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 PREFACE

Systematic Intenslty measurements of cosmic redlsation as a func-
tion 21 time have been carriled out for the last thirty years. Such a atudy
is very useful as 1t may re.eal the locatlon of part of the source of
coamic radiutlon. However except for rare short lived solar-disturbances,
guch a study 1is diifficult to make as the variaticons are small and reguire
a long amount of continuous ouservation in order to detect them.

If the gsun 18 a source o>f primery cosmic radiation then one will
expect correlation between solar disturcvances and cosmic ray intensity:
algo varlations with solar day. seasgonal variutione, and variatlons with
solar day. segamyls sxristions, and ariations with the eleven year cycle
»f increased sunspot activity.

In the wor! done here only solar disturvances effects have been
studied. The period of study was from Decemver 1. &0 to April 1961, except
tor the month of Feoruary »f 1961 where no study was made due to Instru-
ment feilure during that month.

Data avout solar flares wus gathered from two bulletins., the first
igssued .y the Boyal Netherlands Meteorological Institute and the Nether.
landa Postel and Telecommunications Services: the other was lasued Ly the
National Bureau of Standards in the U. 3. A.

unfortunately, during the perdiod of study no major effects due
+3 golar distur.ances were recorded here., This is also in agreement with
aosger-ation recorded in the pluces lssuing the avove bulletins. In as far
as the suthor .nows this is in agreement with vuservations ta:en gt other
centers in the world.

Howe.er in thiz thesis a description end analysils ol the wors
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done is presented., prior to that a brief account about cosmic radiation
1s given of such a nature to make ons able to understand the phenomena being
studied,

The author wishes to thank pr, Frans pruin, his thesis advisor for
his help in this work., pge also wishes to thank the yord poundation for the
fellowahlp which made his graduste study possible,



ABSTRACT

The time -arlution of the intensity of cosmic rays is studied
comtinuously .y siserying the neutron component of the gecondary rays.

susically, the neutrons are detected oy slowing them In paraifin
snd then capturing them in u B&B gas counter.

It was hoped that & study of the time .aristi.n oy cosmic rays
during solur flares and mgnetic gtorms will lead to w Letter understand-
ing auout the origin »f cosmic rays, Unfortunately. no significant effects
were recorded during the period of study. This wes in agreement with

avger ationg recorded at other centers in the world.
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- SECTION (1)
COSMIC RADIATION

I. Introduction

Atout fitty years ago, & type of radistion was disgcovered that
falls continususly on the earth from outer space. This radiation is now
called cosmic radiation. Every second nearly a cillion billion cosmic
rey particles plunge into our atmosphere heading towards the earth. During
their passage in the atmosphere the cosmic ray particles interact with
the nuclel of the alir and secondary particles are produced.

There 1s ensugh evidence now that primary radiation consists of
positively charged particles dlstriiLuted in space with a high degree of

1
ey

igotropy and with a continuous energy spectrum up to at Lleast 10

II. Detection of Cosmic
Reys »n the earth

The cosmic radiation reaching the earth is modlitied oy the earth
tgell through oth lts magn.tic fieid and the atmosphere. Hence in
srder tu recongtruct the primery flux one bas to evaluate Loth these
eftects.

(a) cesmegnetic effects

The magnetic field of the earth resemcvles to u close approximation
that of a dipole oif strength M= 8.1 x 10622 gausa-c:m5 located 342 im from
the earth's geometric center. its axis intersecting the carth's surface
at 80.1' ¥ 82.7° W and 76.3" 8 121.2° H.

The magnetic Influence of the earth's field extends to auvout seven

times the earth's radius. While the top orf the atmosphere can be consldered

1.



-l

not more than £0 im avo.e the surrase o5 the emrth., Hence 11 the cosmic
ey particl s are clectricelly charged then they would uve influenced oy
th., magnetlec f1¢1d 21 the carth, long cefare they plunge into the ctmos-
pherc. Such wn influ.ne. has en suscroed (L) which shows heyond eny
d.u & vbat vosmic ruys arc chorg.d ptlicles,

Th. m:tin I & charged per icle in the mognotic £1.14 .. the
etirth s & complicoted prs lem, 1Y hes Seen tac led in an xtensi. e
menn.; ¥y Stormer (2) Lemsitre end vellars. (5).

A orist summary of thelr calevlations shows that particles nced
a certuln minimum momentum to arrl < et a certain point on the esrth in
u giendircetim (&), For roelatiiistie particles with total energy much
greater th'n their rest cnergy this minimum momentum for the perticles
ty arrl e in the vertical dircctlon at 8 megnetic lutitule ¢ 1s approxi-

mtely gl.on uvy:

Pmin' %.8 cr-au § Be:fc (1)

For p.ositi o cherges arriving et magnetic latitude U and in the enst west

plune and &t 8an oangle » rom the sendith this minimm momentum is gi.en

oy
P s 5 .7 C'*Bu 0 — be. [e (2)
weat 007 5 .\1/2 2
[1 + {1 + sin ¢+ cog” @) ]
- 5. e cghﬂ de /C (“)
vagh 2ues 2 | ’

fL+ (L - 8in+ cos” 9)1/2}

L

.

}o» neged e charg:s *the leit sides of eguntions (2) and (%) shoud

L¢ interchunged. For any alueg . 9 and 4 equations (2) and (%) predicts
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that it iz wsicr Ir e 8l positl o primery o come trom the west thun
rom “he enst, The re erae is true Lur - nugaid.o charge.

The. intenaditics o cossmic ruys vere measuved in the ezsTward and
vestward directiom at mmy placue {5). The reculis showed the: “he in.oene
sity I perticles c.ming Irom he weat 1s gremie. than the Intensity =t
purticles ¢ ming 1osm the cust, Thuws pro.ing the fuch thu: cosmic roysare
predominnntly o positl e clurge., Careful analysis of the results (5)
ulss showed that thesc positl < charges were predominuntly pratons.

From eguition (L) one would expect u steady increuse in the in-
tensity »f coemie reys - soove the atmosaphere - as one goes from the
equator wnd towards elther the mugnetic norih pole or the magnetic south
pole.  Achually such an incresse is fouwnd up to mugnetic latitudes ol avout
58" North and South 2. the mgnetic eguatnr as 1s shown in Figure 1.
Arter thet the intensity remsins approxlmatily constent up to the magnetic
prlis. This shows rthat primary particles wilth momentum uelow the cut of'f

miymentum at 58° do not reuch the top of the atmosphere,
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Figure L. The wesmagn-tic latitude Effect us Measured Chiefly
_y Nebar and cu-woricra. (The South Latitude
iftect Resemiles the North Latitude Effect).
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The a sence J§ thmliuw whnorgy particles irom the primery redila-
tion h.os  ecen oxplained .y J'ancesy (&) as =ing due to the magnetic rield
a1 the swn this would dellece guch low energy perticles and .eep them
vrom roaching the esrth.

