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The res,-ltt,s of :. s'uud.y on the atrooslheric effect ¡:nd
the solar diurnaL vari e-bion of sea Leve l_ ccsøic ray
-irnotons i+ith enel:gies betueen J.8 and i8) i{eV, u.sing
a large i"laI ( 11) cr¡'staL tctal ebsorn'bion spectnone-uer,
are presented and ciiscu.ssed 

"

Long term observatioyrs sho'y.¡ that the a¿umospheric
effects of the sea level cosni,c ray nho'uons are nainly
barometric" The energy de¡endence of the barornet,ric
coefficiet'l-uË r¿.r€ls established and is explainecÌ in terms
of a sirsole absor ot,i-on 'modeI 

"

the energy relationships of solar- cÌiu_rnai aq¡l-itudee
and ti¡nes of n¡aximum v,¡ere aLso found" The r:esuLts are
interpreted 'cakinl in'cc account 't,he e ffe ct of the ear,chls
rnagne'r"ic fiel<i and 'uhe ;ixforcì-Parker t,h,-ory by assuming
a one..io-o:'te cort:esÞondence be'¿i,¡een tire energy c:l'che
cletected phcr-orrs e,ncÌ therleffec'¿iverl eneïgy oí the
prineries f ro::t ',,,ri-rich tlrey aïise,
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CIiAPTER T

TI{TRODTJCTTON

AJ.though the time variation of cosmic radiation was studied

as early as L)JOt it is not u::til the last fifteen yesrs that it has fully
developed into a now and special fi.eld of cosmic ray reeearch, lying at

the boundary of geopLrysicsu solar physics and. estrophysics. The rapid

expansion of this field is mostly due to the great advancement in cosmi.c

radiation detection techniques and. the associated instrumentation r¡hich

have made possible an accurate oontinuous recording" Tho est,ablishïûent

of this field as a nehr bnanch of research mu.st also be credited to the

revolation of the geophysical and astrophysical aspects of the cosnic

radiation and to the tremendous collectíve efforts in experimentation

during the IGY year. Further great progross in this field will rely on

the fin<Ìings from satelLites and space probes, especially if they can

be operated on a continuous basis "

Undoubtedlye the time variatíon of cosmic radiation has been

verified as a sensitive tool in att,empts at und,erstanding the state of

distribution of matter and energy and the cosmlc dynamíc processes in
outer space. It' can provide information about the distribution of cosuic

ray sources in spacee the cosnic ray gradient in the galaxy, particles

of eofar origin, d.ynamlcs of the soLar wind, nagnetic fíelds in the

interplanetary and. galactic medía, geomagnetic field and the terrestriaL

atmosphero sfnce these studies of eosmlc radiatÍon can be explaÍned in

terms of electrodynamÍcs, plasma physics, solar atmospheric condÍti.ons,

structurEe of the galaxy, geomagnetism and meteorology. SftldSring ¿¡s
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time variation of eosmic radiation at the earth, ?re can infer the

sltuatione in the vicinity of earth and sun, ín the interplaneLary apacee

and in the galaxy" With further advaneos in this field, the origin of
cosmiç radiation will be disclosed.

Evon though the satellitee and space probes havo become

pouerful instrumente for cosmic re.y research in this era, their potency

ín the study of the time variation of cosmic radiation has not yet been

fully utilized. Up to the present time, ground cosrnic ray detectors

stiLl play the most important role in such research because of their
efficiency in a continuous collection of d.ata"

Stt'uated' deep in the atmosphere, cosmic ray monitors observe

essentially the secondary cosmlc ray components. By means of the method

of coupling constants, the anplitude of variation in different secondary

components can be used to estimate the variation in the primary energy
' spectrum (Dornan L957u see Appendix "a)" .4,g most of the second.ary

component detectors record the integral effect of the primaries as a

result of their deficiency in differential energy discrinination, they are

sensitive only to a csrtaín prinary energy region according to the

energy dependence of their coupling constants, consequently, the

determj-nation of the energy dependonce of the prinary variation will
require extensive data of various secondary components u Better accurasy

will be obtained if these second.ary components have a substantial

dífference in the energy dependence of theår coupling constants. At

present, the nu-cleonic and. hard conponents are the two most popular ones

which yield' reliable information in connection ni'r,h the primary eosmie

radiation sf lor¡ energyo

The existence of cosmic ray photons near sea level has rong

been recognized theoretícal.ly and experimentally. HoîÍever, the study of



such photons has been very far behind- the general ad.vancesent in cosmic

ray resoarch, probably because of the late development of nethods to

effect íts separation frorn the other cosmic ray components. EarlÍer

v¡ork on the sea level photons has been perforned to study their absorption

coefficients in matter (Janoesy et al. r94a, and Regener Ig40) and their

energy spectrum (Janossy et ar" tr940, clay et ar. Lgjrg cinou L9)5t

Cernigoi ot aL. I9r4, and. Kamed.a 1960)" Slnce Ig)O, common intorest in

cosmic ray photons has been shifting to the underetanding of prímary

photons" In L95L, Perlow et al" reported that rocket experiments shorv

O"I/. of the energy flux above the atmoephere in tbe form of photons.

During a balloon flight on Mareh 2On Lg58c L gamma-ray burst of 2xIO-7

ergs/eec 
"n2 

fro* a solar fLare was detected (Peterscn et al" Lgrg).

Having measured the primary'photons at balloon altitudes hrith erulsions,

Forvler et aI . (tg6r), Kira (Lg6r) and Abraham et al. ( Ig6r) also arrived.

at the conclusioir that the contribution of photons in the prinary

conponent is negligibly snal1" The experinental results of the ExpJ.orer

XI (I{raushaar eL aI" Ig6)) indicates an upper }imit of 7xIO4 particles

cm-2 sec-I sterad-l for prinary photons of energy greater than lCO Ì{eV,

In recent years, a nuinber of r¡¡orkers (I4aze et al. ]960¡ Firkowski et a].

1962, t96r, Gawln et al . 1961, Gawin et al " 196r) have given evid.encs on

primary photons by studying ehowers Ïtith a low content of penetrating

particles. I¡ocal sources of high energy photons have also been searched

for by cocconi (rp6o)u chudakov et al. (1961), and l(raushaar et al" (Lg6j)"

In general, primary photons have been reported to have very low intensity"

So far there are suprisingly few reports on the time variation

of photons near sea ]eveL. As primary photons are negligible in quairtity,

soa levef photons are mainLy the end product of the nuclear and electro-

magnetic interactions between the prinaries and the atmosphero" The



eignlficance of such a study is obvíous " Tt can provido infor¡ration

about the coupling processes between the priaary and the sea leveL photons

and serve as a secondary ecmponent for Llne deternination of the variation

ín the prinary energy speetrum" At the university of }{anitoba, a large

NaI (Tl) crystal total absorption spectrometer has been designed by

Standíl et aL " (L9r9) prinarily for the study of the photon component

near sea level" I'iith this spectrometer the solar flare event of I'fay 4,

1960 r'¡as record.ed (Standil Et al " L96I)u the pressure coefficients of the

photon collaþonent near sea level were determined for photon energies

greater than / and 79 y,eV ( Bukata et a] . 1962), and. a day-nigþd senparison

of the photon intensity ¡ras investigated (Cnin et a].1962)" Results

obtained erlcouraged a further study of the sea level photons with the

spectrometer' l{ith the acquisition of a 4OO channel pulse height analysor

in 1962, it became possible to perform a tiroe study on the differential

energy spectra of the photone on a continuous basie, and !¡ork v¡as started

on the daily variation of the photon conponent" Ðata have been analysed.

to determine the atmospherie effect and the solar diurnaL variation for

such a conponent. In particular, the energy dependence of the barometric

coeffíclents and of the solar diurnal ampli'uudes and times of maximum

íntensity have been determined" this thesS-s presents the results of such

a study, using the data collected during the period fron February to

lsovember 196r,



CTI},FTER TT

EXFERTÍqi¿r-'lTÁL TECill\ilQU,ïS

The daily variat,i-ovt experirnents on ths cosnic ï'ay photons

have been carríed ou.t in the Cosmic Ray tabora'cory'-uhich is l-ocated on

the roof of the Allen Buil-<ilng at'she Univer.sity of Mairitoba, geographic

latitude 49'9o i{, longitucie 97.2o 1{, and eLevation 2J6 meÍ,ers above sea

Level.. The lebcratorl ',"¡as bu.ilt l'¡ith construction materiais r"¡hich v.¡ould

keep the -t,ransition effects oÍ cos¡ri-c rays throu.gh natter. to a minimum

(roof thiclcness about 2"1 gn 
"*-2). An air conditioning s)¡stea r,jes

installed to maintain'che room tempera¿uu-re et fo + 2o F al1 the time so

that instabiLi'cy of the electronics d.ue to ci.rastic thermeL variation

coufd l¡e elirninated. studies on the time variaticn of the photon

conponent were performed with a ]arge iriaÏ (T1 ) cr¡rs,tal total absorption

spectrometer as the de'¿ector, a conventional arrangement of el"ectronics

as the evenis recorder and a 4oo channel pu.lse height analyser as the

energy sorter. Data v¡e:'e coll-ecteC in ie:'ns of dif f erential energy

o¡¿n4r¡oe!!v s¿ q o

A, The Toiel i\bsor:ption Sp_e_ctrome.r,er and ihe Recordinß Units

It has been establisiied that the ccs::ric i'acÌiation near the sea

leve] ís coinposed of cha:'ged and neu.'cra1 par'cicles " The present toi;aL

absorption s"oectrometer has been primarily desigired to senarate the

neutrel componen'l frorn the total- cosnii c radiaticn, l\rnctionalLy speakin¡5,

tire rvhole exÞeri-ßentaL arratrgement coasists of tvo systems; namelyu the

signaJ. s;rst,em v¡hich produces signal pulses upon de*r,ecting char.ged or

uncharged particJes, and the anticoincidence system which provides



anticoincidence pulses for the canceil-ation of the charged or not totally

absorbed particles" Detailed infornation about the total absorption

opectrometer and the recording electronics can be found in the reports of

Standil et al " (L9J9) and Bukata (L9r8, L96O) v¡hile the characteristics

of the v¡hole apparatus in cosmic ray detection have been investigated by

Chin ( I96L) u A general description is given beLorv,

The sÍgnal systen contains a ltiaI (thattiua activated) crystal

with a cylindricaÌ shape af 9-1/S inches in diameter, 8-LI/L6 inches in

height and. a 47o bevel to a cone of 2-5/B inches in diameter as shor¡n 1n

Fig. 2"1" When a cosmic ray particle, either charged or neutral,

interacts with the crystaJ. a flash of Ìight of a decay tine 0,2) nicro-

eeconds is generatedo the quantity of v¡hich is proportional to the amount

of energy lost by the inpinging particle in the erystal" three photo-

ntultip}íers that vievr the bottom plane face of the crystal. through a

glass light pipe vrill pick up and convert the emitted light into

electrical pulees vrhich are electronically srmmed nith a three channel

nixer into a pulse deeignated as signaj. pulse. Being small in size, this

pulse is further magnified by means of a linear arnplifler before it is

eorted. into the proper channel of a 4OO channel pulse height analyser (see

FL¿" 2"2) "

As for the anticoincidence system, a cyì.indrical shield of

ptastie phosphor (typu l'{E 102) has been constructed to envelope the l{aÏ

crystal entÍrely in terms of four sections¡ a ci¡eular top plate of 26

inches in dianeter and I inch in thiclaresse ttrJo identical sections of

hollot* cyì.inder i.¡ith an outer diameter of 26 iirches and an inner diameter

of 16 inches and a height oî II-I/2 inches, and a cylindrical bottom of

2ó inches in diameter and 6 inches in thiclcness" Síx photonultipliers

v¡ere installed around the edgo of the top plate, and five rn¡ere placed
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directly under the bottom section. These eleven photonultipliers collect
t'he light emitted in the anticoincidence shield due to an interaction
between the cosmic radiaticn and the plastic phosphor, and. conver,r it into
electrical pulses r,¡hich are added together in an eleven channel mixer as

a single puJ-se caLled the a'c" pulse" Having been amplified by a linear
amplifier, ihls a.c. ptllee, if its size is above the bias setting of the

gate pulse generator, will trigger the generator to produce a negative and

a positive output pulso, each of ) volts auplitud.e, whi-ch are fed. into the

4OO channel pulso height analyser ae gating pulsee.

Tn the present experinen'cs, only tv¡o hundred channels of the

pulse height analyser have been usedo These tr+o hundred, channels have

been subdivi<Ìed into ti.;o eeparate and independ.ent groups (one hundred

channels for eaah) with their otr{n signal input and anticoincid,ence input

circuits. A signal pulse from the signal system is simultaneoisly fed

ínto these two groups ( desÍgnated. as A and B) while the negatlve and the

positive output pulses from the gate pulse generator in the anticoincidence

eystem are transrqitted to the coincidence and the anticoincid.ence gating

input circuits of groups A and B respectively" A signal pulse sçg¡¡rrrpe.r:ieC

r¡ith an antícoincíd.ence pulse will be sorteci in.'o the proper chanel of
groLip A while in the absence of an a,c" pulse, the signal pulse will be

analysed and stored in the group B"

Ae a result, events in '.he signal. system unaccoapanied by

events in the anticoincicience system (es recorded in group B) are ascribed

to the neutral particles which are lotall.J absorbed. by the crystal, r,hile

the charged events åre recorcled in group -{ if ovents happen sircultaneous}y

in the anticoincídence system. The total absorption spectroneter l¡hich

consists of the I{aI crystal and the shield, anC the blocl< diagram of the

whoLe experÍmental arrangement are shown in Fig " z,I and, Flg o 2.2"



B" Function as ,a_ ToSl _Abeog"ptio! SpsgJrone'qgr {or 'rhe _\eli_!qg_l Conpon_ent

To clarify thre foregoing description, let us discuss the

characteristics of the instrullent" The NaI crystal, by itself alone, can

detect charged and uncharged particles coning frorn all directions" The

pulse height thus producod in the signal systen is proportionel to the

energy lost by these particles in the cryetal" In the case of an Íncident

vertically moving charged particle, lt sufferae practically t¡ithout

exception, from ionization loss or bremsstrahlurlgLoss in the plastic

phosphor shield of I inch thiclcress before it hits the crystal" then, it

rnay pass through the NaT crystal after transferriirg another part of its

energy to the crystal or it may be totally absorbed by the crystal " fhe

energy loger ín the plastic shield. will initiate an a.c. pulse r'rhich

through the gate pulse generator will close group B of the pulse height

analyser and alLor,¿ group A to accept the signal pulse frorn the NaI crystal.

Therefore, the clifferential spectrum as registered in group A is not an

energy spectrr.uo of the charged particies in an absolute sense because the

energy loss in the crystal does not necessaríJ-y identify the entire energy

possessed by the particles detectedo

In the absence of an a.c" puJ.see the particle detected by the

NaI crystal lvil.l be recorded in group B of the pulse height anelyser and

is regarded. as a neutral one" To underste.n<i the nature of the differential

energy spoctrrrm as recorded in group B, let us folloi+ the events after a

neutral particle is incident on the shield. T'his particle either has an

intact passage or interacts with the plastic phosphor" Ïn the }atter

case, there are two possibilities. Either the secondary particles produced

in the ínteraction are totally stopped in the plastic phosphor' thus

elininating the possibility of its being detected by the NaI crystal; or

sone of the secondary particles inpi-nge on the crystal end hence initia.te



a pì¡lse in the signal sys¿Lerl," Holrever, such secondary particles i,¡hich are

produced in the interaction betlqeen a neutra.l primary particle and the

shield always contain at least one ionízing particle ( except the case of

(n, ganma ray) but this process is negligibly smal1 for a neutron r'rith

encrgy greater than 10 MeV)" This ionizing particle lrill generate an a.c.

pulse in the anticoinciCence system; thuo, this event v¡ilI bo re6istered

in group A as a charged particle. Therefore, the probability for a

neutral- particle, intoracting with the shj-eld, to be recorded in group B

is negllgibly sr:aall. In the former case (i.8" â neutral particle Éassing

through but not interacting wlth the shield) three possibilities must be

considered" First, this neutral particle is not detected sinply because

of its missing the crystal or because of ite penetrating through the

crystal again without any interaction. Seconde it interacts with the

crystal but some of the secondary particles of the interaction are picked

up by the shield; hence, in terms of the above reasoning, it wiJ.I not bo

recorded in group B. Third, both the prinary neutral and its secondary

particles are entirely stopped in the crystal, and this event ís thus

registered Ín group B in èerms of its true energy and ls said to be

totally abegrbed, trVith the combined operation of the NaI and the anti-

ooincÍdence shield, the spectrometer can select and record the totally

absorbed neutral particles among all the cosmic ray particleg. As e

result, the differential spectrum as registered in group B represents the

true energy spectrum of the totally absorbed neutral particles.

The efficiency of the plastic shield in detecting a charged

particle has been estimated by an experÍment (Chin, 196I) in r¡hich tr¡o

differential spectra lJere deterrqined separately" One spectrum was obtained

without the operation of the plastic shield so that it represented the

distribution due to both the chargeci and the neutral particles" The other
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spectrum obtained with the operation of the plastic shield contained in
principle only totaÌ}y absorbed. neu.tral particles. Assuudng no neutral
particles in the cosmic radiation, the differentiaL spectrum obtained
ro¡ithout anticoincidence can be regard.ed. as the spectrrm due to the pure

charged component and the differential spectrum obtained rrith ai:tÍcoin-
cidence as the spectrum of those charged particles which escape the
anticoincidence cancellati.on. For different energy loes ranges, the
percen¿Lage elimination of the charged. component was worked. out with the
above two spectra. As a ¡ssr¡f¿, it was d.etermined that the shield can

detect much greater than 68% of the charged particles ¡¡hich lose 12 to

50 i'{ev of their energies in the crystal. For charged particres rrith
onorgy loss above !o Mev, at leaet )6/, are detected. by the shield. sínce

the cosmic radiation does contain neutral particles, the above experinental
values are merery lovror lirrits for the rlrejectíon efficiencyrr,

ç" Function as a Photon Monitor

For the purpose of investigatíng the neture of the neutral
cosmlc radiation observecÌ by the present apparatus, a lead absorption

experiment was performed to determine the absorption curve of the neutral
component (cnin, L96I)o In the experiment, lead of different thict¡:esses

was placed above and close to the top of the anticoincidence shield, thus

red'ucing the transition effect in the air between the lead and the detector.
Experimental data were col.l-ected in terms of differential energy spectra

of the totally absorbed nsutral ssmpenentu

Four energy ranges (ro-re ì.iev, 20-40 Mev, 4o*óo lvrev, and 1oo-

2/O MeV) were select,ed for anelysis. These four oxperinental absorption

curves had common qualitative featureså the intensity decreased with
increasing thicloess and, tended to reach a constant value at ]arge absorber
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thiclc:esses. Íhe analysis of each of these four cu.rves foLlot¡ed the eame

procedure "

Firs'c, the constant value of the intensity at large thiclcress

?¡as recognized as the baek ground intensity whieh r{ras not affected by any

emount of lead thicl¡nees" Second, a new curve w&s corie¿tructed by

subtracting the background intensity fron the original experimental cüf,ve.

This nev¡ clrrve appeared to be approximately a straight line (for all four

energy ranges)i hence, it ímplied that the neutral component detected is

essentia]Iy composed of a single kind of partÍcle" Thirdu comparison Ï¡as

made between the slope of this straight line ( observed linear absorptÍon

coefflcíent,) and the absorption coefficients for photons and neutrons in

lea¿. Thue, it was concluded that the four observed straight lines wÊre

the abeorption curves of photons primarily"

îo assess the amount of neutrons po6sibly detected in the

neutral component for a certain energy 
"*ng" 

a theoretical absorption

curve tor 2/" neutrons and g8% photons was conetructed and comparod v¡ith

the experimental absorption curve" Sinilar attenpts xdore afso made for

the aesumpti-ons of ,/" and 10% neutrons" In general, for all four energy

tranges considered., the cu.rve s of 5/" and tO% noutrons agreed poorly vrith

the experimental curve" lhe zero /o neutrons cur\¡e gave the best fit and

t]ne 2% neutron curve was the second. best.

Even though tho lead absorotion experiment did not conclusively

ostablish the exact nature of the detected neutralse the analysÍe did shor¡

that the assumption of greater than or equal fo 98y'" photona and less than

or oqual fa Zy'" nelrtrons i*as qutte consistent r,tÍth the experinental

observations "
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Ð, C?libration and Þta Collection

Ïn the present experiments on the tine variati.on of the photon

component, data I'rere accumulated every hour in the form of differentia]
energy spectra" The exporímental procedures involved (a) atignment of
groups Á and B of the analyser, tlee signal syetera and the anticoincidence

system, (u) aetermination of the differential energy spectru.m, and (c)

a stability check of the whole apparatus.

A gamma ray of energy r.l2 Mev e¡ritted by zn65 vras used as a

cai-ibration source. The resoLution of the speetrometer was found. to be

L6.8/" at this low energy. First, groups A and B of the pulse height

analyaer -were lined up with a constant purse from a pu].se generator

through the signal mixer and amplifier. By adjusting the lor,,er level
position of one of the groups, this coi:stant pulse t{as stored, in the sane

channe] in both groups. (If we d.esíre a particular channel in both groups

for this constant pulse, r.re sinply turn the coünon zero dial cf the

analyser') The channel n,-¿mber corresporlding to zero energy can be

determined by tho positione of two cot:stant pulses of kno,¡¡n sizes in group

A or B" second, to eneure an equal functioning of the tirreo signal

photonnrltipliers viewing the Nar crystal, their plate voltages r,rere

adjusted indivÍdua1J.y such that each of them, vrhen operated. arone, gave

the 1"12 MeV Earnma ray peak in the same channel of g,roup A of the analyser.

Third, the eleveïl ecc' phoiomultipliers observing the shield. v,¡ere aligned

ae follov¡s: That pho'r"otube which views the central region of the shield

botton was taken as the rlstandardrl and. operated alone in the anticoincidence

system" .A' differentiar spectri.m of the backgr"ound as seen by this
phototube rvas eoiLected Í.n group A and then transferred to group B" l{ith
t'he Zn source near this phototube, another spec¿{,ruü (for the same tíme

interva]) was obtained in group A" Then, these two spectra were overlapped
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on a screen display and the channel number v¡here they intersected each other

l+as determined" For the rest of the phototubes, the same procedure was

foLlov¡ed and each high voltage vras adjusted so that all anticoincid.ence

phototube gave the same intersection channel number" Thus al1 eleven

phototrrbes had about the same output for a given light flash in the

scintillator "

the differential energy opectrum for the photon component is

d.etermined by further adjustnent of the signal and anticoincidence systems

such that the energy range of interest is included ln the spectrum and an

effective separation of the neutral frorn the charged particles is attained.

Together v¡lth a suitable choice in the output gains of the signal mixer

and amplifier, the plate voltages of the three signal phototubes can be

adjusted to obtain the energy range desired for the differential spectrum

being investigated. A study in the high energy range required low plate

voltages for the signal phototubes, and low gains for the nixer and the

amolifieri the reverse would lead to a los energy range" Through the

calibration of the I.12 l{eV gamma ray peak position, the energy range of

the cosmic ray spectrum could be deternqined, (Assuming that the energy E¡

required in the differential spectrum should appear in channel x with

the mixer'gain at b and the amplifier gain at a, and that the caLibration

spectrum of the gaTma ray is to be done r¡ith the mixer gain at B and. the

anplifier gain at A, the 1.12 I'{eV peak position must be }ocated at channel

y from the following formula,

Y=x4åI"12ab Ex
lf the zero channel doee not coincide uith t\te zero energye x should be

replaced by (x - d) r*here d ls the actual channe] position of the zero

energy" Hence, the plate voltages of the three signat phototubes can be

increased or d.ecreased by an equal amount until the gamma ray peak is
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observed in channel y.)

An effeetive separation of the neutral component from the

charged was achieved by proper adjustnent of'che bias on the aoc, pulses

fron the anticoincidence system" After alignnent of the eleven a.c.

phototubear we cou-ld control the a"c. counting rate by reguì.ating the gain

of the a.c. amplifier and the bias of the gate pulse generator. To begin

with, we operated the signal system cnlyrwhich gave a differential energy

loss spectrum due to the charged and the neutrral particles in group A of

the analyser" The spectrum vtas left undisturbed in group A after its

contonts had been printed out" Thenu trlle connected both the signal and

the anticoincid.ence systems to group B of the analyser. Record.ing the a.c.

counting rate at the output of the gate pulse generator, a differential

spectrum of the neutral coaponent was thus obtained for the same time

interval in group B, 0n screen display, these two spectra r.Jere overlapped,

and the effect of the elininatíon of the charged component, on the neutral

spectrum r,vas examined" If the muon peak (Cfrin 1961) which appeared in the

opectrum of the total cosmic radiation (regístered in group A) could be

seen ín the neutral component spectrun (in group B), the cancellation was

not satiefactoryu Thenu lve erased',,he neutral spectrum in group B and

obtained another neutral speetrum after a proper j.ncrease i.n the a.c"

counting rate (i"e. a decrease in bias on the a"c. side). By so doing,

any residue of the muon peak was found to vanish after a certain a"c.

counting rate uas reached, A nunber of neutral differential spectra were

thu.s accumr.lLated v,'ith different values of the a.c. counting rate until a

further increase in aoc. counting rate gave a perceptible d.ecrease in the

neutral differential spectruur as a resul-t of the abnor¡oal]J¡ large

accj.dental caneeLlations" Alt these neutral differentiai- spectra obtained

v.¡ith different âoco counting rates r{ere printed and plotted along with the
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spectrum of the total component. By comparisone we determined the best

value of the a.c. cour¡tíng rate (feOO cts/sec) for an effective separat,ion

of the neutral fro¡a the charged component" Having assembled the v¡hole

apparatus as shown in Fig. 2"2, we accumllated a run rqith the chosen &"cu

cou-nting r&te. This gave a differential spectrum of the neutraL component

i.n group B and one due to the charged particlee in group A" Õomparison

of these trrro spectra with the previously obtained spectra assured us that

a correct separation of the neutral fron the charged component had been

achieved.

