STATEMEDNT

This study and the investigations conducted by the
author are primarily concerned with the cosmic ray
fluctuations of very short periods, of the order of a few
minutes.. This was not poggible in the past because large
area detectors that could éive a very high counting rate,
were not available., For.cosnic ray modulation pattern to
be perceptible, it must show above the statistical fluctua-
tions, which at times for a small area detector, can be
higher than the signal. In cne of the earlier attempts by
Torizuka and Wada (1960), where they had used detectors
giving counting rates of the order of 105 counts per minute,
some studies of short period variations were made, A very
generai indication was that the amplitude of the shcrt
period fluctuations decreasec, with the decrease of the
meson intensity. They improved the analysis further in
(1962), but the statistical sccuracy was not so high as to

warrant any definite conclusions.

With the availability of a mu meson detector with
scintillators of 60 Sg.meter area operated by BASJE at
Chacaltaya (Bolivia), altitude 17,200 ft., geographic
latitude S16 - 19', longitude W 68°~10', it beceme
possible to study short period fluctuations with a count-
ing rate of about 10° counts per minute, The Bolivian

Air Shower Joint Experiment had been set up jointly by
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M.I.2,, University of Tokyo and the University of Michigan
with the main object of studying showers produced by very high
energy cosmic ray particles (Suga et al 1962). 4n array of
15 scintillator detectors, eéch of 4 Sq.meter areé, formed
the main element of the mu meson detecting system. The
whole area of the detecting system was housed in a cave
shielded with galena to abous 3 M. W.B. The author built a
digitized recording wnit at H,I.T. during the lafter half

of 1963, This was later installed at Chacaltaya and the
recording of the data was stzrted from April, 1964, The
author maintained the unit tkroughout the I.Q.S.Y. period
and up to the end of June, 1966, The basic interval of
-data recording was fixed at 12 second, ﬁith time recorded
every 1 minute, Also, a digitized servo-barometer was used
for recording pressure every minute, Three groups of 5
detectors each, recorded separétely. Maximum care was taken
to ensure stabilized conditions of the whole recording
system, Using a pulse height analyser, differential spectra
of the dark current pulses of the photo-tubes, and of

mu meson scintillator pulses were recorded., Thus a check
could be maintained on the noise leéel, and it helped in
fixing the levels of the discriminator circuits. The data
was recorded on punched paper tape, and was later converted
to I.B.M, cards by a tape to card converter, These cards
formed the basis of the further analysis, performed by

using a 1620 I.B.M. computer.
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Power spectrum snd digital filtering methods of
analysis are used (Blackman and Tukey 1959). The power is
given in the frequency domain. The signal to noise ratio is
improved because of the randem nature of noise, and the
frequency selective pattern wakes the signal frequency to
appear more predominantly even in g condition where the
signal to noise ratio is not high. The range of frequencies
selected for the present study is from 1 to 30 cycles per

hour.

Each sample, compr;sing of a 3-hourly interval, shows
a variability of spectral estimates, In the range,df 1 to 6
cycles per hﬁur, the spectral estimates tend to average out
as more and more samples are superposed upon one another,
But as the range is extended up to 30 cycles per hour,
consistent peaks are observed at 18 CPH and 25 CPH, The 18
CPH (200 sec.period) which is persistent, has also been
detected with high activity ia magnetic measurements taken
in the magnetosheath by Marinsr IV (Siscoe et al 1967). The
dynamic power spectrum taken for éne sample shows the
existence of peaks at 6, 11, 17 and 26 cycles per hour,
Frequencies close to these have also been found in the
measurements of the interplan=tary magnetic field recorded
simultaneously by Pioneer VI (Ness et al 1966). Magnetic
field measurements conducted in the magnetosphere by

Explorer VI, show oscillations with period of 200 sec.
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(Judge and Coleman 1962), and Explorer XII, periods of
180 and 120 sec. (Patel and Cahill 1964).

Detailed analysis is carried out to find the
behaviour of the prominent frequencies during guiet and
disturbed epochs. The possibility, that the magnetic field
fluctuations produced by the interplanetary wind in the
magnetosheath are responsible for mcdulating the cosmic
rays through changes of the g=zomagnetic cut off rigidity,
is considered,

N
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SUMMARY

The data relate to a counting rate of 106 counts per
ninute from 60 sg.meters of plastic scintillators under a
Galena shielding of 3 M.W.E. at Chacaltaya. Geomagnetic
cut off rigidity in the versical is 13.2 Bv. The counting
rate refers essentially to secondary mu-mesons. Tpe counts
integrated over suécessive one minute. intervals a%é used
for the analysis. Atmospheric pressure readings from a
digital servo-~barometer aré simultaneously recorded at
one minute interval., Data have been analysed for the period

from November 1965 to June 1966,

The data are subjectz2d to power spectrum analysis
following the:well known method given by Blackman and
Tukey, having spectral window from 1 to 30 cycles per

hour and an analysis period for successive 3 hours.

Fluctuations of the zosmic ray intensity ars found
to ocecur in the .range of frzquencies 6 to 30 cycles per
hour. These fluctuations have average amplitude of
about .042. Taking the data as a whole, fluctuations
occur most prominently at tae frequencies of 16 and 27
cycles per hour corresponding to & period of 225 aad 130
gsecond. These have been éstablished at the confidence

limits of 99% .



For individual 3 hour periods the prominent peaks
oceur at one or more frequencies within the range and are
not always at 16 or 27 cycles per hour. Moreover, there
are some three hourly periods when all frequencies seem to
be active, and the average Dower level in the entire
gpectrum is raised, There are then no peaks indicative of

activity at particular frequencies.

Pioneer 6 measuremenzs in the magnetosgheath field
at a distance of about 10 earth radii from the cenfre of
the earth on the sunlight side gives a power speoﬁrum with
prominent peaks in the range of 6 fo 30 cycles per hour
(Ness et al 1966), At the same time at Chacaltaya, data
show peaks which correspond in an approximate way, but not
identically. Pioneer 6 restlts of the fluctuations of the
interplanetary magnetic field over a 3 hour period show
prominent peaks in the spectral range 6 to 30 cycles per
hour (Ness et al 1966). These roughly correspond with the
peaks simultaneousgly observed in the meson intensity but

are not at identical frequercies.

High level of geomagretic disturbance as cherater-
ised by Kp is associated with a low average power cf the
fluctuations in cosmic ray intensity in the 6 to 3C
cycles per hour range., However, during this time prominent
peaks appears at the freguencies of 9, 17 and 28 cycles

per hour.



Low level of geomagnetic activity corresponding to
small Kp is characterised by a high average power in the
spectral range 6 to 30 cycles per hour‘and a prominent
frequency only at 27 cycles per hour., When a major Forbush
decrease occurs in cosmic tays, even though Kp is high at
the time of onset, the average power in the cosmic ray

fluctuations in the range of 6 to 30 cycles is always high.

The dependence on the geomagnetic aﬁtivity of PC 4
micropulsations is similar to the dependence on gecmagnetic
activity of cosmic ray oscillations i.e. for high Kp the
occurrence of PC 4 is less (Troilskaya and Gul'elmi 1967)
and the average power of cosmic ray oscillations decreases.
Study -of velocity fields at the solar photosphere reveal
that oscillatory motions with periods of 200 to 400 seconds
are preéent (Howard 1967). The sun seems to be constantly

active in this range of periodicities (De Jagar 1965).

Thus, it is possible that the main.driving‘force
for the cosmic ray oscillations in the range of 6 to 30
CPH arises cn the sun. VWhea the magnetic field lines
connecting the sun and the sarth are relatively undistur-
bed with few magnetic~field irregularities, the solar
excitation gets communicated from these fields without
attenuation, But, when the magnetic field lines have
irregularities, they provids a preferential péssage for

trangmiggion of certain frejuencies and not others. So,



the fluctuations of the energy density impinging on the
magnetosphere could be the means through which the period-
icities are generated in th= geomsgnetic field, thsreby
producing cosmic ray fluctgations by the change of

geomagnetic cut-off riéidity.



CHAPTER I

INTRODUGCTTION

The turn of the presant century saw the start of
simple observatiéns for the study‘of cosmic rays. The
refinements in the experimental techniques, later on,
greatly added to the reliability and authenticity of the
measurements. It was soon realised that the studies of
cosmic ray variations, interpreted on the basis of electro-
dynamics and plasma physics., have vast potentialitieg, The
time variations are proving to be an extremely useful method
for investigating the electromagnetic conditions of the
interplanetary space. The studies of cosmic rays have also
become an integral part of the adjacent disciplines of

Nuclear Physics and Astrophysics.

1.1 Primary and secondary cosmic rays:

1.11 Primary Cosmic rays:
1.111 Nature of primary cosmic rays:

There is a continuous influx of energetic particles
at the top of the earth's atmosphefe. The energy and
compogition of these particlés vary widely. There is
evidence to indicate that galactic cosmic rays in inter-
stellar space are largelyisotropic and constant but as
these rays traverse through interplanetary space they are

modulated by solar activity.
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To know the energy and composition of the primary
cosmic rays, measurements have to be carried out at the top
of the atmosphexe, by using ballocns and rockets, With
ground baged detectors secondary components arg measured,
end with the knowledge of caertain parameters comnecking the
primary and secondary particles the characteristics of the
pfiﬁary"ébéﬁic raysi.dan be derived., Their intensity is
described in terms of the nmmber of particles per meter

.sec.--l steradlﬂl.

We neglect here solar cosmic rays since they are
generally of energy below 1 GeV and do not normally relate
to the intensity measured as sea level at the geomagnetic

equator,

1.112  Energy Spectrun: .
The incoming primary flux of particles is found to
be a decreasing function of particle energy. The energy

spectrum can be expfessed by a power law,

N (E) =KE
where N(E) is the number of incoming paxticles greater than
E, K is a constant and ¥ is an exponent which is found to
be energy dependent. For fhg deﬁerminatioﬁ of the energy
“spectrum 'shown in figure 1,1, different methods are used

in different regions of energy.
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Fig. 1.1 Integral energy spectrum of galaetic cosmic rays.
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The latitude effect can determine the energy spectrum
up to about 17 GeV, DNuclear emulsion techniques are used
for higher energies in the range of 1012 to 1015 ;V (Bethe
1933, Frier et al 1948, Kaplom et al 1952, Singer 1958).

Por very high energies exﬁénding towards the tail end of
the energy spectrum, extensive air showers can give
information regarding the spectrum (Rossi and Greisen

1941, Clark et al 1957 a).
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The values of the expohent 4 in the integral energy
spectrum in the different ragions of energy, are given in

the following table.

Table 1.1
» Ehergj'rangé References
~ _
Ge7T
1.7 - 1.8 10 to. 50O Charakhch'yan, A.N.,
and T.N,Charakhch'yan
6 1959,
1.53 £ 0.20 15 to 2x10 Barrett et al 1952
: 8
2.2 + 0.1 107 to 2x10 Clark et al 1962

9 .
2.17 £ 0.1 5x106 ta 10 Rogei 1960

1.12 ‘Secondary components:

High energy primary particles in passing through the
atmosphere collide with the air nuclei and the resulting
nuclear interactions produce mesons (charged and neutral),
nucleoﬁs, sometimes heavier fragments and strange particles,
There are individual collisions between the incident
parﬁicles and the air nuclei or the secondaries produced
in such collisions and the eir nuclei. For the cascades
produced, considerations are given to the éomputation of
the cumulative effect of the fundamental particle inter-

~actions over finite thickness of the matter, assuming the
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v

cross-sections for the individual processes. 4 general
classification of the important particles‘encountered is
given in the following table (from Muirhead 1965). The

masges are given in the m units,

. Pable No. 1.2

Fermions
‘Bosons
Leptons - Baryons
Photon 0 Neutrino » 0 Nuclecn N~ 1840
Pion 7270 Electron e 1 A~2200
Kaon ~  K~965  Jaon  u~207 Hyperons]s ~2350

§Z~ 2600

The production of the secondaries is schematically
shown in figure‘l.z (from Ramskrishnan 1962). A primary
particle enters at 4 and collides with a nucleus of the
air. The horigontal lines -n the diagram represent the
particles produced in a single collision and the decay
products o; a particle are shown by lines diverging from

g point,

The charged mesons e-ther decay into mu mesons or
interact with air nuclei in a nucleon - nucleus collision.
The neutral meson either interacts with the nuecleus or

with a high probability decays almost immediastely into two
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. highly energetic gamma rays which generate soft cascades.

The particles K mesons if they have high energies,

interact with the nuclei producing the same type of particles
as in a pion - nucleon collision at low energies. The
hyperons at very high energies reproduce the nucleon colli-
lsion phenomena while at low energies decay or ;nteract with
nuclei forming hyper-fragments which in turﬁ'decay into

ordinary nuclel with or without emission of pions.

The mu mesons which are highly energetic and weakly
interacting, mostly decay. bat, since the decay time is
coﬁparable to the time for traversing the atmosphere, they
:comp?iée the major part of penetrzting component at sea

level, .

4 detector fiked af the surface of the earta records
secondary component depending upon the gensitivity to the
particular particles, To eatimate the changes of the

secondary component into primary component, it is necessary
’to know the countiﬁg’rate yzeld of the detector for a
primary incident partiele. The specific’yield function

Y (P,dY for a cosmiexray desector of a particular iype

located at a certain atmospheric pressure can be defined ag:

7 () ¥ (p,n) = AL (BD)

9P
where J(P) is the differential primary psectrum as a

function of rigidity and N(P,h) is the counting rate of



.
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the detector that receives particles of threshold rigidity P.
Only the' vertical threshold values are used because most of
the response of the detector is directed in the wvertical
direction, 3N/9P can be calculated from the latitude curve,
and if the primary spectrum is known then the yield function
Y (P,h) can be found out, Webber and Quenby (1959) have
derived a method by which the yield function can bs split
for different primary partizles. 4t great depths in the
atmosphere the yield function assumes' small value Jue to the
absogrption of most of the secondary component., Differential
regsponse curves for meson component at different depths are

ghown in figure 1.3.

:
RIS L LSRN W N \ W TN
H .
i H
H '
' H
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i :
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Koo bbbk PRI, I VY

Fig.1.3 Differential response curves for meson
detectors at differsnt depths(after
Mathews 1963).
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For Chacaltaya situated at 545 gm/cm2 of atmospheric
depth and 13.2 Bv cut off rigidity, the value of 8n/3p
(for mesons) is aﬁout 1.5/ gay BV, found by interpolating the
differential response curve for sea level and for 312 gm/cm2

(given by Mathews 1963), shown in figure 1.3.

1.13  EBffects of pressure and temperature on gezondary
gomponents:

1.131  General aspects:

The secondary components, produced by the nuclear
interaction of the primary cosmic rays with the atmosphere
and for the decay processes are affected by the conditions
of the atmosphere. The courting rate of a detector varies
‘invérsely with the changes in atmospheric pressure. This can
be expressed by an emperical relation of the cosmic ray
intensity as a function of the atmospheric pressure. The
principal components recorded st low level of the stmosphere
are nucleons and mesons and as the formation mode in each '
case is different, the factors applied for their correction
vary. The formula used for correction has the exponential
form,

N=DN, exp (Boh)
where No is the corrected value, B is called the pressure
coefficient and h is the pressure variation, In case B
ig small, it can be expanded in a simple form,

N=N, (1+3 AhL)
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Por meson component, pressure coefficient is of the order

of ~0.1%per mb but for the nuclecnic component, it is

—017% peI’ ’mbo

1,132 Corrections for Meson component:

For the meson compor.ent the meteorological effects
are faxr more complicatsdthat for the nucleonic component.
This is because the mesons zre unstable and the height
of their production over the point of observation is also
important, Thus the verticel distribution of the tempera-
ture in the atmosphere and cf density become relevent.
Duperier (1948, 1949) has demonstrated a positive tempera-
ture effect and has shown that it is connected with the
mean level of production at the height of about 100 Millibar.
Olbert.(1953) in a more rigorous treatment takes into
congideration the continuous production of mu mesons through-
out the atmosphere, and alsc, that the mu mesons suffer
from ionization losses. The conception of a production
layer at a certain height is not completely justified
because of the continuous production of mu mesons. To take
into account the ionization losses, additional terms have
to be added to the regression equation. Dorman (1957) has
made detailed study of the atmospheric effects and the
method of correction. It has been shown by him that the
emperical method is not justified because of the few

parameters used in their calsulation (Dorman 1960).
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Quenby and Thambyahpillai (1960) estimate the
temperature effect by compar-ing meson and neutron diurnal
variationsg observed at Huancayo during the 1953-1954 solaxr
minims, énd arrive at an average temperature effect of 0.11%
Deep River meson and neutron data relating to large counting
rate monitors are used by Bercoviteh (1966) to derive
amplitude of the variation of meson intensity due to atmos-
pheric temperature. He egtimatesan average amplitude of
0.046% and a time of maxima 5.6 hour local time, The
temperature related variaticns in the neutron component
(Kaminer et al 1965) are toc smell to make any noticeable

contribution.

1.2 Cogmic rays in geomagmetic field 1
1.21 Geomagnetic field and parvicle trajectories:

Stormer (1965), in connection with the understanding

of auroral phenomena, calculated the trajectories of charged
particles in the terrestrial magnetic field., The forece F
acting on a charged particle With charge e, moving with a
velocity v in a magnetic field H ig expressed by the well

known ielation.
P=lelgxv

Using numerical integration mnethods and dipole simmlation
for the geomagnetic field, Stormer found that certain
directions are forbidden to the particles of certaiﬁ energy

i.,e. at a certain peint on earth particles of certain energy
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cannot approach if from all directions and there ave certain
directions that are preferred than the others. The cone
that forms the allowed directions is called the Stormer cone.
Applying Liouville's theoren, it follows that the intensity
of cosmic ray particles in sny allowed direction will remain
the same as it is at their starting point. So, if the
distribution of cosmic rays is isotropic at infinity, it
reméins the same in all allcwed directions for any given

energy.

