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CHAPTER I

INTRODUCTION

A. Cosmic Ray Telescopes Using Liquid Seintillstors

‘ About ten years ago, investigators begem to employ
liquid seintillators as charged perticle dotootors;%g The
chief advantage of solution seintillators, that 1s;v§t
liquid or plastic scintillators, over the crystal sﬁintilu
lators which haéd been used previous to that time, &§ thnt
solution scintillators can be mede with much larger areas
or volumes than cen be obtained feasibly with erystals.
In much experimental work, and‘partioularly in tha‘ﬁfu‘y
of cosmic rays, where memny of the events in which oéi is
interested ere relatively rare and where a great aoéi of
date is required for at&tiatieal reqspnn,'largp aaghpﬁar
volumes enable the investigator to obteain the neaniﬁﬁry
data with 2 minimum emount of tiﬁa and expense. !bu;;
cosmic ray telescopes using liquid secintillators aa:d§~
tectors afford a wide choice of types of events with high
enough counting rates to give relisbdle stetistics,

Although liquid scintillators in cosmic ray tele-
scopes can be used to give an indicetion of the energies

of the counted particles, shower sizes, types of inter-

1
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actions with métter, etc., they cen, of course, simply
be used as particle detectors to indicate the number of
charged particles striking a certain area in a partie~
uler length of time and ecoming from 2 determined range
of direction. If two scintillator tenks are eligned
vertically with absorber placed between them, particles
detected simultaneously in the top and bottom tanks will
have traversed the absuiber. proviéea that the_tbsolving
time of the scintillator is 1cngur.than the time of tiq—
versal but not so long as to inelude many chance coin-
cidences resulting from aeﬁarato pérticlos traversing
the tanks at very nearly the same time from directions
odtside the aperture of the tolﬁsoopo. Tha'partiolba
counted by observing coinecidences in the two tanks will
be essentially those with energies in excess of that ne~
cessary to traverse the absorber plus the material 6f
the tanks and supports. The number of chance odinniuonoia
can be reduced,by.placing additional secintillator tanks
between the first two, &ll of the tanks thcﬁ being a§¢r~
ated in coincidence. If anticoincidence tanks are used
at the bottom, the energiés of the counted perticles ecan
be bracketed betwéen two energy valu@a, but if only co-
incidence is required for the'rcearded pulse the parti-
cles counted will be those with energies in excess of
some minimum energy determined by the total amount of
matter traversed by the particles. '







B, Variations of Atmospheric Orizin

In 1928, Myssowsky and Turwim, making electroscope
measurements of cosmic radiation, found that there is a
negative correlation between the intensity of the hard
component of cosmic rays and barometrie pressure.” This
is in the main due to the fact that an lncréase in preu-v
sﬁre corresponds to an increase in the amount of matter
abofe the“observatibn station; this then results invg
greater probability of the secondary particles boihéfab-
sorbed ﬁhiie travﬁlling from their region of prodgotlen
to the surface of the earth. A few years later; & neg-
ative correlation was found between the intensity gﬁﬁ
the temperature of the air at ground level, This ﬁﬁ;
been interpretea as being due to the 1nbtab111ty'o: the
ﬁu-mnson, Tor any inecrease in the temperature of the at-
mosphere will raise the region of meson produetlon'ﬁnd
allow a2 greater chance for ﬁosan decay and a cunaoannt :
£§ﬁuetion in the number of mesons reaching tho_oarﬁh;
This would mean that the temperature of interest is not
that at ground level, but the mean temperature between
the region ot.produetion and the surface of the oaith.

Work has been done on thosn effects by Duperier
who, in attempting to find the height of the production
region, found a negative correlation between the inten=~
sity and the height of tha 100 mb, pressure 1eve1‘3 In
later work he tound, in eddition to the negetive tempera
ature effect, a positive temperature effect whieh he
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found to be associated with the mean temperature in the
region between the 100 mb. and 200 mb. pressure levels.h
This wes interpreted as being due to the competition
betwhen the process of pi-meson interaction with nuelei
and that of their decay into MI=mesons .

