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ST ATEMENT

The wﬁrk presented in the thesis was carried
‘out by the authorgvan the Physiaalﬁﬁesaarch Laboratory,
Abmedabad, under the guidance of Professor Vikram A.
Sarabhai, amd is a part of an extensive research programme
undertaken by the laboratory for the study of cosmic ray
t{ma variations, o |

LY

Till 1950, such studies were generally made with
ionisation chambers of omnidirectional sansitivity and
counter telescopes of wide'aperturgsa Baimy'variétion of
intensity of amplitude of the order of about 0,2 % was
observed in such experiments. In tharstudy described in
Ghapter II1 of the present thesis, the author has made an
attempt to reduce the aperturs of a counter telescope to
what might be considered a lower limit. The study revealed,
what was indep@ndenbly discovered E& Sekido and his
Qo*warkerg, that the dally variation of M meson lntenslty
mbservedvby a narrow angle telescops shows a diurnal
variation of large amplitude of about 2.2 * 0,5 %. This
has led %p more elaborate studies of time variations with

narrow angle telesgopas,
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The experiment which made use of a magnetised
iron core for d@flacting law energy p ues Gnsg has also
made paaaab&a for the first time a separate study of the
daily variations of positive and negatively charged low
energy M mesons in the momentum range 40O to 3000 Mev/e,

and high energy m mesons of momenta in excess ofﬂBQOO Mev/c.

The second experiment desarloed in bhapter v
deals with an attempt made by the author to study with
naerW'angl%mteleseapes the types of dally variations that
vecur on individual days. The cerrelated day to day
ﬁheﬁgaa of anisotropy and of mean intensity of cosmic rays
have alss been ewamineda This is the first study of its
kind, and while the aonelmﬂmans are based only on data
extending for 11 months, and therefore are tentative, they
indieate that cosmic ray mean 1ntensity changed are not

only decreases but bhere are uzgnlfieant 1ncr®asea on some

d&ysﬂ

The results and the conclusions derived from both
the experiments are summarised in Chapter V. The author has
included at the end of the thesis a list of references to .
original papers published in different parts of the world.

The thesis mentions the specific information derived from

each of them.
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CHAPTER I

It is a well established fact that the
intensity of cosmic radiation is not constant, but
changes with time. The review by ELLIOT (1952) and the
more raaenéngée by SARABHAL and NERURKAR (1956) trace the
development of experimental knowledga and the interpretation
of the variations of cosmig rays in 1ight of the work

peblished upto 1956,

MQgt early workers, who observed cosmic ray
inténsity variacions, tried to explain them in térms of
atmospheric and geomagnetie variations. Through the
important contributions of DUPERIER (1944, 1949, 1951),
BARRETY et al, (1952), CLBERT (1953), THEFALL {1953a, 1955a,
1955b, 1955¢), MAEDA and WADA (1954), WADA and KUDC (1954),
HAYAKAWA ot al. (1955), and several other workers, the
changes in the intensity due to the changes i the
atmaapharic»cunditiona are now well understood. After
applying correction for atmospheric variations thers still
remain ré&idual slgnificany variations. These are often

correlated with geomagnetic changes, but cluser study has




revealed that in many éa&es there is no causal relationship.
- between the magnetic changes and the changes of cosmic
radiation. In consequence, attempts have been made to
explain these Variatians-aaAabiﬁing from extraterristrial

Causes,

In the past, various workers have studied
intensively the different types of variations, but there
is as yet ccmpafaﬁively little that we know about the
relationship betwmen the different types; Thus a
diatincbion is oftan made betwe@n types of Vdrlations,
‘Which probably hava a aomman phyaical baals, Ly seemﬁ
now naaessar to mak@ a more detailed @xamlnatlon, chan
habherﬁa, of the 1ntarre1ationship between the types of

variations classified on phenomenological considerations. -
1« Varlations of Atmospherie Origin,

The role of the changes of atmospheric conditions
in producling changes in cosmic ray intensity is now more
or less well understood. This is of particular significance
for the meson component measured at low levels in the
atmosphere and enables correctlions to be made for variations
of atmospheric origin. By partial correlation analysis of
day to day changes, DUPERIER (1949) was able to derive a

regression eguation
'.GO 61‘ : ’ :; ' ' ;
10 e Ap 6B +xXy SH +oup &7

‘connecting the per cent change of meson intensity with the

e d
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ehange of barametrie preaa&%@ SB ‘the change Qf”nelgé%
of the 100 mb, level &H and the change of temperature

of atmosgphere between the 100 mb, and 200 mb, levels.
ﬁuperier'innerpretad the barameter coeffiaiéﬁt Kg as
arising from a mass absorpvion effect, the decay
coelficient Oty as arising from the change of survival
probability of m mesons when the mean height of meson
mfarmatimn altérag and the positive Gemperature cgeffiﬁient”
Ot as ardsing from oompetition between. the processes of

T =i deeayrégd the naeléar capture of I mesons which .

. depends on the density of the atmosphere near the level of
creation of p ﬁe$mﬁsi Thiﬁ.éﬁuéﬁi&a and the physical
mgéniﬂg gserihed to the coefficients has met with two major
difﬂieulﬁiaaa it was found that the values @f-th@-
coelflicients experimentally denérminad were not constant,
They varied fron périﬁd to period for the same instrument
and they differed according to whether day to day or

seasonal changes were considered.,

The differences in the estimates of Oy and CXq
when meteormlogiaal’ﬁhanges of'a day to day and seasonal
gharacter are cunsideredg have been>examin&d by a number
of workers., Neglecting T -u decay, and with a production
apaatrum‘éf}m mesons as given by SANDS (1950), OLBERT (1953)
has Sﬁudiéd the change of gurvival probabilivy of m mesons.
He has p@inbnd out that even if the mean h@ight of meson
formatxon remains constant, the survivai probability of the

nesons depends on the distribution of mass along thelr path.
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If thera}iﬁ a propertiad&téiy greaﬁer mass enced;tera&’
towards the end of the range, there is correspondingly

a rﬁducad ionisation loss and degradation of energy
during the earlier part of the path of tﬁe meson, thus
'incraaﬁing the surviVal probability in the atmosphere.
Ulbert has further demonstrated that when one c¢onsiders
~_e'.«i‘-:mgg;ri%zms:f?.dnc.vm:;t‘.z&tﬁ.@n connegting 81 with &# and 6B
only, neglecting the role of 6?,*%ha contribution of
61 gets included in the term containing &H, 4s the
relationshin between SH and ST differs in seasonal and
day to day ¢hanges, he was able tw‘raeoncila the apparené
differencee in the values wa&?ﬁ wﬁén two different typés

afxvaria%iens were considered by ELLIOT and DOLBEAR (1951).

TREFALL (1955¢) has recently peinted out that
vhe survival probability of u mesons would alter with
¢hange of pressure due to ionisation loss, This loss
would make a ccnﬁributien to the barvometric coefficient
ot g Just as Clbert had shown earlier that it would make
a contributien to the temperature coefficlent Oy, Thus
the interpretation of g as being due to a pure mass
ghaorption effect reguires madificéﬁion¢ Trefall éstimétés
that up to a third of this coefficient may arise from the

chanze of survival probabilitcy.
- It is evident now that the regression equation
%
of the type used by Duperier is inadequabe to describe
fully the atmospheric effects. In physical terms, his

coefficient ot i includes effects due to mags absorptiocn
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md)u—e deeay, the eaeffaei%nb cxﬁ relates to u-2 decay
while X p relates to Trﬁp decay as well as to p-e decay.
WADA and KUDD (1954) have bug@aotad that by taking the
heighﬁ H o r@praa@ﬂt the difference between the height
of mean level of meson production and an isobaric level -

near the ground, the mean temperature of the lower
atuosphere is taken ﬁ&re of ., Moreover this H is
 1$&@pendent m}-sea level preasure. «Using this H and a
m&anvaﬁmaapha#ie ﬁass_temperature in»eenjunéﬁian'with an
ay%r@pri&temgﬁmyaraauva coaﬁficia@tg a saﬁiafactery
madifica@iaﬁ"to the original regression equation can'be

P

derived,
4

~ The relative contributions of these processes
to the secaﬁdarias of different momenta is of graaﬁ
interest iavundsrstanding the role of atmospheric effects
to measurements of intensity within ranges of momenta
measured in a partxaular experlmsnt. HAYAKAWA et al,.(1955]
by considering the effect of nucleonic cascades on the
production ef_P.mesana have studied the change ef the
temperature coafficient X with increasing energy of the
| mesons, Fig. 1 shows the relationship as caleulated by
them, which broadly agrees with observations made under-
ground by BARREIT et al,(1954) and SHERMAN (1954). It
would be observed that the positive temperature effect
which includes the contribution arising from process of

T i d@aaQ‘as well as the survival probability of thaJp

mesons, inereases markedly from ~ 0,03/ per degree C. to
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F&b; ?, Positive temperpture e@eificiantso
% and bz are the coefficients for the
differential intensity of m mesons at sea
level. By and Bp are the correspemding ones
for the integral intensity. Figures attached
on the experimental values indicate the
reference numbers in the original paper.
CHAYAKAWA et al. (1955 ],
~ 0.27% per degree C. with change of momenta of secondary
nesons cbserved at sea level from 1 to 100 Gev/e, The
process of ionisation loss does not change subsvanbially

for momenta of 11 mesons in excess of about 0.1 Gev/e.

The cérreqnian of the daily variation of meson
intensity for the remaVallaf the effects of atimpspheric
origin has been considered by several workers, SARABHAL
et al. (1953, 1955) have discussed the expected contributions
due to daily variation of pressure, of heights of lsobaric
lavels and of temperatures of various levels in the
atmosphere. 'Excdpu at very high altitudes the diurnal
heating of the athSphaf@ ls important only up to about
2 Km, above the ground, Near the mean level of meson

- production there is nanéignificant,and small diurnal change

T
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:.Qf tamparaﬁﬁravor of the height of isobaric le#eiﬁa The
amplitude of tha'samidiurnal osciliation of the atmosphere
at this i@vel does not exgeed a few meters even at the
equator. Thus in the deily variation there is expected to
be little contribution of the change of height of isobariec
levels or of upper alr temperature. MAEDA (1953) has also
exgmined this problem from a number of different aspects.,
He cwncludaa that there is a small diurnal varlation of
amplitude about G¢0)% with maximum at 1400 hours which he
¢onsiders to beiaf‘atmcspheria ermgln. This is in addition

%0 the contribution of the barometric pressure.

The appropriateness of using only a barometric
coeffieienb for earrecting the principal atmospheric
effects in the daily Variatian of the hard companent
intensity has been borae out by exgerzmeﬂtal resultsa For
instance, when the daily Variabien studxed at two difierent
stations whiech have markedly different damly variatlons of
metearele&iaal element are corrected on this basis, the
resula&u5 residual variations show similar characteristics
and changes with time.  However, no experimental data are
available of the contributions of atmospheric effects on
the daily varistion of sseondary p mesons having momenta
in the range from 0,4 to about 3. O Gev/e and in the range

extending from about 3.0 Gev/e to infinity.
2~ Changes of Extraverrestriagl Origin.

The residual changes which are observed in the
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'intansity of c@ﬁmie radiatimn aftar appropriate
corraections sre mad@ to remove the effects of atmospherie
origin can broadly be classified in terums of changes of
intensity and changes of anisotropy. It has been found
that many of these changes exhibit remarkable solar and
terrestrial relationships. ‘The important characteristics

of the observed changes are deseribed here,
261 . Changes of intensity,

2a11 Long tera changes of intensity and "knee":

, tal d ity. ~ Une of the most
remarkable variations that has bean diseavered recently
is the change of general intensity of cosmic raediation
correlated with the change of solar actxv&ty of sunspot
aumbers, This change of 12 month mean 1ntenslty measured
by the Larmegxe Institution stations was shown by FUORBUSH
(1954) and by GLOKOVA (1953); to be of the order of four
per cent babw@en aunspdt minimum and sunspot maximum and
to be present to almost an equal degree in all four stations
ranging in latitude from the squator to 80°N, Fig, 2 taken
from Forbush demonstrates this change. Forbush has
Separated his data for u magnetically guiet and disturbed
days and shows that the ahauge of intensity is present
almasﬁ wqually 1n both the groups., ?h;a is 1ndiaatxve of
the fact that the change is not produced in a simple way
- by & seriss of magnetic storm type decreases occuring with

Avarylng fraquancy during dlfierent pericds of the solar

¢yele,

o

I L = ' 2.1
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Byidence of similar changes at high altitudes
is provided by balloon experiments conducted by NEHER (1955).
Corregponding to the change of only four per cent observed
at sea level, Neher shows that at the latitude of 859 4o
88°N, there was 4 change in total lonisation of sbout 50
per cent at an alstitude of 70,000 feet from the sunspot
maximum yesr of 193? o the sunspot minimum year of 1954,
UEYER gnd SIMPSON {(1955) in aeroplane flights at 30,000 feet
have preported a change of 13 per cent in intensisy #easured
by neutron monitors from 1948 to 1951 compared to a i per

cent change observed at ses level.

Shange of "knee! o — NEHER

(1952) has summarised experimental data extending up to

1950 concerning the measurenent of the lasitude effect of
cosmic rays at . various altitudes. & most remarkable

Ed
e
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feature thab @merg@d'ffom nh&Se'atudies was the absence
4.f a lﬁw energy component. of primary cosmie radiat;on,~
The “knee" in the lauiﬁude effect indicates that beyand
a latitude of about 55 there is no further change in the
total cosmic ray intensity even at the highest altitudes,
Yhis indicates a ahafp cutw@ffvin the primary spectrum ab

0.8 Gev (for protons).

Flge 3 from Neher $h6ws the “knee" of the
inﬂan&iﬁy versus lauitud@ curves fcr'an atmospheric
depth of 15 gm./cn® durlng 1937, ?Qﬁig and 1954, The
figure illustrates alearly the shift of the "knee" to
higher latittdes from 1937 to 1951. The low energy cut
off Por protong at 0.8 Gev during 1957 is absent during
1954 when a very large intensity of soft particles dowa to
@nergxﬁs of 0.15 Gev for protons is measured and there is
no evidaaaa of a "knee" o MEYER and STHPSCH (195§) ﬁave'
répartad that from 1948 to 1951, the "knee" of the latitude
effect has shifted by 3° from 55 to 58°N, Simpson did not
observe much change between 1951 and 1954, but singe the
- results of NBHER et al. (1953, 1955) show ﬁhaﬁ this change
was almost entirely due to the influence of particles, ifl
protons,betwesn 0,15 and 0,8 Gev, it is to be expected that
these would produce little effect at 30,000 feet altitude

where Simpson's observations were carried out.

el
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2:12 Short term changes of intensity @

Day £0.93y changes of lntensity :- The day to
day changes of intensity, some of which are of the 27 day
recurring type, have been extensively studied in recent
years, Sarly work related to small changes noticed in
lonigsation chambers, but a significant step forward was
possible with data from Simpseﬁ’s neutron monitors in which
it was quite vaious that large and aignifiéant changes of
intensity of a few per cent in émplitude were occurring

~ almost continuously from day to day. SIMPSON et al. (1952)

T | 2ol

T
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‘showed the asaaeiation’afithe iharaasesvwith th@rgantral
meridian p&%sag& of active solar regions, and particularly
of reglons of green coronal emission on the sun, These
inereases were often seen to be followed within twd o
three days by increased geomagnetic activity. Recently
SIMPSON et al, (1955) have shown the close asseciation of
the central meridian passage of unipolar EM regions with
cosmle ray lncreases during 1953. These regions as well
as the increases of intensity persisted for several solar

rovations.

™
Jeveral workers have now demonstrated that the

day to day changes are worldwlde in character., FONGER
(1953) has found that changeé in the neutron monitor at
Climax are‘similar to simultaneous changes observed in the
ion chamber at Freiburg@‘but on the average are five times
greater in amplitudaa"ﬁﬁﬁﬁﬁ and FORBUSH (19352) have‘
demonstrated the correlated changes occurring in the ion
ahambera at Euanmaye'and Ghaltanham, thé néutron monitor

at Climax and the lonisation at 70,000 feet over Bismarck,
These are shown in Fig. & which reveals the difference in
amplitude of changes in each case, MNBHER et al. (1953) have
demonstrabed that the changes at high altitude over Bismarck
and naa# the north gaamagnatic’pola are correlated amongst
themselves and with changes in an ion chamber at ground
level. van HEERDAN and THAMBYARPILLAL (1955) have recently
investigated the correlated changes measured with a nsutron

monitor and a counter telescope at London. In the study of

1 ,_ 21
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Fige 4. Correlaved day to day changes of cosmic
ray intensity (HEHER and FORBUSH (1952) .
the 27 day recurrence of these changes, they find a
decrease of mean intensity connected with the inerease
of amplitude of the fluctuations. They have thus come to
the conclusion that th@ changes represent decreases of
intensity. MEYER angd SIMPSON (1954} have studied the 27 day
regurrence tendency in the ion chamber data of Huanecayoe and
the neutron monitor at Climax, and have demonstrated that
the recurrence tendency is altered during the solar eyole.
It is more pronounced during sunspot maxima, when incidentally
the general intensity is low, and is weak at sunspot minimum

when the general intensity is meximum,

MEREDITH ot al. (1955) have made rocket measurements
with a'singla counter capable of responding to radiation of

Ed
o
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‘inﬁéﬁ@ity‘&s lQW‘aaYEO'Mﬂvﬁ Thay find that on many days
during 1954 thers iﬁg at.an altitude aﬁwve LO km,, a
large intensity of radiation of energy between 20 Mev and
140 Mev. It is of gourse debatable whether radiation of
this type can legitimately be classed in cosmic radiation,
But the observations show that just like the day to day
variations of hluh @qerwy radiabion, there is also a day
to day variation of larze maznitude oecurying in much
softer radiation which can only be observed at very high

altitudes,

‘ _ changes, - Lafgé worldwide
decreases of gosmie ray incensity ‘associated with magnetic
‘storms have b@an-rayor%ed in the past, These decreases
have several remarkable features. All magnetic storms are
not assoclated with decrease of cosmic ray intensity, ‘and
when aifaative storns take place, the ratio of change of
magnetic field stréngth %0 the change of cosmic ray intensity
is not éﬂﬁstanﬁ from event to event. In storms such a5 the
large storm on March 1, 1942, there is almost no latitude
effect observable in the magnitude of the decrease at
dlfferanm stations exbandlng from the equator to high
latitudes, On the other hand in some storms, the low energy
componant of the primary cosmic radiation appears to be
diaturbed more than the high energy. component. NEHER and
FORBUSH (1952) have compared a storm type deerease observed
at 70,000 feet over Texas with the decrease in the ion

chamber at Mt. Wilson and have showed that the effeect was

o
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- about four times mere proncunced in the former case.

During the past three years, further work has
been done in studying the solar and terrestrial relationships
of magnetic storm type decreases in ecosmic ray lntensity, .
CHAB3ON (1954) has shewn that decraa&aﬁ of intensity
peourred on two occasions an appreciable time bafore
Measurable geomsgnetic disturbances. TREFALL (1953b) has
eoncluded shat magnetic storms with o damlnent positive
peak and a nagativa_peak,which is small or absent, produce
no change @Q\}nﬁensity@ TRUMPY (1953) and KITANMURA (1954)
have examineé the characteristics of some magnetic storms.
BEKIDC et al. (19555) have studied the solar relanionship of
cosmie ray effechiva and noneffective magnetic sﬁarms, which
they designate as 8 and M type storms respecbively;A They
have found that the frequency of S type storms varies in
8tep with the 11 year cycle of solar activity, but this is
not the case wish ¥ type storms Whiﬁh they associate with
the supposed ¥ regions on the sun, There is correlation
between the ogeurrence of S type storms and the central
mﬁridian paséag@ af large sunspot groups, This feature is
absent for M type storms. Thevz7 day recurrence tendency
as seen with Chree diagrams, shows sharp peaks for M type
storms but sinusoidal change for 3 type storms. The authors
conelude that 3 type storms are caused by wide corpuscular
clouds agaatad from sunspot groups, but the M type storms
-arﬂ caused by narrow corpuscular beams from ¥ regions,

L : p 2.1

e



116 1
2;13' Holar flare type increases :

The large solar flare type of increase of
intensivy is of rather rare occurrence. Iss characteristics
during the four recorded oocurrences prior to 1950 have
been deseribed in detail by ELLIOT (1952}, However
conslderable fresh knowledge has been obtained from the
latest ogourrence on February 23, 1956, which was observed
by a number of stations scattered in diffevent part of the
world, Ellien and Gold have made a compilation of the data
reléting to this interesting event., The remarkable feature
about the recent event was that the general cosmic ray
intensity was steadily diminishing from ~ 10 days prior
b0 the onset of the flare. The increage of intensity was
observed not only as middle and high lanitude atatians as
during the earlier events but was recorded at equatorial
stations as well., The increase was observed at all
longitudes, though the time of enset, the per cent increase,
as well as the time of recovery differed according to local
ﬁima; latitude of the statlon and type of detector. The
avent 18 strongly suggestive of the existence of a storage
mechanism in the solar system in which solar particles
ejected during the flare are trapped and re-emitted under
approximately iaoﬁrapic eonditions. Further interpretation
on these lin@s.haa been discussed by MEYER et al. {1956)

- and by PFOTZER (195%6).

2,1
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2.2 ~ Changes ﬁf,aalar.anisatrepy;
2.21 ‘Long term changes

| Large worldwide changes of the 12 month mean

daily variation of meson intensity have been discovered

by SARABHAL and KANE (i?SBé. By an examination of data
from 1937 to 1946 of LANGL and FORBUSH (1948) they drew
attention te‘ﬁorrelat@d ehange$ of amplitude and of vime
of maximum of the diurnal compenent of Ghe daily variation

at Ghriabchureh, Lh@itenham, and Huancayo. They pointed out
uhe ralaticd@hip of these’ changes with the 17 year cycle
aﬁ golar aativmty and with the magnetic character figure,
and Showed thab aorrelatzons impraved during sunspot

mn&fﬁum 2

THAMBYAHPILLAL and BLLIOT (1953) have confined
attentlon to the time of maximum of the diurnal component
of the daily var&ation; After showing the Larrelat&d__ '
 ehanges ocecurring in it at the Carnegie Institution stations,
they have c¢owbined data fram various sources to study the
trend of change from 1932 to 1952. They were led to a
general conelugion that the change probably followed a

22 year cyc1a of solar activity.

STBINMAURER and GHERI (1955) have recently
compgred data taken over groups of years over the past 23
- years, Thay shaw that during sunspot minimum in 1933, the
bime of maximum of the diurnal component was at about 0700
hours, comparable with the time of maximum about 20 years

P
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later in ?953m549 but was earlier than the time of
maximum 11 years later in 1944, This indicabes again a
velationship with the 22 year gy@l& of solar activity,
It is noteworthy that a maximum as early as 0200 hours in

1954; has never before been observed,

SARABHAL et al.(1954) have extended their
earlier analysis of changes ab the Carnegie Institution
statlons by examining further unpublished dasa from 1946
te 1953 ﬂuppliad.by Forbush, . They find that w%ile changes
of amplitude at the different gtations are not cerralata&
in the new sdtar aycl&” the changes of tima‘mf masdmar

continue to exhibit worldwide charscteristicsa,

SARABHAL et a1, {19554) have demonstrated that in
addltion to long tern changes in the diurnal component of
the daily variation, &igmiiicamﬁ changes also take place
in the semidiurnal component. When the dally variation is
considered as a whole instead of in terms of its harmonic
conpenents, a very remarkable J@quance of ehangas is
revealed as shown in Fige 5. At ! Huancayo, the 12 month
mean dally vaviation which exhlbite one maximum near noon
from 1937 to 1943, changes over by 195& to a variation
ezuzbiu;ng one maximom sarly in nhe morning. In the
lmtarvening period, there is eclear evxd@nce of the
pﬁ@ffﬁwﬁlVQ innr@ase of the early marning muximam followad
by a decrease of the necn maximum, During th@ period 1945
b0 1950 the daily variation therefore exhibits two maxima

instead of ona. ar&bhal and co=workers thus conclude that

i
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b0 fahxaw the phyaiaal preecess of ‘change of bhe daily
variatimn, it is alaﬁrly neeasaary to discard mndiV¢dual
consideration of only the dlurnal component, of the
variatiang The most appropriate manner of $tudyin& the
¢hanges is by examination of the dally variation unreselvad
inte ite harmonic components, As shawn in Pig. 5, only

half the sycle of change appears 4o be completed in 11 years.
This ia'again indicative of u 22 Jyear cycle of change of the

anisosropy.,
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SARABHAL et al. ?9550.) hove suggested fhat
&hanges of the daily variatian could be considered in
terms of the contributions of two distinet types of
variations, Both have ene principal maximum, For the
'd' eentribution the maximum oecurs near noon and for the
"n?' contribution at about 0300 hours, - It has b@em shown
by them that the pattern of addition or subtraction of the
day and night contributicns of the daily Va?l&t&%ﬂ is
worldwide in charaoter and gan sati&faetcrily explain: the
obsarved changea fron year to year at duancaya as well as
at Qh@lﬁ%ﬂhdMo‘ The actlv;@y of tha two uontrmbu ions is
closely related to the solar cyele of aetxvi&y¢ In general,
the day and sha nighh cantrxbuﬁienﬁ are simulbvaneously
added or attenuated, However, just Preceding sunspot
minimum; there is a brief peried when only the day contribution
appears to be activea‘ This is immediat@ly followed by an
equally brief peried when only the night eantributieﬁ'is
active. The pattern of adﬁitién and attenuation of the

contributions appears to be reversed after 11 years,
022 Short ternm changes

The change of the diurnal component of the daily
variation of cosmic rays du?in@ magnetically disturbed days
has been studied by several workers [%EK&DQ and YUSHIDA (1950),
ELLICT and DOLBEAR (1951), EHMERT and SITIKUS (1951), SEKIDO
and KOUAMA (1952), SEKIDG et al. (1952), TRUKPY: ﬁ(ws«a)p FIRCR
8t al. (1954), SANDSTROM (1955), and YAGI and UENQ (1956)]. It
is found that on days with high Kp, the amplitude of the

Ed
i
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,diurnal compananm inereases and its uim@ of maximum

becones aarliarw SHEIDY and KODAMA (1952) have shawn B
that this afﬁ%&ﬁ is present to a greater degree in
Hpasurements made with narrow angle telescopes than with
instruments with wider directional sensitvivity. SEKIDO and
YOBHIDA {1951) have m@r&ﬁver denonstrated Phat the semi~
diurngl component which is normally present %o a greater
extent in the daily variation measured with narrow angle
telescopes than with telescopes of large semiangle, gets

reduced on magnetically disturbsd days.

SEKYDO et al. (1955b) have made an intensive study
of the mean atorm type vector representing the difference
in the diurnal components of the diaturbad'perimd daily
variation and the quiet period daily variaﬁian during each
year. They have shown that the disturbance vector
raprmaentiﬁg a storm type anlsotropy points on the average
towards the radially outwards direction from the sun, and
undergoes a long period change from year to year, broadly
in step with the 11 year ¢ycle of solar activity.

Following the discovery of long term changes in
the anisotropy of the primary radiation as revealed by
changes 1n the 12 month mean éaily variation of cosmi¢ ray
intensity, various attempts have been made to study the shorg
term changes of the anisotropy, not necessarily connected
with magnetic disturbances. FIROR et al, (1954) have poinbad
out that the dally variation of the nuecleonic component as

revealed by the neutron monitor is highly variable in

<
i
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character. They found géoupﬁvef,dayﬁ on whicgh there was
a large diurnal veriation with a maximum during the day.
Th@r@ were other days on whieh there was no appreciable
da lly variation, and indeed on @thwru, the dally variation
appearad o have & maximum in the night. SITYKUS (1955)
has looked at the amplitude of the diurngl variation
measured by an lon chamber on individual days and he has
noticed the tendency for a variation of large amplitude
with a maximum near noosn %o oecur during groups of days.
| He has found-g 27 day recurrence tendency for these groups
but eompared to the Past of the days, the days with large
noon time amplitude are not assoclated with & significantly
differ@nt magnenic charaater fiwurea RLMY and SIIT&&a
{1955) have shown that durinb 1954, the cccurrence of days
on whi@h there was a 1arge day time maximnm of iﬂtensity
wag rarer than 1n 1953; They have morecver noticed a great
varxability af the tima of maximum of the diurn&l compen@nt
of the da¢ly variati@n‘

Weighty evidence concerning the change of
anisatropy frdm day ﬁo day ecmés from the investigations
With narrow angle telescopas r&parted by SARABHAL and
NERURKAR (1955) With telescopes having semiangles of 2.5°
and of 5% in the BeW Plane, the combined data for each

type of telﬁsccpa for avary day were &Xamin@do

On about 75 per ecent of the toﬂal days the daily
variation exhibited only one maximum, For these days they

i
s



$ 23 3

'have”fouéd, as shown in Figs 6, a marked aendeney.farjj
the diurnal maximum during the year 1954 to occup elther
at 1200 noon or in the early morning at about 0300 hours
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Fig,’éﬂ The ﬂistributiéﬁ ef,@edurr@nae of the
diuenal maxima for eagh of 24 hours of a day.
The upper and the lower histosrams refer to

telescopes of 2.5° and 59vs$m§a@glaﬁ respectively

in the E-i plane'[§AﬂAﬁHAI and NERURKAR (195§§T¢
Local time, Un the basis of a ph@nomanolegicél classification
of days according ﬁé whather they exhibit a méximum during
the day, a mazimum during the night or they exhibit two
maxima instead of one, ﬁhé days have been designated as Yar,
'nt and 'sf respectively, The three types of daiky variations
obtained for data averaged for days Qf‘aachvtypﬁ are shown
in Fig. 7. The results indinaté that there are at least two
preferred wrienﬁation& of the anisotropy and that on any
'particular day which does not belong to the ‘s’ type, there

ig present elther one of these two types of orientations.
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Ihe émplituﬁ&‘af‘tha'daily*variatian ocourring aw.eacgﬁ
of these types of day$ is large and is bf the order of
145% to 2.0% as observed with a narrow angle telascope
at low latitudes. These days, particularly of the 'd'
type, have é 27 day recurrence tendengy and usually occur

in groups as observed by Sittkus.
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Fige 7. The average deily variation of meson
intensity measured with telescopes of 2,5°,50
and 157 semlangles on 'd', '™n' and is? bypa
days |BARABHAL and NERURKAR (1955)).

