days on which the variation has
significant amplitude at Kodaikanal, shmedabad
and Trivandrum during the years 1954, 1955 and
© 1950, (Duggal, -azdan and Sastry)

dMonthly mean daily variation of cosmic ray
intensity from July to November 1958 measured by
the high counting rate mu-meson detector at

MIT. (Palmeira). '

t

~ Frequency distributions of amplitude of maximum
and of minimum of daily variation of cosmic ray
intensity on individual days measured by the
high counting rate mu-meson detector at MIT
from July to November 1958, (Palmeira)

- Histograms of occurrence of positive and negative
deviationg of hourly intensity exceeding 5#:0,5%
at individual hours during the period July to
November 1958 for the high counting rate mu-meson
detector at MIT. (Palmeira)
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Frequency distributions of the amplitudes and times
of maxima oi diurnal and semidiurnal components of
the daily variztion of cosmic ray intensity on
individual days during 1957 and 1958, The results
obbtained with telescopes having 10° and 20
semiangular opening in the east-west plane and
inclined to the zenith at 45° east and 45° west

are separately shown. (Rao) '

The mesn daily variation in east and west pointing

‘telescopes during 1957 and 1958 at Ahmeddbad for

group&~of days with low, medium and high geo-
magnetic disturbunce. The frequency distributions
of the occurrence for each bi-hour of the times

of maxima of diurnal and semidiurnal components

on duys on which the amplitude of variation is
significant are shown separately for groups of
days of low, medium and high geomagnetic
disturvance, (Rao)

The nean dally variation in east and west
pointing telescopes during 1957 and 1958 at
Ahmedabead, for groups of days with low, medium
and high east-west asymmetry. HResults of Chree
analysis of the daily mean intensities in east
and west, east-west asymmetry and Cp for epochs
of high and low asymmetry during 1957 and 1958
are also shown. (Rao) ‘

Cosmic ray intengity changes and associated solar
and terrestrial effects for the cosmic ray

storm of February 1, 1958, Relationships of
Chenges are indicated separately in 4 for low

ana medium latitudes and primary energy

response, 11 B for meridional sections and in

C for hemispnercs. (Sarabhai and Palmeira)
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DAILY VARIATION [N E~W TELESCOPES IN 1957-SB‘ATAHMEDABAD
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