Duperier expressed his results in the form of a

regression equation as follows:

8§1= EB+3,6H+/456T,
where §I1 is the deviation from mean intensity, &§B the
deviation from the mean barometric pressure, SH the de-
viation from the mean height of mu-meson production {usu-
ally chosen as the height of the 100 mﬁ"pressure luv?l);
and §T the deviation from the mean of the temperature
of the region between P, the chosen pressure 1av01,;and
tha’(Pj-lOO) mbe pressure level., Althougﬁ there hes been
some doubt of the validity of the'interprotaeiona lead-
ing to this formula, 1t‘qﬁa been used by many 1§vu:$1ga~
tors because of 1ts simplicity end the ease with which
it can be used in the treatment of deta by the method of
least squares,

Trefall in 1955 showed thet the positive temper-
ature effect is only in small part due to the U - « de~
cay, and is largely caused by two second order effects
of the u<e dacayas One is due to tho fact that the
mean level of meson production does not coinecide with
the usually employed reference level, while the other

is caused by the redistribution of momentum loss along







the path of the mu-mesons as a result of variaﬁion in
the atmospheric temperature distribution. He also show-
eé that the barometric coefficient in the regression
equation is not idéntical with the true absorption co-~
efficient, because about one-third of the effect dbaerv»
ed at sea level is due to the ,u-e decay.6

In 1957, Dormen treated all of the atmonphoriﬁ

effects with some rigor.7 He expresses his results in
the formula: : ho
= 68 + [win) §rn) an,

o i
where §N* is the variation in intensity due to atmos-

}Sheric conditions, &T(h) is the change in temperature
of the isobaric level at which the pressure is h, hy is
the pressure at the observation station, and #(h) ia:the
"dénsity of tempersture coefficient.” Graphs of‘w(hi
ere given by Dorman for verious geometries of doteotorn.
Mathews, in 1959, showed how the atmoaphqripﬁgor-
rection coefficients cen be obtained more aceurately by
first applying to the velues of tho’intonnity a ﬁdﬁfﬁe«
tion whieh is now to be diaouaaoﬂ.s An approximetion to
the veriations of primery origin is obtainbd by choosing
a period of 30 to 40 days during which the barameﬁrié
pregsure cuéve crosses some perticular value, B,, every
two of‘tnree deys, and then plotting the intensity val-
ueg, whieh have been smoothed by averaging, for the pres-
sure Bp as 8 function of time. The best fitted curve
through these values will yield the correction to the







6

raw dsta to be 2nelysed for aﬁmOSpheriq coefficients by
the ﬁsual regression equation, He also founé that the
tenperature of a préssure level low in the atmosphere
(in the case he describes, the 800 mbd. level) can be
used to‘advantage as the parameter T in the regression
equation rather than the usuel mesn temperature near
the proﬂﬁction level, :

Because of the incomplete understnhdihg of the
processes which cosmic rays undergo in the atmosphere,
there is still no generally accepted treatment of the
atmospheric dependent varietions of the 1ﬁtansity or

preferred method of establishing correction coeffici-

ents,

After it had been found thet the megnetic field
of the earth has én 1nf1uonec’6n the pﬁimaij éoﬁmié rayi
(the geomagnetic effect), investigators looked for vari-
ations in the intensity esssociated with time vnfiationn
of the earth's field, The first ﬂorld~iide change in
intensity was deseribed by Forbush in 1938.9 A decrease
in intensity of about 4% occurred at widely separated
stations at the time of a great'ﬁﬁgnatio storm which be-
gan on April 24, 1937. During = ﬁimilar storm in 1938
he found an appreciable correletion between the changes

in the horizontel intensity of the earth's megnetic fielsd,







o

and the variations in the cosmie ray intensity at two
stations, but little change at some other stgtiona.la
Subsequent observation has shown that there is no detail-
ed correspondence between the behavior of the field and
of the cosmic ray intensity, These decreases, whether
agsociated with magnetic storms or not, have oome’té be
&nbwn“as Forbush events.

Forbush-type decreases have been widely observed
and stuéiad. Decreases in some ceses have been as_;grgt
as 10%, end, while they are often associated with.mééneﬁp
ie storms many have oceurred without magnetic atorma.
Conversoly, magnetic storms have been observed witnout
decreasos in the intensity. This snggepta that the;gwo
phenomene are not directly related, but aro'felatodithrough
a common ceuse, The docreasea have been observed with
ion chembers snd neutron dotootora es well as counter tel-
escopes. Neutron dotectora are useful since the orroets
of atmospherie tomporature are much smgller tor neutrona
than mesons although oth«r dirrioultiac ariso in tho usa
of such detectors. Thc polar deoresses are seqn to hu
both larger and widzr‘thgn those at other 1a$1tndaa_is
would be expected because af'the trajectory dispersion
at other latitudes.llr Y
| There arpears to be & recurrence of the rorbuéh
decreases with a 27-day period sugsgesting a relation
with partieculer eress of the sun. Bome work by Venkatesan