Ansther explanation ol the a. ove latitede erfect could be due to
an inheron: change in the Lorm of the primery spectrum due to the mechanism
v generatlon or propogetilon of cosmic rays,

up till now not enuugh dete is collected to decide on the exuct

reangon of this latltude <ifvet,

(v) Atmospheric crtects

beiore entering the stmosphere the energy of the cosmic rays is
carried .y an lsotropic and homogenesus stream of particles with vurying
inetlc wnergies. The carth's magnetic 1leld wcte :n *hese partilcles as
n momentum selector., The intensity of the primaries decreases as thelr
en. YRy incresses and falls off tu ery low -alues at energies of the order
a 1018 2 ., The incident redlation Is composed 01 atomic nuclei consist-
ing »f & .ut 0 per cent protns, &..ut 10 per cunt alphn particles (G).
cnd & Hut 1/2 per cont nuclei of hes.der clements.

Aa these primary cosmic particles descend int, the wtmosphere
they interect with the nuclel »f the air and what one detects at scae
le ¢l is only the secondary ¢ifcets of the primary rays. These particles
during their entrance in the atmospherc will Loose 8o me energy oy loniza.
tisn  sub only thosa baving a fairly low evnergy might ve stopped oy this
process. Almost all the incident perticles will suffer nuclear colliagdons
with nitrogen and oxygen nuclei in the Jpper atmospherc. As & result of
this interaction which we shall designete .y (A) the energy of the pri-

mary particle will now .e shared cotween o numoer of sccondaries which



cun . prouped as f 1lows:
(1) High n tgy nuclear wctd. e ¢.mp.nen’ (STegments »i nucl.i nucle.ns
satinielo s mosons) - Thls compsnent will induce more veacti.ns si the
YD
(2) Low energy nucliar wcti ¢ companent (Law . nergy nucle:ns and mesing) -
This g1 €3 rise resculons o1 bype B where no mesons arce created  out wnly
sl.w n.cl..ns are prodac.d.

In . sth the uppes *wo cases msst 210 She sceondaries will e
G.d@or ed L oIure veachimg the surfuce 97 the earth, slow protons celng
stopped vy iomization and neutrons oy capiure in nitrogen,
(7} Newsrai 1 mesons o These dveceyd dmuedlately (1 < l;;‘"l,‘\ see) into Swo
photons  which oy creatl n of cloctron positron pairs Inltiute an electron
photon cascade. The numeer of particles continues to incresse oy aultipli-
cution wntil the energy or the clectruns bas degmded t> & p.int where
energy l.z28 oy lonization dominates cnergy 1.51.3:' Ly wremsstrahlung snd antil
the phuton onergles o e ccen reduced t, en extent where compton scatters
ing and phoytoeleetric w ogorptin domlnates palr production,
(k) Charged n mosons - These decay with o live time 5@ = 2.5 x 107
so¢ ints & p meeom wnd & nutring. In the marefied parts of the atmosphere
the ® meson wiil decay o e e Ing Bny cheace 4o sulfer a nuclesr col-
1ieim. Lub £ high cnorgles o r meson (> 50 Beo) 1ts life time will
increnge cnsugh duce 5o reluti Isode elTects Lo omm. ¢ nuclvar cullisions
gquite pr.oale.

The p mog.n pesses almyes freely through matter. Logses due to
sremss trehlung end poir productiun are not importent for cnergics welow
100 me . Lossces due to lonization predominctes. A p meson decays with

s liie time .1 = 2,1 x L0 g.c into cun electrun and wo autrinos.
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Becuuse .i time dilation due to rela-istic cifects p messns with ener-
cles preator than & Yew Dov haoe o chance to reach the earth sefore decay-

ing. At s.a le el p mesons consuitute a ut 80 prr cent and clecirsns

sormed oy decay end iondzanlon processes . suoaul 20 per cent of the par-

“jcoclqa incid-nt oo the earth surfuce.

e Low 1s & figare showing the comp:nent 27 & primaery cosmic

show.r.
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Fig:re 2. Components of primary cosmic ray shower.



SECTION (2)
TIME VARIAPION OF COSMIC RAY INTINSITY
I. Quelitatl.¢ treatment

m the a erage the flux i cosmic rays is constant In Intensity
cnd ¢ mpoaitim oand at lsast up to 1018 o highly is:tr.pic in the
sp.ce rurroinding the carth,

Hwe er tinm. ardctias 4o oecuwr: the ariscins that ocour due
+5 the sun wre celled solar wrdations: variationg that occur in rola-
tiom . ths e.lestial sphere are called sidereal cariatime. Jp 3111
now no delinite o.ddince exisis for .ardations with 4 recurrence relatod
s sldoresl Sim .

Un the other hand solar aristions can Lo grouped as sither
parisdic sr non-periodic.

{1) Peri.dic rluctuantions. The (luctuations are of the osrder of one
per cen; ol the averuge intensity. The periads of recurrence are:
(t.) Diurnal
(.) 27 day (duc to rotation o1 the sun around 1ts axis)
(c) 1L years {cycles of avlar actijity)
(2} Womn perisdic fluctuationg:
{a) TFluctuatins asssciutcd with soular flares.
() Iluctustione ase.cinsed with magnetic storms L1 sslar ourigin.
In th worr. d:ce here only fluctwtions agsociated with solar Ilares

were shtudiod.

Mesaurezent -1 the time veriations: DBecause time-varlation studles tare

o long time, they are emsiest done now-a-deys at least on the surfuce of

the e¢arth.
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In such cases, changing meteorological conditions will affect
‘the cosmic reys intensity as memsured on the surfuce of the earth. Hence
{or s correct Interpretation of the time fluctuastlons, one has to correct
for meteorological eifects.

This correction will of course depend upon the properties of the
particles one is deteéting; for every particle will behave differently
with respect to chonging atmospheric conditione, such s pressure and
temperature.

Before 19535, most detectors for measuring time fluctuations were
charged purticle detectors. At gea level and moderate heights, these
charged particle detectors, respond to u mescons which were produced with
sufficient ¢nergy to penetrate the atmosphere (energies > Bev) and ufter
correction for ctmospheric effects, indicete intensity variations in the
primory component of ten to twenty times thut energy.

In 1ly52, Simpson, Fonger end Treimen (7) introduced detectors that
measure the local neutron production, as indicators for primery intvensity
variastions, The mechanism of the loeal production will be discugsed in
the third section.

In the work undertsien here, time fluctustion are messured using
the method of Simpmon, et al (7).

Neutron detectors bave various adventagee over charged particle
detectors of the various meteorclogical variables, only pregssure zffects
the local neutron production. The pressure coefficient under GO0 g,n/r:m2
of atmoapher: is nbout 9.4 per cent per cm Hg (8).

Another msjor adventage 1s that the neutron detector responds
mainly to the low emergy, primory component, which shows much larger time

variations than the high energy component (8).



-y

; .
IT, Anslytic Trectment

In general « wfter correctlon for meteorologicel effects - varia-
tiung of cosmic ray intensity as measured on the surface of the earth can
ve due to either changes in the primery spectrum of cosmic rays or to
changes in the cutoff momentum values st the earth, begmuse of certain
terrestisl magnetie perturbstions. Of course the varistions cen be due
to both of the above reasons. In whut follows, the general way is shown
for @eciding on the reason of the wriation., First, one defines few terms:
(a) B8pecific yleld of neutrons 5, (N, X) glves the observed time aversged
counting rete of neutrons at & depth X in the stmosphere arising from e
unit flux of verticolly incident primary particles of charge Z and momen~
tum to charge ratio (megnetic rigidity) P/Z2 = N. It has to be mentioned
thet aceording to Vallartas work, the trajectories of o particle are deter-
mined uniguely by 1ts megnetic rigidity N,

(b) The differential spectrum for primary particles of charge is given
by JZ(N,t); 'jZ dN gives the number of particles of charge Z baving energiles
such that their megnetic rigidities lie between N and dN at time t.

