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GHAPTER I
INTRODUCTION

A, History end Summary of the Problem

In the investigation of cosmie rays at balloon
altitudes, 1t 1s important to recognize the various
factors that affeet the total intensity et any point in
the atmosphere, The three main factors are

1, Atmospheric influences: verist ions of intensity

with atmospheric éapthl,

2, Geomegnetle influences: variations of intensity

with the geomagnetiec lat itude, and

3. Extraterrestial influences: periodie und non=

periodic variations of intensity.

If the distribution of primary cosmic rays, con=
sisting mostly of protons and alpha particles, 1s isotropic
in outer space, then & sounting apparatus located bnyond
the earth?'s atmosphere will record a constant flux of
particles, However, as these energetic particles penetrate
the atmosphere, they collide with nuelel of the air and
produce secondary par tieles. In energetic collisions of
this sort, not only heavy par ticles such a protons, neutrons,
and alpha perticles, but also light particles such as pi
end mu mesons and electrons are given off, With the

production of secondary par ticles, the number and average

1 1ist of definitions 1s given in the following
section,
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energy of the primery perticles decrease with atmospheric
depth while the total number of particles increases, A
maximim flux is reached at an atmospheric depth where the
sbsorption rate of sesondaries by lonization processes
equals the production rate. The height of themaximum
flux in the atmosphere will depend on the locel meteor-
ological conditions of temperature and pressure ss well as
the energy distribution of the incident radiatfon. Beyond
this maximum,absorption processes begin to duninito, and
the flux deereases,

The earth has a magnetic fleld and thereby ects as
a magnetic spectrometer by deflesting the charged pnrtioloa
of the primary cosmic ray beem., Near the geomagnetile
equator, where the lines of magnetiec intensity are perpen-
dicular to vertically ineident particles, & large forece acts
on the particles and permits only the most energetic to
strike the earth, Sinece the lines of magnetiec intensity
make smaller angles with vertiecally incident par ticles as
the geomegnetie lat itude increases, the cut-off energy
decreases and particles of lower energy reash the earth,
At the geomagnetie pole partieles of all energies can
strike the earth. The total cosmic ray intensity at any
ziven atmospheric depth, therefore, is dependent on the

geomagnetle latitude. Van Allen’

has recently investigated
this phenomenon, known as the latitude effect, at altitudes
up to 300 miles. He has found that beyond the atmosphere

the ratio of polar intensity to equatorial intensity is
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A
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about 10,

Extraterrestial Influences, such as & posaible
general solar magnetic r’icld., will effect the cosmie
radietion received at the earth, Sush a fleld would cut
off the low end of the energy spectrum of primary perticles
in the vicinity of the earth in the same menner as the
earth's field cuts off the energy spectrum at & given
geomagnetiec latitude, This problem has been treated
theoretically by Kane, Shanley, and Wheeler>, and Dwight>,
and experiments heve been performed to ascertain whether
a solar field exists., Due to the various periodicities
of relative orlientation in the earth-sun system, various
types of periodic varistions in primery cosmiec ray intensity
on the sarth would oesur,

Non~periodic extraterrestial influences such ais
magnetie storms on the earth and solar flares have also been
found to csuse variations in cosmiec ray intensity. Because
of the mature of these effects, they cannot be predicted
in edveance. Sinse only & limited amount of data is available,
the actual mechanisms involved ere not eclearly understood

at the present time,
B. Definitions

The following is a 1list of definitiona of terms
used in this thesis:

Atmospheric Deptht The mass of alr per unit area
(gm e; ) above any given level in the & mosphere,







Plux: The number of particles incident om & unit
aree per unit time per unit solid angle (o'm.zuo'l steradian™t).