indicates an associstion between transient decreases in

-







cosmic ray intensity and the passage of active solar

regions past the central m.erid:lan.12

On an average,

the greater the activity rating of the region, the larger
the cosﬁic ray decrease; however, it was not found to be
possible to relate specifically the decreases in terms
of the characteristics of the regions,.suoh as flares

or sunspots, His work.auppor§a the view that both the
Forbush events and the usual 27-day variations differ
only in degree and therefore could be attributed to the
seme mechenism.

A great deal of work has been done with reapoot
to the onaat times of the intonsity decreases, ot thn
magnetic atorms, anéd of solar phenomena. It may be that
the major part of the intensity dcprocsion crfoct oeeurs
near the peak in the solar eycle, and resembles a triggmr
ing mechanism rather than 2 proportional relationship

13 A decreese in o¢-particles in

with sunspot numbers,
one experimont seemed to aecur aftar the sun had xoachod
its meximum sunspot activity. ana possibly was not rU1atOl
to sunspot numbers or even to golqr‘gativity.lh Some
other work indicates that solar chromospheric eruptions,
which are followed by geamagnotio‘andvionqaphoéie é;gtur~
bances and also cosmic ray intensity ééoraasea, nay also
be preceded by alluaﬁ decrease in 1nt¢naity'2k~h8 hours
earlier.15 The above evidence seemsg to support the view
thgt intensity deqreasoa. magnetie stormn-and sol#r active

ity are related, but not by any simple correlation,

v
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Some recent work on the 6nset times of Forbdush
events at different p&fts of the world indicates e direc-
tional anisotopy that exists in the meshanism produce
ing the decreases, st léast in the early stagas.lﬁ The
depression occurs first for pa;ticles arriving from di-
rections between 300 and 120° west of the eerth-sun line,

Recent work by rentoh et al attempts to divide
the iniensity decreases into three classes all of which
are associated with soler activity.17 The first is the
11-year variation associated with the ll-year sunspot
cyele, The second is an almoet symmetrical event lagt~
ing up to two ﬁeeks and exhibiting a recurrence tendency
of about 27 days. The third class is quo up of decreases
apparently of the ?orhushQQypo which roqow@: over & peri-
0od of several days. . ' ,

: Although meny thoérios have been suggested to
agccount for the rorpuah.ovtnts'qnl other decreases ap~ =
parently assOoiatéd w&&n aclar;a?tifity,-nono hél &ttaiho
ed general acceptance as yet. !hﬁ dirtiﬁulty may lie

in the lack of correlation between the dpa:egﬁié gﬁﬂ

any particular char#etafistié\ot solaer notivlty as has

been indiceted in the discussion of the experimental

work. ; : 3

One of the first theories was proposed by Chapman
who suggested that the decreases may be caused by ring
currents induced by the earth's megnetic field iﬁ a

stream of cherged perticles emitted from the sun.18
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As the stream reaches the vicinity of the earth some of
the charged perticles ere forced into a ring-shaped path
encirecling the egrth. The radius of the ring is supposed
to be a few earth radii and the magnetic field of the
ring current is opposed to that of the earth in the re-
gion between the earth.and the ring. This would then
produce the observed decrease in the horizontal inten-
91ty.or the magnetic fielﬂ‘ét the surface of the oaéth.
Outside the ring the earth's field is reinforcedj this
will cause more particles to be deflected away from the
earth., A number of studies with respect to the’ring
theory heve indicated that the effect would be too small
to account for the decreases and, depending on the posi-
tion of the ring, could even oause'insreasga‘lg vAlsp,
the observetion by Singer in 1951 of a magnetic qt#&ﬁ
decrease at Thule, Greenland, nesr the geomagnetic pole
could not be explained on the bdasis 6f.r1ng»eurranti.2°
Some work has followed the lead suggested by Alfven
in 1946 thet the decreases aie more directly asnoaiitod
with the polarization of neutral but ionized beams of
particles emitted by the aun.21 The intensity veriations
are supposed to be due to the deoeleration.or.coamie"
ray perticles pessing through the electriec fields caused
by magnetic fields carried slong by the corpuscular beam.
This theory has been eriticized by a number of workers
chausa of the necessary assumptions with regard to the
magnetic field carried by the beam, the general field
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between the sun and the earth necessary to deflect cos-
miec reys to prevent the acceleratioﬁ of these paertiocles
by .the seme polarization fields, and & number of other
points.21