Now for any magnetic lutitude there is a certaln cutoff value for
the momentum of particles srriving from a given direction, Slnce mugnetic
rigidity end momentim are comnected through the expreasion P/ L= N, one
will huve a megnetic cutoff value for each magnetic latitude., For parti-
cles arriving ot magnetic latitude A from =z zenith sngle © and szimuthsl
angle 7, the cutoff magnetic rigidity is denoted by N(A, 8, ¢). Hence the
total counting rate R (A, X, t) at time t for a neutron detector pluced

at mignetic latitude A and depth X is given by

*'I'his treatment ls based completely on the work of Simpson et al,
{Reference 7).
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Also the counting rete per unit solid angle in the vertical direction is

given by R (A, X, t) where

7 > , .
RV (?\; X, t) ‘) ,f'. SZ (NJ X) JZ (N, t) aN
7 omm

and Nv (A) 18 the megnetic cutoff rigidity for latitude in the verticsl
direction.

- The relation vetween Rv cnd R at large atmospherie depthe is given

by the cross transformation.

anv=R(1+%)

where 1/L = R (aR/ax)
differentisting equotion (2) one obtains

dR
v, _ ™ . P
T ). S, (¥, X) J,(N ) (aN /dn)
Z
(a) Variation of primary cosmic rudistion intensity:

It has been demonstrated thoet a change in the wlue of de/dl 1s
due to & change In the primury flux baving rigidity egqual to the cutoff
value at A, It hes slso been demonstruted that above A = 43° any change
in de/d% is due mostly to & change in the proton part of the primary
spectrum and not as much to the other heavier particle.

(b) Variations of magnetic cutoff rigidities:

Concerning terrestlsl magnetlc perturbations, one can state that

i
irrespective of the resson for the flattening of the neutron gatitude
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curve above the knee 52° t;; 56°, no mugnetic perturbations can sccount
for an increasse or decrease of neutron intensity above the knee. The
reason is that, a decrease in megnetic rigidities due to mamgnetic pertur-
tatlons should allow lower energies to reach mll latitudes, but the
presence of the knee itself indicates thet either there are no low energy
partlcles in the primery radiation, or that their specific yield for
neutrons is very small. Which ever the case be, it ie clear now that no
increase above the knee could be attributed to a decrease of mognetic
rigidities.

Above the knee the neutron intensity is low enough and so an
incrense In magnetic rigidity cannot influence a change above the knee,

However, a change in the marmetic rigldities will of course
effect the neutron intensity ns measured below the iknee,

In order to meke analysls of results wus shown in this section, one
needs standerdized date from meny locations of different megnetic letitude.

The work undertaken here is a representative of one such locetion,
and the only effects measured are those due to non-periodic solar distur-

bances.



SECTION (3)

THE LOCAL NiUTRON PRODUCTION

The neutrons to be measured wsre detected by LBF_ proportional

5
counters, These counters have a high cross gection fur counting only slow
neutron. Hence, one has to slow the neutrons before being efficiently
detected py the counters. Thils 1s done by using puraffin ss & moderator,
but then difficulties might arise during severe atmospheric chonges such
a8 precipitation and snow formetion.

Another problem in neutron counting is thot the counting rate for

a given qusntity of BF, gss 1s relatively low, To get a higher rate one

5
requires thet the neutrons detected origlnste loecally 1n cundensed mater-
ial by a star mechanism due to secondary particles, It will be shown L:iter
that the nucleonic component of the secondary particles is the most effec-
tive component for this mechanism. The process outlined above is defined
as "local neutron production.” The neutron production in elements is a
function of the atomic welght, The sverage number of neutron produced
locally due to = gecondary particle is celled the multiplicity of the
element; for lead st sea level znd moderate heights this multiplicity is
approximetely equal to 8 (¢). It was found experimentally (7) that 5 cm

is the optimum velue for lead surrounding the detectors so as to give the
maximum counting rate.

The local production of neutrons in the lead by star mechanism is
due to the nucleonic component of secondary particles and the meson compo-
nent, (see figure below).

Since the lifetime of nucleonlc component is long, one will not

expect any temperature effect for lecal neutron production due to the
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nucleonic compient. But for the meuonic component where life time ia
.short, an cffect 1p cxpected. However, it has besn demonstrated by
Simpson ¢t al. (7) thet the local neutron production due to mesons is

smali cnough so that temperature change can be neglected.,
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Figure %. Btar Production of Neutrons.

The neutrons detected respond strongly to etmospheric changes and

en exponentisl absorption law holds. The coefiiclent of ubsorption at

sea level cnd moderate heights is ubout -0.96 per cent per mm Hg (8).



SECTION ()

DESCRIPTION OF THE APPARATUS

AND INSTRUMENTS

I. The Pile

The geometry of the plle 1a divided into two sections A, 3, each
ha Ing three proportional counters. This gives a chech on the performence
21 any ssction.

A diwmgram 5 the pile cross section shows in Figure 4, Paraftin
i1s placed 5 e¢r the lead und on the sides tu reduce neutron intensity sut-
8ide the pile.

In Figure 5 the eamount »f lead used 1 indicuted. Notice that
inr clarity. no paratzin is shown on the top o1 the top layer of lesd,

Figure & indicates the doteils .f a single counter myderation el..-
ment. In the middle of the top inyer of parafiin is f.rmed & hole of suf-
Ficient size t, accommodats: o neutron source for chec: ing purposes.

The total umsyunt L perafiin contained In the pile s alLout 70U

kgm. The i,:tal smount of leuwd is acout 1250 kgm.
I1I. Th: Detectisn System

Euch sectin :i the pile conslsts {1 three cuunters each cennecfed
in purullel 5 an ampliiier through an intermediate stage preamplilication.

It sh:uld we mentioned thut the sutput pulses from the bF5 counters
is in the milli »1% renge. Hence it is necessary to amplify the pulses
und sepurste them irom the much smaller vetu and lethium recoil pulse
.eiore sculing the pulses tur mechanicel registration, Pulses from the

umplifier oulput are selected Ly &« discriminator which also provides the
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corrcct puls: shape for thétg:alar‘ The integrael count is recorded oy
g r-gister which 1s ph:togrophcd almg with 2 sensiti.c rarometer and o
chrmm “cr @ ery 15 minuresz. Figurs 7 18 2 ssmple 51 a pleture ta -=n
sy the comora.  Fieure 8 4s & picrturc of the mo ic 2umera and {os auba-
matic mvchunism which triggeres . ery 15 minutes.

Th scal¢r pulse wls, operate &8 c.unt rate meter where oofput
is :¢d in%. 8 chert recorder. In what follows  is described the cusice

chamciveristics 1 the disterent ¢omponenrs 510 the detectin systen.

