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1. Introduction

Azimu thal va riati on of cosmic m v intcnsit v
(at constant zenit h an gle) i'\ a g~maW1eti~
effect :lIHI its st udy provides ~l powerful
met hod of determin ing the churgo and clwrgy
s(>f'ct ra of th e primary cosmic rays. An
experim ent of this type was first suggested
by Valla rta (19:19). I n such experiments, the
in ter pre tnt iou of th e result s depends on n
knowledge of th e allowed con e (Lema it re a nd
Va llarta 19:16) a nd part icularly uf t he penum­
hral hand. (H utner 1\1:19). According to H ut ­
ncr, who studied th e penum bra at ).=:!f,o
for a zen it h angle uf flO", the penumbra l
effect is confined to west ern a zimu th a nd
part icularly to the north west quadrnnt for
positi vely cha rged part icles in t he nor thern
hemisphere while for t he negati ve pr ima ries,
th e pat tern is mirro r imaged along t he mag­
net ic meridi an . Th e penumbra in th e neigh­
hourhood of th e equator was studied bv
Yong-L i (1\':111). Yo!,elaere (1!150) has , light ly
mod ified it and concluded t hat a oompnrison
of Yong-L i's work with that of H iltner 's
shows that a part of t.he phenomenon ealcu­
la ted for lati tu des vcry close to the equator
rec urs at :!llo. However , the shape of the
penu mbral regions varies qui ckly.

Gill ( 194.'>a, Il' 4.5IJ , 19 li, 1%1) studied t he
azimuthal effect. of the pen etrating compo­
Bent of cosmic raY:i at Lahore O.. = :!:!°X )
and it ha g been shown that the experimenta l
resul ts of narrow cone stud" show a st riking'
similarity to th e thcorct il'a f curve of Hilt ner.
lie concludes from his Lahore exp-riments
that primary cosmic rays a re positively
cha rged and t he ener~y spectrum of the pri­
mary radiation within t he ene rgy ranee :\85
to 500 millistormers obevs t he law K b'-'
wit-h c - t ·8wh cre K is ~ constant ami E is
the energy . H i. ex periments "t Bombay

(A= 9 ';,°K) (n ill an<l Y",. 19·18) ill,l ient."
that. the primary spect rum for (·ner.~y range
:S5:) to 6in millistdnncrs can be repro ...-nted
bv Kt'- C' with f' = 2 ' -If:. Valla rtn And ot hers
(i l1l7) «t ud ied the az imuthal effect at ~ I , ' ,ico
city p. = :!no~ , II = 22·U rn) for zenit h
an,l!lml :Wo, 4r.o and c,oo without using a lead
absorber, The a nalys is of t heir obse rvations
yie lds an t'lwrgy spectrum of the primary
cosmic rnvs of th e form KE- 1.4S in th e
energy ran ge be tween :~&O a nd 600 milli­
strtuners. Th ere is no evidence of pr imary
Ilt"gativf's. Bhowmik an d Baj wa (H '5 1) inves­
tigate!1 th o azimuthnl effect for th e hard corn­
pon en t at Delhi ( ;>" = I l ,O~ ) for a zvnith
angh! of ·Hf and found the ene rgy spect ru m
to ho of th e form l\.E- 1.4t' . T heir observa­
tio ns do not give any evidence of negative
prima ries. But la ter, h om a crit ica l nn nlysis
o f t ll(' experime ntal data on t he nxiu.u thul
inte nsity va riat ion , Bhowmi k (1953) points
out. t ha t t he data are consistent if t he nega­
t i \·e.~ form ~o per cent of t he to ta l radia tion.

T he az imut ha l distribut ion of cosmic rays
at vcry high alti tude s was studied h~' :I. nun,­
ber of workers (Bieh l et al. I!H!I, Dwi.!!h t el al.
I!l;"', Wi nckler et aI. 1950 . " a n Allen and
Gangnes 1!l5!\ Neher IH51 , Ka plon (1 111.
Iflu:!). :Most or tilt! above experiments as well
a~ others lead to th e conclusion t hat it is
(Illite likely that only one kind of incident
ptl~itivt'ly charged particle exists.

Th e a zimu thal effect is \-ery pronounced
in the t~llatorjal re~I)D8 as well as in inter­
mediate latitudes (Gill 1%1). Work of this
type at low lat itudes an d altitudes is mea gre.
Hence t he presen t investigation of the azi mu­
thal effect for a constant zenit h ang le or600

i:'\ undertaken at Hvderahad, hvJia (A ::::;.;'
7· 7°~, It. = \ROO ft) .








