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Abstract

A description of the equipment used in measuring cosmic ray
intensities at high altitudes by both balloon and airplane is given,
Results of a series of 15 balloon flights throughout the United States
and Canada are discussed,

A B=29 airplane flight to Peru for measuring the latitude effect
is discussed and conclusions drawn as to the charge of the primary
cosmic reays, In particular, time variations of cosmic rays at high
altitude are analyzed,

A series of B=29 flights made under identical conditions expressly
for the purpose of studying time variations of cosmic rays are analyzed,
It is found that there is a general pattern to the variations which
might be explained by the eccentricity of the sun's magnetic dipole
from‘the sun's rotational axis,



III

Title

Cosmic Ray Studies at High Altitudes

' Using Balloons

Cosmic Ray Studies in a B-29 Aircraft
on a Trip to Peru

Latitude Dependence of Cosmic Rays at
33,000 Feet

28



-]l e
Part I
Cosmic Ray Studies at High Altitudes Using Balloons
I, Introduct

During the summer of 1947, a group under the direction of
Dr, He V, Neher and Dr, W. H, Pickering conducted a series of high
altitude balloon flights with cosmic ray telescopes‘1?2), A detailed
description of the apparatus used is given in Appendix I, To summarize,
a new type of light-weight, all metal Geiger counter was used., Eight
such counters connected in parallel were made into a tray and three
trays were used in each telescope. The separation of the two outer
trays was such that the telescope had an aperture of about 15° on all
sides of its axis, This is to be compared with the apparatus previously
used by Millikan, Neher, and Pickering!3#4s5) where the maximum angle
from the zenith in one direction was 45° and 25° at right angles to
this, The area of the trays of counters was made of such a size that
the statistical errors in the counting ratioc were negligible in deter=-
mining the maxima of the altitude curves.

The triple coincidences were transmitted by radio to the ground
where they were received, scaled down, and recorded on a moving tape,
Temperature and pressure data were also transmitted and recorded on

the same tape,

II. Cosmic Ray Latitude Effects at High Altitudes

A description of the results of balloon flights from seven
different stations throughout the United States and Canada is given in
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Appendix II, To summarize, cosmie ray telescopes for measuring the
vertical intensity were sent aloft in balloons from stations approximately
equally spaced between Sen Antonio, Texas, and Saskatoon, Canada, All
sets of equipment, of which there were 25, were compared with a standard
to reduce all results to a common basis, The standard sets, in turn,
were compared with an accurately constructed telescope(é) which had
been used to meke an absclute determination of cosmic ray intensity in
Pagadena, Two flights were made from each of the seven stations,

Since the publication of Appendix II, an error in the corrections
has been brought to the attention of the suthors., This error is in
the corrections due to the accidental counting rete caused by the finite
resolving time of the coincidence circuits. In the corrections pre-
viously applied, only the accidentals due to random events between each
of the three trays were considered. However, there are also accidentals
due to a particle going through the top two trays in true coincidence,
and another time associated particle in the bottom tray. Similarly,
the bottom two trays may have a true coincidence associated with a
random particle in the top tray. This may be expressed by writing the

accidental rete as

A=3Keko Ke 72 + 2(Ka kye + Ke Kat) 7 (6))

where Kg, Ky, K, are the counting rates of tray a, b, and ¢; K5, and
Kbc ere the true coincidence rates of the telescopes formed by trays
a and b, and trays b and ¢, and 7”7 is the resolving time of the edlectronic
circuits, It is this second term which was neglected in the earlier

corrections, Using the same general method as used previously, it will
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be assumed Ky = Ky = K. and that the counting rate of a Geiger counter
is proporticnel to ionisation chamber readings as was the case in Indial3),
Using this data, one finds the constant of proportionality over a consider-
able range to be about 5,2 ion cn™’ ata™L, Rewriting equation (1) to

give the relative correction and considering only the second term one
obtains

e ) rrass (2)

where K is the counting rate of the telescope and I is the ionization
reading for the corresponding altitude. It should be noted that Kgp,

and Ko depend upon zenith angle distribution as well as the spacing
between trays. To simplify the computations, and since these correc-
tions amount to 7% at the very most, it will be assumed that the spacings
between trays are equal, which was nearly the case, and that the zenith
angle distribution goes as Cos?@ where © is the zenith angle, Then,
using the general expression given by lbntgomery(6) one finds that

Kbe/x 2 Kg/K = 3.3, Using a resolving time of 2 microseconds as before

4‘,}— = J54x70 T 3)

By meens of the ionization chamber date of Millikan, Neher and Picker-
:I.ng(]'o ), one has only to apply this correction from the curves given in
Appendix II to obtain the corrected curves. These corrected curves for
each of the seven stations are given in Figure 1,

Figure 2 gives the corrected values for the maximum of these curves,
The most prominent features of these curves are the facts that, (1) the
St., George curve is below that of Fort Worth, although St, George is 3°
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magnetic latitude farther north, and (2) the Bismarck curve is below
that of Rapid City although Bismarck is 3° farther north also, Such a
result appears to be in definite contradiction to the results of the
analysis of the motion of charged particles in the magnetic field of a
dipole, This analysis predicts that cosmic rey intensity should be a
non=decreasing function of magnetie latitude, The over=all statistical
probeble errors, including the calibration against the standard are as
indicated in Figure 2, It can readily be seen from this that there is a
genuine discrepancy somewhere, This discrepancy is believed to be due to
variations in cosmic ray intensity as a function of time, Indeed, this
theory is borne out not only by those reasons stated in Appendix II, but
also by additional date taken since that time,