1II. Proportional counters

+

. BUS VI ‘ .
pt w8 counters cnriched with 5 isotope Wwere used ror doetceting

+J

[

+the neut-ang., Their .persiisn dopoud upon the capture o1 neutr.ns &% L

nucl.i i1 .lloswed oy splitting .1 the resulting nuclsus according o the

1:1lowing eqution:

Lo ‘ [
5 + o — 55 -y 5Li + 2Hn

™. Li and B (@ purticl s) Zons fly apart with considern. le
cncrgy and produce intense londzatim. The Lltage across the couners

is wdjue'cd oo as . operate In the pr.p rtiosl reciom and at o far dis-

ranse sl the Lodger regln 30 as Lo detect feudtroms L en In the preseonce
JLorays.

Th cr:58 gectim or the cepturing procwss 1s Hnly large o.r
“herap, L n.utrons.  Thie is why paradifin is us.d as & moderator in .o
pile.

The somter tu.e are munuiactured by Wood Counter Lat.i ntury

U, 8. A, Thoy e ¢ the f1llowing specifications:
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Lag ure BF_ enriche 'An 3 isotope.
(1) Pure BF, enriched Y

Pressure = L5 cm Hg.
(2) Dimensi ns: Length = 34 in.
Divme . r = 1.5 in.
C.nter Wire Diameter = (.00L in,

Bac gr und: Normel < 1 c/min.

—_—
[y
o —_

Cadmium surrounding c.unter < 1.5 ¢/min,
(%) Op ru-ing rang:: Plateau 1750 . L:50 -ults

Operating Voltage 1BUU «olts

IV, Electronic and Electrical bquipment

A ioe diagrem of the .erisus electronic znd electrical instru-
ments used is shown in Figure . A snd b refer to the right and left
respectl e gections >1 the pile. Following are the vasic specifications
5t the Instruments:

(a) Regulated Power Supply: It is o« PANAX EQUIPMENT Power Unit Type
2000. This unit c:vers the runges 0-3%3000 Jolte and regulates to £1l¢ volts
at 2000 »lts : ¢r a puwer line input range of 20-133 +.lts.

( ) The sculir and discriminator are housed in one case PANAX EQUIPMENT
Counting Equipment Type L00S. An ar.itrury input pulse thresghsld of L.O
milli .l from the pr.partisnal c.unters wes ilxed. The discriminotor was
adjust.d t> such an Input .y means »f & pulse generator.

The scalcr uscs & scale o1 10 circult, Its outpue 1s fed Into s
mechanical counter on the photo pancl,

The sutput of the scaler on the right 1s alssy fed into & count
rat: meter which gl.es directly the counts per minute. The osutput of

the meter is fed divectly inty a chart recorder.
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The preamplifier and émplifier are home Luilt. Their circult

dijegrams are shown In [igures 10 and 1l respecti.ely.

Y, Test kquipment

(1) 4 2 milligram mixed Ra-De source was used sregquently t  test the
peratimn 1 the plle. The srurce produces neutron .y the nuclear inter-
actim @ eryllium .n the alphe purticles formed Irom the decay »f radium

acg rding t the equuti:n

st 4 EY ey o2 gt

The mti, 1 the counting rates fr.m the A snd B sectims of the pile
should remein c.nstent in time.

Alas during normal .psration the ratls of counting rete from
the 4 and 5 secti.ns should remain constant in time,

The source ls a product 5§ the Atomice tnergy f Cannde Lt, Its

specificatlion are as fullswa:

Nominal alue 2 mgs

Actual .&lue 2.1 mgs

Type »f s.ourcc Ré-ize Neutron source with ratis 1:13

Container Monel doulle genled Radum

5 mgm cepgule

Dimcnslons Innor Outer sheath
Jutside Diamet.r T mm 12.6 mm
Qutside Length C.U mm .7 mm
Wall = uase 2 mm 2 mm

(2) Th sceler and discriminat.r are tested occusionully vy meens of

g pulser G5Su pulaes/sec at & height 51 1.00 milli olt.



(3) Occasisnal isual tesis ere made on the sutput of the scules LYy

meansg .f sn scilloscope. Any superfious pulse can ce easily noticed,
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FIGes Te SAMPLE PICTURE OF INIOWMATION GATUERED BY FILM
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FIG. 8. ZICTURE OF MUVIE CAMDNA WITH 1713 TRIGGLRING MECHANISM
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SECTION (5)

LEXPERIMENTAL RESULTS

Recording o1 neutron counting rates he.e opeen done for the inter.al
Decemuer 1450 . April 141. During that time sume interruptions scourred
due t. instrument ur rec.rding failures. As a matter of fact no data at
21l 18 & sila.lc f.r the month f FPecruary 1961 due t» u tallure of the
m. i camera. This was unly detected after the film roll i thet munth
was de ¢loped.

The results .f the recurding are tavulated in the suLgeguent pages.
T each mnth cirregpmds three ba.les, Tuole 1 wiveg the totel vihourly
c.un-8 1 sections A and b (scals tector = 10). Teule o gi es the cih.urly

aluie 1 pressure in units of O.1 mm Hg t.. these walues 7 OU0 has L. ue
sdded. Ta.le ¢ gi <8 th: . ihourly counting rate ws in Tavle a but cor-

rected {,r .&rometric presgure at (60 mm Hg. oy meuns i the formula

NcJrre:-<:t:.f-:c1 - Nat‘)ser.ed exp. (0.0096)(76¢ - p)

where p is the pressure in mm Hg. The auv.o.e formule is & simple exponen-
tiazl a.eorptlon formula. The elue 0,009 is empirical and the number 766
1s thy o crage pressure at the locetion o0 the cxperiment. The miove two
num.erz need E.‘.}.. ve -ery saccurete for Lur purpuee here! Following taule ¢
I esch month 18 & graph representing the informetion in that taocle,

Solar ilare date -~ aa sbtained from the ualletins* -~ 13 represented
Ly sym.als on the graph corresponding to tavle ¢. The position I the

symo:le on the graph mar-s the date and sccurrence of the Ilare the shape

Qee Pretmcy.

1]

27
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2f the syme 1 corresp:nda to the importunce of the flare according to
the :11 wing nortatim:

B - rfiares ¢ importance *

A = tlarcs i imprtance 2

® = ileres of importance L.
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Berometric Rewlings - unit U.1 mm Hg

{Constant

Decemoer L.6u

I'~ [. i

sudtrocted = Tud0)

-

T
Day  w=2 2-4 bd-p 6-8 8B-io Lu-1l2 i2-l h-if 16-18 1B-20 2.,-20 2ouls
4

2

5

LW 6L, L. 6Ly Blv B S.0 5.8 6o 6M GLu Gle il
5 0 6Ll 6Ll 615 620 £i3 0 Sii 0 6L) 0 6Ly Giu 6l 60y G
6 602 6o &5 ALL HLL Bl FL: Gi Ha0 622 628 624
7 chs  Bze 628 631 631 635 6%, 65
B8 630 A3L 6L BBG 632 625 630 HiEs50 630 6L 635 63U
v By 6RO B4h 850 6h7 6h8 6Ly
10 638 635 657 642 638 63, 62y 62T &3 62y 621 b2u
1L 62y 618 621 é24 &2 611 6l2  6l2 61y 6L 66 HlLi
w2 605 6 6L8 624 626 616 6UL 0 5y 59w 68 BE 686
135 645 599 596 5u4 5w5 55l 602 625 598 548 598 6L
W 6ly 618 626 63U 630 B23 625 62y 63K B3¢ 62L 63T
15 6%4 634 6L 6US Gh2 636 632 65L 6% 657 6hL 63
B 6h: 657 633 643 B6hU H55 632 B30 £35 634 635 62
17 626 625 62y 631 625 620 620