Cut-0rf Energy: The energy of a partisle whose
treajectory is such that 1t just grazes the earth,

Impact parameter: The perpendicular distance from &
point to the extension of the original line of motion of

8 Pﬁrti‘l‘.
¢. Experimental Techniques

Experimental investigations of cosmic ray intensitles
have been made by using perticle detectors such as ionization
chambers, Geliger counters, and nmuclear emulsions. Detectors
such as ionization chambers, single Geiger counters, and
nuelear emulsions are sensitive to particles coming from
all directions, whereas with the application of coincidence
techniques, directional Iintensities can be obtained.

In the experiment described in Chapter IV, individual
Geiger counters were carried by belloons to high altitudes
to observe the total oomio: ray intensity. Several flights
were moade over a period of & few weeks to see what veriations,
if any, occurred in the maxlmum intensity. Since variations
in the maximum intensity et & given geomagnetic latitude
are caused only by extraterrestial fectors, suech variations,
if observed, might help explain some of the pesriodiec or
non=periocdic influences on the energy spectrum of primary
cosmie rays. In order that the recovery of the equipment
should not be a problem, the information from the Geliger







counter was trensmitted by radio to a recording station

on the ground.







CHAPTFR IX
THEORY

A, ¥otion of Charged Partisles in
the Earth's Megnetic Fileld

Detailed analyses of the motion of charged particles
in the geomagnetic field have been carried out by Stormer,
Vailarta, Lemaitre, and cth&ra, &nd have been reviewed by
Fami.h‘

In order to deseribe accurately the motion of
par tloles in & magnetie field, it 1s best to use the
Lagrangien formalism, 'mv Legrenglan for & perticle having
& mass m, and a charge Ze, and moving with & velooity 7
in & magnetic field of vestor potential A, is

i 2 Ze <> - !

e ‘MCJI"?" *"'E-A'V, (1)
where ¢ is the veloelty of light and @ 1s the ratio v/a.
In spherical polar co-ordinates in which A 1is thn lntituda
angle, ¢ the azimuth angle inereasing toward the ust, unfd

r the radius, the veotor petontial becomes

A P’ Cos’t (2)
where "e’,, is the unit vector at (»A$) pointing in the
direction of ineressing & ', and }- 18 the magnitude of
the earth's dipole moment. Lagrange's equations then
consist of & set of three paurtial differential equations,
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2. 4 (2s) o
X dt\oi
o503

¥hile in general 1t is not possible to obtain solutions
for these equations in closed form, 1t 1s possidle to
solve them by numericel Integrationj in this menner the
trejectory of & particle spproaching the earth can be
deseribed scourstely,

To develop the theory further, consider Legrange’s
equation in ¢ end 4: It is seen that

3% _ 4 (of
% S legl
since XL ts mdapendeut o.t@. Thuas the generalized

%)

gcomponent of angulsr momentum

1:4, a: = -vnc. [(l ‘) ] —-&-”5 A (5)

is constant and is &n Integral of the motion, Since

it follows that

1)93 W.T._—v; sz q> - %_2. 'A.Cos"x ) (6)

and the ratio

%:]ECOS’.A% + % CO:TA =b g (7)




omxl’



where b 1s the impect perameter and P is the magnetic
rigldity, po/Ze.

an {llustration of the solutlon of thie equas-
tion, consider the case of motion confined to the equatorisl
plane for nmanhc tnd A%0, Tquation (7) then besomes

biv a4 (8)
From this -mtlm ¢ can be obtained in terms of =,
i - 4
¢ = (b B ‘ JJL .
BT

Since only the coeordinstes r and ¢ ere needed to desoribe
motion ln the®U&§orial plene, & typlosl trejectory in that
plane results from the integretion of equation (9}, In

Pigure 1 is shown such & trajestory for which Zsl, pe10,3 Bev/e,
1=8,1x1025 gausa=om3, and bel.83 p,, where r, 1s the earth's
redivs, The lmportsnce of these trajestories will becomw
apparent in sestion 0, whiech deals with periodis intenaity
variastions,

Bs The Low Energy Out-ors

Consider again equstion (7) which is an integral
of the motion aince both P snd p are constant, Since