The recurrence tendency of the ami&onrcpy
observed in the ion chamber data at Huancaye has been
studied by YObHIDﬁ and KOHDO (19§A)w They found a strang
reeUrrance %ﬂﬂdﬁﬂﬁya axtendmng e two solar rmtacimns,
which was more marked than the recurrence tendency in either
the ganerél cosmic ray intensity or in the magnetic character
figure dur;ng the same period. KANE (1955) has studied the
- recurrence tendency in the daily vﬁriaﬁion‘maaaured by
neutron monitars at several stations and by the ﬁveiburg ion

¢hamber far the years 1951, 1952, and 1953, He has shown

e
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“that the recurrence tendency in the daily variation,
unlike the tendeney in ihe general inﬁeﬁ&itya ramaing

almost unalterad during the thres years.,

3, ﬁa?@ﬂd@na@ of Variations on Lnergy

and Type of Instrument,

BARABHAL and NERURKAR (1956) have attempted to
summarige data, obtained by several workers with different
types of instruments, as shown in Table 1 (page 26)., it
= will be noticed that the long term changes of intensity,
the magn@tid*atarm type dee¢reases and the day to day
changes of intensity exhibit certain common features, The
amplitude of varistions studied with amnidirectlanal
instruments is generally smaller than with counter
telescopes whers the amplitude becomes progressively larger
wiph a dimination of wogle of opening of the telescope.
There is ofven a larger change of intensity of particles of
energy less than ?0 Gav than of those abovavit. The ratio,
haw%verg of mhn rnangws observed in the two 6&663 is
variable, mﬂfﬁ@?ﬂr; th@r& are occasions when, as shown by
Nehar, the reverse is true, and thére can be increase of
intensity at intermsdiste energles withoutg eorresponding
¢hange at low energies. It is remarkable that the
ilmatuahians are net as latitude dapendanu as a cwmpariswn
of thv neutron menitgr abudiea with charged particle
detectors at the aane latitude would seem bto auggest, it
appears tﬁ&t the diff@ranca between the semianzles of the

neson detector, which is usually'an ion chamber or & wide

)
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angle naLﬂseaua3 and the slfecﬁlue directional SﬁﬂaltiVLty
af the nautwon monxtars is parhaps regpansiule for thm%

diacrepanﬁye

| - The amplitude of the diurnal component of the
@aily variation of intensity has fraguency been considered
an index of the degree of anisotropy of primary radiation,
However, the amplitude depends very much on the directiocnal
gensitivity of the m@aau?,ﬁg instruvent and on the pericd
Tor which data are aver&ged, it ﬁhe‘éreﬁent moment we .
have no available data where the aﬁpliﬁude-of the daily
’varaatlun observed with a neutren monitoy can be compared
dir ecaly with the amplitude of the daily veriation in meson
intenslty measured with a telescope of equivalent effective
direcvional sensitivity. Until this is dones it would be
difficult to conclude whether the anisotropy is greater
in respﬁct of the spectrum in the mean energy range of
aboub ? G»V which is measured in a neutron meniter at
middle latitudes and in the spectrum with a mean energy
of about 40 Gev which would be measured at similar station

with a meson intensity recorder.

Some evidence on the energy dependence of the
snisotrepy is cbtainable from the latitude effect of the
amplitude of the daily variation coserved with aimilar
ingtruments. Huanecayo iw at a mountaln elevation at the

gﬁmmabnatlﬁ equator compared to Cheltenham which is at sea

e
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level at:50@N¢ geomagnetic latitude., Over g period @rf
geveral years, the per gent amplitude aﬁ Huancaygkia A
about ten per cent larg&r thgn aﬁ Cheltenham. Between
Huancaye and Climax there is no appreciable difference in
tha‘amﬁlitude of the.neutram daily variation over 13 months,
Thus within the latitude sensitive spectyrum of péimarias
~ there appears to be no marked change in anisotropy.
Experimental data for high energy primaries from experiments
made with large atmospheric showers or at great depths
underground establish only an upper limit to the magnitude
of the ani$ngf§py at: these energies and in consequance 4o
ne reveal the dependence of the anisetropy on primary

eNnarEys

ke Solar and Térgestrial Relationships

of Cosmic Rays,

There is now a vast gmeunt of evidence to show
that the sun strongly influences the cosmic rays that ere
measured on the earth. Most of thase influences have been
revealed thxeugh‘ralabienshipg with the activity of the
sun which changes markedly from time to time. Some aetivity
p@faiﬂta through several solar rotations and produces-
characteristic 27 day recurrences, General solar activity
changes with an 11 year period, while the state of‘magnatic
polarity of bipolar sunspots has a periodicity 0£'22 years.,

The suh appears to influence the low énergy cut

off of the primary spectrum over an 11 year cyele,
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~Iﬁda§enﬁéntly7mf‘ﬁhé.ehaﬁga of cut off, it is known ﬁai
alse produce a g@ﬂ@ral‘ehang@ @f-inﬁ@naiﬁy, with a cycle
of 11 years. It produces changes of intensity of shorter
duration. Many of these are related to the cmn@rai
moridian passage of regions of solar activity such as
Sunspot groups, unipolar reglons and regions of intense
gorenal 5303 ﬁlemissi@na The occurrence of the regions
at low heliographic latitudes appears to favour their

effectiveness in influencing ¢osmic rays.

‘ 1h§\$um produces an anlsotropy of the cosmic
radiation, The 12 monthly average snisotropy illustrates
a change which ie consistent with a cyalé of 22 yesrs and
perhsps constitutes the first solar influence ﬁetectaﬁ 80
far on the earth which has a periad corresponding to what
may be congidered the true solar eycle of activity. This
requires te be vorified by observations extending over
several cycles. The sun also rroduces day to doy changes
of anisotropy, some of which are related to the central
meridlan passage of ackive regions as in the case of
variations of intemsity.

Ah@ sun emibs coamic raya in association with
| flara%, and thede are now believed at least sometimes to

have particles of Energy exc@@dnnp 50 Gev, if they are

protons which have travelled in direct paths to the earth,’

Tha terrestrial relationships of éoami¢'fay |

variations with geomagnetic activity arise from the latter

sl



'baing th@msalv@s'assﬁeiatad with golar acbivityaﬁﬂﬁimiiar
is the ecase with somae iaﬁcsparic‘disturﬁancea@ For
instance LDOLBEAR et al. (1951) have shown the sssoeiation
of cosmie ray increases with lonosphieric disturbances
during day ﬁime hours, Alse flare typ@ increases of cosmic
Tays are ﬁ&ﬁ&ﬁﬁ&u@@ w&th 1anamph@r1@ di tmﬁhamﬁ@# and

radio fade thma

~

5. Interpretation,

The @losa ra?atianﬁhip of cosmiec ray variations
with solar adPivity has prompted various workers to
invastxgate whethsr these chanyea are cavsed by the
emisalan of cosmic rays from the sun. .u the present
moment there is general agreement on solar emissz&n only
in r@&pac% of the flare tyve increases, The view is
tending towards the modulation of cosmic ray 1ﬁt@n$ity to

@xplazn the other variations.

Magnetin ﬁtvr&s bn many occaslons are agcompanied
by desreases in cosmic ray dntensity, vut never with
imﬁreaaasg_ van HEERDAN ang THASBYAHPILLAL (1955) have
shown that an increase in the general intensity is associated
with the redugtion of amplitude of 27 ﬁay'racurrenees, thus
augg@@timv that the 27 day recurrent changes are decreases,
They ave uh@f@f@?w slmilar to the magnetic ﬂnarm type
ﬁhﬁl“&” and indicate that suraenzga of cosmic ray intensity
ha% @ccurwada This is in gan@ral agraamant with the
mininum of amplitude of 27 day recurrencas oeoureing at

minimum solar aauivity when there is general enhanced total
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The only evidence far an 1ncredse in cosmie
rmy intensiﬁy dBﬁOQidt@d with vigible solar dlsnurbaacas
is that put forward by s.:.zws«smw et al. (1952, 1955). Fig.8
fllustrates the &hyrp pea $ of iuten itv whieh coineide
with the cantraY marldzan pasSage ef aetive regions. I¢
is not clear at ‘the present moment that there is any
r@asemahle argument %o mininise the siwnifiaanc@ of this
type of ahsarvatimng fheﬁefar@ bhere is at ﬁh@ presenu
mnmwmt a real diffi@huﬁj in as 5um1ng thab all variations
undesp fvasidaratiﬁn harc ara in Lha nature of *aereaseso

.M@re data on the auaaeiablaa of ingreaﬁas with tue

2

central mer%dian gaxsapa of r@gian ai salar activity are

reguired to 5att1a thls poing.
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Fig, &  Assovelation between. lotensity maximg
in nautran pile at theago and the central
meridisn passage of lmﬁel agbive regions on
the sun, [DIMP3ON et al (?9532]
K@l&ﬂﬂﬁlﬁﬂ& of the daily variations of cosmic
rdyu in terms .of o =olar magnetic field oy the variations
of & geomagnetic field became untenable quite early,
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‘haaauﬁe_ﬁf the fa ilu* to detect the expeeted large
latitude dependsnce @f.thé VQriatianﬁe BRUNBERG andg
DATTHER (195%) have pointed out that seen from a fixed
coordinate sSystem, the rotating sun would be strongly
polarised so that there would %@Va v&ltage diffarence
betwenn the poles and %he aﬁlar-@quaﬁQE of the order of
10° volts. The combinad action of the electric field
ﬁr&d&@é& by polarisation and the solar msgnetic field

will make chavged particles within the solar system
'pavﬁake in aﬁganﬁral robation with the sun 8o that the
earth will receive an excess of particles in the 18 hourly
dir@eti@ﬁ. They thus get a tangential anisotropy., ALFVER
(1954) on the other hand, has shown bhe possibility of an
outer radial flow of energy &apaading on the accelerating
processes within the solaw's35tam This will impart a
radial anisoLropy to cosmic rays, whlch will change with
the 11 year: ¢yoele of solar activity. These axplaﬁatiwns
require a general magnetbic fisld of the sun having an
intensity of about 10~ gauss at the earth's orbit to
aacsunt for a dmurnal variation whose amplxtud@ was

believed t@ be about 0.2 per cent‘

NAGABHIMA {1955) has vecently examined the
poseibility of e *Kﬁldiﬂiﬁg a diurnal variation of the order
eff 02 40 008 per cent on the basis of the oleobrza field
theory suggested by him t@'exglain the magnetic storm type
change of totol intensity. Therve would however be a large
Latitude depeadence of the daily v&riatiun which is not

=

thserved. o



A Eacausé @f‘thaQneglect of the f@llﬁwing
eXperimentally determined feahurés of the daily variation
averaged mver'periads cf one year or longer, it is
difficult to attach much importance to any of the above
tientionad th@@fi@ﬁ to expl&in the observed facts,

(2) The daily variation caniot at all times
 be aatisfaetmrily described in terms of the diuprnal
component only, For several years in the past the daily
~ Variation had twe significant maxima,

o (ﬁ?» A shift of the principal maxiuum of the
daily variatien by as much as ten to twelve hours takes
place over a period of years., The implication of this
shift is that during some years, the daily variation
exhibits a prineipal maximum during the day while in
others, the maximum is shifted to the night.

{e) The amplitude of the daily variation is
Markedly determined by the directional sensitivity of the
reaording instrument. The ¢change of amplitude of the
dally variation with change of semiangle of the telescope
is very much more than can be normally expected., Large
amplitudes of the order of 1.2 per cent have been observed

with narrow angle telescopes at low latitudes.

The oceurrence of the storm type anisotropy and
the frequent day to day variations of anisotropy make it
necessary to evaluate the physical meaning to be abtached
to the anisotropy derlved from data averaged over a long
period. The daily variation of the a' and 9?9 'n' type,
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ﬁhieh oceur @ﬁ‘grnuys of days, havw'ﬁimas-mf maxita

which coincide with ﬁheaé.af the two coutributions which
ara‘f@und to play a ﬁat@rminimg role in producing long
berm changes in the 12 month mean daily variation. This
raises the question whether tharé is in faet a permanent
anigotropy in addition to the variable types of anisotropy
present on groups of dayaa If we accept the existence of
a permanent anis@trapyg its features and characteristiocs
are abt the present moment not known, It would appear
'thatfthsﬂ@ have been m@sked by a m@ré prominent anisobropy
which is of ;Sﬁighly'variahle character. At the present
momenty no satisfactory place can be Found to fit in the
above pleture the samidiurnai type of variation observed

on certain days at low latitudes,

At the present Juncture it is important to find
explanations for the two maln types of variable anisotropies,
In this connection theories which have been advanced by
various workers to explain the sharacteristics of the storm
ﬁyp@ aﬁieatrbpy agsume a speclal significance, BELLIOT and
DULBEAR (1951) and ALFVEN (1949) have suggested thab
electric fields are produced within beams of loniped
particles emitted from the sun in the presence of the solar
magnetlie field. Acesleration of cosmic réy particiea
traversing these beams produces an anisotropy in particular
directions depending on the relative position of the b&ém
and the earth., WAGASHIMA (1955) has examined the detailed
impligabinns of this madel talking into consideration the

@
eth”
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'defLecﬁi@n within the beam of particles in the ufapped '
magnetic field which is darived frmm the solar dipole
field. A feature of his th@@ry is that assoeciated with
every beam there ia & minimum ener&y below which no
anisotropy would be produced, For hisher energies, the
per cent animotropy would progressively decrease with
inereasing @n@rgy¢ Nagashims Nwﬁ shown that the maximum
anisotropy wmuld ba prwduaed in the directlan pointing
towards the sun, fhia agrees with tha experimental
ldetarminatlan of th@ storia type vector by SEKIDO et al.
(?gpﬁh). dééash;ma & theory else explains the 11 year
eyele of vardation of the storm Lype onisotropy as being
due %o a change in the density of the solapr Btreams and
of the strength of the trapped magnetic field during the

solar oycle of activisy.

Nagashimaéa theory does not explain a night time
mgximum as obaserved in the daily variation on groups of
days. Recently NERURKAR (1957) has extended Hagashima'ts
work by admitting the possibility of randam orientation
of the magnetic fi@lﬁ trappsd within the beam. This could
arise il vhe orientation of th@ field in the beam is not
determined by the solar dipole fleld but by the field in
the direct vieinity of the regions f?om which the beams are
emitted, $in§a the daily variation reveéls an anisotropy
in the LW Plane, the component ef‘th@ trapped {leld
perpendicular to the equatorial plane has to be considered,
Thus a modification of Nagashima's theory whereby the

e
e
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'diraéticn of the affectiv@ magnetic field can beg}aveiéed
i3 possible, Nerurkay hés demenstrated that there can
then be anisotropy in the 0800 and in the 1600 hour
directions depending on the orientation of the magnetic
field. Due to the efflect of the magnetic field these
anlgsetropies can produce at low latitudes maximg of
intensity in tha daily variation at 0300 and 1100 hours
respectively. ?hus it seems that the modification of
Nagash;ma's theory by Nerurkar furnishes a plausible
,intewpratation of. severai signiizcant features of the
day to day ehanges i the daily varlatian of meson

intemsityo |

0. Purpase of the Stu&ye

We have already seen that the work dsne at the
Physical Research Laboratory during 1950-52 and by @thar
workers ¢lsewhere, had shown that, compared to the
varigtions observed by ionisation chambers of omni-
 direetional sensitivity, counter telescopes having a
comparatively limited diractional‘sensitiviuy ghow imuch
larger variations. This effect should be particularly
importent for study of the anisotropy of primary radiation
through the measurement of the daily variation. MNoreover,
the dependence of the amplitude of the variation on the
angle of opening of the instrument ¢can provide valuable
insight into the Qrofile of the aniaoﬁrapy, Hence, an
- atbempt was made in the first experiment to push the
narrow angle technique for the study of the daily variation

P
"
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@i aaﬁmie ray Lut@na¢uy te what might be nanqzder@d to

be a pracbleal Lxmlts

In the first exnerimentg deseribed in

chapter IIi the daily variation of meson intensity,
ineident in a very narrow vertical cone of semlangles
1.7° ang 6.,7° in the E=W and N-S planes reapectively,
Was maasuredg M@reev&rp the radiation was made to
Lraverse o nagnetised iren core, R mesons in the |
 momgntum range about O o3, 0 Gev/c were in consequence
d@fl@cﬁad out ol the vertical beam. Positive and
negatively charged deflected M mesons of moderate momenta
were separately recorded. The intensity of mesons with
momenta larger than about 3.0 Gev/c was méasured by
recording mesons not deflected out of the vertical bean,
Thua'maasurem@nt was made of three separate rates,
representing intensities My(+), M (=) and My, the medium
energy posivive, the nmedium energy negative, and the high
snergy/u,maamns_resgact;vely, ingident in a very narrow

vertical cone,

rhe counting rataa of deflected mesons in this
experiment was very small, Because of this during the
paraad Covered by the present report the determinatians
of the semidiurndl companants of the daily variations for
each component, were not statistically significant. This
haﬁ prevenved us from drawmng conclusions about the

aﬁmespherlc effect for each component a@parabelyq‘ The

&
o
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‘r@sults'haVe hmwé?er Signif;aautly dam@a&twﬁhed a*
sbriking andg unexpect@d increase in amplitude of the
daily variation with reduction of angular opening of

a Uelger counter meson telescope.

In order to verify that the counting rates
Mp(+), and My(~) were in fact due to deflected mesons
of moderate moments and are not significantly affected
by other prec&ééasg a- ﬁ?@a& deal of @fﬁarﬁ yafter the
firgt run, was devatad in estimating the contribution of
‘ahsqg‘prnaaysggﬁ, &xparim@nta1xy by setting up a hedoscope
recmﬁdi&g_arraﬁgamann, and by numerical evaluation Trom
known processes with known experimental conditions. The
resulys of ﬁhis.3ubsidiary,invesaigaﬁiaa‘ara also reported

in chapter III,

Havxn# confirmed that the cauatlng rate,
measured by the tiays of counters outside the main cone,
was mainly due to low energy A mesons, the electromagnet
used for the first runvwhich:héd'@roviSion for only one
set; of teieﬂedpes of the type mpnﬁianed abé?a was modified

for putt;n& up four similar sets of telescaﬁes. This is

prgsently in operation,

Afﬁer the preliminary results of the fivst
experiment concerning the large amplitude of the daily
variation of meson intensity measured in a vertical

narrow angle tolescope were known, it was felt neceasary



'to‘iﬁvestigaté the effoct of the reduction of thé
angular opening of the ﬁai@aaaﬁﬁ'in a more elaborate
Lashion, Therefbra9 while the author was busy with the
setting up of a hadaaeep& recordaa& system, Dr. N, W,
Nerurkar, a colleague of the author; made a comparative
study of the daily variations of cosmic ray intensities
measured by simuluaueeuglj running narFOW'anwia ﬁelascdpas
of different Qpenings in the &= plane and by wide angle
telescopes. The results are reported slsewhere [:bﬂﬁ&ﬁﬂﬁl
et al (aarabhais Nerurkar and Bhavsar) {1955b.g SARABHAL
and NERURKAR (7955) and NERURKAR (1956)] .

The investigation confirmed the author's
findings, that radiation reaghing sea level within a
narrow angle to the vertical exhibits special
characterisstics, o gignificang diffe#enee is seen
in the deily variations measured with telescopes of
semlangles 5% and 2.5% 1in the E~W plane, and since the
counting rate as well as the accuracy of the deter-
minations 1s greater for %@ telescopes than 2,5°
telescopes, the 1ormer prevmdes an idmal technique for
atudy of the an;&onvapy of primary rad&atimna Dr Nerurkar's
lnvestigatxon also showed that the daily variation on
individual days is af:a highly variable character. It
Qeaurs gamaraliy with a day time maximum or an early
morning (night time) maximum, or with two maxima. Because

of low counting rates and a standard error of about



ﬁ
2.0 per ceut for biheurlj counting rat@; Hr.Nerurkar's
data on individual days could not be examined in greay
detail. WNor was it possible to ¢lagsify with any great
confidence tha days in terms of the nature of the daily

variation occurring on them. It was felt therefore,

o

that the ﬁ@ahniqua should be further refined by providing
a2 number of similar telescopes of high counting rat@&,

and thus reduce the statistical error. -

Th@\ﬁacond experiment deals with further
intensgive invéstigauion of the dally vériatien measured
by narrow angle telescopes and the c¢hanges of anisopropy
that occur fram day to'dayq It is described in chapter
1V, and deals with the results obtained with ten similar
narrow angle telescopes having angles of opening So in
the I-W and 45%° in the N-5 planes, and two telescopes
of semiangles 26° and 45% in the E~W and H-S planes

respectively.

An insight into the processes by which an
anisotropy of a highly variable char%ater‘is pfoduced
can be obtained if one measures simultaneous changes of
anlsotropy and the mean intensity., This is of great
significance to theories of modulation of the cosmic

radiation and Qf'the electromagnetic state of inter-

planatory space. Thus, apart from characterisation of

days in bhe manger deseribed above, an important object
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of the second experiment was to study the correlated
changes of anisotropy and of intensity. This has been

achleved in a fair manner, as described in chapter IV,

e



CHAPTER IIX

JUES

EAPERIMENEAL  TEGHN

The expe?imen%al techniques for ﬁhe study of
bime variations of cosmic ray lntensity are essentially
the aame as these used for other eoamle ray experiments,
except that for time variation atudyg stability over a
dong period of the charasteriatics of the measuring
_apparatus ig an all importang consideration, In the early
days, the study of time variation of cosmie ray intensity
was mainly carried out by the use of ionisation chambers,
The technique of preparing good and reliable Geiger-Muller
counters wes then not properly developed and the me chanism
of the Gelger discharge was not well understood. Mueh
progreds has however follewed the discovery of self-guenched
counters. Advancements in electronics as alse in the
manufacturing techniques of electron tubes of different
types, has also played an loportant role in the improvement
of the reliability and stabllivy of apparatus for cosmic
ray measurements. As é result, an incraasing number of
¢oginle ray workers is now investigating the time variation

of cosmic rays with the help of counter telescopes, which

e
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hava an @dvant%&@ over i@n chambers bacauﬁa of thelr

directional sensitivity,

The author hag baen actively engaged in the

’cmnsbructian and maintenance of apparatus involving GM

gounter btelescopes as deseribed in he Present chapter in
the following weﬁtiﬁﬂS* 1 deals with the Preparation and
operation of GM counters. 2 deseribes the various
electronic units and also deals with bhe autamatié .
photegraphing unit, 2 deseribes the technique of &
‘hadgseupe arrsngement whiﬂh is a device, for aﬁcertaining
the particular counters of the counter telescope, which
are individually invnlvad in a yarticul@r cvincidenca count,
The importan¢e of this methog for the 1nt@rpretatien of
results obbained by G caunﬁer telescopes of Special types
will be dealt with alaewhareq 4 deala with ‘the methede of
anglysis, Ig d@serlbes the various statistiocal pr@cedur@s
aﬁepted in the analysis of cosmiq ray data, ﬁhair errors
and levalaaf significance.

Te Geiger Muller Counters,

4 oM counter used for cosmic ray investigations,
usually consists of a eylindrical metal cathode of brass
or umpyer with an axial anode of thin tungeten wire
Insulated from Lke cathode, The whole agsembly of electrodes
caﬁ ba-eﬁal@aed.iﬁ an air tight glass anvelop@ amd evacuated
and filled with a suitable £as at a reduced pressurg, In
the early days glass eounters wera extensively used beecause

E
P
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of their easy construction,

During the past fow years variﬁmu kinds of
metal to glass jeimts, &8 well as a new ¢lass of
hardening resing called "Evhoxylines" (commercially
known as "Araldite") are developed, These resias are of
the thermaaett;ng type, and the setting temperatures ars
not very high,\ They have proved very helpful to
experimenters for mpking leak-proof metal ﬁe meta1 or
-glass to metal joints. This has wmade possible in recnet
years to pre£;§e succesafuliy all-metal counters without
a glass envelope. In the Present investigation glass
counters were used in the initiél stages, but were replaced
in due course by metal counters. A metal counter is |
dlfferenﬂ from the glass counter only from the constructional
point of view, and has the adventage of Having a more

uniform geometry and sturdier construction,

In %ha eanly days of develapment of GM counters
monoabomle or diatomic gases like argon, nitrogen or even
air were used. It was Neceasary to feed voltage to the
eounters through a very high quenching resistance, which
made the counters insensitive for along time after each
- Geiger disaharge, resulting in large losses at high ceunblng
rates. After the discovery of the selfuquenched counter by
THOST (1935, 1937), where a small amount of polyatomic vapour

is mixed in the filling gas, the non-sel f~quenched type has

been extensively replaced. 4 selfnquanehed‘counter does .

d
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not reguire a large quenching resistance as in the case
© 0f a nonself-quenched eountery and tvherefore the lozsses

at high counting rates ape negligibla,

The counters used in the present invé“tigation
are of the self-quenched type, The filling mixture has
90% siegon and 105 ethy) acetate and is used at a toval
- pressure mfvﬂaﬂému £ Hge Though this is g typical
filling mixture now generally used, the author conducted
Jﬁm 1951 an euperimental determination of optinum £illing
mixhure for the most degsirable ﬁparatiﬂn ol the GM counter,

This ie described at a o later staﬁa In this s&ataene
1.1 Meehanism of Geiger discharge,

 Many authors [va and FRESSENT (1944,), KORFF
H%&)p CORSON and WILSON (1948), CURRAN nnd CRAGGS {'s%g),
WILKINSON (1950) @m] have studied the mechanism of
Geiger di,charg@ and tna role of the polyatomic vapour in
| queﬂchlng the dischargag and h&ve laid down standard
'proqmduras for praparzng effialant caunners with good

'»warkinu ch&raaceristiaa.

A GM counter is g gas filled diode where the
cathode 18 not the source of electronsas in normal
electronin divdes, Gases gre filled in it ab = low pressure,
of the orde% of a few cu. of Hg..  As described aarlier the
cathode for counters used-1In cosmic ray work is usually
eylindrical in shape with o thin ax tial wire &% an anode,
When a potential is applied to the electrodes the field

1x



'deeraau@$ radially frem th& gentral wire, Lot sush a s
ﬁ@vige be eanneated in the way shown in Filz, 9 %o o
variable voltage source through a r@aiatane@ R, G is the
total intra-electrode and wiring capacitance of the System,

|

Y

1
' * | —
¥ ! ‘
|
1

Figes 9

Legfhs suppote that the applied woltage is
suall, - Normally, no eontinuocus current passes through
such a deviee. If abt Some instant an lonising particle
crosses the counter; it forms a few positive and negative
ions in the counter gas. These ions are attracted by the
néga@iva and positive elestrodes respectively. For small
values of agplied veltage the randem thermal velocity
will be iu peneral larger than the drift veloeity due to
tha field gradient, $herefore at this stage some ions
get lost because of the process of recombination., Thus
all the ions formed are not able to reach the electrodes,
When the applied veltage is inereased, a stage is reached
at which vthe field beﬁamaa_auffigimnﬁly_inbanﬁe s6 that
the probability of losing the iens becomes negligible.

The region from no voltage condition to this point is shown
as reglon A on the curveg in Fig, 10 taken from MﬂHTQQME&Y
and MONTGOMERY (1941). %he curves show the charge collected

by the electrodes in units of an electron charge against the

34
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Fig. 10, Illustration of the vawieus-régions
of potential showing the multiplication of an.
original amount of ionisation by the discharge

‘Processes in a tube with coaxigl cylindrical

electrodes. The ordinate shows the final |
charge collected, and the abselssa the initial
potential differeance. The Upper curve represents
the case where initially 105 ion pairs are
created, the lower curve that for a single ion
pair. The regionsshown are : A - very low
voltage region; B - lonisation chamber region;

C « proportional counting region; D - region of
limited proportionality and & - the Geiger
region. LHONTGOMERY and MOWPGOMERY (1%L 1.

¥
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applied voltage 0 the e?e@tredes. for twe different

initlal nnmber@ of jona ‘Produced in the gas, The state
0f affalrs ramains the some till the end of region B is
roached. In vhe region B the number of ions éellected
romaing @qual t0 the number of total ions formed by the

bial event. This region is the lonisation chamber

ragdoo of the éﬁﬂ counier, ;

A8 the potential is_incraased‘beyﬁnd the point
_Iwhera region B ends; the field at a short distance around
the cantral wire becomes sufflciently intense to accelerate
some of the e¢lectrons upte energies high aﬁuuvh to produce
a@sandary ionisation by eollision with the g gas molecules,
Bycause of ahia multiplicative process for each initial
@leetran produced in the gas, an avalanche of (m) electrons
reaches the ¢olleeting anode. A the voltage is 1nereas@d
further; the size of the avalanche increases. If the
??SG%@S of iovisation by eollision had been the only
yhanaman@n An operation, the avalaueha would have terminated
BOOW, %owmver, lonisation by cel?igian is ameumpani@d by
emission of photons, and some of these in turn release more
phataualaetroés from the counter walls and the gas m@lecﬁles."
The number of photo-glectrons will be proporcicaal to the
nunber {(m.ng) of electrons in the initial avalanche where
(na) is the initial number of electrons predum@d, ir (r)
iz the constant of proportxmnality, one can @xpeet & second
avalanche of (r. N . i 2) electrons to be gensrated in the

gas and the same process to be repeated. Thus the total

iz 1.2
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mumber of electrons reaching the wire for every dlectrén
in&tialiy formed in the counter ga8 can be Piven by the

infinite series,
n@nl + ngmzr * n¢m3r2 * YBE T 0G0 g (1)
For sufficiently small voltages rmg1, the

v

abpve seriss converges to the value
: \ P
N = ﬁ‘i@m:/(i =rm)  or N/ng =m/(1 - pm) = M,

- rhi& means that bh@ total number N of electrons
@ha& arvive at the ecentral wire is propertxon&l to the
initial ionisation ny. The propertionality factor, M, is
aalled the multiplication factor and the counter operating
in the reglon where M is & eongtant is ecalled a praporﬁi@nal
Gounter. Yhis region is shown as region C on the curves
in Fig. 10. For @G&Hﬁ@?ﬁ oi gimilar sige, filled with the
same gas at the same pressure, M depends only on the applied
voltage. IWhen the voltage is furthav Anereased (rm) slowly
inercases and the proportional c@unter region extends till
(rm) approaches the value unity. For (rm) values very near
| unity the counter goes to the region D of limited
proportionality. At a volvage Vg where (rm) is Just
greater than unity, the series (1) diverges. Physically
this can be interpreted as the oceurrence of a discharge,

Vg is called the threshold potentlal and is the beginning

of the Gelger region,

For voltages not too far above Vg, (rm) is not
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mugh 1ar5ar then unity and the dlacharwe is not galf J»
suaua&n&ngs In other wardd this 1ls the reglon of |
unsbable corona discharge (region & on the curves), and
the gounter can record aaparataly every ionlsing particle
passing through it. At a still highar'éqltageg'rmnsi and

the counter goes in%a 8 euﬁtinugus discharge.