18 631 O2h 616 62L 620 617 6Ly 6H1B
1, 6 6L, 618 62k 620 6l 6LL  6L0 616 6Ly 615 HLT
20 615 GlLL 608 616 66 66 Al2 6l BB 615 615 €L
21 6LT B2v 627

22

2%

24

25

26

27

28

et

30

31

Averuge Pressure of Month = 762.1 mm Hg.
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uncorrected Intunoiiy - Sihourly vYalues

( oL by Lu

Jarnery 161
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Tobic 2 b

Jenuery 1461

Barometrie Reudings -~ Unit = .l mm Hg

(Constant suvtructed = TU00)

GMT
Duy =2 2-b L.p 6.8 B-Llu 1o=12 1214 416 16-18 18-2. 2022 2224

1

2

o)

I

5

6

7

8 6L0 605

S 6k Buu 600 6U0 5y 575 STL 576 575 575 582 S
1w 551 588 58 545 5%k 587 58y 590 553 557 600 600
11 603 66 6lu 618 618 611 6l 65 628 631 635 64O
12  6bL 648 654 660 66U 653 650 652 65y 660 BBU 656
13 655 651 658 660 657 651 64T Hu2 6B 6hT Gk Ghko
14 638 634 6h 641 638 627 627 621 620 617 6ll 60T
15 6.0 611 ALly 625 628 622 622 631 64s 6LO Bh2 6A2
16 641 642 643 GUB 646 63U 63U 6ly B2L 615 6lu BUB
L7 597 580 575 5BL 580 565 S5Tu 580 588 590 546 5yl
18 58L 588 591 588 59k 588 588 590 592 594 59y 595
1 550 588 581 580 572 551 552 548 5kl 5k7 550 551
2e 551 555 550 569 56U 559 560 566 572 576 579 583
21 290 291 6U0 615 620 621 626 63 6h6 658
22 659 659 663 66y 668 662 665 66y 6TU 6T
25 660 656 656 6H6u 660 655 H5u 652 658 658 659 655
24 651 65U 655 66U 665 Bk 635 632 650 624 621 611
25 600 535 588 58 570 560 547 53 536 536 542 553
26 560 56C 57% 587 Sy¢ Suu 540 593 61U 616 6ly 62U
27 620 621 626 634 633 630 630 630 632 634 654 63U
28 . 63 62B 630 636 63 623 620 6A20 621 620 621 620
2 6ly 61% 613 618 61 600 558 600 By 6UD 595 60U
30 599 Suu 601 608 6V 60k 610 6LO 610 62 611 611
31 Al 666 606 605 558 588 s8L 580 SB0 575 570 565

Averuge Pressure Of Month = 761.2 am Hg.



Table 2 ¢

January L6l

Corrccted Intensities « Bihourly Values
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17  120v 1183 11l 1188 L2207 1186 1222 1184 1222 1ly2 1158 L1184
18  1lyl 1194 1198 1186 20k L1s6 1262 1222 1205 118 1118y le2l
16 1182 1170 1180 1145 l2uk 1212 118 1203 1180 11,5 1luB8 1183
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Monthly sversge = Llvi,



Table 2 C
Jonusry 16l
Corrected Intensities - Bihourly Velucs

(scale fuctor = LJ)

LMT
Day u-2 2-4 Lo 6-8 B-i0 1012 i2-lh 1ho16 16-18 18-2. 2.-22 2224
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2y 1165 168 1217 1210 ufér 1208 1180 1156 TIBH ' H‘}J
3 1157 iiBL 1817 I196 1168 1201  1i7; 1Liz7 1198 1156 T207 1200

Bl 12y 1222 Lok 1103 1154 1188 1198 1215 LL77 1215 Li7y

Hmthiy sveruge = 1lliu,
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Table 3 a
March luel
uncorrected Intensity - Bihourly Value

(Scaie factor = 1.)

GMT
Day 0-2 2-4 k46 6.8 8-10 Llu-12 12-1k 1h-16 16-18 18-2u 2u-22 22-2k

[ AR IS —l VRS b

[ Al ¢ ¢« Bt

15 187 W7h 1487 1bs2 14b)l 1kih 1h3y

16 1k2% k26 1423 1308 113 1ho6 115 b0y 1395 1359 1335 L38k
17 L%2 1584 1358 1381 138y 136L 1385 1377 13wk 1370 1366 1385
18 1384 1352 1hkOO W30 120 lelbl 1450 Lhhu
1hos W02 1435 1418 Lklh 143, 1h22 1432 1415 1399 1410 139
20  13y5 lbu3 k12 1363 L1377 1417 1ho6 139y 1367 1362 1385 1375

21 1357 1348 1364 1332 1350 1351 1385 135% 1350 1345 1346 1353
22 1328 1348 1356 1334k 1352 1%5 L1361 13h7 1370 1400 137L 137y
2% 135 1398 1372 1385 136k 1k11l 1381 1402 1403 LhO7 1431 1403
24 1hos 127 1410 1432 14S6 170 1WB8L k86 kbl 12y LhT7  LuT2
25  ILT6 148k LU60 k69 14h3 1362 1445 1h52  1hhs  14i2  1ke2  1he8

26 lhih 1419 1385 1386 1403 ko3 1380 140h 139k 1375 1382 1387
27 1338 1390 1398 140k 1418 1434 1h4T

28 1548 1554 1550 1521 1531 151% 1508 1513
29 1502 1509 1488 151z 1488 1hk7y 1481 1463 1466 1460 1488 1466
20 1493 1490 137 1h78 1487 1k7h 1WB5  1WTG  LMLE  14h5 1h16 143k

3] ibhs 1sk3 1430 1h17 1k22 1415 1418 1hhl 101 1372 1382 1381




Tsble 3 b
March 1561
Barometric Readings - unit 0,1 mm Hg

(Constant subtruocted = ToO0)

GMT
Day 0-2 2-4 46 6-8 8-10 lu-l2 12-1k 1h-16 1618 18-20 2u-22 22.24

[e2Y AN ol N AR

[ RV TN

15 560 554 561 572 584 587 550

16 590 531 597 606 6l2 612 Blu 6Ll 6Ly K22 625 627
L7 626 628 6335 6L5 64l 635 626 6235 624 626 623 617
18 611 6lc 612 582 581 580 579 573
1% 571 570 578 588 sui 588 585 542 594 600 60U 598
20 298 557 AU2 61l 6lb  Elh 61T 620 624 630 630 630

2L 630 630 6%9 6hy H50 648 6L 6kl BhG 653 650 650
22 648 6LB 652 66U 660 65C 6Ghs B4E 6L 6k 638 631
23 §28 62% 630 63. 626 6L7 612 612 6l 606 600 547
2k 588 583 580 577 5T 560 552 558 561 563 566 56k
25 558 558 561 570 57 578 57y 580 582 58y 591 5uk

26 598 601 608 618 62U 623 6L7T 66 620 626 626 6l
27 6L 608 £L0 606 600 Suu 5Ty

28 501 5wl 508 518 520 521 523 524
2y  52% 528 532 s4l 5hc 550 551 558 560 563 561 555
30 553 548 5 553 556 557 557 559 564 568 571 573

%L 570 573 SB4 590 525 59k Sl 59k 6uUs 606 605 603

Aversge Presgure ol Month = 754.5 mm Hg.