V{, T cosA ¢

)

then

b=hcosd Vb +-E—c°sl'\ )
v 4

n







Figure 1. Plot of the trajectory in the equatorial

plane for Z=1, p=10.3 BeV/c, and b=4.83 r,.
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and the Stormer relation

2) -
b= ACOS}- cos ¥ + %_C__c_;__l_

ia obtained. ¥ is the angle between v and v,, If sll

distances are expressed in terms of the hngth‘l-g; 2 80

that m@md stE ’ Qqﬁatim {10) becomes dimensionless,
2

(10)

B= R eos A ws ¥ + ‘2‘%)“ . (11)
Then 1t followa that
L Wl Y
cos X = Reon) =t | (2)

While eertain values of B, R, end N for which lwf‘\$1.
def'ine sllowed regions for the particle, other wvelues of
B, R, snd A for which|Cs¥|>1 define forbidden vegions for
the perticle, In partisular, if the energy of a particle
coming from infinity is less than 60Z BeV, then R at the
earth is less than 1, and in order for the partisle to '-
resch the earth, B must be less than 2, If this restrie-
tion on B is mbcﬁitumd-“:iﬁtb equation (12), it follows
that

Y& il aaEA
i Resh  R* (13)

Prom squation (13) it umn that perticles at & given
latitude and with e giwuuwnm ean reach the earth
only !‘!'om & cone whose half inglc is 180° ¥, 45 the
momentum decremsss, the sngle of the cone decresses until
the oriticel velue of mementum is reashed for which ¥=2180°,
This eritical momentum is called the outeoff momentum since

particlon of lower momenta than this will never strike the
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earth at thet latitude., The corrssponding ecut-off enerzy
cen be computed from relstivistic theory, Values for
the minimum cones are given in Table I for A=0° snd Asi5°,
the letter being the geomagnetic latitude of Alduguerque.

in order that ghe dependence of cosmic rey intensity
on latitude be found, equation (13) smust firat be solved
for the cut-off momentum, This i1s done by substituting
Reyp %‘f‘-. allowing ¥ to equal 180°, and solving for the
momentum, P,

- —— 2 |
13-602 [l-\ltc‘.ﬂ‘/\] . (w)

-Cos \

The numerical constants hive been evalusted so thet the
units of p ere BeV/e, Seeond, a differential momentum
spectrum for primery cosmic radlation must be assumed,
Prom experimentel date such & spestrum might be represented

by sn expressiont
an ~plehap L 1. (a8}

vhere dii 1s the nuwmber of primary protons whose moments lie
between p and pedp, If doth aqmﬂm {(14) and (15) are
sonsidered, 1t 1s seen that the latitude effeat sauses the
intensity of primary sosmie radiation to inorease wwh
lnoressing geowagnetle letitude, Verificstion of this is
showmn by the experimsntal results of Ven Allen whioh are
reproduced in Pilgure 2.







TABLE I

MOMENTUM AND ENERGY VALUES FPOR ALLOWED CONES POR A=0°
AND A=} 5°N (ALBUQUERQUE)

12

Wi RF Imem ROm e
(degrees) (BeV) (BeV/e) (BeV) (BeV/e)

180 9.4 10.3 3.83 .68

150 9.7 10.6 3.66 h.50

120 10.9 11.8 3.38 le22

90 b 1 § 15.0 2.92 3.75

60 19.6 20.5 2.1 3.22

30 AL 2,36 3.17

0 59.1 60.0 2,31 3.10







) 4 L

30 60
GEOMAGNETIC LATITUDE

IN DEGREES

Figure 2. Variastion of primery cosmic ray flux

with latitude above the atmosphere.
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variation, but also the phase, which gives a time scale
to the variation. :