In the present experiments, l.re are interested in the variatione

of the low energy cosmic ray photons. The v¡hole system vias adjusted so

that the differential spectru¡s in group B covered photon energies from

J "8 Lo 181 MeV, We thus elimirrated any gannnas due to natu.ral emitters in

the surroundings. ïhe differential. energy loss spectrum of charged

particles ae registered in group A is not the point of interest in the

present thesis. The time control system in the pulse height analyser was

set at )2 mínul,es for a run, At the end of a run, the analyser was read

out in destructive mode and the <Ìata printed out by an accounting machine.

It took B minutes to complete the 200 channels tabulation together with the

subtotal for every five channels, and then the analyser returned to the

accumulation mode for data col-Lection.

Calibration of the whole system was performed once every dayn

lience, data collection was randomly interrupted. for an hour in each day'

For the signal system, the 1.12 MeV gamna ray peak position was checked

with three signal phototubes operatihg, l¿ihenever the garma ray peak was

found to drift away from cl:anne1 )1, each of the signal phototi-ibes r¡as

calibrated individually and appropriate adjustment was made on its plate

voltage so as to properly line up the tirree signal phototubes again"
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Then, the ganma ray peak was.Ðoved back to the designated position by a fine

adjuetment on the mixer unit" .Às for the antj.coíncidence system, the auc.

pulses rvere continuously monitored by a ratemeter connected to the output

of the gate pulse generator" The a,c" counting rate was restored to the

designated vÞ.lue during the calibration hour by adjusting the input bias

voltage level so as to compensate for any slíght shift of the electronics

lnvolved. Routine monitori-ng r+as aleo mad.e on the output voltages of the

poïIer eupply uni'cs every !¡eek. The fbnctions of the mixers, amplifiere and

gate pulsê generator yrere.oalibrated regularly during the tiine of the

caLibration hour" The re-alignnents of 'rhe signal and an'uicoincidence

systen were done vrhenever excessive indi'¡idual adjustnents seemed to be

required, Tho performance of the above stability checlcing r'¡as aj-med at

keeping the i.¡hole system in operation undor condj-tions as close to the

original as possible.

The intonsities of the neutrel anC of the charged in the first

2O channels of the spectra, vrere summed up and plotted on an hourly basis

for a final checlc on possible troubles in connection r'¡ith the electronics

and experimental environments o Along nith the plotting of 'che atmospheric

pressure and the ground temperature ( supplied by the Ðepartment of Transport,

Winnipeg)e they have also gerr,.ed for the ssy¡sl.ation study purposeÊ' Ány

suspected data were thus discarded" Data v¡ere punched onto cerds for

processing with the IBM 1620 couputer" The averaged differentiel energy

spectru:e (after pressure correction) for the photon colnponent Ís

ilLustrated in FLg" 2,J"
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BÁROi'íETRIC COEFFTCTEI{TS

Ïn the course of investigating periodic variations of çre

secondery cosmic radiation component deep in the atmosphere, meteorolog-

ical effects have imposed a very cornplicated problen which has not been

eatisfactorily solved' Part of the variation of the seconciary component

originates in tlre change of atmospheric properties through the alteration

of the nultiplicity factor v¡hich couples the secondery to the primary

radiation" D;r'ing the process of nr.lltiplication, if el1 forebeare:sof the

secondary component are stabLe particles, the meteoroJ.ogical effect can

be deternined only by the amount of matter traversed,i if some unstable

particles appear in the genetic line, the proeess ï¡ill depend on the mase

distribution along the path of the particles. For the former case, a

barometric effect can be sufficient to represent the atmospheric effect,
The latter requires e lüov¡ledge of the tempereture distribution throughout

the whole atnosphere above the stati.on. As a rule, meteorological

infl.uencos rrust be elin:inated fron the data especia].ly when their

nagnitude and phase are conparable r'vith those of the periodic variation

under investigation,

Generally speaking, the seeondary conponent data shor.¡s at

least two types of time variation, meteorologÍcal and. extra-atmospheric.

up to the present timeu no completely satisfactory method has been

cìiscovered to effect a separatj-on of these tr¡o so that either of them can

be studied more reliably" sone workers, in theír studies of the

meteorologioal effects on the meson conponent, have utilized the pressure-

17
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correlcted nucleonic intensity to represent the secular variations of the

primaries" Houever, the procedure to obtain the baronetric coefficient

of the nu.cfeonic gsrhponent has not taken corapletei.y into accou_nt

variatÍons in the prinaries " Mlore seriously, the neutron monitor does

not respond to the same energy region of the primary spectrum as the $eson

d.etector.

Since the discovery of the pressure effect by þssowsh¡ et al.
(Weø), a great deai. of r.rork has been done on the meteorological effects

on various secondary componen¿',s such as messons, total lonizing partíc1es,

soft particles and neutrons. hapirical methods for the d.etermination of

the meteorologieal factors and theoretical fornulations of the problem are

referred to in the works of Blackett (L918), hrperíer (1948, L94g)u i,iaeda

(L9)), Ig60), simpson et al " (Wrj), oluert, (ryrj), Þefalt (Wr7, Lgrr),

Rose (rgrl)e Dorman (LgrT), tJada (tgr7, 1960, 196I), Mrathews (tgrç),

L,indgren (wez)e Lapointe et ar. (L962), carmichael et al. (L961, L96i),

Bercovitoh et al" (1961), Bercovitch et al, (196r)g Dr.ying et al, (t96r)u

Kaminer et al " (t965), ¡;ori st, al " (tg6r) and Bercovitch (1966). However,

no publication sinilar to the present study hae been noted concerning the

atmospheric effects oir the cosmic ray photon component, except that of

Buicata et al . (ryeZ) v¡hich roported results for the pressure coefficiente

of photone with energies above 7 and above JJ IIey"

A I'¡:nowledge of the processes giving rise to the photons near

sea Lsvç1 is usef\rl for the comprehension of the meteorological factors on

the photon comÌronent. The well larown ones with important bearings in the

present problem are the decay of neutral pions and the breusstrahj-ung of

electrons prod.uced in rruon d.ecay and in muon lceock-on processes. The

decay of neutral pions, occurring mainry near the top of atmosphere,

initiates a cascad.e of electrone and photonse i"B" an air shor¡er, The
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nunber of shower particles reaches a uaxiultur around the 2OO mb leve] and

then declir-res v¿ith atmospheric depth on account of absorption" The life

time of a neutral pion is so short that it decorcposes into photons

practically at the same place where ii is formed in the collision of the

primary and the air nucleus o lience, at sea leve} the meteorological effect

on photons of neutral pion origin is purely baromeiric in character.

Photons originating in electron-photon cascades generated by decay and

trmock-on efectrons are, through the intermediate muon, traced back to the

charged pion as their source. lhe conpetition between decay anci capture

processes of the charged píon, and the decay of muon are sensitive to the

distribution of the air mass between the production Level of the meson

and the resuì.ting photon" As a result, a temperature effect will play a

role in 1i1s meteorologicaÌ effect on these photons as observed at the

bottom of the atmosphere, Because of the long life of the nuon, decay

electrons prevail in number at lower atmospheric depths and lcnock-on

processes becone more important Trear sea ]evel where the matter is dense'

Consequently, at the point of observationr the age of a shov¡er initiated

by an electron cf muon origin depends on the place of birth and the energy

of the electroni it roay be old beyond its maxiutrm of development or ít may

be still j¡oung encugh for further cascading" In the old shorrer, most of

'uhe particles have an energy belor¡ the critical energy of an electron in

air. lhe electrons v;iLI lose onergy primarily by ionization (rather than

radiation) whiJ.e Compton scattering will be important for the photons.

Therefore, the number of photons in the oLd ehower will decrease r.¡ith an

increase ín air pressure" In the crude model proposed by Heítler (lgr4),

the particles in a young shov;er, if they are simu-Ltaneou.sly observed,

belong to the same generation with approximately same energy. Each of then

is tr¡ice as energetic as that of the next generatj.on" For an eLectron-
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initíated shower, the population of electrons is greeter than that of the

photons by a factor of tr+o in every generation except the fj-rst one.

Since the constituents of the young shover have a strong power of particle

procreation, a change in atmospheric pressure r.¡il] introduce a different
phenomenon" For a simple visulization, let us acisume a layer of aír ifith
thicl¡ress Less than one radiation length (about 17 l¡.b) being added

underneath the shower particJ.es. The probability for a mr.lltiplication

process will be enhancedo An originaL shower photon may disappear through

materization while a no!'r photon of lower en€rgy may be enitted by a

shor¡er eleetron. Considering the facts that a photon has a longer

radiation length and that electrons are greater in number, the overall

effect of an increase in aÍr pressure will tead to an increase in the

number of photons wíth low energy and a decrease in photons of high energy.

Observing a single young shower, or a }a.rge nu¡rber of them vri-r,h the same

initial energies and origine one would expect a ¡rositive barometer

coefficient for the low energy photons and a negative barometer coefficient

for those of high energyo

TLre present work has been concerned with a correlation of

cosmic ray photon intensity and atmospheric pressure only. The deficiency

of aerofogical data concerni-ng the daily variation of the temperaturo

distribution throughout the atmosphere Ín lhe vicinit¡' of our station

denies any meaningful attenpt to study a temperature.effect. (Ground

temperature, regarded as a poor parameter for such studies, has been

correlated with photon data on an hourly basis, but no apparent significant

relationship hae been found; if any, it can be connected to pressu-re as

uelL.) Þwton et al " (tgrl) and Chasson (lç=4) have provided some

experimental evidence on the tenperature effect for the soft component

( ossentially electrons of muon origin) " -4n effective tota] tomperature
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coefficíent (of negative and positive temperature effects) is negligibly

srualI, and the soft intensi'cy fluctuations most etrongly reflect

baronetríc pressu-re clianges a]6¡¡s. lllith these facts in minci, we therefore

assume that a sinple barometric correction on the rar+ data of the photon

component gives an adoquate elimination of the meteorological influence,

For the pLrrpose of mininizíng the effect of the priraary secular

variation¡ data for short time periods in which large changes i-n preseure

appeared together with large variations in photon intensity were selected

for a determination of barometric coefficients, Barometric coefficients

were also been calculated for continuolr.s data over longer periods so as

to effect a comparj.son.

A" Deterninatiot of B_arometïLc Coeffic_ignt-s

fn r'lhet follov¡s lrle have assuned, as is usual ( Janossy et al ,

L9M, Duperier L949, and Chasson L)J4), a linear reLationship between

photon intensity variation (aï) ana barometric pressure variation (dP),

Thus,

dI = bdp (1)

where b is a constant called the barometrÍc coefficient, In the present

analysisr hourly readings of intensity and pres6ure are used to obtain a

barometric coefficient. For the ith hour, the relationship bet+¡een the

variations of intensity Ii and pressure P1 can be written as

ï+-ï*
ff = e(Pi - F*) (2)

where T, and F* denote the mean values of intensity and pressure for the

tine period being consid.ered., and B (which is bft^) is the baronetric

coefficient expressed as a percentage change of intensity per unit pressurê

change (%/^A). Lelting Yi = Ii - Tm, Xi = Fi - Fm, oquation (2) can be

simplied as
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Yi = Brmxi ç)
which shov¡s a standard linear correlational dependence that can be expr"essed

by a straight regression line" A loast-squaros fit of tho regression line

throu,gh N pairs of fi and F1 yielde the statistical formulae for the

baro¡retric coefficient, the standard deviation of the barometric coefficient

(0) anA the correlatlon coefficient (C) for the time period in v¡hich N

pairs of measurements have been taken,

s( xiYi ) (4)
1Ê=-
1n s(r€)

s(Yi - er,'xi)2
(N - 1)r()'î)-

(r)

s( xiYi )

"l6Gl.c6
"411 the euïnmatione (designated by S) are performed fron í = I to i * N.

For the purpose of energy dependence studies, the riifferential

apectrulr of the photon component r¡hich covers energies from J"8 to 187 MeV

was divided into sixteon energy ranges numbered from ] to 16. As a matter

of convenionce, J is used to denote the number of the energy range

hereafter, ALso, the entire differential spectrum has been treated as a

single energy range nr-rmbered. as 17. In faet, energy range 17 oan be

regarded as the integral number of counts per hour for photons r¡ríth energy

greater 'vhan )"8 IvIeV since the intensity of photons with energy beyond

185 MeV is practically zero" The energy values for these seventoen ranges

are givon in Ïäble 1"1.

The de'r,ermination of barometric coefficients iogether with

their standard deviations and correLation coefficients v¡ae made for the

seventoen energy ranges using data of the LO-nonth period from February

(6)
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, - ^ /='0o iioveruÞer Lyo2e according to ihe follo';ring g:'ou.pi.ng schenea (}) data

collection periods of one r.reek, (2) data colleci;ion periods of one mc¡nthp

ana (1) randon short deta collection periods (fro¡r 7 +,a 27 hours) tr'hen

'ohe pressure var"ied rapicily (changes f-¡"om 6 "co 4f rab) with apÞaren'r,Iy r+elJ.

eorrelated changes of photon in*r,er:siiy. Therefore, for each eneïgy range

'¡e have three l<inds of B, D, and O r'¡hich are subscripted v¡ith tr,i, i'I anaì. R

respectively. For a comparison anong the vaLues of 'uhe barome'cric

coefficients obtained from the three kinds of data co]l-eciion periodsu

weighted average barometric coefficients over the same long period of time

r,¡ere caLculated and designat,ed as Bri{'1¡r BìrÌp1e and Blip"

Table ).1 presents the values of barometric coefficients (Bp1)t

their s'uandard errors (li4), end correLation coefficients (C¡.1) for seventeen

energy ranges in each of ten months, Ïlj-thout any sign bef ore its nu.merì caL

value, B¡1 is understood to be negat,ive; the same is'crue for Cir,¡ which has

the same sign as its corresponding B¡1,1" For" a positive valu.e, a positíve

sign vrilt be indicated" Ho'¡ever, proper signs are indicated in all

d.iagrails. A]1 Ð¡¡ a.re positive as expected" The nonihly mean (hourly

recorded) intensity and the nonthly mean hourly pr"essure (P¡,1) are also

given ín the table,
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L1r8
7I0
4t,
2ÃÕ

L74
L22

B8
61
4l
7Z

25
T6
L2
22

L6667

mb

c,"
iu

"928
"894
"814
"74L
'679
"62L
"rL7
.466

"42L
"1 7
.120
.525
.r20
"2I2
.210
"169
"g40

ï¡r

g

1

2

1
4
5
6
7
I
I

10
1l
T2
r1
14
'lÃ

16
L7

g
'i

¿

,
L
ñ

6
7
B

TO

11
12
L1
*
L'
10
L7

P.r, æ j86,)2

DM

t/,/^a)

"o0g
"011
'021
.020

"o26
"Ofi
.019

"044
.051

"o&
"078
,084

" 10,
" 116
.144

"]r1
'009

mb

Ivt

.912

.966
"72!
.749
"618
"r6,
"4go
"4r,
"4oB
"14,t-rÃø'l -)
,260
.26r
"242
,206
"z4g
.g2r
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!4qL9_ I ?I (ccnt. )

J

I
2
7)
4
a

6
1
I
ô
O
O

10
11
1)
11

14
15

1Õ

L7

EnerHy

( iiev)

1"8- r' "2I' "2- 22.ó
22.6- i2"I
12.r- 4I "'4t.j- ,0.9
,o "g- óo "460.4- 69 "B69.8- 79 "z
79 "2- BB "7
33.7- Pa.r
98 "I-LO7 "'

ro7 "r-n6 "9
rró "g-126 "4
126 "4-Vr.Brr, "B-14r.1
145 "1-rB1"o

, "8-t8' "o

Energy

g ( riev)

r 1.8- L' ")2 Lt .2- 22 "67 22"6- )2.r4 j2.r- 4L ",, 4t "5- 2o .9ó ,o.g- 60.4
/^ l, /a 

^/ OU '¿t- OY oÕ

E 6g,B- 7g "Zg 7g .2_ 88 "710 88.7- g8.t
11 g8 "1-107,5t2 ro7 "r-n6.9L1 tr6 "9-126.4L4 t26.4-t1r.B
L' L1' "B-L4' "'16 145 "t-r81.oL7 1"8-r8' "o

Jsn" L961 r

DiJI ¡It,

d"ø¡
"162
"187L)1
. t¿¿t

I _^

"4'.71r)t-tø,)a I

"42r
.581

''94
.624-
.Bo,
"922
"796
"624
.649

/ ^-
"o9 t

r.4o,
"19'

¿vI. l95t 3

=
(/"/^a)

,71'
"18,Ez1ø)./À
ø )vt)

"559
"449
.644
"?79
,411

"5a2
.489

"241.2L'
")2¿

+.4ôð
& "'9r

.6ó7

PM = 932 "')B

D*
l;l

<il*l
^ztøv/r1

.o24
øv-/./

.o42
"or)
"o54
¿vl)
.o91

" 114
.r/)

r /r zo!a)

.171

.190
,222
n-lt.4 la
^Ô^ò t_1V

, 
,028

P¡,1 = 9B]'ot
n
"'i\i

g,t*¡
,or2
"oto
"\)r+)

"or9
'o7B
,og,
. ]07

't Jt z. La)
. 160
.190
ôô^

èLL'

,¿2o

"2gg
'2(t
"464
"rrg
"o2l+

T..- ifj

( 
"t" /"r)
Lo891
tL46
r426

/ou
441
280
189
v4
97
l¿
54

,6
2,
17
't2

2T
1760,

ï*,
|1

ç"t"¡nr¡
11090
1zrL
r477
778
414
286
191
r<À
o7/t
7I
6l
z)t

24
ß
11
20

17986

C."
l,l

LLt

"172
"492
"42,
.4og
"27'
")22
"270
.2r1
.22)
.272
,200
.L42
"t27
.111

"4Og
^DD

nb

1!t

.74'
,697
.rt,
.41o
"r1L
"¿¿o
", J)

"r20
" llÐ

"r42
,108
,o47
,o,,
.044

å.o50
+.081

"808
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T4Þ_LE_ t eI ( eont" )

-{

I
2
1
4
4
6
7
I
9

l0
11
T2
L'
14

v
ß
T7

Ënergy

( r'lev)

1.8- 17 "2
L' "2- 22"6
22,6- 

'2.L12.L- 4I "'4t "r- io "g
,o "g- 60.4
6o "4- 69 "8
69 "8- 79.2
79.2- BB"7
88"7- 98.1
98"I-rO7 "'

IO7 .r-tl6 "9
LL6"g-L26.4
t26.4-L1' "B
Llr,B-Lb' ")
14) "r-LB7"o

,,8-L8r,o

Energy

( Nev)

3.8- L7"2
L' "2- 22.6
22.6- 12 "L
12"L- 4L"'
4t,r- ,o.g
,o.g- 60 "460.4- 6g .B
69 "8- 79 "2
79.2^ 88"7
8t.7- 98.1
98 "L-IO7 "'

LO7 "5-lL6,g
LL6 "g-L26 "4
L2ó.4-rrr"8
L17"8-L4' "1
L4r.1-r8' "o

7,8-L87 "O

Aug" L962 z

BM

(f"/^u)

"rr9
''71
.6o4
"624
"720
"677
.óol
"776
"'76
"748
.704
,672
.94,
"787
,809

"6IB
''78

Seee_L961 z

8""
IY,I

trl*l
.126
,ro1
''17
"r1L
"tL8
"5él+
"'96
"47,
"4OB
.40l
"680
.4Bo
,46t
"79'. "726
"2r1
,r24

Pg æ )8J "Of

q,Í

(%/*a)

.015

.02l
,oto
"042
"or1
.070
.080

"og6
"L2J
.r41
.168
,199
.21r
.297

")24
.2rg
"or4

P¡4 = 988,20

Drrl

("/"/^a)

"012
"01,
"021
"o2g
.o1,
"04r.0t1
"o65.47,
.081
" 100
.117
"L17\ /-
"LO2
"209
.L61
"o1l

I¡¿

(c*/nr)
Ltr2o
1247
1467
772
446
277
181
r2,

87
62
44
1t
22
'l 6

11
L7

L8122

TM

(cLe/hr)

Ltr72
12rJùn
767
444
276
tBl
L24
86
62
44
,L
21
L6
1T
TB

Lïro6

mb

4",
Ivl

.816

"777
"672.r62
.rro
.4a7
.12'
.r47
.210
"21'
.1Bg

"L71
.184

" 
120

.114

.109
"88'

mb

cM

s(]ÕO

.871

"7rg
.642
,r7'
.rL7
.46r
"rL7
"21'
'2Lî,
,2go
"179
"t4B.2tt
"Lrz
"o69
,898

g

I
2
4

4
E

6
7
B

9
lo
l1
L2
L1
t I'
l-'î

t,
L6
17
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TABIE t,1 (cont.)

BrErgy

-{ ( ¡tev)

r 1"8- L1,2
2 L1.2^ 22"6
, 22"6- 

'2"L4 12"L- 4t.,
5 4t"5- 5o,96 ,o "g- 60.4
7 6a.4- 69 "8B 69.8- 79 "2g 79 "2_ 88 "7ro 88.7- qg"r

i.l 98"L-LO7 "'L2 IO7 .r-IL6,g
L1 Lt6.g-t26,4
L4 126.4-Lj, "BL' 11, "8-L4r.116 r45"5-r81.o
L7 

'"8-18r.0

ftrergy

( ivrev)

, "8- tr.2
L' "2- 22"6
22 "6- 

'2 
"L

,2"L- 4r ",
4t "1- 5o "9
50 "9- 60 "4
6o.4- 69 "8
69 "8- 79 'z
79 "z- BB.7
88.7- 98.1
98.1-107 "5

Lo7 .r-tr6 "9
rL6 "9-126.4
tz6 "4-t15"8
L1' "8-r4r"1t4, "1-ta1"o

1"8-r8t.o

Qct. L941 e

BM

(/"/^a)

"106
.418
.479
"ro6
.5L6
"529
"rr2
.490

'507.6rj
"'92
'498.)rg
"r21
"749
"77'
.498

Nov. 19ó7 :

B¡{

(/"/^a)

.r88
"r4T
"578
.6oj
"619
,722
.6*
"741
"721
"61,
.B8o

"619
''9e
"806
"84l/ /^
.OO9

"r88

Pp, = pB),4/

Dorrl

g"l*l

"olo
"ol6
"org
.02,
.07r
"o4l
.o4g

"Ofi
.o6g
.o7,
"og2
.100

"121
.l4g
"I7,
.14r
"o11

Pt = !81.98

þ
(%/^a)

.011

"oI'
.o16
.021
.o2g

"or1.04l
.05l
"ojl
"o6,.o8t
,o94

" 
118

"Ir4
.158

"L2,
.010

ïrt
¡et

t.t"l*l
tt546
,2ro
t46l
776
4rt
280
re4
L26

8B
o1
45
52
22
L'
t1
t7

18771

Ïitr

(cts/ur)
11000

1L22
t4t7
l4s4ll
270
179
120
s4
6L
44
11

22
JO

11
10

L7'BO

nb

ctt

g

1

2

1
4
5
6
7
I
9

10
11
L2
11
r4
L>
t6
T7

"884
,714

"69r
.6L2
"r42
'449
,4oo

"126
"277
.r2o
"24L
.lgg
.112
.L54
"t65
,209
,B69

nb

cM

"g07
"874
,840

"762
"68g
"67,
:)55
.r24
"466
"r7g
.4og

"274
,209
.244
.219
.zlg
.g2B
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On accor¡tt of the enormous volume of z,esults, ft,¿, C_i+, Bp and

Cg are not tabul.ated. Hovrever, theír distributions are plotted in the

form of histograns for every energy range J as shown in Fig " 1.L and Fig"

).2 xespectively. NumericaL values of barometric coefficients and

correlation coefficients are divided into intervaLs of width 0"2 along

the abscissa and their nr;¡nbere within the intervals are indicated by the

ordinate. Histograme of B¡4 and c¡,4 for every energJr range are aLso gi-ven

in Fig " 1.1. lhe characteristics of, the barometric coefficients and.

oorrelation coeffici.ents are suÌnmarized as follor^¡s" It should be noted

that the energy range 17 reflects the behavior of the low energy ranges

instead of the high ones.

1. There is no obvious reLa'cionship between the barometric coefficj-ent

and the correlation coefficient for any particui.ar energy rangeo

2" Barometric coefficíents are more or less norroally distributed for
every energy range. The histograms for By¡ and B¡ bear a closo resemblanse

in the higþ energy ranges" For Bpir,$one energy ranges (nig" 1"1; J = 6,

7, B, 11) ehow skÞ$¡nessu

," Dispersion in the dístributíon of barometric coefficients is
greater for the higher energy ranges. l?re extent of spread is ¡such

süaller for B¡4"

4. the distributions of coryelation coefficients are skew at the lorç

energy ranges (.r = t , 2) " tr{ith increasing J, they tend to show the shape

of a normal distribution ancl the mode movee from high numerÍcal vaLue to

â Ìow oneo fn general, the :rnajority of the correlation coefficients have

a nunerical value greater than 0.8 for energy ranges I and. 2. They spread

out tr'idely in values with the node down to 0"2 for energy ranges beyond J.J.