Ny The Gelger region is c%aracteriaed by the
fallawing f@aﬁ&resow In this regi@ﬁ the pulse siza

depends only en- %h@ size and filling of the counter and

" the ﬁpplied valta a, and is independent of the initial
1umisatiaﬂ pr@ducad. Therefore a characﬁerisclc pulse is
:initiatad even by a singi& ion pair formed in the sensitive
:megiﬁn of the aaunn@r? As m@ﬁﬁ&wned earlzar, Gelger
eounters are of bwo tvp@s, th@ nanmelfquenching type, and ’
a c@unﬁer with a pelyaﬁomia gas in it, or the salfquanching
type. fc undarstand the role of the pelyatomic vapour it
s ‘hecessary to look into the processes involved at the

varaaua phases QC the dlﬁch&ﬁ&ﬁ for the two ﬁifi@reut types.
Ye11 ~ The initial avalanche 3

Wheuaver an: ianisin@ particle bravaraes a
ragian of the &aiger ceunﬁar, it prnducas ionisation in
~that region, The initial number (ng) of ion pairs
prodqcéd in the process depends upen the veloait& and
charge of the partiqle, as wmli a8 on the nanur@‘and the
;pr@ﬂaur@.af the ga@ in the counter and the total path
longth of the particle in the counter. In the initial

11 : 141
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avalanche aniy electrons play an important role since
ﬁhé,h@aﬁyfpasitiva ions have a low mobility“ The ala&%#ons
%ravei ﬁ@ﬁards the aaﬁtral wire. HNear the ¢@nﬁraf”wir@f:
the Field is very intense and_th@'prcbability for sach
electron to acquire during a mean free path an energy
aﬁaqﬁab& o produce ions by ééllisien is very high.
Therefore near the Qantral wire, a very rapid multiplication
of the number of lons takes ylaaé and a ﬁypi@ﬁi avalanche
dé@@lap@aq The duratlon of this process ls very small, of
the érdar of 107 sec. and asinge the positive i@h& formed
in the precess do not move much in this interval a positive
”i@m sheath igkﬁavei;p@d around the central wire in the
ragion whiéh was btraversed by the inltiagl particle. The
sheath grows in thickness unbil its space charge reduces
the field and. pr@vents farﬁ%er ionisation by collision in

thi@ part of the eeunﬁ&rs
“fe12 ‘The spread. of the diseharge H

In the &bu%ﬂﬂ@ af photons preduced during the
discharg&, the latier wnuld have terminated in a small
p@?ﬂiaﬂ of the Geiger counter. In a n@n@e;rquench@d
counter the phﬂtahg travel ﬁnreacrictmd in ali directlions
and‘prwdusa-phuﬁaelastrana in the gas and at the cathode
- surface. The phetoelectrons in tura produce secondary
| a%éianehéa gimilay to the original one in different parts
of the gounter and the discharge thus spreads very rapidly
throvghout the whole length of the counter. The discharge
Vsﬁmpa only alter a dense positive lon sheath is formed

iz 1.1
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.around the aﬂtire dength of the aentral wire, the whél

proaa%u occurring in l@ss than about 107 -6 aecands, "

In a selfquenched counter the process of the
spread of the discharge is not so rapid, The heavy
Fapour molecules have a large abvsorption coefficient for
the photons responsible for the spread of the discharge in
a selmnqu@nvhad counter, ALDER et al, (1947) huv&'measured
\ﬁha abaarpﬁi&n constant in aleohol vapour and found ig
to be 640 om, ?ﬂ This means that in a counter containing
aleohol vapour at .a pressure of 1 om., the number of photons
falla %o 1/e.0of its initial value in a distance of 1.2 mn,
Because of this, the photons, which ara produeed very near
the central wire are prevented from reaching the cathede
gurface, and they remain confined to a small region around
the central wire. The discharge prvpagatés only aleng the
wire with moderate veloeity. This is experimentally
varified by STEVER (942), He has shown that a small glass
bead anywhere on the wire is sufficienb t0 stop the
bropagation of the discharge across the bead. The spread
of the dischargze in a self-quenched counter of moderate
length (about 30 om.) takes about 3x10“6 seconds. After
the spread tha initial discharge is quenched by the
positive ion sheath in the same manner as for the non-selfe

quenched counter.
1.13 Fulse shape, dead time, and recovery time :

The shape of the voltage pulse at the central
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o Fig. 11 A uypical vmlaage pulse from a Past
Y - counter, As viewed on an oscilloscope with a
"7 lipear sweep, the voltage across R during a

bulse is shown here (counter connscted as

shown in Eig»Q bage 40). [STEVER (1942)],

" wire of a Mﬂnquu&nuhed uuiﬁer ewunﬁar is 1llusuratad in
Fig, 19, ihe pulse starts with a variable delay afﬁer

the trav@rsai of the ienis xng particle., This d@lay is
Cauged hy the time required for the elecbrau iﬂltidlly
formed to travel upte a point from where onwardg the field
is gafflcxautly high and Lha £as multlpllcatian -‘begins.
This time is of the erder of 10~ =7 seconds. The alectrons |
are formed very near the central wire and therefare uhezr
movion induces a small pulae o the uentral wmre, This
small (of a few volus) initial rise is of the order of a
few microseconds and equals the time reguired for the
spread of the- dmscharge along the whol@ 1ength of the
counter, This rise is asbout 0.2 of the final pulse height,
and is detectable even without any amplifmcatian. From the
past discusglan about the spread of the discharge it is
obvious that the pulse of the non-self-guenched counter has
é smaller rise time cowpared to a selli=-quenched cauhterau

The main contribution to the pulse ecomes from the motion

i1 ' : 1;1
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‘of the pc&mLLve iex aheath towards the eathode, She ﬁL&al
pulse width 1s of the order of 10°% seconds for the
non-self-quenched counter, which is the time taken by the
positive ions to reach the cathode. This time is larger
for self-guenched eounter; because, as will be explained
later, in thzs case the fingl lons reaching the cathode
ara all heavy vapour ions of low mobility. For such
saxquuenehad %awntera e P&lu& width is of ta@=arder of

b ox 107 by sagonds,

- . ﬂawg;r@aéy mentioned the discharge terminates

. because thé p@sitiva ion sheath reduces the field around
the central Wirg below the Geiger threshold, When Lhis
ahegath travelling outwards reaches aﬁaut half way to the
cathode the fleld around th@ gentral ﬁire g&ﬁs restored to
‘about the threshold value. 11 then the caunter is
muw&ﬂaibiVQ to any i@nislng event and tharefere it 15

- ¢alled the dead time "44" of Bhﬁlcaunter, Unge the field
has recovered o th@ thrashold value eaﬁnﬁﬁlara recorded
but the pulses are of reduced size and remain‘se till the
field returns to its normal valuas This time 1s called
the recovery time "p" of the counter, SYTEVER (?9&2) has
made an intensive study of th@ dead time and the pulse
qhape and sigze during Ehu recovery time of a aetf»quenchad
counter with the helpktrig gered sweep asamlloscopa records,
In prectice the effective dead time MRt is larger than
"“d” since it éepanda upon the sensitivity of the reoordiug
elreuit, "Ip" is given by Ty = tg * Kty where 0 <0,

II 11
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'depeada on the minimum size of pulse required sto wopk

the ragmrﬁing amplifier,
114 After dlscharges and their quenching 3

The positive ion ﬁhaatﬁ'gets neutralised when it
roaches the cathode. When an ion reaches the cathode, it
has a large Qrabability of producing an additional electron,
if tha energy bf neutralisation € of an ion by a free
slectron derived from the metal, minus the work function 1)

.lneﬁ@SQary to detach-the alectrcn, is sufficient to detach
anaph@r electron [ﬁﬁADDiSK (195&;] i.@, if

€= P> or €29

In the absence of g quenching mechanism, the
electron thus liberated restarts the discharge. For
hon=-selfi-quenched counter, the practice is to effect the
quenching of such diﬁehargea by putﬁiﬁb a hlgh resistance
in the cireuit, The resistance helps in the following way.
If the resistance is very high, of the order of 107 Ohms,
the RC time constant 1s very large and therefore the
negative charge collected on the wire leaves it very slowly,
The positive ions therefore reach the cathode while thé
voltage across the counter is below the thresheld, and g

fresh discharge does not ocour,

in alternative mebhod of quenching the discharge
is to use an external electronic guenching unit, The
pulse from the Geiger discharge is used to operate an

I : 1.1
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electrenim device whieh lowens the counter valﬁa&@.b@lm%
the thresheld for a defanih@ ﬁlme sli&htly larger than
the positive ion collection time after the firat discharge}

In the case mf the salquuunched counters having
paiyaﬁomic vapour like ethyl aleohol or ethyl acetate in
the £i1lling mixture, these molecules take care of uhe_after

diséharges in the following manner. In the initial ion

sheath ions of argon and the vapour are present, Un their

way towards the cathode, asgon ions exchange charge with *
vapour molecules. This is possible because at normal -
counter gas pressures the positive ions make about 105
collisi@ns in the counter and Lhe eleﬁtren transfer
'probabmliﬁy is very high for ¢ollision between an argon
ion and the vapour molecula, as the ionisation potentlal
of argon is larger than that of the vapour molecule. Thus
the high electren transfer prebability ensures thet the
positive ion sheath when 1t reaches the cathode is composed
of entirely palyatamia ions instead of“érgon ions. VYer.
polyatomie m@laculés €< 2¢ and therefore théy do not

Preoduce an additional al@ctron as in the case of argon,

Again the excited neutral molecules predissociate, instead '

of givmng photons as it happenﬁ in the case of gases like
argon, Thus the further emission of electrons from the

cathode does not take place and the after discharge does
not breed. This is the essential difference-batwaan the.

man»salfnqd%nchad and self-guenched ﬁeig@r eounter.

I . 1.1
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1.2 Eﬁficieﬁcy of'tha‘ﬁeigey counter,
A
The efficiency of a Geiger counter is defined as
the probability "w" for an ionising particle to produce a |
detectable pulse when it traverses the sensitlive volume '
of the counter. It is easy to see that this factor depandé
upan~twa prohabilitia& "wi and "wp" where "wy" is the
: ar{»bubility thbt an lonising par*iﬁle traversing the c.@unt.er
gas produces at least a single ion pair in the sensitive
volume, and "wp" is ﬁhe,prahabilimy that these ions strike
a Geiger dist¢harge in the counter, "wi" depends on the
slze of vhe eounter, the nabure of the filling gas, and

the, pressure at which it is filled, It is given by

wy = 1~ exp {~s8lp) ... (2)
whers 8 = sgpecific lonisation of the filling gas,
L = average path length in the counter
avallabla to the ian1$1ng particle,
and P = gas pressure QXP}EQSEd as a fracbion

Of an atmosphere.,
Mg depends upon the effective dead tiwe, Ip, and the
average munber, n, of the randem toniging particles

enbering the counter in unit time. It is given by

=W )X |
Wy * ] - Ez" - %_ exp {—nTp) ses (31
) s ; Xa ’
Tk ‘ .
I*f’bh@ﬂ W o= W’i wW2 PR oam $a0 “lv)

11 A 1.2
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The average prdbabglihy "w® for any iloniging
particle to get detected is given by thefrelatian (4).
one measures the counting rate as a fanction of applied
voltage for a constant source of ionisiag radiation oiie
&hmuld expact a constant counting rate a® shown in Fige. 12,
The hur;&unb¢l purmm@n of the curve is galled the Pplateau
“region. In prawhxue it is not possible o get a perfectly‘““
horlzontal plabeau uu& wse of the following reason. At
the time of aellacu¢on of positive ions at vhe aathﬂd@ a
segondary aagér~¢iﬁaharsm i initizted unleas proper
provision is wade for gquenching this® after-discharge. The

5

quenching vapour takes cave of the after dis charges and
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Figs 12 'Typical plateau curve of & self-quenched
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auenchee them in selfmquanched typa gounters, Hé%ever”
this quanchmng i8 never parfact and In practice there is.
always a small probability of such after discharges

ﬁaking place ia the counter. This probability increagesy
with the applied voltage, and therefore gives a risiug
slope to the plateau. In practice counters of normal

'ai%e are consjdered good if they exhibit & platean of

about 150 volts or more with a slopd less Ghan about 2.5

in 100 volts.
1.4 Uaeful 1ife of the Geiger counter.

The Sélf—Queﬂchad dénﬂteryha& a disadvantage in
th;t its ugeful life is restricted. This limitation is
due to ﬁha decorposition of the heavy malesuleanaf‘quenching
yapour du?ing each Gelger discharge. Because of the same
size of pulse developed for each (eiger discharge the
number of melecules breaking up per count is almost constant
and therefore the useful Life is detdimined in verms of
number of counts during whieh, about half of the quenching
vapour molecules are‘brekan up. After this the plateau
shuﬁs a large élope revealing a deterioration of the working
chavacteristics. Useful life of selfwquenched counter can
be incréaa@d by not allowing theudischarge to spread
throughout the counter length by a suitable alectronic
device. Such a devica is described later in the section
dealing w%th'eleqtrmnic unitg,

-
s
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145 Praparation of the;ym gounters.

The glass counters used during the earlier part
of the work were prepared aceording to a standard procudure

described slsewhere.

Metal counters used were of diameter 4 cm., and
_Asaﬁgitxv@ length 30 em. or 95 em. ‘The procedure for making

£ o

the metal counters 18 as follows

?hmoﬂaﬁhﬁd@ s made of a b"asb tube of 4 cw.

e dlﬁmehev and about 1 mm. mall ghickness, Yhe length
of the tube Lor each type is kept 5 om. loager than the
$aﬁsitiv@ Length raquired. The inside surface is polished
sueees sivelv witi three grades of smery paper, the Last
one being Nosl grade. It has been found that even minor
5éa0vea parallel to the axiﬁlef the counter tube alfect the
3ati$f&ctarylapaw&ﬁiaﬁ of the counter, The ends of the
tube are closed with brase pleces which fi% tightly inside
the bré&a tube. Halaa are pr@vided in the pisces for
attaching glass bushings to carry the central wire and for
evacuabing and the filling of the counter,  lu is desirable
to ensure a good it of the glass bushings., Fig. 13 shows
the end pieces &nﬁ bushlngs used before gusembling as well
a8 a_metal adunnmr in itg final stage. Before assemblipng
the parts of the counters, the inside surface of the
' counter ﬁwp@s and emd.pi@c&ﬁ‘arﬁ careifully cleaned with
éthyl'ac@nmﬁ@‘um remove loose dirt, grease ekte, 1t is not

advisable to use cloth for cleaning since cloth fibres

v
+
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remaining inside the ﬁubeimay‘laté} cause. spurioms v

discharges. "

END PIECE BUSHINGS

L

METAL G-M COUNTER

Figes 13 showing the end pieces and glass
bushing before assembling;.and a complete
metal counter of the type used by the

aubhoyr,

411 parts of the counter are then assembled
together and a thin tungsten wire of diameter 4 mil is
threaded through the glass bushings. Metal to metal
joints and metal to glass joinbs which fit closely are
cleaned and warmed to about BOOQF and YAraldite" type 1
is then applied to make the joints leak-proof, The

¥
technique of applying "Araldite® is very similar to that
of soft soldering. All-joints are kKept warm until

11 145
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apraldite® sets, a prmcess'w%ieh=ean be-ebsﬁrvad'gy a ”
change in colour. The entire aséembly is then cured for
few minutes. The thin tungsten wire forming the anode
is spot welded at both the ends to thicker bungstben wires
which protrude outside the glass bushings. The protruding
pleces are provided with metal beads of nickel and silver
80 that copper, wire for external electrical contact can
be joined to them. The inside ends Of the glass bushings
extend in the interior of the counter for a little more
than an inchy thereby forming protecting slesves over the
ends of the'central wiraﬁ?&ﬁﬁs,and HUDES (1947)]» ’

b Counters thus assembled are evacuated and
Joints aré tested for alr leakage for about sixteen hours,
Satisfactory counters are then filled with 1 cm. of pure
ethyl acetate and 9 em. of argon to a total pressure 10 cm.
of Hg., The gases are allowed to mix for three hours and
the characteristics of each counter gre then tested

separately.

Fige 14 shows the schematic arrangement for
testing qountaraa Pulses davbloped_acroéQ the quenching
réaiatanca of 1 neg. ahm are fed to a shaping unit which
in turn feeds to the scaling and‘recerding unit. The
vwltaga which ié fed from a variable voltage atabilizad
high~tension supply is slowly ralsed and thé value at which
| the Scali&& unit starts counting is noted dowﬁ. The
vsensibivity of the shaping circuit is adjusted to record

pulses only in the Geiger region; and a'régul@r check is

11 - | 1.5
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kept by observing the output pulses of the counter on an
oscilloseope, After noting down the bhreshold,the voltage
is raised in steps of 40 volts and the gounbing rate ab

- aaéh abep is determined., If there is indiéation of &
satisfactorily flat plateau rising by less than 2.5% in
30& volts, and of length of about 160 volts, the céunter

is Sealed at the constriction provided in the glass

bushing. The characteristics of the counters are rechecked

afver allowing the counter to operate abt the middle of the
plateau region for. about twelve hours. Q@unpers retaining
their characteristics after thie process of ageing are

accepted for use.
t

‘ SCALER
. RECORDER
kv 200K
POWER 3
spey | -
!
1
i
Ll :
. \" i

Fig, 14 Schematic arrangement for testing

gounters,
146 Experimental debermination of optimum £illing
‘mixture, | ‘ |

@n order to determine the optimum compcsition of
the counter filling mixture and the total pressure at which

it should be filled,fallawing tests were perfo$me& in 1951

1I N | 1.6
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and formed part of the authol®

4

s thesis for the mabter's”

degree. The following criteria were kept in mind for

Judging the suitability of a aounter,

-

(1) Length of the plateau region,

(ii) low operating potential,

(iii)‘high‘effici@ncy,

and  {iv) stabilivy with use and bime,

all tests were performed on feur-glasavceunters

APPLIED VOLTAGE
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1120 1360 1600 1840 2080 2320 "

Plateau characteristics curves for

Gelger counters filled with different percentage
mixbures of ethyl acetate and argon at different

Lobal pressures.

(a) For ethyl acetate 25%,
(b) For ethyl acatate 2050,
(e) For ethyl acetate 15%,
{d) For ethyl acetate 10%,

i

argon 75/,
argon 80%,
argon 85k,
‘argon 90/,
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filled &imulnaﬁaeualy with ﬁ@@ save mixture. Mixfures 6f
argon with 255y - 206, 15%»aw5'10%Tethyl acetate at 20 cm.,
15 ¢emey 12 cmey 10 eme, and glcm@g total pressure were

sucesssively tried out, Plateau for all the four counters
ware d@terﬁiﬂeﬁ in each case, and the mean ecounting rate .-
ab ﬁiffarah@‘valhageﬁ were plout@d. fhélcurvaa are shown

in Fig. 15,

Gurves for threshold patengﬁal against total
Pregsure ab constant percentage of vapaur’as well.éﬁ feﬁ
threshold potentlial against percentage of vapour ab i
gonstant pressure were plotted. They ave shown in Fig. 16

and Fig, 17 respecuively,

o 20 20%
b

T 25%

3 -

o] 15

z ke

Q: —

4 10

<

=

o

-

PR N W RN NN Y T S W N N [ I
1120 1360 1600 1840 2080 2320
THRESHOLD VOLTABE,_

Fig, 16 Diagram showing the change of threshold
potential with the ¢hange in the total prassure
of the filling mixture at constant percentage

of quenching vapour.

F-3er "I #ide

Fig. 17 DPlagram showing the c¢hange of threshold
potentlal with the change in percentage guenching
Fapour at consgtant total pressure, ‘

+
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Frmm Fiwn 16 and Fﬁg. 17 one can see tk@t »

Luerease in the prwpar%ion'ﬁffar@anic vaéaur;in.hh@
£illing mixturg raises the threshold. Increasing the

total pressure of the filling mixture has slso a similar
| effect. for smaller vapour proportians the threshold
voltage 1s lower; but from the considerabion of the life
of he counters, which depends on the actual ﬂumber of
Cyapoury mal@culﬁs in the »llzng mixture, it ia not
advis abl@ to reduce the organic molecules belew a c@rtaln
limit, Te wark wiﬁh Lar&e ?rmportxea of vapaur at lww
total preaqura affects the of iialbnuy of the counters.
Thus one h s to peek a campremisa between all theae in’
gselgcting tha optimam faliin5 pressure and compeosition of
mixture, 90% argon andv10ﬂ ebhyl acetate at 10 em. total
pressure have been found to give good results. Table 2
glves the length of the plateau under the different
conditions that have been investigated,

Table 2. FPlateau ranrea fer ‘different percentages
and tumal gressurasg

A Sl WOV Mk e <5 B Usts Ve S-Sy e oo mmwmmwmmv&mwmmue—;hnnnwm m-wnbmm—-mwnumﬂn-"@wwmﬂwuw—vhw#

“Total ' e ~ Percentage of vapour. ,

pressure, \ 25h.  20%. . 15k 10%,
29 Gie o had !&0 Vu 60 Vo? 80 VQ
15 ems - 50V. . 80V, 120 V.
12 eme. 50V, 50 V., 80 V., 120V,
10 ey g 60V, 80V,  80V. 160 V,
8 em, | j 100V, 120 0. 130 V. 160 v,

1T | o 1.6
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b

?h@ Length of th@.plate&uvis given by the voltage
range In Which the counting rate dﬂ@b not vary by mere than
2.5% in 100 volts, VWith the above filling mixture ab 10 eom,
%atai pregours, counters of 4 el diometer and 30 cm, length
have an eificleney Gf_$§g9?w eeloulated accerding to formula

1%} on page 57.

Sy ¥
Ry

N
=

The ﬁif& and the stability of the Gﬁiga% gounter
was tested as follows. A counter which showed good plateau
-fnharacteriﬁnmc& wadé subjected to a stabilised 0,C, high
p@t@nﬁial threugh a series resistance of 1. O meg, ohm value.
- Voltage was adjusted to a value lying in the middle of the

: plabeau region and the ceunner was axpesed to radie
a»tlviﬁy'f?@m tharium smurce to measure a emunbinw rate
of about 6400 counﬁa per minute., ‘On the first day its
plateau was ghecked after every two h@ugs and labter it was
allowed to operate at the high . rate and the plateau was
@h@ekad_bﬁi@e a day. On the fourth day after 3,7 x 1&7
i@unts,'tha plaﬁ@au shawéd a.slight deﬁevi&rabimn; H&wever
on tha fifth day aft@r he6 % 107 counts, it was found that
tha plateau had det@riarabad to a &reat e&tenc. The
piuteau curves on the firs 5t the fourth and mhc illth day
for the 1rradiab@d counter are ahawn in &iwa 18 (a)a {b)

and {¢) Peap&ativelym

H

t—v-g-e-0-g ad -

- [45] - Ce)
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T
~
M

i
. L1 1 1 L1 . |
A‘,‘ 1700 Hl{l 1530 2o 1180 1530 1200 1160 . I
i AFPLIED  YOLTAGE '

Fig. 18 Plateﬂu curves of the irradiatsd ecounter
(a) on the Firat dayg(b) alter 3o 7x107 counts,
and {¢) after 4. 6x$07 countsn
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'1q? | Effeet of external quenching unit on ﬁﬁz "
characteristics and life of the self~quenched
Gelger counter, '
| This is studied in great desail by ELLIOT (1949)
for Geiger counters, PUTMAN (1948) has also studied the
nature of spurious counts in self-quenched betéwray G
¢ounters, and their succeszful elimination by an external
qﬁéﬁghing circ@iﬁ, which applies an artificial deé@ time
of the order of 40U microseconds to the counter,

: A quanchiﬁg unit helps in improving the
Qharacteriﬁtggg as well as life of the sel f~quenched
counter in the following way. The quenching unit ususlly
used 1s of the biased multivibrator (monostable) type which
delivers a sharp ﬁEgatiV@ dquare pulse of a fixed duration
of about 500 to 2000 microseconds as required by the
particular type of the counter. It is already shown that
the plateau is not completely flat, because there is
always a small prebability éhaﬁ a secondary discharge will
be genérataa when the positive ion sheath reasches the
cathode, This probability increases with inereasing
voltage as well as with use, as the number oflvapaur
nolecules goes on decreasing with every Ueiger discharge.
The process of deterioration is thus accelerated with use,
The quenching unit pulse which is fed to the central wire
keeps the counter voltage below threshold till all the
positive ions are collected at the cathode., This reduces
the probability of the gﬁnafatien of maltiples after each
Gelger diacharge; The wvery Sharp fall of the qyenching

Lx 1.7
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pulse tak@a the voltage below the threshold in a tima of
the cvder af 1 microsecond and deea not allow Geiger
digcharge to spread along the whole lenzth of the wire,
Tﬁia'redu¢@8 the number of molecules used up per Geiger
diaéharge'anﬁ inereases the useful life of the counter.
\¥§ dn practice, precautions have to be taken te
enshire that thé sharp fall of the quenching pulse, does
noet get distorted due to the capacitance of the shielded
dleada from the counter ends tn the quenching unit. It is
nac@%aary that~the leads are as short as pwssible, whieh
raquired that the quenching unit should be mounted as near
as possible to the counter. This was kept in mind, while

designing the experimental sebuup.

An additional adv&nﬁage of using a quenching
unit is that it removes the ¢ffeect of the external temperature
variation on the counting rate at a fixed applied voltage,
This effect of lowering tha'ﬁauﬂhing rate of a counter at
h&ghar temperatures, arises out of the fact that a sell'-gquenched
counter used without any external quenching mechanism has
always some residual slope of the platean. Inecrease in
outside temperature produgez an increase of the intarnal
pressure which raises the thresheld and shifts the plateau
bodily. Because of this the effective voltage above the
ﬁhreshald applied to the counter ehanges'winh.temperature,

even though the applied voltage is kept constant.

The cosmic ray group working at the Physical

e
e
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Research Laboratory uses electronic querching units of the

monostable muliivibbaaor type in all experiments. A
suitable eireuit was designed by Dr. U. D, Desai, a
colleague of the author, The circuit is able to supply

a square negative pulse of about 350 volts with a steep
rise time, J[ts pulse width can be varied from about 300
mié%@aeawmdg ﬁ@ ahout 2000 micr@sacgnds by ehanging only

a single capacitance. The optimum value of the{ﬁulse

- width to be used was decided by the author in the following

Way BN

A geli-quenched Geiger counter which had been
used for a considerable length of time and ne longér
exhibited a sabiafac@wry plateau with a 1.0 meg, ohm
quenching resistance was connected to the gquenching unit.
The plateau characteristics of this counter were tested
with diffevent widths of the qﬁanching puise adjus%ed_té "
values of about 320, 636318695 1020 and 1360 microseconds,

The results are shown in Fig, 19.

! / * = '
- ., /
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Fig., 19 kLffect of the quenching pulse on the
plateau characteristic of a Seiger counter on
(a) an used counter and (b} a govd counter,

.
el

1T . 1.7



A T A J
One can see that the plateau of the uaéz counter
which had.almoﬁt come Lo thevand.af its life, improves
with the increasing width of guenching pulse, At about
?GOOVmi@rgseaends pulse width, the characteristics are
almost aaAgce¢ a8 bhat gf a newly filled good counter.
From this it was decided té‘us% a pulse width of aboui

1000 mieresaam&da in all quenching units. .

The lncrease in the useful life of the

. self«quenched Geiger counter because of the use of a
quaé&himg unit was tested as follows, A newly filled
counter was connechbed threugh'a guenghing uﬁit of about
1000 microseconds pulsé width, The counter was exposed
to thorium radiation, Even after 10@ gounts, the plateau
was found to be aa‘gmﬁd a3 the plateau in the beginning,
Both the plateau curves are shown in Fig, 20 (a) and (b).
This shows a definite inevease in the life from 4.6 x 107
gounts when used with g quenching registance a® shown

earlisr,
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Fig., 20 Platean curves for the stability test
with external guenching circuit of pulse width
1000 microseconds (a) initial plateau and (b)

plavean aftar 108 counts.,
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A qu@ﬂ@hiﬂﬁ pulaa of 1000 microseconds ﬁntr@dﬂces

a dead time Tp of that much durati@mw decording o

formula (3) on page 57 pr@babi]ity Wy {for 1@na to strike
@elgar dlseharga) for 30 em. coun@ers is ab@ut 0.992, and
for 90 om, counters it 1s about 0,976, This gives 99.2%
efficlency for small sisze counter and 97.6%k efficiency for
larga size counter used with above mentiocned typa of
qu@nching uniéw The circuit details of the qudnching unit

are describad in the next section.