In addition to the diurnal periedicity mentioned
above, intensity verlations mey be csused by the sun's :
rotatlional period of about 26 days., If there should be an
angle Dbetween the sun's exis and the ﬁrouunnd solar dipole
moment, such variation in intensity would result ntiunw
point in space because of the continual change in htliq—
magnetic latitude. For a given particle momentum, this
latitude varistlon changes the size of the ellowed cone,
and the integrated effect for ¢l 1l momenta echanges the
total intensity, Even if the sun's exis smd dipole moment
should be parallel, the fact that the ecliptic is inelined
7° from the solar equatorial plane would result in a
yearly intensity varliation, In all of these cases the
periodic variations in intensity would be observed in

experiments performed above the atmosphere,
D, Noneperiodic Intensity Varilations

There are two other types of intensity variations,
both of which are believed to be due to solar disturbances:
terrestial magnetic storms and solar flares. The former,
which decrease the horizontal component of the earth's
magnetic intensity, are uttth correlated with decresses
of as much &3 5% in cosmie ray intensity. Such intensity
variations, however, are short lived, and the intensity

returns to normal after a few days.
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Agoording to Ghapnnns the sun releases positive ions
and electrons as & result of solar disturbance, When these

particles arrive near tha narth, their trajectoriss are

deflected in opposite dtrueuions sccording to the Qpnrgo

on the particlo, eand the particles travel around thn earth
in curved paths mach 11&0 tho primary protons di:aulsad
in sestion A, above, !haaQenaving charges constitute an
elestric current, called a ring current. This curfunt
induces & magnetic fleld whiech opposes the earth's field
between the ring current and the earth, and which reinforces
the earth's fleld outside the ring. During s magnetic storm,
therefore, the terrestisl horiszontal component of the mag-
netic intensity decreases, and the cosmic ray intensity
also decreases since the stronger fileld outside the ring
deflects away from the earth certain low-energy charged
primaries that normelly would have been observed, If the
time for the solar disturbence is long compared with the
26 day solar period, a 26 day recurrence variation will
result sinee the disturbence periodically rotetes into the
1ine of sight of the earth, Various analyses suggest such
a 26-day cosmic-ray intensity veriation of about 0.4%.
Major solar disturbances produce large sunspots and
solar flares which are accompanied by sudden increases in
the cosmie ray intensity et the earth, Sinece 1937 only L
such flares have been obsovvad.é Usually the intensity
increases & proximately 10% about one hour after the flare

is first observed on the sun, and in & day drops to a sub-
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normal value as in a magnetic storm., Final recovery to
normael intensity oeccurs over several days, Several expla-
nations of the intensity inereases have been proposed,
but due to the leck of data, there is no interpretation
generally accepted as correct, Observations of the none
periodic cosmic ray varietions can be made above the
atmosphere by measuring the cosmle-ray intensity at
regular time intervals or by iun»d1lt§1y recording the

intensity varlation after an observed solar disturbance,







CHAPTER III
EXPERIMENTAL PROCEDURE

A, Equipment

The Geiger counters used in this experiment were
made of 1 inch 0.D, brass tubing having a wall thickness
of 1/6li~inch, The central wire of the counter consisted
of a 0,005-inch diemeter Kovar wire whose effective length
was § inches, The counters were filled with a 10:1 argon=-
ether mixture to & pressure of ebout 11 om, Hg.; with this
gas filling the Geiger threshold was approximetely 1150
volts., The operating point of each counter was then main-
tained at 1200 volts by a regulated oscillator power
supply whose circuilt 1s shown in Figure 3, By allowing
the eounters to regilster spproximetely 10,000 counts
prior to each flight, a counting rate on the ground was
obtained. i

Pulses from the Gelger counter were shaped into
squere waves of 1,4}5-millisecond duration by a multivibrator
end were then applied to the reectance modulator of &
rraquonby moduleted transmitter operating on a frequeney
of 103 megacycles per second. By changing the reactance
of the plate circult of the oscillator, the square waves
deviated the transmitting frequency by approximately 75
kilocyeles per seec, The 0.1 watt of r.f. power developed
by the oseillator was then radiated by a half-wave,

center-fed coaxial antenna, The complete ecireuit of the
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Figure 3. Schematic diagram of the oscillator power

supply.
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F.M, oscilletor and related components is shown in Figure
lia Pigure 5 shows the entire apperatus which measured
approximately 6"x6%18" and welighed 3 kg. A Styrofosm
case s@rvod both as a thérmnl insulator and as & shock -
absorber, o