5" Skewness of the Cp1 dístríbution are conspicious ín a fa¡ge number

of energy ranges (J = 2u 4u 7, B, 10, L2, L1 , 16; Fig" j"r)"
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6" All fu are negative except for tvro positive caees: one in the onevgy

range lJ anò, the othey in 16, Both have a corz'elation coefficient less

thair 0 ,1 ,

7, A positive Bor¡ exists in every energy range. Their frequency of

Occurrence is smal-l for energy rar¡ges below J = 17' The overwheha-ing

lnajority of the positive B¡¡ are accompanied by a correlation coefficient

less than 0.2. Only one of the totai of 15 cases has a value equal Lo O"J6"

8, Beyond ener&r range J u a posLtive fo appear s in every oilergy range

and'i,he num-ber of euch events increases witii the higher energy rsngeso

Usually most of the positive fo have a small correlation coefficient which

i.s less than O.4" Out of a total of 97 positive h it all energy ranges,

Il possess corlelation coeffici'ents between 0"4 and O"ó; onì.y one has a

value of 0.64.

g. The existence of negatíve barometric coefficÍent's with large

numerical value deserves our attention" Barometrlc coefficients belonging

to this category are defined as those r+hich stand distinctly outsíde the

bulk in the histogram. Practically speaking, there is none of this kínd

in the Bg distributions, lwenty two cases ( out of /I4 pcsitive and negative

B!ìl) of large negative Bg occur in all energy ranges; tr+enty of them heve

a correlation coeffi-cient. less t}ran Q.J6. However, ín the B¡ distributionse

thirty cases (out of 771 positive and negative B¡) can be forrnd vrith

correlatlon eoefficients larger than 0.!' A list of these eveirts is

provided in Table J"2. For comparison, the mocÌes of Bp and Cp eorresponding

to their energy groups are also tabulated. The date of the event and the

number of intensity-pressure pairs used in ihe calculation are also listed

f,or reference.
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YÁ\BLE 1?2

Energy

( eîev)

12"L- 4L.'
6o.4- 69 "B

69,a- 79 "z

79 .2- BB "7

88.7- 98 "l
98"1-ra7 ",

IO7 "5-LL6 "g

rL6"g-L26,4

L26,4-L1r.8

Lr5 "8-L4r.7

16 L4r"1-L81"O

7
L1
I1
L1
o

r8
v
7

12
L6
o

22
17
T2
I

25
L7
9

L7
ú
9
7

L'
L7
]o
T7
7

r8
L2
10

71
)Ê, 2
qo-//169
11020 Io

252
7'
llÃu./

272
71

9^'
2L2
87
110

10 10
21 2

712L2
L94
7'
75
z)tJa
18
L28
2L2
71

,L4 ./
8,

L2B

.2

a,

"z

,5

"7

"7

"9

"9

g

,,¿}

7

I

10

1l

L2

r1

14

I5

Large Negativo
Coefficients

BR cR
Modes

hcR
(%/^v)

', "5
", ",
rJ u2

.7

1.1

"9 "1.

1,1 .1

Ðate
Day Mon.

(re61)

l{umber
of Data

L"4r4
z"*5
] "649
1"919
2"49L
2"699
2"955
1"648
2"r21
4 "gtø
1"790
2,L14
2"r91
2"72O
4 "4242"6*
1"189
t "87L
1"66'
4"o11
6.62o
6 "ooo
2 "LL1
6 "280
7 "417
4 "124
,.497
,,o29
t "8oo
, "a4r

,966
"786
"781
"699
"71'
"67o
"5r4
. /ÕO
.6L4
"8Bl
"678
"a ()
"6*
"562
"74'
"74L
"5r2
oOOC

"717.60l
"728
"rrL
.t81
"52)
"947,6&
.721

"618
,622
.771

For a general discuseion, let us examine the nature of data

sar:apling in eonnection v¡íth the determination of, for \Oo and B*' Ae

expected, the barometric eoefficients and correlation coefficients,

detern:ined by the method of the least-squaree fitting of a linear regressi-on

line, should have a normal distribution because each set of experia.ental

points from which a barometric coeffieient and a correlatfon coefficient

aro calculated. is independsnt of oach other, and can bs regarded. to be

(/,/^a)
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randonly chosen anong its or¡n eategory. BR have been deternined from a

group of particuì.arly selected intensity-pressure pairs aceording to the

best visual correlatlon" The use of all availabLe intensíty-pressure data

v¡ithout any discrinination in the evalua'r,ion of Brn and B* for eontinu.ous

periods of a v¡aek ancl of a month is equivalent to a random saropling

procedure. tlo nlght expect eone dífferences in the dístribu-tion hÍstograms

anong these three groups, Since the photon intensity has a correlational

dependence on many pe.rameters besÍdes preasure, the dístributions of B*

and C* should shor¡ the smallest dispersion anong the three gvoups and

most of 0o should center at a high numerica] value" Hor,rever, for lot¡

energy ranges (.i = t o 2, 7) B* ana Co do not show these advantages

distinctly over the other two groups. Beyond. enevgy range 4u their

distributions behave even worse (i"e. show greater dispersion). Tkrerefore,

the choiee of euch short periods of rapid-pressure-change does not eeem

to be particularly advantagoous in the present experiment" Âpparentlye

there are no basic differences in the histograms of the barometric

coEfficlents and correlation coefficients for these three groups excopt

for slight differences in the positions of 'che modes and the extent of

dispersion of the distributione" Upon visual examínatåon, BUU and C* have

the smoothest distribution histograms with the ]eaet spread in values "

It is highly probable that during the tíne periods considered, the

pressure effect is the main factor responsible for the gross variation

of photon intensitiee.

For al"l three grouping schemee, photon intensities in the 1ol.¡

energy region (J = I, 2) exhibit a very good correlation wfth pressuroe

The absolute vaLuos of the sssvelation coefficients fal1 off tor,¡ards the

higher energy region, that is to eayo high energy photons are poorly

comelated with pf,essure. For photon onergy ranges beyond number 6,
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correlation coefficients become less than or eo.uaL lo O"Jn There are

two ways of looking at thís result, PhysÍca}lye over the same period of

time, lf intensíties of }ow energy photons can be we]1 correlated with

pyessure v¡hile those of high energy exhibit a poor relationship ruítJe

pressure, there may be some process other than pressure change in the

atmosphere uhich is operativo only on the high energy photons. Ánother

and more Ìikely possibility is sinply statietical. In our present

experimental data, countíng rates fall off v¡ith incroasing energy (soe

Table 1"I)" For example, photons in energy range 6 are only 2OO to 700

oounts per hour" This amounts to a statlstical fluction of at l-eas1- J/""

Taking O"f,/"/nb for the barometric coefficient of such photons (fronr Table

1,1)n the effect due to a change of p nb in pressure can be entirely

nullified. by tho statistical fluctuation in counting rate" Our pressure

data shows that a large variation in pressure (øuch as 20 nb) is not

very frequent. It is natural that the fluctuation of counting rato v¡Íll

greatly reduce the correlational dependence of the high energy photon

intensÍties v¡ith the pressuro. l"ie should expect that such a masking

effect becomes more severe for photons of energy ranges higher than 6"

þfost of the positive Bp are present wÍth a correlatj.on

coefficient less than 0"4. They constitute the tail end of the normal

distribu-tion in their orrn energy range. l'{hon data of a l,¡eek or of a

month are employed in the cal-culation, their numberg of occurrence are

d.ininished drastieally and their accompanying correlation coefficients

are further reduced to O"2. Apparently, statistical fluctuation are

the main cause for the exístence of such positive coefficients" (Anotner

possíbIe explanation Lies in a consideration of the pressure effect on

young showers" A large increase in air mass within a relatively short

períod of tine may enhanee the production of shov¡er particles " If tJeey
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contribute a n'rr.mber of nel"{ photons t¡hich can outnu¡aber those photons of

the same energy undergoing the absorption process, the barometric

coefficient pertaining io such an en€rgy range l¡í11 becone positive

instead of negative. Since the overall balance of the photon intensity

depends so1e}y on pressure, a high correlation coefficient shou-ld be

expected." ln view of the poor vaJ"ues of correlation coefficíents for

these positive Bpr this is alnost certainly not the c&s€o) Only two cases

of positive valuee have been found for 3¡49 they occurred with very lovr

corrole.tion coefficients in enorgy ranges 1! and 16 during JuIy L961. As

compared with other months, Jul)' sholls a snall pressure variation reost

of the time and the correlation coefficients of all energy ranges for

this nonth are also very low" Most likely, photon intensilies in Jul¡r

are influ-enced more by some factors other than pressure" 0n the other

hand, the masking effect of fluctuatíons in counting rates at high

energy ranges cen provide a stat!sfactory explanation"

the appearance of large negative Bp wlth high value of C¡

(uuy, greater than 0.5) i" intereeting (see Tab1e )"2) but not understood.

ËimíIar to the behavior of tfre positive barometric coeffícient, Brg with

large negative valu-es pessess only very small C1,¡ and their frequency is

much smaller than the case of short periods of rapid.-pressu.re change"

They disappear v¡hen a month¡s data are used. Îlence, such phenomena

grsdualLy vanish !n calculations with a large atrount of observed data"

However, a high correlation coofficÍent does imply the genuinenees of

the relationship of such events with pressure even though their frequency

is negligible at energy ranges belov¡ 6, and small for energy ranges

higher than /'

In viev¡ of the above facts and discussionsr barometric

coefflciente over a short period of tlne have a great variabiltiy" They
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eay be positive or negati.vee they nay have abnormally lar"ge nu¡¿ericaL

valtt-e, they may resuLt in either a good or poor ccrreLation with pressuyee

However, the large statistical uneertainty inherent in the present

counti-ng rates prohibits any definite conclusion on the rare events.

Novertheless, the barometric coefficients determíned over a period of

e month do shot'rogularity in their dístributions which is espocially

good in the lov¡ energy region. Negative barometric coefficients wíth

abnormally large valuee dísapnear entirely. Positive barouetric

coefficients occur only rlwice at the high energy end rvith negligible

correla.tion coefficients. Excluding the energetic photons of energy

ranges above ) from our conaideration due to their large statistical

uncertainty, the majority of Bp1 valu-ee for the Êame energy can be

grouped into an interval of v¡idth O,2/"/wb" Such B¡4 values are accompanied

by high conrelation coefficientso Heilce, it can be conclud.ed that the

preeEur€ effect on the }ow energy photons remains fairly constant"

B" Errergy lejpendence gå Bg\Iomgtríc Coeffj"cients

The weighted average barometric coefficlents, Bl'l¡r Btr{Ot and

BW¡n for each energy range are calculeted from the populations of Bn, EW

and B* respectivelyo Results are tabulated. in Table 1.7 Lo9et,her v¡ith

their standard deviations Dhrpr Dll, and DÏíXUr and also plotted. in Fig. )"4.

,{I1 weighted average baroroetric coeffícients are nogative"
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IqBLE, 3 "7

l''feÊgþteé .åvqrage Baroryet_ric Coeffi_clenljE_ (/"/^A)
Bi{R Ð}JR B\',Iïf Dlf.¡,r B1ll},1 D\,lti

Þer_gy

!- ( rrev)

L 5 "8- L1"2
2 L1,2- 22"6
1 22.6- 12.L4 72.r- 4L"5
, 4L "1- 5o.g6 ,o.g- 6o.4
7 60 "4- 69 .B
B 69 "8- 79 "2g 79 "2- 88 "710 BB.7- g8"l

tl gB"L-IO7"'
L2 to7 .r-tt6.g
L1 Lr6,g-L26"4
t4 Lz6 "4-Ljj "Bv t17.8*t41"1
16 L45"1-LB1.o
L7 

'"8-1gt"o

"5a4
"rLo
"/,o
"r6i
"r/+2
"629
.602
.67,
"126
6o¿2
,74,
"118
"728
.677
,477
.694
"rLl

.oo5

.o0B

"o12
.017

"ozl
"026
"o12
"oL¡z
"ol49
"016
.o67
"o79
.091

"109
"L7A
" 10t
.oo4

"487
.474
"4go.ro2
.510

"/t8
"/+o

"524
"r47
"6o,
.160
.r7L
"ótB
"6t5
.6L6

"496

"oo,
.oo4

"QO'
"o06
.008
.010
.012
.ol,
.o18
,o22
.026
.or0
"o15
,o42
"orL
'o19
"002

"4go "oo,
"4To .oo4
"4s9 .006
-492 ,oo7

"5Ir "oo9,r4r .ol}
.r22 "oI1
"r2B "016
"rlg .019

'r)7 'o22
"r9, ,o26
"r1L "O10
"rr8 '016
"79L ,o41
,584 "orL,161 ,o4o

"4Bg "oo5

the barometrícAr¡ exa¡únation of the enorgy dependence of

coeffíeients for these three categories reveales

1" In each of the energy rangese B'[1g¿ agrees wíth Bttü¡, within statlstical

error. Hotlever, beyond energy range 1¡ ihe numerical values of BYiI',¡ are

systematically sonev¡hat higher than those of Bi{¡1.

2" In the low energy region (J lees than Blr Blí* have the largest

numerical values among the three. Abcve energy rarrge p, uore than half

of B1'Ig have values in agreement r,+ith 8tr.'11.¡ and Bhr¡O (rvithin one standard

deviation).

1" 0n the,whotree from energy range 2 upvrard, the absolute values of

the barometric coefficíents (BW¡, Btl¡4r and Btr{4) tend to increase witLl photon

energies "

The energy dependence of barometric eoefficients llay sorve as

a key to the understanding of the atmospheric effests on the photon
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oômponent' Bukata et aI " QçAZ, have explained the barometrie coefficÍents

of photons above 7 MeV ín terms of a slmpLe absorption model" l6e present

experimental resuLts in the forn of differential spectra mako possible a

more detailed study of such a hypothesis. Before introducing the nodel,

some nu&erj-cal relationships have been found betl.reen the total aaes

absorption coefficiente of photons in air (designated as T) given by

DavÍeson (lgø¡) and the experimental barometric coefficients of the photon

component ae ahown in Table ).J" lable J.4 presents the values of T and the

calculated values of RTJ* and xW¡4 for energies up to loo MoV, rvhere

Rtr'ir, = -t/ntlrand xlif* = -BW¡f' Alr RVJM and xt{* are positive and. their
corresponding standard deviations are denoted by SR, and SX* Tho effective

vaLus of photon energy for a particular energy range is'assumed to be the

middle one of the range in connection llÍth the choice of its correspondíng

T value" ltris assunption slightly overestins.tes the effective energy

since the photons ineide the range are distributed in a larger number at

the low energy end.

Ðnergy

g

I
2

5
4
E)
6
7
I
I

10

T

("^2/e*)

,01ó0
,c146
,o147

"0148
,0I51
"oL51
.o116
.0158

"01ór
"oL61

ÎABI{E 

',4
ÐlÂI¡rrrM

7.12
1"L6
1,O'
).o,
2,gg
2.gg
1"o2
7.O4
1.LB
).r2

xlrM sx¡¿

.too ,002
"1I' .OO7

"128 .oo4

"r28 "oo4.114 .006
.j48 "oo7
"1rL "OO8
"727 "OlO.1L4 .011
.12I "OL1

SR¡¡

'02
,07

"o1
"04
.O,
"O,
"07
"o9
"lI
"12

The energy dependenco of I

seen that the T curve hae a ninimum

ls also plotted in Fig " ,,4" It ean

around 2O MeV (or energy range 2)
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t¡here the nÍnímum of Bþ occu,rs. Table ]"4 shows that Rli,, has a value near

l for all the energy ranges" (Th" average of R'$ over alL eneygy ranges is
, "o9 ") ttris means that on the whole the bayometrÍc coefficÍent reflects an

absorption process as the essential nature of the prossure effect on tho

observod photon com.ponment. Tn order to und.erstand the meaning of the ratio
betv¡een the total mass abeorption coefficient and the barometric coefficient,
t'¡e íntroduce at present the einple absorption model " Using e. very crud.e

approximation to represent the overal] effect of the oomplicated processes

lnvolved in the developmeht of the photon comForrent through the entÍre

atmosphereu let us assume that the photon íntensity of a specified energy

hae reached its maxímu¡r ro at the atmosphorie depth (r - x)p and then

undergoee eolely the absorption process through the rest of the atmosphere

xF' F is the thiclcress of the whole atmosphere above the point of

observation (indicated by the pressure read.ing) and X ís the fraction of

the atmosphere participating in tJle abeorptlon process" The intensity of

the surviving photons I, as observed at the statíon, r,ri.i.l obey the lar*

I ã Io 
"-ffiT

(z)

l'¡here I, Iqa X and r are energy dependent, Ðifferentiating equatíon (/)

with respect to prossuree wo obtaín

dï
ffi = -IXr

By definitiono the barometric eoefficient

*_Idro =ïãF
Subetåtuting oquation (8) into (9),

(s)

(e)

(io)

(tr¡
B

X

= *XT

= -B/TTheneforeu
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end recalling 'r,hat, R ie the negative ratio of T to B, we get

n = Ly',f ( 12)

The interpretatron of the experimental result,s for the

barometric eoefficients B!,þ ín torms of the siaple absorption nodetr will
yield some physical inplications cor¡eerning the meaning of the baroruetric

csoffieÍent, the development of the photon component in the atmosphere and.

the origín of the observed photons,

1" Froin oquation (I1), the barometric coefficlent hae one more

physical moaning than its original d,efinition. Since T is a coirstant for
photons of a specified energye the baromotric coefficient for suc¡ photons

can determine the lleffectivetl level of their maxinum intensÍty" The tiroe

variation of 'uhe barometri.c coefficlent wiLl einply mirror the fluctuation
of such a Jeve] wÍth tine" '

2u Even though the photons observed at the statioi: have gone through

various processes at various atmospheric depths and have been influenced by

r¡arÍous factors due to the varj.atlon of the atnosphere structure, the

ovorall effect of pressure variation during a long perioC of tine is such

that the rf,pper 2h of the atmosphere sgrvos as tl¡e med.ium for the ful-l
deveJ.opment of the photons while the lor.¡er L/J sirrrpLy acts ae the absorber.

such an imprication agïees with the work of Bukata et ar. egez) and is
reasonably coirsistent with the general pícture of the d.evelopment of the

photon conponent in the atmosphere.

," Tkro rleffectiverl levels of generation for photons of energy from

4 to lOo MoV are found within a narrow band of the atnospheric colu¡nn about

L/1 of one atmosphere above the point of observationu The v¡id.th of this
narrow band is about j% of one atmosphere.

4. The iuajority of the electron-photon showers which sre responsible
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for the observed photons have reached an old. age at theserteffectivett

levels. Ás the deeay electrons and the l¡nock-on electrons of muon origin
only beco¡ns irnFortant in the ]oi,¡er atmosphereo this ínplies that young

showers initiated by then do not in fact play an important role in the

observed photon component (energy below 100 Mev). rf this is the case,

the tenperature effeet on these photons +¡ill not be significant. In

other words, most of the photons as observed in our experiuents are the

end product of old showers.

The energy dependence of Xllg as shown in Table J.4 seems to

suggest the influence of photons of young shov¡er origin. Starting at the

low energy end, the vaLue of xl{¡g increases r"rith energÍr passes through a

maximum near energy range 6 and then declines slowly, Considorj-ng the

general nature of the development of old showers Ín the atmosphere, the

photon component becomes softer with increasing atmospheric d.epth, and

ín the frame of the slnple absorptÍon model photons of hlgher energy wi1l

reach their maxim.¡¡o at a higher level with respect to the ground." Iha,r, is
to say, X, I'rhich indicatee the height of the level of maximum intensitye

should increaee with photon energy" Values of Xtl¡4 from energy ranges I to

6 do agree wÍth such a conjecture. The srow decline in the values of xltfn4

from energy ranges 6 to 1O requÍ-res another explanatioho As already mentioned,

a young shorr¡er has a genotic relationship back to the muon" Inside the

atmosphere, the ¡ruon component is hardened. in its average energy as Ít
penetrates d.eeper in the atmoephere. As a result, the photons will also be

hardened with atnxospheríc d.epth, For energy ranges abovo 6, if the photons

detectod incrude an increasing relative number of photons produced in yotrng

shoruers this could then explain the slor,v d.ecrease of Xt{¡"1 rvÍth Íncreasing

energy o

A theoretical curve for the sinple absorption process is
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constructed to fít the experimentaL points of Bi'ít within the 100 l'[eV range.

Assuming thal the ratio of T to B?f* is oonstant ovor the energies eoncernodg

the theoretical baro¡netric coefficients in each energy range can be

calculate¿ by dividing I (for each energy range) Uy tfris ratio" The avorage

of R\{¡1r )"e9, is chosen for such a ratio and the results are represented

by the so1íd line as shov¡n in Fíg" j.4" For photons with energy above 100

MeV, the statistica are poorer. However, between 100 to 200 MeV, I increases

slowly v¡ith energy as predictod by Heitler (tg*)i hence, the energy

dependence of the experimental barometric coefficients agrees at least

quatitatively with the above over-eimplified absorptlon model"

Ae for the energy dependencE of B}.Jï¡, it can be takon practically

the same as that of BÏl* since their values agree very wellu Alsoe no

fund.amentally different physical meaning can be deduced from the energy

d.epend.ence of Bl{u. rhis sampling method only leads to an imp}ication {hat

in the frame of the simple absorption model the levels of generation of

photons will be situated in a wider band (about LA/" of the ontire thicliness

of the atmosphere) and sonewhat higher up" Tlro theoretÍcal absorption.

cì;rves for both B\U and Bi{O have been drawn (¡'fe. )"4) aceording to t}re

same method of analysis as f,or Btrlr. The ad.opted' ratios are 1"O) and 2'78

respectively "

c. Seasonal Vari-ation of Barometric CoeffioÍentsÆ*
Slnce the barometric coefficients of the photoie component are

determined from selected data by means of the correlation method, their values

aro subject to statistical fluctuatione as has been brlefly dÍscusged in

section A of this chapter. However, the present experimental barometric

coefflcients woro detormined by a single correlation with pressure, regardleos

of any other factors operating in the atmosphero" They are total pressgrs
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coeffi-cients in character i*hich serre at, ucst as a fírst approxireatíon ån

reflecting the meteoroJ.ogical effect" Since the atmospheric structu.re

undergoes changes from time to tiae, the barometric coefficientse oveï a

long period of '',i.me, may be subjec'r,'co changes rel,ated to seasonal

var"iations of the atmosphere, A study was thus carríed ou.t on tire

<¡ariability of the barometric eoeffícien'cs of the photon component cìu.ring

the period betr^¡een Febru.ary and }Jovember L961"

Fig' 7 "l provides soÐe infornatiori or1 the variation of some

of the barometric coefficients as obtained in long periods and short

periods of time. The values of Bp f }u,c'cua'ce irregularly and iremend.ousJ-y

even l"¿ithin the period of a month" In spite of poor statis'cics, iheir

large variabiLity apirears t,o be rea]" .4s soon as longer periods of data

are j-nvolved, the dispersion of these values for the coefficients 'uends

to be smafler as shororn by the behavior of Bru and Buu" undoubtedly, this

is a resul'¿ of the iroproved statistics but it also indisates that the

pressul'e effect on the photons, averaged over a longer period of tirne,

becomes more reguiar and less fluctuatíng. Although the seasonal

variations of Bq: Bu¡, and. B¡4 (iltustrated in Fíg" 1"r) nirror the behavior

of photons of eirergy range lu similar phenome:ra can be observed for those

of energy ranges from 2 to 16.

The seasona.l variation of barometric coefficients for photons

of energ¡r ranges fron 1 'co Ll together lriih their correlation coefficients

CO, are shoi^¡n in Fig ' j,óu The dotted i.ines are simply employed to connect

the sane series of experi:rental points for an easy inspectj.on in all the

diagrans hereafte:". Their particulars can l:e sun¡earized as follor,yss

1' On the wholer'ohere j.s no definite reLet,ionship betueen the values

of Bp¡ and C14 since their vari-a'¿ions do not track a'c all ¡'¡e]1"

2. Tn 'che months of Jr.lre and Ju,ly, correLation coefficients for a]]
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energy ranges are generally poor as comÞared r'rith the rest, of the moilthao

7. For energy range 1r the l-alues of 'che barometric coefficient ín

Jwle and July deviate obviously from those of other monihe" Howevere this

boco¡res less obvious for higher energ1r rangeso

4" For energy ranges above ó, the correlation coefficionts are in

general ]ess than Q.J3 thexefore, it seems tha'¿ nothing definlte can be

concluded here"

," For photons with energy ranges beloi" 6, the barometric coefficients

in the perioct from Juty to November are on the averÊìg*e somewhat higher than

those f¡'on February to June" This seens to shor¡ the existence of, a

seasonal difforence in the barometric coefficients of photons.

Ð, Pressugg Correctí_on jiIl_-the- Stg4y of Ê_oLar Dirtr.nal YqriaJil¡n

As we have a nunber of barometric cosfficients anci they undergo

sone seasonal ,¡ariationn there Ís a problem in ehoosing the barometri-c

correctíon before any study of the solar ol.iurnal variation ean be condu"cted.

At present, five kinds of ba!'ometric coefficients are available; namely,

Bl'lgr Btilç, Bli'¡4e B¡4r and 81,,i' The preesure effect is eliminated from the photon

intensity of i;he ith hour (fi) Uy using the follovring formula:

lcom'=Ii-¡(Pi-PM)Ip1 (11)

where Icorr " is the pressure corrected, photon intensity in the ith hour,

F1 is the pressure reading in the ith hour, B is the barometric coefficient,

Pg and ï¡4 are respectively the average hourly pressllre reading and photon

intensity ovsr a certain tirue period being considered,

Bl{pr BW¡4, and B1'l¡¡r being the weighted average barome*c.ric

eoefficients over tho same long duration of timeo are basically the same

in naturo except that their values are somewhat different ( see Table , "r) "
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åø and ft,¡ belong to their particular month and weeki henco, their values

vary vrith time, To elininate some of the five kinds of barometric

coefficientse a short period of tv¡o vreeks data nere ú,tilized t,o test the

iiedivÍdual effect of each coefficient in the presslire correction.of photon

intensity" Using oquetion (tt) wi'ctr P¡4 and 11ø as'r,he mean hourly pressure

anci intensity within a v.,eeke every hour I s intensity witJrin such a t'¡eek h'as

then corrected. The corrected irourly intensity readings of the week rsere

sunmed up for a 24 hour daity variation" Such a method was applied. to

photon intensitÍos for energy ranges I to 17" Fig.7.7 illustrates the

results of the pressure corrections for four kinds of barometric coefficients

(nUtg, eW¡¡, Bii¡ and B¡,1) when the photon intensity data of energy range 1/

over one r+eok ( Ací" 2 to Oct. B, l96rj was employed." The sane shape is

maintained for each of these four kinds of pressure-comected daily

variations. There are only slight differences in the values for the corrected

counting ratesu Such results ere similar for all energy re.nges and for

the data of the next r.¡eek (Oct.9 +.o L5, 1967)" Thus, any one of these

barometric eoefficients yield.s about the same daíly variation of photon

component.