Even though a general dipole field suffices for most
of the applications, for sore cosmic ray phenomena it haél
been found that a higher degree of simulation of the geomag-
netic field is required. The geomagnetic field could be
expressed in terms of the spherical harmonic function, If

¥ is the geomagnetic potential then:

r
r (___e”)n+1 T
e T n

<
1]

it

LSk

n
where r is the distance from the earth and Ty is the radius
of the earth, and

2 o m m m

T, = Z (gn Cosmw+h Sinm w)}?n (o)

m=0
where gg and hﬁ aré gauss coafficients, 6 is the geographic
co-latitude, w geographic longitude and Pﬁ‘(e) are

spherical harmonics,
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Finch and Leaton (1957) and- Jensen and Cain (1962)
hgve calculated the constents up to sixth spherical °

harmonics,

1.22 Threshold rigidity: -

The Stormer theory states that at g particular point
on the Earth's surface it is impossible, for certain direct-
ion to be accessible for particles from infinity below a

certain rigidity. The minimam rigidity is

p. M Cos® A
2 ; 3. .- R
ry (1+(1 - &n @ Cos A) )

where M is the magnetic moment of the Earth's dipole field,
T, is radius of the earth, 6 is the angle between the
veloeity vector of the particle and the meridian plane,and

Ais the geomagnetic latituds,

, If the particles are incident vertically, the minimum
rigidity will be,
P = —Hs Gos* )
41

14.9 Cos*a a,v.

H

Some of the trajectories of the particles intersect the
earth elsewh- re before arriving in the allowed direction.
These penumberal trajectories contain loops representing
turning away and turning towards the dipole, But at higher

rigidities, the main cone threshold is reached and above



this value all trajectories come from infinity without
loop and are not obstructed by the Earth (Lemaitre and

Vallarate 1933, 1936, Swann 1933).

Calculations of rigidities carried out with a simple
dipole field representation of the geomagnetic field showed
discrepancies with the observed walues (Johnson 1938).
Surveys weie carried out by two igentical neutron monitors
aboard a ship and the'resul%s confirmed the inadequacy of
the rigidity calculations on the dipole model basis (Rose
et al 1956), Purther surveys were carried out during IGY
aboard the ship 'Soya' ahd nacleon and meson compohnents were
measured during the voyage to and from Antartic (Kodama and
Miyazaki 1957). 4&n airborne neutren monitor suiveyed the
equatorial region and it was possible to establigh cosmie
ray equator from 12 experimentally determined points
(Katz et al 1958)., A detailzd survey has been carried out
by 'Project Magnet' by puttizig a neutron monitor abroad

an air craft (Pomerantz and Agarwal 1962).

Quenby and Webber (19359) introduced the non-dipole
terms up to 6th degree for the‘rigiaity calculation, They
obtained a better fit with the experimental values of the
cosmic ray equator. Kellogg (1960) has also computed the
cosmic ray equator. Quenﬁy and Wenk (1962) have formulated
an emperical relation that takes into account the ideal

dipole latitude and the true latitude where the sams value



of the field exists., They 2ave derived corrections that
can be applied to give the true cut off rigidity at.a given

point,

A more rigorous method of computing the cut off
rigidities is by deriving the orbits of the particles of
different rigidities, McCracken (1962) has develoved a
widely used programme that -akes into account the geomag-
netic field upto sixth degree simulation, The directions
are followed up to.a distance of 25 earth radii, because
beyond this distance the geomagnetic field has insignificant
effect on the motion of a particle, Using this programme,
calculations have been made of cut off rigidities Zor

different. stations (Shea et al 1965).

1.23  Agymptotic directions:

The Stormer's calculetions give the trajectories of
the particles arriving at tke surface of the earth in the
geomagnetic field, For the study of the spatial dependence
of aniostropies in the flux of incidént primary particles,
it is necessary to know in cetail the asymptotic directions
far out in space i,e, the direction of propagation of the

particle before it enters tre geomagnetic field.
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Pig,1.4 Asymptotic directions of approach
of a particle trajectory.

As shown in the figure 1.4 the asymptotic dirsction
can be described by two angles A and\y , where A represents
the agymptotic latitude and ¥ is the asymptotic longitude of
the particle with respect to the meridian passing through
the observation point, Therefore, W is a measure of the
bending in longitude (time) suffered by the cosmic ray
particle while passing through the geomagnetic'field.

" In the initial stages asymptotic directions wesre
determined by model experiments using a magnetised terrela
for the earth, to which a beam of electrons was projected
(Melmfors 1945, Brunberg 1953, and Bland 1962). Numerical
integrationg of trajectories have been performed by various
authors for a dipole field (Firor 1954, Jory 1956, ILust

1957), and non-dipole terms up to sixth degree have been



included in the geomagnetic field representation by others

(McCracken 1962, McCracken et al 1962, Shea et al 1985),

Asymptotic cone of acceptance is defined as a solid

- angle containing the asymptotic directions that make signifi-
cant contribution to the counting rate of the detector. An
important consequence of th:is idea is that it gives the
particular directions in space sampled by the detector
(McCracken 1962). Since each detector looks in a uniquely
defined direction in space, different detectors fixed to the
spinning earth scan the celestial sphere; égey will record

anisotropy in space at different times (Rao et al 1963,
Webber 1963).

1.3 QCosmic ray intensity variations:

1.31 General aspects:

The general classification of the cosmic ray varia-
tions is.very mich dependent upon the nature of their
origin, It is found that directly or indirectly the sun
plays an important part in cosmic ray variations., The sun's
role in this respect is two fold. Firstly, it modulates
galactic cosmic rays by changing the conditions in the
interplanetary space, and gecondly, it injects at She time
of solar flares ogsmic ray particles in the low energy end
of the differential energy spectrum. 11 year variation of

galéctic cogsmic rays at the low energy end (Porbush 1957,



1958), the displacement of the kmee of the latitude effect
and 27 day recurrences due to solar rotation (Venkatesan
1958), are comnnected with tke different aspects of solar

activity,

The early studies of the daily variations were carried
‘out by analysing if these were the residual atmospheric
éffects. Telescopes pointirg towards north and south direct-
ions recorded cosmic ray particles that had traversed the
same amount of atmosphere urder similar conditions. Data were
averaged out over long pericds, to cancel any effects that
might be present due to the inhomogeneous atmosphere. The
time variations of the difference of the twovdirecﬁions
showed diurnal variations that were much higher thén the
statistical inaccuracy of‘the recordings (Malmfors 1949,
Blliot and Dolbear 1950, 1981). Extensive investigations
have been carried out concerning diurnal variations especially
after the availability of I.G.Y, data from world-wide network
of cosmic ray recording stations. Excellent reviews on these
topics have been given by various authors (Elliot 1952,
Sarabhai and Nerurkar 1956, Singer 1958, Forbush 19686,
Quenby 1967). L

1.32  Specgtral variation by Method of coupling
coefficients:
The variations present in the measurements of cosmic

ray particles at the ground based stations need to be



. connected to the cérrespoﬁding variations of the primary
particles. PFollowing Dorman (1963),'consider the cosmic
ray variations at a point with threshold rigidity P and at
atmospheric pressure heightihg. The observed intensity of
cosmic rays can be expressel as,

W, () = Zp(}a‘), n (B, ) 4E

where D(E) is differential energy spectrum of the particles,
and m(B,h ) is the integral multiplicity, which is the
number of secondary particles at pressure depth hO formed
from a single primary particle of energy E. In the most
general éase there can be ckanges in the threshold rigidity
P, in the differential energy spectrum D(E) and in the
miltiplicity m (Eh ). |

So taking partial differentials:

8N (h ) = ~8P.D(E) m (E,h_) + [D(E). ém(E,n_) 4E +
P O w 0 jol . (o]
{R(B) .1 (E,h )dE
and the relative change is,

5, (n,)

- < smiE,h
W = 8P.W(E,h ) + £ TR W, (B,h )AE +

T 8D(E) .
g DL W(E,n ) 4B

where Wb (B,h,) = D(B" m (E,h05 is called the coupling
N {h)
. p 0O

coefficient between the primary and secondary variations.



The relative variations are composed of three terms., The
first one indicates the chénges that occur due to the
variation of the cut off rigidity, The second tern contains
changes in the multiplicity or at times called the yield
function. These are associated with the changes occurring
in the terrestrial atmosphere., The third term contains

changes associated with the primary spectrum variation.

The coupling coefficient can be calculated in terms
of the integral multiplicity factor. In the energies
sengitive to the geomagnetiq field, this can be calculated
by taking into consideratior. the latitude effect for the

different secondary componerts.

1.33 Variation of cut off rigidity:

Uging a network of wcrld wide stations Yoshida and
Wada (1959) showed the association of cosmic ray variations
with the geomagnetic field variations., Xondo et al (1960)
have computed the expected variation in neutron intensity
for different values of charges in the geomagnetic field.
The graphs indicating the ccmputed values are shown in

figure 1,5.
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Rothwell (1959) showel that the most signifizant
changes in the threshold occur at high latitudes and these
should correspondingly affecs the cosmic ray intensity.
Taking into consideration the changes in the magnetic field
;md the Qha.nges in dimensions of the magnetospheric cavity,
Obayashi (1959) has calculated the variation of the cut off
rigidity shown .in figure 1.6.
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! with various values of AH (Obayashi)

" Fig.1,E.
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Dorman et al (1961) have computed the expected changes of
cosmic ray intensity for changes in the magnetic field.

These graphs shown in figure 1.7 are very useful in inter-
preting the changes found in the cosmic ray intensity and

their corresponding relation with the geomagnetic wvariations.
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Pig.1.7 Curves 1.....7 for H = 500, 400, 300, 200, 100,
50 and 30 ¥; a, b, for the ionizing component
at stratosphere, and at 4,3 km altitude; c, 4,
for neutron measurements at mountain altitude
(700 rb: and at sea level{from Dorman 1963).

For any cut off rigidity the counting rate N of a

detector can be compared to the integral primary irtensity.

The differential counting rete between E and E + 4B will

be é‘% ~ n (E) ¥ where E is the cut off energy and n

(E) is the yield function and X is the exponent, of the

integral energy spectrum,




= . ¢
N'vf n(E) E 4B
E

This equation gives the relation between the differential

primary spectrum and the efrfective spectrum.

1.34 Energy Spectrum Veriations:

The cosmic ray events found to be energy dependent
can best be expressed by spectral variations. This is very
ugeful method for studying'anisotropies. In case, data from
ground based detectors are wsed, coupling constants or
specific yield functionsplay an important part in connecting
variations of primary and secondary cosmic rays (Treimén
1952, Simpson at al 1953, Dormen 1963). Using data from
world-wide network of recording stations, extengive studies
in energy spectrum variations have been carried out by
various authors (Rmo and Sarabhai 1961, Rao et al 19263,

Kene 1963, 1964).

In the 1atitudé sengitive region of cosmic rays,
direct measurements of the primary cosmic rays have been
carried out by various authors. The megsurements are mostly
performed at the top of the stmosphere by balloon bcrne
detectors, and lately satellites have been used for measure-~
ments in space., The latitude curves for either the ion
chamber or the counter‘may be used for obtaining the

primary spectrum, The spectra during sunspot minima and



mexima have been determined. Studies of various solar
events have also been carrisd out (Winckler 1960,

Balsubramanya and McDonald 1964, Fichtel et al 1964).

1.4 Conditions in Interplanetary space: -

1.41 Solar wind:

Based on the observations that comet tails point
away from the sun, Biermann (1957) concluded that the emission
of corpuscular radiation from the sun is not s sporadic
phenomenon occurring only during active periods buv takes
place even on quiet days when not much activity is observed
" -on the surface of the sun. ‘Starting from Chapman's (1957,
1959) idea that the thermal conductivity of the corona is
* very high and that the corora populated by the hot ionized
Hydrogen, extends far into space, Parker (1958) suggested
that the energy transfer takes place from the cororal base by
hydrodynamic heating of the plasma, rather than by thermal
conduction, The necessary consequences of the temperature
distribution of the corona is an outward streaming of the
plasma which Parker termed 'solar wind'. ZEven during quiet
perioés the solar wind is ejected with hypersonic velocities
in the range of 300 to 400 km/second, which increases to

about 1000 to 1500 km/second over active regions of the sun.

The behaviour of the plasma can be described by

Boltzmann equationg for the aydrodynamic motion of a fluid.
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Even though the plasma is in a highly ioniéed condition,

an overall condition of neutrality is maintained, Hence
the solar wind can be definsd as highiy ionized neutral gas
in which most of the kineti:z energy is associated with the
radial outward bulk motion (and nct with the thermal or
random motions). The kinetic energy is carried by the ions
(Protons), because although, electrons have the sane
streaming velocity as the ions, they have much smaller

magges.

Since the kinetic enargy density of the solar wind
is everywhere greater than the magnetic energy density
except in the lower corona, the sclar wind will be propa-
gated radially outward. Th= magnetic field lines which are
firmly anchored to the sun, however, will be stretched in
the form of spirals called Archimedes spiral, due to the
rotation of the sun. The gireaming angle is defined as the
angle between the field dirsction and the local radius
vactor, and can be computed from the plasma velocity and
the solar angular velocity. For normal solar wind velocities
of 300 km/second, the streaming angle at a distancs of

1 4.U. is sbout 45°, as shown in figure 1.8,

It is obvious that the solar wind pressure gets
attenuated at distances far away from the sun, where the
pressure becomes comparable to the intersteller prsssure.

The wind velocity is reduced to subsonic values ani the



random motion of the indivicual particle increases. The
plasma cools down by mixing with the intersteller gas and
ultimately forms a part of it. The distance to which the
solar wind extends' is estimeted to be about 50 4,U. or may
be more, It is expected thet this distance increases with
the increase in solar activity due to the enhanced solar

wind velocity.

The characteristics of the solar wind are determined
by its bulk velocity, particle density and temperature,
Series of satellite experiments have been performed to
measure the solar wind paraneters, Bridge (1964) has
summarised the results of the different plasma probes start-
ing from Pioneer 1 to Explorer 18. The typical va_ues
observed by Mariner II are; solar wind valooity 360 to 700
km/secbnd, paptiole density 0.3 - 10/cm5 and tempexrature

% 40 5 x 10° k.(Snyde= and Neugebauer 1964). The

6 x 10
observations have also revealed close correlation of solar
wind velocity with kp and iss association with M-region
storms (Snyder, Neugebauer and Rao 1963). The Mariner II
plasma megsurements demonsfrate the existence of 27 day
recurrent plasma events. The recurrent increases in
plasma density are generally preceded by peaks in plasma
velocity (Weugebauer and Snyder 1566). The close asgocia~-

tion of the recurrent high velocity plasma events in the

recurrent M-type geomagnetiz storms have also been



established, The solar wind streams connected to the active
regions that pers;st for many months, can create recurrent
magnetic disturbance of M-type characterised by 27 days recu-

rrent tendency (Mastel 1964),

In géneral, there are three modes of wave propagation
in an ionized gas having frogzen in magnetic field., The
transverge Alfven wave propagates along the field lines with
a velocity VA =B (41 Q)- where B is the unperturbed
magnetic field, @ is the density of the ionized gas. The

magneto-acoustic waves propagate ir a direction traansverse

%

’

to the lines of force with a velocity Vg = (¥p/Q )
where X is the ratio of the specific heat at constaut
pressure to the specific heal at ccnstant volume, P is the
gas pressure., The phase velocity is given by (Vi + Vg)% .
The solar wind having velocity of 200-600 km/second is

considered to be supersonié with a mach no.of about 5.

1.42  Interplanetary magnetic field:

The sun has a general field of the order of a few
gauss which is extended by the radially outward moving
plasma (Parker 1963). The active regions of the sun can have
magnetic fields as large as a few thousand gauss, consequent-
1y, the interplanetary field between the sun and the earth
wil; be different during active pefiods. During quiet
periods, as already explained, the angular rotation of the
sun causes the field lines tc be gtretched in the form of

spirals.



QUIET DAY MAGNETIC LINES OF RAWN
UT BY A SOLAR WIND OF m.&omx o
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Fig.1.8

Figure 1.8 gives the sketch of field lines and the radially
moving outward plasma, This has been verified by direct
measurements of the field ard plasme with instruments abroad

space crafts of IMP and Pioreer series.

Puring periods of high solar activity when the velo-
city of the solar wind is very high, the field configuration
in the interplanetary space changes considerably., Different
models have been proposed fcr understanding the field

configuration during these yperiods.

Gold (1959) proposed that the sunspots and other
solar disturbances form the origin of the field lines that
congtitute a kind of a magnetic bottle. The intense
magnetic field in the bottie will prevent the low energy

galactic cosmic rays from ertering inside it, thus causing
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an intensity depression within the bottle. -Recent evidence,

however, does not favour thisg model,

Parker (1961), on the other hand, considers the
imposition of blast wave in order to explain the ccndition
of field during disturbed deys. Since the magnetic lines of
force move with the medium, a spherical symmetric blast wave
moving radially will not affect the radial component but will
compress the azimuthal compcnent, prodﬁcing a kink in the
magnetic field, 8o, the quiet day interplanetary field 1s
sheared by the blast wave generated due to solar activity
producing a kink., The direction of the field lines in the

kink is shown in fugure '1.9.

DISTORTION OF THE INTER PLANKTARY
MAGNETIC FIELD BY A SUDDEN BURST OF CORONA

Fig.1.9,

Based on the background of Parker's theory, Sarabhai
(1963) has pointed out interesting consequences that arise

when slow plasma from solar regicn A follows fast plasma



from solar region B. The resulting conditions in interplane-

tary space are shown in figure 1,10.

Fig.1.10 Region (a, ag B) Cavity and Y (turbulent)
formed in interplanetary space along the
solar equator=al plane by the interaction
of glow and fast moving plasma (after
Sareabhai 19631,

The interface generases a cavity almost free from
plasma and bounded by intense magnetic field., This results
in forming a scattering censre for low eneréy cosmic rays.
If it continues to persist “onger, then it can be responsi-
ble for 27 « day recurrent Forbush decreases and other

geomagnetic effects.