Signals radiahod by the balloenéberno apparatus were
received at the ground ttation by a fivo element Yagl
antenns of vertiecal polarinat!on. The signsls were than‘
detested by an AN-FM ARR-5 receiver. The scounting of ‘
noise pulses wes prevented by feeding the output-cf thp,
F,u.wﬂxscriminator to a saturation amplifier so that,ail
pulse heights would be equel, An Integrating cirﬁult'mndo
it possible %o disoriminate against nolss pulses of shqrt
duration and to count only the signal pulaea of longsr
duﬁgtlnn. A schematic diagrem of these circuitn»iailhoyn
in Pigure 6, The aignal¢7vor¢ then sent to a secaling circait
and at one minute 1nt'rv#1j & clockedriven camers phet&~
graphod the seealing intirpolition 1izhts and th; snalcootuéh

regintor. The pioturta.vnrq vi:ual;y oxauina& to obtain
the counting rete of th&V”éﬁntor. ]

B, Operation

Two Dewey-Almy J8-18-800 balloons were used to earry.
the equipment aloft., The free 1if% of the balloons waa
edjusted for an aseension rate of 1000 feet per miuutc.
The balloons rose toc spproximately 90,000 feet, where ths

bursting of one balleoon sllowed the apparatus to descend,
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Figure 5, Photograph of gondola showing power supply

®%3 Geiger counter with Styrofoam case,
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Prior to each flight the wind data et high altitudes
were carefully chesked with the Weather Bureesu so that
no flights were made when. winds of excessive apeeds
(greater than 60 miles per hour) would have carried thi‘
equipment out of the 125-mile radio renge.






CHAPTER IV
RESULTS

A. History of Flights

A total of seven flights was made during the month
of April, 1954, 8ll of which were launched from the Physics
Bullding at the University of New Mexico in Albuquerque,

Of these flights, one furnished accurate data for most of
the flight, while two others geve accurate dats for only

short portions of the time in the air, No information of
consequence was obtalned from the other four flights, A

summa>y of all the flights 1s shown in Table II.,

On flights 1, 3, 4, and 5, the counters went into
continuous discharge before the position of maximum
intensity was reached. It 1s believed that due to insuf-
fielent thermal insulation of the counter at the extreme
temperatures (-60°C,) encountered, condensation of the
quenching gas, ether, took place end lowered the potential
of the Gelger threshold. For a sufficient drop in threshold,
the regulated 1200 volt power supply would send the tube
into continuous discharge and thus permenently demege 1t.
The difficulties were belleved to be overcome by thermally
insulating the Gelger ecounter in a smugly fitting Styrofoem
jacket,

On flight 2 the ccunter operated properly for the
entire flight. However, due to excessive wind velocities

aloft, the swinging of the entenns and the gondola caused



i
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TABLE IIX

SUMMARY OF FLIGHTS

Humber of Date Time Remarks
Flight Launched
195l MST A.M.
s April 3 11130 Counter went into continuous
: di.ﬂh‘!’g‘ et 30.000 .f‘.to
2. April 6 11130 Antenna swinging ceused signal
' feding, Counter satisfactory.
3. April 13 11330 Counter went into continuous
discharge at 60,000 feet.
b April 1 11230 Same as flight 1.
5. April 17 11:30 Seme as flight 1.
6. April 20 11230 No major difficulties were en-
countered,
T« April 23 11300 S8ame as flight 1.
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the signal received at the ground to fade In and out due

to changes in orientation of the balloon borne antenna
relative to the antenna on the ground, By increasing the
length of the antenna cable, and by lengthening the gondola-
belloon distance from 20 feet to 50 feet, the swinging and
consequent fading were reduced,

The counter tube in flight 7 was recovered from
flight 2, and was evidently near the end of its useful 1life
et the time of launching. After several minutes in the alr,
the tube went into contimuous discharge, .