Follouing the samo procedures, a fbrther test was made on the

effect of corrections using Bkþr BW¡4 and B¡r on data obtained during a long

period of fir¡e months. P¡1 and I1,4 v¿ere the values taken from each monthts

averages rqhile B¡1 belongedto the same month" fhe conclusion reached. wae

the same as that given aboveu i.e" the resulting solar daily varíation

is qulte insensitíve to the actual coefficient used.

During- the study of the solar durinal variation, pressure

corrections were applied r¡ith both Btr{¡ and B¡4 to photon data t¡hich t¡ere

grouped into eleven periods of tine (the grouping scherae will be described

in Chapter IV), TLre pressure-corrected daily varlation curvês for the
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photon eomponent v,'ere plotted for çor¡parison and again, these tr.¡o extreme

kinds of baromo*uric coefficients lead. to essentially '',he sa¡re resuLtsu

FLg. 1.8 is an example of these tv;o types of variation curvo after prossure

correction; they are practically identical " The only exeeption occurred

in the time period 6 in which the cowrting rates of photon energy ranges

] and 17 corrected by Brrt* Bave a perceptible difference from those corrected

by B¡¿ (Fig. 1"9)" As for energy ranges higher than 2, such differencesare

masked. by the large statistica] fluctuations of the cou-nting rates'

However, such a dÍfference might infLuence the resul¿r,s of a harnonic analysis

on the daily variation. Nevertheless, the ampLitudes and tímes of maximum

intensity obtained from these two kinds of pressu.re-corrected curves in

tine period 6 by a harmonic analysÍs agreed weli. witJrin one standard

deviatíon through aJ.I energy ranges (tr'ig" 1.10)" 'lle therefore conclude

that for our present experimentai. data any ono of the deternined barometric

coeffÍcients is suitable for use in a pressure .correction prior to a

diurnal variation study"

E" Sumsary

A variety of barometric coefficíents has been deternined in

this experiment and their relative effects compared in the correction of

raw data" In general, the low counting rates of tåe total absorption

spectrometer make it difficult to drav¡ definite conclusions for photons

of high energies" The barometric coefficients determined from data

acquired over a short period of tine (as reprosented by B¡) show the

greatest dispersion in their values and the occurrences of rare evonts

euch as positive barometric coefficients and negative coefficients with

abnormally high valuee" The forner appears to be the consequence of large

statistical fluctuations but the latter seens real on e.ccount of high
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correlation coeff,icients. For a short period of tira.e, on the order of

about 20 hours¡ the atmospheric effect refl"ected by Bn seens to be quite

complicated end beyond explanat,ion in terms of a sinple absorption process@

However, statisticallyg over a period of a month the atmospheric effect

becomee more regular and sinplified.. Monthly barometric coefficients (Bp¡)

exhibit the elíuinati-on of all rare events and a narrohf distribution of

their values" This suggests that in the long run, the averaged. atmospheric

effect on photons is essentially barometric in nature. For a duration of

many months, the energy dependence of photon barometric coefficients

suggests strongly that a simple absorption process is the main meteorological

influence on the photon component observed near sea level"

fn terms of this sinple absorption modelr the barome'r,ric

coefficient indicates the position of the tteffectiverr LeveÌ of generation

of the observed photons as a function of energy. The overall effect of

the }or¡er t/1 of atmosphere on the photon component is predoninently

absorption. Toung shor,¡ers of muon origin do not seem to play an important

role in the photons observed near sea level; this seems particularly true

for the lor^r energy photons " The seasonaL variation in the barometric

coefficíents of the photon component is quite large. In the frame of the

sinple absorption modele this inplies a seasonal fluotuation in the

height of the neffectiverl level of generation'



CHAPTER TV

SOTAR DÏURN.AL VARTATTON

Sínco time varia'uíon studies of cosmic radiation began, the

24 hour daily variation of cosmi-c radiation hae becone one of the

interesting topics tshich has at,tracted a great deal of effort from many

research v¡orkers ín an attenpt to find an und.erstanding of its real

nature. Conventionallyo a harmonlc analysie is applied to the daily

variation and the anplitude and the phase of the harmonic components are

deduced as the physical quant,ities characterizing the variation, Up to

the present time, the solar diurnal variatíon stil1 remaine an active

subject ín time varíation studios of the cosmic radiation" Tts nature has

been graduaÌly disclosed aB a consequence of the solar nodulation of the

galactic cosmic radiatíon, This chapter will preeent the first study (t,o

the best of our lanorvledge) on the solar diurnal variation of the photon

component near sea Ievel" Our main purpose is to experimentatly

oetablish the nature and energy dependence of the'sol-ar diurnal anplitude

and of the ti¡ne of naxfmum i.ntensity for cosmic ray photons deep ín the

atmosphere, AIsou the signíficance of the higher harmonics witl be

discussed, and the seasonal variation of the solar diurnal effects will

be investigated. Before the presentation of our experimental rssult,s and

comments, the general nature of the solar diurnei variation v¿iLl be

introduced through a reviev¡ of prevS.ous work.

.4. Revigw of Etgvious _{orE

In Ip28, irindholn reported a cosnic ray variation ( ionization

chamber data) rvíth local tine. Its amplitude Ítas less than 0 ")/" and tlne

4t
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intensity reached its maximulu near noon" Similarly, eonpton et 41. (I9r7)

found a consistent variation.ebout O"2fr above the neail around noon rEith a

minimum shortly after midnigl,t" Later, rnore and more workers ccnfirmed

the eXistence of sueh a kind of cosmic ray tine varia'r,ion.

Eer1y speculation on the origin of this small variation led to

the conslderatíon of meteorologícal factore. Dr.lperiet (tg46)t Lange et aL"

(fp4g) and HoeS (L949) applied corrections on the hard component either for

pressure or for temperature, or for both, but the solar díurnal variation

did not dísappoar. Holever, temperature-corrected results of the hard

component are usua]ly contradictory. Duper:ier (f946) and Dorman et 41"

(L9r4j obtained a greater anpi.itude and a shift of the tíme of maximu.m

while Dolbear et aL. (fg)f) found the arnplitude diminished to half of its

original value. Studying the meteorological effects on the ha:'d component,

Glokova et al. (tpl8)u Glokova (tçgo) anci Ïtuzmin (fgóo) came to'bhe

conclusion that there is a constant component of seasonal varietion of

atmosþheric origin and the teroperature effect is very important in long

period variations of cosmic radiation" Comparing the meson and the neutron

diurnaL variatlons at Deep Rlver, Bercovitch et a]. (1961) derived a vector

to show the contrÍbution of atmospheric variation in the diurnal varíation

of the hard. cornponent. This atmospheric vector has an amplitude O"Orl/"

in summer with the ti¡re of maximum at about 7 h t"T" while in winter the

corresponding values are O"016/' and ! h; these anpiitudes are very 8m411

as compared v¡ith Q.2/o as estimated by Dorman (L9r7) and O"LI% by Qr.ienby

et al. (1960)" Using the meson data at Ðeep River, Bercovi-tcn (ry66)

established a finear correlati-on betvreen the atmospheric temperature

contribution to the diurnal variation of the meson intensity and the

diurnaf variations of the ground air temperature and the barometri.c

pressure6 The atmospheric effect has aleo been considered as the origin
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of the sela:i-díurnal variation" Katzman et aI. (fç60) ascribed the seni-

diurnal component of the nucl-eonic data to the semi-diurnal fLuctua'r"ion

of the atmospheric pressure.

The latitude ciependence of the solar diurnal variation of the

nucleonic cornpcnent has been studied by nany r,¿orkers. Firor ei: aL " (L9r4)

did not find a significant change of the anpl.itude v¡ith latítude; it

increases somev¡hat from abouL O'4r/" at the equator to abcut O.6L a+, 48a

tratitude" Meanvrhile, the hard component showed an amplitude decrease on

transition fron latitude 5Oo (about O"1/,) to Boo (about 0.1./') as found by

Dorman (L9r7). Using neutron data from sixteen stations, Katzman et al"

(fg6O) found a significant geomagnetic latitude dependence of the phase"

The time of maximum ehifts toward ovening hours from the pole ( about 1) h

L.T.) to the equator (about 17 h), Kane et aI" (19óO)u working on IGY

neutron data, arrived at the concLusions that the díurnal anplitude

increases some¡¡hat from the equator (about O"2rl,) to medíun latitudes

(about o"|r/"J but dindnishes at high latitudes (about o"J-r,l")u and that

the amplitude and phase are different for stations situated at corresponding

latitudes in the Northern and Southern hemispheres and for stations at

cfose latitudes" Schwacheimta (t96O) analysis of IGY neutron data

produced sinilar conclusions with additional renarks that the mean

monthly values of the diurnal amplitude show a good correlation among

closely situated stations but poor for distant stations, and that the

semi-diurnal anplitude dirdnishes with increaeing latittrde v,¡hile its time

of maximum remains constant at al] latitudes" By means of neutron data

from thirty stations for period.s free from magnetic åisturbance, Ðorman

ul t|. G961) reported a shift of the tine of maximum for the first

ha¡nonic towards earLier hours vrith increasing cutoff energy. Havíng

studied the latitude effect of mean solar diurnal variation of the neutron
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component (tct aata), iötamura (I)6J) reported that the ar:nplitude observed

at JAo to 6O0 geonagnetic latitu-de is larger than that at other latitude

and the ',,ime of maximum at seq leve] is earlier by a'oout one hour than that

at mountain altitude in the eo.uatoría] region. In order to investigate the

variation of latitude dependence of the diurnal variation, Ivfurakami et al"

(tg6f) studied the phase difference and the ratio of ampliiudes of diurnal

variation between high and lor¿ Latj-tude stationso using the neutron d.ata

observed. at Zr:gspitze, Norikr:ra and Sulphur Vtountain, They eoncluáed that a

fluctuation exists in the latitude dependence on account of the variation

in the prinoary rígidit¡' epectrum of diurnaÌ variation"

Alfven et al " (L947) rrrere among the earliest workers to study

the dlrectional dependence of the solar diurnal variatíon" Ðirecting

their telescope at an zenith angle JOo in the north anci in the south

during alternative hours, they discovered a similar magnítude in the

diurnal anplitude but a differenee Ín phase of about 6 hours for these

two directions, and hence concluded that the diurnal variation depends

definitely on the direction of ar¡'ival of particles " 1o interpret the

above results, &falnfors (fg48) ascribed an anisotropy to the high energy

prímary cospic radiation" This view was further supported by Elliot et

aI. (L95O, LgrL) nho performed siniLar experiments ?¡ith directional counter

arrays to record simultaneoustry particles coming frons the north and the

south at zenith angle.s 4)o. They concluded that particles of rather high

energies (on the order of tens of BeV) are involved in the diurnal

variatlon" Selcidog Kodama and Yagí (fç50) and Sarabhai et al. (L9rr)

observed 'cha'¡, the díurnal amplitud.e increases with decreasÍng seniangle

of the telescope in the east-west plane. Using eounter 'celescopes to

look at different angles with respect to the earthrs equatorial plane,

Sandstr$m et al, (I9óO), assr.rning an effectíve rigidi'r,y of about 22 BeV/c
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for the detectecl particlesu inferred'chat the diurnal anpj"ítucÌe diminishes

uith increasing angle betr'¡een the asyøptotic dírection of the prinary fh,:x

and the equatorial plane,

Sekido and Toshida (19t0) published their observations of

research on the solar diurnal variation during the ti¡ae of a magnetic storm"

In general, the more intense the storm, the greater witl be the d.ecrease

in the cosmic ray intensity and the wider the fluctuation in the diurnal

resuLts " Applying the method of superposition of epochs to the total

LonLzing component data during eleven storrnse they found that the d.iurnal

anrplitude on the day of storm onset is almost doubled. A few days after

the storm, the amplitude is still greater than that before the storm. and.

the time of maximum advances towards the earlier hours. Elliot ei; al,

(tgrl) obtained sinilar results for ihe diu.rnal variation of the difference

betv¡een the north and south poin',"ing telescoþes. Studying the influence

of the twent¡r five effective magnetic storme on the diurnal variationu

Gi.okova et al. (f9r7) ceme to the same conclusion as above for both the

first and the second harmonics. Comparing the diurnal variatione between

the high energy conponent (90 cn leacl shield) and the goneral component

(no ehield) recorded by the vert,ical telescopes durir¡g the storms, Yagi

et al . (Lgr6) demonstrated that the general component has a greater

increase in diurnal anplitucie and a shift in the time of maxinru¡: tov¡arcìs

earlier hours then the high energy corqponent. Kuzlr.ín et al, (tgrg), from

shielded ion chamber data corrected for atnospheric effects, discorrered

a particular kind of magnetic storm which causes a rise in the diurnal

auplitude v,¡ithout altering the tiue of maxim¡.,ur" i{ori et a} . (L961) have

analysed the IGY data in periocis of cosmic r"ay storms by means of the

'f thnee points methodrr (,tfr*¿ is to say, 1 stations separated in

geomagnetic longitude by about l20o) and. a spherícaI harmonic analysis
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so as to separate the diurnal variation at a moment from the v¡orld-ivide

i;ime variation ' I{ith the development of the storm, the time of maxinum

usually moves tor¡¡ard.e noon and sorqètine towarCs nidnight, Such events can

be cLassified into three types accorciing to the position of the

resþonsible flare with respect to tlee central meridian plane"

Correlation betv¡een geomagnet,íc activity and solar diuriral

variatíon has been made for days uith high f\p (geo¡eagnetic planetary three-

hour range index) by a ntrmber of r.;orkers su.ch as B:mert et al . (tgrt),

Tru.nrpy (tgri), Firor et al " .(1974) . They reached the 6;eneral conclusion

that during days of high Kp the diurnal amplitude increases, and the tíme

of maxímu¡a moves 'co earLier hours.. Narror,r angle telescopes shor+ greater

effects than instn¡ments vrith vricie directional" sensitivity" However,

Sekido et al. (fglf) found a red.uced. ampJ.itude for the semi-d.iurnal

component on days vrith high I(n. Gror"rping data of crossed teloscopes

directed at the verticaf, north an<i south accorcÌing to five grades of

I{p valrdes, Sandstrhn (1955\ noted that with Íncreasíng Kn the diurnal

araplitucie increases and the time of maximum shifts regularly tort¡ards the

earlier hourso' This effeet is most pronounced for the vertical and the

south directions but less for the north direction" Some work has also

been done for the correlation of the diurnaÌ variation and the 1oca1

goomagnetic index K. EÌIiot et al. (tgrt) foun¿ a greater fluctuation in

the diurnal r¡ariation of the differ"ence between the south and the north

for. days with I( greater than or equal to ]8, Kuzuin et al . (L9r8j reported

that the diurna] variation as recorded by a counter telescope at 60 ltl.wo€.

undergror,rnd has an increase of O.LOy'" in arcplitude for days with I( greater

than i7. Using a counter telescope wíth t0 cm Iead., Barton et al" (f958)

observed that as the daily suxr of K increases from 10 to 40, the amplitude

increeses fror¿ O ,I% to O "6/o and. the tixne of nraximum shifts more than six
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hourei L]ne semi-diurnal amplitude also increases four times. .ås for the

neu-tron component, Firor of al. (L9r4) found. a close relationship between

the diurnal variatíon and the K irrdex; the diurnal anplitude is high for

a high level ofKvalue, Statistical analysis of the crossed telescope

data at Moscov; and geomagnetic field disturbance data at the eo,uator by

Tnozemtseva (f9ó4) shovred the appearance of a locaL source of cosmic ray

daily variation during a change of I0O garunas in ihe geomagnetic field

strength o

ïn a study of the hard component d.ata from tg16 to L946t

Yoshída et aÌ " (1974) drevr some co-rlclusions on the Zf-day recurrence

'cendency of the diurnal variation" ltris 
_tendency 

is rather stable

throughout several rotations of the sun. 0n average, the diurnal araplitude

increases with decreasing cosmic ray íntensity. haploying the nethod of

superposition of epochs on data of 111 storms with the day of onset of

storm as the zero day, they found that the stability of the 2/-day

recurrence for diurnal anplitude last for about three cycles" Glokova

et al " (Lgrrt and Grigorov ( L955) did not see any perceptible tendency

of a ZJ-day recurrence of the diurnal variation near the minimum of the

sol-ar activity" Holtever, Kuzmin et al. (1958) reported tho exístence of

2l-day recurrence for the diurnal variation during the year of decline in

soLar activity (L9rl) and in years of miniutim solar activity (lgrl-lçr4).

In ad.dition, the maxiuum of 2/-d.ay variation of the diurnal variation

coincid.es v¡lth the maximu¡r of the ZJ-day variatíon in solar activity, and

the recurrence of the diurnal variation has no close relationship with

magnetic activity. llorí et aI " (1964) noticed. that during I)62 and I)6),

the solar diurnal variation of the cosmi-c radiation shoued a strong 27-dW

recurrence tendency and l'¡as strongl;' correlated ivith Kp value.

The diurnal variation of the hard component, uncorrected for
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meteorologíeal faetors, shows an 'increase in anplítude with increasing

solar activity and. a shift in the time of maxímum towards a later hour

(Glokovau 19r2J. Having analysed the hard component data ( 1946 - |f51),

Sarabhai et al . (lgr4j d.i-scovered a relationship between the tine of

maxiroum of the'dlurnal variati.on and the intensity of the coronal line

of r.¡ave length ,fi} f but a v¿eak correlation lEith the sunspot number.

Ítagnetic and solar activity exert an influence on the semi-diurnal

variation to different extents for high and low latitudes " {Jsing the

method of moving averages to elininate the effects of eeasonal variation,

Glokova et a]. (L9rj) rnd Glokova et aI, (L9r7 ) correlated the successive

mean annlial values of the first harmonic, K, C (preliminary international

character fígure of geomagnetic activity)u anci R (relative sunspot number).

ft v¡as noted that the time of naxím-m shifted tor^¡ards earlier hours in

the year L95) blu+, started to reverse this trend to later hours in the year

1914" this reversal coincided with the minima of the K, C, R cwves weLL

v¡ithin the accuracy of ofle s€âsofio Investigating the reiation between the

r¡orld-wide distribution of neutron diurnal variations and the relative

sunspot number, Kanno (tg6r) and Kanno et al. (lg6r) observed that the tíne

of uaximr:m moved with increasi-ng solar activity tor*ards the late hours at

a rate v¡hich was higher for fow and niddle latitudes than for the polar

region. Correlating the nucleonic component data at Deep River and ïakutsk

r¡ith the solar flare index during IGY, Sastvy (t964) found an apparent

increase i-n the diurnaL anplitude on days follorving a high flare index d.ay'

The solar daily variatíons recorded during the period 1958 - 1964 by the

east and west pointing directional teloscopes at Mt. Chacaltaya showed that

the diurnal amplitude (for both d.irections) was }or'ier in L964 (ninlnwr

solar activity) as compared vríth its value ín I9)B (maximum soler activíty)

and the tine of maximum in the two directions had same value in these tr'ro
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years (AÌ:Iuitalia et a] " I9Ø)" From an analysis of the world-i¡¡ide neutron

data obtained during L9r7 - L965, . . KoÌomeets et al, ( L96r, came to

conclusions thet the diurnal anplitude increases as sofar activity decreases

for high latitude stations but decreases at middle and lor; latitudes, that

the seasonaL effect of solar diurnaL anplitude v¡ith either one or two

maxima v¡as detected for d.ifferent yoars of solar activityeand that, no tímo

variation in seni-diurnal arnplltude and phase was observed,

þlaríner II measu,rements of the solar r.¿ind veLocity during

August to Ðecember, 1962 did not shov¡ any relatíonship betr'¡een lt and the

ariplitude and the time of maximr¡m of the cosmì c ray diurnal variation as

observed by the neutron monitor et Deep River (Snyder et aI" 196r)"

In a seasonal variation study of diurnal variation by means of

hard component d.ata, Glokova (DnZ) concluded that such a vari-ation is most

pronounced duri-ng the time of maximum solar activity. Holvever, Kuznin

(tgfi a, b) observed that if the temperature effect is considered,

seasonal variation of the diurnal effect of the hard component will be

elininated. Again, Glokova (lg16) reported a conspicuous variatíon in the

mean diurnal amplitude and phase of the hard component during the win'ser

and, the summer of the period I9rI - L9r2" Using the moving average method,

Gfokova et al " (I9r7) deduced a regular seasonal fluctuation of diurnal

variation for the meson component, and thought that it r¡as due to the

rvorld-wide variation of the diu.rnal effect in connection l.rith the solar

activity" Firor et al. (I9t4) observed that the seasonal variations of

the diurnal variation of the neutron componen¿u resembled each other in

tkre equator and the niddle latitude regions, and coneidered them as of

non-stmoBpireric origin.

The long term fLuctuation of the solar diurnal variation of

cosmic rad.iation has been investigated. ThambyaphÍflai et al " (tçr|),
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after an anaLysis on the hard component data fron many stationsr. remarked

that the diurnal phase shift is systematic and of world-rEide character,

Fron L911 to Lg42, the time of maximum graduaÌly moved to a later hour',

but shifted in the opposite direction durins 1942 fo I)J2. It r¡ras

suggested that the secular variation of the diurna] effect may fo1low a

22 year cycle of sofar activity. This vievl was supported by Steinmauer

et aI " (Igrrj " Sandstr8n ( Igrr) etudied the secular phaee shifts of the

parbicles coming fron the vertical, the no:'th and the south during L94B -

l9)O, and stated that such a shift ís practically independent of the

direction of errival. On the basis of results presented by Lange et

aI. (194S), sarabhai et at" (L9r5J and. sarabhai et aI'(I9rr,e Dorman

(tç>l ) revier,red the secular fluctuatùons of the diurnal ef,fect" The uean

annual diurnal variation (iiuancayo data, equator) demonstz'ated that

during L9r9 - 1941, the d.iurnal rn¡aves had a maximu¡ aroturd noon wíth a

gradual addition of a nev¡ component rshose time of maximum vras in the

night hours" From 1946 +,o 1948, the diurnal wave became a double peaked

curve and by 19520 the tine of maximum appeared at night" The duration

of a complete cycle of fluctuation seetns to be about 22 yeaxø. At

.{bnadabad ( f4o n), three months r mean diurnal variation showeci a similar

fluctuation. In June 1971, tlne 24 hour wave had a maximur around 1l he

but on account of the appearance of a night ccmponent r+ith a maximum

around ) h, the time of maximu¡ gradu.aily shifted toward.s earlier hours

until the end of L)J2. However, Cheltenham d.ata (niddle latitude) of

1918 - L))2 and. Iuioscow data (middle latitude) of I9r, - 1956 exhibited a

different type of fluctuation for the mean annuaÌ diurna] variation.

There is no clearly defined existence of tr¡o couponents, However, a

shif t in the time of maximum towards morning hours r'¡as evident. From

their analysis of ion charnber data of Huancayo, Cheltenham, Christchurch
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and Tokyo, Venkateaan et 41. (I9r9) came to the conclusion that the

diurnal anrplitude is positively correlated with solar and nagnetic

activities. The direction of ani-sotropy, after correc¿Lion for ihe influence

of the geonagnetic field on the particlers trajectories, tends to move

toi.¡ard.s morning hours during the minimum solar activity and occurs at / h

during the lonest minimum (.iune - JuIy 1954). Lster¡ Forbush et aI.

(]9óC) continr-¿ed the above work up to year I9r9" The deviation of the

mean annual vector from the mean vector over 2J yeats shov¿s a eysteraatic

variation in phase with a 22 years period,

i{orking on the resu}ts of the directional dependence of the

diurnal variation obtaíned by Elliot et aI " (tgrOj, Brunberg et at . (W54)

determii:ed thet the particles responsible for such a diurnal effect had an

effectlve rigidity of about 2I BeY/c and. came from an angle 650 to the

east of the earth-sun line. üith the experimentaL data for the ionizing

component, neutron component and hard component recorded at d.ifferen'r,

latitudes, Dorman (I9r7) applied the method of coupling constants to

ascertain the energy spectrum of the primary diurnal variation (.{ppendix.A}"

To attain an agreement between the calculated anplitudes and the

experímental ones, he found the values for all paraneters of the spectrum

of the primary variation which had been assuaed to have the fo.rm AEr"

E is the priroary energyi Ar being the povrer of the source of the diurnaL

variation, has a value of 0,14; r, the exponent, has a val-ue of -lj ancì

ihe l-orser bound of the primary energy is 6"ó geV" Considering the

geomagnetic effect on the particlets path and using the concept of effectíve

dlrection, Dorman estimated that the source of diurnaL variation had an

averaged. azimuthal position at 82o to the east of the earth-sun Line during

the period, of 1917 - IgrL, However, the ealculated asymptotic latitude of

the diurnaL source shows remarkably different values for different cosmi.c

ray secondary components recorded at different locations. For a better
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agreement beti'¿een the theoretícal and experimentaL values of the anplitudes

and the source position, Dorman suggested that A is dependent on the

asynptotic Latitude of the source and that the lower bouncÌ of the primary

energy responsible is around f "J BeY" Having analysed the directional

neasureuent of cosmic radiation a'i, lfar.¡son, Quenby et al. (fgóO) found

that the prímaries responsible for the diurnal variation had a mean

rigidity of 10 - 20 GeY/c and the direction of the primary source !¡as

at /Oo to the east of the earth-sun Line" Using the data of neutron

monitors, íon chambers and counter telescope.s at various depths underground

at Takutsk during L9r7 - I9r8, I{uzmin (tg6O) deterroined the energy

spectrum of the primary diurnal variation as O.lr|E-l v¡ith a lower botrnd

energy of IO - 1! GeV. Rao et al. ( I96t) developed a method to calculate

the diurnal anplitude and phaseo using the concept of asymptotic cones of

acceptanceu Results do not shovr any simple relationship betueen the phase

anci the longitude and latitude" 1'l:e theore',,ical calculations agree vuell

lvith the mean diurnal variation experimentatly observed by 22 neutron

monitors during ïGY" ït was ihus conclucied. that during this time, the

díurnal anisotropy is independent of rigidity in the range I - 200 BV,

varies as a cosine function of the asynptotic latitude, has a maximum

araplitude of 4x1O-J times the average cosmi c ray flux, and a maximuu

intensity in the direction of BJo to the east of the earth-sun ]ine"

Later, the zero exponent was confirraed by Kane ( 1964) who analysed the

IGY neutron data, and such charac'r.eristics of the diurnal anisotropy

remain practically invariant up to the year IÇ6J as reported by Faller

et aI " (196r) and McOracken et al" ( L96r). tuploying the s¡orÌd-wide

neutron data for the year L958, Dorman et aI " (t961) dedu-ced that the

exponent of the primary variation spectrum changes frora -O') to -0.ó and

there is no clear dependence of the exponent on the sunspot number except

for a fel.; months. Kuzmin et al . (t961) assembled data on the meson
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conponent at various depths undergrouncÌ 'r,cgether v¡ith hard and nucleonic

components data. They found that in L9r8 - L9)9 i'Jine exponent had a value

of -0.! and the lorier bound primary energy vas I BeV v¡hile in Ig6C - L962

the respective values vrere -1.0 and / BeV, U'cilizLng ihe model proposed

by Rao et al " (L961j, Jacklyn et al , (196r) developed a method of

deternining the upper liniting rigidity for the solar diu.rnal variation

in free space. He esti-¡rated that the mean value in ]9Þ8 vtas )J GV with

an error about 10 - 20 GV' and d.ecreased by about 20 - 4A GV over the

period of L978 - 1962, Using data from 14 stations, Ab1es et aI " (Lg6r)

investigated the semi-diurnal anisotropy during the period l9r1 - L965 by

loeans of the numerical filter techniques. The phase and anplitude

distribution histograms for each station and year, when fully eorrected

for geomagnetic effects on primarf trajectories¡ indicate a consistent

semi-diurnaL anisotropy having an anplitude of about O "I/" and naxima along

a lÍne óOo west of the earth-sum Iíne. They also remarked that such an

anisotropy might be energy depend-ent

Day-to-day changes of the solar diurnaL rariation have been

stucìied with the achievement of higþ couniing rates in cosmic ray monitors.