Solar modulation of galactic coswmic rays can be

described to bé the result of the inward diffusion’of cosmic

¥

rays through megnetic field irragularities carried outward
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from the sun by solar wind (Mayer and Simpson 1957, Parker
19588), The diffusion coefficient describing the motion of
cosmic¢ rays in the interplanetary space was discussed mostly
on the concept of magnetic scattering centers and the basis of
treatment, in general, was phenomsnological. Jokipii (1966
1967), for describing the motion of cosmic rays in the inter-
planetary field,’determines diffusion coefficient from the
power. gpectra of magnetic-irragularities obgerved on space
crafts., Using some of the reported spectrsa (Coleman 1966,
and Siscoe et al 1967), he finds the diffusion coefficient

to be proportional to R B, where R ig the particle magnetic
rigidity and B is particle velocity. The relation seems to
be valid for particles of kinetic energy of 10 MeV/nucleon

to about a few GeV/nucleon, Thus, the motion of cosmic rays
in the interplanetary space may be quantitatively related to

the observed magnetic field,

1.43 §ector structure:

The interplanetary magnetic field measurements by a
clean IMP I satellite have clearly indicated that vhe
intensity of the interplanesary magnetic field is in general
aboutlﬁ gammas and is along the garden hose direction (Ness
and Wilcox 1964), as predicsed by Parker (1958), although,
it varies considerably in d-rection and magnitude at times.
Purther, Wilcox and Ness (1965) find that the interplanetary

field is divided in the fornm of sectors, the field in



alternate sectors being oppositely directed to each other,

either predominantly away or towards the suﬁ; The sectorial
pagsage was observed for nurber of solar rotations., The
field directions near the earth in each sector were well

correlated with the directicns of the average solar photo-

spheric magnetic field within 15O of the solar equator, with

golar wind velocity of 385 km/second carrying the frogzen
field with in it.
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Fig.1.11 Interplanetary magnetic field sector
structure (after Wilcox and Ness 1985)
The gross pattern of the field found by Wilzox and

Ness is shown in figure 1.11. It is seen that the inter-



planetary space is divided during this period intc four
sectors, three of which occupied 2/7 of the longitudinal
width and one 1/7 of the width, This sector structure
corotates with the sun and so, sweeps past the earth every

27 days.

The gector boundaries are characterised by a sudden
change of direction of the magnetic field. There seems to
be a tendency for the protenm density and solar wind velocity
"to change at the boundaries of the sector structure (Iyon
et al 1964), The sector structures seem to persist over
guccessive solar rotations, TField megsurements aboard INP
II and Mariner IV have provided further evidence of the
existence of corotating sector structures (Fairfield and

Ness 1967).

1.5 Interaction of solar wind with geomagnetic field:

1.51 Magnetosheath and magnetospheric cavity:

The formation of the geomagnetic cavity due to the

" impinging of solar corpuscular particles was first discussed
by Ohapman and Ferraro (19%1). The outward streaming plasma
will sweep any external field shead of it in oxrder to
prevent any change of field within itself, This is
accomplished by surface currents at the magnetopause which
cancel the field due to external currents at all interiox
points, It is this property of the plasma which causes

the geomagnetic field to be compressed and confined



within a cavity by the solar wind. In other words, the
plasma stream interacting with the geomagnetic field can
penetrate upto a distance where the kimsbtichpressure of the
solar wind is balanced by the geomagnetic pressure given by,

5° 2

8n
whsre n is the particle density and m is the proton mass.

=nnmV

The total magnetic field H at the surface of the strean,
which is twice the original geomagnetic field at that point

(Obayashi 1959) is given by,

H:%& where Hj = 0.3 T

‘. By substituting the apprqpriate values in the above
equations it can be shown that the magnetopause is at a
distance of approximately 10 earth radii in the sunlit side.
In the sntisolar direction where the forward motion of the
plasma is not able to exert any influence, the tail of the
magnetosphere ig stretched in the form of a tear drop, The
streaning plésma is not able to close the tail because it -
does not exert transverse pressure, The boundary will
assume the shape where the external pressure exerted by the
plasma and the interplanetary magnetic field balances the
internal pressure due to the interior magnetic field, the
plagma contained in the tail and hydrodynamical waves propa-
gating ingide the tail. A magnetically neutral region called

the neutral sheet has also been identified. Its formation



can be explained on the basis of the outgoing and incoming
lines of force, There are indications that the length of

the tail extends beyond the orbit of the moon,

Magnetometer and plasma probe data from satellites
have\been uged to map the form of the geomagnetic cavity and
the extent of the turbulent regior (Bonetti et al 1963,
Happner et al 1963), Extensive mapping of the magnetosphere
boundary was carried out by Cshill and Amazeen (1963), with
a magnetometer aboard Explorer 12 satellite, They found
abrupt changes in the magnetic field directions at a distance
of about 10 earth radii on the sunlit side, implying that the
magnetic field was in a turbulent state at that point. This
marked the boundary of the magnetogphere, It was observed
that during storm conditions the boundary tioved closer
to the earth, This could be explained on the basis of the
increased kinetic pressure of solar wind (Cahilland Bailey

1965).

Detailed magnetometer measurements using IMP
satellites have been performed from the sub-solar point %o
the night-time extending far into the tail (Ness et al
1964, Ness 1965). The shape of the cavity derived from

these measurements is shown in figure 1,12.
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Fig.1,12 Projection of the magnetic field
topology on nocn-midnight meridian
plane (after Ness 1963).

As indicated in the disgram, the magnetopause is at a
distance of about 10 earth radii towards the sunlit side,
The extent of magnetosheath ig from a geocentric
distance of about 10 to 15 earth radii bounded by a bow
shock, The extent of the magretosheath is dependent upon
the hydrodynamical ﬁressure exerted by solar wind, Beyond
that the interplanetary field becomes very ordered and the
gverage direction is confined to the general Archimedes

spiral. In the tail side there is a neutral sheet, From



the study of the simultaneous records of magnetic fields

and energetic particles, inderson and Ness (1966), for most

of the orbits of IMP'I on the dark side of the earth, found
4

depressions in the magnetic field in the particle cusp

region,
1.52  Bow_ Shock:

The particles of sclar wind have no transverse
component of bulk velocity, and the coulomb interactions
between the particles are extremely rare as the mean free
path is of the order of 1 A.U, The magnetic field forms an

obstruction to the solar wind flow.

The obstacle offered by the geomagnetic field to the
supersonic solar wind will make it to go around the magnetic
field and thermalize in the tail side, By analogy to the
hydrodynamic flow around on obstacle a bow shock will be

formed towards the sunlit side.

The hydrodynamic waves crossing the boundary of the
megnetosphere transfer energy and momentum, The geomagnetic
phenomena are evidence of such\a dissipative interaction,
which implies the existence of transverse stresseé at the
magnetosphere boundary. These stresses can have profound
influence on the shape of the magnetosphere (4Axford 1964).
Inflations and distortions of the magnetosphere have been
observed by Explorer 12 and 26 (Cahill and Bailey 1965, -
Cahill and Patel 1967).



1,83 Theoretical models of the magnetogpheres

Starting from an initial assumption of a uniform
magnetic field bounded by a plane current sheet, iterative
and self consistent methods of successive approximation ﬁp
to fourth degree are used to compute the shape of the geo-
magnetic field boundary in solar wind (Midgley and Davis

1963, and Mead and Beard 1964).
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Fig, 1.13 Computed shape of the magnetosphere
boundary (after Mead and Beard 1964).
Figure 1.13 shows thé boundary surface in two planes
cut through the dipole. The curve above the horizqntal

axis is the solution in the meridian plane and the curve



below is in the equatorial plane of the dipole. The solar
wind is incident from the left side and the distance is
measured in units of Ty tae distance to the boundary along

the Earth-Sun line in the Zirst approximation surface.

At the points within the magnetosphere resultant
field due to geomagnetic f-eld and the component due to

surface currents has been computed by Mead (1964).

Fig, 1.14 Computed field line configuration on
noon-midnight meridian plane (after
Mead 1964).

The comparison of the resultant field and the dipole
field is shown in figure 1,24, The field is compressed on
both the day and the night gide of the Earth. At a
distance of 10 Earth radii glong the Barth-Sun line there
exists a critical latitude cf 83° above which the field

lines originating on the day side of the Earth are thrown



back to the night side, thereby creating a neutral surface,

An interestiné application of Mead's spherical harmonic rep-
resentation of the‘cavity field to the cosmic ray threshold
rigidity shows that an increase in the rigidity wvalue occurs

due to the presence of the cav:ity (Makino and Kondo 1965).

1.6  Geomagnetic Micropulsations:

1.62 Characteristics of geomagnetic micropulsations:

The geomagnetic micropu_sations of regular type in
the range of 0.5 to 600 seconds periods are subdivided in
five groups designated as Pc 1 to Pc 5 (Jacobs et al 1964).
The pulgétions of short periods, Pc 1 and Pc 2 are, in general,
connected with auroral phenomena., But, towards the larger
periods these assume hydrodynanical character and show
certain assymetries and polarization, Amplitude of Pc 5 is
latitude dependent and shows pclarization of the perturbed
vector (Kato 1965 &).

Large fluctuations in tke range of 2 to 10 minutes
periods have been observed at polar stations, having morning
and afternoon maxima {(O1' 1963). Using micropulsation data
from three stations around the geomagnetic equator, Mzson
(1963 a ) has not found any corsistent frequencies in the
range of 1-6 cycles per hour., The interéomparison of the
spectral densities for the simultaneous daté of these
stations does not indicate any consistency of peaks,

although individually several frequencies are prominent.



: 40 :

With the magnetic data from New Jersey, Davidson (1964) has
made some studies aiﬁed at inveétigat;ng thte source and
propagation mechanism of the micropulsations by means of the
variability of their power spéctral densities, In the

range of 4.5 to 1000 seconds periods, it is demonstrated by
him that much of the varigbility of the fine structure of
the spectrum disappears as sufficiently large quantity of
data are averaged, but certain characfers assume stability.
Hence, in the range of 1 to 6 cycle per hour no prominent
peaks are present over long periods of time, although, there
are indicationg of their periodic behaviour at about 40
minutes period during magnetic storm conditions (Pai and

Sarabhai 1964).

Studies aimed st the theoretical calculation of the
amplitude and the polarigzation characteristics of the
micropulsations have been carried out by Prince et al(1964),

Pield (1966) and others,

1.62 Amplitude and frequency dependence on latitude:

It has been observed that amplitude of Pec 5 is
latitude dependent, The activity is found to be larger at
highef latitudes than at lower ones. A single event, in
general, shows an increase of amplitﬁde with latitude,
although, not all the events behave in the same way

(Duffus et al 1954, Mason 1963 b).



The latitude dependence of the frequency of the
micropulsations can be explained on the basis of the increase
of the length of lines of force along which the hydrodynamic
waves are propagated, The relationship is formulated by an
analogy of an elastic string to the lines of force connect-
ing two conjugate points having geomagnetic latitude 8, and

0_ (Obayashi 1958). The pericd T can be expressed as,

EN
e g 8
g Vy

where 81 is the element of the line of force, Va ig the
Alfven velocity and is equal to H/AV4n¢ , H being the
magnetic field strength and € = m n, m is the particle
mass and n, the plasma cancentratfon. ﬁssuming Parker's
distribution of charged particles in the magnetic field
(Parker 1957), and the relationship Hg/afn:wn il V2/2 at the
magnetospheric boundary, we get, T 005-26, which shows

the period to be dependent on 9, the latitude.

1.63 Hydrodynamical nature of Pec 5:

The velocity and density gradients of solar wind
produce time and space fluctuations in the field of the
magnetosheath, Tﬁese fluctuations produce stresses at the
boundéry of the magnetospheric cavity and transmit hydro~
dynemic waves towards the Barth, It has been observed that
fluctuations in the interplgnetary magnetic field are



capable of producing geomagnetic micropulsations (Kato 1965b).
The waves are reflected at a certain geocentric distance

that corresponds to their period and 'their energy is trans-
mitted along the lines of force, The asymmetric radial
stresses are capable of producing polarization effects in

the fluctuations, These effects have been observed for Pe 5

pulsations.
1.64 Telluric currents:

The measurements of the earth currents can also give
good indication of the geomagnetic sctivity, Some of the
interference problems common with megnetic measurements are
reduced, and so the recordings have more reliability
(Hessler and Wescott 1959). Hence the earth currents data

can as well be used for micropulsation studies.



CHAPTER TIT

EXPERIMENTAL SET UP

2.1 General Remarks:

Operation of a large area of detectors presents
diverse problems; the very high counting rate demands fast
circuits, but to be free from intermodulation. The problem
of insuring stability assumes greater proportions and the
grounding arrangements become critical, Since the detectors
are spread over a large area, they become much more suscept-
able to noise. As the scintillators formed the part of the
Air Shower Experiment (BASJE), their performance requirements
were not so rigid and had a sensitivity over the area
uniform to within + 57 (Suga et al 1962). With the help of
the BASJE group and using a Multi-channel Pulse Height ‘
Analyser, the‘author carried out detailed checks of differen-
tial spectrum of the output pulses from each of the photo-
tubes. It was found necessary to carry out certain modifi-

cationg which resulted in bringing down the level of noise,

Tiﬁe variation eiperimenﬁs require very stringent
standards of accuracy and sfability. So, ﬁot only the
individua; module shouid be zeared to that standard, but
also the complete unit should be ir the optimum operational
condition, Any lapse on these counts can result in produc-

ing not very meaningful data.
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2.2 Operation:

Fifteen scintillators occupying an area of 60 Sq.
meter are housed in a cave, with about 3 ¥.W.E.absorber over
it.

The sectional view of the cave is shown in figure 2.1
indicating the absorption material around the detecting
system. Bach scintillator has 4 square meter area and is
fixed at the top inside of a container that acts as a light
coupler to a photo-tube fitted at its apex with a rreampli-

fier just below i%.

Three rows each of five scintillaters form the
geometry of the detector. The lay out is shown in figure
2.2, indicating also the recording channel in whick each

i

scintillator's counts are accumulated.

Following- the block cdiagram shown in figure 2.3, we
find that after discrimination, the pulses are mixed into
three independent channels each containing pulses from &
detectors. The output pulses are then fed to the decades
where thege keep accumﬁlating until the start of a punching
cycle, 4n electronic clock sends an initiating pulse to an
integrator and this results in initiating from the Integrator
a read pulse to the decades and the information is transferred
to the tempbrary storage. another pulse resets the decades

that start counting again for the next punching cycle.
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A simnltanéous clock pﬁlse actuates a start stop
P/F (flip-flop) in a serial converter, This unlocks a ring
counter that starts advancing step by step. At each step,
information in BCD code is converted in DEC code by a Matrix,
aftéf-which through a coupler it is punched out on 5 track
paper tape and also printed by an IBM typewriter., This
process continueg until all the BCD information has been
scanned, . Uhen calendar and pressure are also to be included,
a relay switches in more stages of the ring counter and this
results in the BCD informafion of the caleéader and the
pressure, getting scanned and punched out, Print inhibit
circuits lock the Matrix when a functional code is being
punched, At the end of the punching cycle the last pulse
from the ring counter resete the start stop F/F and also
the temporary storage stage. There is an arrangement for
automatically chanéing the tape puncher by using a 24~hour

pulse from the clock.

The clock can be adjusted to generate initiating
pulses that will start a purching cycle of 1 sec, 12 sec,
1 mt, and 4 mbts., In the serial converter the punch speed
can be adjusted so that the punching aperation is over

before the new cycle starts.

2.3 Detectors and associated electronics:

" 2,31 Scintillators:

The Scintillators used in the present investigation
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have been prepared at M,I.T (Clark et al 1957 b ), using
methods developed by Buck and Swank (1953) and Fischer
(1955). The photo-tube is rlaced at a certain distance from
the secintillator; so, it is mecessary to have optical coupl-
ing of the photo-tube to the scintillator by using proper
light pipes (dkimov 1965). The problem is to be ccnsidered
in terms of the multiple reflection of the flourescent light
inside the detector and its gradual absorption by the walls
and the scintillator, White paint is used for the inside
surface so as to increase its reflectivity. To improve
uniformity of response over the sensitive area, the photo-
tube is to be pléced in suck a position so that the optical
path léngth to various parts of the scintillator is as nearly
equal as possible, Detailec tésts have been deécribed by
Olark et al (1957 b). Sixteen scintillation slabs that form
the 4 Sq.meter area of the éetector are so constructed as to
havé g depression in the middlé, g0 that the optical distance
to the photo-tube fitted at the apex of the conical box is
nearly equal. The sensitivity of the scintillator is

uniform over the area to within + 5% (Suga et al 1962).

2,32 Photo-tube:

The photo-fube, Du Mont K 1328 used in the experiment

F
has 14' photo~cathode size, average cathode efficiency

15

45 1 A/lumen, and cathode dark current at 22°C, 100 x 107 ~°A.



2 49 ¢

It is very desirable that the photo sensitivity of the
cathode ares should be homogeneous and the- transit time of
the electrons in the tube is sméll, The noise should be as

small as possible.

The calibration of the tube ig carried out by using
illumination by short light pulses of 2-3 nano-sec., For !
determination of dark currert, a pulse height analyser is
uged after putting the photo-tube in a light tight box.

These checks are described later in the chapter.

2,33 High voltage connection to the photo-tube:

Figure 2.4 shows the H,V,conmaections to the photo-tube;

and the preamplifér eircuit.
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The dynodes are connected to a common voltage divider

leading from a high voltage regulated power supply. 4
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filter network is used so that the ripple component is
reduced, and the photo-tubes are decoupled. To decrease
intermodulation it is essensial that the AC return circuits
of each of the photo-tube'should be separate. By proper
voltage distribution arrangement, each dynode is successive-
ly kept at a higher relative potential than the previous,
The voltage difference ﬁt the first dynode is larger
‘6ompared to the others so that the electrons emitted from
the photonéathode undergb larger goceleration, The later
dynodes‘need a Eypass capacitor becausge the secondary curre-
nt gets larger, and can fluctuate the potential at the

dynode,

2.34 H,V,Power Supply:

Figure 2.5 shows the circuit diagram of the H.V.supply
that gives the required voltages to the anode and cynodes

of the photo-tubes.
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It is composed of two independent power supplies
giving regulated output of about 600V each. The outputs
are connected in series so that the common point of the
upper power supply is at a floating potential. This requires
the return circuit of that supply to be insulated, The
arrangement minimises insulation problems bhecause the voltage
for a single unit is not large. The gtabilizing circuits
are conventional oneg; using reference voltage from a gas
tube and a geries tube for regulation, A bleeder network is
connected across the H.V, output so that suitable voltages
can be used according to the individusl characteristics of

the photo~tube, -

2.4 Amplifiers:
2,41 Pre—amplifier:

) The circuit diagram is shown in Fig.2.4. It takes
the output of the photo-tube and feeds it further to the
main amplifier, The following are the critearea of operat-
ion of a pre-amplifier:

(1) Matched impedance with the photo-tube,
(2) Low noise level,

(3) Stable operatiom,

(4) Proper decoupling arrangement,

(5) Small leads to reduce stray capacitances.