2o Elsetronic Units.

This section deals with slectrenic units
utilised in the experimente deseribed in chapter ILI and
IV, The basic principles of circuit elements used in the
units are discussed in detail by authors like BLVOAE (1948],
BLHOKE and SANDS (1949) and SCARGOTT (1950). Most of the
circuits used in the present work are based on cirenits
already used successfully by different workers, and are
modified according to the requirements and availibilivy of

the components.
2a1 Power supplies :

The walns supply voltage in the laboratory is
230 volts, 50 eyeles A G, It was necessary therefore to
get different D.,C, voltages frem it to run the various
elgotronic units and a 0.6, high voltage for the Geiger
gounters., oy the sak@ of stability it was also necessary

II . 2.1
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to have some regulating arrangement for the power supplies

against load and mains variations,

The high voltage pqﬁ@r supply for Géiger counters
and other power gupplies of moderate voltages (of the order.
of 200 to 400 volts) for different circuits were constructed
bg utiliﬁlng deganerativa type of stabllizer eircuit, A
ﬁamplete analyéis of sbabilising airaulﬁs is gim@n by HUNT
and HICKMAN (1939) anad GILVARRY and RUTLAND (1951).

- The cireuzt diagram of one of the power supplies

giving re&ulated 200 volts (maximum current 100 M¢&mpa) is

shown in Fig. 21,

&
e

ll"' j

Figg 21, Cirguit diagram of o dOO valt&
electronlically stabilised power supply.

The tube 6L6 ig used as a regulator tubé, while
tube 63J7 is used as a feedmback amplifiar. Twc polnts are

of importance in the above cireuit. kirstly, éﬁJ? is used

1I | S 2.1
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as a "Bharvatlon” ammiifier and theraier@ the @ain is

very 1drge, whieh improves the percent regulation,
Starvation emplifier c¢ircuits are discussed by VOLKERS
(1951) . Yery high gain upto 2500 ¢an be obsained in
such o eiréuiﬁg which has a direct-goupled amplifisr
uslog a pentode with extremely low sereen voltale and
vé@yhhigh platé load resistanc@a Secondly, the.aurfent\
%o the reference tube is fed from the rewulatedl(butput)
side; which aleo ensures more stability and better |

" regulation, For hlgh valta re supply a similar eircuit

was usadg but tub@ 807 was uaed in place of- 6L6 and tuba

606 1n plac@ of 6&&7,

Low voltage sup:lies for the purpose of supplying
blas voltages { ~70 volts) were constructed by using

glow-gap regulator tubes like VR-70,
2,2 Quenching unit:

A schematic diagram and circuit of the quenching
unit used in the present work are shown in Fig. 22{a) and
(b) respectively. The quenching unit is a composite unit
which perfqrmé two tasks. It quenches the Geiger discharge
in the associated counter, and at the same time furnishes
& sharp pulse for coincidence measurem@ntéa Its first
section gansista‘of a monostable multivibrator, which
rapidly supresses each Geiger discharg@m This éd&s
gignificantly to the useful life of the counsversg as shown

in section 1.7 of the present chapter. The broad negative

-
-
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Fig;Séz; behemabic ﬂiagram and eircuit

of a quenching unit, .
voltage pulaa whi6h i$'uaéd to quench the discharge,
cannot by itself be used for fast éoincidencakurk, Iys
edges are therefor@ dmfferentiatad and a. sharp n@batlve
index pulsa is g@neratad Lrom the leadln& edge. Thisg ia
fed to the coincldence amplifiar, |

_A:68ﬂ7‘highﬂgm twin triode is used for the

monostable multivibrator. In the stable state, tube

II ' | 2.2
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Vi (Pig. 22) is n@ﬁwcon&ucting and V2 is conduct ing,
Returning ef the grid of the conducting tube to a
positive potential helps in the stability of the cirvecuit,
When a negative pulse isg appliad to the plate of Vi, i
ig fed to the grid of V2 through the condenser €1, This
negatmvp pulse s mplified by V2 giving a poaiﬁiﬁe pulse
Qn dvs plateg( This positive pulse raises the gxi@ voltage
of V?g thereby making 1t conducting. The process is g
me*anwr&tiwe ona sad iu & very small interval of time of
the obder ol~g micvesemané alter th@ injection of the
trigsering event, V1 becomes fully eaﬁduetinw while V2
‘aa taken inte the cut off rcgimno The grid potential of
V2 starts rising exponentially ‘and when it reaches the
éut off voltoge, the tube V2 Starts conducting and a
sudden switching to the initial stage occurs, During this
time, because of the D.Q, coupling between the plate of
V2 and grid of Vi, all voltages at the other electrodes
remain unaltered. This yréaes& of double switching
'5eneraﬁ@$ 2 negative sguare voltége pulsé at the anode
of V1. The duration of this pulse depends on the time
taken by the grid of V2 to come to the cut off value of
g+ The plate of the non-conducting tube is directly
connected to the central wire of the Geiger counter, and
henge th@'ﬁulbag@ to be applied to the counter cathode is
. less than the counter working voltage by the amount of the
Vi plate éupply yoltag@a The sensitivity of the unit
which'is adjustable by varying R6 is such that the pulses
develaped.at thé-uhrashold potential on the plate load K1

It
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are adeguabe to Lrigser the m@neségbla multivibwmggra g

Tha'éuanehing pulaes'furniéh@&.by the circuit
are of ubout 350 volts and ébéut 19“3 seconds duraﬁimn»
Since Geiger counters are operated at SO volts above the
threshold, such pulses afe quite'adequabé'fér pregér
qagﬂchinw, Ta gat the guenching éulse of such a large
amplxhud@ the ﬁlaue of V1 is supplied with a high‘chtaga
of 400 volis, wnil@ the conducting hube is glven iny

200 V@Lnﬂn
-

The square negative pulse is d&fk%?@ﬂbl&t@d by
means of a RC network having a small time constant. * This
gives a negative pulse at the onset of the discharge and
a pusitive pulse ﬁélayed by the time equivelent %o the
original multivibrator pulé@~widtha The positive part‘
is clipped by the diode V3. 3inc@ the negative pulse,
is oftven to be fed to a number of channels and transmitted
through Screened cable, it is preferable to fedd it
through & cathode follower having a low output impedance.

Thus the loss of signal is minimised,

' The ecircuit shown in uig. 22(b) can furnish
negative pulses of about 20 VGltS and 3 microseconds
duration at an output impedanee of about 600 ohms. For
the hodoseope arrangement positive puls@a were required.
The ecirculy diag srain of sueh g quenching uniﬁ which

furnishes pOSitLV@ pulseb in the output is descrived in

saction 3.

I | | 2.2
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%  Coincidence unit :
The eircuit disgram of the triple colncidence

aib used 1s shown in Figa 23,

o Hyy Koy By, B 50 K Gy €0 Gy DL
| By, Ke 0,1 K <, 0,0001 M¥
By My By 0,2 M Cgi Cgy u‘.,. Cg Oyt p¥

Vi Vau Vl' V“ 6847

LI 0.5 ¥
Fig, 23 }

Fig,'QBQ -The triple coincidence unit.

ey

12 based on the original coincidence eircuit
due to ROSSI (1930a). In the present eircuit the plates
of the sharp cut off pentodes (6347) are connected
Logether and they are fed through the commen load resistance
Eho  The number of pentodes is kept equal to the number
of counters or group of counters between which the
coincidence is to be recerded. The output of each of the
qu@nchlﬁb undy is connected to the grl& of its respective
pentode, Normally all the coineidence pentodes are kept |
"bottomed"- This condition is achi@vad by eperatin& th@ .
yen&odas wmth a iadd re51stance and plat supgly VOltd&Q
Jueh that the load line pasdcs below th@ "kn@e” of the
valve characteriutxcs@ This requires that the value of

e
o
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the load resistance should be kept large compared with the

impedance of the pentodes. Wheu the tubes are "bottomed®
‘most of the voltage drop takes place across plate load RA
and the pl&ﬁ%@ are kepn ab a potential amounting to a
small fraetion of uhe‘appliad vaitég@g' The total current
does not change much in such a clreuit, if the ancde |
miz*}*gnt in ﬁmm\ﬁ’ of the pentodes is cut off by 119;@;3:?;1%
pulses applied to the grids, as long as at least one
peuntode remains c@n@uatimg, ~Thé valtage at the point P
(Figs 23) whege all the anode leads mest the resistance R4
does not therefore change appreciably when some of the
pentodes receive negative pulses. If however, all the
pentodes reéeive negative pulses simultaneously, the anode
current is cut off completely and a large voltage pulse
regults at‘the peint P, A‘diﬁcriminaterg whieh'is a
 pentode biased apyr@priately below cut off, is made to
respond to the large c@inaidencé pulses but not teo the
smaller pulses due to discharges not involving all the
counter groups. As the difference in size between the
n-fold and (n=1)fold coincidences is largs (about 20:1),
1t is easy wo diseriminate between them. The output of

the discriminator is fed to the scaler-recorder unit,

Coincidence circuits are also known as "AKD®
circults. There are many variations of these circuits
which utilise triodes, diodes and recently transitors. For

harrow angle telescopes described in chapter IV, triode

Iz 2e3
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triple coincidence units were used, The eircuit diagram

is shown in Fig, 24.

N
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Fig. 24,

X is based on a cireuit deseribed by ELFORE ang
SANDS (1949}, The coincidence pulses are developed on the
¢athode reui stance, and are ah@rafore of the same palarity
(negative) as the input pulses. MNo d@parahﬂ discriminator
Jis used, but the first scaling tube of the scaler recoder
unlt ivself works as a discriminatop againet (n-1)fold

eoineldences.,

&nﬁicaincidemce or the "INBIBLTORY cirGUlh is a
modxficatlan of’ the gciacidenca clirouit in which an
additional (n*1% th tube is added in parallel with the n
tubes of the n-fold eoineidence counting system, This
(n*?)th tube when actuated simultaneously cancels the
regsponse of n-fold eoincidence, Thisz is achieved in the
present case by biasing the {n+1)%® gube below cut off and
supplyling appropriata posicive pulses from the anticoincidence

counver quenching and shaping unit,

IL
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Zoly Scaler and recorder unit ¢ o S .

the séalaf recorder unit is a combination of
suitable number of Becles-dordan type bi-stable
mulbivibrators followed by a power auplifier. In Fig. 25
is shown a eiréuih of a scale of four unit which consises

of two bi-stable palrs put in cascade, and a power smplifier.

N\, ‘\\

Fige. 25. SYcaleyr and recorder unit.

Any number 'n' of such stages can be put in cascade to gét
a seaiiag factor of 2%, A bi-stable multivibrator is a
two tube régen@ranive circuit which can exist indefinitely
in either of twé stauble states and can be caused to make
an abrupt transition from one state to the other, - Many
investligators [ SULEVENSON and GRETING {(1937), LIFSCHUTZ and
LAWSGH {19353); REICH (1938), HIGINBOLHAM et al. (1947),
FITCH 419@93V®tc{] have described and &eh& a good amount
of work to increase the switching rate and improve the
roliablilibty of such cireuits. BUYS (1948) has given an
analyeis of the genaral raspanae'characﬁeristics of the

Eeele«dordan type bl-stable mulcivibrator. An elegent |

If ' 20&'
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d@sign procedure is deseribed by niwbﬁlu (1953) and al&@
by PRES SSbAN (1953). For designs, where speed of Qpardﬁiﬁﬂ
ie important, tubes having low input capacitance and high
gm are saleebedn Twin triode tube 6SH7 is very W1d@1y

used for this purpas@a

- In practice scalers are used before recording
Ry !

the’ number of dounts because of Lwo distinet advaﬁ%ag@so
The final recording devxcas are always electrameehanxcal
.and majority of Lhe'wmrkers use telephone call recorders,
'Whlch haveja_law resolution of the order of 0.2 seconds
even for well shaped pulses. Introduction of the scaler
unit before the final recording stage reduces the input
rate o the mechanical recorder and also changes the random
distribution of pulses into one where the different pulses
are more regularly spaced. It has b@en shown by ALRG&LH and
SUITH (1938) that the time interval between svery r®f pulse
will have standard deviation given by (1 + r)™¥ so that as

r inecreases the rth'pulsa will be more regularly spaced.

The cascade of Scaling units is followed by a
recorder driving circuit as shown in Fig, 25. It consists
of a power pentode biased below cut off. Pulses from one
of the plates of the twin triode of the last stage of
gcaler unit are fed to the grxd of this tube. The tube
operat@sL@lectromechanical ¢ounter whenever a positive
pulse arrives at its grid. Neons aro used as indicators, and

are very useful for checking the function of scalers during

operation, : -

I | ' el



'2q§_ . Sha?er'and regorder unit : . | J
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In the sxperiment fopr the separate study of
medivm and high energ gy M mesons describsd in ehamtar 1L,
v&ry'law counting rates Were encountered, and it was not
des arahie o scale down the coincidence counts with the
help ofascaler and recorder unit, iowever; the coincidence
p‘lf' itsell has nop vhe prop@r shape for actuaﬁ;nﬁ the
§@war ampixf;eg whieh runs the mechanical recordero Henceg
shaper and feaorder uniﬁ was used, ‘the circnit of which

is ahawn in Fig. 6. The aaxmcmdeuea pulse is first fed
dta nne 3ﬁaper$.wn1eh is a manodtabie multlvwbraﬁerp and
gives an @ubput of a &u;bable pesitive pulae BYOry tlme

1& is actuatadn which runs che pcwar ampl:figr

ZFe  Anbomatis ﬂh&bggraph¢si

34
e

n the Bhote

Fig, 26. Circuit diagram of a shaper and
recorder unit. :

IX 25
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2.6 Auhamatxa photographing d@viea :

Allicasmic ray records were obbained by J
photographing the mechanleal counbvers every hours ‘the
device consisus of a camera unit and an aubomabic relay

conbrol unlt. A cawera unit is shown in Fig. 27,

Ceiotk ucoueusj

ﬂﬂﬂﬂﬂﬂ i

Flg. 2¢. Automatic photographing device.

411 the counting maters are mounbed on the panel
P, which forms the end side of & light-tigbt box B, C is
& detachable camera, alse shown separately in Fig. 27(b),
in which the lens L is adjusted so as to focus the image
of the panel P on the phangraphié film runuing in the
groove G, The film ialwcund on the spool,81 and gets
collected on the spool 52 after baing pulled by the
aprocket wheel W. The shaft of the sprocket protudes outside
the camera box and is driﬁ@m by an electric motbr. with

the help of a.rélay arranzement trigzered by an electrical

11 | | . 2,6



85 @

Y

contact of a few seconds duraﬁzmn made h@urly by a clcciz
the following s@quence of aparatlan is achieved at regulyr

hourly intervals :

(1) Momentary lighting of the bulbs which
exposes the film,
(ii) Moving the film thréugh one frame, thus
Lleaving the camera ready for the fresh exposure,

™y

The oldetric motor has an internal gearipg so
that its main shaft rotates with a very slow speed, and
the time required to.meve the film through the above

leagtﬁ'is about-15 seconds,

Ry, g By, Bo 1 K C; 0,05AF
C, 0,01 pF !
C; 2,.0MF

By 10K . v, 68K7
FIG. 28

B, 0,2 1 vy 6F6 '

Fig. 28. Sequence control circuit.

Fig. 28 shows the relay control circuit used for
tha purpose, Two multi-contact telephone type relays are
used. Helay A is put into the plate circuit of a 6F6 tube

biased below cut off, It has two normally open contacts

11 2.6
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which elose on @uwygiziﬂg the relay. Qv@ry hour when ©
¢lock contact ul@ée@ré@mégﬁérilys it fecds a positive jn
pulse to the ﬂrid'wf‘éﬁé ﬁ@beg which trigs the relay., One
of the opan conbacts, when made, Lights the lawps for a
short time while the other conbact feeds a negative pulse
-~ %o the second $ti%$a The second stage is a monostable
multivibrator. Its “quaaiaatablé“ state has a period of
abggg 15 Sacandg, which is equal to the time r@quired for
th@ﬁ%ator to mole the film blgough one frame, R@léy b ois
put inte the plate circuit of the nmn»canductmng section
of the monostable muldsivibrater. It has normally one
op@niéan@act ald ong closed contact. The open conbact is
utilised for completing the electric motor circuit. The
plave supply volbaze to the first tube (6F6) is fed
through the closed contaet which ensures that the first
relay may not trip while the motor 1is on, and prevents

ageidental overlappling of double exposures,
3. The Hodoscope Kegording System,

In majority of the experiments invelving recording
of cosmic rays with the help of counter telescope,
colncidences between the appropriate counter grcups are
recorded. It is not normally necessary to kuow which
parﬁicular counter or counters of the respective groups
‘are involved in esch individual coineidence. But when one
wants to know what uype of colneidences one is recording,
1.0, due to alnule particle% or more than one time

assoclated particles ebuov such additional information can

i1 | - 3.
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be had by recording the ﬁainaidﬁncﬁﬁ'with a hodoscope
'arrangamﬁnﬁ, In a.hmda@éepag all-ﬁh@ é@uﬁt@rﬁ are j
represented by neon glbW'lampﬁ nounted on a digpla?v
board. For each accepted event, the glow lawps of the
partienlor counters taking p&rt in that &vén&,ar@ made

1o flash and arve photographed. From the plotures bhus
ebbalned 1t is possible to £ind out sxactly which counters

ware dlioschavged in a particular evensg,

iy

“~ For thh experiment deseribed in chapte?;IiI such
a recording system was used for the study of the nature
of back-ground counts. The $ystem was designed on the
same line as that used suceessfully by OWEH (1950). The

cireuits used are deseribed in this seotion.

- if we want to record coincidences between three
c@unter‘graups&<haviﬁg four Geiger counters each, and for
each recorded event if we want to know which counbers ave
discharged, the recording arrangement for this purpose can
be represented schematically as shown in Fig, 29, "q and s®
are the quenching and shaping units. For registering the
three-fold golneidences bebween the three groups, pulses
from each group are mixed separately and then fed to a
coincidence unit. Whenevar there is a three-fold coincidence
it is made to generate a master pulse and also made to
operate the mechanical counters The master pulse is then
fed back to the mixer unit, where it is mixed separately |

with individual pulses fyom the "q and 8" units, This leads

IX 3e
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Fig. 29, Schematic diagram showing a

hodoscope recording arrangement.
to striking of the apprepriste necns mounteod on a display
hoard, which is viewed by an unshuttersd camera and.
recorded on film. The master pulse, with o sultgble
dalay; also lights a lamp momentarily which helps in
photographing the mechanical counter, clock, etc. alse
mounted on the same display board. Then the camers motor
is made o run and move the Film through one frame.

Finally the apparatus is reseb,

3.1 Luenching and ghaping unit

f"a‘;
-
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i
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o
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The quenching sectioen o i
gimilar %o that of the unlh described in saction 2.2, In

the present srrangement positive sharp pulsss ars required
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in the output and hence the shaping section is J
A

' diffe?enﬁly desigred. The éireuit'ia shown in Fige 30,

L

Figwnsﬁg Clveuit diagram of a gquenching and
shaping unit which delivers sharp positive
pulses in the outpub. -
The square quenching pulse is differentiated
by the R7C3 network. The negative pulse of a short time
duration generated by the leading edge is inverted and
shaped by the pentoede amplilier, while the positive pulse
iz clipped because of the grid ecurrent, The pulse is then

fed to the cathode Lfollower, and a sharp positive pulse

ol volts and 3 microseconds pulse width 1s obtained

in the oubpui.

3aR Mixer and neon ¢ontrol unit and the

master pulse generator i

The clreuit of the mixer and neon control unit

i : ‘ 362
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is shown in fig. 31,
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Re 220K Cy Q.001 MF Ve 65J7
[ 0.002MF

Pige 31, Circuip diagra& of a mixer and

neon goabtrol unit.

All the mixer tubes Val, Va2.... are 6407 pentodes.
They receive pulses from the "q and 8% units of counters
¢ty €2y e3e..00 0Ff the carrespandimg counter Zroup. ALl the
input tubes are biased below cut off by giving a steady
negative potential to controel zrids (gi)w The screen grids
{g2) are interconnected and fed through R4, and the
supressors (g3) are jolned together and biased off at =100
volts shrough R5. Thus for positive signals on control
grids (g1) the ecirculty works &8 a triode "OR" circuit, by
turning on the screen current of the appropriate input
valve for bhré@ microseconds, which gengrates a negative
three microsecends pulse across the comnon screen resistance
i, Negative pbtential of 100 volts wn‘gE does not allow

1% 3.2



any plate current h@ pass at this instancag lh@ ger%@%}
pulﬁe is fed to the g@ineiﬁ&na@ unit, where the pulses

from the other mixer units are also braughﬁo.

The triple coincldence unit is of the type
 deseribed in section 2.3 of this chapter. The coincidence
pulse is fed to master pulse ganéra@ars the eircuit of
which is shown in Fig. 32,

“\, y* ;

+ 200y + 400V

2.2K$ O.JmF

[

’ VI v2  6AC7 V3 v4 &1~ V5 6Hb |

Fig. 32, Circuit diagram of the master

pulse shaping unit.

Tube V1 and V2 are two 6AC7 pentodes and shape
the negative pulse fed to them from the discriminator
stage of the coincidence unit. A positive pulse of about
105 volts and BQS microseconds duratien‘is generated on
the caﬁhod& ieaisﬁanca R5 of tube VR for every coincidence
pulse fed to V1. V3 and V4 are two 6L6 beam power tubes,

connected in parallel, and fuvrm a cathode follower through

Ir 3.2



which the master pvisa is fed back to the supressors of |
the mixer unit valves (%aﬁy Va2....0. V5 is a éig§% j
clamp, which does not allow the supressors Lo go beyond
ground potanLial, when master pulse gutput point is
eonnaaued to the ﬁupreasarsa Bach mixer tube Val ete.
is an WAND® circu:ﬁ, in which xh@ plate currents flawa
whenever there is a coincidence between the master pulse
on gupressor grid (gB) and the ¥y and $" unit pulse on
nuﬁé;ﬁl grid (£1) of a tube, signifying that the Geéiger
counter of that channel is invelveé in the original
coincidence., Such coincidences give a sharp negative
pulsé at the plate of the appropriate mixer tube. This
pulse is, in turn, integrated by the condenser CL4, the
resistance R7 and the appropriate diode and reduced in

amplitude but increased in duragtion te the order of U.5

seconds. .

The tubes Vel, Ve2,.....(all 65J7) are normally
"bottomed" with anode voltage of about 30 volts, which is
insufficient to gstrike the neon lamp tied bebween the
anode and earth. The brea&'intagrated pulse described
above, causes the corvesponding tube to be cut off,
consequently,- the ancde volbage vises until the neon lamp
gbrikes, and the lamp remains. in discharge until the grid
of the tube returns to esavbh potential, The delay
hetween the leading edge of the quenching and shaping
unit pulse on contrmi grid (g1) and the master pulse oun
lmuprgasbr zedd (g3) is of importance, for too 1&&@ a délay
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r@su1ﬁq-in a small coineidence pulse on the plate of mixg
tube (anv one of Vai, Va2, ﬂtﬁn)g which shertens thb -
durahima @f the &ntagratad pulsaa Uwen has claimed that
in his airmuiés this delay was'reﬁucad to about 0.25
microseconds, In the present experiment it waé about 055
miQFGSEﬁ@ﬁdﬁa In hxa clreuits Bwen hag used Lﬁ)ﬁ tube&
ﬁhreu&ﬂout, but nmnavaildbility of these tubes in India
av tae time of designing the units made it nacesaary Lo
use 6AQ7 tubes inaL@@da 6AG7 has not got very good
Supressopr grid (gB) eut @ff!@haracteristicss and compared
o mb50 cut @f& ogcurs at large value of supressor grid
veltage. Hmwevers iv is possible to select 6&07 tubes
having supressor grid eut, off voltage asbout a109 volts,

and these are found to function adequately in the unit.

ihe output pulse of vhe coincidence unig, is’
also fed to é relay control unit, which operates the
recording equiymentc, A,1® mm,‘@;rwcrafh type ¢ine camera
(Gob5=4,il,) was used for the purpose, after making some
alterations for one shot action. The cireuit diagram of

the relay control uniyv is shown in Fig, 33,

ALl the tubes are of type L2 power pentodes.
Multi-contaet velephone type relays are used. ALl bhe
tubes are blased below cut off, The coincidence pulse is
fed to the {irst stage vhrough a pulse ‘shaping monostable
nultivibrator of the type described in section 2,5. The
first velay 4, on tripping, holds itseif Ghrough contact ail

11 3.2



Fig. 33. Circuit diagram of the relay
conbrol unit. _

and charges condenssr 02 in the gfi& éiréuit of the Second
tube through éaﬁtaﬁt a2, _ﬁtath@ same time the lamp circult

| is made ON through ccﬁtaetﬁ a3. After a very short time
{about 0,4 seconds) relay B closes cancelling relay A, and
after 1 second more relay © closes in the same way

cancelling relay B, C completes camerg mobor circult through
pontacks ¢ which moves the film through one frame, Thus
relay B wovks as a buffer relay which makes the film to move
after the lamps ave extinguished. Through the contact cl
condenser Ck 18 charged, which trips relay § and resets the

Ganigra.
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e Methods of Analysis. . j
- b »
P Pabulation of daba ¢
Lol Cosmic Ray data &= The origingl data are

obtained in the form of hourly photographs @f'the electro=-
mechanical recorders., Readings for the hours 2300, 0100,
0300:,...2100 L.8,T, are noted down in the daily record
shaatso DifL@P@HO@m between the successive blhmurly
recardﬂ give thd rates of meson intensity centred at 0000,
0200,, 440002200 hours for each day. From the difference
between the readings at 2300 hour on successive days the
daily mean m@;;n intensity, centred at 1100 hour I,3,7T,

and .exPraaaed as & mean bihourly rate m ia computed.

The 12 bihaufly values for sach baleae@pe are then
exnmssed a8 dcaviutﬁams Amm Am,3 govesaa AmH from the daily
mean B’ for the ibh telescope of n similar telescopes

working on that day.

' On each day the 12 bihourly deviations from the
daily mean obtained in this'way for different telescopes
of identical g eomebry are tabulated side by éid@ and
examined to see whether within limits of statistical
significance the davxab;ona from mean of the rates of the
dlfferent telescopes for the same blhourly 1ntarval are
gimilar. The daily mean values ﬁi are’ also plotted and
it is bheeked wheaher telesgopes of simid ap geometyries show
similar day to day variations. Besides this, daily routine
chack observations of the rates of graups of counters in

trays as well as voltages ebe. are examined, Due to the

II | : bot
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varieby af ahec&s 50 wyﬁli?d,ﬁlﬂ in E@%ﬁiﬁl% to piﬂkw@ué
a faulty velescope, and 1@0¢ﬁ@ the fault too. Data for

such belescopes are not taken into consideration on that

particular day and if nagessary for some consecutive days

earlier to It depending upon the nature of the fault.

&fuév this selection procedure, values for the
aamé ﬁihoﬁvly iaﬁ@bval as well aﬁ'thevdaily maa values
on eﬁch day for prbpariy funﬁti@ﬁiag‘éimilar telescopes
ave added Gogether, The resultvant deta of each day thus

‘ :a‘ Y 4r-, - g 1'3 4
@Ump?.l&iﬁﬁ &1 @W@lv& \5‘”&111.&@5 i Aﬂiéﬁ z Afﬁg pev2dasas ZAm:‘}1 3

cancred at Q000 6 ATy 0060042000 h@a¢ Lo5a%. ras peatively
and expreszed as deviabions from the mean value spm ori
\
that day, wheve n “1(3 equal te the nunber of properly working
telescopes. These twelve devistions from the wean are then
expressed as twelve percenvage deviabions A Mg,.o0s. JANE U7 P
LN Amf(i'@'i 'ﬂh@x‘@
‘ " ‘ ien 1
\ > Amg
& 1=9 \_,' ‘
A “‘xw ! " : ° 00@
i=n

:ZjAmf'

d=q

Un gertaln days when all the telescopes may not be
n. i .
in operation, Z H will be less than the usual value, In
such a case the mean intensiyvy 1s nogmaliz&d to give a value
"B which could represent Ghe mean intensity had all telescopes
been working., This is done by comporing the particular day's
e e W p

datva with Shose of tho previous {ive days on which all
velescopes were ranning. . Sach set ol thls type eorresponds

o o telescope Of & particular geomebry ou a purticular day.

1T ‘ : Aol
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@o v'-Mata@ral@gical data - An acurate micréb&ragr& h
| anﬁ a th@rm@graph a?e ﬁaintaim@d in ﬁh@ 1ab0rdt@ry, and ££
most of the p@ri@d dur¢ng which the author studied géy taﬁ
day changes in the dally variation of meson xnt@abity,
these were maintainad by the author himself. A check on
the readings of the recording instruments was kept by
comparing the measurements with an acurate barometer and
thurmemeher vaad at one particular hour on each day, ‘and
aa@asmnnally at dlfiarenu hours on a particular day: . The
ground pressure and temperature values are then réad for
the hours 0000, 0200;0.s00+2200 Lc5.Ts, and the daily
mean&fcaleul&ﬁ&da {hese data are then expressed as twelve
deviations from mean and a daily mean value as A Fg, ete.
and P for barometric pressure, and A Tg, ete. and T for

tenperature respectively.
o2 Solar daily variation :

Th@ twelve bihourly deviations A Mg, ebe. of |
meson intensity are then corrected for the effect of the
daily variation of barometric pressure by using the
corresponding bihourly deviationg APy and a barometric
coefficient of-2.2% per cm. Hg. The use of the particular
coefficient is discussed elsewheére SARABHAL et al. (1953,
1955a) . The solar daily variavion of meson intensity on
any one particular day corrected for barom@trié pressure,
is then represented by the twelve bihourly per cent
deviations A Mgy, A My, etc. and the daily mean intensity
by M.