Firor et aI " (I9r4j discovered a high varíability from day to day in the

diurnal variation of the nucl-eonic component" The time of meximum appears

in day time as wel-l as in night time. Some of the days do not shou any

appreciable diurnal r'ariation. Using ion chamber data, Sittlcus (Lgrr)

observed an association of J.arge araplitude and time of maxímum near noon

for some groì-¡.ps of <Ìays r'¿ith a 2/-da¡i recurrence tendency' From tÌ:e

analysis of the data colLected tn 1994 r¡ith telescopes directed in the

east-v¡est plane, Sarabhai et al . (l9r9) attenpted a phenomenological

cl-assif ication of daily variations into three types: natlrely, da5's ttian

a mexi¡um during the day tine (desígnated as d-type), days with a maxi¡aum
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at night tine (n-type), and <Ìays wíth trr'a maxint¡m (s*tyre)" the majority

of days shov¡ed. a maximum either al L2 h or aL t h L"T" For each type,

peak -uo peak amplitu.des were as large a.s 2/o, and t,he 2f-day recl¿rrence

appears especially pronounced for the d*type. I,lith deta suppliect by

llu-ancayo and. Churchi]I, Sarabhai et al. (196, a) studied the diurnal

variation for the pe:'iod L9r8 - 1962 by means of a statistical distribution

of da¡z-16-day anplitudes, times of maxintm, and timee of minimum.

Conclusions were draun as folLows; The tine of maxi¡aun shifts to earlier

hours only at the equatorlal stat,ion but not at hígh tatitude. The peak-

to-peak anplitude decreases apÞreciably for Huancayo neutrons, decreaees

less for Churchill aesons, but remains u.nchanged for ChurchilI neutrons.

The najoríty of the days show the exponent of the ani sotropy spectrum

to be from -C"8 to -1.0" Using the same data as ebove and applying a

correction for tho geonagnetic effect, Sarabhai of al " (tgøl b) derived

the exponent of the ani-sotropy spectrum on a daily basis. The percentage

frequ"ency for zeto exponent is alr.rays less than for positive and negative

exponents. The frequency of days with positive exponent increased from

26/" in year lpl8 fo 56/" in I96L, vrhile the frequency of da¡'s *i1n negatíve

exponent decrease from 1p)8 to 1961" In year L)62, elnoot alÌ days hed a

negative exponent, In the study of IGT neutron data, Kane ( 1961) compared

the diurnal variation with solar and terrestrial pl:¡enonena on a daily basis,

but did not fincl any one-to-one correspondence with any phenomenon. Large

diurnal ampli'uudes may follov¡ type IV solar bursts and precede cosmic ray

storms and geomagnetic storms" there exists a (29 * 1) days recurrenc€

tendency and a nrinor B-days recu.rrence tend.ency" Vladi¡rirsLy et al. ( L96rj

applied the nethod of constructíon of the directionaÌ intensity

(Stepanyan Lg62) to the neutron clata for the period I9r7 - 19)B and.

obtained continuous valuee of diurnat anplitude and phase for each day.
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ïn addition to the main afternoon¡s mexj.muu, another region of the

relatively stable phases r.Ías revealed in A2 - 06 h t.T" Large diurnal

amplitudes are connected rnainly vrith tv;o types of sudden cor¡nencement

u.agnetic storms " For the first type, the maximun anplitude occurs before

the sudden co¡ünencement whiLe for the second type it occurs after the

sudden con:orencement" The type IV radio bursts not followed by sudden

comrnellcement magnetic storms infLuence the diurnal amplitude.

Along vrith the large nrmber of experimental investigations on

the diurnal variation as outlined above, there have been rnany theoretÍca1

attempts at explaining the origin of the diurnal varlation. Janossy çtlll)
proposed an east-west asymrnetric effect of primary cosnic rays near the

earth on account of the sunrs magnetic dipole field in order to explain

the excess of cosroic ray particles on the evening side of the earth.

This hypothesis r'¡as further modified by Alfven (1947)e Treimen (l9r4J,

and Elliot ( f9ó0 , L962) in teins of trapped orbits and solar absorption

mechanj-smo However, Stern (tg64j pointed out that this modeL cannot

explain the effec'i: of the reversaL of the solar dipole field on the

direction of the cosmic ray anisotropy"

For the explanation of the diurnal variat5.on component which

is directed at pOo to the east of the earth-sun line, Brunberg et aI"

(I9r4) suggested a mechanism of co-rotation of eosmic radiation with the

Bun. The rotating magnetic dipole field of the sun induces an electric

field, and the particles wi]L drif'r, in a direction perpendicul-ar to the

solar magnetic field ancì the induced electric fie1d. *According to Conpton

and Getting effect, this drift velocity produces a diurnaL anplitude

of about O "4/".

In order to account for the radial component of the diurnal

variation, the time of maximum of which is at 12 h L"T" in the free spacee
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Alfven (L9*1 put forth the hypothesis of the solar origin of ccsmic

radiation, Particles of lovr energy r+iLl be accelerated to hígh energies

about tOl4 eV by the corpuscular stream, Co1líding rvith the magnetic

field inhonogeneities, particles will di-ffuse ar.ray fron the region of

their origin, resulting in an anisotropic flux in the diroction of the

sun" Howevers this theory can hardly be justified on account of too many

arbitrary parameters in the evaluation of the amplitude of the raôial

component"

Frany workers (for example, Alfven l9JI, Swann I9r4, Dorman

LgrÐ have etudied the r:odulation mechanism of the solar corpuscular

stream on the charged particle. An electricfíeld is induced in the

moving corpuscular stream by the generaf magnotic field of the sun"

Cosmic ray particles, crossing the corpuscular stream, will be either

acceLerated"or deceLerated. the integral effect of the solar corpuscular

streams wiLl be such that the diurnal anisotropy is ]ocated at pOo to

the left of the earth-sun line" Such a mechanism also gives rise to a

polrer Ìaw for the energy spectrum of the priraary diurnal variation"

In 19?8, Farker predicted theoretically an Archi¡cedean splral

structure for the interplanetary magnetic field as the direct result of

the solar wind streams. Such a configuration has been found experimentally

consistent with the studies of the arrival directions of eolar proton

(i'lc0racken L962) and the direct measurements in space by Pioneer V (Coleman

et al " L96o, Greenstaa+, L965), i{ariner TT (smith 1964), ancÌ Il,tP-I (Ness

et a1, 1964), As a result, this new discovery has to be considered in any

solar diurnal variatíon theory r.¡henever the interplanetary magnetic field

is involved"

Ahluwalla et aI . (t962) advanced. a theory to account for the

diurnaL variation. ln the Archimedes spiral magneti.c field as produced
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under the conbj-ned effects of the solar v¡ind anci the rotation of the sun,

an electric field is induced in the interplanetary space, cosrnic ray

particles of ]oh energye trapped in the spiral, wij.l drift across the

induced elec'cr"ic field r-rnder the guiding center apÞroxÍraation. The

relative notion betv¡een the frane of reference noving r"rith drif'u velocityu

in which the cosmic radiation is isotropic, and the earth r.¡iLl cause an

anisotropy on account of the Conpton-Geiting effectn As a consequeltcer'

the energy spectruu of the primary variation and Ì:ence the observed

diurnaL araplitude can be related to the anisotropy direction Ì¡hich is

deterruined by the soLar rvind velocity and the angular velocity of the

solar rotationo Hor^.'ever, this theory meets r,rith difficul'r,ies" First,

this theory Ímplies that the '¿ime of maximum of the anisotropy in free

space must be within 9Oo to the east of the earth-sun line. Bercovitch

(L961), u"sing tÌ:e day-tc-day diurna] variation of the neutron component

and taking into account the smearing effect of the geomagnetic field,

shor¡ed that about half of the experimental points give anisotropy directions

lying beyond pOo. Secondly, experinental evidence as presented by

Snyder et al " (196)) indicates that no correlation can be found betv¡een

solar irrind velocity and the diuriral anplitude and the ti¡oe of ¡naximum,

Thirdly, $tern Qge+) argued fron the theoretical point of view that no

ani-sotropy will arise from a conservative electric field since 'chis field

v,¡ilL also produce a density gradient effect l.¡hích eancels enti-rely the

drift effect as suggested by Ahluwaliars modelu

Recently, Parker (t964) discussed the conditions of the

lnterplanetary rnagnetic field in which a net streaming of cosmic radiation

can exist. fn the general interplanetary magnetic field, either stationary

or time varying, cancellation between the density gradient effect and the

electri-c drift effect vill ]ead to a failure in explaining any observable
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anisotropy of cosmi-c rays" The presence cf irregularities in the general

magnetíc field r¡ill cause particle diffusion" "A suitable variation of the

diffu-sion coefficient with space coordinates can resuLt in an azimu,thal

and a radial streaming of cosmic radiation" To explain the origin of the

diurnal variationr the interpJ-aneiary iuagnetic field at the earthrs orbit

must be sufficient regular so that the cosmic ray particles tend to move

along the magnetic lines of force. Ì3eyoncì the earthts orbit, sufficient

irregularities mu.st be present to elinina'ue the density gradient so that

the electric drift effect can cause an appreciable net strearoing of cosmic

rayso Aseuiaing the absence of a net radial streaning of cosmic radiation,

the azimuthal flux at earth will have a velocity of rigid rotetion with

the sun.

As a nodification of Ahlutralia¡s model, Axford (I96rJ treated

the cosmic ray particles as a gas with a distribution function satiefying

the Boltzman equation v¡ith a coLlision termo This collision term is used

to represeni the scattering effect of the cosmic ray particles due to the

irreguLar component in the garden hose configuration of the interplanetary

magnetic fie1d" Equations of continuity and of momentum conservation are

also set up to d.escribe the state of the cosuric ray gas. Assuraing a plane

configuration equivalent to the model of the interplanetary magnetic field

r.¡hich has a spiral form r^rithin the solar v¡ind cavity surrounded by a

boundary region of magnetic turbulence, the velocity of the cosmic ray

anisotropy ís solved with the boundary con<ìition that the radiaì- veJ-ocity

of cosmic ray gas vanishes at the solar surface ancì at the border of the

turbulence. For the case wíthout scattering in the solar wind cavity, the

cosmj-c ray gas streams in a direction parallel to the orbital motion of

the earth about the sun r,¡ith a velocity due to the co-rotation of the gas

rsith the swr" The fractional arnplitude of this anisotropy' according to
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the Conpton-Getting formula, will be abou.t O"f/' for the diu.rnal. variation

as observed in the free space 6

using orienta'ui-on histograns to study on a d.ay-to-day basis

the dístríbutions of the time of maximum and the time of mínimum for the

neutron component along v¡ith the distribu,r,ion of the direction of the

average interpJ.anetary field as neasured by satellite, Sarabhai et aI.

(WAil suggested a virtual sink for the galactic cosmic radiation toward.s

the sun along the spiralling interplanetary magnetic field for those days

r'¡lth a differonce of 6 - 9 h between the time of maximum and the tine of

minimr.rm" Cosmic ray particles moving along the magnetic spiral wiLl be

scattered by the irregularities close to the sun, resulting in a

deficiency in cosmic ray intensity as observed at the earth in the morning

hours. This phenomenon has also been investigated by lr.{ercer and t{ilson

(I96rJ who oroposed an absorption mechanism for the removal of the cosmic

ray particl-es' The primary particles, isotropically distributed, will

mirror betv;een the sun and the earth. Those with small pi'r,ch angles r'rill

mirror eloser to the sun and thus be absorbed. Oonsidering the absorption

effect and the co-rotation of the cosmic radiation as the causes of the

daiJ-y varialion, they estimated the direction and 'çhe , ,noagnitude of the

vector s'd.î of these two effects which turns out to be

with the observed variations as given by neutron data

and Calgary"

1n

at

fair agreement

Sulphur Mountailr

Bn !qt¿V__Va"fg!i""

Since data for the pho'con component has been accumulated every

hour in terms of a differential. energy spectrum, a study on its soLar

diurnal variation can be carried out for each of the energy renges covering

the whole spectn:.m" Tie the present analysis, eeventeen energy ranges were
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selected accordingtotlrescheme described in Chapter III (see Table 1"1)"

To make possible any analysis on the varietion of extra-

terrestrial origin, the meteorological effect must be removed fiom the

observed data, In Chapter III, it v¡as conclu-ded that any one of the

barometrlc coefficients i"¡ill lead to si¡:rilar results in the wave shape

and in the harmonic analysis of the daily variation, and that such a

baronetric coefficient can be regarded, in the first approximation, as a

total pressure coefficient v¡hich nay eliminate sufficiently the

meteoroLogical effects, Hence, our data has been pressure corrected as

described in Chapter IIT, using the weighted average rapid-pressure-change

barometrj.c coefficients (taUte r.l).

Considering the Lol counts per hour as recorded by the total

absorption epectro¡reter¡ it is inpossible to reach any statistically

siguificant conclusions if the daily variation is analysed on a day-to-day

basi,su For example, the highest hourly counting rate for energy range I

is of the order of lO4 which has about lo/o reLaLlve fluctuation errore a

magnitude conparable to variations under investigation" 1o lmprove the

etatistical accuracy, 2/ days are treated as a period, and the method of

superposition of epochs is enployed to produ-ce ôr rr,ean d.aily variation

uhich consequently represents the average feature of the daily variation

in such a period" the data colLected from February 6 to November 2), 1961

is thus grouperj. into eleven periocÌs" Furthermore, these eLeven periods

are taken as a single group (designated as period 12) for bet'uer statistics

and hence moïe accurac)t in studying the general features of the average

daily variation"

To iLlu.strate the effect of counting rates, the dail¡'

varie'uion of period ] and. period 12 are given in Fig.4"1.A aúd !'ig" 4.lB

reepectively" It can be seen tbat daiiy variations in period 12 ere
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better clefined and shog much smaller standard errors than the corresponding

ones in period 1" Variations for energy ranges viith high counting rates

(.-t = t, 17) preserve their shape in both periods while those w-ith lo',t

counting rates (J = ó, 16) display inconsisteni features" Therefore,

r¡henever possible, conclusions should be drai,¡n from the date of period 12,

especialÌy uhen the general properties of the variation are consideredn

The investigai;ion of the photon energy depend.ei'rce of the

Caily variatj"on r.¡ave forms leads io a distinction of trvo classes. The

first class consists of lJaves for energy ranges frorc, 1 Lo 9 (see Fig" 4'IB

and Fig.4,1C), Their co?hrïon pattern of wave shape shov¡s the general

tendency: a decline fron zero |oca.l hour *,a g or 10 h' then a rise up

rvith a maxiuum around 16 and U h, and then a falling off until 27 h"

This kind of wave form is on the t;hole similar to -r,irat of the nucleonic

cori:ponent regis'r,ered at Deep River d.r-rring the same period of time (fig'

4.lg) n Holvever, the daily variations of the second class with energy

ranges frou 6 Lo 16 (Figures 4-.18, 4"1C and A.ln) do not resemble tho

first class.. noy do they show consistent features among themselves due

to the r¡ilC scattering of points on each variation, In order to reduce

these statistical f'luctuations, ' treì eorabÍned- energy ren¿ges from ó to

p, from IO to 16, and then fron 6 to 1ó (designated as J = 2Lr 22u anð.

2J respeetively as shov¿n in Fig, 4,te). Fiere again, these three combinsd

variations do not clearly fall into the vrave pattern of the first cLass.

In particular, the last one whi-ch covers all the energy ranges in the

second cl-ass shov¡ another type of undulation, being feiily constant from

I to 12 h and then rising up again. The existence of two different types

of d.aity variation for different photon energies is interesting"

Undoubtedly, daily variation of the first cLass (,1 = t to J) are

essentially solar diu-rnal in nature" Hot';ever, the second class seems
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to deviate considerabLy fron this diurnal nature. This implies that the

prinary cosmic radiation responsible does not participate strongly in

the solar diurnal process. If this is the case, these primaries v+ill

have energíes either Liigher than the upper linÍt or smaller than the Lower

limit of the solar dlurnal mod.ulation ¡aechanisr,. Unfortunatelyr with

the present relatively small sensitive volume of the spectrometer and

resul-tant fovr counting rates, the existence of these two classes of' daily

variation cannot be conclusively established" "ûs for the daily variatíons

of the second. cLass ("t = 6 to 1ó), their nature wÍIl be discussed later

in this Chapter.

C. Ilarmonic Ar¡alysie

For a separati_on of the daily variation into harmonics, a

finite Fourier analysis has been apolied to the pressure-corrected

intensities for various photon energy ranges and for various period's,

using a mod.ifiecl program from the lBM 1620 General Program Library" The

mathematica] method is outlined belovr.'

Let f(t) represents fhe intensity of the experimenta] daily

r¡arj-ati.on as a function of ti.me t, and Let it be represented by a Fourler

seri-es in the form

f(*,,) = ï u *Cap cos ffu u bp sin aþl

rvhere p ís the order of harmonic, T is the period of the first harmonic

and. S represent the surumations taken from p = I to P * Pr" ]f there aro

n experimental f(t) obtaíned at equal tine intervaL (designated by h) in

the period T, then T = nh: t = kh where k = O, I, 2e i'e'r rl - 1, and pr

will be less than or equal to n/2" Fourier coefficientse âee apr bpr can

be computed by the formulae:
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)ao=is(f(k))-Tt

"p = I s( r(k) cos ff- ;

b,., = 3 s( f(k) sin 31h )Hp'17

r¡here S representthe sunmations taken fromk=0 to k-n - J" Ïn the

present case, n = 24 and T = 24 hours. The anplitude A¡s phase Cn and the

time of maximum intensity l4p for the p th harmoníc are gíven by

Ap=("2n+af,lr/z

Cn = arctun Tn

i1r -r r o 
oo

,"þ = t 2n arctan ;'

As all the tvrenty four vaLu.es of f(k) do not differ consid.erably fron theír

average ao/Z, their standard deviations can be taken as

or(r) =(i" )t/'
Hence, stand.ard doviations for Ap, Cp are given by

^ r/2
ooo ¡r(i<) (i)'

Dcp=H r*rt/'

The final results of the Fourier analysis will be presented in the form of

anplitude of p th hârnoníc - Ap(l,J å n¿p(,eí)

time of maximum of p th harmcnic = Mp å Ði5 ( local hour)

l¡here 
.a^

an(i;) = + Lool"

D¿^
D%(%) = --# toof,
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ñ*t
%n = zñ'lcp

The present analysis on the daily variation r'ras performed up

to and inclu<iing the third harmonic" The computed anplitudes, A, and

tines of maximum, Þi, together rqith their standard errors, D¿ and Dg for

àhe first, second and iåird. harmonics are tabulated in Table 4.1 for

sach of the tv¡e1ve time periods"

TABTE .4.1

Feriod 1c Feb"6- jvrar.4s L961

¿
First Harmonic

,--:-_-_--:r--4Ð¿gDc
(/,) Gl (r,') t*l

Second l{armonic
Å-E**E--- nc

(;/;) $J (i'") (hr)

Third Harmonic

4ÐAUDc
(,rù Gl (n") f *l

t
2
z,

4
,
6
7
I
o

10
l1
L2
t1
14
L'
tô
L7

"97 .o7 L6 "1'.44 "L, Lg "j6.29 "2o 20.08

"ro "28 16 "871"02 ,17 zL,Oz
,14 "48 20.28

"7' "60 21"17
L.72 ,77 2L "961.41 .88 11 .98
1"19 1.Ot 20.86
L "16 L "2' 2L "L1
L "7ó I .4E 19 "7L
t "6L r"74 20.81
,.64 2 "oB 21 "8I4.89 2.47 zI "6L1.88 t.B7 24 "o7o.71 ,06 17 "O7

"17 ,07 2 .11
,26 "L1 2 "27
"28 "20 

' 
"59

"29 ,29 5,gL
"r, .17 ó "OB,rg ,48 6"78

"2g .60 I "08
"44 ,71 g "46

r "77 "88 6 "11
"92 L"O' IO "9'

L "14 r "2' 
' 

"72.7L 1"48 g .56
2"42 L.T4 4,ll
2"60 2"OB 4"76
2"15 2"47 4 "46
1"78 1.87 2.12

"26 .06 2 "16

"o7 4 "77 2,L6
,L1 7 "62 6.18
.20 0.04 r "94.28 o"Og 4"ç4
,17 ,.86 2 "7o.48 o.6t 29 "72
"óo 4.92 4 "ro
"7) 4.89 B,rg
"88 1"1t 

'.28t.o, 4"49 
'"roL "2' 4 .49 ro "06

1 "48 
' 
"r, 6 .L6

1.74 6.26 2"O7
2.o8 7.10 1.62
2.47 2 "91 8.67
l"B7 o,]8 11 "t7,06 ,,62 2"Bg

.29
I .15
2 "67
1a L0
1"40
,.41
1"o,
1.61
2,rB
1")B
1"o,
1"2r
1,84
1.41
L"g1
,,Bo

"1O

"74
r"91
2 "77
1.ço
2.r8
1.O7
7.89
6,rr
1.gl
+ 6)ö
).)Þ
7 "9r
¿"12
1.06
4.o2
L"8g

"8)

"L1
"oB
"40

ar,
.06
.11

L"O,
L"2!

"41
,92

1"2t
4 "gt
1"09

.62

"08
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TABLE 4 .1, ( cont. )

Period 2 e ïtar"r-YLax")I,

Second. Harmonic
Ð¿

1961

First äarmoníc Third Ha-rmonÍg
iM l)avJ 4D¿

(%) (%)

.75 "07
"10 .r1
.1L "L9.ri "27,78 "16.16 "47,7L "r,,96 "671"42 "79l.ot .9'

1.08 1.09
L.'7 L "'L
L "rl L.r,
2,42 r"81
tr "49 2 "L6
1.LO L"6L

'r, "06

(/") u,)

.16 .o7

.5' .Lt

.1o "2O.09 ,27
"49 "v6"r4 "47,92 "r,
"ô9 oOO

"88 ,77

'67 .90
r.17 I "072.19 L.26
].82 r "5L
1,49 ] "812,ro 2.10
1 .óO L.7)
,48 ,06

(Lr) (¡'")

16.6r "1615.46 r,69
22"18 2"rB
2L.62 1.98
18 "49 r.7'
4 "72 Lo "6512.10 )"OO
5.16 2 "6'L9"r9 2.r4

20.6, 1"4O
L8.67 1"81
22"42 

',ó'4.96 5 "9,
2 "ro 2.89

2c "16 ) "y,
1"74 r,gg
L6.96 "19

(hr) (L')

i6 
" 
11 "48

L6 "49 "92
L7 "gg 2"r4
L2"8' 1r "74
20 "92 2"84
2A"60 

',IB21 .09 2 "292L.2O i "67L9,I2 1"1'
6 "6t ,"L4

zo,oo 2 "0 I
6 "4o 2 

"o?-
1,Bg 1.16

16 "21 L"99
4 "rz 1.4ç
6"ro 1"&
L6.r4 ,45

(/"j (/"j

=/.)O "U I

"24 "Li.21 .lg
"2Y .11
.48 "r,
"2L .47

l"18 "r'/> /-

"A) "O 
(

I"26 "791,60 "91
"18 I"o9

L"47 L,1r
L.17 L "r'
2 "rg r "B'2"20 2"L6- /-L"O( I"OI
"27 "06

$;J (/")

,10 "O7

"11 "r1.07 .2o
,09 "27,2I .16
.64 "47
"9, "5,1"46 .66
.L9 "77I"Lz "9O

L "6L ] "07
"29 L.?-6

L "21 r.51
2.1t7 I "81
r .91 2 ,10
2.rB L.r7
"06 "06

(hr ) (h* )

2"68 "762,55 2"O7
6.7L 1.t8
4"29 2"6,
7 "42 2.81
4.74 I "184"go ]- Bo

1"60 4.O'
4 "6o 2.4L
ó "81 2 "2'
2"gB 22.87
o "?t ) "++'tl .05 4 "1'2"17 2"7O

LO "62 1"76
L"61 1,68
1.O1 "79

(t r) (n*)

11.t8 2.67
4 "28 L,r4

1] "17 g 
"gB

6 "42 LL "421"85 6 "140.91 2 "67o.r, 2"2L
4"71 r.72
L.71 Lr"74
9.14 1.O7
7 "46 2,r7
6 "49 16.8'
r "47 4 "68

11 "00 2.80
10,t8 4 "2A
B.Og 2.26
1"48 1"Br

,1 n.va

-(%) (%)

"L7 .07

"18 ,r7
.I' "L9
"44 ,27

"21 "15
"J2 "45,67 .r,
"6g '67r,r7 .792.rB "9,
"54 r.og
"L7 r "1L

e "01 r "r,r"ot r"81
,"r4 2.L6
7 "45 1.ó1

"L2 "06

(L*) (hr)

,'2, 1.80
7 .67 2.8i
i.B4 ,.o2
,,48 2"11
t .óo ,.77
2 "26 1 .)2
,"Qt 1.26
2"47 1.7L
6 "r, 2"2r
4,8) ].ro
1.26 7 "67
2 "1' ?-g "r,)+./+ 2"g,
Q "24 6 "78o.ot 1 .ó1
, "62 L"77
,"r7 1"74

gDsgDcÅ

1

2
,
4
,
I(J

7
q.