The output impedance cf a photo-tube is very high.



To match this, a cascade of swuccessive emmitter followers is
built using three 2N404A transistors, so that the input of
one isg looking into the outpus of the other, The input
impedance offered by T1 is la~ge where the output impedance
of T3 is small, so that it can be matched properly with the
amplifier stage having a gain of 10, The input and output
of this amplifier are both em.tter coupled, The feed back
is large, so the operation of the amplifier is stable and the
,amplification factor depends upon the ratio of the feed back

loop (Suga et al 1961). The 7oltage supply is + 12V.

A printed circuit board of the above circuit arrangément
is mounted just beneath the photo-tube and wvery short leads
are used from the input of the amplifier to the anods of

the photo-tube,
2.42 Main amplifier:
The output of the pre-amplifier is connected to a 93

ohm termination line through a coaxial cable of the sanme

impedance., The arrangement i3 ghown in Fig.2.6.
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Two amplifier loops having a total gain of 30 are used
upto the stage of 'trigger out', of the BASJE. The general
gignal level at the 'trigger out' is 0.2 to 0.6 volts, with
the noise level of about 0.1 to 0.2 V. The output has been
taken at 'trigger out! and not from liﬁear out because the
BASJE circuits associated at 'linear out' tend to lower the
pulse height, at particular intervals, which introduces
pulse height variationsg that can be harmful to continuous

recording.

2.43 Discriminator, pulse shaper, mixer and driver:

As shown in fig.2,7, the circuits are designed to
amplify the pulses to a level that is suitable for disgerimi-

nation after which there are fed to a pulse shaping circuit.
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The autputs of 5 shaping circuits are then mixed and
a driving cirecuit is used to transfer the resulting output

to a pre-scaler,

It is necessary to amplify pulses taken from 'trigger
out' so that the integral curvs of tke pulse height versus
counts has a flat portion over a sufficiently large range.

If the amplification is too small, the range will be too
compressed and g slight fluctuzntion in the discriminator
voltage wili result in a large change in the counting rate.
But, if the amplification is too large, it will saturate the
noise pulses and discriﬁination process will become difficult

and unreliable.

A

After an emitter follower, an amplifier stage is put
with a gain of 24 so that the range of the flat part of the
integral speotrﬁm is from 2 tc 4 vols. Saturation of the
pulses occurs at about 10V, The differential spectrum
typical of the 15 stages is stown separately in anotker
section and will be discussed in detail there, Pulse height
analysis is carried out at the pre-amplifier, main amplifier
end input to the discriminator. This is helpful pot only in
finding out the point where tke discriminato£ level can be
fixed, but also to keep track of the stability and general

behaviour of the circuits.

The discriminator circut is designed in such a way

that it is combined with the pulse shaper circuit. Two



transistors are connected in rarallel in ‘the emitter and
collector. ‘éo one of them the discriminator circuit is
connected, while the other, fcrms the part of the pulse
shaper. With a slider arrangement, voltage can be varied so
that the required level of diccrimination can be set, and
the circuit will trigger only when the pulse is higher than
the predetermined véltage set by the potential divider.

This circuit has ail the advartages of stability and'simpli~
city, and is specially designed for this unit, This has
been subjected to various tests and the details will be des-

cribed elsewhere in this chapter,

Pulse characteristics at the input and output of the
cable from the driver stage tc the Pre-scaler are given in

the following table,

Table 2.
Channel Pulse Rise time Duration Fall time
No. Point height ,
volts a-sec. n-gec. n-sec.
I Input 8 0.2 1.0 0.4
OCutput 8 0.2 1.0 0.4
II Input 8 0.15 1.2 0.7
Output 6 0.15 1.2 0.7
III Input 8 0.2 1.0 0.5
Output 6 0.2 1.0 0.5
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Regulated pewer supplies are used for the DC voltage
+ 12 volts fer transistor operation and for discriminator.

Bach channel has its own deccupling circuits.

2.6 Counting circuits:

2,51 Pre-Scaler:

The main purpose of a rre-scaler is %o slew doewn the
counting rate so that the decades can hold the total counts
within their range, for the epecified duration of recording
interval, and there should be no over flow, Another important
specification is that the recsolving time should be as small
as possible i.e, it should be able to distinguish between

two pulses even if they are very close to one-another.

Figure 2.8 discribes tke cireuit of the pre-scaler.
The basic F/F circuit uses fest transistors 2 N1499 A, There
are eight gtages and each is supplisd with arrangements for
a visual display of its conditien, The input accepts about
5V positive pulse and the oufput is given as a 6V negative
pulse; Eight stages are used and the whole arrangenent is

put on a printed circuit board.

An additional feature that makes the scaler more
versatile is to route the ouzput circuit, through a rotary
switch to different stages, so that the required number of

stages can be used depending upon the counting interval.

The resolving time, as mentioned previously, is very
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important, becsuse in case of the slow counter there will be
loss of counts. Using a double pulse generafor the resolving
time of the first stage is determined to be 0.5 m sec.for
leach channel, As the counting rate for gach channel is
approximately 5000 per sec., the probability of loss of

counts is less than a fraction of a percent.

Similar units are built for each of the channel, with

independent inputs and outputs.

2.52 Count decades:

Commercially manufacturated R.I.D.L. decade modules
are used. Each‘channel has 4 decades for count storage,
that provide for a totai count accumulation of 104. Input
pulse requirement is 10v pozitive and resolving time of

1.5 ;. sec.

It is composed of a standard instrument case contain- .
ing a power supply and can e fitted into a 19'' Relay Rack.
Bach module fitted into the case, draws power from it. The
module contains 4 reading dzcades and one count control
circuit bYoard, In a gingle decade board four binaries are
used. Each binary output is coded as 1.2.4.é, degignated
serially. This coding systsm is called B C D, shown in

figure 2.9 a,

To decode these, logic circuits are used and the
output assumes decimal form, Throughout the whole unit the

same coding system is used,
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A modification is carried out to put an electronic

reset for the decade, as skown in figure 2.9 b,

This is designed in such a way that at the end of the
count cycle, a pulse resets the decade and the new cycle

starts.

4As can be seen that the pre-scaler gives a negative
pulse whereas the decades need a positive pulse, so a pulse
inverting circuit is put in the control circuit board of

the decade,

2.6 Electronic clock calendar:

Its purpose is two-fold, Firstly, to supply a pulse
that initiates the recording cycle, and secondly, it provides
in B C D code the time reference of the recording cycle,
indicated in minutes, hours and days. A block diagram of
the clock is shown in Fig,2.10 (a), indicating the modules
that comprise the clock, puaching cycles and form of BCD

output for address punch out.

The clock is made up of four modules comprising of
oscillator, scaler, minutes scaler and calendar. - The first
module contains an oscillatsr of frequency 100 kcs that
uses a highly stable crystal specially cut so as to have‘a
stability of ,005% from O t> 50°C. The tramsistor used is
a silicon one, so ﬁhat the sscilletion frequency saould

remain stable, A buffer amplifier is used to give a
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positive pulse to the qext gtage. The details can be follow-

ed from the circuit diagram shown in figure 2.10 (b).

The second module contains 5 RIDL decades and the
output of the previous stagz is fed to the first dscade. It
can easily be seen that the output of the last decade will

be a pulse every second.

The third module is She most important one, and
contains circuits that give initiating pulse for the recording
cycle, The first printedcizcuit board contains a RIDL pre-set
decade. With the help of a star wheel fixed at the top of
the decade, a pre-set number can be set. When the decade,
during the process of counting approaches this number, a
pre-set pulse is given out. This is fed to a 'pre-~set sense!,
that gives a pulse for resetting the decade and & carry pulse
to trigger the next decade. The RIDL decade, modified for an
electronic reset arrangement, receives the reset pulse and
starts again for the next cycle. The pre-set is at 6, so
that the carry pulse fed to the next stage is at 6 second
interval., The decade marked 3 will give an output pulse at
1 minute intervsl, So, now we have 1 sec.,, 6 sec,, and 1
minute pulses. To have initiating pulse every 1 sec., 12
sec.,, 1 minute and 4 minute, a swiiching arrangement is used.
It has 4 positions and at each one of the positiohs, will

give the required pulse interval.



For 12 second initiating pulse, & binary is used with
6 second pulse as input, and for 4 minute, a double binary is
uged with input pulse of 1 minute., For calendar or pressure
inclusion, the reléy operation requires a positive pulse at
1 minute interval, for 12 second recording cycle, and a 4
minute interval pulse, for 1 minute recording cycle. For
each cycle of data punching 13 codes are required, also 7
codes for address, 4 codes for pressure and 1 each for the func.
codes, These should not exce=d 80 upto the 'end of the lihe
cycle',

The details are given in the following table:

Table No,2.2

Summary of recording intervals

Data Address Bnd of ths= Total codes
interval . line without with
: pressure pressure
1 Sec. - s 6 Sec. 78 -
12 Sec. 1mt., 1 mb, : 73 77
1 mt. 4 mb., 4 mt. 80 84
.4 mt, 4 mt. 4 mt, 21 25

The fourth decade is pre-set at 10, so that its out-
put pulse is at every 10 minute interval. It gives a BCD

code output for the purpose of punching minutes. The next



¢ 64

decade is pre-set at 6, giving a pulse at one hour interval,

Hence 0-59 mts.can be punched.

An hour's pulse forms she input of the fourth module,
Pre-set decades marked 1 and 2 count hours and ten hours,
The first is reset at 4 and the second at 2. The common
'pre~set sensge' is connected So the pre-set output of both,
and at 24, it resets both the decades and gives a carry
pulse to a set of three pre-set decades that count days, 10
days and 100 days respectivelw. There is a common pre-set
sensgse for thege decades and if these are set at 365, these
will operate upto this number and then are re-set, thereby
a year can be counted. The BCD code output of the pre-set
decades ig fed to the serial converter and punched and fyped

in the proper sequence of data recording.

2.61 DG/DC Converter:

The mountain gtations, in gensral, suffer fron
frequent power stoppages. But, for an electronic clock
it is very essential that it should operate even during

power failures.
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Fig.2.11 DO/DC Cenverter for clock
calendar,

The arrangement shown.-n figure 2.11, uses a bank of
5 secondary batteries arranged in such a way that it gives
+ 12v on one side and - 12 and - 18 volt on the other side,
Using a reference of zener diode, 1N758 that gives 10v, and
a series transistor controlled by a D.C. coupled amplifier,
stabilized output of +10v and -10v is got. It may be noted
that only ~-10.and +10,need to be regulated; -20v supdly
having a current consumption of 440 ma is used only for
display bulbs in the RIDL decades., The +20v is required
only for the oscillator supply and that too is dropp=d to
+10v. So +12v is found to be sufficient for the purvose.
As the crystal oscillator operates at 10v, regulated by a
zener, the arrangement was found to be satisfactory. Tests
carried out for the regulated +10v, in the range of the
current required for the calendar, are found to be satisfact-

ory.
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The batteries are kept in a floating charge condition
by using a proper battery chargef, put across the whole bank
of batteries. The arrangement has all the advantages of
.simplicity and operational ease. No difficulty is experien-
ced in the continuous: operatisn of this unit. During major
b;eakdown which at times may sxtend to sbout a week, the
converter is switched off and restarted after the resumption

of the power.

2.7 Integral circuits and Tsmporary Storage:

§

The major purpose of tais stzge is to store the

information (which is transferred from the decades) during
the recording cycle, until it is punched out. It has three
printed circuit boards for a szingle channel. The two boards
contain memory circuits that use Shockley diodes and can
handle B C D information of 4 decades. The third circuit
board receives an initiating oulse from the clock and gene-
rates two pulses, the first one reads the B C D information,
and the other resets the decades. It also receives a pulse
from the last stage of the ring counter in the serial
converter, that interrupts the curreﬁt to the Shocklsy
diodes thereby resetting them, It occurs at the end of the

recording cycle.

A Shockley diode is a Zour layer device with two
terminals, Silicon doped with Boron and phosphorous. The

diffussion process takes place at red heat and each layer
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is about 0.0005 inch thick (Shockley and Gibbons 1958).
The diode functions as two inter-connected diffused base
transistors with outer-most layers as emittefs. This forms
a cloéed feedback loop, and is unstable if the gain around
the loop is greater than unity, As the voltage is applied,
the intervening layers oppose the flow of the current and no
conduction takes place until the voltage is high enough %o
break the potential barrier, The current verses voltage

graph is shown in Pig,2.12.

SHOCKLEY
oI008 s

iy

VOLTAGE v

CURRENT §

Fig,212 Current voltage grarh of a
Shockley diod=,

It can be seen that a certain part of the curve has
negative resistence, So, eveﬁ if the voltage is lowsered,
large current will continue to flow, and for stopping the
current, we will have to bring the voltage almost to zero.
Its use as a storage component is made by keeping it at a
voltage below the break down. A4s a pulse is fed, the
voltage rises higher than the break down and the Shockley
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dicde starts conducting, and although the voltage has return-
ed to be original value, it coatinues to conduct aﬁd will
stop only if the voltage is brought to zero, Hence the
conducting and non-conducting conditions of each of the BCD
line of the decade can be transferred to the corregponding

Shockley diodes.

Following the circuit diagram of the temporary stor—
age shown in figure 2,13, an iaitiating pulse from the clock,
every 12 second (or any other interval previously determined),
activates a univibrator which through an emitter follower
feeds a 6 p second pulse as~a re;d gate to the decades.

The 6 u second pulse activates the gated emitter followers
~of the BCD lines. The negative pulse from the emitter
follower oﬁ each of the BCD line is fed to the temporary
storage cifcuit consisting of an amplifier and a Shockley
diode circuit. The breskdown voltage of the Shockley diode
is -30v and it is normally kebt at -20v; soﬂwith the addition
of a negative pulse from the BCD line, the Shockley diode
breaks down and it registers a conducting state, In case the
BCD line is non-conducting, no over-riding pulse appears and
the Shockley diode remains in the same non-conducting state,
The trailing edge of the read pulse produces a 2 msecond,

15v negative pulse. This is fed to the electronic reset
circuits of the decades that are reset, and the decade |

starts counting for the next interval. So the dead time,



FATAC ‘ X1ELVH ,
P A— LRi¥d 72 _ RRCIN "5 6 0
o SOO0 Il i B
Ry gna b et L
S ¥0d , ﬁ @08
Wi - ﬁ
RELo [ GiHInRI SRIXEA -
| INTHA gurid |, INIEd | A ! E/d |
’ . M1 A
5705 *DNnd | GEOD  DUC ICO0  OHC A N

] | ]

. N . A EVE I
: N o . Y d 0 .H g Foing
, IMY LS #0070

ST HY LS mm::: .

T2 aNO00 Nl A €

¥E L BEARLCD TY I 8dESE 4 O wvadovia AL 014



: M0 8

t

during‘which pulses are not recorded, is 2 g second. On
board 3, there is another circuit that supplies -20v to the
Shockley diodes through a controlled series transistcr.

At the end of the recording cycle the last pulse fror the
ring counter in the serial converter is fed to an amplifier
controlling the series transisfor, which is turned ncn-
conducting thereby stopping the voltage to the Shockley
diodes so that these are reset and the memory is reacdy for

the next cycle (Richard et al 1963),

2.8 Print-out circuits:

2.81 Serial converter:

The primary function of the serial converter is to
read the BCD lines in the temporary storage and punch the
information. Essentially it converts the parallel irforma-
tion into serial information, The major circuits that
compose it are start-stop F/P, timing F/F, oscillator, ring
counter, BCD to DEC matrix anc other gating and drive

circuits shown in the block diagram in figure 2.14.

For the start of a reccrding cycle proper clock pulse
is fed to the start stop F/F, which is flipped over, thereby
unclamping the timing F/F that starts giving pulses, at
points (4) and (B), the interval depending upon the Irequency
of the relaxation oscillator. One side of the timing F/F
supplies pulses to the ring counter and the other to the

print keying connected to the 'BCD to DEC Matrix'. The
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sequence of pulses involved in this operation is shown in

figure 2.15.

SERIAL CONVERTER
PUNCH CYCLE

ilea |/
o
wanen YT Y
-3V
o |
—i15¥- )
-
vilhee A*
~6V
-3y, I
|
-8V L"'

s
FIGURE
CODE
-3y ' .
5V - !
OPERATIORAL -
CODE - ‘
-3v . e

Fig.2.15

Feeding of ring counter pulses results in unclamping
the BCD lines that change the condition of the respective
F/F in the 'BOD to DEC Matrix' by a set pulse.

Following the ecircuit diagram of the serial couverter
shown in‘figure 2.16 we find that the logic circuits of the
Matrix are constructed on the basis of the codes used in the
decades. 8o, the BCD 4-line ;ode gives a single pulse,in
decimal code, The duration of the print impulse will depend

upon the timing of the print keying F/F. After it has
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@unched out’ the proper digit, the F/F of the matrix is
reset, The next sfage of the zing counter is triggered

that unlocks the next BOD lines and again through the matrix
the proper diglt is punched, For the space and the funct-
ional characters the fing counser pulse is fed to a print
inhibit ecircuit and this clamps the print keying F/F but
sends in a proper printing impulse through aanher circuit,
At the last step of the ring counter, a pulse is fed back to
the home circuit which starts conducting, setting back the
start/stop F/F, which clamps the timing F/F and so tﬁe whole
cycle of operation is stopped.' This last pulse from the
ring counter is &lso fed to the temporary storage that resets

the Shockley diodes,

The ring counter controls the basic sequence of the
serial converter. Its design shown in circuit diagram in
figure 2.16 incorporates Shockley diodes connected in such

a way that each conducts one after the other,

PULSE SEGUENCE CF THE RING GOUNTER

~3¥

FROM TIMING F/F

AT CATHODE OF 4E30
-a5 ¥

+3i0 vV

//1

AT THE SUPPLY LINE
-5V

-6V

HOME TO NEXT STAGE

i

-i% ¥

Fig.S.i?