-3



Table 3 b
Mzrch 1561
Barometric Readings - unit 0,1 mm Hg

(Constant subtructed = T000)

GMT
Day 0-2 2-4 46 6-8 8-10 Lu=12 121k M-16 16-18 18-25 2u-22 22-24

O W N

O )

'_0

e
GEGRE

560 554 561 572 584 587 540

&

550 §3L 597 606 612 6l2 6lu  €lL 61y S22 625 627
626 628 635 Fhs 6Bhl 635 626 623 624 626 6235 61T
611 6iu 612 582 581 580 579 575
1y 571 570 578 588 551 588 585 542 594 600 60U 598
20 298 557 6U2 €11 614 £l ELT 620 &2b 630 63D 630

= b
m—

2L 630 630 635 6hy £50 6B B4l 6k1 6Ly 653 650 650
22 648 6B 652 660 66V 650 Gl 643 641 6hU 638 631
2% 628 623 630 63. 626 6L7 612 612 6li 60 600 597
24 588 583 580 577 S5Th 560 552 558 561 563 566 564
25 558 558 561 570 576 578 STy 580 582 58u 501 504

26 598 601 608 618 620 620 617 616 620 626 626 6L
27T 6lo 608 €10 66 600 5uyu 5Ty

28 501 5ul 508 515 520 521 523 524
2y 523 528 5&2 541 s5hi 550 55L 558 560 563 561 555
35 555 548 5 55% 556 557 537 559 564 568 571 573

3L 570 573 S84 590 55 S9k Su@ 59k 6UZ 606 605 62

Averuge Pressure ol Month = 75v.5 mm Hg.

-3y



Tuble 5 ¢
March L4561
Corrected Intensity - Bihourly Value

(scule factor = 1lu)

GME
Day Ow2 2.4 ket 6-8 8-10 10-12 12-1h k-1 16-18 18-20 20-2z 22.2h

[« ARG I — g VI 1 b I

[t & « B

15 W2y W05 1428 110 1kLl7 1395 142k

16 108 1412 1418 1407 1431 1h2h 1430 125 142k 1392 1372 1425
17 140l 1426 1408 141 1450 1413 lkad 112 1k32 ko0 W01 1410
18 1400 1407 1418 W3 1352 il ihilg o0
1y 1382 1357 1402 1400 1406 112 W00 k2o 1406 1390 1410 1293
20 1302 oo W15 1305 1398 1458  1h3l 142- 1403 0 407 1430 14y

21 hoz 1m0 k23 106 1425 1423 1h46 0 Wih Lk k24 121 1428
22 1400 1420 143k 12k 1hhg 1hho 1427 W11 1451 46C Lh28 1425
2% 138 1432 1h17 430 W03 1436 1350 2o 25 1k16 W31 Lhoh
24 1387 14Ge 1380 1397 W17 Lhlo  1bkix  lk2x 1382 1375 k26 1h18
25 k13 k2l WOl 1424 o7 k2 ks 1h22 1418 Lhoe 1hus Lhiy

26 141i W21 1307 i3 Lbse 1hss  ihlh 1428 1h2h 1414 1421 1418
27 1413 e iz k13 1818 Wl IR

28 gy 1405 112 134 W1l 1305 13us L%
29 1387 Wbl L3u2 123 1k l2 0 Lok 1417 W00 1B06 W05 142y 1308
A0 W18 11z 1376 k0% 1h2l  1h10 1k21 1418 13%2 1397 1372 1354

3L 1o IBGCH 1hIS 1kG2 1h15 1806 ihu6  1b32  1h06 138l 1390 1386

Munthly Averuge = 1412
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Tuble 4 u
April 1461
Uncurrected Intensity - Bihourly Vulues

(Scale factor = 1)

UMT
Day -2 2-4 46 6-8 8-10 10-12 12-4 1h-16 15-18 18-2, 20.22 22-24

I 1404 13k 1383 1370 1336 1358 L1357 1395 L1385 1375 1360 1377
2 1377 1351 137L 1365 1%55 1403 1410 1389 1hoo 1h25 b1y L3k
% 30 1411 1453 1431 LAL2 1460 k77 1455 k6 1BTL 1456 sy
Lo 1A75 b9y 1469 1451 1464 1511 1516 1527 1504  lhgT 1517 1516
5 150h 1483 1513 1481 1huB k86 W76 17k 1468 1h6h 17 14k41
6 1481 ko6 1hhk 1h8h 1h62 6. LW8L 1475 1h55 k48 145k k%6
7 1453 1h2u 1468 168 1448 1426 1835 I4TE 1465 1453 1459 1453
8 1ks50 1462 1453 1487 148l 165 172 1k7u 1456 1462 14S5  1WTC
g 1456 60 bl 430 1456 163 k56 b 116 ksl AR 1387
Lo ko6 43¢ W30 b0l 1416 1425 1397 1406 W17 sk 1h33 1417
11 1425 14553 WL 485 1508 1523 1507 17l 1hsk 4Tk

12 1h8% W7l 147o ikob 47T ol 1468 k7T L5 k7o 168 1450
15 1480 1468 1460 1488 1476 1465 1h88 163 1487 7y 161 LhhT
1 146h ek h62 Wb 141y 1ha7 hob Lh1b 1436 138y 1h27 142l
15 1433 W47 145k 131 108  1W30 410 LG kOl 138y 1376 1583

16 1385 1k05 1377 146G 1355 1399 12h3 1318 1388 135L 1350 13y3
17 137k L1334 1369 1353 1345 1347 1346 L1371 1332 1356 1362 13%2
18 1375 1398 1376 1372 1338 1366 13,0 1%2 1371 1372 1368 1381
1g 1376 1562 1387 1375 1373 1388 135y 102 L1374 1Ok 1400 1399
Lo 116 1ho6 1428 1403 1h23 1397 1heh  1hsi 1448 1452 1k35  14E3

2L 1456 1hk3zy 160 LLEL 1459  1kB5  LWBL 148K  1h85 162 1465 160
22 1485 1478 1465 Lheh 1hee 1482 LhE1 83 1h7o 1451 1453 1463
2% 1458 145k 1h73 1455 25 70 1456 1B4B8 k63 1462 1Sk 1463
24 1bhb hx7 1459 1hSL 1415 1454 LhbE 1433 1451 14%0 1kl 1452
25 1475 IWEC 1450 150 %6 kb 1hs2 1451 1452 1453 1he6 62

26 1472 145 1488 I1hbL7 1465 ko 1489 14k5  Lhk3 LG 1435 LkOb
27 115 108 1hk32 1408 1hal I4So  14L0 1423 14ly  1Bk5 1459 k4o
28 1446 1hush L84 1heh 1hE3 LTS 1th 46 lgﬁ? lz&g 190 1452
2y 70 1468 1480 14%2 ek WO 146 1hs6 k2 1 1358 1417
3 1h06 L1395 1405 1350 1hob W06 1340 109 L1390 1394 1hG2 11l

b



Tible 4 b

April lu6l

bBarometric Readings - Unit .1 mm Hg.