An approach which is perhaps more sstisfactory
wee indicated by Morrison in 1956.22 Insteed of an or-
dered megnetic field in the beem, a state of magnetic
turbulence is assumed, If high enough values of the
fields occur, the diffusion times of the cosmic rays '
into the beem will be sufficient to cause & decrease
whén the beam envelornes the earth. Parker modirieé this
view by suggzesting thet a turbulent megnetic c¢loud could
be captured and held to the earth by the gravitetional
field.23 This serves to lessen the raqulionnnts for
high values of the turhuloﬁt tiplds.

Singer, in 1957, suggested a model with a turbu-.
lent cloud whioh-lsfoipandingAand'in;vhichrthe cosﬁic
rays ere reflected ﬁaek end forth where the fields are
decreasing, the perticles being deéelaratod by the }n»
duced electric rields.zh

- Also in 1957, Dorman presented & refinement of
the approach first indicated by Alfven.25

More recently Piddington has supggested a2 model
to explain the variations in whiech the radial field from
a sunspot region is draiﬁ out past the eerth's orbit to
form a2 magnetic cone with closed ends.26 In an example

he cites, irregularities in the cone separsted by approx-
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imateiy half an astronomicél unit are capeble of deflect-
ing 15-Bev, protons up to 200 and completely scattering
l.5-Bev, protons.

As yet no theory to explain the Forbush-type de~
creases and other decreases has been generally accepted
end the problem still holds much theoretical interest.

In spite of the meny ettempts to relate the decreases

tb particular espects of solar activity, no strong core
respondence has been found, and it appears that the de-
creases may be due to some sort of beam which allows a
considerable varietion in its structure when it appfoaahes
the vieinity of the earth as compared to its atructufo

‘ at its source on the sun. This probably accounts for

the difficulty in formulating a satisfectory theory.







CHAPTER IT

APPARATUS

A, The Telescope and Associeted Circuitry

The telescope consists of three ligquid scintil-
lator teanks supported vertically (Pig. 1). The scintil-
lator solution volumes are cylindrical in shape, 36 in.
in diameter by 5 in. deep, and are placed with a verti-
cael distance of 10 ft. between the centers of the top
and bottom volumes ; this placement results in a vertical
half-angle of 17°. A total of & in. of lead absorber is
ugsed, L in, of absorber between the top and middle tanks
and L in, between the middle ené bottom tanks,

The scintillator tanks sre each in the form of &
cylinder, 36 in, in diameter dy 8 in, deep, with support
7 in. high, surmounted by a cone nerrowing at the top to
e flet ring, 9 in. in diameter with a centered hole, 4.5
in, in diameter (see Fig. 1). The bottom of the tank,
the side and support are made of 12 gauge steel, the cone
side of 16 gauge steel, and the top ring of 1/L in. steel
plate. The tanks are coated on the inside with a special
protective and reflective compound,

The seintillator solutions ere composed of 4.27 gm.

13







Fig. I. Diagram of the Telescope
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of p-terphenyl and 0.123 gm. of POPOP, [1, &4, =bis-2(5-
phenyloxazoyl)-benzene], per liter of toluene.

A block diagrdm of the apparatus is shown in Fig.
2. The passage of a charged particle through a seintil-
lator volume causes & light pulse which is detected by
a photomultiplier., The photomultipliers are DuMont 636L
tubes cemented at the opening in the top of oach,tahk.
They are supplied with 900 volts by a Model hO]M Power
Supply, John Fluke Mfg. Co, Inc., Seattle, Washington.
Pulses which have been amplified in the photomultiplier
eircuit (Pig. 3) are further amplified first by a‘prq-
amplifier (Fig. 4) and then by & linear amplifier-pulse
sheper with gain and discriminator oontrolu (Pig. 5).
The amplified pulses from each tank ere then eonbinld
in a2 coincidence cirecuit (Fig. 6). The voltage for the
sbove circuits, which are trensistorized, is supplied
by wet cells, Delco No. 412, DolooJRsmy, Anaaraon, In-
diana., The circuits for the preamplifiers, linear emp-
.lifier-pulse shapers and coinétdenca cirinit were design-
ed by Professor V, H, Regerer of the University of New
Mexico., The tanks were operated 1h thrée¢rola coinoi-
dence in order to reduce the number of pulses from chance

coincidences.