Following the pulse sequence of the ring counter
indicated in figure 2.17, the Shockley diode in the home
position is normally on, and the current required for it
passes through a resistance of 200 ohms, developing an
effective voltage of 15v on ths cathode line, This prevents
the other Shockley diodes from breaking down and charges the
0.1 mfd.capacitor., The incoming positive pulse from the
timing F/F breaks down 4E30 Shockley diode and discharges
the capacitor through it. This results in sending a pulse
of about 25v in'the supply line, thereby driving the voltage
on it to zeré and stopéing the current in the home stage.
This stoppage of the current results in feeding an effective
pulse of =9 volts to the next stage through a .01 mfd. ‘
capacitor, which results in breaking down the next stage
before aﬁy other stage is able to do so, Similar situation
repeats as’the next pulse arrives from the timing F/F and
then the next Shockley diéde will start conducting, making
the previoﬁs one off. 'So each stage conducts successively,
the duration depends upon the timing pulses. During
conduction of a Shockley diodé, a 6v pulse develops across
the 100 ohms resistance, that acts as a gate for the BCD lines.

The pulse from the last stage triggers back the home position.

2.82 Printing of calendar and pressure:

For a 12 second punchirg cycls, the print out of

calendar and pressure is required every minute. So, at
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this interval a pulse is fed to proper binaries that switch
on relays and put in the sequence of the ring counter,
additional number of stages, depending on the BCD lines to
be read. With the help of a toggle switch the pressure
‘read out', can be included or excluded. A4t the end of the
cycle the F/F's are switched off to the original position,
A s;milar relay arrangement is put for including functional
codeg in the punching cycle. The circuits are shown in

figure 2.186.

2.83 Coupler:

The output of the serial converter_is routed through
a coupler and fed to the punch=rs and the typewriter. The
coupler has 13 relays (HG 1002) that are energised according
to the digit or the functional code to be punched. The

circuit diagram of the coupler is given in figure 2,13.

Ten relays are used for the digits and three for the
functional codes. For punching out information on 5 track
paper tape, proper code is constructed for each of ths digit
and the functional code. A4s tae punching cycle is very short,
it is difficult to replace paper tape without stopping the
puncher, so two tape punchers are used, each operating
every 24 hours. The voltage supply to the clutch of the
punchers is routed through a relay, that is operated by a
F/F located in the serial coﬁverter, and triggered in

either position, by a 24-hour pulse. The 48v required for
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the tape puncher and for the typewriter solenoids is taken

from the power supply in the serial converter module,

4s H@ 1002's are mercury relays, care should be taken
that they are kept in the vertical pnaifion fhroughout their

operation,
2.84 Punchers: .

Motorized tape punchers are used for data recording.
The paper tape uéed is 011/16 wide and punched in 5 track
code., The operating speed is 20 codes per second but, in
general, it is not operated at this high speed, because for
12-sec.interval operétion there is enough time for the
information to be punched, until the next cycle starts. The
clutch is magnetically operated, has single revoluticn, and
drives the cam shaft on the punch. The control impulse for
.clutch operation should have minimum duration of 15 milli-
sec. The voltage required is 48v. There are individual
magnets for each unit of the code and are selected according
to the code formation., The ccntrol impﬁlse duration is the
same as fof the clutch, and ccde magnets may be impulsed
simultaneously at the start of éach punching cycle. For
tape supply a roll housing is mounted on the main cover.
This can hold about 1000'ft.6f paper tape, which lasts for

24 hours with 12-second interval recording.

2.85 Typewriter:

IBM input output writer model 87 is used. 4
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formaliner is fixed at the carriage of the typewriter with
an endless sheet of paper. Decimal input and’proper
functional codes are fed from the coupler. For normal
operation, a 25 milli-second pulse for typing key and 39
milli-second pulse for functicnal operation is required.
The supply voltage’is 48v. Tke output is papallel to the
punched output, and is used fcr scanning and other test

purposes.

2,9 Digital Servo-barometer:

¢ Bagically, it is a mercury barometer fitted with a
float at the top of the mercury column, and a servo-coupled
differential transformer that keeps itself locked to the
float. The movement of the mercury column due to the varia-
tion of pressure, changes the float position, and thereby
the differential transformer. This mechanical change is
amplified with the help of precision gears and recorded
by mechanical cdunters. Based on the above principle, an
instrument manufactured by 'Exactel Company' is used, The
data are reduced to the standard barometric conventions by
incorporating compensatory devices. The general configura-

tion of the instrument is showm in figure 2.19.

It indicates the mercury cistern, float and other
mechanical parts. The cistern and the column are of high
quality stainless steel and the meckanical construction

is of very high accuracy. Th= instrument is capable
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of providing digitized pressure readings to an accuracy of

a tanth of a millimeter,

~

In figure 2.20, the circuit diagrai\“f the float
“differential transformer and the-femperaté ‘ompensating
.- arrangements are shown. The different potentiometers
indicated therqin are used for the accurate adjustment of
the value of the compensation, The compensation arrangement
is automatic and is used to free fhe pregsure readings from
the effect of temperature changesl The temperatufe sensing
device consigts of a long aluminium tube with an invar rod
drawn through its centre. The differential expansion
produced by the temperature change is multiplied by a link-
age. Normally, the differential transformer is servo-
positioned to the electrical centre of the armature of the
float., The output of theﬁdifferential transformer of the
temperature compensator displaces the balanced position by
an amount required for temperature correction. This is
checked in detail to ensure proper behaviour in the tembpera-
ture range encountered, The room temperature is normally
maintained at 60° + 4°F and so it is checked in the range
of 48 to 68°F. Thé values of the correction so obtained
are compared against the calibrated values of the instru-~
ment, as shown in figure 2.20. The inaccuraqy is found

to be within the error specified.
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Fig.2.21 Graphs showing temperature compensation

checks for servo-barometer.

2.91 DEC to BCD converter: -

The Digicon counter in the servo-barometer gives
mechanical contact decimal output. For the read out system
degcribed previously, BCD form is needed. The author
designed the necessary circuit arrangement for it, and alse

an electronic locking arrangement, described in Fig.2.22.

At the start of the pressure punching cycle, the
pulses generated at the succegsive points form stage 23 to
26 of the ring counter (shown in figure 2.16 of the serial
converter), are serially routed through a DEC to BCD matrix,
giving BCD output depending upon the contact position at
the Digicon decimal counter., The first pulse at the ring
counter stage (23) locks the Digicon counter electromag-
netically'and the last pulse at stage (29) release it, so
that during pressure read out proper contacts are main-

tained,
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2.10 Tegts and Checks:

2,101 Stability of the discriminator:

As the function of a discriminator is to eliminate
noise, it is egsential that tke biasing voltage should remain
constant, and the discriminatcr response should be linear in

e level. The method adopted for check-

the range of the noj

ing comprises of feésamg a pulse of known amplitude at the

input of the disorim;n;tor and keeping its voltage level low
80 that an output pulse is observed; but, as the discrimina-
tor level is increased the ouﬁput pulse disappears at some
point, Different discriminator voltages are notéd to corres-
pond to different amplitudes of input pulses. In the range

of the input pulse of 0.1 to 0.7v, corresponding discriminag-

tor voltage change is noted for each 0.1v step.

TYPICAL CHARACTERISTICS
OF THE DIsC,

VOoLTS
[ ]

DiSC LEVEL

i 3 -5 7 VOLTS
INPUT PULSE

Fig.2.23 Graph indicating pulse height
V/S discriminator voltage.
A typical graph is showr in the above figure.
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Using this method all the 15 discriminator circuits
are checked, Linearity in the 0.1 to 0.5v range of input
pulse amplitude is observed, and the discriminator voltage
required is in the range of £ t0o 10v. PFor checking stabi-

lity, the same performance criterion is maintained.

» 2,102 Pulse Height dnalyser checks:

The number of photons observed in a scintillator
are proportibnal to theenergy'of'the particle actually ,
expended in\the scintillator., The plulse height output given
be the photo-tube is proportional to the photon energy
gtriking the photémcathode. The output pulses show a
certain spectrum. The differential spectrum is invegtiga-
ted by using a pulse height analyser. With the photo-tube
looking into the scintillators, input to the anal&ser is
taken from a point at the end of the amplifier systen., 4

typical graph of one of the 13 detectors is shown in

figure 2.24.

| The graph indicates the counts per ;nterval per
channel for the range of 2 to 8v of pulse height. At low
voltagg of the pulse height <he céunts are large due to
the noise, A minimum is observed at about 3 volts after
which there is an increase in counts with a maximum at
about 5 volts. dnother point-of meximum is observed at
about 8v due to the saturétion characteristics of the

amplifier gystem.



Integral spectra are taken by recording total counts
at regular gheps of discriminator voltage. & typica_ plot

of the integral spectrum is shown in figure 2.25.

The steep rise in thé graph at lower discriminator
voltage is due to the contribution of noise pulses, A flat
pért in the curve is observed from gbout 3 to 6 volts, where
the counts remain the same inspite of the variation In dis-

criminator voltage.

In order tg estimate‘the o#erall noise characveristics
of a detector system, it is essential to know the daxk
current of the photo-tube. For the determination of the
differential spectrum of the dark current, the photo-tube
is taken away from the scintiZlator and sealed in a _ight
tight contaiher. The output pulses are fed to the pulseo
height analyser. 4 typical differential spectrum is shown
in figure 2,26, The spectrum is seen to be very steep

towards higher pulse heights. Hence by fixing a higher

discriminator voltage the noise can be greatly reduced.

Now, with these three sets of graphs it is easy to
ascertain the level of discrininator voltage to be fixed for
eliminating noise. It is observed that in some photo-tubes,
the contribution of the dark current is rather high, The
reagon for this is that some Leékage is taking place at the
anode due to high voltage., This is removed by isolasing

the anode from the dynodes at the base of the photo-sube.



The discriminator level is fixed by taking into consi-
deration. the flat part of the integral curve and the amount
of noise present at that level, so that it compromised between

the noise content and the slope of the integral curve.

4

The combined calibraticn chart is given in Table 2.3,
which shows, the range of the integral curve's flat part, and

the point where the discriminstor level is fixed.

Table 2.5

Chart showing discriminator levels for each scintillator

Det, Minima,Diff, Integ. Spect., Slope Disc.level Remarks
No. Spect.(Volts) (Volts)rarge, (%Yper adjusted

flat part. volt) (Volts)
1. 3.5 3,0-5,0 4,0 4.0
2. 3.4 2.0-4.5 5.8 4.0
3. 4,0 2,5-4.5 6.0 4.0
4, 3.0 2.5-4,5 6.0 3.5
5. 3.0 2.0-4.0 5.0 5.4
6. 3.4 3.0-5.0 6.5 4.0
7. 3.5 2.5-5.0 5.0 4.1
8. 3.5 2.0-4.5 3.0 3.7
9. 3.4 2.95-5.0 4.0 4.0
10, 3.2 2.5~4.,5 5.0 4,0
11.. 4,6 3.0-6.0 . 3.0 5.0
12, 3.0 2.,0-4,0 5.5 3.6
13. 33 2.5-4.5 5.0 3.7
14, 3.4 2.5~4,5 6.0 4.0
15.

3.5 3.0~5.0 3.0 4.0

The noise level is keﬁt below 2.01% for the discriminator

level adjusted for each of the detectors.



2.103 Tempersture Checks:

In ordei to avoid aﬁy semperature changes in the
scintillators, the cave is kept at a constant temperature
of 15°C maintained to within = 1°C. In the electroniﬁ
centre where the amplifier and discriminator circuits modules
are kept temperatﬁre of420 + 2°C is meintained. The speci-

fied temperatures are monitored at regular intervals.



) CHAPTEE III

METHOD OF ANATYSIS

Part 4 Treatment of data:

34.1 Introduction

The recording of cosmic ray intensity ferms a time
series, indicating the number of particles in successive
intervals, The interval of recording is chosen after taking
into account the nature of variations and their statistical
properties. For any variation pattern to be percertible,
it must show above the statistical fluctuations. The time
series are regarded as stationary if the pfobability distri-
Bution depends only upon the time difference and nct on the
time itself; and if the time series do not contain any time
source variations. Stationzry time series do not imply that
the sample remains the same at all times but have‘a(mean
and variance that remains ccnstant, A time series often
involves different frequencies, and it is our endezvour to
identify the prominent frequencies. But before subjecting
the data to any kind of analysis, it is important to see

that the data are self consisgtent,

-3A.2 Format and duration of the data:

The data have been recorded every 12 second, and the
time every 1 minute together with pressure recordings. 4

sample of the data recorded on a tjpewriter, operating
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Bach of the line contains data over a period of 1 minute,

The data punched on 5 track paper tape are converted
into IBM cards by using a tape to card converter, D.S.W.
870. These cards form thé basis of gll further processing.
The information on the punched cards is compared with that
of the typewriter, so as to detect any errors in the process

of tape to card conversion.

The recording of the data was started on dpril 15,
1964 and was discontinued or June 27, 1966. The durations
of the recorded data for this period are indicated in the

following table,



Table No. 3.1
Prom To Number  Interval of Pressure Remarks
’ of days ©zrecording  recording.

15-4-64 5~ 5-64 21 12 seconds No

13-5-64 15- 6-64 34 ~do~ -do-

22-6-64 26~ 9-64 97 -0~ -do-

. 10-10-64 29-12-64 81 ~do- ~do~

8-6-65 4-10-65 119 ~d0- Yes Pressure
recording

2l~-11-65 27~ 1-66 67 -do- ~do- started on
20-8-65

18-2-66 21~ 4-66 63 ~do- ~do-

29-4-66 27~ 6~66 60 ~do- ~do-

The detectors, when being

checked and calitrated for

the Air Shower Experiment (BASJE) of which they fcrmed a

part, could not provide any data during these periods. No

data could be recorded on the days of power failures or

ingtrument breakdowns.

34,3

Self sonsistency of the data:

The detectors are divided in three independent

sections and their recordirgs form three sets of time

geries,

show in all the three series.

For any physical phenomenon to be genﬁine, it must

We shall describe a method

used for the determination of such a consistency.
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Let the series be rapresented as :

'Xl 9 x2 LI I R N P ) xh (301)
yl ] y2 L I S R R S N ] Yﬁ (3.2>
Zi 1 22 * 0 ¢ 98 0828 ;n (3$5)

A new series is\found by dividing series 3.1 by 3.2.
&y = X7y

8y = Xp/¥p

a, = X,/¥y

If the same physical phenomenon is affectirg both the

series (3.1 and 3.2), then the new series,

ai Pl a2 L A I I N IR SR Y an (3-4)

should have congtant values, But this may not be so due to
certain factors such as difference in the detectors and in
the electronic circuits incorporated with them. The
variance 62 of the series 3.4 is dependent upon the
variance é;z (of series 3.1) and Cﬁ (of series
3.2). Assuming a normal distribution forzthe series 3.4,
the probability that vélue ay exceeds the average value
by +2 6, on cither side, is 4.5% . Consequently, if
94.5% of the values are within the limit of 2 G7,, the
data represented by the series 3.1 and 3.2 are considered

gelf consistent.



In & similar way two more series are generated; first

one, by taking ratios of the series 3.2 and 3,3, given by,

bl ? b2 LA R B AN RO 2L B 2R B Ay bn (305)

and the second series, by taking ratios of the series 3.3

and 3.1, given by,

01 F '02 LI BN I AR SRR AR AN I Cn ’ (3'6)

The process.:: similer to the one applied to the
series 3.4, are also applied to the above two series (3.5
and 3.6), If 94.5% of the values are found to be within
+2 6 limits, tﬁe data represented by the series 3.2 and

H

3.3 are considered self consistent.

It may be noted that in the intercomparison performed
above, each of the series g=ts checked twice. Any inconsist-

ency in one of the series will show up at two places.

For all further analysis the simultaneous values of

the three series are combined together.

34.4  Data used for Power Spectrum Analysis:

The analysis have been performed on the data extending
from November 21, 1965 to June 27, 1966. This duration has
an adventage of having pressure data as well, Only for
about 5% of the days the cosmic ray data are rejected for
thg above duration due to the inconsistency in one of the

channels,
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The data‘have been subjected to an additional
scrutiny for continuity, Wherever large discontinuities
occur, the series is terminsted at that point., For any
particular set subjected to the analysis, not more that 5%

of the data points are by inmterpolation.

Part B Power Spectrum Anélysis:

3B.1 Introductory remarks:

Our chief concern here is to determine frequencies
that make substantial contribution in a time series repre-
senting cosmic ray fluctuations and their power, Conventio-
nal methods of finding frequencies employ Fourier amnalysis.
But, wherg random changes of phase exist, this method fails
because it can be showﬁ that as the length of the record
tends to infinity, the corresponding estimate of the Fourier
trangform of the time series for any frequency aprroachesg
zero, 4 different method cen be used here by taking the mean
square, which under certain conditions tends to a finite

value,

A series comprising of n data points having dt as
the interval bétween the adjacent points is the basis for
computing m number of values of power density for non-zero
frequencigs in a spectral window ranging from 1/em 4t to
1/2 dt. Since we are interested in investigating short

periods of the order of a few minutes, we shall fix the



frequency range of the spectral window such that it contains
the réquired periods, Hence, m 1is fixed by the discrimingn
tion required in the final spectrum. The value of dt also
determines the frequency resolution of the linearly spaced
frequencies in the spectral window. The value of n is
determined by the physical requirements of the analysis and
the degree of accuracy required for the spectral demsity
egtimates, The estimates are computed by taking mean lagged
products of the n data points up~-to m number of lags.
This forms into a sort of auto-correlation function which is

then subjected to Fourier transform.

Details about the cheice of the constants are

discussed later in this chapter,

3B.11 Auto-covariance function:

In most cases the signals and noises may be represen-
ted or approximated to a stationary series, having
Gaussian distribution with zero averages. Then, their rela-
vent statistical properties are contained in the auto-
covariance function. Following the method outlined by
Blackman and Tukey (1959), general formulas representing

auto-coverience function can be derived as follows:
Let a time geries be repregented by,
X(tl)’ X(tz) o.oOou.-lnnn-oo; X(tn)

average is defined as X(ti) = ave X(ti)
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and covariance Oij = {;X(ti)’, X(tj) ?

= aved 2()X (5} &(ry) - Ty )
If the average is zefo,

then Cij = ave {X(ti). X(tj) }

ds the series is supposed to be stationary, so it is
unaffected by the translations of tine at the origin, The
cavariance depends only upon the time separation given

by (ti-tj ).

So, C,.=0C (1t - t,

ia J)o

Thus the noise is conpletely specified by a single
function of a single variable particularly G(O), the variance

(for zero average, the average square of X(t) ).