9
10
]1
1)
L1
L4
!h

JÔ

Tl

gAD¿UDs

Feriod I

First Farnonjc

: Apr" 1 - Apr" 2Ju L961

Second Harmonic

-

ÅD¿g
ltrlrC Harmonic

AD4gDcDn

l

2
4

4
tr

6
7

L]

10
11
1)
11

14

v
IO
L7

(%) (/")
.o9 .o7

"11 "L7
"26 "20.r4 ,27
)r), 7Á,

ofr e.)V

.1) "45
"L2 "r,//.t9 "ôÕ1.20 "77].Ot .9O

L.6' L "o72.42 r.26
1.2O L.rI
1"29 1"81.

,,1A 2.lo
1 "B' r "rt
"oB ,a6

(t r) (h")

4 "gL 5 "oo
,.2o 4. .67
2"29 2,84
4.84 L"9L¡
7 .4' 1"Og
7 .OB 

' 
"LB

1.4O 16.8'
6.2, 6.ro
2.17 2.47
1.g8 

' 
"14L.17 2"47

,.41 L.9g
, "64- 4 "lg
t .76 2.10
7 .2O 2,41
7 "r, t "rB4"84 2"66



TABLË 4,1 (cont.)

Period 4 ¡ Apr " 28 - I'Íay 24, 1961

4DcJ

(/.) (hr)

"71 .o7 16"27
.r2 "L7 14.12
"rg "20 L4.5,
"2g ,27 LO "49
"r, .76 LO,r4
.r, "45 , "29.B] "r, 10.07

"16 "65 t4 "47.48 "77 L1,r7
1.19 ,90 2L.28

"44 L.o, B.4o
1 "BO r "26 4.29
L "11 L "rI L' "r7
2 "o, I "7g 18 "446.oo 2.lo L4 "rL
1"g2 r.tI tt,69
"r4 ,06 tr.lo

4. D¿

(f,) (%)

"18 .O7,r1 "r1.02 .20

"58 .27
.28 "16.Bo "45
"51 'r,"rL .61

L.o5 "77I"21 "9O2.61 I;0)
.rL r.26

1 ,09 l.rL
1.8ó r.79
1"20 2"LA
L"r4 L.rr
,26 "06

"4L', "O7
"14 .11

"29 .19

"40 ,26
"61 "j4.gr "41,18 "r1.rB "6'
"82 "7,

2 "rr "8,1"01 r "o0r.26 I .2I
z"4B r.4,
2"94 L"7'
2 "A7 Z "o6I,O' r "16
"1O "O'

(1rr) (t 
")

2"O7 .70
2,96 4 "o1

11.1O 
'O 

"24
2 .18 2.74
o "62 4.78
6 "22 2.L4
1"92 1"92
B.B8 4.88
B "r8 2.81
9 .99 2 "74

Lo "67 L.r)
5 "69 g 

"4g6"12 j"to
, "70 , .67
2 "g7 6 "7o

11.81 
'.7'2.!2 .80

2.76
4 "9,
4 "go

10.08
,.6r
6 "6r
4 "Bz
¿ o¿2
4.74
4 "zz

11"01
6.rs

lo.r2
9.r4
7 "O2

10.78
, "2I

(t'')

,19
, "49
2 "rl
2"r2
2"10
1.81

Lt "r1
4 "tj
1"40
r "10
,.77
,.66c >)t

¿.)o
1"BI
).67

,70

.o7 ,.o4 2"j4
"L1 6.7' >.41
"20 I .58 6.14
"27 4.çt 2.2,
.16 r"jz 1.62
"47 1"91 2"tl
,r, ,"r8 2"47
"67 2,26 2.6'
'77 6"16 2"9,
.9o o "7o Lo "6óL"o, 1,64 ,.77

L"26 6 "s4 ].8t
I.'t j,r7 4 "gz
t "79 1.or 11"L4
2"10 7"80 2"r4
r "5L 

',9O 
1 "IB

"06 j"o) 2"24

A

g") (t 
")

"18L."
L "92
1.rg
4 "o6

1r"71
2 "r7
6 "92
6,o9
2 "ggg.06
2.67
4 "1,
1.14
L "r4
L"47

.40

DC

(r")

"11L""
2.81
4.6t
4 "el
l"B,
4.go
) .10
,.79
,.8,
z.a4

,6.2,
5.o2
,.o8
? "oo
r "91

,17

First Harmonic

-:¡--_D4gDs
Second Harmoni-c third Harmonic"---;:-4D¡!Ds

(í;J O, (ir" ) C*;

1

2

1
4
,
ô
7
B
o

10
11
1)

Ð
r4
I'
lô
L7

"L2
.09
.L2

"46
"17
.Bl
.8,
.94

1"00
")¿

I "UOc Á,ç.

1.20

1.t7
] "82

.09

I)nJ 4

(%)

,86

"12
,26

"22
"27
.Bg

"41
"46
"48
o2o

L.r4
.oB

1 ,10
2 "Lg
L "r9
l rlo

o)l

Feriod )

First Harnoonic

: ivlay 2) - JWro ZOs 196,

Second Harmonic

4DRI
g,) (/,) (r,')

ThÍrd Harmonic
A l]r

(4) n
gDc
(nt) (r,")

.Lg .o7 6.11 1"40
,14 "L1 O.L' 1"6r
"r7 "rg 2 "81 1.97
,r7 "26 7 "41 6"02
.27 "14 7 Õr 4.82
,1r "41 ,.16 , "it
"r7 "r1 7 "r7 1.16
"76 "61 4"2! 1"t7
"46 .7, 4"82 6.11

L"r4 .8, 6,82 2.11
r "2, 1 "oo 7 "72 1"LO
t.r4 1,21 7"78 1"44
, "6g r.4, 2,06 r.ro
1 .18 L "7' 2 "97 

' 
"67z.o9 z"o6 2"66 1.76

2"18 r.16 6.2r 2"71
,11 .O' 6 "r8 I .Br

D¿g
(%) (r'" )

"o7 L6.06

"L7 r' "16.19 22"97

"26 1"79
,14 18,62
"41 22"18
.r1 4.40
.6, L"66
.75 7.16
.8, L3'79

1.oo , "94
1 "21 t2.46
L "4, r1 .BB
I "7, 4 "982.06 22,40
L "16 10 .to
"o, 16 "21

I
2
1
4
q

6
7
Õ

9
10
11
T2
11
T4

v
ß
17



-11
t/

Firsè I{armonic

TÀl3L:- 4"f (cont,)

Period 6 t Ju:r" 21 - Jul " L7u 1961

Ëecond Harmonic 'lhird iiarøoni c
1È l\til I iA2: -VD¿

(,r1

gÐçsryJ Å 0"4

g,j ("Áj

L.17 'a7.r, "L7.21 "Lg^/
"¿ | olo
1^ ^llo!7 øli

.7O ,45

"s, .u2/-"v¿ "o).óo "74
I "OY ,öô
2 "10 1"00
2 "ag 1.2i.
2"74 L"4,
i .1a L "72
,"84 2"O7
i "89 r.r,
"94 ,o,

(hr) tn j

L6 "72 .19
L' "Li .89
x4.49 j "tg,.^ - //¿) 'LrU 2 'OO
12 "88 L "ó4
7.76 2"12

21 "88 2.1'
21 "96 2 "60
L9 "2o 4 "14
L8 "42 1"o1

/ 
-1 

\ /aÕ*)I r"ol
2"66 2"1a
, "E6 2 "oi

to .óg L,99
tr ,12 L.1'
7 "4' r "r2- / --LO ")I o11

¿ñ,1 UA

(4) g,j

"20 "a7
"24 "r1.L9 ,r9
^/ ^/

"¿O clJ
ilE ltl

"a ) ø)3

,gg .41
1"04 "r2t-o+L "o)-,.ovu sl'
1 c-? .qÁJ oa I €uv

L "4 t.oo
"4ç i "2r

i "2o t "4,1"1I I "72
2 "og 2,a7
, " lo 1"22
,07 "o,

l, \ /, \tnr) (nr/
t, -..t I L"))

B "5c 2,c,
/ F^ = ¡1,o,)¿ ) øö+

7 .22 t "78
g "gg 2 "85
7 "r2 1.68
B,g6 L "92
7 "L' 

' 
"79s.r4 4.18

7 "94 2 "rB
7 "01 2 "721"C2 I "412"61 1"74

ï1"Õ5 7"9?
6"to ,.78
,'9L r "r710.69 2"95

Â

t%l

"o7 "o7
")-) 

oI)

"26 ,Lg

"r, "26
Fô 

= 

),

")ö n?+
= / ì. =u)O "1)L,21 "52
"18 "6i

t "B4 "74L.g4 ,96
,62 1,oo
"1o L,2L

2,36 L "4'L"24 L,72
1 "o7 2 "oV2"o7 L"r'
,11 "O'

(trr) (lrr)
/ -1. = ^ /
o ")+ ) "yo
7 "L2 L "47
, "9> 2.t6
5 "74 6 "462,7L 2.2,
7 "=s7 4.j7
{ "Õ( L"ô2
4 ,09 6,16
5 "10 ] "542"9O I"69
2"4a 6 "2o2"22 L' "2I
7 "45 2"t6
4,ra j.2B
7 ,L9 2 "rl
7 "LO 2 "8'
6 "v9 r.94

I

1
4
,
6

7
o
o

10
1I
L2
r1
L4
l6

lô
1-7el

Firsà Harmonic

Eeriod. 7 : Ju-l. 1B - "{ug, 1} ' 1961

Second Harmonic
d

( ;;1

D)

.01

"2ó

"oY

1.0c
"91
"87

r "21
'7o
"99

2,21
t,4L

,2L

frrird Harmonic
åþgDc
(%j (%j (r'r) (hr)

DClJnJ å

(/"j

o4
6() ¿

'71
,94
.12

"47
"12
">9
"18
"öY

2.L6
'172"6,

l.t1
1ø?o
2.OB
I "69

"78

\nr )

"12
"oÕ
"75

r "26
1 o;/V

1.18
1.42
1"O9
i.L7
\ "r4

IUê1Õ
].BO
,.t6
1"1,
4,oo
3.77

.¿o

(hrJ

l.t9
16 "92
r"49
1,78
, "00
2"40
, "1L

LO "92
2 "81
)'Þ2
4,r1

8"17
7 "o7
).1¿
1"ÕÕ

"99

,OB

"08
nÀ

.r6
-19

"71
l, /.

.97
r..08

"17
f ôÃL">)
2"4,
L "74
4 "82r.9l
r.24

.o7

þs
(.l,j (t t)

.o7 14 "BB

"r1 lk.9,
.Lg 14,98
"26 L' "16
"14 L' "r7
"4) L1 .98

"r, L7 "42,6, 1,LB
"74 2C,9L
.87 12"L2

l "o4 LU,rL
L "2' L6 "i2L,4g ]ó,óB
r "B) 2r.L9
2,I7 O"r2
L "66 L' "74
"o, L4 "ça

Ð¡r g

( d.) (t *)

"o7 L "79
"L1 r"71
,lg ,61

^26 L"r4
4t )c)ø-/ | ø"./
,4) La,iz
.91 4,56
"61 Lo "r7
"74 6,98

- t- -.ö( )'+l
1.04 7 .r1
! "25 1"7L
L"4g 1.O9r,B, 4'172,L7 \.16
L "66 t .11
,&, l"ro

"07 4 "7O 1"89

"!1 4"67 6"o)
,Lg L.B] 15,98
"26 1"co 2,77
"tr4 4,çt 6 "75,41 4.rg 2.11

"r1 2.66 4 "16,6) r "72 2.48
,74 6.9ó 2"ótr,

"87 2.66 B "gg
I "04 r,76 2 "o4i,2, L,L' 1.94
1.49 7 .2ó 1"27
L "81 O "29 r "4,2"L7 2,75 4,1'
L,66 1"16 

'"L2"o5 4"]r 1"O)

t
¿

1
4
F.

o
7
¡

B
o

10
1t
1"2

¿)
14
1'
lo
17



il-Lr¡

TABL,E 4.1 ( con'u ' )

Period I s f.ug. 14 - Sept. P, 1961

åÐt
(/") (%)

DCJ A

(/")

.7I

.ôL

.8,

.7r
"9I
"69
"17
.o2
.8,
'772.21

1"41
r"16
1"15
2.8,
I "78

.69

(t r)

"16
"79
"o)

Ia19
r.41
2.rg
,.47
1.80
2 ")ö
4 "16
I oöo

,,ro
4 "jz
2.22
2 "96
2.oÕ

,10

(h')

.14
r"26
2.00
1"97
1.80
1"90
6 "r4
, "r2
4.oo
, "12
2 "72
I "r4
, "44
1"r4
) "22
2"16

"15

A

(/")

,L7
"L'
"¿o
.41

"21.2!
.Oó

"ô(
r.4g

I "rg
].28
2.77
7 F-¡

,.ro
T.B'

'14

(h")

r.r1
, "11
2.81
2 "40
, "72
B.o0

,1"12
1.69
r.g9
9 "89
2 "6L
1"86
2"r2
L "9'T""
,.r4
1.48

6, 1961

"01
"]9
,22
)A

"ro
"11
;21
.87
.87

"40
1"40

CÊ.

r "65
.1r

r "7,
J.OU

.06

First Harmonic Second Harmonic
U¡ Iu

Third Harmonic
gDc

(hr) (t r)

"07 o"r1 B"4o
"L1 O.7' 2 "rl
"I9 

'"O7 
1"I9

"26 7 .49 1"57 ,

"r4 7 "19 2"r9
"41 1.gL r2.Bo
.54 6"21 8 "Bj.65 o "r, 2.8,
"77 7.48 7"4t
.92 4.77 8.7'

I .09 1 "LB 2.97
L.ro 2.L4 20 .06
L "r4 1 .68 

' 
"6LL.s, , .r, 22 "4,

2 "2r r.67 4.Bi
L"72 4"88 4"rO

"o, o "02 1.rB

I
2

,
4
6

6

7
B

I
10
tl
12
L)
I4
lã

ú
17

("/") (hr )

"o7 16 "L'l.L1 rt. 11

"rg 14"10
"26 I, "48
"r4 v "14
"41 Lr.L,
"r4 t4 "45.61 17 "o9
'77 O "2'
"g2 4 "ll1.09 .9.67

I "29 L2.16
t "r4- L4 "r8r.B, 21.IL
2.2I 14.91
r.72 L2.2O

"o, Lr -66

{i/"} (t 
")

.07 r.7,
"L1 O.9B
.19 lt "71
"26 9.7'
.14 6.6L
"41 7.46
"r4 6.69

"65 ro.r2
"77 0 "67.g2 g,84

1.O9 r,47
L "29 tL.54
L "r4 2.O2
r"81 o"r9
2.2L 8,61
t "72 1 .22

"o, 1.r4

åD4gh{
Flrst Prarnonic.---_-Å D¿ .g k

Period 9:Sept.10-Oct"

Second Harmonic Third Harmonic

AD¡gDç

1

2
1
L.+

,
6',, 7

: ,q,

a

10
11
L2

Ð
14
l5
ß

,17

g"j

"76
")8

.¿)

.)4
"42
.trL

"47
"74
"66I.r1

1 "L9
I "08
L.99
2"61
2 "r9

"58

(%j

"L7
"20
"rg
.40
.20

"49
2"06

.97
t.c4

.90

"98
2"26
] "20
t "77
r ")1'"L'

(t *)

I "r2
2"44
6 "oT
2"46
6.rt
) "uô
4.L6
t .20
, "o,
) ")o4,6,
,.o2
2.r8
,"86
4,96
4 -ga
t "12

(/,j

"14
"IÔ
"08rlto)a
.1'
.L9
.40
.66

1.00

"L2
"86

1.10
2 "60
L "77
2 "OI
4,oo

"09

(/"j (hr ).

.o7 L6 "24.L1 L6.4'
,Lg 17 "go
"26 r"62
"r4 14.04

"41 lo .12

"r4 LB "rz.65 L1"91

"79 rg,gl
,92 22_ "22].og I7 "r1!.29 Lr "74t.r1 20 "411.84 21,29

2 "22 6"44
L "7' 2t.74
"o, L6 "56

(/") ( hr)

"o7 t.o,
.\t I "4,
. 19 r.7,p6 4.46

"74 g "6,
"41 1.99
"r4 lr "1,
"65 6"11

"73 
'.90"92 ,,16

1.09 4 
'6L

L "2g ).62
l")1 4,t,
1"84 4.44
2.22 8.1O
r "v1 0.16
"o, 2,98

(/"j (t'*) (hr)

.o7 6,46 L"77

"L' 2"61 1,L2
"L9 

'"2' 
8"46

"26 4.91 ]'gt
.14 7 ,t6 1.74
"41 5,AB L62
"54 7 ,62 ,.L6
"65 , "14 1.7,
.78 2"9O 2.96

"92 O.?-2 27 ")7l.o9 2.7, 4 "84
t "29 

' 
"o, 1 "Bo

L "rt 4,"98 2.2'
r.84 7 "46 1,97
2 "22 2 "r1 4 ,ç2
r "71 L "91 r "6'
"o, ,.97 2.1r



7'

ìtî Tl^Pl /vþD¡LD¿gJ
Fírst fiarmonic

TABLE 4.7 (cont")

tc'v. f - idov" 2, 1961

Ëeconci äarmonic Third Harmonis

Period 10 å

l
¿

,
4
5
6

I
B

9
10
1l
L2
L'
14

v
ÀO

L7

(%) (r,j
"7' ,O7

.ig .Lj
"ó6 .19

">! o¿Õ
Ez <)t

è ).,) ø/a

.2g ,41
"BB ",)/ I.

") | .(J¿*

L,zg "77,9L "91I.71 r "oB
I "7' r "291.90 r "r4
I "07 r.B5
.('4 2.22

1.94 L "74
"61 "o,

(t ") (t r)
Lr.B' .14
lt "oi I "21Lr.77 l.o9
L2 "7o L "94
L' "L' 2"41
22 "g' , "69Ð'rL 2 

"1?-
t4 "16 4 "-ll

g "84 2,28
20,00 1"8,
L2 "51 2 "19
1S.4ó 2.81
Lr.44 1 .LO
4.ll 6.62
o "r9 L3 "26

3-6 "22 r "69t>.o2 ,21

Áñ

g"t rü
,16 "o7,27 "L1
"lJ "19,47 "26

- t.

')2 ,24
.69 "41
"64 "7)
"41 "64

r "27 "77
r "12 "911"0ó 1"08
2 "2ó L "29
z "U+ r "ru
1"60 r "8,
1"I1 2 '222.7r L "74.29 .o,

(t ") (t r)
z "ah .7L
a.ox L "77
o "04 4 "80
2 "gt 2 "og
4 "ol ,.94

rr "r4 2 "4o9.77 
'"1810,ot , "7L

lo "80 2.52
1O "g6 2 "64
IL "47 1 "ço
, "9o 2.rB
r,rL 2 "4i2.44 1.g6
1"L4 2"7t
o.1L 2.1+,
r "62 "6ç

Thll Di",

(/,'l Øi
.oi 'o7.L6 "L1
=)' rô

")\ "¿7"r7 "26
"ztr "14
"16 .41
"tg "r1zz /-lt
")) ou-l

"r2 '77
"84 "91.Bt ].oB

r "26 ! "29
"44 r "74

i "r8 i.B5
2 "46 2 "22-
2 "16 r "74,07 .o,

(t r) (hr)
= /- - i.^).o) ),+Y
t "L7 2 "912.8L 2 "Og
L "79 

' 
"866"7o r,7Lo,1, 4 "61

, "12 9 "zt+
7 "17 7.r7
2.78 

' 
"6Lo,40 4 "t7

r "1a 4 "SB
7.47 1"go
4.72 t1"4t
7 "16 r "97
6 "81 1"44
t .40 2,82
2 "99 2,86

Fírst Harnonic

Feriod 11 : Idov " 1 - i{ov' 2P, 1961

Secon<i Harnoníc T'hird Harmonic

(tL) (t'*) (r,')

.o7 ,"o, ,"68
- 

.l.L1 7 "64 1.27
" 
1g t.4, 1 .61

"26 1,87 r2,Br
.1' 1 "L9 2.IB
,44 i.7B l,Bt
"54 7're ,7 "4'
"66 6.8, 7 "44
"19 , "li 2.9o

"g2 4"J, 4"62
1 .Og 4 "rL 

'.11r "ro 7 ,9r 1 .46
t "r4 7 .L6 LL.69
1,82 4 "o' J.862"r7 5.7' t "o8L.67 ,.44 2"6,
"oJ 5.71 6 "zz

qÅ.D¿
(%) (,%)

u

(hrj

.o7 18.4ó
,Lt L7.O'
"Lg 2r "69,26 16.01
"1' 20 "r7
"44 2tr "LB
"r+ Lt "91
"66 L2 "rz
"79 4.ll
,92 2.42

1 .o9 I' "22r.1o 9 ,rB
1./+ v "191.82 9 "L42"r7 14.]g
1,67 r.8g
.Q' I8 "*

4D¿
J J\(?,J \7")

.2, .a7
,76 "LJ.17 

" 
19

"2A "264- 7Êøa [ ø))

"78 .44
"15 "54//
"9) .oo

t. ^"+¿ .19
L "47 .gz
L "19 1.09
t.2, L,1o
"81, i,5/.r

L "11 r.82
4 "7) 2 "r72"4o t.67
"20 "o,

( tl" )

1,07
1.18
1"62
4 "tg
I "70
4 "gg
1"r,hon
¿ "¿)

2.92
+")(
o .lo
) )rA

ro "r2
21.O1

1"00

l.!
ti1

,:t(nïJ

2"1,
J.4o
o "ro
8.22
,'90
7 "O4
o.4e
) "41
8.72
1 "69
r "o1
4.20

ll.zo
7 "r8
)"ß
4.98
2.28

( hrj

],04
1.LO
r "gg
5 "00
l+ "9)
4 "1g
, "46
¿. IV
7 "22
2.4o
2.98
1"97
7 "1r
,.21
L "7'
¿ "oo
1.04

"O,
"ry
.20

"08
,16
.90
nh

ø()
1.04

"lÕ
ool-

r "t+1

"rc
I .19
2 "69
2,4o

"01

AD¿gÐ6Dnpq

r "272 "171 "2o4 ,2L
, '78A zltv ø)i

7 "r8Q Ã'ru ") L
o 'r z,)-L
./ eo/l I

10 I "t21] 1.4,
L2 r "L5L' .go
t4 2.81
t, "8ct6 ,1o
T7 ,2I



(o

First l{armonic

TaBLE 4.i (cont")

Period 12 c Feb " 6 * i'{ov. 2p, 1961

Second Harmonic Third ilarmonic
gDcgDcgDcJ À D'

(r"i Gl

"8, .o2

"ro "o1Jtl 
^ÃoTU oV)

zl¡ ^zo)- "r I

")6 .og

"rj "L2
"40 "14
"41 "L7
"14 .2L

'r7 '24
"40 "29z^ zl,o)v ")-¡"rs "41
"81 "49"& "rB-7) llro tL

.70 "01

(t.") (i'rr)

t6 "45 .oB
L6.19 .26
16 "97 "42- / ^/¿ô.Õo . ('/
L7 "49 "64
19 "46 L "29
L7 .tO 1.40
20 "i\ r "r,
LB "r1 2,1t
Lg .7' L ^61
L' "97 2 "7'
16 "29 4.i9
t7 .)2 2 "7o22.86 2 "292o"60 r.ó4
tL,26 2.1r
L6 "16 .oB

(hrJ (hrJ

2 "24 .26
2.48 I .04
L.21 2,72
4,04 1 ,77
,,98 2.67/ ^/o"¿Õ ldtL

}t 
" 
18 r1 "64

,.69 2.81
7 .r, 2 "00
, "26 4. ro

10 "47 1 "2'
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liíth the results of Table 4"L, +"ihree problens can be studied;

(a) tHe impor'cance of the second and the third harmonics in the comirosition

of the daily variation, ( U) the energy dependence of soLar diurnal

arnpì.itu-des and tiraes of maximum intensity for cosnic ray pho'r,ons near

sea leveLu and (c) time behavior of the diurnal variation during the

eleven consecuti'¡e solar rotation periocÌs (i."" tine variatíon of ihe

diurnal amplitude an<i time of naxiuum)" ïn any d.iscussion of the above

three problens, care nu.st be taken in u.sing the computed results' On

examination of Fig" 4"Ì, Fig " 4"2 and Table 4"I, one tan easi-]y eee that

not all ihe values are statisticaily meaningflrl on account of large

s'r,anciard errors. i'ihenever possible, values obtained during period J.2

or for tÌre photons of energy range 1/ should be used as the basis fo?"
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¡sflable concLu.sions. llhenever apolicabl-ee neutron data during the same

períod of time as recorded at Ðeep River statlon (geonagnetic coordinates:

46a 6E i{, 77o }O¡ trd) are utilized for comparison with our phoion resuLts"

D. Sisnificance of the Second and Thírd liarmonics

For a daily variation r*ith twenty four experimental points, a

finite Fourier analysis can yielrì mathematical results for the anplitude

and the time of maximulÍi intensity up to the tv¡elfth harmonic. IIor+ever, in

the previous reports on the harmonic analysis of the daillr variation,

nothing has been mentioned abou,t harmonics higher than the second. fne

amplitude of the second harmonic is usually very small, and for some

occasions can be entirely neglected. ln our present work, the third

harmonic is also included. To estj-mate the sip;nificance of the second-

and the third harmonicsr. ampli-tude ratios of the second to the first.