11 . he?
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Le3  Dally vaviabion on a group of days + J

Sometimes it is ﬁeca&sary %o know the avé;ag@
daily varistion on a number of days gaken together. lhe
days selected may be according to a period of Lime sueh
a8 a month or & season or a year. They may be days on which
the daily variatlion exhibits some p&rb&cular characteristics,
or they may pe selected according to particular geomagnetic
or éalar characﬁerlvticsa The average daily variahion for
smch a group @f n number Qi daye is glven by twalva bihourly
per cent deviabions .

a8

~_

L T -
il ad i
Z Al ) ﬁiﬂwawwwonszMLi 2
Lok Fourier analysis i |

| Vor an elucidation of any periodic variation
and its relationship with other factors, whigh are known
4o be periodic in nature, it is often gonvenient to
resolve & daily variation into its harmonic componenta.
The method of resolving a periodic curve into its
fundament sl and'higher harmonies have been treated
rigorously in various text books. Various authors, such
"as THOMPSON. (1911), WHIITAKER and ROBINSON (1937), HENNEY
(1941), and KANE (1954) have described labour saviag
computational metheds for avaluating the harmonic
coefficlents. For most geophysical studies the first

and the second harmonics of the daily variation ars the

11 | bk



ordy ones of impawﬁancaw: The method suggested by Kane is J
therefore Tollowed which compared to other methods, i% ».
quiek and accurste, and glves the first and the second

harmonics with minimum labour.

Any time dependent funetion £{t) can be writien
a8
£le) = ag * {ag Gos © * by Sin ©) + (ap Cos 26 + by Sin 28)
R :

* o 45)

5 . .
g *uqsaeé:wnaoaa‘co
7

in practice when one has to handle equally'
spaced walues, gggra&ééﬁimg a time dependent function such
as the daily variétien of cosmic ray intensity, or the
daily variation of meteorological factors, the method of
Kane ié appliéable if the equally spaced points are twelve
or twenty-four. In ﬁhe present work the twelve point
scheme is uvbilised, because all daily variabions gra
represented by twelve bihourly velues.. These twelve
values when treated by this method, yield the coefficients
a4y Dy ag, and by for the variation of a parﬁicuiér day.
ag is zere, as the twelve values are oxpressed as

deviations from the mean.
Bquation (5) can also be written as

i'(ﬁ) bt aa ¥ A‘Q Sin “’.’a " ﬁ}l’d} }’AE Siﬂ {2‘3 + ﬁz) Fonsuoes

-

a, * & &y Sin (o6 * Pn) - (6)

' : ok - 8n
where &n = (C&lna 4 t‘ﬂg)ﬁ “and Tan L ¢n i bn (7)

IX ; ot Loy v
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:An is the émpiiﬁude.cffthe nth harmoniaﬁand Jﬁ

U is its phase, EQuaﬁioﬁ {7} shows tha'rélatiénship
of ay and by with 4, and Py. - Thus the values aq,by and
ag,by glve 44,0, end Ap,Ps, the amplitude and the phase of
the first and the second harmonics respectively, It is
customary to compute from Py an angle Y , where Ym= 70°- .

LVn @e?reséﬂﬁs the time of the maximum of the pbh harmonic
iig%d&grees}q iin this way whe dally variation whibh was
wriginally represented by tw&lve bihourly values can now be
nore. convenlently represented by four values 24,bg and az;bz

Irom which tie-values A, 't and Ay, Y, ave derived.

There are two definite advantages of this way

E]

of'Eaprasentabian}*

Firstly, cosmic ray. arvrivals are ?andamly
digstributed. 4 standard deviation o= + (,M}fé is therefore
aggociated with every estimate computed from M number of
counts counted by a device in a particular time interval.
Bach egtimate of_a_bihour1y per cent &@viatian is asso=-
clated with a standard deviation of * 100/M§%, where I is
the mean bihourly rate of that day. Normally a deviation
would be considerad statistically significant if its
magnitude is larger than 2 ¢ or 36 . If therefore, the
value of ﬂ_igvsuch:that 0= *0,8%, a blhourly deviation
is not significant at 36 level unlass.iﬁ is larger
than 24 %. Sinqe,nha_harmonic coefficients are derived
from twelve bihourly values,: the standard daviétionw

LI bl
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of a harmonic cm@fficienﬁlg@ts reduced by a factod of Jﬁ)é
or. about 2.4, AL the ﬁaﬁé level of significance therefore
an amplitude > 1.0% is raquiré& for the siznificance of

tha harmanir cmezimm;mnta

The Sacmnd advan%aga is bhat becauss higher
harmanLcs b@ymud the diurnal and the semidiurnsl ave
xggﬁm.ta b unimyartann, Lhe Eaur fourier coelf lciants
B4y Dy, as, and by in place of 12 bihourly deviations, are
sufficient ﬁb characﬁaris@.a aaily variation. The
qu&n%iti@s afo Diy By and by can morecver be added up as
scalars and therefure it is simple to derivé the

éog@?icieﬁts of the harmoni¢ components for groups of days.
Leb Harmonic dial :

o mmmpara variations observed by two different
instruments or to sbudy the relablen ‘between varistions
of two different pheﬂomana it is desirable to ploﬁ the
harmonic components in a convenient form where both the
ampliﬁuda and the time of maximum of the component are
represented. Such a method 18 called the harmonie dial,
To rgpreaeun the first harmonic of th@ daily varlation, a
: elruula*'scala where 360“ aqual 24 hours measured in a
clcckwmse d¢reution i$ used, Far rapreaentmng ﬁhe second
harmenie a tmm@ seale whefm 3609 is @qual %o 12 hours is
lugad.“wh@,amplitudaﬁ and the time of maxlma are represented
by pietting veutors having:lenguhﬁ proparti@ﬂal'ma the

amplitudes, and'poimbimg in the direcbions which make angles

1T i ‘ 11—05
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equivalent to the times of maxima with a fixed 0° or J

waeo hour Line.
L6  'The form of the daily variation :

The simplest way to study the form of & daily
variation is te exsnlue the twelve bihourly deviations
OB an Individugl day, as ﬁay done by SARABHAL and %Eﬁﬁﬁ&ﬁﬂ

X . R :

{(195%), For lbss subjective method o sbtudy thgrﬁhangeﬁ
in the nature of dally wvarlation, it ls necessary o have
pavdmeters describing the data on each day. Un most days
it.ﬂas @i@h@?‘a $ngle mgkdinum or two maxime. The most
significant features of the daily variatide may therefore
vengonsidered to be the relative magnitudes ol the diurnal
snd the semidiuwrnal components, as well as the amplitude
and the time of maximum of the dominent gumponent. :Tm et
an lnsight inbo thls problan 2 fanily of curves was plotted
alter taking Ay and fp in different proportims and with
different possible phase relationship taken 1n steps, They

ave shown in Fige 3.

Un examining bhese one can easlly see that,

ii) for any relationship between the phases Py
and}ﬂg if @3/Ag;>1¢5, the variation is mainly diurnal;

| | (iiy%fafjany“%yﬁé'bf relationship between the
phases {1 and Pas if Aq/h, 40,75 the curve is mainly
'aemidiurﬁal;}' |
{1ii) for intermediate values, when 0,754 Afhn 1.5

there is a degree of ambiguity in referring to the variation

1L | ‘ ' b6
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g, 3@« Plots of the funct&an £{6) A; Sin(
; = n(e + g)+ A, Sin 28
for three different values of Aqf Ay vizq fa) 0.75, (b?gi 25,
and (e) 1,5 respectively and different Valued of @, indlcated

near each plot.
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a8 diurﬁalfor,semidiurnal¢ In this case the phasaj
' . : P -
relationship and value of the ratio A/ Ap bhave both to

be considered.
Lo Chree analysis ¢

CHREE {1913) has developed a very useful method
of analysis, namea after him, for the lnvestigation of
”"x$guasi~peri?ﬂic phenomena, By his technique of superposed
epochs, it\has been.possiblé to discover a z%ﬁday recurrence
‘F&ndency in a n@mber of geophysical and solar phenomeng
which byﬁggemsélVes have no definite pericdicity of
beaurrencaa The 27 day recurrence arises from the gynodie
\ rotatlion of the sun round its own axis so that regions of
‘kiong lasving activity on the sun's disc have central

meridian passage after an interval of about 27 days.

In Chree analysis, the valuss of a parameter on
sug¢cessive days én elther side of a chosen epoch are
arranged in rows. The columus for the days of epoch as
well as for the days preceeding and following epoch upto
any deasired stage are then added up, The sums of the
colunns are then compared with each other to determine irl

there is any periocdicity related to the days of epoch,
hed " Correlation analysis !

The degree of relationship between different
variables can be studied by calculating e correlation

coefficients. Thus if AN and AP r@presénb the deviaticns

11 . e o . lﬁu8
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from wean for cosmic ray intensity and gr@und.pressuraj
: . o s i
respectively over a common interval of time, the correlation

coeilicient between tha two is given by

ZCM . AP
Yyp * (8)

h E&AM)Q E&L\P)gj g

the summation being carvied out for all the pairs of 4 M
LSRN '

and “AP valuesd for that period,

The regression equation between the variates is

then -

R
(4 ) '
b = b% AP where b”, yp “[Z(AP)‘?’] -o {9}

“
For studying the relationship between more than Lwo,

variables the partial correlation analysis is employed.
This method gives a measure of the relationship between
amy'twa varlables, the rést'af them remaining constant,
Thus if AM, AP, and AT represent the deviatims from
mean for cosmic ray intensity, pressﬁre‘and temperature
raap@ctiveiy‘evar a common interval of time, then |
correlation caefniuient between M and P with T rwmaining

caﬁstdnb is given by the velamian

| K‘mp - "'m“‘m | (10)
&

Tup,7 =

and a similar relation for Ty .

11 | O O
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The regression equation expressing the relationShetwedn

the three variates is given by

Al = KXo AP + 0 AT

where OXp o Tup " YagpeLpy L= (am? o {11)
and ausimilaﬁ’falaﬁiﬁn'ﬁ@rtXTa SR S

\

| The pressure and temperature scefficients of
cosmic ray intensity can be evaluated«fram(xpandszas

Follows 1 ~.

Pressure eoefficient 5&:@ 10004/ N # per em, Hg., and
TQMperature " o & 1000/ M % per degree C.

where M represents the mesn value around which the

deviations AMH of cosmic ray intensivy are expressed.

Partial'a@rrelaﬁian ¢an also be extended to cases
where there are more than three variates, The standard
erroy assuciatéd with the correlation coefficients is given

by the relation
-‘{’ma_'; ] - X’g

' Rl Lol S U

P (n -~ 1)%
where r is the corvelation coefficient and n is the number
of palrs from which r is calculated. The larger the value:
of n the lesser would ba the\value of the standard error

- and hence greater the significance of r.

1x | . ko8
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L.9  Correlation coefficient for grouped data i=

| It is not pé&sibla to apply the method of

- parbial correlations when daﬁé are not available for
some of the variate which are known to influence a
meagured variable. dn such ¢ircunsvances the method
of éﬁbuyed datgzcan be used with advantage to study the
 velationship of the measured variable A with one of the
'variéﬁea B for which information is available. Average
values of A Q;E computed for values of B dfawn from the
entire data but divided into various rang&s;' If the
data-relates to an extended period of time, the values
of the unknown variates may reasonably be assumed to
approximate to a constant average in each group, The
corfelation between the‘mean values of A and B in each
group may then be deemed %o approximate to the partial

coefficiente of A wish B the other variates remaining

. eonstant.

_ , The_@arrelatiﬁm_cﬁefficient between any two
- periodic vari&tea,af the same periodicity is given by ithe
~cogine of the differsnce between the rhase angles of the
Lwo.
- Thus il
y = ap Sin kx and

z =g Sin (kx +d )

II Le9
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the correlation coefficient between y and z will be

: ryz = Cos d

irrespective of the value of k.

i ! -
: : {
v
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CHAPTER 11X
R - THE @mﬁ OF THE DALY VARTATION OF LOW .

AND_HIGH ENERGY p MESONS INCIDENT

LN A VERTIGAL NARROW CONI

1.  Cosmic Rpy Experiments Ugilising Magnetised
iran Gore for Defleeting Charged Particles.

ﬁevéral cosmic way invésuigaﬁcrs have conducted
experiments utiliging magnetiaed iron core for daflautlng
particlea, for either measuring their momenta or separating

then auccrding to their charge.

TOVE (1930) pointed out that for investigating
high energy cosmic ray particles (mesons were not known
then) a three-fold or higher coincidence method has
advanbages over an arrangement utilising double coincidence

between two counters, The advantages are @

(1) a pair of counters ean be used to define
a beam of lonising particles which is subsequently picked
up by a third counter after being secattered, deflected
by magnetic¢ field or otherwise experimented upon, and

»
e
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{11) the number of multiple coincidence® ocouing
by change can b@ reduced to a'much,amaller fraction of the
true caxnniﬁexeewg making it p@saible to work a heam of

mueh @m&lLar angle than ean be ua@d with only two counters.

Pollowing this ldea an erperiment was planned
by MOTT-SHITH {1930), where a pair of Gelger counbers were
tm" »’5& uged bto \fﬁ@limsﬁga"‘ a besm of partviclaes Ti&:k,b wers
then to puss through o regio of strong magne fiplas
and were to be finally detected by a third counster placed

at a suitable<distance,

His ecaleulations had shown %h&t for this purpase,
a ééry strﬁag unmf@rm mafne%ic fiald over a @uﬁglderabla
volune was neaeasary¢ Te.g@nerata‘suah fields in aa aly
gap of such large dimensions is wery difficuls. He
avereame this difficulty by following a suggestien of
BROBELEYH (1929) that magnetic deflection of particles of
ﬁmeh'mnarm&u< ponetra ablng power could be produced ny passing
then dirvecstly Lhrough a wagnetised iron bar, He estimated
the wi&ening of she bean due to abfa”“lin in the dron bav
Lo bo ne&l¢;AbLe fuw p&rhi»lww of sueh high energies as

obs @rved 1n uaania raya;

The exp@rimenﬁal arrangement used by MOIT-SMITH
{1931, ﬁ938) is shown in Fige 35, M is ﬁh& mognetised iron
bar. Triﬁla'eoinuidéﬂces-ﬁﬁﬁ wara‘rmﬁwrd@d'wi*h &iff@r@nt
gos L lve aua nemdt¢v¢ #d%h@ﬁ of ar, hhu dl placenent of
gounyear O frum tnm aamhral a%Lss with iron core anwl without,

and with field UH and OFF when iron core was in use. Within

Ti1
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Figo 35. Arrangement of ayparatus
Esmmusﬁumi (1932}, |
the limits of the errops QfAthe experiment no defleetion
wag observed and he concluded that particles were of very
high energy, greater than ?Ogava This was the first

@K?Grlmﬂﬂﬁ of ity kinda

ROBSI (1930b) performed a similar experiment,
quite independently of MHott-Smith, about the same time,
but also without any success. Having not been able to
observe any deflected particles HOSSI (1930¢, 1931),
improved the experimental technique by having two parallel
oppositvely magnetised plates, which lie close together,
and-pﬁtting two counters above and below them. In Fig. 36

1s shown - Hossi's original magnetic lens arrangement.

III K 1
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’ Fig. 36, Magnetic lens arrangement

= [RossI (1931]],

Tgs charged particles passing through the upper counter
weﬁé eicher coneentrated upon or dellected away from the
lower counter, depending on the direction of magnetisation.
He came to the c@ﬂclusignrthat the corpuscular vrays which.
wéra then supposed to be electrons, are not deflected by
passing through the mognebtised iron %o such a great extent
as one expacﬁed for ?Gggvu energy. Rossi raised s doubt
about the inverpretation of such experiments, that the
magnetic inductlon B whieh represents the average value of
the wicroscepic magnetic Iield strengths might not be the
true valus whieh is responsible for such deflections. But
afterwards 'ho came %o the conclusion that in all media,
including ferromagnetic media, the deflecting force on a

moving charge is determined by the magnetic induction B,

Due 1o the smallness of the effect observed by
Rossl and Motb-Smith,; the technique of Wilson cloud

s
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vahamﬁer @ﬁper%ed@d this methﬁaw From the exp@riﬁznts 1%
became clear thas partiéiés are not alectrané, as was
assuned previously and that ?ogﬁtiva and negative particles
present ave in @qual'numbers with a slight posisive excess,
fo investigate this BERN&&QIEI eb al. {(1941)
impr@veﬂkﬁgsgi*a m@ehniqﬁ@ by using two pairs of maématiﬁ@d
| iégﬁmpl&t@ﬁ an@ by properly choosing the directiaﬁ of
magnetisatlon in the plates they were able to concentrase
anIKJpasitivé"@r hegative particles, The arrangement is

showh in Figx37.

\
\
4 meson

\{arrana. 1} '

i

Fig. 37, Arrangenent of counters. and
?agn@) sed iron plates [BEANARDINI et a1,
x?@"’i’?.c . o

After this, several other workers such as

-
B
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BERNARDINT et ale (1945), CONVERSI et al. (1947), GROETZINGER
and McCLURE (1948), GROETZINGER et al. (1951), BERLTTA et al.
(1952), QUERIGIA and RISPOLI (1954) and FILOSOFO et al. (1954)
have succesafully tiried this method of deflecting u mesons
in a magnetised iron core for selecting them according to
thelr charge or momenta or for bvoth. ‘
| In tée present iavestigation the authe%‘ha& used
an experimenﬁal set-up, utilising a mognetised dron core,
in whmch lawwgnd high energy M mesons could be counted
separately, The purpose was to study the time variation
of high and low energy cosmic ray mesons. The apparatus

ané\the results are discussed in what follows.
24 The Apparatus.

The spparatus used in this exp@rament consists of
two main parts, saturated core electromagnet, and Geiger
counter telesgopes for the measurement of the intensity of
low energy positive and nagativeju_mesons deflected in the

magnetic fisld , and the intensity of high energy m mesons.

The electromagoust is constructed out of high
grade silicon steel transformer laminations of suitable
dim&naimn&g An uniform magnetic field of about 719000 guass

{very nearly the saturation value) is eaglly generated in it,.
2s1 ‘ The electromagnet :

The first run of the experiment whieh covers the

period June 1952 to August 1953, was carried eut with the

TTT
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magnet of a closed B shape as shown in Pig. 38{a). The
central limb, which was used for deflecting the low
energy partlcles, had length 60 ca. breadth 10 em. and
height 60 cm, Two outer limbs of 60 cm and breadth 5 cme.
were used for winding the coils over tham. The colls had

3386 turns, & constant D.U. current of about 3 Amps, was
““ \g\}{ .

. cuntinuously Passed through the coils. The eurrent was fed

from o D0, mobor ganerator seb, The magnetisation was
alwmost upto saturatlon and under this condition field
fi@%buaﬁi@ﬂé‘ﬁr@ vory small for current variatlons due to
#ains volbage fluctuations. In this arrangement wnly the'

contral limb of the magnet wes available for experimentavion,

(a) . )

Fig. 38, The electromagnet, (a) used during the
first run and (b) the newly designed magnet used
during the second run of the experiment,

R
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Towerds the Qnﬁ of ??ﬁjg when the laboratery was

Shi&t&d te it new building, the magnet got damaged in
Wrangity and 16 was aecessary to rebuild it. From rasules
aﬁt&im&ﬁ during the first run it was felt necessary to run
more than one similar telescopes for this experiment, as

she counbing rates involved wers very smsll. This could

0

.

“%@_dﬁna by @h&agimg the shape of the magnet such that more
Limbs would be availeble Fop skperimentation. Ascordiagly,
@, new maﬂﬁﬁ of closed square geonstry was gonstructed by
tie end ofNJ95L.  The second run is with the new magnet

1 Flg. 38{p),

’3

' waieh is shown i

N 411 the four limbs a, by ¢, and d of the magnet
are available for the erection of taleﬁcwges'&nd are of the
same dimensions as the central limd of ﬁh@ old magnet. A
3ingle layer ¢oil iz woungd on all the Your limbs. It has
700 vurns and can Carry a current upto 14 Awps.,without

regulring any externsl cocling arrangememto
Rad The Geiger counter telascope ¢

Fig. 39 shows cross section of the apparatus in
an E-if planc. The associated electronic univs are algso
shown schewetically. The axes of the Geiger counters lie
along the Ne3 direction snd hence the counters ave
represented as circles in the diagram. Bach Geiger counter
has & diameter of about 4.0 ems and sensitive length of
about 30 cm.  For convenience of representation, only the

¢cross section of the care used for deflecting the particles

v
g
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is shown. 7The field is perpendicular to the plane of the

papery and is reversed regularly by changing the direction

of the current through the coills,

Geiger counter arraywlﬁg @ and K have three
counters each. Array P and Q‘have each . a sensitive
arga of aﬁéuﬁvgga SQ.cmga and R has & sansiﬁive area of
abou% 360 Sq@ gite  The twoe arvays § and R are put above
amﬁ‘&a&gw the iron core respectively. The third avray P
ig é@gt vernéyallywébnva these two arrays in such a way
that bthe cﬂnéiﬁf the ¢ounser %éi@saepa is cpv&r@ﬁ by the
iraa‘@ﬁf@ in the b=W plane. Thus every particle in the
@éﬁé-eﬁ acecepbance determined by the arvays P and R must
traverse bhe iraﬁ.a@r@u ‘VWhen the core is aatﬁraﬁedunha
teolesceps PR cannot register law'en@rgylu.masang which are
deflected out of the main cone, The cone had semiangular
opening of 1,77 in the &-W plane amd 6.7° in the ¥«~8 plane.
- vy g . Semiangles o : 2 ol
4n the second arrangement the 4 are 2.2 in the B-¥ plane
and_ﬁ;BO in the Ne2 plane. The two vertical arrays S and ¥
of eight Gelger counvers in each one are kept on two sides
of the iron oOrEC. The side arrays are placed so that no
gingle uwndeflected particle in the verticsl cone, determined

by the avrays P and Q, can traverse the counters in 8 and 7.

Six Geiger counver tubes shown in the diagram as
circles with crosses and designated as U ave arranged in
groups of threc on elther side of the array ¢, Thoy ave

asad 08 anticoincidence counbers,

TIT | - 2.2
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A1l Ge&aef ccuntarm in a particular arraj are
comected in parallel to a siagle quenching unit, These
quenching units Sh6Wﬂ a8 "q and 8" in Fig, 39 are of the
type deseribed in chaptor II (page 7h).  Eaeh qaenehing
unit gives a sharp negative dutpub pulse of about three
microseconds duration for each Gaiger discharge in any one

ofbhe cemnter%f@f the array.

All events measurad in the experiment iﬁvalve a
dgubl@ colncldenge Po-U where the anticoincidence coanters
u ara not similtanecusly triggered. The pulse PG-U and the
outpu&a from R, S and T are then fed to thrée double
coingidence units. Thug the three triple coincidencelrates
PRU, PGS«U and PUTU are Separately measured by the
mechanical recorders X, ¥ and %, and designated as N(X),
8{Y) and u(z) respectively. The Mechanical recorders are
mounted on a panel and phobographed every hour as described

in the previous chapter,

243 Back-ground counts

From the peometry of the arrangement it is evident
that neo axngle particle incident in the vertzcal cone
determined by the arvays P and @, can give a coincidence of
type PQS<U or Pngﬂ unless iv gen@rahaa ‘Secondaries in the
core, gats aaatterad or &ebs deflaated when bhémﬁé&nebic
fleld is Umo Yore than one nimewassoclated particles
(showers) can also give such coincidences provided their
pabnd do not encounter any of the antzcclncidance counters,

e
e
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From the geometry of the arrangement, the probabifity of
 Such events should be small. Chance coincidences add a

Iractlon to the back-ground, but this is quibe small.

Singe an attempt is mede in Lhe experiment; with
flald UM to associate calmai%@nues of type PESSU and PyT-U
wibh 10&: energy /u mesons, it 18 necessary to estumat@ the
conﬁnlbuﬁian of other processes to the counting rates N(Y)
and N(Z), With field OFF these rates are appreciable and
constliteie a large backe-ground due b0 processes other thén
defloction iishe magnetic field. Seattering of lowvenergy
}A'meaanﬁ.undaubtedly make a contribution to this back-ground,
When the field is ON, these same M mesons would be deflected
and S@=legiﬁimaﬁely counted with the rest of the deflected
faznasansg Thus the magnitude of the back=ground raté'wiﬁh
field OFF, by itselfl giva' no indication as to the valldzty
or otherwise of aswoclabing with Low energy‘n mesons, the

rates N(Y) and N(Z), when field is on,

The grucial paint'ﬁo‘establiah, therefore, is the-
contributblon of scatversd mesons to the back«ground ratve.
The balance contribution as a percent of the total back-ground
establishes an upper limit to the exteat to which rates N(Y) |
and N(Z) withvfi@ld.ON are made up of processes cther than

those assocliated with low energy Mesons.

Une ean estimate the eanﬁribution of different |
processes, o Lthe rates of the side arrays PQSfU and menv
with fleld ON and OFF by a hodoseope arrangement, which

R
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indicates the exact counters involved in 8 particular
coineddence count, Alterngbively, it is possible o

stimate bhis numerically, fvom knowledge of the theory

of multiple coulomb scattering. In the present study

both these methods are adopted, and the ros Sults are

Gonpared.
R { -
2ely The hodoscope arrangement ¢

i

Figo 40 shows, schematically, the modifications
made in thesrecording arrangement, for introducing the
‘hodoscope eircuits. The eireuiss euployed are of the type
mﬁeé by Owsn (1930), and deseribed in chapter II {page S&)

of the present thesig.

vixbeen Gelger counters of the ﬁww side arrays
S and T are divided ¢n$m eight groups of two adjoining
counters, each connected Yo a quenching wnit. Per each
accepted ovent of type FQRmQ, PES=U and PQT-U, one
hodoscope plcture is obtained, where the nine neons,
representing the elght groups of arrays S and T and the
array R, show by sheir corresponding flashi , whieh pairs

of Gelger counters, were triggered in the particular avent,
A, Gxperiuvental Results.,

the data presentod %n Lhiﬂ JQCGIOH fnl] into two
groups depending upon the pewlod durin% whxch the data
wera collecbed. he irst run - QQV@rﬁ'th@ perled from Juae

1952 o Avgust 1953, taken with the mawneb in the first

g
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Fige, 40, Schematic diagram showing Ghe
modified counter arrangement and associated
glectronic units duving the hodoscope
racording for the investigatlion of the
back-ground counts,
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arvang gement . The'laﬁafifuﬁ'with tﬁe magﬁat,inbgh@ a&ébn&
arr@n@amena covers the period &ram Harch 1955 te Ugbober
1955, The haﬂﬂﬁeape unit was run only during some of the
'days in the second pericd. The main purpose of this
gsecond yun which incorporated the hudoscope srrangement,
Was not se miach %0 measure the daily variation of meson
'ﬁ&ﬁansiﬁy, §’ bo undersiand the nature of processes
responsible for coincidences POS-U, PGI-U with field ON

&nd GFF,

Table 3 shows the period of the two runs, Ghe
- number of days for whiech daily variati@m'data are
available Loy the low énergy and high energy M mesons,
‘and the mean bihourly counting vateSN{i), N(Y) ana ¥{z).
In the second. run there are many breaks, because of
several reasons, and the useful date collected is for a

few days only.

When the field is UFF there are no magnetically
deflected parvicles, and thgrafmre all the W(X) and N(Z)
gounts are back-ground counts. N(X) corresponds to the
enevgetic g wesons, of momentum about 800 Mev/c or move,
which are able %o penetrate about 6L cm, of iron and are
ineident in a v&ry narrow vertical comne. 4o all cases one
can gee that the aonn%ing rabe H{X) decreases while the
vaves N(Y) and W(Z) incresse when the field is switched ON,
Thisvshows that some of the m mesons in the vartical beam

uye dailacb@d oub cm sn@ main varﬁ&cal c¢ne«

{11 " 3
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the change 1n bh@ geomebrj of the set up in
the first and the s&esnd arrangement was such that rates
for ﬁhe Seeond period should be higher than those in the
flrd& pariodp as is found %o be the case. However, the
inerease in the N{Y} and (%) type of counts ig prcyarmionately
more than that fop the 8(X) type of counts, Jor the pehcent

baak&prﬁunﬁ wiﬁb the field GFR, expressed as d{%ézg(&} . 100,
one pets tne values Aue?ﬁ» 5%.0% and 58,0% for the first
period, second @éPlGd and the hodascepe run resgectively.
+he hoda%cop@*&eaujts are ¢omparable with those of the
second perlod sines the aﬂwan&en@nb of cﬁugterﬁ is the same

| in Qgth the runs. The prmgarhi@nately Lo baekwgr@und

rates (Y} and N(Z) with field OFF in the first arrangenens
is yrcbably-du& t0 the shislding of the 8lde counters from
shower particles by the ocuter limbs of the magnet. The
seeond an%@mrnb does not provide this shielding to the
gide avrayﬁ 5 and T, To test this, an additiocnal counter
array V was ﬁut between the arrays P and Q and fourfold
coiacidences PVQK»U PVQS*U and PVQT-U were recorded, Let
us call che@eea¢nc1deﬂce ratau'ﬂm M{X'), H(Y?) and N(Z'),
'If the inerease in hm baeke svound in the sagond &rramwam@nt
is due tu lncllna& shaw&rd which are able to Lv&vdar counters
of arrays P, L nnd S or T without mriﬁger¢m the anti-
ﬂmmn@id@mre connbers u, cne should expeet that N(Y') and ;
N{ZY) will be less than op comparable to N(Y) and N(Z) of
the flrst awranw@manm.‘ Hince the efficioncy of the anbi-’

eniQﬂidanﬂm O nter was high, it is asvumed e that such

e
e
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showers can only be low density inclined showers, and the

probabilivy of their missing anticoincidence gounters as
well as countersof array V is high. Results from such a
run are as follows, which fits with the assumption made
above )

per cent backeground (field OpFF) = N(¥°)* (Z'i

: | W{xT)

100

= 32,3% for PORV.U
as agalnst 59% for PQA-U, both in the second

arrasgemnent .

thls reduction of backeground counts when

foir-Ffold eolncidences are recorded ig nat due &ﬂiﬁly Eoa
reduction in the number of chance coincidences, since even
for three-fold eoincidences the chance eoincidencé rates
are negligible, because the pulses employed are very sharp
(3 microseconds) and the coincidence circuibs are fast,
This was confirmed exparimentally by irradiating the array
P by radiation from a thorium salt, This inérease@ the
individaul counting rate of the array £ by a factor of 10,
No significant increase in the coincidence rates N(ﬂ}g H{Y)

and H{Z) was observed.