In the case of auto-covariance C(T ) we specify the

lag to which the process has to be carried out.

+Té
So, C(7T) = Lin [T/ x(t) .x(t +7T) at,
2

is the auto~-covariance function, for lag ». It can also be

called mean lagged product.
Hence, C(T) = ave [x(t) . ox (t+7) }

ds, there is direct relationship of the joint proba-
bility distribution to the auto-covariance function, the
stationary time series can be expressed in terms of 'serial

correlation coefficients.



3B.12 ‘fourier Transform:

The power spectrum P(f) is the Fourier transfcrm of
the auto-covariance function.

*eo - 2qifT

Therefore P(f) = [ C 71 ), ar

The function of frequency P(f) describes the power
spectrum of the time series. If we suppose x(%) as a
voltage across (or a current through) a pure resistance of
one Ohm, then the time averag=d power dissipation in the
resistance is represented by the variance of x(t) between

the frequency range f and f+df.

The relation of the auto-covariance function as the
Pourier transform of the power spectrum can also be used %o
exﬁress power spectrum asg the PFourier transform of the

aunto~-covariance.

Expresgsed in discrete cosine form

o0

P (f) = . C(r ) .cosgn fyrdr
o0

¢c(ry=/ P(f) .cosentfr af

The general power speztrum response curve is shown in

figure 3.1.
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3B, 13 Numerical formuilas:

If there are n daba pointg of dt time interval
between the adjacent values, the mean lagged prodact Cr

with lag interval of AW = h dt, can be computed as follows: -

g=n-hr
- 1
Cr n-hr z:j Xﬁ ' Xﬁ + hr
q=0
The value of r=0, 1 ........ m and m %

where m is the maximmlag. It is usual to use lags not

longer. than about 20 % of the length of the record;

The raw spectral deasity (Vr) can be computed

"according to the formula,

g=m-1 ,
= N qrm
Vr am { CO +2 ) Q" cos = + Cm cog r T }
g=1
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To this we can apply Hanning filter to get Uy,, the

smoothed spectral estimates,

or Hamming filter,

U, = 0.23 V_

v
r +0.54 rt 0.23 Vr+

1 1

Egstimates with subscript 0 will apply in the range
just above the zero frequency and with subscript r, for a

frequency of 557%;: , upto- 0.5 cycle per observation,

L
2dy ’
By multiplying it with the sppropriate values, the frequen-

cies can be expressed in the desired units.

3B.2 Aliasing:

A time series with a certain basic time interval has
a sampling frequency (Fs). If the terminating fregquency (Ft)
of the spectral window does not fold into the sampling .
frequency (FS), then certain spectral intensity will lie
from Ft to Fs' The frequéncies upto F, are all distinguisha-
ble but ﬁhe higher ones are not, never the less, these will
contribute some power, If the folding frequency (Et)’ is
the principal alias and is not able to fold itself upto
the sampling frequency, then in terms of the discreteness
of the data, all the values will not be read. Such a situa-
tion is made clear by figure 3.2, which shows how equally
spaced time samples from any cosine wave could have cone

from each of the many other cosine waves.
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rl‘= ONE 3IECOND

N
- Sampling of sinusoidal waves.
~

Fig.3.2
This may lead us into false information.

The methods of aliasing can be congsidered in terms
of the proper folding of the'frequency so that the power
between Ft and FS is accounted for., The gampling frequency
can be decreased so that the terminating frequcncy folds

itself into that, this will give us better estimates of the

elementary frequency bands.

3B.3 Pilters

3B,31 General digital filters:

In some cases it may be very evident that a certain
range of frequencies or a freguency is largely present in
the! data. These frequencies may not be of immediate interest

and so should be eliminated before the data are subjected



1

=

to power spectrum analyses. In.case it is a low frequency,
a high pass filter shogld b2 used and if the main contamina-
tion is in the H.F. the filter should be low pass. We shall

first consider a low pass filter.

If X, X

o ..........Xh are the observed values then

the new series

1’ g
formula,
, . ;?;
Xﬁ R Wj : Xﬁ + m+ ]
J=-m

where Wj are the filtering weights, and the number of obser-

vations involved in the filtering process are 2m + 1, So,
the application of a filter results in the reduction to N-2m

values from the original data having N values.

4 high pass filter is derived by the numerical

P

differentiation of the low pass filter., A filterecd series

is represented by

1t
L =Xim - E: Wy %&m@
j=-m

A very effective high pass filter results from the

choise of
. _ 1+Cos Jd =
Wy o= ==
2m
The cut off frequency of the filter is given by *%% s
: . m

so the value of m 1is detérmined by the cut off frequency

required.



The response of the Zilter is given by

A= f1+ ()] 2

where Q (£) = Q (f) + Q¥(f+f+ ¥q (£ -1)
a, () = Sin gn £ dt
' i‘% fm dt
o=

The response curve of an equally weighted running nean type
of filter function is shown in figure 3.3. By using proper
weights the negative response found at some frequencies

can be avoided.

Frequency Heaponse

Pig, 3.3

3B, 32 Hanning and Hamming filter:

The data subjected tc P.S.4.(Power Spectrum
dnalysis) have discrete time interval and only a limited
length can be used., This will introduce a frequency

resolution that can be imprcved only to a limited extent,



The gquestion of choosing the lag window, so that the power
should concentrate exactly at the frequency present in the
sample becomes difficult, because the power may not concen-
trate at the main lobe. One of the methods to corrsct this
is to make the main lobe flat. This will decrease the
adjacent frequency resolution, but the power estimate

. becomes better,

\

A lsg window, called the harning filter is,

]

‘ D1 (at) {(1+Cos m 3t) for dt < Tm
T

H

0 for dt > Tm
Another lag window, called hamming filter is,

D2 (dt) = 0.54+0.46 Cos_z_dt for dt < Im

Tm

0 . for dat > Tm

H

The general characteristics of both the filters are

the same except for their effects on the side lobes.

3B.4 Pre-whitening

In éonsidering the spsctral windows, we assume that
the power spectrum has no peaks vastly higher than the general
level of the curve, This assumption is necessary because
the function does not vanish outside a small interval.
So, if we have a large peak‘af D (f) near one of the value
of fi’ it will contribute a small fraction éf itgelf at

some other point £ If this value out-weights the power

2'



at fz, then the power spestrum will not be representative
of the actual values at each frequency but will be contami-
nated by the contribution from other frequencies, So, in
casé, large values of powsr are concentrated in the L.F,
side of the power spectrum it will tend to seep through to
the higher frequencies. Jor the estimation of the different
characteristics of the pre-whitening it may be fruitful to
determihe the slope and the general shape of the power
gspectrum expressed in octave intervals. It may be deter-
mined in a preliminsry check, if large peaks occur at L.F,
side of the_spectrum or not, In case the slope is very
small i.e. the distribution of power density is almost
‘linear and no large peaks occur on the L.F. end, the appli-

cation of pre-whitening may not be necessary,

In case pre-whitening has to be performed, we have
only to find where the power is expected to be large. A4s
mogt of the noise is in the low frequencies the following

scheme can be used. The data are modified by the formula,

Xr_i = th-')\ Xr...l (I’=1,2 oo-.'..n);

where >\ is usually taken as 0.7 and n denotes the

number of data points,
The multiplier for the above process is,

1+ N-2 '\ Cos 2 n £ at.
by which the vélues of refined spectral density should be



maltiplied to compensate for the pre-~-whitening process

caried out on the initial time series.

3B.5 Chi-sguare tegt

The power densities at different frequencies deriﬁed
from the recorded data, neeld to be estimated for their
reliabilit&. For this, we'®i11 need their variancs and
covariance, But the estimates of power are deriveld from
the auto-covariance which inm turn is dependent upon the lag
function, So, the determination of variance and covariance
from this function becomes iifficult and intricate. By
taking a less regourous treatment it has been shown by
Blackman and Tukey, that the accuracy of the spectral
density estimates depends upon the ratio of the number of
data points to the number of lag points., The actual value

épproximately follows Chi~square distribution with
2(% = %) degrees of freedom, We do not know the probability

distribution of the power densgity but its variance, we may
suppose that it behaves like n2 on‘% degrees of freedomn,
This fits the physical view that we have m results from
n observations. Once the degrees of freedom of the
digtribution is known we can find the confidence limits in
the usual way., If we merely want to know that a peak in
" our results is significant or not, we tegt against the
hypothesis that the population power spectrum does not

have a peak there (Swinnerton-Dyer 1963).



3B.6  Superposing of power density estimates:

A method for increésing the religbility estimates
of the spectral density is by superposing one get of values
upon another set, This results in increasing the degrees of
freedom of the superposed set, and so the peaks show greater
reliability. This method can also be used for finding out
the persistency in the occurrence of the frequencies by
superposing 1arge number of samples and estimating the

\reliability of the resultant peaks in the spectral demnsities.

3B.7 Choice of the congtants for the spectral analysis:

The discrete time intgrval between the adjacent
values of the data determines the sampling frequency Fs’
and therebi the highegt terminal frequency Ft’ which is the
upper limit for a spectral window. From physical considera-
tions and computational asp=scts the required value of n
is chosen, The resolution in the spectral window is
dependent upon the value of the lag m to which tae auto-
covariance function is calculated, Iarger the value of
the lag, finer is the frequancy resolution; but ths reverse
is true for the statistical accuracy of the power density
estimates, The table 3.2 in“icates some of these aspects

for data intervals of 12 seconds, 1 minute and 5 minutes.
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Tgble No, 3.2

(Interval) Sampl- Termi~ No.of Lag. Frequency Degrees

. ing fre- nal fre- data resolution.of free-

guency. gquency. points. dom,
B

dt _ FS " n m r k
12 Second 300 OPH 150 CPH 900 30 5.0 CPH 59
- B0 2.5 CPH 29
75 2,0 CPH 23
1 Minute 60 CPH 30 CPH 180 30 1.0 CPH 11
60 0.5 CPH 5
75 0.4 CPH - 4
5 Minutes 12 CPH 6 CPH e 12 0.5 CPH 11
' 24 0.25CPH 5
30 0.2 CPH 4

It is clear from the above table that a compromise
has to.be made in the choice of the constants. For a power
dengity estimate to be more reliable, it should have large
degrees of freedomn, But this will tend to égcrease the

frequency resolution,

The chief interest of the present investigations
being periods of the order oI a few minutes, a spectral
window of 1 to 30 CPH is chosen. For this, with dt of 1
minute, lag, m of 30 is required. The ‘duration of a
single sample subjected to spectrum analysis is three hours
i.e, 180 data points, This gives about 11 degrees‘of

freedom for the reliability estimates of the spectral

'



density. The choice of a three hourly interval ls conveni-
ent for comparing the averzge spectral density estimates
for this interval, with other physical parameters such as

k_.
D .

A Portran programme for computing spectral density
and incorporating the above mentioned features is written
for IBM 1620 computer. The values of dt, h, m, and n
could be varied by the use of a control card. The value h

is introduced to take into account 'aliasing!'.

The spectrum analysis is performed in two parts,
In the first one, the deviations from the average are
com@uted. The proéessfﬁ of per-whitening is not applied
because in the renge of 1 to 30 CPH the slope of the
spectral density is found to be about 0.2 db per octave,
which means that the spectram is almost flat, No filter is
applied because in the proczsses of computing deriveations
the low frequencies mostly due to diurnal and semi-
diumal v;riatians will be aﬁtomatically filtered out.
The output of the first part of the programme is fzd to
the gsecond one, the output’af which gives auto-covariance,
raw spectral density and refined spectral density. So,
for each three hourly interval of data we get 31 values
of spectral density estimatss for frequencies from 0 to

30 CPH,

The computer programmes are given in the apvendix,



3B.8  Method of epochs:

rs

In inter—reléted physical phenomena, any change, in
one parameter may have corrasponding consequences in
another, 4 method of study formulated for finding consist-
_ency or any other physical sffect in a certain parameter may
be considered in terms of finding epochs from another
corresponding parameter. In the present study neutron
monitor data of Deep ?iver and kp index are used for fixing
epochs that are representative of certain interplanetary
conditions., The spectral density egtimates during the days
of similar epochs are superoosed. The resultant spectral
. density estimates are indicative of the behaviour of the
spectral frequencies in the different physical conditions

represented by the epochs,



CHAPTEE IV

RESULTIS OF THE ANALYSIS

4,1 Variability ef spectral estimates:

The spectral window used in the present study is
from 1 to 30 cycles per hour, having a resolution of 1 CPH
(cycle per hour). 4 single szmple subjected to spectral
analyslis has 180 data points with one minute interval between
the successive peints; The 1 to 6 CPH range is investigated
separately, with a resolution of 0.2 CPH, For this a single
sample has 72 data points of & minutes interval between

successive points.

For each three hourly sample, the spectral constants
are the same and so are the degrees of freedom, Hence, the
power estimates of & Qarticular frequency in different samples
can be intercompared., Parameters specifying other phenomena,

for the sample interval, can be used for correlation.

The study of the gross characteristics for 6-30 CPH
fange is carried out by averaging the power density estimates.
The choice of proper épochs representing different geophysical
factors and the knowledge of the average spectral. power for
these epochs can give us information regarding the effect

of these geophysical factors upon the cosmic ray frequencies

lying in the 6-30 OPH range.

The results presented here are based on the analysis
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conducted on the basic 12 second interval data from

November 21, 1965 to June -5, 1966,

4.2 Pressure variations in the frequency range of 1
to 30 CPH and their effect on cosmic rays:

Using one minute pressure recordings of the digital
Servebarometer, power spectrum analysis is performed for
three hourly intervals with a spectral window of 1 - 30 CPH.
Simultaneous cosmic ray data of the same intervals are
subjected to & similar analysis. It is found that neither
for a single sample nor for 8 superposed samples, there are
prominent peaks in the pressure estimates. The spectral
estimates for single sample as well as for eight superposed

samples of pressure and cosmic rays are shown in Figure 4.1,

As no pressure pesks occur in the épectral range of
1 to 30 CPH, the peaks observed in the spectral deasity
estimates for cosmic rays should be attributed to the
phenomenon other than the pressure variations. A4s such,
there is no need to apply pressure correction to the cosmic

ray data,

4.3 Search for persistent freguencies:

The frequencies in the range of 1-6 CPH are investi-
gated with a resolution of ¢.2 CPH, Six hourly intervals
having 72 data points with £ basic difference of 5 iinutes
.between the successive points, are subjected to P.S.A.

Peaks are observed around 3 and 5 OPH, As four samples
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comprising a day are superposed, the peaks are observed more
or less at the same frequencies, as shown in Figure 4.2. A4s
more and more samples are superposed, the speetral activity
is smeared out. This 1s shown in figure 4.3. No peaks in
‘the spectral density estimates are found to be significant
for 48 samples- fyom day No.414 to 427, and for 109 samples
from day No.359 to day No.427. No particular selection

criteria are fixed for superposing the samples.

Hence in the range of 1-6 CPH, frequencies at 2 and 5
CPH are found to be promineat for a single 6 hourly sample,
but ovér an extended period, these tend to canoei out. So
there are no preferred freguencies in this frequency raige

over an extended period 6f time,

The invegtigations are extended to the rangs of 1 to
30 CPH, using samples of 3 aourly interval, and 1 JPH
frequency resolution. PFigure 4,4 shows the superposed
speotral estimates of 487 taree hourly samples indicated by
the lower-most graph, No particular selection ruls is
applied for the choice of the samples, and they ars taken
from the continuous data from day No.325 to 439. Only those
samples are rejected where one of the channels is not working
properly or certain discontinuities have occurred in the
data, Bach sample has 11 degrees of freedom, thereby making
5357 for the superposed gradh.
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Applying the significance test, we find that 18 CPH
group (200 sec.period) and 25 CPH group (144 sec.period) are
significant at 99% level, The 18 CPH group has alongside
another frequency of 16 CPH. and 25 CPH group has 27 CPH,

which are equally significant.

The speétral'estimates for 547 samples from day No.
440 to 531 are superposed and the graph shown in fiIgure 4.4,
Peaks, significant to the same level are observed at 15, 21
and 27 CPH, The frequencies in the present case are slightly

different from the previous graph of 487 superposed samples.,

Extending the above —esults, the operation of super-
position is‘comyleted for the total number of samples.
Figure 4.4 shows the spectral estimates for 1034 samples
from day No.325 to 531. Significant peaks are observed at
16 and 27 OPH,

¢

Since certain frequencies are found to be persistent
over long periods of time, 2t may be of interest to
investigate if these have certain preferred directions. The
time dependence of a frequency is found by obtaining eight
sets of spectral dengity esvimates having superposed three
hourly samples of simiiar timing, that are épaced as 0;3,
3-6, 6-9, 9-12, 12-15, 15-18, 18-21, 21-24 hours. The
eight values of the spectral density estimateg so obtained
for a particular frequency are subjected to harmonic analysis

after finding the deviations from the mean of the =ight
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values. Thus, the amplitude (rl) of the diurnal wave and
its direction (¢1) of maxima for the particular freguency are
calculated. The values of ry and @1 are considered for the

prominent frequencies, and are shown in table No.4.1.

Table No.4.1

No.of Prominent Amplitude in 1, in% Ql(local
Semples  frequeneies % time)
487 18 CPH .035¢ ,0005 3.3 + .6 39°
(day 325 o
to ¢39) 25 OPH .035 + .0005 3.5 + .6 42
547 15 CPH .035 + .0005 7.2 + .6 280°
(day 440 ’ o
to 531) 21 CPH ,035 + .0005 1.0 + .6 356
27 CPH .035 + ,0006 4.4 + .6 297°
1034 . 16 OPH .035 + .00036 2.0 + .4 247°
(combina-
tion of the
above two) o
(day 325 27 GPH = ,035 + .00036 1.0 * .4 236
$0 531)

It can be seen that the directions are not consistent
for both the sets.
4 o, Comparison of cosmic ray freguencieg with the

frequencies found in magnetic field measurements
by Pioneer VI, Range 1-30 CPH:

Ness et al (1966) have deteoted certain frejuencies

in the magnetic field fluctuationsg in the magnetosiheath



FIGURE NO, 4.5

R BOW SHOCK

SOLAR WIND
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PIONEER VI TRAJECTORY —s

MAGNETOSHEATH

POSITION OF PIONEER VI DURING THE TIME OF MAGNETIC
FIELD MEASUREMENTS (REPORTED BY NESS ET AL 19633
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R DENSITY PER CYCLE OBSERVATION
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FIGURE NO, 4.7

SPECTRAL DENSITY OF COSMJC RAY FLUCTUATIONS FOR THE SAME
THREE HOURLY PERIODS FOR WHICH SPECTRAL DENSITY OF MAGNRETIC
FIELD FLUCTUATIONS IS REPORTED BY NESS BT AL,
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and in the interplanetary space recorded by Pioneer VI during
its outward journey. The position of the satellite during

the time of measurements is shown in Figure 4.5.