(designated as þ) u"a of the third to the first (designated as R7) are

calculated from Table 4.I for every energy range and for each of the tl+elve

periods" Respectively, R2 and R7 indicate the refative contribu-tions of

the second and the third harmonics to the daily variation of cosroic rays

es compared rçith the first harmonic" They are illustrated in Fig" 4.2 for

six tine periods (in rows) and for seventeen energy ranges (in columns)'

l.or a ,particular period and energy range, the solid líne represents the

first harmonic ancÌ its height is taken as unity" The dashed iine and the

dotted Line are scaled to the t¡alues of R2 and R7' From Fig" 4"2, the

folloi';ing cen be ste,ted:

1. In aLL six periods, range Ì/ gives coherent features for the

contribu.,,,tions of the second and the third harmonícs.

2n In perioci 12, tolerable (i.e. reasonabl.e) ratios (R, ana R,) aPnear

only ii1 energy ranges I to 8.
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,. In periods of short iirue du.ration (i""" oerlcde \, )u )u 7' 9)t

'¡¡itlr th.e exeep'cion of energy ranges Ir 2, 17, the various energy ranges

do not har¡e a dominairt f írs"c har"reonic throughou-t.

4" The emez'gence of either the second or the third harnonic, ar boI'h,

as the main or important contribu-tor does not necessarily nean that the

corresponciing dail)'variation is essentíally composed of 'uhe seconcì and the

thiÈc harmonÍcs " On the conirarye we conclu<ìe that they are not useful

for our present purpose because of ihe poor statistics ïihich are reflec'ced

by the v¡ide scattering of points with large standard deviations.

In order to cì.raw some conclusions, l^re must confine ourselves to

photons of energy ranges 2 and Lf" A seasona] variation of their R2 and

Rl, iogether lvith those for neutrons (Deep River) ís shor'¡n in Fig " 4"1.

their standard deviations are also estimated" Again, there is not much

x,Ie can say defini'cel¡r about photons of energy range 2 as the large standard

deviations make conclusions ímpossible, Hor'rever, it cioes show the

existeirce of the second. harmonic for neutrons and for photons of energy

ran¿e Lf " The second harmonic of the neutrons has an anplitude varying

fra'n lO"fi to as high as 45/" of tÌ:e first" In the case of the integral

photon intensity(.1 = t7), % may harre valu-es as high as 0"1. Therefore,

the second harmoníc seems to be more importani in the daily variation for

certain periods of time.

As for the third harmonic, the nelltron data demonst:"ates that

!t is not as negligible as one night have 'chought" 0n1y on one occaÊiori

(irtarch 1961)r R7 is close to zero. It goes up a.s high as O.) in September

L961 ; hot¡ever, this Lri-ìusu.ally high value may þe the consequence of a

Forbush decrease which occu-:'¡'ed in this rionth and disturbed greatly thre

character of the r¡rean daily va:"íation' Conservatively speakingr R7 ca.n

reach a val.ue at least as hígh as Oo1, that is to say, the a¡rplitu"de of
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'che third harmonic can be IO% Lb'aL of '¿he first. Again, the integral

photon in'censity yields a similar conclu.sion" ïts R7 can reach a value

as high as 0"2.

Taking ten months (February - November L96)) as a single

periode the valu.es of R2 and R7 a:'e tabuLated in Tabl-e 4"2"

TABIn 4.2

R¿̂

R)

Fhoton J=12

o"2B + 0"o2

0"04 å o"o2

o.2, + o "06

0"12 + 0.0ó

Itleutron

0.20 + o "ol

0.06 .{" 0"01

Results R2 and R7 for photons agree fairly t'eÌl with neutrons

v¡ithin statistícal errors" This again shor"¡s the appreci-able ccntributions

of both the second and the third harmonics in the average solar daily

variation of cosmíc radiation cver a long period of ten months"

The physi.cal meaning of the second harmonic is quite obscure

anci is not tc be fourrd in the literature. The third harmonic is not even

mentioned. ^&t present, it ie inpossible to uncieretand their reaL characters

since the nature of the first is not yet completely undersrr,ood.

Analytically, any impure sínusoidal curve can be resolved into a serj-es of

harnonics, The contribution of the higher harmonics t'riLL be more

sígnificant if the cu.rve deviates far'cher away from the pure fundamentaL

harmoníc" ft is possible that the higher harmonics are the result of

some flu.ctu.ation in the source of the first harmonic" 0r, they nay in

part be caused by other processes operating in interpLanetary space or

inside the terrestrial atmosphere. For our photon datar r'¡e concLude that

the significance of the higher harmonics is greatly exaggerated in a
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period of tvrenty seven days and in the high energy ranges by the large

statistical errore as a result of ]ot¡ eounåing rates' For the longer

perlode hor^;ever, our results are in qualitative egreerÊent r¡ith the

correspondÍng neutron monitor resuLts"

E" Ehergy Dependence of Diurna_I Amplitude a_nd Time of I'faxí_¡awn Intensity

Results of the harmonic analysis on the photon data collected

during a period of ten rnonths (i""" period 12) have been utilized to study

the average characteristics of the energy depencì.ence of the solar diurnel

amplitudee and phases, In Fig. 4.4, amplitudes and times of maximum

intensity of the first ancl the second harmonics are plo'cted against photon

energies up to lB] l,leV"

Fig.4,4 enables the folJ.owing remarl<s to be made about -r,he

energy dependence of the fírst harmonic conponent of the solar diurnaL

variation of cosmic ray photons near sea Ievel.

1. Betneen energy ranges 1 to )u tvro definite tendencies can be

clearly observed.: namely, the time of rnaximum intensity ad.vances tov¡ards

later hou-rs r,¡itl: increasing photon energy and the amplitude decreases r¡¡ith

energy (except for energy range ))"

2n ïn general, from energv range 6 to 16, no definite trend for the

energy relationship can be established on account of the poor statistics.

ÏJithin statistical deviations, a straight line, either horizon'r,el or

inclined, can be passed. through all experinental points for the díurnal

amplitudes and for the time of !ûaximum.

Before attenpting to explain the above two facts, it is

necessary to lcrol'.¡ the relationship betv¡een the secoudary photons and

the priraary cosmic rays incident on the top of the terrestrial atmospheve.

líowever, the qu.antitative aspects of the coupling processes betueen the
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sea leveL photons and',,he primaries are not at all well known and a

matheroatical formulation of tÌris relationship between their differeutial

energy spectra, if possible, would be an enormous task. In an attenpt to

explain qualitatively the experinental fact as stated in (]) above, a

siinple concept is employed here. Even though there is surely no one-to-one

correspondence between the sea level photon energy and the responsible

primary energye we assune (a) that. photons in a certain energy range of

the experimental spectrum are produced. by primaries of some treffectivell

energye and ( U) ttrat observed photons in a higher energy range correspond

to prinary cosmic rays with a higher rleffective" energy" Of course, this

concept of a simple relationship between the primaries and the secondary

photons is very crude but its validity can be tes-r,ed by seeing if it can

lead to a plausible qualitative explanation of the observed results.

Aceording to the effect of the earthr s magnetic field on the

path of a charged. particle ( Bnrnberg et al " 1951), the primary cosmic

radiation observed vertically by a station at medi-um latitude comes from

a sertain asymptotic longitude to the east of the statíon' (It fact, the

asynptotic direction of the charged particle is specifio<i by asynptotic

latitude as velL; horvever, this can be neglected for the present, study.)

Such asymptotic longitude (relative to the stat,ion), in general, increases

rvith dininisiring primary energy" Íig " 4"5 ghor¡¡s the asynptotic longitude

east of the lirinnipeg station as a function of the monentu.xn of the

vertically incident particle (These calculatiorls Ì'¡ere supplied through the

courtesy 'of Dr" Iut, Bercovitch at Chalk River)'

As suggested both by Parker (L964) and Axford (196r), the

origin of the observed diurnal variation is en azi-muthaL streaming of

cosmic rays and consequetltly there is a continuous strearoing of cosmic

rays around tÌre orbit of the earth in the direction of 1800 h L.T. as
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observed at the earih. Horr¡ever, those cosnic rays ir'hich take part Ín the

oc-rotation "v¡íth the sun ere also subject to deflection in the geonagnetic

fieldo Á.s a result, rye v¡ould- expect the lon energy primaries to be observed

earLÍer than ISOO h L"T. and the times of maximu:n intensity for the higher

energy primaries v¡ilL converge tc 1800 h L.T. as the lí¡tit" This Ís the

general t:'end shol.;n by the energy dependence of the time of rnaximum

lntensi.ty for cosüic ray photons v¡ith energy belorr range 5 (f ig".4.4).

Taking ad.vantage of the resufts on the energy dependence of the

tine of maxi.nume lre can estimate thelleffectiverrenergy of the primaries

responsibl-e :flor each phoion energy range by using the energy dependence of

the asymptotic longitude to -r,he east of the station " Âssuming that the

solar diurnal- anisotropy is a streaming towards the earth at IBO0 h t'T.e

the difference betv¡een }BOO h and. the observed tine of maximum of the photon

intensity wiit indicate the longitude to the east of station which in turn

viill give the tleffectivell energy of 'uhe correspoYìding primary particles

using Fig. 4"5. Table 4"1 showe the values of the prinary lleffective'r energy

responsible for photon energy ranges.fro¡l 1 to ! and for range 17 as well'

ÎABLE__4 "t
Maximun ofPhoton Ðcergy Longitude East'

of Station-- ed"sre"I-
21 "2 J" L'2

24.2 J. ,.9

L5", -b 6"1

17"1 + 1I"B

(rr.o + t].8)

7.7 + 9"6

2L"6 + L.2

Effective ftrorgy
of PrimarYw

.'4107 - o"B

,, : ?r7

.L 1277)) _26
.. $ BOO ^/_¿o
ÃR + 168
)" -62./-

( Loz & ?,.\
' - OO'

llr.n & ?

-VI

4o:1

line of
Photon Iqle_nsity

¿

I 1.8- 11"2

(h t"T.)

16 "45 + o.o8

L6.19 + 0,26

L6"97 + o"42

t6.86 + o.79

(L7 "26 e O,79 )

17"4g + 0.64

L6"r6 + o.o8

2 t, "2- 22.6

1 22 "6- 12 "L

4 12.L- 4r "'

4r "5- 2o .9

1.8-LB1.O

6

17
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A f eï¡ remaz"l{s are no',,,i uade concerning the lreffectivell pri::rary

energies as lÍsted in Tab1e 4"]"

l" fne probable errors oÍ the times of maximus in'r,f'ociu-ce a gïeart

uncertalnty in the vafues of thetreffectiver¡primary energy. There is a

large difference between the posiiive and the negative standavd error for

the!l effectivellenorgy or.¡irÌo"to the characteristics of the curve as shov,m

in Fig . 4.5.

2" In the range of 22.Jo to 26"10 (see Fig' 4"r), there are muJ.tiple

energy vafues corresponding to a single value of the asymptotic Ìongitude

east of station" Taking into account the reasonable order of the primary

energy values with respect to the J values, we have l|guessedlå that photon

energy range 2 should berelated toaprimary vrÍth tlef fectivert energy of

about 11 BeV whíIe either 9 ar 12 BeV ís an equally suitable vafue for

photon energy range 1'

1" As for photon energy range 4, tire value for the'birae of maximum

leads to an effective primary energy of l8 BeV rvhich is a poor value in

our sequence of the prinary energy valLies as against photon energy. Ïf

we plot the vaLues of the tine of maxínum against J val-ues of 1, 2t J and

J, and interpolate a reasonable value at J s 4 (about L7,2ó h)t t,hj-s then

gives an r|effectivetf energy of about 102 BeV. In view of the large error

in our time of maxim,¡m for J = 4g Tfe have adopted this value as the

Iteffectivetl energy of the prinary responsible for photon energy range 4"

4" The integral i-niensity of the photon con$,onent (J = 17) corresponds

to a prÍmary wíth tleffectiveri energy arould 4O geV"

The lleffectivell primary energy vaLues thus obtained are

consistent r¡ith the upper and the lol"rer liniting energies of the primaries

participating in the solar diurnal varia'cion as estimat,ed by so many workers"

3n spite of íts crudeness, this concept of a one-to-one correspondence
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beti^reen the secondary photon energy range and an lleffectivetl prímary

energy can provide a neasonable qualitative explanatioir for the energy

dependence of the tine of maximum for the photon component"

Further' , t'he same concept can be eraployed to interpret the

exiler1mental fact that 'che diurnal anplitude decreases t+'ith increasing

photon (or rteffectiverr primary) energy. According io the method of

coupling constants (see.Appendix A)o the diurnal amplitude of a secondary

component depends on the integra'r,ion of an i-ntegrand r,rhich is the product

of the energy spectrr.m of the primary diurnal variation and the

differential coupling coefficient betv¡een the primary and the secondary"

The energy spectrum of the primary ciiurna] variation has been assumed. to

obey a power law and. many viorkers have rêpor'ued that the exponent is

either negative or zora for the averaged diurnal variation over a fong

period of time, Thereforee the energy spectru-rn of the primary diurnal

variatíon r+ill either be a constant or decrease wi'ch increasing el'ler$/o

If the d.ifferential coupling constani for the photon conponent varies

with primary energy also in a decreasing mainmer and if each of the photon

energy range corresponds to approxinatety the same interval of prÍmary

energy, the diurnal amplitude of the photons lrill be diminished wit'h

photon energy" Unfortunatelyo the coupling constants betr'¡een the prinary

an¿ ihe secondary photon component have not yet been determined; therefore,

^,,here !s no r"ray to definitety justify this experimental fact. Hoi'rever,

the differential coupling constants of the nucleonic and the ionizing

components at meditm latitudes do exhibit a decline vrith prinaary onergy

for pri-mary energy greater l,i¡an 9 BeV ( Dorman L9r7, l'Jebber et al " I9r9) .

Tf the photon coupling constants have sin.ilar characteristics, then the

decrease in di-urnal anplltude rurith photon energy i"ri11 be satisfactorily

explained" i'ìowever, the abnormally high diurnal anplitude for photon



energy range ! remains a puzzle íf it is real and. not just ltstatisticalrl .

The nature of photcns from energy range 6 to 16 can not be

clearly established. The statistics fcr these energies ere poor. IJolvever,

some arguments can be brou-ght forth against the exist,ence of a prominent

solar ciiurnal varíatíon in this rangeo

1" Energy range I has been ascribed to primary cosmic rays with

tleffectiverr energ¡r about I4B BeV" Bearing in mind that Jacklyn ei al"

(I96rJ have deternined a mean upper limiting rigiCity of about 100 BV for

the sol.ar diurnal variation, it can be concluded that there sirould be a

negligible solar diurnal variation for photon energy ranges v¡ith J gteaher

than or equal to 6 it oLrr assulrptions (a) and (U) are approximately valid.

2" Víithin the linits of standard errors, the times of maximum for J

greater than or equal to 6 are later tiran 18OO h L"T. (nie. 4.4)" Thi-s

contradicts the theory on the o:"igin of the solar diurnal variation as

Bugges¿ued by Parker (I964j and Axfor d (I96J) 
"

1. Beyond photon energy renge ), Lhere is no apparent decline of the

ciíurnal amplitude vith pho-uon energyi on the contrary, it nay rj-se" tf

assumptions (a) anC (b) are approxirrotely true, this is not consistent with

the negative exponent of the differential spectrum of the priaary diurnal

varia'uíon and the highly probable decrease in the velLìes of the differential

coutpling constants with prinary energ)' for the phototr comoonent"

4" T:he 24 hour dail)' varietions in these photon energy ranges do not

seem to be lltypicall¡'il diurnal in naturo.

In spite of ihe above argumentsg one cannot state that our

assumptions (a) and (b) must holcl for photon energy ranges beyond l" Ït

ís probable that a considerable nurmber of the photons in these energy

ranges is contributed by primarlr cosmic rays lrithin the energy linits of the

soLar diurnal variation if r¡;e talre into aecou:rt that
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(u) ohotons detected near sea level of energy fro:r- JO to LBi irieV can

be genera'ced by primaries r.,,ith energies less than IOOBeV thrcugh a grea'c

Ílany processes arid

(b) v¡ithin etanciard deviations, the times of rnaximu.¡r intensi'ty fcr

photon energy ranges 71 9, 11, 12, 11, ll and 16 can be regarded as

earlier than 1B0O h Lr.T.

The second harmonic of the solar diurnal variation also shows

an energy depencience of 'uÌre a¡aplitude and of the plrase, strikingly sirailar

to that of 'r,he first harmoníc for photon energy ranges from I to ! ( see

Fig.4"4). Since very fevr theories have been propoeed for the solar semi-

diui"nal variation, and since a detailed quantitative ¡lode1 for the origin

of the solar diurnal variation does not yet existe it ís impossible at

present to interpret ou-r results for the second harnonic" Hov¡ever, the

decrease of semi*diurnal aroplitudo and the advance of its tine of maximum

tolvards ]ater hours vrith increasing photon €nergy seem to suggest that the

semi-diurnal effect is also å resì;I-t, of some perturbation in the

irrterplanetary electromagnetic concìitions or through a vari-ation of

atmospheric . conditions "

The energ)' dependence of the anplítu-de and the time of maximur,l

for the third harmonic (with very large statistical errors) does not show

any correlation v¡ith the solar diurnal variation. These results may be

simply the byproduct of our Fourier analysis" At any rate, the third

harmonic can hardly be discussed meaningfully until v¡e have better

experimental data ancl until Íre can understand the nature of the first and

the second harmonics 
"

F, Comnarison of Solar Diurnal Results of Photgn and i\ucleonic Compq4e4tå

rlt presente the neutron monitor data is regarded as 'uhe most

reliable source of information in connection v;ith the tiue variation study
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of the primary cosuic radiation, A comparison of the results of the mean

diurnaL effects as observed by the photon spectrone'úeï and the neutron

monitor at Deep Ríver v¡ill shed some Light on 'the compatibility of the

concept of the rleffectiverl primar"y energy in the interpretation of the

photon results" .{s the neutron d.etects the integral effect of the primary

cosmic rayse the integraL intensity of the photon component (J = 17) will

be used for comparison" The mean diurnal amplitude and the time of

maxinum of both conponente as obtained frono data covering the whoJe period

from February to November 1967 are tabulated in Table 4.4"

TABLE 4.4

Cosmic Ray
Compolent

phoion

neutron

Station

ïJinnipeg

Deep River

lP.Bo i\
i7,2o \¡¡

57 "4o ¡1

9 "8o l'J

49.9o l¡
97.24 \t
4ó"lo N

78.0o fi

Coordinates
GeonagnEõ--Ggraphic

"71+ "015 16 "16+ "oB

"2g&.002 L4 "Bg+ "o1

Strictly speaking, the phase and tho amplitucie of the solar

diurnal variation observed by the same cosmic ray monitor at various

stations bear no sinple relaiionship t+rith their latitude and longitude

(geographic or geomagnetic) on account of the difference in the asymptotic

cones of acceptance at various stations" However, for stations lying in

a narrord region, there still exi-sts some trend relating the geomagnetic

longitudes to the tirues of maximum intensity" lable 4"7 tists the

theoretical and experimental values of 'che solar ciíurnal amplitucie

(designated as A) and the time of maximu¡r intensity (designated es M) for

neutron nonito¡*s at four stations as reþorted by ,Rao et 41. ( 1961). The

theoretical. diurnal anplitudes are reLative in nature"

DiurnaL Variation
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Station Geolnaetrtetic

IABLE 4.5

0oordinates Theoretical
1i- MGr")(%) -ã'

Experimental---
"t À1( L.l-'. )

(7") h r4-

"29 14 4s
.1I 1' oo
,11 15 4S
.16 17 18

Geographic

Ottav¡a
Deep River
Churchil]
Resol-u-te

76 "7o N, 7 ,4o
57.4o N, g "go68,7o N, 7j.6o
87,oo N, 68,6o

45o N, 760
4óo N, 7ao
,go N, 940
7ro ir, 96o

Bz "9 t7 2L
82.9 L, 22
74.8 16 2'
1r"I L7 L1

Fron TabI.4"J, i.t can be seen that the geomagnetic and geographic

longitudes of the four stations are of the gane order. The time of maximum

intensity noves tov¡ard.s later hours r,¡ith increasing geomagnetic longitude

for both theoretical and experimental values. (r,ltrite the theoretical values

of the diurnal amplitudes also decrease v;ith íncreasing geomagnetic

longitude, the experimentaL resuLts do not confirm this trend,) Hence, a

neutron monitor at üinnipeg (geomagne'cic longitude 17"2o 1'J) shoutd observo

the maximun intensity at a time later than 16 h 2J n theoretically and

15'n 48 m experimentaì.ly" Indeed, ihe time of maximr;m of the integral

photon intensity occurs at 16 h 11 n: this fits into the trend of the values

of the ti¡ae of maximuu¿ as a function of the geornagnetic Ìongi'r,udeo HoÌ,rever,

L6 h 11 m seems to be much later than one woul-d expect, taking into account

that l¡finnipeg is located to the v¡est of Churchill by only L Lo 1 d.egree in

longitude (geomagnetic and geographic) Uut the difference in the tine of

maximum at these trvo places amounts to lO minu-tes theoretically and /*)

minutes experiruentally" This implies (in agreement rvith our previous

resul-ts on the tleffectivell primary energiee) ttrat the photon component

corresponds to a hig'her energy region of the prinary cosmic rays as

compared uíth the neutron component"

The ciiurnal anplitucie of the photon component is greater than

that of the neutron by a factor af 2"4 as seen in Table 4.4. Such a large

i,í

lil
1',/

I¡í

l¡i

tt
v¡

I'j
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difference in amplitu.de vaLues cannot be explained by geomagnetic effects

alone. i'riost probably, as al-read.y iunlied, the photon and the neutron

monitors have different responses to the primaríes. lt is v¡el1 l¡:ovn that

the neutron monitor iq highly sensitíve to ]orr energy primaries on account

of its large differential coupling constants for primary energies as 1or.; as

2 BeV (L,ockvrood et a}" 1966j. At Deep River, the vertical threshoLd

rigidity is about I BV; hence, most of the counts recorded by the neutron

monítor are essentlally contributed by lor,r rigidity prinaries (the primary

spectrwr decreases v¡ith a power lai¡¡ of the form E-r)" However, there is a

}ov,,er limiting vaLue for the primary energy in the solar diurnaL var'íati.on,

Firor et al " (1914), in their Latitude study of solar diu.rnaÌ variatíon of

the nucleonic component, ha'r¡e fou.nd a slight change in the Ciurnal amplitude

from equator to nediur¡ latitude and coneluded a lower }imiting energy value

as being around 10 BeV. Fron the determination of the prinary variation

spectrum responsible for the solar diurnal variation, narl)¡ r+orkers (Dornan

i957u Q"renby et al " L96O, Kuzmin I96Ou Kuzmin et a] " 196r) have obtained

a lower bound of 7 to 1) BeV" Thereforee a neu-tron rnoniior at Deep River

actually resords secondaz"ies due to a laïge nu¡ober of i.olv energy primaries

which do not, take part in the solar diu.rnal variation" As a result, its

percentage diurnal anpl-itude r.¡ill be diminished" This explanation is

further s¿urengthened by ihe evidence ( Kane et al . 19óO ) that a decrease in

diurnai ampJ.i'r,ude from 0.))7á to O"ryf, in transition from rnedium ]atitude

to high l-atitude has been observed from ïGY data of nucleonic conponent.

From Table 4"), the integral photon intensity ("i = 17) responds to the

primaries v¡ith rieffectivorl energy abon'c 40 Bet/" Its lorver }initing prirnary

energy cen be roughly estimated. from photon energy range l- i.¡hich corresponds

to anlreffectiverlprimary energy of about 9 -bo 12 BeV. Considering the

rapid decline in primary spectrum +¡ith increasing energy, the integral photon
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iniensi-,,y as observed may not íncLude events due to primary cosmic rays

l,¡ith energy belcw abou.t 7 BeV' Consequently, the ccntribution due to lor+

energy primaries is very smal] in the integraÌ photon intensity and. hence,

its diurnaÌ aroplitucÌe rvill aÞpear tc be much greater than that of the Deep

River nucleonic eomnonent.

Go Seasonal Variation of Sola'r Dlurnaf ,{trplitude lnd P}rase

The seasoiraL variaiion of the solar diurnal effects as observed

for the photon component has been investigated for the purpose of examining

(a) ttre variation of the diurnal anplitüde anC time of maximum intensity

for different photon energy ranges, (b) the variatíon of the diu.rnal vector

of the integral photon component (,f = f7) during the eleven consecutive

solar rotation cycles, and (c) ttre rela-uionship beilrreeir the diurnal

arnplitude and phe,se of the integral photon component and solar and

geomegnetic activities. The neutron component observed at Deep River

is utilized es a reference v¡henever possible

Since the existence of the soLar diurnal variaticn in cosmic

ray photorls near sea Level with energy beyond range I is obscure, they are

neglected entirely in the present seasonaÌ variation study. For photons

of energy ranges I io J, the seasonal variations of their diurnal amplitudes

anci times of maximurn intensity are plotted respectively in Fig' 4"6 and

Fíg" 4.7. As presently believed, the solar diurnal variation arises fron

a cosmic ray aniso'cropy originating in interplanetary sþace due to the

interplanetary magnetic field, the solar plaema and the rotation of the sun.