B. Recording Egquipment and Circuitry

The coincidence pulses from the telescope are

counted by a Beckmen/Berkeley Electronie Counter, Model
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Fig. 3. Photomultiplier Circuit
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Fig. 5. Linear Amplifier — Pulse Shaper Circuit
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7060. The counter reads for 59 minﬁtes of each solar
hour and is then scanned qnd reset by relay Bontrols
operated by a solar clock (see Fig., 7). These controls
have been adapted to the equipment in existence at the
iaboratory so that the date, the time and the number of
counts per 59-minute period ia recorded autometically
on IBM cards, : ‘
Because of the necessity of correlating the in-
tensity with the barometric pressure and atmospheriec
temperature in order to effect corrections for the vari-
ations of. atmospherie¢ origin, provision was made‘ror,
the pressure and temperature to be recorded on the same
punched cgrds &g the time and intensity. A Mieraha?9~
graph, Model No, 500029~1, Bendix Aviation Gorp.,vifiez
Instrument ﬁiv., Beltimore, Meryland, coupled by means
of & servo system to a recording Veeder-Root indiégtﬁrg
was elready in operation &t the laboretory. vh_lngif"
ML-77 Thermog;aph, Friez andé Sons, Baltimore, Iarylﬁnﬁ,
with similar recorder was put into operation to mﬁesﬁzo
tpe air temperaﬁure outside of the laboratory. The ther-
ngraph was calibrated with respect to & Model No. 2115

Thermometer, (U, S, Weather Bureau), H, J. Green, Brook-

lyn, New York,







Fig. 7. Counter Read-0Qut Control Circuit
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CHAPTER III
DETERMINATION OF ATMOSPHERIC COEFFICIENTS

A, Calibretion of Recording Equipment

The barometric pressure and air temperature aré
recorded on the punched eérda in arbitrary gnits. Al-
though for the immédiato experiment it is not necessary
to reduce these units to standard units, in order that
the atmospheric correction cooffieient§ could be related
to other experiments, the equipment was calihratod'gur
standard units. The calibration of the proasurc'iocgrd-
er had been previously done at the.laboratory and a co~
efficient of 160 pressure units per em, of Hg had been

found., The temperature recorder was calibrated and a

coefficient of 35.6 temperature units per degree centi~

grade was found,

B. Celeulation of Coefficients

There are a number of views with respect to the
determination of corrections to the intensity foi atmog-
phefic variations as is indicated in the introduction.
Regression equations have generally been used by inves-

tigators because of their simpie form and ease of treat-
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ment by the method of least squeres, Although a number
of cor:elations have been done in the form indicated by
Duperier when sufficient date from ballon flights were
aveilable, the work of Methews and others haslindicéjed
that this treatment is not completely satisfactory, and
thus no particular treatment of the atmospheric varia«
tions is generally’ aecoptod. ; :

In the present case, the data have bﬁen;éorreéteﬁ
by & regression équatioﬁ of the form: ‘

4Rc= 81[1-b(p1-p)~8(t1-€)].
where Ry is the number of connts per 59 minute pariod,
py 1is the berometric pressure and ti zno grqund leypl
air temperature at the end of the peribd, 5 and ivthé
respective mean pressnro and temperaturo over the tlrn
of operation, b and ¢ the recpcctive moan- of the daily
pressure and temperature ooefriciants whioh had been
‘esteblished by the method of 1oaat Bquares daily for
a mejor portion of the term of operation, and Rg 13 tho
corrected 1ntensity. '

The annaratus was in aporation from March 25,
1960 until May 18, 1960 for a total period of 55 dayl.
The temperature reoo?dor wes put into operation on April
7, anéd the pressure and temperature coefficients deter-
mined for 38'day§. Because of the veristions due to
soler activity, the deviations in the correetion coef~
ficients were lerger than would be expected over a period

of little solar activity, however, none of the deviations
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from the mean exceeded ks, , where 8y is the standard
deviation of an individual datum ealculation, and so

ell of the date heve been retained in the caleulation

of the coefficiénts. Thid treatment resulted in the
following coefficients:

b = = (2.62 £ 0.61)%/cm, Hg.
= - (0.098 + 0,018)%/ °C.