3t Hodoscope results

| ‘!

© (@ |
. @@"ED%Q' e A
1® © == }

Fige 41. ‘Arrangement of neons, clqok and
recerders on the display bodrd.
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- Fige A1 shows th@ a?rmnuement of neons on the
display board for Lh& hodoseope camera unit. A2 mentionsd
sarlier, 16 counters of the two side counter arrays S and T
are grouped inte eight pairs of adjacent counters, foup
pairs for each side, These eight pairs and three counters
of array R are represented by nine neon glow lampa 391, 88,
u}, Sk, T, T?a 13, Th and R respacbively and are nounted
1n the manuer as shown in Fig, 41, Fopr each recorded
eoiuc&deaca a Lilm regord of the board is obtained on g
16 fan, film-wwith o mnovie camera, The neons of those groups
which are involved in a coincidence appear as black dots

Ga\ﬁhe film,

For an understanding of the hodoscope results,
it is convenient to classify the observed events into
three types, A, B, and € and assoclate them with the

different known prwee&ses¢

"A® type events are those where A is flashed
singly or is associated with the flashing of only one of

the elght groups on the sides.

"B" type events are these in which only one side
group, singly, or two adjacent groups on nhe sldes are

flashed,

"G type events are those in which two gide
groups which are not adjacent or more than twoe neons are

flashed.
When the field ig OFF the processes are =8 follows:

iI1
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(1} "A" type events :. & fast p meson travelling
in the cone of acceptance, with suf Licieny momentuE £o
traverse the whole length of iron corg, @&VQS & coincidence
of type PulieU. This contributes to the rate N{X) and also
givesrise to an @?anﬁ recorded by the hodoscope camera
uunxt, sn'wh£ch only the neon which represents t@@ array R

&m flashed, | i

When ssuch a fast /u\ mascn pmdu::es a !czwek«on
:elamtrmn w@éeh comes out on eue of the sides it gives twa
 @¢unts simuluaneouslg, one of th@ type PGR«U and one ef
the type PﬁS-U or FQl-U, depending Qﬂ the side on whieh the
k%@ckwun elactren comes out. Such an event ig recorded by
the hodoscope by flashing of a neon o5 the sides and the
neon Yapresenting the array &. This type of event whiéh
contributes to N{X) and 8{Y) or H{2) constitutes only about

6.65% of all A type of events,

We can conclude that all A Lype events are

associated with high energy M mesous,

| 4ii) "B gype eamnt;a i= If the incidens M meson
ig not very enevgebic, multiple coulmb Scattering is
apprreciable. : There is then a probability that it may come
out on-one of the sides and give a coincidence of type
PQS~U or POT-U, Sueh an eveut will giva a c@ntrzbubicn
to elther N(Y) or N(Z) and at the same time wlll #iva rise
%0 a hodﬂuaope event, where a single neon representlng one

of the eight side groups has flashed, If t@gju meson

11X
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sbops in bhg gore, and @ﬂndw@eu.a &foivi@nﬁ?y energabic

electron which can come out on one of the sides; g similay

svent ocours,

It is possible that a Se&t%e?ed meson travelling
ia an inglined direction may trigger twm'adjacenn”éeunﬁers
bg%?nging ﬁa'twm different adjacent Sroups Though such
an ‘evers contributes to elther N(Y} or N(Z), thé hodoscope
avent is r@earded as flashing of twm adjacent na@ﬁs on any
one’ alﬁég A knock<on eleetron coming out on one of the
aides wmth.th@ parent W meson coming out on the same side

in a narrow cone can also give a similar h@@@&e@pe record,

N
.
‘ AlL B type events are thus associated with Low

energy u mesvns.

(1i1) mgo type events - A shmﬁar of low density
gen&ratad in the r@nfiand Wall& of the surrounding building,
and missing the anticoineidence eounters, and showers
produced in the core and counter walls by fast knock-on
electrons produced by mesons, can‘trigger many counters oo
the slde and bottom array, These contribute to WiL), w(Y)
and ¥(2) either singly or to any combination of them, ‘he
hodescope events in suqh ¢ases are recorded either by the
flashing,af two gide group usens which are not adjacent or
by the flashing of more than two neons. About 29,3% of
C type avanb& 1nvolva‘arrays on both sides. This fraction

therefore contributes to counts N(Y) and N(Z) simultaneously.

It should be noted that there is somg ambigulty

1:I
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in imt@rgréting B typ@ events where two'adjaaen% groups
of a side array are trigrered. This is because the evens
nay be due t0 a single particle in an inclined direction
oFr o two particles. In the latter tasge, the event can
represent o shower ond i¢ similar te the processes

responsible for C type eventa.
“w, ‘.\b. o ! '

-

{ ’ )
- Yable L shows the average bihourly rates of the

Ay By and € type events recorded by the hodoscope
arvaigenent when the field was OFF and when it was ON,
e ’
With field 0¥ there is an additlonal contribution to B type
- ol events dug to agnebically deflechod l@w.amergy V meson.,
“ A |
fable 4,

Average blhourly rates of the hodosceope events,
elassified into groups A, B and C according to
thelr nabure. :

Field - hverage bihourly rates ¢f  eveuis
A bype B uype 0 wype Total
N{A) H(B& , ~N§GT H{A+B+Q)

{}&"‘F 27g3£&@&3 ‘ ‘B‘u@i{}.&- ‘ 'f{«‘. “;t(}al&- 2&1 aﬂ“:‘i dm

O . 21,420.5 16.330.5 5.320,3 43,0%0.7
w@m«v%*%wwf‘%a:nlmwn,mqw:mwawwuﬁmm«wm;m&nw T 0 e R B i e S e AR G 9N 1 I T e B B S i A XM e s

DILE. =549M.3  46.740.9  HML230.7. 42,0417

7 VR B A S Sl R s B8, e S g O 9 My S 3 o i e 0 i g T S0 TR AU s TR TS O 4t 54 M2 W S50t ot e s v o e

On examining the results presested in the above

L i3 seen thab A type of events decresse on switching

&
&
o
=
&
e

111 | ‘ 301



T3 | J

. . ~ P
the field O, which indicates that the low energy M mesons

are deflected by tho magnetic fleld., There ls an
appreciable lnerease in B type events which is of the same
order as the deerease in A within statistical limits.

This indicates thet the oide arrsys are receiving most of

1

YN

the deflected particles.

R -
L

Bmmﬁ S and © type events involve at least one
counbar in & side avray and therefore econtridbute to the

rabes H{Y) aid H(Z), The proportionate increase of this
. \\ ’
rabe with field OW due to B and G type events separately

is glven by
“

~ Borp 400

H(B) gjopt N{C)opy

% increase of B type =

. : WG ey = NG o

% Anerease of § type = mmm-ti - OFF, 100
| | | B + N{G)
g

opy

i 1s observed that the contribution of C type
evem%a,r@mai@s‘alsmaat‘uaehanged by #he application of the
field. We can also conclude that our interpretation of
ﬂﬁﬁ@ﬁﬁ&bigﬁ_g bype events with low eg@rgg/u m@saga is

substentially correct,

The estimate of per cont count in N(Y) and N(Z)

whileh 19 nob connsoted with low energy mesons whau field



. Ay

A

fo)
L

is ON i3 given by

{1 +x) Moy + yﬁéx,f(.ﬂ)m\g
N“.B}(m {1 x).0 19({#3033 + ;y“»i\iui‘)gﬁ

»100"

where x represents the proportion of C events when both
sid@s are involved. y Tepresents the proportion @f A

mv@nﬁw when em%h@r of the sides is involved.,

‘ The above relation gives a value 33.3% a8 the
upper limit af the eontribution of counts not due to low
MErgy mesons to the counting raves H{Y) and §(Z) when

field is ON,
8y

The heodoscope results do not tell us whether in
B type events when the field is ON, g8cattering or magnebic
deflection is move important. The answer te Lhis question
is not of much luportance, if one is only interested in the
distinction between low and high energy M mesons. Buy for
the separate study of positively and negatively charged low
energy u mesons, this has much importance. This problem
can be tackled from theorstical considerations as is done
in the fullowiug Lreatment. We can then also reconcile the
high pr@p@rtlam of H type avents in the backw~ground when

field is OFF with the process of scattering of low onergy

/A HNesons .

3a2 Numerical estimation of the back-ground counts
N{Y) and N(Z) with field OFF ;

To Start with, one can safely assume that in all

IiI
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coineidences of the type PUR-U there is always a M meson

involved, which is able to.go right through the iron core
within the cone of acceptance of the central vertical
telescope. Let this rate be N(X), when the magnetic field
is EFF@ This represeats the rate of those n mesens which
emerge from the bovtom of the core out of a rate W{4,) of
“mesons whicy'eatar bhe core at the top. The relation
between H{X,) and N{X) can be given as

- | U HlKg) = W(X) g+ kg

. ~.
~where Iy stands for the total rate @f/q'mésans scattered
\th of the cone of acceptance and ky the rate of 1 mesons
stopped in the core. Thé’single particle back-ground
méasured as B type evantﬁ’is Lhen vepresented b;,ﬁfkfﬁﬁék

Wh@l“@ Py aﬂd Bp are two positive factors Lless than unlty.,

H{x) is experimontally determnined. The mass Gf‘
iron, the dimensions Qf.the_cﬁre, and tha'geameﬁry of nha '
apparatus ape known, From g kn@wledga of "X" the
momentum loss in ircn;_<ﬁ@j7av.moab probable angle of
multiple scabtering; and the momentum spectrum of M mesons
abt sea level, it is possible to estimate bthe quantivies
ky and kp.

in the present experiment where side counters do
ot extend beyond 37.5 cm. above the botuom of the oora

whieh is of about 04,0 cm. depbh, the Low anefgy meaans

(p <320 Mevjc) are &tﬂppad in the top portion of core whxch

LI | | 3.2
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has no side counters. Thérafer@ they aré not involved in
the facbors k¢ and k,, However, for mesons in the momentum
range aﬁé to QGQ.M@Vjég a @@nsideratieﬂrof the relative
imﬁartams@ of sﬁapging and a&aﬁtering ig h@eeéa&ry for

ovaluating ( pqky *+pak,),

W

"X q 46 dependent on the configzeration of-the
: ! o=

core and the side counbers surrounding it. As Lhe coverage
of the side éount@rgrinn@eaiasg-thig factor tends to unity,
pa 18 a prodyct of two factors. The first is 0.5, since
in an olement like iraﬁ (z > iﬁ) Qaly positive A mesons
produce a decay electron on stopping, The sccond depends
o5 gﬁ@ configeration of the counters and the gnergy of

decay slectrons.

The specificotions of the iron core are as
follows 1
Eaﬂsi?{_of the core material
e (L7 @ilicon steel) .,
' = 7.6 gu/cwd

Lhe total depth 'd' in ivon CUre, &
vertical M meson encounters.

'—-el'

d = 6L en, alterngtively

|

|

: : ‘ 2

. - = L86.4 gafomT or

! = 33.8 radiation lengths.

—6

l

|

l i Half breadth bt of the iron core.

b =35 em. alternatively

= 38,0 gn/om® or

= 2,64 radiation lengths,



135 :: R o . f j
: ‘ _ s gy
Yomentum loss dp/dx ® X per ﬁnit length for a
jm meson-with o momentum p > 100 Mev/e, in iron,
= 1.59 Vev/e per gu/em?

= 22,9 Mev/e per radistion
Length,

1

B@r uh& sake Qf simpliecity we shall asauma bhat

12 tn& u meﬂcaﬁ in the cone of incidence travel: aleng the
cantiral axls of the core. Initially, we can consider the

case-when the fisld-is OFF,

-

e
A/u peson travelling along the axig has a total

lanxsa*ian l@ﬁﬁ of p " Xed %775 Mev/c in traversing the
xull depth @f the core. For all mesons having a larger
lmemaatum‘ﬁhan 775 &ﬁvjeg sLopping in the core does not
gecur and secatt evxng is aﬁe only process to bhe considered,
fop masoné of momentum heiow 400 Mev/e consideration is
not necessary since ﬁhey would be stopped op decay in the
top of the core and would not ”iVb any contribution to N(Y)
and M{Z), whera ghe topmost counters are at 2 depth of

about 202 gm/em¢ from the top of the core,

Farwmesans in the range 400-800 Mev/e it is
necessary to aansmdar th@ r@lativa contxibution of

seattering anﬂ 3teppinw procesyses to th@ back-ground rate.

- To ealeulate the seablaring vuntrlwntlvng the
core may Initially be considered to have infinlte extension
slde-ways, l.0. hoee, ROSSI (1952). has given g relation

for caleulating 4592:>av§# the mean sguare angle in the

1T
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projected plane for the process of multiple scatvering,

when energy losses are no 1enwar nagli@lbieg

&2 2
2 s .1 1 dp
<$ 7&‘76 * c;za 4=
' ) Ll WE) p*
T e""

uwuéra m$ 18 & constant %Qudl o 21.0 Hev, & iu the

i
rhdiabiﬁn lehgth expressed in gm/am?, * 48 th@«wa*h length
in fm/em?, and p@ and Py are the initial and flmal monenta

r@spaatlvalya
K\

For suificiently high values of pp, and down %o -
,%\vzlua Qf Py Z 100 Mev/c the momentum loss per unit length
due to ionisation is dpf/dx =0 = const, and v/e~1, The

above relaﬁ;ua then leoads to the relation
<B>3_ TR

here t 18 the path i@n@th ia the aeatt@rar in uaita of the
radiation length. For reasons given sarlier it is necessary
Lo eonsider the relstive contribution of écatteriug and

stopplng only for m mesons of momenta py where i
100 Mgv/ c < Pa < 809 i‘fi@v/ae

T&king p2 im sbeps of 100 Mev/cs dﬂd iur eaeh value of Pa
in this range, kwmpln Py conatant und @qual to 100 Mev/c
W san c.mszpm“,e ’t;hea POUh mean square .;%l-sa of wﬁmta'u@rlﬂga |
This is the vost prwb&bl@'valuelbf'tha aﬁglé'df scanﬁéfing

TIT | " . 3,2
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Lor a/u RASON Gfﬂmamanugﬁ Fo seaﬁtared_by the btime it
reaches the momentum value Py {100 Hev/e). As pg dis fized,
the path length % ab the end of which the momentum is
dagradad frﬁm,gg to py 18 given by t = {pgp = pylioe (in
proper uniss). With the value of ¢ obbained in this way,
ﬁ@g each valu?«of P2 upﬁe»mementum 800 Mev/e, '<9>’av@ is

o

computed. The values are given in Table 50

Table 5.

Pash lengsth ¢ and mosh probable value of the
angle of seabtering <8 av, tprojected) for a m
- meson of initial momentum pp and final momentum
“ 100 Mev/c, Buin, 15 the minimm angle of scattering
- heceasary, in the path length %, for the particle
to emerge from the sides of the core of width 10,0 em,

Py ) & &av. min,
©in Mev/e in radiation iu degrees in degrees
lengths
LGO 13,16 15.4° 11.6°
500 1747 15.9° 8,7
600 21.8, 16,2° 6.9°
700 26,21 16,59 5,8°
800 30,57 16.,6° 5,0°

wmwmummumummmmmuaman-wu-au»oinmmvwmwwm#m“wmmwﬂman«ymmwﬂaﬁn et o

Whenvtha core has infinite extmﬁsion gldeways, the
Values of <8 . will give the most probable value of the
angle through which a m meson with initial momentuw Py will
get scattered in & path length 6. But, in our case the

extension is not infinite, and has o fised tobal width

1iX : 12
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2b = 10 cm, I, with the upper

end of the centiegl axis as cenbre,

e an are of e clrcle of radius equal
to b is drawa {in each case), it

will cut the side at some poing

only when t >b. Let us cglllth@
angle subtended by the line,
Joining this point and the centre
of the'circlas with the axis as
84, « O

min,® Vmin.
minimun angle of scatitering in a

represents the

N o o path length t for the particle to

| emerge from the core. It is
dependent on b, the width of the core, The values of aminﬁ
gompused this way, for each momentum valﬁe are tahulaﬁ@d
in the last column of ?&Ble 5. Then, for a par&icular'
momentum if ‘<s>'av.>’8ﬁino’ the p meson will have larger
probability for getting -scattered out of the core before it

comes to a sbtop in the iron core.

This is not riéorously carrécﬁ as the seaﬁﬁering
angle is distributed normally about the calculated root mean
square valué"‘(@) av.® Thus there are chances for a M meson
not to get acaﬁtef&d out even though the»value of <s>’av.
ig greaber than the computed value of Buin,» However thig
chance decreases as the difference between <sj’av, and 8 ..
 incrssses, We have not attempbed to take account of the
gpatial distribution of $éattering about <{9);év’.as derived

1iX 3.2



by MOLIERL {j958).
| at.udyinv the values of <&) ay, and amm in |
table 5 (page 137), one can see that for all values a:ﬁ‘ P2
(preatep than 400 Mev/e) <8 ave” Onin. s and Bhemi‘om
| :»aat;tering is the more impex*tam; pmaaa Sy and stapwng‘ ef
A\mefsms within the core ean be _nag,lgctedg e
When Py > 800 Iﬁevf:&, :,he particles can always

i;;:a,vwse ﬁhe entire depth of the core, and §ow= g, Fop
- this value of %, we shall compute the, <§> , for
diﬁemnﬁ Values of pg. How Py would be, p,, = Po = Qod,
AN

-~

The miajmum Scattering angle
{)mm would in thig case be gilven
by the half width and the total

[—7:_‘ 'dept;_h of the apparatus as shown
! ,’FE\'EW in the diagram,
/," o o]
// S Omin, = tan™" (b/d),
L 2k 50
"T‘IJ ; Lt should be noted here that S y
~————‘ dees not vary with wmomenta as

earlier. Table 6 gives the
values 48> av. oY p,> 800 Mev/e,

From table 6, one can see tn bt L8) gy, > Snin.
for all valuew of ‘pg <1500 Mev/e, Thus all the A mesons
whose momenty are greater than 1500 Mev/e wili pass through

the cors without smerging from its sides, They correspond

i
Boi
b=
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'Tahle 6

 The mast prabable values of the angle of
seattering (8 4y, (projected) for p mesons

of momentum pp { > #00 Mev/¢) if they traverse

a path length equal o the depth of the core viz.
6L cme, The residual womentum py is also given.

.ﬂs »;ininﬁal W@m mtum p ;nv : <S>
momentwn Mev/ec., ab 5hg ,aVo
pe in ' end of & path in degrees

- Hev/e. length of o4 e
R . : . L :L:f’%?im
- ".wwm“"‘:’:‘::‘www:ﬂ.‘wM“f‘wm:ﬁﬂ’ﬂwtf-vMuwﬂ&wbwwf\-‘fwumaﬁﬂhﬁmwmwfmw—um

900 - 125 L 14.7°
1000 - . 225 10,49
o 1100 ' 325 8,30
1200 428 6.,9°
1300 . 525 - 6,00
1L00 625 4 5439
1500 725 ba7°
1600 o 825 429
- 1800 | 1025 = - 3.6°
2100 1325 3,00

to H{X} with field CFF, which is alma@t_%h@ same a$ the
number of A type hodoscope events with field OFF, Taking
‘,%ﬁm djfferenuxalju.ma»mn gpectrum at sea level, given by
 the empirical relation alpg)o<{pg + 38)"3 0 as used by

| TREFALL 13955&)3 where pPg 18 in units of the rest energy
of u meson, we can calculate the rate kg corresponding to

the particles of momenta between 400 and 1500 lHev/c which

S : .oa -



K :‘314,‘3 T Co \j
> n

should get seattered out of the central cone of ineidence,
and compare it with the number of B type of events with
field OFF,

The calculated value of ky turns out to be 16,2
as againat tha value Qflgﬁé * 0,6 cerrespanding %o the B
‘ya@ avents nf the hodoscope analysis (page 130). It is not
surfri ing th 106 Ghe sxporimental value is leas ﬁhan the
caloulated one bocause the latter has 4o be reduced by a
fadﬁgr Py {E:g@ 1?3»73#) o allow for a gecmetricwl factor,
The valus of the B type backmgreund with field OFF is
consistent with the ;nuarprananmon, that mest of it is made
unkuf Va@tnered mesons of energies betwsen 400 and 1500 Mev/c,

The value of the factor ﬁB? turns out to be abamnlmﬁmén-b,5g_

We can now consider the case when mawnatlc field

is switehed 0N,

The radius of curvature K (in cm.) of the track
ol a paruiale 6f momentum p Mev/e in a magnetic field of

H gauss is g ven by

R & e B cm,
T UHAE
ﬁéppa 38 & charged parvicle of memen&um.po,
bravelling in the plane of pa@er vertically downwards
- along UA, enters an iron core at the point O (Fig.42).
The ecore is inivially assumed to have iﬂflﬂit& dinmensions,

and magnatlaed unxfurmly in a direction perpeadicular to

I | ' 3.2
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Fig o 42,

If & is the momentum loss per unit length eof
path, the momentum p at the end of a path of length s will
have the value p = Pg =08 . If the angle between the
initial direction UA of the trajectory, and tangent at the
point 5 is Y » We can express the angle d VY by which the
particle will be further deflected in g distance ds as

dv¥Y = ds/R
wly 48
= BOH““D mw

Integrating the above equatdon from 0 to Y ,

R 3
\l/ P 36&»10 lag Pg .

o Po =048

1l ' 392
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Po/o¢ has the dimensions of length and is the
range of the meson before coming to rest, Upe can

conveniently use it as the unit of length in the above

t

5, ‘9;;:,
; -

eq}lai}iﬂ e ‘:

]

"1 w8

Then W"é é&ééggiﬁ,lam .

i .

where g is im units of (pek»)«

This unit is particularly,uaefal'sinee it allows
ond\ o devermine with ease for a magnetised core of any
fixed dimensions the point of emergence of the trajectory
of a particle of any inltial momentum Poe The trajectory
is first plotted on a graph paper starting from an
- arbitrary point © and an arbltrary direction of entry UA
and taking swall convenient steps As in (pyfx) units. The
dimensions of any given core are then converted into units
of ﬁpoﬁx) and -traced on the graph se that the actu&l point
of entry and direction of entry coincide with O and UA
respectively. The point at which the trajectory cuts the
trace of tb@.care}gives thé poin@ of emergence of the

particle.

- For different values of p, the outlines of the
core were drawn. In each case, the intersection of the
trajectory with the boundary of the ¢ore was noted dowi.

The path length 8 and the angle 69 between the initial

111 - | 3,2
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'di?@éﬁioﬁ Qa and'ﬁgé 1ingijaining the inter&ectig@ witér
' A pnint U, were then measured. For
each pair of parameters p, and s
the value of (&) av;{prejeet%d)
for multipie coulomb sesttering
was also derived. The values are

given in Table 7 for comparison.

-

. e Table 7.
4 K

Total deflection 8y from the original

direction of entry for mesons of various

: initigl momenta after emergeéncefrom the

W core. For gomparison, the <6)ava values
~ for the same paths are also given.

Py 8y OO

in Mev/e in degrees in degrees
400 1% 11,59
500 12.3% 9,1°
800 9,4° 5,89
1000 8.3 ba7°
1200 ' | 7459 : 4,0°
1500 6.7 3,29
.- 2000 5.7° 2,6°
- 3000 bo6° B -\

It is seen that for all momenta greater than

111 | 3.2
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LGO Mev/e, the hagnetic deflection is more imporstant than

coulomb scattering. Therefors the B type events san all be
considered as due %o magnetically def‘lwmd }A nesons when

ﬁhe field is ON,

The magnetic d,e:ﬂ. ection eg far 3000 erv/ o ).\
meaom is almost equal to 4, 6@ whigh corresponds ta 0 min. -
(page 139) the' minimum defiection necessary foria particle

t0 come out of the cure mf dimensions used in th@ present

expurinent

" i

.
Therefore; when the field is ON, the side counter
arrays recelve mawneticaiﬂy‘defle@ﬁed_p,meaons-wiﬁhin the
maﬁgﬁtum range 400 to 3000 Mev/e, Trefall's relatien (page
140) gives vhe nuuaber ox partlcleb in this momentum range,
and travelling in the cene of acceptance, as 20,9, This
should be camyar&bla.ta‘ﬁhe rate of B type events afoer
redueing iy by the factor Pqo whieh, as referred to earlier,
arises because the side counter arr&ys do n0% cover coupletely
the sldes of the core. When Ghug reduced the number of
computed B type events comas to 15.9; which is comparable t o
16.330.5 (page 130) the rate of B type events with field UGN,
Thus we are fully justified in assuming that all B type
svents with fidld ONvare due to nagnetically deflected
medium an@rgyju mesons in the momentum range of about 400 veo

3000 Mev/e.

Tha total nuuber of counts of type H{Y) and H{zZ)
with field ON is abous 23.h {page 124) out of which the

.
L

111 - | 3.2




numbar of counts 16,3, due to B type ewents, areﬁ“
penuinely deflactad)u mes@nﬁa In gonclusion, we can
ilnterpret that with field ﬁmlabwut 30% of the rates H{x)

and N(Z) are not canﬁactad with low energy mesons. In

other words about 70% of the aidé rate is due to magnetically
ﬁeflech@dju'masﬁnﬁ in vhe momentum range 40U to 30Q0'Egv/ew

" GR

o ¥ The Dally Variaiziam ,,

u A m@ﬂﬁﬁﬁﬂﬁd sariier, an attemmt is made in the
ﬂ?“geﬂﬁ Pxp@riﬁ@utj to separate the medium and high energy
M mesons, by deflaahlﬂg them in the magnetic field of a
saturated iron core. The rates N(Y) and ¥(Z) represent

a$§ly well the deflected medium energy  mesons having

momenta in the ranwe about 400 to 3000 Mev/c,

Far a field of 19000 gauss as is used in the
yraaénu expariment,‘ﬁe have proved Ghat the niagnetic
deflectlon i3 more lmportant than the coulomb scattering

in ivon, and therefore, the defleeted particles are
separated according to their charge, the positive and the
;?diblV@ being each separately recovded by the apyropriata

side counber ATraYS.

We shall denote the medium energy and high energy
M Hesons as My and My respectively, and the former can be

further divided aceording to charge 80 that we have

My = Hple) + Mg (=),

ITI | . L
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bt Daily variation of positivély and ﬂegati%aly

charged K mesons of mediunm enargleos ¢
. &

The results obtaﬁ.md for the medium energy
positive and nagm;iv@ M mesons durlng both the pericds are
pPresented here, During the run the Tield was reversed

@ularly on ea ch day . Thuﬂa telescopes PUS«U and PQTmﬁ
recorded pos itive and negative u mesons alternavély. The
two telescopes have therefors spent about the same number
of daiys, r@curdxng ﬂm( and F@(») This reduces the
ehances of ﬁy“$am¢bxﬁ grrargs because of g@ometrlcal and

obh@r assymetries,

\\M “ Tabl@ ga

Jﬁ&amriy ralues of the percentage devintions
from mean of the medium energy positive and
ﬂaﬁntiV%Ju.MQSQF muﬁwnqati@nu

wummmm—uhuﬂwnnxnn—pw-mma-ﬁkwmhmw“wwwuwmmmuammuua»»—qbc—nn-—mwmmwmm‘um

Hours Juﬂﬁ 1952 6o Aug«i1953 Hpr. 1955 wo Uot.1955
uMhlm lm("*'j l\’lm(“') 1%( ) Mm("")
08 (o2 =2 p3 «Q0.5 =13
K}B - “écg “”3(:‘5 ‘Q?o? *397
04 w2 s =3 ? 727 0,2
06 124 8 v +3:3 | 3.2 0,7
08 1.0 =305 165 - =3.0
10 tipy 'y +5, 1 =17 =19
12 2.0 ‘ 0.0 =161 15
3"84 ' ’w«n@ ‘ ""30‘5 "3:6 “‘“?wﬁ
16 _,.m»[@» o =73 N
18 - 0.6 H243 «0.3 TS
2{) @2.6 i . “"'399 D '”&wé e “'1 »0
22 e b 2 Y- w38 ' G5
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in Table & ave glven the per cani bihvu@ly g

deviations from mean for Mp{+) and Mple) after combining
the results obtalned for the particles of sawe sign»by
two aidasw Fige Qﬁvéhwwa the nature of the averege daily
variation of My{+) and My(-), The harmonic coefficients
are given in Téble Y o |

0.0/
i |
* _ko .
+ 6.0
z
<
- w
3
“\ 0.0
~ =
‘o
a
w

[
e
[e]

DEVIATION
+
o
[*]

%0 |
. i
z |
o :
chu — 6.0 |
|
+ 6.0
|
|
0.0 ’
|
- 60 |
J
WOURS 1 5.1 4
Fige 43. Mean daily variations of positively
and negabtively charped medium NBrgy JA [esons

Wim(+) and Mpl~) ,(a) for the period June 1952
to August 1953,and (b) for the period Harch
1955 o Cetober 1955,

.L.[EI : l#e?
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Tabl@ = » - jﬁ
. Percentage amplihud@s and Ghe tmmeﬁ of ndxxma,
w and ng for the first harmoni¢ and M° and MQ for

bhe second harmonic, of the dally variation of medium
- energy positive and medium energy negative g mesons

Mg(+) and Mp(~) respectively, measured by a narrow

angle vertical telescope.