Flight 6 was the only suceessful flight. During the
three hours of recording, the signal received at the g#§und
station wes clear and was interrupted only for short

perlods by nolse,
B. Interpretation of Data

In Pigures 7, 8, and 9, plots of the counting rate vs,
time are shown for the three falrly suscessful rlléhta.
The general shape of the curve, discussed in section A of
Chep ter 1, 1s apparent from Flgures 7 and 9, The maximm
counting rate occurred after about one hour in the alr, and
the minimum, when one balloon broke, after approximstely
one and one-hslf hours of flight, From here on the balloon
descended and the curve passes through a maximum again,
The one reliable eurve, Piguro 7, glves a counting rate of
03.1%1.2 sec™ T for the ascent maximmm at about 60,000 feet,

1

end 03,2%1.2 sec =~ for the descent meximmm, If the dead
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time of the counter 1s taken into sonalderation the true

counting rete 1is given byt7

Ns
N,= P (16)

whore N, is the true ecounting rate, ¥, the ocbserved
counting rate, and % the deed time., Inserting the measured
dead time of 1,45 mflliseconds. into equation (16), the

average maximum counting rate becomes 108%1.L p«'l.

8

Agscording to Van Allen” the totel isotropic flux over one

hemisphere for a single cylindricel Gelger sounter is:

* ).':zl«- Ny | ik
where N, 1s tho counting rate, 2, the diameter of the gm,
and 1, the length of the tube. This formmula gives &
maximum flux of 0,369%,0085 see”Yom™2 steradisn™t for
flight 6,

As seen from Pigure 8, the maximum for flight 3 waa
not quite reached, but ’67 approximate extrapolation td the
first maximum, a flux of' 6.‘3‘8 ses " lem™? atomun"‘a 1‘3_.
obtairh;d. FPor £1light 2, shown by the curve ml Figure 9.
some or all of the cmnttng rate velues beyond the first
75 minutes mey have been low due to some signel loss from
the swinging sntenna, However, by sveraging the intensities
at the first end second maxime, en averege maximmum flwt

of 0,37 seec lcm -2 steradien” -1 is obtained,







CHAPTER V

CONCLUSIONS

The effect of atmospheric depth on counting rate was
observed by sending aloft balloon-borne cosmis ray
counters. A maximum counting rate of 108°1.l sec ™t

maximmm flux of 0,369+,005 soe-l -2

and a
em < steradian™! were
obtained at an approximate stmospheric depth of ?h gmcmfz.
The ascent and descent maxima were tnll within experi-
mental error of easch other,

In 1947 Van Allen® obtained with a single Geiger
counter a primary radiation flux above the atmosphere of
0.12 sec lem 2 stersdisn ® at e geomagnetie latitude of
41° N, He obtained a peak counting rate of LO see™t at
en altitude of 65,000 feet with a counter 6" long and
0.95" in diemeter. That rete corresponds to a maximum
flux of ,257 sec”-om"> steradian™® which is naturally
smaller then the value found in this experiment since Van
Allen's data were obteined L4° closer to the geomagnetie

equator,

Wiuokl.rg has parférnod experiments similar to the'onp
described in this thesis, Witha single Geiger counter 1"
in diameter end i 7/8" long, he obtained a maximum counting
rate of 48 sec™ at a geomagnetic latitude of ;0° N, and
78 see™t at 53°N. These figures, after having been

interpolated to & latitude of L5°N, indicate 2 maximum

flux of about 0,35 aec'lomfz atoradian'l which correspéndl






favorably with the value reported here,
In conclusion, I wish to acknowledge the invaluable
advice and help recelved from Dr. R, R. Brown during the

course of these experiments,
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