2] |







CHAPTER IV

MEASUREMENTS OF VARIATION IN INTENSITY

As is/mentioned in the 1ntrcdnction, the lower
1imit of the energies of the counted particles will be
determined by the amount of asbsorber placed botwdéﬁfgha

top end hottom tenks whieh are counted in coinéiaﬁﬁéi}
Since there is 8 in. of leed absorber in the toloaeapo;'
if we essume an lonization loss of 2 lun/gm./cm?"f%i 4
minimum energy of the particles will be approximatoiy
450 Mev, The tenk walls, soluttonc, supports, «to, till

cause this valuo to be raised samawhat, but this cnn be
token as & lower limit of the energies with the chando

coincidences negligible. sl
Eleotron showers are believed to have an avafggo
energy per electron orvapnroximatelj 100 Mev, at'thgir
maximum development; and sinoa their maximum devwlopumnt
is attained oonsiderably abovo the olevation of Albnqnor~
que,; ‘it is very unlikely that many electrons aro ceuntod
by the apparatus. Also it is very likoly thet the yi»
mesbnq have decayed or suffered oolliaiona by the time

they reech this level of the etmosphere, Thus it can.
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be assumed that the particles counted by the telescope
are, in the great majority, positive end negative mu-
mesons with energies in excess of 450 Mev,

Bach tank was individually calibrated for single
particles.27 The procedure was as follows!: The gain of
the emplifier was set for & rete of approximately 10,000
counts per minute. With this gein setting, the number
of counts for 5 minﬁte periods with different diserimin-
ator settings wes recorded and the differences teken,
The discriminatora of all three amplifiers were then set
et the velues whieh corresponded to the maximum in the

respective difference spectrums.

A

B, Ig_};nﬂit of ‘n-ﬂ ey

In Piz. 8 the mean intensity of mnanesoﬂa»fdz;
quarter-days 13 plotted‘for the period from Haroh 25 to
May 18, 1960. The values plotted repxesont thoao qnnrtcr-
day periods for which four or nero hours of data wnw»
availadle., The velues for the days from March 25 to
April 6 have been corrected rar pressure only. while
the remaining values have been corrected for both‘prpo-
sure and ground level air temperature. The Mean Belvoir
Magnetic A-Index dr the reports of the High Altitude lLab~
oratory at Boulder, Colorado is also shown on the seame
greph, This index is calculated from the magnetiec K-

index and is indicative of variations in the earth's
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magnetic field and in turn of solar activity.zs

As has been indicated in the introduction, invos~
tigators have not been able to correlate the variations
in mu-meson intensity with eny perticuler characteristic
of solar activity, It is evident from the graph thet ’
me jor decreases in meson intensity are somehow related
with periods of high geomegnetic end solar sctivity.

The two highest values of the A-index ocour;??
deys apart, The onset times and minimums of the fiﬁ?t‘
two ma jor decreases appear to be respectively 27 andfzs
days apart., This would seem to indicate a 27-day rqénr-
rence tendency, The shift in the minimum mey be dubito
the fact that the fall off in A-index values is ahniﬁor |
in the second case than the first, '

The decreases associated with peaks in'the,vqinqu
of the A-index seem to;peraiat for some time afver tba
periods of high A- index and ‘have é'ﬁeridd of slow r&#
eovery. The peek in the A-inacx on Mey 8 (solar day
129) spnears to have’ rurthor depressed the intenoitr
before its complete recovery from the decreasa due to
the A;indei peak on April 30 (soler day 121). A;Qinéltr
effect in lesser degree seems to‘oncusW1th reapooﬁ to
the first two peaks. 1If the 1ntennity‘decr0aue\proogdos
the increase in A-index, it is not apparént from the‘
graph, |

The above results seem to fevor a mechaniam by

which the earth enters a fairly well defined beam of
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particles, as evidenced by the onset times 1n'relat16n
to the increase in A-index, but the effect of the beam
on cosmie ray particles is somehow retained by the pafth,
as seems to be 1ndinated by the slower recovery after
the minimum in intensity. Also, the view seems to be
supported that there is no simple relation between thé
effect of the beam on the earth's magnetic field and the
effect on cosmiec ray intensity,

Vaeriations of smeller period are indicated, but
little can be surmised from the graph, nor are these

variations generally well understood,







Fig. 8. Plot of the Intensity of Mu-Mesons
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