During the interval 400 to 1700 hour, the satellite
wag inside the magnetosheath indicated by position I in the
diagram, and during 1715 to 2015 hours (position II) it was

outside the bow shock, in the interplanetary space.

The data of the magnetic measurements for the three
hourly intervals have been SLbjecéﬂ%o power spectrum analysis
by Ness et al (1966) and the two graphs of the spectral
density estimates are shown in figure 4.6 (ffom Ness et al

1966).

‘ For the same three hcurly intervals from 1400 to 1700
hours, and 1715 to 2015 hours U.T. on December 16, 1965, day
No.380, the cosmic ray data are also subjected to power
spectrum analysis and spectral densities are calculated. The
spectral density estimates for 1715 to 2015 hour semple are
plotted in Figure 4.7. and sre shown in the lower graph. in
the graph statistically gignificant spectral peaks are observed
at 6, 11, 17 and 26 cycles per hour. TFor the sample, 1400

to 1700 hour, shown in the upper graph in the same figure,
significant frequencies are at 13, 22 and 26 CPH. The
significance level and the smplitude for er :h prominent

cosmic ray frequency are given in the following tatle.



Fig.No. 4.8 Comparison of spectral density peaks of
cosmic rays for a three hourly sampls .
from 1400 to 1700 hours Dec.16, 19865,
with the spectral density peaks of the
magnetosheath field fluctuations for
the simultanenus period.

Fig.No. 4.9 Comparison of spectral density peaks of
cosmic rays for a three hourly sample from
1715 to 2015 hours Dec.16, 1985, with the
spectral dens.ty peaks of the interplanet-
ary field fluctuations for the simuliane-
ous period, ‘
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Table No. 4.2

Interval Prominent frequencies Significance Amplitude
level % %

1718 to - 6 CPH 90 L0581 + .01

2015 11 CPH 90 .052 + .01
17 CPH 95 047 + .01
26 CPH 95 .048 + .01

1400 to 13 CPH 90 .035 + .01

1700 22 CPH 95 .049 + .01
26 CPH 95 .043 + .01

Figure 4.8 shows the comparison of the spectral density
‘estimates of cosmic ray intensity and the simultaneous
spectral estimates of the megnetosheath field measurements
for the interval from 1400 to 1700 hours., Figure 4.9 shows,
similarly, cosmic ray spectral estimates and simultancous
spectral estimates of the irterplanetary field measurements
for the intérval from 1715 to 2015 hours. It can be seen
that cosmic rays as well as the interplanetary and magneto-
sheath magnetic fields have prominent frequencies in the
'same range, which are gtatistically significant.

4,5 Behaviour of cosmic ray frequencies in different
interplanetary conditions

4.53 Condition of inerease and decrease of cosmic
ray intensity:

A histogram can be drawn of the percentage changes

of the daily mean intensity of Deep River neutron nonitor.
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The data used for this purpcse extends from November 1965
to June 1966. The pleot of the intensity is shown in Figure
4.10 and the distribution ir figure 4.11. The following six

spochs are fixed according to the criteria given below:

Daily mean intersity range from:

(1) -1.0 or lower designated as Disturbed Day D(-)

(2) ~0.5 to -1.0 e 't Semi-distvrbed

" Day SD(-)
(3) 0 to 0.5 e 't Quiet Day Q(-~)
(4) 0 to 0.5 te 0 A Q(+)
(8) 0.5 to 1.0 e '' Semi-disturbed

Day SD(+)
(6) 1.0 or higher ' 't Digturbed Day D(+)

The days for epochs D(~) and D(+) are indicated in

Pigure 4,10.

The spectral eétimétes of the three hourly samples
in the days of the particulzr epoch are superposed. The
three graphs for the particrlar negative epochs are shown in
Figure 4.12., Similar graphe for positive ep: zhs are shown in

Figure 4,13,

From the superposed epectral power estimates for each
of the epochs, average power for the frequencies from 6 to
30 CPH is calculated. This can be a good indicator of the

general behaviour of the freguencies in the said epoch.

In the following table are shown the average power

for 6-30 CPH for each of the gix epochs, the prominent
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frequencies together with their significance levels and the

smplitudes.

‘Table No, 4,38

Epoch No.of Average A2/ Prominent Signifi- Amplitude

samples power cycle Freq. caqie in %

obs,

6-30 CPH
D(-) 94 701 16 CPH 95 .035 + .0010
SD(-) 96 717 18 CPH 95 .034 + .0010
27 CPH 95 .034 + .0010
Q(-) 343 713 16 CPH 90 .034 + ,0006
Q(+) 292 723 27 CPH 90 .034 + .0005
SD(+) 214 701 6 CPH 90 .036 + .0007
14 CPH 90 .034 + .0007
D(+) 75 703 9 CPH 90 .035 + .0012
- 13 CPH 90 .035 + .0012
18 CPH 95 .030 + .0012
25 CPH 99 .036 + .0012

In the epochs D(-) and D(+), although, the average
power is almost the same, the épectral frequencies in D(+)

are much more prominent than in D(-).

The average characteristics for the epochs for 6-30
CPH range of freqﬁencies are shown in figure 4.14. It can be
geen that the average power for the frequency range 6-30 CPH
is lower for epochs of large intensity compared with epochs
of low intensity.

4,52 Past and slow_changes in interplanetary

conditions:

The fast change epoch day is the one when the change
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" of intensity 8 I is greater than or equal to -0.5% . For
slow change epoch, over threz successive days a cumulative
change of + 0.5% or more has occurred but not more than

+ 0.5% for any particular day.

To(determine the nature of ghort period variations
during the epochsg Deep River Neutron Monitor daily averaged
"values from November 1965 to June 1966 are taken and two

gpochs are fixed incorporating the above mentioned criteria.

The days of the fast change epoch are grouped together
and the spectral density estimates of the three hourly
samples er these days are superposed. Similarly, the
spectral estimates lying in slow change epoch are also
superposed, The two graphs are shown in Figure 4.15. The
- average power in the range of 6-30 CPH is calculated for the
two type of épochs. This together with the prominent
frequencies, and the;r characteristics are given in the

following table:

"Table No. 4.3 D.

Epoch No,of dve,Power Prominent Confidence Amplitude

samples Zéigy?ggs. frequency 18V§l in %
Past . 104 693 15 CPH 95 .0340+.001
change 16 CPH 95 .0345+.001
.27 CPH 95 ° .0342+,001
28 CPH . 95 .0340+,001
Slow 181 718 none

change



Prominent frequencies are observed in the fast change
condition, In the slow change condition the average power
is high and since all frequencies are active no peaks stand

out over the background.

4,53 Forbugh decrease:

We invesgtigate here the behaviour of the spectral
density estimates during a Porbush decrease. We wculd be
interested in finding out tke prominent frequencies during
pre-onset, onset and post-orset phases of a Forbush decrease
and also the effect of these phages on the average power
density from 6 to 30 CPH. 'For this purpose three PForbush
decreages are selected, Their characteristics are given in

the following table..

Table No, 4.4

Sr.No, Date of Day No, Time of Intensity decrease
oceurrence onget at Deep River N.M,

1 23 Mar,,66 447 9 hours 5 per cent

2 26 May, 66 511 4 20 hours 2 per cent

3 31 May, 66 516 20 hours 3 per cent

The third Forbush decrease of 31 May, 66 occurred
during the recovery phase of the Forbush decrease of 26

May, 66.

Taking an epoch of six samples, from the time of

onget of the Forbush decrezse, the spectral density
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estimates for each sample ars superposed, The process of
superposition is also carried out for the six samples in the
pre-onset phase and for the six samples in the post-onset
phese as well. The resultens graphs for the three Forbush

decreases are shown in Figure 4.16(a, b, c.).

To ascertain the general characteristics for the
frequency range of 6 to 30 CPH during a Forbush decrease,

the .average power for eadh cese is calculated.

The following table skows the average power end the
prominent frequencies in the onset epoch for each of the
Forbush decrease. For the broad peaks the frequency range
is indicated withig which the frequencies are significant

to the same extent.

Table No, 4.5

Desig. Date of Ave.power Prominent Confidence Amplitude
occurrence 6-30 CPH frequencies limits% %

Ag/cv.obs.

FD-1 23 Mar.,86 705  28{27-28)CPH 95 .06+, 004
-2 26 May, 66 656  17/15-18)CPH 95 .07+,004

2523-27)CPH 95 .08+, 004
FD-3 31 May, 66 681  13°12-13)CPH 90 .065+004

In comparing the prominent frequencies in the onset
epochs for the three Forbush decreases, we find that for FD-1
which has the largest decrease, only one sharp peak is at 27-28
CPH, and FD-3 has a peak at 13 CPH,
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In considering the presence of the prominent frequen-
cies in pre-onget, onset and nost-onset phases for each of
the Forbush decreases, we indicate in the following table

the frequencies that are prominent to 95% confidence limits.

Table No, 1.6

Forbush Prominent Freguencies
decrease
Pre-onset onget Pogt-onset
FD-1 none 27-28 GPH 7, 16 CPH
FD-2 24 CPH 15-18 CPH ‘none
_ 23-17 CPH
FD-3 16 CPH 13 CPH none

Prom the gbove table we find that a large Forbush
decrease tends to favour certain frequencies even after the
onset, whereas:for less intense Porbush decreages the
frequencies are prominent in the onset epoch and not after

that,

The average power for the frequency range from 6 to
30 CPH for three sample epochs of the three Forbush decreases
is plotted in PFigure 4.17. We find that the average power
at the begimning and at the end epochs is less than the
average power for the onset epoch. Hence there is an
increase in the average power during the onset of a Forbushy

decreasge.

The variations in the earth's magnetic field induce
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currents in the earth., Hence the Telluric currents records
provide very géod indication of the micropulsation activity.
Taking the hourly amplitude o the N-S Telluric currents
recorded at College, Alaska (Jessler 1966), the average is
found out for the @uration of the three samples epochs of
the Forbush decreases, The plots in figure 4,17 show the
gtrength of the qurrent for d:fferent epochs of eacH of the
Porbush decrease., In comparing these graphs with the ones of
.the average power of the cosmic ray freguencies from 6 to 30
CPH, we find that the micropu_sation activity follows almost
a gimilar pattern as that of She cosmic ray frequencieé, i.e,
there is a rise in the actiﬁi:y during a Forbush decrease.

4.6 Behaviour of cosmic rav frequencies in different
- ZKp epochs:

Using daily ZKp ag an epoch parameter, days are
grouped according to four classifications; the days vhat
have XKp from O to 7, 8 to 15. 16 to 23, and 24 or higher.
The spectral density estimates of the samples in the epoch
days are superposed, The four 'graphs of the superposed
estimates of each frequency are shown in Figure 4,18, The
prominent frequencies in each of the epoch are shown in the

following table,
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Table No, 4.7

Epoch  No,of Average Prominent Significa- Amplitude
samp~ power - frequency nce level
£Kp les 6 to 30 % %
-CPH
C to 7 213 736 4%/Cy.Obs. 27 CPH 90 .035 + .0007
8 to 15 484 705 'f gas CPH
27 CPH 95 .050 + .0008
16 to 23 208 711 'f 9 CprH 90 .035 + .0007
16 CPH
27 CPH 95 .060 + ,0007
28 CPH . 95 034 + .0007
24 or 106 688 =6 CPH
higher 9 CPH
2% CPH 95 .090 + .001

It is observed that for the epochs with low ZKp, 27 CPH
is the only‘frequency that is found to be prominent} for
medium yKp(16-23) prominent peaks are at 9, 16, 17 and 28 CPH,
In the case of high gRp(>24) we find that frequencies from 16
to 23 CPH are prominent. Hence, there is a tendency for the
peaks to be prgminént during hizh £Kp., In compgling the
average power of the fréquencies from 6 to 30 CPH, we find
that the value of the power is aigh for the low IKp when
compared to the average power for the high £Kp, This is
made clear in Figure 4.19 which shows a scatter plot of
average power (6-30 CPH) and IKp., The best fit line indica-

tes decrease in power with increase in IKp.



CHAPTER V

CONCLUSIONS:

In explaining the observed cosmic ray fluctuations
of the order of a few minutes period, we note that the non-
existence of any barometric pressure fluctuations in the
frequency range uhder study mekes it possible to conclude
that the freqﬁencies observel in the secondary cosmic rays

are not due to atmospheric pressure oscillations.

The most significant evidence concerns the broadly
similar fluctuations in the interplanetary magnetic field
and the cosmic ray intensity when they have been sirultaneous-
ly measured. Sane is.the cage for the fluctuations of the
field in the magnetosheath and the cosmic ray intensity.
Though it is clear from figures 4.9 and 4,8 in Chapter IV
that the correspondence for each pair of observations is not
exact, the frequencies 5-6 and 11-12 CPH appear predominently
in interplanetary field and cosmic ray intensity and 13-14
OPH end 25-26 OPH are common for magnetosheath field and

cosmic rays.

To explain the average amplitude of the observed cosmic
ray oscillations through changeé in the cut-off rigidity, we
need a change.of about .OBZ in the dipole magnetic moment.
This ié explained in Appendix II. The detection of gsomag-

netic micropulsation of the PJ 4 and PC 5 type corresponding
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to the frequency range being studied in our cosmic ray
investigation is consistent with the suggestion that the
cosmic ray fluctuations are produced by the change cf geomag~
netic cut-off. Indeed, Kato (1967) has observed magneto- -
hydrodynamic waves of this frequency range at the geomagnetic
equator. Although the H,M.wsves get damped close to the
earth, their amplitude in the upper part of the magnetosphere

can be quite high,

According to the suggestion of Patel (1967), the
magnetic moment changes could be produced by}the bulk motion,
of the magnetosphere as described by Brice (1967). This
would mean that there should be a marked local time depend-
ance with a maximum oscillations observed when the earth is
in the 15 hour direction. We have seen in Table 4.1 that
there is no significant local time dependance when we consider
the total data. While the hypothesis of Patel cannot be
completely excluded, a di;ect interaction of the plasma wind
with the magnetospheré is the more likely candidate to

consider,.

If, indeed, interplanelary magnetic field fluctuations,
the oscillations of tlhe magnesosheath field and cosmic ray
fluctuations with frequencies in the 6 to 30 cycles Der hour
renge are regarded as related to one another, it is necessary
to establish a mechanism which could produce all three. Aan

obvious process which suggeéts itself is that interplanetary
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periodicities measured by magnetometers on space probes are
most likely the result of a’spatial structure in the plasma
wind, For a wind with a.radial velocity of 400 km/sec.the
observed 18-cycle/h fluctuations correspond to a scale
length of 0.5 x 1O~3A.U. of tae irregularitiesgs in the plasma
wind, The fluctuations of ths energy density impinging on
the magnetosphere resulting from these irregularities could
be the means through which ths periodicities are generated

in the geomagnetic field.

Dhanju and Sarabhai (1967) in proposing the mechanigm
indicated above have also remmrked on the apparently larger
amplitude of the 18 cycles per hour spectral density in the
cosmic ray data when the detector was 1o§king at the anti-
solar direction compared to the solar direction. This
experimental result however has not gstood up when more

extensive data over a period of 8 months has been considered,

The frequencies of short period fluctuations which
appear prominently during any particular three~hourly period
vary quite markedly from period to period. It has been shown
in PFigure 4.4, that when gpectral dengity estimates for
large number of three hourly sets are superposed certain
frequencies appear prominently and when spectral density
estimates calculated from the data for all the eight months
arelsuperposed there is evidence for oscillations with the

frequencies 16 and 27 CPH standing out significantly above



the other frequencies. Thig raises interesting implications
if indeed the evidence is to be deemed ag suggestive of some
preferential mode for the presence of frequencles of the
noted types. In order to explain the persistency cf frequen-
cies we eoculd eifher attribute these to the source at the sun
or due to some particular behaviour of the magnetosphere. If
considératicn ig given to tke magnetosphere, we fird that the
theoretical speqtrum (Figure 5.1) of the magneto-acoustic
oscillations of the magnetosphere shows a peak corresponding

to & period of 200 seconds (Prince and Bostick 1964).

We have observed earlier in Chapter IV that there is
" a very interesting and significant relationship between the
level of geomagnetic disturbance and the average power of
the cosmic ray short period oscillations in the frequency
range 6 to 30 cycles’per hour. High level of geomagnetic
disturbance, as characterised by Kp, is associated with a
low average power of the fluctuations in cosmic rays in the
8 to 30 cycles per hour range. However, during this time,
prominent peaks appear at the frequencies of 9, 17 and 28
cycles per hour, Low level of geomagnetic activity,
corresponding to small Kp, is characterised by a high average
power in the spectral range 6 to 30 cycles per hour and a
prominent frequency only at 27 cycles per hour., Wz also

- obgerve that the average power is reduced during pzriods

of large cosmic ray intensity changes. The prominsnt
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frequencies are rather more evident in the case of positive
intensity when compared to she negative intensity changes

(Table No.4.3).

Howard (1967) has recently summarised the gtudy of
power spectrum analysis of velocity fields observed in the
solar photosphere. Hig observations reveal that oscillatory
motions with a period of 300 seconds come in fairly well
defined bursts that may last in phase as long as 30 minutes.
Howard states: '"Both the power spectrum and the visual
observations of the tracings show that a wide range of periods
between 200 and 400 seconds are present. There appears to be
no relation between the periods seen and the presence or
absence of a magnetic field in the region being observed,
Near the limb, shorter pericds are found - down to about 100

seconds't

De Jager (1965) has summarised current ideas on the
spectra of the solar photosphere in Figure 5.2, He observes
that the spectral region covered by our analysis viz.6 to 30
cycles per hour is one in wkich the sun seems to be constant-
1y active. Moreover, the pesrticular periods of 200 to 300
seconds seem to be associated with the scale size of the

granules.