(Constant subtructed = TOUO)

GMT

Dey u-2 2-4 Leg 6-8 8-lu L0-12 12.14 L4.16 16-18 18-20 2u-22 22-2k
1 604 6lu H20 628 630 650 630 630 63T 6L Akl 634
2 631 630 632 638 633 628 616 615 6Guy B0 Su5 5u2
3 580 580 58. 581 58 581 580 577 578 575 571 566
L 560 560 560 555 547 53 528 52 530 5%0 532
5 53u 534 Skl sk 555 550 S50 553 554 568 570 56
6 565 %67 57k 576 576 573 57L 570 572 576 579 575
7 570 572 579 S8% 585 58 s8u 580 582 58 58 575
8 572 508 570 570 573 58 566 570 575 575 57l 57v
v 5T7¢ 572 5T, 587 S59u 590 589 530 59k 6ue 6o 6Ok
L0 596 546 607 615 6Hly 615 66U 60T 6GL 64 600 58
11 58v 57k - 568 558 5kl 532 538 shu ShG 550
12 550 55C 556 561 565 561 560 561 566 570 569 56U
13 551 551 556 56U 563 563 56U 560 562 570 570 569
W 563 565 STL 576 580 577 5T0 570 572 57 58u 58
15 580 581 580 594 60u SO0 597 598 600 6O3 605 62
15 600 6O 60y 613 620 6l 613 613 BLT 620 620 620
17 620 625 63L 637 640 637 631 630 63. 635 636 631
1B 630 6350 63% 638 64U 637 630 62y 632 635 636 635
1 626 620 622 625 625 620 617 614 616 6l 608 603
20 5uy 597 58 S5y 5uy Sub 58 583 580 580 576 573
2L 570 566 570 570 568 565 55y 559 S6L 567 562 564
22 559 55% 566 570 573 S7L  57v 569 568 S57h ST8 573
23 57L 576 580 583 s58L 576 57+ S5Th 57L 573 578 5=
2k 571 575 581 587 s87 5835 57y s8¢ 577 583 581 576
25 572 5T 57% 578 57+ 580 576 570 572 57% 568 550
26 548 546 558 560 557 562 S5TL 572 578 58+ 586 588
27 583 58 5% 600 597 5u3 58 581 582 581 58% 575
28 s57¢ 568 565 567 S69 56U 552  sk2 530 531 538 Sk
2 shy 552 563 572 578 580 58% 583 5.0 60G 6 6IR
30 BO% 66 612 6Ly 622 62u 618 613 615 615 61U 648
51

Aversge Presgure of Month =

s

-3 G



lI‘sA.b.LL.‘ li' s}
April 146l
Berometric Rendings - Unit O.1 mm Hg.

(Constant subtructed = T000)

GMT
Day =2 220 hef £-8 8-lu L0-12 12.14 14-16 16-18 18-2u 2u-22 22-24
1 608 Blu 620 628 630 630 60 6% 63T 6L 641 63y
2 631 630 632 638 633 628 66 615 66Uy HUD 595 52
5 580 580 580 581 58 981 580 577 578 575 571 566
L 560 560 560 555 57 5% 528 52, 530 5%0 532
5 530 534 skl sk, S50 550 550 553 559 568 570 56%
6 565 567 57L 576 576 573 STL 570 572 576 579 5T
7 570 572 57y 5835 58 58 s58u 580 582 585 58 57y
8 572 508 570 570 570 568 566 570 575 575 571 57v
Y 570 572 57% 587 S5uu 590 589 590 5%k 6ue 626Uk
L0 S9% 546 607 615 6Ly 615 600 607 GOL 6Uk 60U 585
11 580 57h 568 558 541 532 538 Shu Sk 55
12 550 550 556 561 565 56L 560G %6l 566 570 569 56
1% 551 551 556 56U 563 563 56U 560 562 570 570 56y
W 563 565 57L 576 580 577 57TC 570 572 57y 580 58e
15 580 581 58¢ 504 600 GO0 59T 598 60U 603 6US 62
16 6uu 6Ok 6Ly 615 620 6Hly 613 613 6L7 620 620 62U
17 620 625 631 637 68O 637 631 630 630 63% 6% 631
18 630 630 634 638 6Ly 637 630 620 632 635 636 633
1 626 620 622 625 625 620 617 61% 616 61k 608 603
20 5v% 597 5.8 5% 5v9 5uh 5B 583 580 580 576 573

21 570 566 5TC 570 568 560 55y 554 561 567 562 560
22 559 55y 566 570 573 571 570 569 568 57 578 573
23 57L 57 580 583 581 576 57+ 5Th 57TL 573 578 57&
2k 571 573 581 587 sSBy 583 57 586 577 58% 581 576
25 572 ST 573 578 57 580 576 570 572 574 568 559

26 548 sS46 558 560 557 562 STL 572 578 584 586 588
27 588 58y 5% 6u0 5y S5u3 58 581 s82 581 583 575
28 S57C 568 565 567 56y 56U 552 Sk2 53U 551 538 Skk
20 54y 552 563 572 578 580 58% 583 540 fuv 6 bR
30 603 GU6 612 6Ly G2 6es 6.8 613 615 615 6iv 6u8

2]

Average Presaure of Month =



Tubie b ¢
April 1561
Corrected Intensity - Bilhourly veiues

(Scale fuctor = 10)

=2 24 Lo G-8 B-lu LUel2 12-ib ibelf 1618 L8-20 2022 22.24

N BTN RS =

[ S & < B

L1o Hon k13 k12 ki KO3 ho2 WO buo B36 L2l L6
bor L6 41y bez oW bhké L3k 408 413 hk2s ko e
hoo 381 423 L2 415 L3100 LLb7 o b2 W36 b2y bl2  LoB
415 oo mgl o osun 3L 420 1y 357 392 L1z 41k
Loo %84 b2k LOL k23 K1l bul kU3 KB LIS ke 3ok

428 bLhs ko 28 k27 W30 W13 Rlz k22 40O
LoB 387 W36 b2 ke2s  Lin his Bk6 438 k3o k3s L2l
o8B Wik Lo8 kb2 4% K17 421 425 k1B k24 411 L35
Liy b8 Li2 hio W4kl k4B 4o kRl LO7 LAk hos 3y
oo k33 L 423 LS b7 k12 416 Llog Bk L33 30k

555 hlk her L2z ks k21 hih 381 37T 5
Lio 36 k1% 435 b2k k35 408 418 b51 ha2s B2l 5.0
W1l 303 3ok 428 420 Loy k28  Lo3 L3zo A3y L6 lmo
Loo kil 418 koo 28L L2 350 3¢ ol 3T YT 3wl
Yoz LuB Las k22 OB b3 kos  BO7T O K10 3gh 384 385

585 L1l 300 380 385 k28 L1z 381 580 k23
Lok 371 415 4oB 405 ko 352 LIS 37T k8 Ll6 LuB
hou b4k 427 425 28 k22 kx5 Le Lly hah L2e bal
415 32 L20 413 biov 1B 38 b23  3u8 425 K12 LOb
Likh k21 Lol W21 3 o7  hes k18 k22 koo 422

hil =88 k15 Lis L1l 425 kiy k22 hes k12 OB L0
Y23 h13 hbih L1 h2s W38 Lis k26 k22 L12 42¢ Leo
LL7 418 bhz L33z 506 hzh b17 hoy  kly kel L2i kel
Loo 366 W30 b3l 355 k28 Lk ko3 416 L413 lu, Lig
33y 415 bue k12 4O Ik 348 K6 L1O TR B