E’em;i,ed ' P Hg Mo mg)
wauuqoummn -mn-«wu‘hmmwwwwww»wwmnwwauuwawmmumwmmquwwﬂmummpmwmqum
Jung 1952 w,(4)  3,820.8  172%012°  0,630.8 ' © =

0 .
Augs 1953 M (=) 3;(31&).,3 T+179415%  0,740,8 -
gzm 1955 Hxl3)  3.541.7 5603265 2.0%1.7 R+1105,00

Octe 1955 Mul-)  2.841.7  65%31°  3,641.7  143%1250

u&m{-(aus wu-uxmw«:nmmmﬁmﬂﬁmmﬂ.ﬂm&lm«&ﬂdt‘#ﬂu‘h&'mﬂnu—m%wmmwm-‘mnq--uuadimwn”wwumvmw:
Following points ¢an be observed from the results:

{i) the Lfirst harmonie¢ for both M) and Mp(-)
for the period June 1952 to August 1953 are significant
and large, but there is no significant difference in the
valueé‘df ampligude and the btime of maximum between Mm(*)
and My(-), o
| (i1} results obtained during bhehseeond period
are statistically insignificant to draw any conclusion,

(1ii) for the results obtained during the first
pericd, semidiurnal components are not statistically

gignificant,

he2  ° Dally variation of the medlum and high energy
4 mesong §

Un combining the results of My(+) and #,(~) the

1I1 '- | )
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daily variation for My the medium energy m mesofis is ~
obtalnad. The bihourly rates of coincidence PUR-U, with
field ON, give the daily variation for high energy M
mesons My The measurement of Pukel was started only in

Hovenber 1952,

=1 |

w‘b‘\\’ + 41— !
: ¢ L |
+2p ‘
o - - -f Mm
i |
Y
L —
: o e
+s L)
,\\\\

o
T T T T 171

:
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PERCENT DEVIATION FROM MEAN

HOURS t s.T

Figs 4h. Daily variation curves for (a) My
as observed during the period June 19352 to
hugust 1953, (b) My, as observed during the
period Hovember 1952 to August 1953 and (e)

- the total meson intensity M(=My+M.) incident
in a very marrow vertical cone as observed
during the pericd November 1952 to August
1953.

Fige 4h4(a) and (b) show the average daily
variation for the peried June 1952 to August 1953 for

e
C e
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i and for the period November 1952 to August 1958 forsdiy,
raspectively. The psrcent bibhourly deviations ave given
ia Table 10, The haracnic coefiiclents for the first two

harwonics are given in Table 19,
Table 10.

Bihourly values of the percentage deviations
~% from mean of the medium energy and high energy
- -meson intensities, and the tobal M meson intensity
incident in a very narvow vertical cone (E-W semiw
cangle 1.7° and N-5 semi-angle 6,7°),

K
~d

“Hours ~June 1952 to November 1952 to August 1953
Le3,T, August 1953. : .
Fi 1y, =iy, 41, )

00 “1e2 40,8 0.2
02 ko7  =3.2 wly O
04 “2.9 Ol ~1.8
06 +3.0 2.6 2.6
08 0.9 00 0.2
10 he9 -2.7 1,2
‘ 12 1.0 | +1,9 145
14 13,5 YR 2.3
16 2.2 41,9 $2.1 .
18 14 “1.2 0,2
20 .29 0.0 | 0,9
22 “3ody =245 2.6
i‘:??:&?;xf-”;é;i”"“,%_'i??é’"'““"“"”"“““’5;’:5""“"“‘"""'_""“5;:;“““

mowwmmmmm«mwmmn¢nwmmmwwmwp-—mmwm“mmbwwnmmmmwmw-ﬂ«mnum..,-gn_—.uumq»nw
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‘ Tablﬁ 19

5 Perc@ntaw@ anplitudes and the times of maxima
MY and M@ for the first harmonic and MS. and: MQ* for
the second harmonic, of the daily variation of medium

energy mesons My, high energy mesouns My, and total
meson intensity M, messured by a narrow an&le vertical

telescope.
f‘ﬁ?&ﬂd , {, Me.l zu: ,9 o - Mg}b
»wmmmwmmmmm :nrm-mmwﬁ S oy U R U S0 RO 0 O TED ENS Fav 409 ek L7 0 11D v et 0B AT GED T K i mm—ulmmwaammmmmﬂwﬂ
June 1952 _ _ , |

to - My, 3qz,._;3;asz /w;aﬁg;’a;s@ aqa;f,m,? -
Aug, 1%93 ‘ ‘
Hov: 1952 Ji, o 1.1%0.7 w4339 2030.7 13004500

to ' o =
Aug. 1953 © M 222205 THC+140  0.410.5 -

mmmwws-ww-v-ummqﬁmhwm»a.--—-upquau»nwaﬁwm-wwu-nmu:lu‘wwnwmmmuuwommmmwmmw»—wwnmwm

L N

) " The foliowing features arc noticed :

(L) The %adium energy ;i mesons My show a large
diurnal variation ef anplitude 3.410.7 % and a time of
maXimum near noon,

(i1} The ampiltude 1&1‘WQG % of the diurnal
cempnnent of high energy ;g mesons Mh is smaller thqn for
My and cannot be considered as statistically signillcanta
'(iii) Sacoﬁd harmonic eomﬁénemt are not large
enough to bea meaaured at an &daquane level of 31&n1flcanae

for aither bh@ mad;um or high en@vmyjq meSONs.

The)q meson component in .a. vertical narrow
- angle, expressed as M = lp + My has a substantial deily
variation. The diurnal component has an amplitude of

242%0,.5 % and the maximun ogcurs near the noon for the

III '- | ka2
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period November 1952 to August 1953, The corresponding

daily variation curve is shown in Fig, 4k(e),

The above study leads to the following

conclusions.

(1}  Narrow angle meson telescopes exhibit a

laﬂ?@ daily variatlon hltherto unobserved by normal wide

/ 4

dngl& telescopes»
(2) There is no difference, which can be

aign;fi&aanlx\astdblished,1n the daily variations of the
medium energy positively and negatively chargedJu_meaons

observed at sea level,
S {3) The diurnal amplitude of the daily variation

of medium energy J mesons (momenta in the range 400 to 3000
Mev/c) is significantly larger than the diurnal amplitude

of the high energy w mesons of momenta in excess of 3000

Vev/eg.



CHAPTER IV

BTUDY OF_THE GULANGES OF SOLAR ANISOCLROPY AND .
- ﬁf ”ﬂh iWLLNﬂITI oF_ CUSELG RADTATION .

%?;Ii“iﬂ W ARROY AIJ(:LE» TE:LE‘“(’GP}SS

~ad

-
As mentioned in chapser I (paf@ L0), an attempt

is made in this sxperiment to study accurately the changes
of aﬁisotropy thﬁu Gecur from day to day, and changes of
ean intensity correlated with them. To underbake this
task we have firstly to have an experimental techanique
which permits us to select days on which significant daily
variation of different types occur. Since the magnitude
of the solar anisetr@p$ and the consequent amplitude of
the daily variations changes from day to day, it is
imporbant to have sn instwument with as high a counting
rate ag possible so that even days on whiéh the amplitude
13 small can be g significantly classified. Therefore the
experimental technigue should involve the use of narrow

angle telescopes of as large aperture as is posaible.

. It is also necessary to examine the world wide

eharacter of the changes in anie sotropy. While it has been

iv
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ahawn.thaﬁ some aspecss of changes in the 12 month mean
anisotropy are correlated for a &ﬁaﬂi@n at the equaboyp
(Huoneayo) and at stations in the middle latitudes
(Cheltenham or Christechuren) it has also been noticed
[(8AR43HAL et al. (1956]] that day to day charges which

are correlsted for Atmnedabed, Froiburz and insterdam are
n&@g@@rr&lat@ﬁ{wiah the day to day changes av the pguatorial
3%aﬁiua of Kodaikanal, Classifieation of days ahéerding to

the nature aml magnitude of the anisotropy eccuring on sach

» .
day is an imgﬁf&aﬂt task whieh is meaningful only if changes
of the dadly vé@i@ﬁiﬂm @xbibit certain glubal characteristics,
As a Pipgt step iu this dirsetion one gan am&?ﬁni@nﬁly
@@%@aw@ the changzes in the deily veriation observed by mors

3

bhan one eimulbanpously wariking telescopes ot a partleular
g PpaE ¥ _

A9 o Syart, e re R, 5 ap of a5
shoerviog shation.

Finelly, having classified days in terms of the
character of sthe anisetropy, it is worthwhile to examine
the volues of physical quantitles such as I, the mean
cosmio ray intensity and Cp the daily planatary magnetic
éﬁaraat@r figure on days of difierent classifications,

The precent chapter deals with the First results

Lol

of an investigation started in July 1955 at Abmedabad {Lat.

23° 011 &, Long. 729 36 &, Geomag.lat. 13° H, Alt. 180 ft.).

Apparatus.

ey
E-3

By the end of May 1955 the laboratvory had one

-
L

mason telescope of cubical g@@maﬁry, construeted ascording

Ly
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to the gpecificationsg lald down by the Cosmic Hayﬁ' g

Gommittee for the Internaﬁiamgl Géaphysieal Ysar., Instead
of constructing an entirely new apparatus for narrow angle
méla&eapﬁag the author modified ﬁhe cubical meson telescepe
80 bhat it gould furnish data from narrow angle telescopes
a8 well as from the standard telesecopw. In Fig, 45, the
arr%?gemanm af{hh&.eaumt&ra with their associated electroniec

units is sh@wmwsch@matieallya

SR SR SR

==
TRE % |5 000‘120000‘0 ©
| A EA A (2% 19215 [ % [ il
Q S
W NN X

.j\ \

Gl AR G e

Fige 45, Schematic disgram of the counter
arrangement and the asseciated electronic
univs. For 3% telescopes only the left
hand side for electronic unlts is shown,

4 = Quenching unit, © = Ceincidence unit

SH o= Sgaler and recorder unit.

~ The experimental arrangement, as shown, conslsts
of three ﬁraya of counters kept equally spaced one above
the other. Lach tray has a square sensltive area of
-dimensiané‘Bﬁ am, x 85 ecm. The distance between the top

and the bobtom trays is also 85 em. so that the complete



apparatus has cubical geometry. 96,5 g, /en®, of ir@a\ia
Kept betwsen the second and the ﬁﬁirﬁ trays to &bé;rb "
the soft compenent of cosmic rays. There ave twenty
Geiger counters in sach tray, of diameber aboub boom, and
%@ﬁsitiva‘lemgﬁh about 85 em. The counters are placed.
with thelr axes parallel to the R-3 direction. The whole
et up is enclosed in & bux with sidas of thersally -
ingdlated compressed fibre sheet. This reduces the

[

fluctuations of the temperature inside the box.

- The twenty counters in a tray are divided inte
ten é%t& of ﬁQE“aaunﬁars sach, Anodes of each pair of
counters are eonngcted in parallel to a common one shot
mui%iyibragﬁr type quenehing unit. The ten quenching units
of each tréy are divided into bwo groups of five units,
with a common gabhed ¢ follower for each group. The thirgy
quenching units are shown in Flwﬁ L5 as Qs QgeeonroesQyo
Qs Q° 2g¢.qgu¢wa ?0’ and Q 1° Q“gnenanenawg 10 for the top,
¢entral and the bomt@m nyayﬁ reap@auivelyw The ten
d¢f£@ranu;an@d @uuputa from the quenching wnits in. each
tray are fed bto ten triode triple coincidence units,of the
type described earlier (poge 80),¢y, Cpeveussalyg
regpectively. Thus we get ten narrow angle triple coincidence -

o g - N
telescopes, each having a semiangle of 5 in the L-W plang.

In addition to these the eathode follower outputs
of the three left hand side eomposite guenching units (Fig,

45) are fed to a triple coilncidence unit of the pentods

iv ' o 1
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bype. A slwilar asrrangement)is made for the right hand
_ e .

gide compositve quenching units. Thus tuwe telescopes of

seuiangle 26° in the BeW plane are obtained.

-

Finally the @aﬁh@d@ follower autpubs $£ th@ LWO B
ﬂ@mpﬁult@ qu@nahlﬂm uniba ef @a@h tray are cambln@d and |
fad to a hripl@'emxneldemc@ unig. This gives a telescope
- wiéh ﬁamiaﬂgla‘hﬁﬁ in the E-W pians@& It should be noted
that ﬁh&}ﬁémiangla in the N3 plan@ is 45% for all
ﬁQIQScapaa viz. ten of 5° aa&ianWla, two of zs° a@mlan@la

and one of aﬁh—g&mian§1§ in the BE-W plane.,

The @utpnﬁa of the dlfzereﬂt coineidence units
&r@\rﬁcard@d afuer suztably seallng th@m down. The
outputs of the ten &ﬁdﬁy%ﬂdaﬁt narr@w angle telescopes
are not all s@parataiy—raearéada Ihis is because the é&be
of @a&h tal@saope iﬁ not 1&?@0 enough o previd@ a vhlid
baais x@? drawing cenclusions» H@wever, thﬁ ranes @f
the t@l@ﬁ@@pe%.&r@ recorded Jaintly fér ﬁW% s@t& ef thraé
bélaéé@paﬁ each, anavfmr awa'aatﬂ of two tél@saepeﬁ each,
Th@ @laabrvna&h&n&aal r@mmrdama are kept in a autamabic
camera unit of the nype deseribed sarlier, and ph@tegraphad
every h@ur,h Table 12 shows ‘the number 3f‘ﬁ§1a$cepes of
eaeh'myp@'wiﬂh thely a§§rmximata bahaurly imdlvaﬁu&l
aéunting raﬁeﬁ, as well as the total rate of all similar
tales¢9p@s.. The per cent standard deviation for each

total bihodply rate is also indicatad.

iy



Teblel 12
TR T

dpecifications of the various tw)aﬁ@ﬁp&a
in the appavetus.

ASN R g sy mamimvw«&nwvu-nm.\-nwmwulwwﬂ#"’wvﬂ'wwmmwmwmwwhmm»hmmmwmvmmwwmmmqumwm
»

senl-anzle Nuaber of ﬂ.&;xuariy Total  # sbandard

)  telescopes counbing  bihourly deviation fer
Gl NeD  avallable rabte per oounting bihourly rate
telescops rate

L q N J00/ (1)3
»mwmnwmw&mmmmnﬂmmu&mﬁwwm&a ‘vlmwwmwmwww‘\mwtwn“&wmﬁwiuihﬂ1mWu‘blﬁ:alnﬁWWW‘“"WWW‘.“‘
@ rf’ ” y - A
5 L5 10 1300 13000 0.9 %
26®  45° v 2 29000 - 58000 % O.4 %
. \ >
45°  45° 1 100000 100000 + 0.3 %
*mw—nﬂm—-w—q«nwn—e-—-#wdpmwwwmwnwhww»—qyuwwwiww uuuuu AT 822 A ar as e ene O O o S G 882
\ 7
Ze Experimental Results,

The data presented in this chapter sre obtained
during the perlvd July 1955 o December 1956. The
apparatus described came inte operabion in may‘ﬂgss, when
regords were obbalned with a cubicsl wmeson telescope “§Tg
having semiangles 457 in both the =W and the Ned planes.
In July 1955 vhe author modified 1t to get simulbancous
rocords of msgon intensity in ten iud@p@ﬁd@nﬁ narrew angle
telescopes op all mden&iual with d@ﬁLdﬂ%le& 5% in the B-W
plane and QS‘ in the N5 plane, In Deceuber 1955 the
apparaﬁaa'wégvsﬁ@ppwd a8 1% required eoverhauling. It was
started again in the month of February 1956 after it was
further mm@ifi@d to give a ﬁimultanamua record of meson
intensity measired with twa ldwnblcml talescopes .BT @f
seniangles 46 in the beW plane and a; in the W=3 plane.

o+
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The “Sp tal@ac@p& a&me inte proper @pgr\tlem inly

from March 195 onwards. ih@rafﬁra, for the cm&p&rxsan

of the average characteristics of the daily variation as

, ab@arve& by & narrow angle and a wide angle telescope

operating szmultan@au&lyﬁ data obtained during the peried

Mqreh 1956 to December ?ﬂ”6 are considered,

L8

N Sincé‘%h@ main object of tﬁg experinent is to
‘study the day to day changes in the nature of the daily
variatlon and thelr r&lﬂtignshiﬁ with the day te day changes
in mean cosmil~ray intensity eontinucus ang reliable data
over a long perlod are essential. Taple 13 shows the
ﬂumb@r of days in sach monbh on whisgh th@ mgan intensity
values fopr D talﬁseepaw and ths daily variation values for
5T and A7 telescopes are available. It will be seen from
the table that the data obbainsd during the pepriod July
1955 Lo %@V@mb@r‘1955Ahave more lnterruptions compared te
data obhalned ﬁuriﬁg-ﬁh@ pariod Fabra%gg 1956 to Recember
1956. In fact the breaks in T telescope data for the
latter peried are enly due to camera unit failures and neot

due te fallures of counters or obher electronic units,

For the parlad 7th babruary to 318t December 1956
vth@ )“ tel@seapaﬁ wore in continuous Operatien, There are
329 days in this p@rlmq, out of which on 318 days the daily
Amaan inﬁ&nSiﬁy is availabl@, and there are 304 davs on
which the daidy variation can be derived from bihourly
records, This period iz th@r@far@ ﬁ&l@ct@d for the study

of the relatlonship bﬁtwa@n the dav to day ehauuas in the
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~
Humber of days in each month on which mean
cosmic ray iatenam%y data for °T and daily
variation data for 71 and 21 telescopes
are availlable, g

A - Y < K e NI b T R TR B R B O U i e A B A e XN T R O e o K A VY A 30 WO AR g G0 B S el SOA S0k it 4 R TR S G e (0 LD

Honth Total namber Sumber of days Number of days on

and  of dave in on which dally which daily
tear  the perdiod M@@w ntegnzty variation dats are
» , data for availablﬁm
4 ¢ - a? re aval i:,d.?}l@ : 5 e

P

Sl B £ 0k G s S0 B 20 e1de mwmuunnmwmwmmﬁuﬁwmmmwummwmumw*ummummwwmmwww—mmm

1955

July. 22 18 48 -
g, o 49 19 -
Sept. 30 21 21 -
Oet. 34 g7 . - ¢ 27 -
. 30 =z -
1930 ‘ |
Fab, 29 Y 22 -
HMax, 3 31 31 26
Apr. 300 30 28 19
tay 31 .29 27 .
Jun, 30 0 a8 26
dul. E3] | 28 28 28
Aug. )| . 31 27 : 2&
Sept. 30 30 - 30 28
Qeta 31 - R ) 26 - 26
Nov, 30 30 30 30
Dagc, 3 - 29 &7 27

N Y 1N TN NS M AN ) uww‘-wmm«mmnuwﬂh“«vﬁmmmaﬁ«umw‘wmwbmmm”ﬁmmwmwymmmpmmﬁnmmmma

Total daysy _ ‘ -
in 1956, 329 ' 318 304 260
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aﬁlﬁ@t?@py and in tha m&an &ﬁxansi Vv 58 @bﬁarvaﬁ ¥y a 5j

ﬁ@i@%@apaﬁ- wv

It is shown @arliﬁr in ghapter IT (page 97) that
Lhe dﬂlly Vdfiablﬂn on sach 1ndividual day - i& represented
by Luﬁlva bih@urly per e%u& davmﬁtians From the mean on
that day corrected for barometric effect, There, it is
,m%}ﬁé shown (page 100} that for characterisation of the
form of the dally varistion on wach ééy, and for its
comperison with other days, it 'is advantageous to desl
wiﬁh,thg Firsg two harm@nic,awmp@m@nnﬁg rathey than the
acbual %ﬁﬁlv&'bigwurly d@viati@ua. The salar,daily“
V“fﬁﬁtiﬂﬁ of neson intensity carr ened for barometric
y?ﬁ$> ure is therefore harmuﬁzcallymaalyaﬁd and bthe @ere@nnagav
amplitude and tirmo.of meximum of the firét harmonie and
second harmonic vig. MQ and MQI for the diurnsl COMPORBnt,

and ﬁ“'&ﬁd.& for the semidiurnal component are obbained

&

for sach day. These are listed in a tabular form in Appendix
N

I for all the 30k days for °T teleseops date obbalned during
the nar;ﬁd 7th February to 3ist ﬂ@e@mber 1956. The ratio

%Ajmg on aa&h day is also indicated in the table. In the |
last ¢olumn of the table the normalised and pressure .

corrected (reduced to a standard pressure of 750.0 mm of Hg. )

Mean.aaﬁmic;bay intensity is alse indicated, -
the pressure cceffloient c>(-%3 =180 per cm.Hg, is ‘A

uged to a@vguut the mean cosmlc ray intensity, and is

derived Lrom the present &xpwr¢memb in the following way.

Iv- : 2 | ‘:}‘;
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Imiﬁially aﬁ aﬁﬁﬂmﬁﬁﬂaﬁ made to lock for”any ~»
gorvelation if it exists bétwgan the 318 pairs of mean
cosmice ray intensity and m@amlpr@asura values @bﬁain&d
during the run of %ha'&xp@riment frwm.F@braary'?Qﬁé o
Bacenber 195 . The correlation wés low, As upper air
mé%%ﬁralﬁgieal data were not available it was not possible
to apply the mg@h@d of partial cerrelations. Instead, the
“progedure described in chapter LI on page 107 wae used. In
vTahie-ia are shown the average values of pressure énd
cosmic ray intensity after the grouping of the whole data
into eight grsgps according to pressure values on each day.

4 Table ﬂn J |
" Aversge values of dally mean prassure andi

eosnic ray intenslsy for days grouped
ageording o fixed pressurse intervals.

" bressure | Mumber . Hean pressare | Mean coomie

intexyval of for the ray

(mne Hz, )  days interval - intensity
O to ThE.0 21 Thagd 3216 % b
Thles1 to Th6.0 30 - Thi.d N75 x4
Thé.1 vo 748.0 68 47,0 3181 x &
48,1 to 750,0 KU - Th9.0 3151 % &4
750.1 to 752.0 41 751.1 3162 x &
752.1 to 754.0 L8 7532 3149 = &
75kl t0 756.0 38 755.0 332 x 4
756.1 o 760,0 42 757,0 3124 % b

0 . i A i BS EI0 M d S CO  T G f h s—lmwbmmwmmorn«*—‘mmﬂwmsmmm_mn—m—-ma‘--—.wm.wmmu e

. ’/‘.,’ ° .
these elght palrs give a correlation coefficient

Fp * =U.9% and barometric coefflcient OCB = 1,8 % per em.Hg.

iy
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This value is @mpley@d for e&rr&ct&ng the mean infensity

gariation f@r the barémetric affmeto
3e Types of Dally Variations.

In the present study, a 20 level of significance-
has been adopted when examining the types of dailly
w_yaﬁianimms thgt occur on different days. The guplitude
and time of maximum of the diurnal c¢émponent are physically
meaningful only on days on which thﬁ'daily variation curve
is essentially diﬁrnal in eharécter and exhibits one
principal maximum during 24 hours. Similarly the amplitude
an& the time of maximum of the sacénd harmonic are 5
yhysleally meaningful when the daily variation is semi-
diurangl in character with two maxima in 24 hours, By
. examining the daily variation formed by super-pesition of
diurnal and semidiurnal components having a ratio of
amplitudes ijﬁs ranging from 0.2 to 2.0 (page 102) it is
¢lear that when this ratic is less than 0.75 the final
curve always exhibits two pronounced maxima in 24 hours.

- On the other hand whgn the ratio is larger than 1.5 the

daily variation exhibits only one maximum.

For 5T, in Fig., 46(a) is given the histogram
ahowing bﬁé_freqmaney of occcurrence of the diurnal maximum
for each of 12 bihourly intervals of a day for 103 days
on which/nhe divrnagl amplitude MD>‘2€‘. If we now impose
the condition that M /M? 1.5, the resulting histogram 1s

shown in Fig. 46(b). This relates to 71 days on which we

1v o | 3
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103 DAYS - MY Mt 5 ,

71 DAYS

NUMBER OF DAYS

1 i

B 9 L
: . 19 23 B

3 "7 1" 15

] MCYOURS LS T | "HOURS I.5.T. i

S Fige 46, The distribution ‘of cgcurrence of the
“diurnal maxisum for 5T for sach of 12 biheurs of a
day, (a) when lJ“}>20’& and (b) when ¥ > 25 and
M /M 21,5, P and i1 are the per cent amplitudes of
the diurnal and the semidiurnsl eampem@nt of the
da;ly variation.

can eonelude‘frmm the ratio of the amplitudes of the
divrnal énd the semidiurnal components. that the dally
variation has one wmaximum only. It is observed that by
restricting attention to significant days which have only
one maximum during 2 hours, the histogram elearly reveals
the tendeney for the diurnal maximum to eccur in one of two
preferred periods of the day, at O700 and at 1500 hours
CI.8.7,  We aan therefore disﬁinguish‘days on which the
meximum of the diurnal variaﬁion oceurs b@twwén‘midnight
and noon from those on which the maximum occurs between

noon and midnight. A similar classification into 'n' and 'd!

1v | - | a 3
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tyos ciggys Was nndex?tama by ;Axtaam&x and NERORKAR T3955)”
who observed during an 1nv&&hiﬂm34@a in 1954~;5, the
tendency for narrow angle telescopes to exhibit daily
_variatieﬁs with one of tuwo preferred times of maxima for
the diurnal eomponent, when the semidiurnsl component was
small aomp&raﬂ b ige ﬁmw&verg abt that time, the maxima
ogcurred at QBOU hours and at 1100 hours instead at. 0700
h@urs and a® 1%&9 hours respectively, ‘Auring 1956, The
ahx?h to later hours of both maxima durinﬁ the p@r&ed af
about;, two jears from 1954 to 1956 is probably connected
with the sa&f@ to later hours @baerved in the time of
maximum of wh@ d;urﬂai Component of bhe 12 month mean dally

V&Pi&ul@ﬂ.alﬂﬁﬂ the last mznlmum of solar activity ﬁn 1954 .

on days when the ratio M /isﬁb< 0,75 and M3 26
we have a daily variation which has a significant semie
diurnal component, predominating over the diurnal e@mponente
Gn such days, the daily va?iatian exﬁiggts'twa maxima
xnstead of one and we can clausify the day as an 157 type

daVo ‘

In order to study the bature of the daily variation
on days when the diurnal and the &amidiurnal componsnts are
af‘comparable'amplitude, lee. 1.5 S /M°>'O 75, and the
diurnal component is significany at the 2<r level, we can
cansider.separat@ly the harmonic componen& of the mean daily
vaviatién 6&E$wch dayﬁ when the diurnsl component has a
Maxinum occurring bebween mzdnlg,ht and - naon , and between

noon and midnighbﬁ

Ly " 3
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In Tabla 1; are” Lnd eat@d bha amplitudeﬁ;nd tim@
of moxisum of the diurnal and the semidiurngl components
for the m@&n daily variation during the two groups of days,
Algo indicated in the table Lo eﬁmparia@n’are bthe charactere
istics of the diurnal and the semidiuraszl components of the
5ﬁ? and *d4% type days when Mﬁ/ﬁgasﬁwﬁ and P 18 significant
at the 2 ¢ levalﬁ Xt is observed that even for days en
”whlch xndivia&ally i im is between 105 and 0.73, the
average dally variaticn has a rabio much Larg jer than 1, 5.
This indicdb@d bﬁdt whlle on individual days we have g
semidiurnagl component which is comparavlie o the diuransgl
component, ﬁhﬁ?&{iﬁ L stfangly“pr@f@;réﬁ time of maximum
of gﬁa semidinrnal component., ln conseguenca, ﬁhe
resultant averaze daily variation fopr th@ 2 group of days
is diuraal in ﬂh&@actar@ Haraaver; the time of maximum
and amplitude of Ghe diurnal compenent of the average for
tﬂ& two groups do ot difier signi wlicantly from those of
the 'd¥ and 'n' type days,r@spa@tlveli\whar@ even on
in@ividu&l days bhe ratio Mﬂ/M$2>1.5, The days relating
to the two groups can therefore be grouped with 'a! and 'd°?
type days re&b&@tivaly; in effect thgrefcra clagsification

»

of days can be undertaken on the following criteria :

(ai_?mﬁ type days are those days on which the
, | o .
3 daily variation has m9> 2<f » MDJM“;>G‘75

;. and the diurnal maximum occurs batwaun
(i

widnight and noon, o
{b) 'd" type days are those days on which the

o+
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d,aiiy %}az’iat.im{\ has Ivina ._?.,6 R MB/MS)» 0.:‘75j,w
and the diuﬁﬂal}maximum acéurs between

noon and midnight. F
{e) 's' type days ave those days-on which

M“’?} 26, m}g/mﬁéﬂo'lﬁn .
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FIG. 47y . (

Figs 47. The distribution of sceurrence of the
diurnal maximum for T for each of 12,bigougs of a day
(8} when 0% 26" , (b) when M'> 26 and MM 51,5, (c)
for dayﬁﬂen which 2T hag a dailly variation of 'n' type
and (d) for days on which ?T has a daily veriation of
ar pype.