Troitskaya and Gul'elmi (1967) in a recent review
of geomagnetic micropulsaticns have pointed out characteris-

tics of PC 4 and PC 5 pulsations as indicated in the
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Appendix I.. The occurrence of the geomagnetic activity of
PC 4 is reduced with high Kp. This similarity with what we
observé in cosmic rays is perhaps indicative of a general

correlation between these two phenomena.

The simultaneous onset of geomagnetic disturbance
producing high Kp and a Forbush décrease of large magnitude,
éignifiesAthe passage across the earth of a sharp disconti-
nuity in the interplanetary plasma and the magnetic field
configuration. During the Deriod under review, there were
106 epochs of high Kp while there were only 9 epochs for
which Forbush decreases with intensity changes of more than
2/ also oceurred at Deep River in the neutron monitor, For
high Xp occurring without a Porbush decrease, the short
period fluctuations of cosmic rays have prominent peaks but
low average power, On the other hand for geomagnetic storms,
accompaniéd by large Forbush decreases, we have high average
power in the cosmic ray fluctuations and generally an absence
of prominent peaks. This would seem to suggest that blast
Waves producing cosmic ray Forbush decreases sweer galactic
cosmic rays in the interplenetary space but are fcllowed by
a turbulent pusher gas which has a whole range of irregulari-
ties and scale lengths cofresponding to the excitztion of
the entire range of frequercies from 6 to 30 CPH. Indeed
this is fully consgistent with the model suggested by Parker
(1965). |
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We would 1like to assume that the main driving force
for the cosmic fay oscillations in the range 6 to 30 cycles
per hour arises on the sun, When the Kp 1s low, we can
assume on the average that the magnetic field lines connect-
ing the earth and the sun are relatively undisturbzd with few
magnetic field irregularitiss. Under these conditions, solar
excitation is communicated without selective attenuation of
any particular spectral frequencies. However, when magnetic
field lines have got irregu_arities, they provide a preferen-
tial passage for transmission of certain frequencies and not
others. Under these condit-ons, the power spectrum analysis
that we see in cosmic rays has got certain peaks and the
average power is reduced. at the same time, the irregulari-
- ties associated with the interaction of wind of higher
velocity with slower velocity plasma contributes to a

higher Kp.

The prominent peaks et 16 and 27 cycles per hour in
cosmic rays in the everall cata is remarkably close to the
preferred frequencies at.the sun as well as to the resonant

frequency obgerved in- the magnetosphere.

Clinching the interpretation suggested here requires
a more detailed compérison of the freﬁuencies observed in
individual three-hourly intervals with frequencies obseryed

simultaneously in the ifAterplanetary plasma and in the



magnetosheath, In our pressnt analysis,‘we had available
only one sample each for the two measurements in space,
However, it is expeoteé through the collaboration of workers
engaged in the measurement of magnetic fields in interplane-
‘tary space and in the magnesosphere to extend the inter-
pretation by more detailed analyses on three-hourly interval

basgis.
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APPENDTI X T

From table No.VII (Troitskaya and Gul'elmi ' 1967)

Type of classification
Period (second)

Additional charascteris-
tics and names

Amplitude average(gamma)

Characteristic of the
spectrum

Time of occurrence

Character of planetary
distribution

Connection with different
type of magnetic activity

From table No. VIIT

Type of micropulsation

Interpretation:

Generation

Propagation
Diagnostics:

Parameters of
magnetosphere

Methods of diagnostics

.
.

(X3

e

(X3

..

(X3

Pz 5, Pc 4, Pc 3,
150 to 600, 45 to 150, 10 to 45.
Pg .

1-10

Relatively regular spectrum.

Norning and evening hours.

Local in latitude and not
greatly extended in longitude;
strong correlation in

conjugate points; dependence

of the period from the latitude.

Yogt typical for moderate
ragnetic activity.

Eec 5.

Interaction of solar wird with
magnetogphere on the morning
end evening sides.

Poroidal oscillations.

Plagma density.

Using the dependence of the
period of oscillations on the
latitude.
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APPENDIX IT

Usihg the following simplified relation for

_ estimating the. changes in thz cut cff rigidity

81 _ -
T = - 6E%in . W

where %; is the cosmic ray intensity change in %,

SE

min is the change in cut off rigidity,

and W is the coupling coeffizient in% BeV,

for %; of .04% and taking a value of W equal to 1.5%/BeV
(Dorman, Cosmic Ray variatioas, page 117) one finds that
a change of about.03% is required in the B, . Thus .03%
change in the earth's magnetic moment should occur if we

use the formula

M
Byin = 7 £ Cos A%
. T
e
where M ig the egrth's magn=tic moment
r_1is the radius of the earth
and A is the geomagnetic latitude.
The station is situated almost at the geomagnetic

equator, so A = Q.



APPENDIX III

1. Fortran programme : P.S.A. Part I (4),
Input 12 sec. data ; Output 1 minute deviations.

2. TFortran programme : P.S.4, Part I (B),

Input 5 minute data; Output 5 minute deviations.

3. Fortran programme : P.S.A, Part II,
Input P.S.4., Part I; Output raw and refined

spectral density estimates.
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POWER SPECTRUM ANALYSIS PART I(A)
DEVIATION FROM 1 MINUTE DATA
DIMENSIONA(15)9X(2005)

READ CONTROL CARDsLAG INTERVALSNOe OF LAGSsAND H

READ 11+DELTsMsH
FORMAT(F3e2312sF3e2)

READ DATA CARDS

READ 125A{1)sA{2)sA13)1sAl4)sAI5IsA(6)sAlT)A(B8)5A(9)»A(10)s
A(11)sA(12):A(13)5A(14)5A(15)>IMSsIHSSIDS
FORMAT(3F4,031X93F4e0s1Xs3F4eDs1X93F44051X23F4e0513512913)
SX:O.

N=0

IMN=IMS

IHR=1HS

I1DY=1DS

GO TO 30, _

READ 12sA(1)2A(2)sA(3)sA(4)sA(5)sA(6)sAlT7)sA(8)2A(9)A(10)

IACL11)2A(12)sA(13)»sA(14) s ACL15) s IMNs IHRS IDY

IF(IDY)30s80,30
5=0,

DO 40 I=1,.15
S5=S+A(1)

N=N+1

X{N)=S

SX=8X+S5

IF(SENSE SWITCH 1)50.60
PUNCH 1sNsX({N}
FORMAT{1I59F10.,0)
IME=IMN

IHE=IHR

IDE=IDY
IF({N—-2000)204+20,70
PRINT 71

FORMAT (32HNOLOF VALUES ARE MORE THAN 2000}
PAUSE

GO TO 10

C=N

XM=SX /C

IPP=N-1

HEADING CARD

PUNCH 903 IMSsIHSsIDS» IMEs IHEs IDEsH«DELT sMaIPP s XM
FORMAT(2I3s14s1Xs2HT0921351492F6e1:21433F11e3)

CALCULATION OF DEVIATION

DO 110I=1sNs5

DO 100 J=1,5

K=l+J-1 ’

IF(K-N)100,100,110

X{(J)=X{K)=-XM )

PUNCH 120sX{1)9X{2)9X(3)sX(4)sX(5)sK
FORMATI(5FT742515)

GO TO 1000

END
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POWER SPECTRUM ANALYSIS PARTI(B)
DEVIATION FROM 5 MINUTE DATA
DIMENSIONA(3)sX(2005)

READ CONTROL CARDSLAG INTERVALsNOe OF LAGSsAND H

READL1 sDELT sMsHsMNT
FORMAT(F3e2+125F3e2513)

READ DATA CARDS

READ13sA(1) sA(2) sA{3)sA(4)sA(3) sA(6)sA(T)sA(8)sA(9)sIMSsIHSIDS
FORMAT (3F64036X33F6e056Xs3F6e026X9212513)
SX=O. -

N=0

IMN=IMS

IHR=IHS

IDY=1IDS

GOTO30
READ135A(1)sA(2) sA(3) sA(4)sAl5) sA(6)sA(T)sA(B) sA(T) s IMNs IHRs IDY
IF(IDY)30580530

DO40I=1+933

N=N+1

S=A(1) x

S=S+A(I+1)

S=S+A(I4+2)

X{N)=S

SX=SX+S )

IF(SENSE SWITCH 1)50s60
PUNCH51sNsX{N=2) s X (N—1) s X (N)
FORMAT(1535F1040)

IME=IMN

[HE=IHR

IDE=IDY

IF{N—2000)20,20,70 !

PRINT71

FORMAT (32HNO. OF VALUES ARE MORE THAN 2000)
PAUSE

GOTO12

C=N

XM=SX/C

IPP=N—-1

HEADING CARD

PUNCH9U s IMSs IHS s IDS» IMEs IHEsIDEsHsDELT sMs IPP s XM
FORMAT(21391491X92HTOs21391432F6e1321493F1143)

CALCULATION OF DEVIATION

DO110I=14Ns5
D0100J=145

K=l+d—-1l
IF(K-N)100,100,130
X0J)y=X{K)~XM
PUNCHLZ20sX (1) sX{2)sX(3)sx{4)sX(5)sK
FORMAT(5FT742515)
GOTo12

DO 140 J=J,5
X{J)=0

K=K~1

GO TO 110

END
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POWER SPECTRUM ANALYSIS PART II WITH FILTER AND PREWHITENING

100

543

35

200

10

400

DIMENSIONX(2000),C(200),v(200)sU(200y,2(2000)
READ HEADING CARD

READ423 91T osIZsIDAYsIMLlsIHLsIDAYLsHIDELTsMsIPP
IH=H

IF((IPP-1)/IH-M}1s2+2

PRINT3

PAUSE

GOTQ1U0

DO5431=14IPPs5

READ VALUES OF DEVIATION FROM PeSeA 1

READ1IZ3 ¢ X(I) s X{I+1) s X(I4+2)sX{ I 4+3)sX{1+4)
MR=M+1

MM=M~1

NAl=IPP+1-MM

PM=M¥*M

NN=NA1—-MM

HDELT=H*DELT

NA2=NAl-1

APPLICATION OF HIGH PASS DIGITAL FILTER

D0200I=MsNAL

FEX1=00

IM=1~M

DO35J=1,MM

AJl=J

IMJ=IM+J

AJ2=M-J

IJ=1+J -
FEX1I=FEX1+AJLI*¥X(IMJI)+AI2%#X(IJT)
FEX1=FEX1+(AJ1+1.)®X(IMJI+1)
DFEX=FEX1/PM :
Z{11=X{1)=-DFEX

CONTINUE

APPLICATION OF PRE—-WHITENING

DO 10 I=MsNA2
J=1-MM ,
X{)y=2{1+1)-046%Z(1)
CONTINUE

CALCULATION FOR MEAN LAGGED PRODUCT C(R)

DOSQOIR=1+MR

SX=0, .

IRR=1R~-1 :

IHR=IH*RR

MQ=IPP-IHR

D0400IQ=1+MQ

IQHR=IQ+IHR"
SX=SX+X(IQ)*X(IQHR)

AMQ=MQ

C{IR)=SX/AMQ .

500 CONTINUE
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301
300

302

CALCULATION FOR RAW SPECTRAL DENSITY V(R)

AM=M

DO300I=1sMR
R=1~1
RPI=3e14159%R/AM

*5C=0.

DO301J=2sM

Ad=d—~1

SC=SC+C(J)%¥COS(RPI*AJ)
VIIY=DELTH{CI1)+2e#SC+C{MR)*¥COS(R¥3,14159))
Ul1y=0e5#{V{1)+V(2}))

UIMR)=045%(V(M)+V{MR))

PDM=3414159/AM

CALCULATION FOR REFINED SPECTRAL DENSITY U(R)

D0302J=2 M
AJ=J
UGJ)=0a25% (V(J=1)+V(J+1))+0e3%V (J)

COMPENSATION FOR PRE-WHITENING

DIV=1e36~142%COS(AJ*PDM)
UtJi=uld)/D1v
DEN=2 « *AM*DELT
DO900J=14MR

R=J-1

FR=R/DEN

1=R

OUT PUT GIVING C(RysVIR)»U(R) AND FREQUENCY

PUNCHS s ITsI1ZsIDAY s IMLsIHI»ICAYL1osHoDELTsMsIsC(J)sVIJ)sU(J)sFR

CONTINUE

PAUSE

GOTO100

FORMAT(19HM IS GREATER THAN N)

FORMAT(21351491X92HTO0221351492F3eU0s1491493F11e25F643)

FORMAT({10F7.2)
FORMAT(213s14s1Xs2HTO0921391Ls2F6e1221493F1143)
END .
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SHORT-PERIOD VARIATIOHS OF COSMIC-RAY INTENSITY*
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{Received 26 June 1967)

Hitherto it has not been possible to establish
the occurrence of time variations of galactic
cosmic rays with very short periods, of the
order of a few minutes, because large detec-
tors that give a really high counting rate were
not available. An attempt by Torizuka and
Wada,! with a counting rate of around 10° counts,’
min, has not yielded conclusive results. How~
ever, a large-area scintillation muon detec-
tor has been operated for several years by
the Bolivian Air Shower Joint Experiment
(BASJE) at Chacaltaya at an altitude of 17 200
ft, longitude 68° 10’ W and geomagnetic lati-
tude —5.0°. The authors have been fortunate
to have had the opportunity of using the output
of the BASJE detector with a counting rate of
a million counts/min for conducting an inves-
tigation from April 1964 to June 1966. 15 scin-
tillation detectors each of 4 m® were used {Su-
ga et al.?). The total array of 60 m? housed
in a cave, was shielded by 3 m water equiva-
lent of galena so that the electron component
was absorbed. The outputs of sets of five de-
tectors were combined to provide three inde-
pendent channels for intercomparison. Accu-~
rate time was maintained by using a crystal
controlled electronic clock. Cosmic-ray data
were recorded every 12 sec while one-minute
recordings of barometric pressure were also
made using a digital servobarometer, The
12-sec data from the three channels were in-
tercompared and uniess one or more channels
exhibited erratic behavior, data from the three
independent channels were combined for suc-
cessive one-minute intervals. The constants
used for power spectrum analysis weren = 180,
m =30, and /=1 min, where z is the number
of data points in each set, m is the total lag,
and £ is the averaging interval for each point.
This gave us spectral estimates at 31 points
equally spaced in frequency from 0 to 30 cy-
cle/h. The significance of spectral-density
estimates was evaluated using the method sug-
gested by Blackman and Tucky.® For the chi-
squared distribution, we have 2¢1/m~3)~ 11
degrees of freedom,

Spectral estimates show variability in indi-
vidual samples of three-hourly intervals, As
more samples are superposed, peaks in the

252

Fz7516 1-3

spectral frequency range of 1 to 6 cycle/h

get smeared out by superposition. However,
persistent peaks at 18 and 25 cycle/h are
observed. These appear at 99% confidence
limits for the superposition of 487 three-hour-
ly sets during November 1965 to March 1966,
as shown in Fig. 1. Records* of the magnetic
field taken by Mariner IV in the magnetosheath
region a year earlier indicate that at 200-sec
period (18 cycle/h), there was large spectral
activity. Ness, Scearce, and Cantarano® have
found spectral peaks of 600-, 300-, 180-, and
120-sec periods in the interplanetary magne-
tic field recorded by Pioneer VI on 16 Decem-~
ber 1965 from 1715 to 2015 h. Cosmic-ray
data for the same interval show similar peri-
odic fluctuations which are shown in Fig. 2.

820

800

780
99 %
SIGNIFICANCE
LMIT

760

740

POWER DENSITY PER CYCLE (ARBITRARY UNITS)

720

700

C PH (CYCLES PER HOUR)

FIG. 1. The superposed spectral density for 487
three-hourly sets (November 1965 to March 1968) indi-
cating peaks at 18 and 25 cycle/h.



FIG. 3. The percentage change from the average of
spectral density in the solar and antisdlar directions
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" FIG. 2. The spectral density estimates for cosmic
rays corresponding to the three-hourly interval when
Pioneer VI was simultaneougly recording interplane~

tary magnetic field.

Local time dependence of the spectral densi~
ty has been studied for 18 cycle/h. Figure 3
corresponding to 487 intervals indicates that
the variation has large amplitude when the
detector is in the antisolar direction.

The barometric pressure at one-minute in~
tervals has been subjected to power-spectrum
analysis. The absence of any peaks of pres~
sure in the region of interest corresponding
to cosmic-ray peaks indicates that the cos-
mic~ray peaks are not due to barometric pres-
sure changes. An attractive possibility of
explaining the short-period fluctuation of cos-
mic rays appears through the periodic change
of geomagnetic cutoff rigidities. For 487 three-
hourly intervals the average amplitude of the
18-cycle/h periodicity is about {0.04%0.01)%.
To account for these periodic changes, which
have been observed for the first time in the
present investigation at the geomagnetic equa-
tor, we estimate by using the coupling coef-
ficient given by Dorman® for the meson com-
ponent that there need to be periodic changes
of about 20y in the dipole field. Fluctuations
of this order of magnitude in the magneto-~
sheath have been observed® for 18-cycle/h
periodicity.

Related to this interpretation, three inter-

FZ516 2

for 18 cycle/h.

esting points require to be understood: First,
the manner in which periodic fluctuations of
the interplanetary magnetic field are trans-
lated to periodic changes of geomagnetic field

-relevant to changes in the cutoff rigidity of

primary cosmic rays. Interplanetary period-
icities measured by magnetometers on space
probes are most likely the result of the spa-
tial structure in the plasma wind. For a wind
with a radial velocity of 400 km/sec the ob-
served 18-cycle/h fluctuations correspond

to a scale length of 0.5xX10™% A, U. of the ir-
regularities in the plasma wind. The fluctu-
ations of the energy density impinging on the
magnetosphere resulting from these irregu-
larities could be the means through which the
periodicities are generated in the geomagnet-
ic field. Second, there is perhaps a difference
in the sharpness of the spectral peaks observed
in cosmic rays at 18 cycle/h compared to the
other peaks. One would like {0 kncw whether
this is genuine and caused by the inherent res-
onant and dissipative characteristics of the
magnetosheath for energy transmitted through
it. Third, the larger amplitude of 18-cycle/h
spectral density in the antisolar direction (3%)
compared to the solar direction (~=5.5%) could
probably indicate the variation in the ampli~
tude of the oscillations of the distant geomag-
netic field in the tail of the cavity and in the
direction of the bow shock. More guantifative
analysis with additional data from space craft
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