3% kb k25 387 Moo b37 W45 W3 b1 hes Lib 86
37 30L k26 LoB W16 U8 k2o 3k 3y2  Lk1e W33 hiB
Lol K6 L3 L1k L1E  Lis 4% 80 k22 41 s 68
wh3  Bb 43k 3.0 k31 hﬁé hﬁgj 30 k27 4k Ej L2y
411 hoh 423 o8 Lu7 k36 41T Lau  h1l2 L1E k1T k23

Average for Month = k15
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SuCTION (6)
ANALYSI3 OF RmSULTS
The fullowing tables show the date, time snd importance of solar

flares and the corresponding neutron counting rate sveraged for two hours

arcund the maximun time of the solar flare,

Tuile 5, Neutron Intensities During Solar Flore Time,

Count rute/2 Hr Avernge Count % Deviaciun or

Dote Time Imp. During max. Rete/2 Hr Couni Rate/2 Hr
Month a1 af of of Flare for Month From Avg.
2md Yeur Flure Flare Flare g, f. = 10 8. fo = LU Daring Flore
Duc. 1v6u 5 8%2 3 ¥8u Ly 975 +5.5 £ 1%
Dec. lube 1k ise2 2 65 £ LU 975 -l 1%
Jun. 161 28 656 L 1180 ¢ 11 1150 1% 1%
Jan. 61 2y 1504 1 1180 + 11 1150 -1 1%
Jun. LoBlL 51 151 1 1195 + 11 1150 +.5 £ 1%
March 1.6l 26 Le7r 3 ko7 £ 12 k12 1+ %
Aprii 161 5 857 1 115 £ 2 1415 Jt %

The iest culumn in the table correesponds to the percentage deviatiovn of
the counting rate at the time of the flure, Im™m the averuge rote during
the corresponding month. The calculation of the errcr in any counting
rate 1s donc LY te.ing the square root of itas value. Due to the lurge
number ol counts tazen durlng & month, the error in the average four s
month is negligivle, The average count rete 18 not approxim:tely the
same except in the last tw> months vecauge the number of counting tubes

wig not the same. During December, the pile had four tubes, in January



L7,

it had five tubes and in Merch wnd April it hed six tubes. As cen bo
cleuriy seen in the lzst culumn of the upper table no significant resalt
in the durction 21 counting rave was detected during the solar flare
asents, As o matter of fact during the whole period of study, no devia-
tion from the average greater then + (4 ¢ 1)% wes detected. This is
shown in the following table,

Teble 6., Maximum and Minimum Neutron Intensity
During Months of Ubservation.

Max. moe Min. rate Mex. Dev. Min. Dev.
Month Avg./& Hr  Apove Avg. pelow Avg. Above Avg. Beluw Avg.

Dec. YTH LOyu £ Lo 35 4 1y (¢ 1)% (4 = L)%
Jen. LG 1155 ¢ 11 2z £ 11 (3t 1)% (5 L)}
March W12 heu £ 12 1357 £ 12 {3+ 1) (b & L)%
April ihls 6o = 12 1560 £ 12 (5% L) (b = L)%




SECTION (7)

CONCLUSION

In covrtain cases such as during the peri-d .1 study underta.en
here, 1l ca 4, oecur, without a corresponding increase in cosmic rodia-
tim. However., in other cases it hus veen ovserved thut flareg bhave
produced an incresse in cosmic radi-ition, sometimes of the order of GUU
per cent or more.

In concluding this thesis, I would Llike tu glve a brief description
of & theory concerning sular flares and cosmic ruys wus developed by
Frior (lu). Part of Frior's theory is based on the following main char-
acteristics of cosmic radistion that develop - if they develop ai ull -
during solar flares:

{1) The intensity changes are osccasionally very large. For exumple, on
1y November 1944, & 600 per cent in cusmic radimiion was detected ot &
certain observation station, Menchester (England).

{(2) At a given location, the increase depends upon the detectors used.

B 5t Novemoer 193, s neutron detector {(luw energy

For exaemple, on the 19
particle detector) at Manchester, indicated an increase of 6UUb wherces

v meson detector (high energy detector) at the same location Indicated an
increase of only 11 per cent. This ot course shows that veriations

respond more to low energy particies,

(%) The intensity increase observed varies greatly with geogruphlcal luti-
tude and hence, also with geomagnetical latitude. For example, ulthough
a 640 per cent jncresse in cosmic redistion wae observed in Manchester,
Engleni (Geug. lat, 53.30° N; 2.15° W) no increase was observed in Husn-

cayo, Peru (Geog. Lat. 12.0° S; T77.3° W).

L6



IR

In his theory, Frior assumes that the sun bas no magnetic field and

that charged particles are elected during soler flares from the sun wnd
reach the earth after being affected In a complicated mammer by the
earth's magnetic field. The trzjectories of the particles were found by
means of models devised by Brunberg (1l1). His calculation at the time
when the sun 1s in the geomsgnetic latitude leads to the division of the

earth into three lmpuct zones as is shown in the diagram below.

\on‘g. <:{ef,§‘r'c¢5 west of source

270 A 7o 0
.y @n
LWl
2 Zonell  Zonel
~
9 e
bt :
. ne ]
<
E‘
a l“ - ‘ H
ALY ~ R | P - :‘
15 24 ¢ ol

Gemnagnehc. [.oc.eal h.’rn—: f‘".n:.’w:'

Figure 12. Frior's impact zones on the earth for particles
arriving from the sun for particles with rigidities
between 1 + 10 Gev, at the time when the sin lies
in the geomugnetic equation (From Rossi (121}).

The first zone refere to perticles srriving to the point of observation
without crossing the egultoriml plune, The second zone refers to perticles

reaching the point of observation after lwaving once gone through the equi-

torlsl plane., The third zone refers to particles that have gone twice or
more through the equitorial plane., The positioms of the zones change with

time &8 the poaition of the sum wlth respect to the geomsgnetic eguator

chenges.

From diagrem 12, one can say that if the sun is in the geomug-

netic equator and emits particles of rigidities from 1 to 10 Gev, then



detectors locuted at latitudss less then 25° would recelve no new radiu-

- o

tion. Alss detectors between 2 ardl %07 would see an increase in count-

A

ing rate, but without any strong local time dependence. :lso detectors
above 55° woald show an incremse with & moximum arcsund 6400,

This m>del oI Frior wes successful in explaining some of the
major flore offects except for two stations (Undhovn snd Resoluie) which
aceurding to Frior's model are sutslde the impact 2one and yet recorded
considerable increzse In cusmic redimtion during solar filares., 1In spite
ot the sceming success oif Frior's theory it is still unaolce to predict
why some golsr flares do not produce any incresse In cuvemic redliwtion,
Meybe the reason lies in the ejection mechanism during some solar flares,
for up tiil now, it is not even mnown from where do these perticles that

arrive at the e.rth originute!
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