The diurnaf vectors of the eleven ccnsecutive soLar rotation perioCs are

presented, in a harmonic dial u" "i.or. in Fig.4,S for the integral photon

component" 0orrelation betr,¡een cosmíc ray solar diurnal effects and various

solar solar and geonagnetrc indices (These data t'¡ere obtained frorn the
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Solar. Geophysical Data conplied rnonihly by U" S" Depar"tment of S6mmerce etc.,

Boulder, Colorado, U" S" rt.) is illustrated in Fig.4"9" Results are

stat,ed as follous ¡

1" Anong the five photon energy rangese the seesonal variation patterns

of their diurnal a:nplitude and phase are different" For energ)¡ ïange

nunber higher Llnan ), the standard devj-ations are so large that no definite

conclusions can be reache¿(f:.s. 4"6 and Fig " 4.7)

2. The diurnal vector of the integral photon component varies

considerably in magnitude and direction v¡ithin the eleven soler rotation

cycles. Its pattern of variation is quite different from that of the

nu-cleonic component ( f ie. 4'S) .

). Neglecting the month of Novemberu the diurnal anplitude of the

integral photon component fluctuates wi'ch time rather like that of the

neutron component. The first minj-¡n:m and maxim.¡n of, the photon component

seem to leád those of the neutron by abou.t one month (Fig" 4"9).

4" Between Frarch and October, the photon aupl-itude is negatively

correlated. to R¿ (Araerican relative sunspot nunber). The uaxirorlm of the

former occurs with the mini.¡nxa of the latter in July. Ho-r,rever, the neutron

d.ata generally shows a better correl.ation with R¿i the tt¡o minima of the

neutron amplitude coinci-de wíth the'cv¡o maxima of R¿ (fig" 4.9).

," To some extente the photon amplitude is rather weakly correlated

to tho C index (preliminary international character figure of geomagnetic

activity). (see Fig. 4.9)

6, The tine of maximum of the photon component remains fairly constant

between tr6 and 17 h L.T" except for three periods out of eLeven. Ïts

geasonaL variation pattern is not obviously retrate.d to any other

variations" On the other hand, the time of maximirm of the neutron

component shows relatively }arger fluctuetíons (fig . 4.9)'
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During the period from February to Novembex l96je the

considerabLe seasonal variability in '',he diurnal amplitude and phase (Fig,

4"6 anà Fig" 4./) sinply suggests that the source of the diurnal variation

is tine varying. conventional).y, the energy speetrum of the primary

diurnal variation is assu-raed to obey a pohrer law wÍth a constant exponent

through aJ-J- pri.nary energies within upper anci fover bounds* Oning to the

absence of any common seasonaL varietion patterns for photons uith

different energy ranges, thís exponent does not seem to be constant for

a}l prímary energies concerned, and its vai.ue varies with time. AIso,

the direction of the díurnaL anisotropy (as implied by the tirae of

naxlmum) changes v¡ith time. This is consistent r'¡ith the resu-lts of the

day-to-day study of the soLar diurnaL variation of cosmic rays as reviel,Jed

in sec-r"Íon A of this chapter.

The diurnal vector of the integral. photon semponent as shown in

the harmonic dia] (nis.4"8) does not shor.¡ any orderf), varíation from one

solar rotation cycle to another. However, the diurnal anplitude of the

integral photon component (; = t7) does shor,/ sone systematic var.iation as

illustrated in Fig, 4,ó"

the correlstion betl¡een the American rel-ative sunspot number

R4 and. the intensity of the cosmic ray components shor^¡s a strong infl-uence

of solar activity on the primary cosmic radiation. 'Ihe degree of

correLation as siro'¿rn by the neutron component and photons of various

energy ranges demonstrates that the primary cosmic ra¡rs ef' lower energy

are more sensitive 'co the var"iation of the sunspot number. Correlation

also exists bett¡een cosmic ray intensity and the geomagnetic disturbance

as rûeasured by the C index tr¡hich is in phase i'¡ith the American relative

suuespot nuubor "
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H" S_u¡nnary

ïn this chapter, a study on the sol-ar diurnal variation has

been conclucteci for variou-s photon energ)¡ ranges " A solar diurnal variation

fo:'photon energies above 5O Í[e't/ ís not r-rnambiguously established because

of very low counting rates, Graphically, the v¡a'¡e forms for these daíIy

variations do not clearly shou periodicity of 24 hours. AnaLytically, the

concept of the tteffectiverl priuary energy su.ggests that these photons may

corrôspond.to the high energy primaries beyond the Ínfluence of the solar

diurnal- me chani sm"

The existence of the higher harmonics has been investigated"

The inte¿ral photon component shorts a large eecond harnoirÍc, the araplitude

of r,¡hich amor-rnts ta 2Bf, that of the Í'irst" Even the third harmonic :'eaches

a value as high as 4f," This result ag;rees with similer results for the

neutron deta collected during the saue period of time" As yet, t+e d-o not

icro¡' much about the nature of these higher harmonics.

Using ten mcnthst data, the ener¡:y dependence of -uhe diurna]

amplítu-de and of '¿he j¡hase have been establisheci for the sea Levei. cosmic

ray photons, These energy reletionshlps are sta'uistical in nature as they

helve been deternined by a long-term observation. The diurnal arcplitude

decreases with increasing photon enertjy and the time of rnaximum intensity

arÌvances 'uouards later hours r'rith photon energy; The latter has been

explainecì qualita'cively in terros of a one-to-one correspondence betr.¡een a

photon energ)/ range and anrleffectiverlprinary energy, the effect of the

geomagnetic field and the cuyrent theories on'she cÌirection of the soiar

diurnal anisotropy. Hovrer¡er, a similar interi:retation of the amplit,ude

results is mnch ]ess certain because of a laek of lcirov¡led¡5e on coupling

constants for the secondary cosmic ray Þhotons. l,lith the above concepts,

v¡e conclude that a study of the integral- photon component gives
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infor&etior¡ about prinaries of hígher energy than a cors'esuonding s'cu-dy of

the r:ucleonic component (i.". neutron monitors).

the seasonaL v'ariation of the diurnai effect of the cosmic

ray photone inplies that the dir-rrnal- souree is time varying. If the

energy sÞectruu of the .oriüary diurnal varia',,i on can be represented by

a pol,,'er Iaw,'¿hen all'uhe pa:"ameters involl'ed are su-bject to alteration

with time. The exponent of the spectrum <ioes not seem to be a cons'uant

all through the entíre primary energy region concernecÌ" Even the direction

of the diurnal anisotropy changes ccnsid.erebly r'rith time. The correlation

betv¡een the solar diurnaf amplitudes of cosmic ray components and the

American reLati-ve sunspot number in their seasonal variation shov,'s that

the diu.rnal variation of the prinary cosrnic radiation of loi.;er energy are

mor€ reacìi1y nodulated by -',he sol.ar e.ctivities"



CHAPTM V

COl{CLUSTONS

In the foregoing chapters, the functioi: of, the large NaI (TI)

total absorpti-on spectrometer t¿i'th its associated electronics as a phcton

monitor has been described in detaili for the first time resnlts af

studies on the atmospheric effect an<Ì the solar diurnal variation of sea

level photons have been presented together with discussj-ons and conclusions.

Ïn this chapter we cornment briefly on the characteristics of this type of

photon monitor tj-::ae variation stuay.

The l[aI crystaL, coupled with the plastic shield, effects a

separation of thetotally absorbed neutral- particles from the total

component of cos¡lic raCiation. These neutraÌ particles have been

ídentified experimentally as photons anci recorded in 'r,he form of a

difÍ'erential energy spectrum.

the atnospheric effect on thc sea level cosmic ray photons appears

to be quite conplicated in a short period of tirne" Howeverr'ou-r results

suggest that the average effect of the atmosphere can be reraoved by

suitable pressure correctionso The energy dependence of the barometric

coefficients 'ås , interpreted in terms of a simple absorp'cion nodel,

Hotiever, atmospheric effects d.ue to other raeterological factors (possibly

temperature) cannot be entirely neglected if one recalls the considerable

variabllity ín the values of the raonthll, mean barometric coefficient"

Our present spectrometer has a najor v;eal<ness as far as -t,ime

variation studies of cosmic racìiation are concernedo Î't,s coürrting rate

is too Io-"- on account of 'che relatively snall sensitive volume of the

ori
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Nal crystal. This could. be inproved by using a crystal (and co:'responding

-.qshield) of mu-ch larger size, The hypothesis of a one-to-one corresponcience

beineen photon energy rang*e and an oeffectiverl primary energy is justified

by a reasonably successful interirretation of the soLar diu,rnal resu-lts

(Chapter IV)" If the validity of this hyoothesis is confirmed, then'r,his

type of photon spectrometer is a particuJ.arly useful- device for time

variation s-uudiesE its principal advantage being the ability, on account

of energy discrimination, to respond to different prinary energi-es in the

one experiment" Presently popular cosmic ray monitors are integral

rather than differential recording devices, and lack this important

feature "
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T¡IE I'iiETÌitD OF tOUPLIiiiG COi\SfANTS

The uethod of coupling constants is used to determine the

prinary variation of cosmic radiation from the secondary variation ( see

Dorman l9r7j. Assuming a vertical incidence of the primary cosmic rays

on the atmosphere bou.ndaryu the total intensity irI of a secondary cosmic

ray component as observed. at a station of specified latitude, J.ongitu.de

ancl elevation r¡ill be

(r)

r,¡here E is the primary ençrgy, D(E) is the primary differential energy

spectrum, n(f) is the mul',,iplicity function and e is the vertical

geomagnetic threshold energy, The time variation of -uhe secondary

component is a result cf variations in geomagnetic cutoff, primary

differentiaL spectrum and the nultipllcity.

A variation of eo.uation (t) will lead to

áw = -éen( e)ra( e) r 
f.-m(a)m( 

r)ar 4' 
I-xn)ó¡r( 

e)¿e (2)

and the relati-r,e variation of the observed. secondary intensity (in

percentage) will be

Iü = .f .*^n)n( 
e )aE

..r ^\ _ { n)m( rI
iï(E) = -*fr-- (,r"/eev)

shere

(4)
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and is ca]led the dif,ferential coupling constant" -åq(i) is the energy
D(E)

spectrum of the prínary variation, The first, second and third terms on

the right hand side of equetion (t) indicate respectively the var.iations

in the secondary component due 'co changes in geomagnet,ic eutoffe primary

speótrum and atmospheric conditions,

^ÀJ- -v the data har¡e been corrected for the geomagnetic andà¿ uet' u¡re (¿a uta rtävc uetJrI col-l'ec uuu tol' ufr(J geoÍI¿1EIte G

atmospheric influencesr'che remai.nder will be due to variations of the

primary energy spectrun outside the earth represented by

?N,
N J*#-(u)¿s

(r)

of the

(6)

Using the concept of rleffectiveil angJ"es, the position

prinary variation source can be deterrnined as folÌov¡s:

Ûts)u(E)H#6

{-*,rlffiao

J,iru)o,,(r)ffir

f'rurffi*
ft)

where X is',,he angle betiueen the direction of motion of, the partícle at

infinity and the plane of geomagnetic equa'Lor, and Y is the angle betrveen

the projection of the direction of motion at infinity onto the plane of

geomagnetíc êquator and the projection, onto the same equatorial p1ane, of

the raciius of vector produced from the center of the earth to the point

on the earth!s surface where the particle should impinge (called the

angle of |tdrifttr)" T and 1ar" rreffectiverr angles indicatíng the rreffectiverl
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dåroction io the source of varietÍon" For a station specified by a

set of longitude and latitudeu X and Y are functions of the direction of
f . -.arrj-val (specified by the zenLth angle and azimuth angle) and the prinary

energ$ o



APPEi{DI]E B

TBÌ'i 1620 STUJICE PROGRAMS

(") Source_Prggram for Calculation of garometric Coefficients (in UfO
Fortran language)

DTi'iENStor{ y(41} ,sv(4rJ ,sy2(41) , spY(4t ) , A(41} ,a(4r} ,e(41J ,r(41J
DIMEIISTOI.r B(41)
FOiìt'iAT ( ¡-z .0, F7.o , F7 .0, F7 .0, 17 .0, F7 "O u F7 .O ,T1 ,r1 ,Y7 "2, 14, F5 ,I )
F0RiiAT ( tt ,14, 11 ,1x,Fto .4 e Fro .4 , Flo .4, F7 ,0, Fro "2, î7 "2)
FCRÞIAT ( F7 "o )
FoRMÁr (r5)
CÍR=O.0
Q D-^ fì

SP2:0.0
Ða r J=Lr41
sY(J)=0.0
$T2( J)=6,g
,3PY( J)=0.0
Rî,r\D 14, KUÌ{
Dt L, J=I,29,7
REhD 4, y( J ), y( J+r ), y( J+2 ), Y( J+t ), Y( J+4 ), V( ;+5), v(J+6 ) u Ï,,, iuf, P, K, Q

IF ( KUI,,t-itJ 22,18, lB
DO 1ó ¡=Lg15
Y(.i)=Y( J)x)L"2/g
r(fiJ=Y(27J+Y(2BJ
Y(17 )=',t(29 )eY( to ) +Y( ,1 )
Y( 7s ) =Y( t2 ) +r( fi j eY(r4 ) eY(1' )
vÕ9 )-v(i )+Y( 2 )+Y( t )+Y( 4 )
r( 40 )=y( t )+y( ó )+y( 7 )+y( S )+Y( 9 )+Y( io )
y(4i j=y( ii )+v( ie )+v( r, ) +y( 14 )+y( 15 )+Y( ró ) +'r( 17 )+Y( 18 )+Y( 19 )
Y(42 )=Y( t9 )+Y(40 )+v(4t )
r(41 i=v1 20 )+y(2] )+y( 22 )+v(21 )+Y( 24)+Y(25',¡+u(26)+v{16)åv( 17)+Y( tB )
SP=$PåP
SP2=SP2'&P¡ç¡82
tTR=CTÂ.+1.0
N ,, J=L,4,
sY( J)=sY( J)'þY( J)
sT2( J)=sY2( J)åY( J)eex2
sPT( J)=SPY( ¡)+Y(,r)EcP
GÛ TO 21
PRII{T 

'0, 
CTR

H=0 T,RNSP2-SP*x2
rc 6 J=r,41
B(J)=sY( r)/örR
G( J)=CrRxSY2( J)-SY( J)**2
A( J ) =( c rR¡csPY(,t)-sP;€sY( J) ) /H
tì( J) =A(,r )¡a( sqqr( li/G( J) ) )
T(,r ) =s gn'¡( ( c(,¡ ) -¡( J )xA( t'¡xs) /(( c tn-r "o )NF, ) )

]t-1

9
1o
,4

7

2T
t,
10
J.iJ

tÞ

,,
22

100



( b)

1A1,LU I

T(,r) =169 "xr( .i)/a( .l )
.t( .l ) =19s "sh( J )/B( J )
SPå=SP/CTR
D0 J J=I,4J
pu¡icH ), iri,K, J,i+(Ji, T( J),R( J) eCTR, B( J),SP.{
FIiUSE
GÖTÜ7
EI{D

Source Pro an fcr Dete:rmi::e'Li c:l c.f 2L, lloux DaL Variatione
Fortran ïI

DliqiENSroN SYÌ{I{( 24 ,24) , t\r,fL(a4) ,Z(2r}
DtrlHr\srcrr{ y(4-7}, c rRti( 24 ) , sPH( 24 ) , rNTsS( 40 i
Cóì1,Í¡t0N INTET\

B FoiìMAr (6t6)
g !'oRl,i/iÎ ( 6r'lo "e )

19 FORtvrÄT ( TnrO ,z ¡
ó roRmlr (srs.4)

28 FORIüiAT (5Urutl = ,I],BH i',ir,l = cl.2r1?, Nlvl = sl2r7Í1 ff = ,I2e
19li CT'R a ,F7"0)

27 FOR¡/1AT (6ni¡SnCt=rIó,5,'i K=uI4r1i|- IrË,11,6li CTRiU=rF7.Or5H CTR=,

I F7"oróH IìG=rIj)
4 r'on¡¿¡r (BFB,1 r11 rrzrÏ.1J
! F0Rivi,il (4nSnH*, F7.2rTH CTRIJ=uF/.or4l1 K*r14e'ii lL'it=¡Ílr6H CTRrli=u

1 F8 'O r4lt -tt¡=,11)

26 FCIRIuÍÁT (24H8ì'lD OF JOB

1 óri NG=, Iã )
LÁSt i,{SECt=0165þH

iO REAÐ B,NSECT eNSECL, I{LD, I¡iiL, l(GD,l{lvi
RE¡\D 8, MSFCF e iviSECl, i\G, i\T

REAÐ ó, ( ;ri'( f ) rræL r24J
J CTR=O.0

CTRi'1i=O "Ole /lO i,f¡=!s1h¡
SPIi( I'f )=o "C

4o crn;u( 14)=c.o
Do 41 r=ru24
D0 4t t'i:tre4

4f SVHirl( J, M)=c "o
l"lSECT:tlSECF

124 READ 9, ( z( r ), r=1,18)
REAÐ 19, (z(f), T=LÇ,2J)
z(25)a7ç21 )x100 .o
Dö L2, I=I 

'25125 ti,i rEN( r )=z( r )
IY=DSKirF( i\rSEC T)
lfSllO T=lvlSECT*2
IF( n{SECt-iviSECT) 126, 12ó,I24

t2ó i.riiEc T=i,.lÉlEtF

5l IX=¡Siç1r( i'tsEcT)
ilC ltf I=L,24

Ltt z(T )=rNrill{( r )
pÁ=Ii'{TEÀT( 2i)
PA=PA/IOO.O
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55

l^D

l¡6ãC T=ivíSE0Tå2
IX=05¡ç¡'1ì{SECT)
Da ,, Í=L,r,
Y( I )=ltiltsN( 1;
ia=Ii'[TEi\-( ió )
p=TrrrTÈls( 77 )
P=P/too "o
I{=TitIlËil-( }8 )
Cì=Ii\ TEN( 19 )
Q=Q/10.0
r( )6 )=Y( 27 )åY( 28 )
y(17 j =y(29 > +y(ro ) +y(, I )
r( i3 ) =r( i2 ) +r( 1, ) +y( r4J +Y(rr\)
y39)=Y( 1)+Y( 2)+\3 )+v(4)
v( 4.0 )=y1, )'ê.y( 6 )+y( 7 )+y( s )+y( 9 )+y( 10 )
r(4r )=y1 r1 )+y( 12 )+y( r, )+y( i4 )+y( 15)+y( 16 )+y( 17)+y( js )+y( 19 )
Y(4e ¡-Y1 19)r.Y(4a )+v(41)
v( 4¡ ) =v( 20 ).ey( 2t ) +y( 22)+y(2r)+y(24 ) +v( 2r)+y(26 )+y( ¡6 ) +y( 1T )&y(18j
ññ-ñ ñnf !-tsY-Xr¡
TF ( KtD-ii) ró, 15,tg
rF ( tiGD-K) 18, i.4, l4
rF ( Kjit-i{} 99,r7 ,t7
C'IR=C lRtI .O

C TRi'Í=C TRì'iål .0
C TRIí( i'Í)=g'ÌPttl l'Í) +I .0
1þ ,ó l=Ir?lt
r( r+19 )=r( r+r9 )"( 5r "z/q)-z( r )NpDx( iil( r )/roo .o )
ÐO Ì I=1r24
sytì¡.( I , Ì'i) =syHiu( r , i,¡) +y( I+19 )
SP;l( i'í)=SPä( i!Í)+P
ITSEC T=1[SEC T+2
1! | 

-\tIt !-l\

triL=ii{
GC T0 13
PRli'f T 28 , !;L, ì,{L , I'il,i¡ ií , C TR

iri{=ili'iå1
rF (8-ii1,i) 84,8r,84

rF (N) E],81,82
ll -l'ir f,

j"LD=KLI¡$71
,iA TÕ 

'1N=jl-1
KLD=l{I,Då10
Gô To rl
r,,SEC T=i{S ICl-1
PRIi'TT 27, iii:i E'J T e I{.L e 'AL, t TRl"!r C TR, Ì'IG
ì!rì -Ì.T^ t l
1\ U-l\ U? I

IiISIC T=.tiSlC Tå1
^^ 

a^ 1t I 
^1,LJJ OÕ .||i=t e ¿+

Dt 67 !=!,24
SYIìI'{( I , Iii) =sYlii'Í( f , i'l ) /c tnu ( i'i)
SPB( ì'i) =sPiì( :i)/c rPil( lt )
pl'l$cH 4, (syHi'(r,lil), r= 1¡ 8)rIrii.'i,Kt

t,
14
17

>Õ

1Õ

B'
84
81

A2

18

ol



tol

PUiricii 4p ( syäi( r,I'i) ,
FUÌ\rCIÌ 4, ( SiHl( I , i.r) ,
Ða 64 T=Ls24

64 sYHl.( 1i, i,1)=SffiTF( stui,(
prrîcH 4, ( svilt'l( I,,,í) ,
L'UitcH 4, ( Srur.t( r, u) ,
Pui'jci-i 4, (srHi( Irl';),

68 Pu'.\cli t, sPli(i:i),cïRä(
, KGD=KGD+27

^ 
môlf-^ 

^V I.l1lrl-W o W

Ð0 61 Ii=1.,24
SPH( ir{)=6 .s

ór crm:( !{)=o "0
D) 62 I=Ir24
DO 62 I'æ1,24
SYHM( I,l.l)=Q.6
G0 T0 10
Ptìr¡iT 2ó, ¡ISECT, KLe l,{Leiiic
PAUSÉ
G0 To 

'oEi{D

(") Explqn1tlq4q

fn ihe presen'; s'r-udi-ese data r^rere processed by rneans of lljlti

J.620 coupu-tern A set of five cards contains readings of cosiaic ray

intensii:ies and presuJe as reeorded every hour" There ai'e 19 pieces of

data (índ.icated by J fron l to 19 in the source programs) for the chargeC

particles of varíous energies and16pieces (indicated b;r .T fro¡t 20 La tr))

for ihe photons. Each card is aLso i.abelled wiÌ;h card numberu hou.r nnnberu

day'n1rmber and the ti¡re intervaL of data recording, For source program

(a), above iirformations ¡¡ere read into ihe conputer dÍrectly frou cards

',^;henever they r,rere needed in 'che computation. Hov¡ever, these inforroetions

lrere stored in a disk pack prior to the execution of the source prograra (b)"

Tabtes are given t,o define the meenings of -r,he variables used in the input

and ou-ipu.'r; statercents as foLl-o"'¡s.

(i) Table foi' sourcq-f4qgryr-(gl

( 1) Tnput Variables:

ï= 9 g 16) ,f- r l,ï, I'uL

l=LJ ,24j ,1,:í,KL

I , i.i) )/s t-".TF( c rfr.t,( i';) j
I= 1, Ii,r,ii,i(L
L= 9t.!.ôJels!r2lxlt
I=Lf ,24) , T r,.ì, i{L
i.i) , tiL,ML, c TRÞt, I,{

6¿

oa

T( J)
t

eosmic i'al¡ intensity of energy
card nlrraber

range J



rol b

l,{ * hoú.r nu¡rber
P - pressure
I{ day nunber
a - tine interval of data recording

IiUi'i - a day number v¡Ïrich is used io terninate
fu.r'ther" da''ca readln

(2) üutput, Veriables:

CTR number of intensity-pressure pairs (i.e"
number of hourly data) r'¡hich l:as been
used in the calcul-ation

J - energy rah.ge mrmber of cosmic ray intensity
Å(J) - barometric coefficient of J
-/ - \1( J) standard devíation of J
R( J) - correlation coefficient of J
B( J) - average counting rate of J
SPÀ - average pressu.re

(ii) f,qble for f,oqqce i'qogllnj!)

(f ) Specia-l Variables and Fturct,lone for üsin-g the Disrk Fack

IYrTX - dumy variables lvhich are used to ini'ciate
'uhe execLr.tions of fu-nctioi'ig DSICJF and
DSIû?.F

tti14ç(40) - a suibscripted varieble, 'che si-ze of i+hose
array is 4o

DSKl"rn(nS; - a furrci;ion r'¡hich is used, to i,¡ri-te all the
members of I]{TEÌ{ onto the tL¡o sectors of
the disk vrith iiS being the nu¡rber of the
first sector

DSKRF(i!É) - a Í'unction v¡hicle is usecl to read all the
data from the two sectors of the disk
(specified by the first sector nurmber i\lS)
intc the memory locations specified for
I¡l'I'lf{

(2) Tnput i/arieble s ¡

t{SECIT sector number
KLD the last day nunber of a month
iült a day nu¡lber r¡hich .is used to terminate

further data readin
KGD a day mrmber l+hich is u-eed 'uo initiate the

calculation of the average daiLy variation
over a, period of 2/ days

Nií - month nunbez"
ioiSECF m¡rber of the fi:"st sec'ror used to store

ã/ = \L\L)
IISICL nunber of the lest of the tr.¡o sectors used

to store Z(I)
NG - period number (a period consists of 2f <iays)
N a nr-r-:mber which is used to con¿urol the

valu-e of KLD
Âi(I) barometric cocfficient (r.;ei¿ht,eC everege



LOj c

z(r) - ;:åïil;";;ï:;;":::å;i";'"i.; l,*,'? ï +,e
(forT=Ito24)

Z(2r) - nonthl)' average Ðz'essure
J - energy range nu-mber of cosmic ray 5-ntensi'cy

Y(J) - cosmic ray in'r,ensit;r sf ¡l
i'1 - hour nu:¡.be::
P - pressure
K - day mrmber
A time interval of data recordiirg

/- \lr) ûutput Variables:

SYlirl"(Iriìi) avei:age oou.niing rate (in a period of 2f
days) of J = I + 19 for the specífied hou.r I'j

SYili'{(lri!í) - (ttre second reeaning) standard deviation of

spli(,,i) - :i:"i;:';:;"i;";;:::J:'[ri'.'nåll"lT "r ãdays ) for hour iií

CîRä(H) ntmber of intensity-presoure pairs for hour
I'l which has beeir used in the period of 2-l
da;'s

llfr - the number of 'che ]ast hou.r of tl:e las'i; day
in the poriod

CfRi"l irumber of íntensi'cy-pressure pairs r¡hich
has been use<i in the period
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