W

1R . ) . 'G'
Figo. W7(a) and (b) show histozrams for =&

coryeepmuding to the histograms showu in Fig. 46{a) and (b)
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iur the 5T t&leacopaso Lt will be @bservad that »the »
separation of groups of daysfon which the daily variation
has maximum in the moraing or in the asternaun g not
distinet in “OT a8 fop the narvow angle velescope. 5,

However, the reality of the occurrence of the daily variabéon
with a dlurﬁé~ marinum at one of two preferred tines of

'max&m& aven in ?éf is seen by Saparating the days included

. in Fig. 47(a) hecording to the type pecorded by 57, Thus

the histograms of occurrence ﬁx hlma g& mnx@mum 9£ the
diuraal component of 26T on days on which 2 baa A maximum
before noon oF in the afterncon are shown in Fig. 4&7{c) and
{d) respectively. It is clear that days on which there is
a merning maximun in T are assoclated with earlier time
of maximum in 257 than days on which T has a maximum in
the afterncon. The separation of the two groups in 26y jg
however only by about four hours in place of about 8 hours

& .
for T, ,

- In Fig, LS we show saparately the daily variations
for 5T and .- 2@T averaged for. all. days on.which -
(af'there i& a significant 'n' typ@ of variation,
{b) there ia a significant 'd' vype of variation,
{¢) there is a2 significant 's? éype of variation,
and {d} thare.ia any one efnthe above three types, i.e.
at least one of the harmonic cbmponents is
gignificant but there is no other criterian

“* to separate the days.,

1V ‘ , 3



1171 5

|

S ST e T T e e e e e L
o SR
57 ' #* : 26 |
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]
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(b) 'a' TYPE (b) *a* TYPE f
+1.0% |~ 39 DAYS | : 28 DAYS “
B i
I
i
= |
: |
-1.0% | . — l\
- N R T S R T T A R | '
(c) 's* TYPE (c) 's' TYPE |
+0,5% [— — 36 DAYS — 31 DAYS ?
- - 1
S
T T |
-0.5% |— B
3 [N N T O T N N R O | AT N S |
(@) ALL (d) ALL
v0.5% | COMBINED | _ COMBINED
i 136 DAYS B t53 DAYS
-0.5% [
N N N Y N TN T N H B DY

G e AR Y

Y

Fiww 4d Avarag@ daily wariatiun f@r ’n” ’d”
and 's' type days for 5T and EGT telescopes and
" the average daily variation for sll these types
of days %ak@n together,

_ Para&nﬁa e amplituded and th@ times of maximg of -
the diurnal and 5emid1uraal comp@nﬁnns of averags daily

'V@Panionguabown in k' . 48 are &iven in Tghle 16.

iy
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Psrceutame ampli%uam& and times of maxims For
the first two harmoniec components of average
daily variabiana shown in Fig, 48,

-
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Variation 7] , , g ,
typo ¥ wg? i iup®
h-mmmqmwmmmnhm--qn—M«kmmmmnmwmmwﬂmwumwunﬁmw«-aunmnwwmm*wﬂﬂmmh

E o 0,9230.04 1079 0,0620.04 18°
.‘*n' -' . . . _ .
By 0.5200.02 121°  0,0740,02 ©  32°
T 0.90%0.06  7+52°  0,1140.,06 27°
tq ' . ' )
T . . i, . . L .. ‘EJ“‘ ‘ o ‘ o
. B 0,5340.06 7427°  0,09:0.04 1°
xa_t:.u-gnnumk.n}u-v-nw-mw”mwwn‘»*’.wﬂ@;ﬂﬂu;;ﬁmﬁq*;wmwmummmmwmmm;mw\mmmmﬂ
ST 0.1640.00 110°  0.2320.06 48°
PYE |
®r o oamo.on ws®  o.080.04  mee®
P 0.3740,03 1427 ~~0,1220.03 35°
L | o
combined - ,
351' [0.3630.02 137° o, .0520.02 ~34°
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It ie cbserved from the Fig.48{1) that if all days
with significant variation are vmn$¢d@r@dg but o
ClaﬁblficabAwﬂ i3 undﬁrtuk@n, the avaraae daily varlatians
of 5? and By are not dmgniileantly different frcm each
other. Ehe amplitude of V&?iabl@ﬁ recorded by narrow

angle ﬁ@l&a@@pb& JT is no greater than the anplitude from

v 3
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the w;der an&la telescape§ 26', However, 1f W Qlaiﬁlfy
the variations inte the 'dY, 'n' and 's' types there is |
marked difference in the results from °T and 267
- teleseopes. The amplitude of the daily variation in
narrow angle telescopes is much greater than in talesc&geﬁ
with wider angles, It has been pointed out by LHMERT |
(1951) and by SARABHAL and NERURKAR (1955) that the
 ratio of amﬁlitudes of Variati@nskm@asurad by ﬁarrow and .
wide angle telescopes is not constant. However, the
average ratio of amplitudes of the diurnal components of
) and 28Tig 1.8 for *df type and is 1.7 for ‘'n' type.
The ratio of amplitudes for the semidiurnal components
®f narrow and wide angle telescopes is 2.9 for 's! type
days. ‘These ratios may be compared to the average
ratios of 3.0, 2.0 and 1.0 reported hy NERURKAR (1956)
for 27 and 197 telesecopes for the period 1954L-55,

By the side of the curves in Fig. 48 the numbep
of days are indigated on which daiii variations of
significant amplitudé of each ﬁype are observed by o7
and EGT teleﬁaep&s'during the period February 1956 to
December 1956. Gf'the total number of days on which data
are available, smgnificann daily variation is observed
on 44,7 % of days for 5T and on 58,6 % of days for 26y,
The 'n' type of daily variation occurs most frequently.
It accounts for 44.8 % of the days of significant
variatigﬂ for T and 61.4 % for 2ET¢ The corresponding

IV \ ] 3
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Fareenta 108 fﬂr 't type daQa ara 28,7 % and ﬁda} %
rewpegt¢veiyg while for 's' type days they are 26.5 %

and 20,3 % respectively, The yewmeuta%b& miven her@ do
not indicate directly the relative &f@gﬂ;HGy of oceurrence
ef the daily veriations of different types, This is |
begause the smplitudes of "nf¥, 7av and "8' vype variations

ﬁ@r the same §ales¢@pas are not egqual, as can be. socen fr@m

Figes b8, The level of g ignificance whieh establishes a
lower limit of amplitude,bal@w which we disregard data for
the\purp@se_gg mlassxfieaﬁien, thus acts differentially
in respec¢t of Lhe distrxbutxcn of amplituda of each typa

@f varistion,

-

3

b | Classification of Days According to
| the Character of the Daily Variation.

It has been demonstrated in the preceding section
that there is a tandeney for tn?t and 'd” type days selected
according to 5? telescapa to ba respectlvely associsted
with earlier and later timea of maxima of the diurnal
component of <6 telescepes. the Validity of classification
of days into 'n' and 'd! types is more claarly indicated
in Fig. 49 where the time of maxlmum of the diurnal
component ai 5T is plotbed against the time of maximum af
»the diurnal compenenb of aGT on each day on which both’ the

diurnal ccmponenta are significant at thelr respachlva r¥-a

_ L
1$vals, b -

There are 49 such days, and it is clear that there



57 Mp® IN HOURS I1.8.T,

‘b&bo 49 Diagrdm shéw1nw the relation between

the times of maxima of the diurnsl components
of the daily variations measured on individual
days by 50 and 287 ﬁal@scopasa The line of
regresgien A is of <67 ME on 5T Mﬁ”, and B is

of 97 upP on 267 ppP,

is a remartuble asseciation of the tmm@ of d;urnal maxima
recorded by the 5¢ and <87 telescopes. The correlation
between the pairs of values in Fig, 49 relating to each day
is +0,86120.04. The r@gresaimm lines. indicate that narrow
angle telescopes reveal larger changes than the wider dﬂ sle
telescopes, in confirmity with the obaervatiam_mmdc by
SARABHAT @ﬁ al. {1955a) from a comparison for Buancayoe lon
‘Ghamber and Ahmedabad counter telescope data, The grouping
'cf timas a& maxima avound bLwo epochs, one before noon and

the other after noon, is clearly seen, as in the histograms

iy
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‘of Fig, héa Th@ harizanﬁal and verticaB lines corres%andln&
to noon indicate the b@undaéy fgr the classificatian inso
n' and 'd' type days. There are only two polnts out of

49 where there is substantial disagreement b&twaén 5T and
Qﬁrlnelescapem'in classifying acc@rdin& to 'nt and 'd? types.
There are 11 &aya on Whiﬁh,5T and 26? telescopes '
gimzltancously register significant 'a? type daily
*&riatianap As pgalnst bhia, there ave 20 days on whlch
sither °T op 20y h&% a 4% or dﬂ N tyg& Varxanlaa, and
the other has an ‘af Ly De V&?i&@i@ﬂ@ If w&, th@r@fura,
c@usiﬁar allkclasaiiic@bi@ns we have a total of 58 days on
which bush typas of telescopes are in agreement. AS a%ainsﬁ
&hma, mhere are. 22 cages wi dlsa&reemenu, most of them |
Amvv1véao an Ya? Lyp@ varia&ian. When ene reslises that &
Ldr 18 qemidiurnal cempaa@pﬁ, signi 1a&nn at the g<r level,
can arise ex%har as an adgunct te-a main diurndal component,
or by itﬁ@lf because the variation is truly semidiurnal in
character; 1 is clcar that the present system of
classifiéatiaﬂ_inte 's*'ty§e‘d&yﬁ raq&ireﬁ'furhhgr

- pefinemsni..

I Fig, 50 we show on a Bartel's dilagram, days
classified as 'n', '3' and 's' according to the daily
variation recorded by 59 telescopes. Alse indicated on
the diagf%m'a%e those days on which no data is available
for evaluating daily variation. It will be observed that
there iﬁ@g tendency for at least the 'n'! and 'd' type days

to occur in groups of 2 to 3 days. ‘Jthere is also ovidence
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Mg,g 50. Bartel's diagram showing the
dates of oceurrence of 'n',- 4! and ‘g

. &Jy& of daily variation. Days on which
2F is inoperative are indicated as "no

data" days.
of a 27 day veccurrence tendency, particularly for 'd!

type days.,

Se Gavrﬁlaued Chavges of Inisotropy, Yean
intansity and Gp the Daily Magnetic

Planetary Character Figure.

For studying correlated changes it is convenlent
to use tha:metnod of superposed epochs. We consider as an
epech each day when a particular typs of dally variation
oceurs, and compute the average of daily mean intensicy I
and G on days cf epoch as well as on 5 days on either side

oi epoch. Such analysis is oonducﬁed separately for 'n'

Iv ‘ L 3



Eypﬁa 'd’ typ@ and 3? tYP@ ddys lﬂ@icﬁthﬁ in Lha 5art@ﬁ”
diagram in Fig. 50. . f,

in sbudying the correlated changes of tﬁ% daily

va§¢dt¢an ang of the ud&&y mean intensity I, the latter is

fivay G?ﬂﬁﬁb@ﬁ for the Lnfluenae of change of danly mean .-

bavomebric pressure using a éoefficlent oy = wi.B % per
G tig. ;  derived experimentally from the present daﬁa as

f’éénuiuneu eaviiax (page 163}, The cervected ﬂa&ly}mean

inten wwiby Uil exbhibits changes of a long term cﬁ;racﬁer

e S
are ﬁb%ﬁ renoved, without eliminating short berm

due o seasonal end other factors. The l@ng term changes

fluctuations of 1 over periods-of 5 €o 10 days, byytaking'
movxnd avera ses of L over a period of 13 days and applylng

correction for the variaticn of the mcvin& avara%es'

In Fig. 51{a), {b) and (e) arve indicéﬁe@ithe
valugs of 1 before applying pressure correction, a%ter
applying pressure correction and aft@r renoving laav
neriod wvariations respegtively,. The lnabav vazu@s @f I

.»‘ o

are used mﬁ the mﬁalJ 1s of gorpelatad ﬁhmﬂgwb. K

Th@'re gult of bhi» analysis for the daily mean
intensity measur@d by T Lw shown aaparataly in EL@ 52(a),
(b) and (c) f@r at, 4’ and 's* type days respectivelj.

'l

The change of B in each case ig also shown,

A rowmarkable Pesult of this analysis 1s t?%t n'

4

Q-". 3 LI ] E
type days are accompanied by an increase of intensity of

wo - 5
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(a) ™' TYPE DAYS
-B. Intensity ,-h

{b) 'a' TYPX DaYS
O,R, Intensity
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{c) 'a® TYPE DAYS
C.R, Intensity
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EPOCH i

i

Fig,ISE. Average daily mean cosmic a{‘
intensity changes on -5 to +5 days, (a)

for 'n' type days as epochs, (b) for 'at

type days as epochs and (c) for 's' type

days as epochs. The corresponding

average change of magnetic-character

figure Cp in each case, is also shown.
about 0,1630,03 % from 3 days prior to epoch. The
intensity is normal on apoech, but decreases sigmifiﬂantly
after epoch to reach, 2 days later, a minimum value about
0.2710.03 % less than the average daily mean intensity
for the entire pericd of observation. 'd' type days on
the other hand are associated with increase of mean
intensity’which remains about 0.17+0.04 / above the
average, from epoch to *2 days. A slight decrease in

intensity before epoch is not significant. For 's' type

v
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days, the mear intanaity is gearly nermal during #Zhe epech
period and on 3 days before éhd after it. For Gp, the
values are high compared to the mean of the entire period,
from =3 to +1 days Qf the ' type epochs.. For ‘gt type
epochs this is also true for +1 and +2 days after the epoch,
day, but there is a Cp minimum in the interval O to -1 days
before the ep@chn For 's' type epochs, Cp values show &

~minimum near bhe epoeh day and an ingrease 4 days aftar the

epoch.

6 Discusaion.

The results prasented here.are of a preliminary.
character and indicate certain tentative conclusions which
can be drawn from the analysis of data from narrow angle

telescopes operated over a period of 11 months in 1956.

| It is seen that on a majority of days, which have
a daily variaﬁion of gignificant amplitude, the variation
can be designated as belonging to ﬁhax?ﬁ’, the,’ﬁ' or the
*s! type. The experimental technique at present dees not
permit a variation to be established at the 26 level of
significance unless it has a harmonic component of
amplitude greater than 0.74 % for °T and Oe34 % for 26y
telescopes. With an improvemant,@f technique involving a
larger effective aperture of narrow angle ﬁelesanpes than
at present, it would be po&amble to axtend the study to
variations &f smaller amplitude than is now possible. It

is not known what characteristics would be shown by the daily

iv
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The difference between 'd' and 'n' types of
variaéians is more marked fcr‘aarraw angle telescopes than
for wide &ngla ingbruments, Thus in deriving an average
of the daily variation over an exteonded period @f days,
the reduction of ampliuude for p is much greater than for
”2@T If we wieh to compare the amplitudes of daily
variations reawrd@d'by NATrow and’wiﬁé angle t@lesc&p&s,
the comparison should be made separately for each type of
variation and.not for an average variation having a
combination of all hypes of varlatlanay This point
requirea te be baraa in mind wnen aansxﬁerinm the results
of ather workers who have compared the amplitudes of Bhe
daily variations of narrow and wide angle telescopes

without atvempting to classify the difiarent types of

variatiunsa

The shift towards later howrs, by about four
hours, from 1934 to 1956, of vhe time of maximum of "n' as
Vwall as of *d' type of variations seems to indleabe that
the striking changes dbaserved in the 12 month mean daily
variatlion can be due not only ta uhé‘éﬂan’@ of frequency of
DGCUIYHGS ar days of sach tj&ﬁg But o auintrin31c shify
of time of maximum and of she anisotropy, Glose study over
an @xbamdad period with narrow angle telescopes is required

o undarst%nd betbar the nature of the changes that occur.

The classification of days aceording to the

Ly
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ch&rﬁeﬁer of th@ observed daily variation requlﬁ%a to ‘be
further refined so that when the clagsification is made,

it relates to a uhaﬁac%%?xaﬁxc, of theﬁammaatrapyg and is
therefore detectable on a global basig. In the present
study the validity of the eharaétafisatiaa ig testéd only -
by comparigson made of two Gypes of telescopes operating ab
one station, - It is ifmporvant to exvend this comparison to
Tother inamrumenta at the same gtatien and ab dipier@ut i

Stations.

| | O%a,af the most amFOWt@nt conelusions that can
tantatxvely be drawn from the present gtudy is the one
cafesrnmng correlated day to day chanﬁes ef anisotropy and
the daily mean intensity. The main weakness in the evidence
that is presented lies in the absence of upper air
meteorological data withlwhich the daily mean intensivy
could pr@p@rly be reduced to standard atmospheric conditions.
We have been unable o eveluate the e&%ent of error which
¢an be introduced on this aceount in @uv analysis. At law
latitudes however, day to day changes are not as important
as aﬁ high lﬁtiﬂuﬁ@s,_and it is believed therefore that a
Hore accurate correctlon for meteerological changes than
we have been able to apply e our velues of daily mean

intensity, woulﬂ net alver oup namﬁluﬁlona subst antlalTy,

The observation that 'n' type daye are associated
with amcraqa&& of intensity and 4’ type of days with
increases of daily mean intensity after the respective
apochs is one mf'greatisiénificanca in the intarpretatian

of processes responsible for the anigotropy and changes of
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¢osmle ray intensity. An‘i%pr@asa of intensity can

regult aiﬁher by the presence of a gource of cosmid rays
within the solar system, or what is mnore llkely, by a
mmdulahlen process involving the inerease of energy of
cosmic rays incident from certain directions. In the
latter case one would require the areatién of an ordered
electric field in appropriate regions of inverplanetary
space as viewed from the earth, Siﬁ%a the space is
believed to be often filled with clouds of ionised solar
matter, it weuld be difficult to sustain the field in the
absence of trapped caharant magnaﬁic field within the

ianised snraamsa
N,

-

3

The present evidence, along with that of

SIMPSON et al. (1952, 1955), are the only ones in support
of the exi%t@mne of Varlatiems of intensity which
rapr&&ent not just decreases, as shown by van HEERDAN and
THAMBY AHPILL AT (1955), but increases.of intensity as well.
Since, as discussed above, they are indicative of the
existence of coherent magnetic fields and not just turbulent
fields in interplanetary space, it is of great importance

o confirm experimentally these findiﬂgs with a large

number of indapandant investigations extending ever a long
period of blmau The present. study relabas to only 11 months
of ubservatlmns and it is aharefore necessary to take the |

‘Present copclugions as tentative for the time being.
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SUM AT AND CONGLUS wm

A

The theuis dﬁw&rlﬁﬁﬁ qu geparave cxpwrmments,
dealing with differena aspects of cosmic pray time‘
variatlions 1mvewamgatei with narrow angle ‘telescopes at
Abmedabad {(Lat. BBQQjﬂ i, L@ngs>72@363 &, we@mabag Lat. ?36
N, 3, 180 £5.). '

The first experiment was started with two
pringipal aims. Firstly, for studying the effect of the
reduction of semisngle of opening of a Geiger counter
telascope on the ﬁaﬁ&r@ of the daily\yariaaian observed
by it. And secondly to study separately the daily'
variatlons of high energy M mesons and positive and
negaﬁivalu MBS0 wf'MQdera@e shargles. The former have
momenta in excess of 3000 Eev{a while the latter have
momenta mostly ln the range 400 te 3000 Mev/ec. Because of
the very lQW’cnunLinb rates conclusions cdm be drawn at

tbhis stage only about some of the a&pecta that are studied.

They are 8

k¥
(1) The average dally variation of moderate

"'?'
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anergy/u mesons mm (mmmanaa ganga about, 400 to BQQO MEQIQ)
obgerved at sea level, with & vertical narrow angle
telescope of sembangles about 1.7° and 6¢7 in the H={ and
N~ planes respectively, has a large amﬁlibudag The
average d@ily variation during the peviod June 1952 to
hugust 1953 has an amplitude and time of maximum for the
first harmonic of 3.4 ¥ 0,7 % and 1205 hours 1.9, T

- prespectively. | .

(2) The average daily Variatian of high energy
A mesons My Lgf> 3000 Mev/e) has a smaller amplitude than

for My, and is not statistically significant.
i 5)

'\ (3) The average daily variation of the total
meson inﬁénsity (p 2 400 Mev/e) represented by M(=0y * Mp),
and incident in the narrow angle telescope m&nﬁianed above
has a first harmonic component of amplitude 2.2 1;3;5 % and
time of maximum {1200 hours L.8.T. for the period June 1952

©o August 1953. \ .

(4) There is no significant difference observed
in the average daily variations of moderate energy positively
and negatively charged/u mesons, My(+) and M (-) (momenta

range about 400 to 3000 Mev/e).

{(53) The gemidiurnal components of the daily

variations are not statistvically significant.

4&6) It is coanfirmed by a hodoscope arrangement as

well asg by numerical est;matas, that the rates My(+) and M,(-)



in bthe pt@sen& experiment, m%inly represent the igﬁenai%y
of moderats energy M mesons of mémenta‘batWéen 400 to
3000 Mev/e deflacted out of the vertical cone of ingidence

-

by the maﬂneLiQally saburated core,

The second ex§erimemt was éanducbad with

varbiaal gounter teleseopes of twe types. ST telescapeﬁ

" ~had a semianglé of 5° in the E~W plage and a semiangle

of 45° in the N-8 plane. aéT telescopes had in the LW
plane a wider semiangle of 26°, but in the NS 'plane the
semiangle of 55° was the same as of 5T telescopes. BHBoth
5? and 26? had 96.5 gm/cm? of iron absrober and in
congequence the'intenaigy measured by them relates to the
u mesan.eoépenﬁnt at sea level, The purpose of the
experiment was te study the changes in character of the
daily variation measured by S?‘and ?6r telescopes and to
@Lassiiy days in terms of the character of the daily |
variation oecurring on them. The study of the correlated
changes of character of daily variation and daily mean

intensity was alse undertaken,
The principal conclusions of the study are :

(1) The daily variation of meson intensity is
Qf.a.highlyﬁﬁayiablm character, On individual days the
daily variation having amplitude significant at the 2o
level, i. eﬁ about 0,74 % for 5T telescopes when all the

ten telescopes are operating and about 0,34 % for géT
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aia@ccpaa when both belasw%poo are oparabting, ean bevt
»phbnamaﬂalagically clagsified as belonging uo the 'nt,
the 'd'.or the 's* type of variations.  Ga 'n’ anﬁ farv
ﬁypé days the dalily variation has only one principal
maximum, This ocours in the early morning on 'n' type
days and shartly after noon on 4" type days. On g’
¥typa days the damly variation has two maxima xuatﬁad of

.

Ong.

- {2)  The differences between the daily
variations of™each type ars h&ttar revealed with T
telescopes than with ‘6T telaacmpauw ot only is the
amg%iﬁude of the daily variation laraer in 5T telescopes
than in 26T-ﬁaleﬁawpas,_but the separation of the maxima
of the "n' and ‘4" types of variations which is abe@% 8
hours Loy ﬁ? telescopes is ahly about 4 hours for géT
telescopes. Thess observations are in‘@anfirmity with
the results of SARABHAL and NERURK&R&j?Qﬁﬁ)Q However, in
195455 thay found that the maxima ccourred at 0300 hour
and 1100 hour instead of ab 0700 hour snd at 1500 hour
reapectively during the period of the present study (1956).

(3) The average da:ly variabion cf cosmic ray
‘intanbzty derlvad by addlng all aignificant *n' 'Y and
131 type ddya absmrwed during ahe yﬁriwd ﬁahruary to
9$camber 1“)6 for 5y I and 207 talescapaa hava thelr

e“f"

diurnal am%m,waes 0 37 * 0,03 % and 0,36 2 0.02 %

raspu&tiv&lyg which are not ﬁlguiﬂisannly different from



3,189»5 o R

each other. Tha time for tﬂﬁ oecurrence of the diurnal
maximum in both cases is at gbout 0900 hour, Thus, the
larger amplitude of the dally variation in narrow angle
ueléueopasg whan compar&d to nhe amplitude of the daily
Variation measured with wide angle telescopes, is
observed during this period only if we compare separately

' the variations of eoch type, .
. {

(@) It déy& are classified as *af, 'd or 's¢
t?pa days laﬁé@i‘dﬁl@ﬁ@%th& dai’ly varistions of significant
'am?litmdaiebE@fV%d by 5T and by 26T telescopes, agreement .
in classification of individual days is found on 58 days.

' ﬁ%‘ﬁddlﬂﬁL this, there are 22 cases éf disagreement, most
of thom invelwing an 'u! type clasaification, This
suggests that Tal type élasﬁificatiom requirga'fubthar
refinement, but on the whole the basis of &lassificauion

18 reagonably V&lidm

(5} "0t and 'd' Lypa days “exhibit a tendency
- bo occur in graups of 2 to 3 gays, end there is also a

tendenay f@r recurrance after 27 days,

(6} ‘*a' type days are accompanied by an
Anerease of ¢nm*uaitj of about 0,16 * 0,03 % From 3 days
pricr to epoch. The intemsity is normal on epoch, but
decreases sagﬂifiéantly after epoch to reach, 2 days later,
“a minimxm value abouts 0.27 * 0,03 % less than the average
@qilw g m;gannén@ﬁby for the eablre p@rlad of ohservation.

4% type days on the other hand are associated with
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increage of mean ubansity %hich r%mqlﬂs about Q0,17 * O¢04%
apove Lhu average, Lrom epoch to + 2 days, The mean
&ntenslﬁy is normal, for 's! type days, dur¢ﬁg the epoch

period and on 3 days before and after it,

(7)  The daily mean magnetic planetary character
figure G shaw high values, compared to the mean of the
‘entire perxodg from = 3 %0 + 1 days.of the 'af bype epochs.,
For 'd' type epochs this ia alse trug for + 1 anﬁ + 2 |
days after the epoch day, but there ig a Gp miniwuwm in the
interval 0 €0 = 1 days before the epoch, For 'a' type
epmchu, Up values show a minimum arcund the epoch day.

\ |
+ The evidence presented here is strongly

suggaative of the creation of a variable anisotropy of
primary cosmic radlatmen whieh is accompanied by an
increase, a deereas& ar normal daily mean intensity,
dapending on th@ typo of amiaatropy that is produced., If
this is confirmed by further more axbeasive experimentation
invelving global studies over a long period of time, the
technique would provide a valuable new tool for the
measurement of the goherent amgnetic fields in ionised

matber in interplanstary space. )

[
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u? and M5 gre the par cent amplitudes and MED
and M@ are ‘the times of maxima of the diurnal and the
semidiurnal components raapactzvely pL the solar daily
varﬁaﬁien for each day, corrected for the barometric
effect. Amplitudes are expressed in unit eof 0,01 of a
per cent. Column (7) gives the standard deviation for
the percentage amplitudes on each day. The daily mean
intensity I tabulated in the last column represents the
nunber of mean bibourly counts on aach day centred at
- 1100 hour Iﬂe«ra,corrected for the baremetric effect,
normalised to a value when all the ten telescopes are

operating, and scaled down by a factor of 4.
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2, 7 72 1219 19 w+ed. 4, 3.8 - - 3165
25 7 106 T2 99 -1 4k 1,2 4 3153- |
26 7 45 WSP 40 TR 4L 1.1 - 3156
27 10 55 86 15  60° 37 3.6 . - 3168
28 10 W6 -25° 61 CO40 37 0.8 0 - 3175 -
29 10 17 1372 51 -55° 37 0,3 - 3184
30 10 103  Tw+58° 64 TU+BLC 37 1.6 d 3167 i
3t 10 9 W+350 53 101° 37 0.2 - 3180 3
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NDQ ﬁf D
Day tele. M
Bseopes
110 6
2 10 . 48
3 10. 57
L 90 . 90
5 7 . 29
6 7. 7
7 5 36
8 10 .
9 10 . 10
Ov, .5 0 43
11 10 62
12 40 27
13 10 . 36
1% 10, . 3s
15 10 .
16 10 130
17 10 76
9 16 %8
20 10 . 8o
29 10 .. 115
22 10 ‘
23 10 43
2L, 10 45
25 10 . 76
26 10 26
27 10 Bl
28 . 10 126
29 5 116

P R01 ¢

\
i

NOVEMBER 1956

g® o M/M° Type I
3 37 1.9 - 3176
1222 37 4.0 - 3199
733 37 0.9 « 3175
3% 37 1.7 4 3176
T+31 L Qo4 - 3179
W7o bh 1.3 - 3160
43@ 52 0.2 8  3141Lv
<40 37 1.3 - 3127
3% 52 0.4 - 3160
17Q9 37 Doy - 3131
-Qg 37 1.0 . = 3128 _
SUOES 37 0.7 8 - 3116 W
35? 37 0.2 - 3128
- 75% 37 3,2 no. 3133
_373 37 1.2 no 3142
“195- 37 0,6 - 3142
¢89@ 37 0.9 = 3154
2% 3 1.6 4 3150
133§ 37 2.7 no 3154
T+60 37 0.6 -« 3133
199 37 B ¢ Y et 3127
'_13%5 37 112 . -~ 3143
T23% 37 1.9 n 3141
1720 37 0.5 - 3136
155 37 0.7 8 3147\4J
T+670 37 1.h . n 3139
5Tfh$g 52 1.4 4 3147
52 2.1  n 3180
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ay gg%gw ] 7 M ) g‘) W/ Type I
-4 10 33¢ 3@ 51 5P 37 0.6 - 315

2 10, 76 aHe 73 78 37 1.0 d 31-5%

3 10 108 o+ 68 163° 37 1,6 4 3158
b 10 31 -2 73 . 2% 37 0k = bk
S5 8 e am® 33 TR b 2. - 3129
6 bt s w - mA e - P - :

. 7 “’" ’ -y = s - . - ’ say 'a. ' c
AR - St A R

X . ; : = - R e " 8 ; L
10 7 37 0 B, -15° 4k 0 - 3187
11 . 7. 89 50 59 60° 4h 1.5 n . 3207
12 7 137 95 &7 130° k4 2.0 n 3155
13 7 49 107° 83 THL 4, 0.6 - 3132
th 70 108 19 83  WHE? 4k 1.3 n 3121
157 28 st 85 17 b 0.3 0 - 3134
16 7 K0 TP 37 160 Wb 1.1 - 3139
17 7 79 92° 134 9° 0.6 8 3129/
18 7 55 280 e 1000 1.0 . = 3126
19 7 68 110" 67 ~54% Ly 1,0 . - 3137
20 7. 8 128° 77 -39°  bh 001 - 3117
20 7 %30 & 79 1€ 4k 2.9 0 3102
22 5 12 -A® 105 THP 32 04 . - 3130
22 % g N ngk o2 Lp o Ak
25 7 113 170 87 J° Ly 1.3 n 3222
26 7 . 29 -64°0 83 =700 Lhk  Ouk . -~ 3206
27 7 31 1 T - 60 4l O =~ 3216
28 7. 79 _112% 52 700 Ly 1,5 = 3220,
29 7 90 T+58° 53  TT+60° 1.7 . 4 %ggg,
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