III, Zenith Angle Telescope

Additional apparatus (not described in Appendix I) for measuring
the East=Fest offect(7’8’9) was also constructeds This consisted of a
telescope similar to those described above which was pointed at an angle
of 60° to the zenith instead of vertically. Windmill type venes were
provided to rotate the telescope in azimuth, at g rate of about one revelu-
tion per minute, A photo cell actuated by the sun's light through a
nerrow aperture determined once each revelution the telescopes azimuth
angle, This signal from the photo cell was radiced to the ground in a
wey similar to that of the barometer and thermometer units, Thus, by
interpolation, it was possible to find the azimuth angle of the cosmic
rasy telescope at any time,

Only one flight was made with this type of apparatus, that taking
place on August 31, 1947, from Fort Worth, Texas. Upon examination of
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the data taken, it was found that there was no asymmetry in azimuth
angle within the experimentel error. This was interpreted as being due
tofeulty azimuth angle determination. Additional data taken since this
time, however (see Part II), indicates that the asymmetry at this latitude
should be very small and probably beyond the e xperimental error, For
these reasons, the date is now interpreted as being valid and is here
presented,

Figure 3 shows the experimentally determined points averaged
around the complete azimuth angle, It should be noticed that they define
the curve plotted fairly well and appear to be consistant, The correc=-
tions that should be made to this curve are, (1) dead time, (2) accidentals
and (3) finite opening of the telescope., As stated before, corrections
for accidentels involve a knowledge of the zenith angle dependence as
a function of altitude, as does correction for the finite opening of the
telescope, Previously, in the corrections for the vertical intensity,
this was assumed to be constant with altitude and to vary as 00829.
This introduced only a small error in the corrections which were themselves
very small, However, this is not the case for a zenith angle of 60° as
the corrections are quite large, particularly in the case of the corrections
due to the finite opening of the telescope. A quick calculation as to
the order of magnitude of this correction may be made at 3,1 meters of
water equivalent where the zenith angle dependence is fairly well known
(see Part II), This shows that the correction may amount to as much as =
10%4. This correction may be greater at altitudes above the peak of the
curve, Since the corrections due to dead time and aceidentsls are of
approximately equal magnitude, they compensate for each other to within

s percent or two, One other cause of error in the curve should be mentioned,
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This is the increase in counting rate of the telescope due to showers
(see Appendix II), This effect is believed to be small, For these
reasons, no corrections will be spplied to the experimental curve, Thus,
one might expect the curve in Figure 3 to be of the correct shape but
perhaps about 10% too high,

A number of interesting characteristics of this curve may be noted.
If the equivalent depth of the atmosphere through which the particles
must travel is used as the abscissa instead of the verticsl depth as was
done in Figure 3, then a curve as shown in Figure 4 is obtained. Plotted
also on this same figure is the average of the two flights measuring the
vertical intensity,made at the same locality on the previous day and
on the same day, With this short time between flights, one would not
expect any time variations., If the cosmic radietion were absorbed in the
atmosphere by simple mass absorption, one would expect these curves neerly
to coincide (except for lack of corrections as discussed above), How-
ever, one notices at the peak of the curves that the data taken at 60°
zenith angle lies considerably below the corresponding vertical curve
peak and also that the peak of the 60° zenith angle curve comes at a
greater equivalent depth of atmosphere, It is thought that this can be
accounted for by a combination of the scattering and the finite decay
time of the meson as one path length is approximately twice as long as
the other, A much harder fact to explain is the fact that this relation
does not persist down to the lowest altitudes, Instead, one finds that
the two curves cross at approximately 3 meters of water equivalent and
from there on down the 60° zenith curve lies above the vertical curve,
One explanation of this is that scattering in the atmosphere might be
of much larger magnitude than heretofore thought, In any case, these
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comparisons between the two curves can neither be explained as experi-
mental errors, nor due to not having corrected for the finite opening
of the telascope,

Winckler, Stroud, and Schenck(u) have recently reported a similar
experiment which confirms the above within the limits of error,
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Part IT

Cosmic Ray Studies in a B=29 Aircraft on a Trip to Peru

I, Introduction

It has been pointed out previously that comparison between
balloon flight measurements of cosmic ray intensity is not possible
if the flights are made a day or more apart, This unfortunate circum=
stance is due to the variation of the intensity as a function of time,
There are at least two ways that one may obtain a consistent set of
altitude curves normelized to some particular time, One of these methods
is to send aleft instruments simultaneously from two different stations
and then proceed from one increment of latitude to another.

Another method, perhaps easier than the first, is to make an
airplane flight at one particular altitude covering a wide range of
latitude in a very short time, By means of the one point obtained for
each latitude, the balloon flight curves could then be normalized., One
would like to obtain this normalization point as near the peak of the
balloon curves as possible, this altitude corresponding to about
45,000 feet, However, as there are no available planes that can reach
this altitude, it was decided to normalize at an altitude of 30,000 feet
which is readily obtained by available B=29 type aireraft., From the
balloon data, it is known that the intensity at 30,000 feet corresponds

* For a more complete discussion of certain phases of this part see the
article on this subject that will appear shortly in The Physical Review
by H.,V. Neher, W.C. Roesch, and the author. Only those parts with
which the author was intimately connected are treated in detail. In
particular, the sections on corrections and a great deal of the inter-
pretations have been omitted from this discussion, Those sections
marked (T ) are taken directly from the article.
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to about 1/2 to 2/3 of that at the maximum., Thus, this altitude should
provide usable normalization data.

The flight plan was then to fly at a constant barometric pressurs
to the magnetic equator from ss far north as possible. Landing fields
mainly decided the actual course, However, in order not to become in-
volved in any longitude effects(lz) it was decided to fly on approximately
a constant geomagnetic meridian in going to the equator, This was done
by flying on the 80th West geographic meridian which very nearly coin=-

cides with a geomagnetic meridian,

II. Experiments Performed

Although the primary purpose of these flights was to obtain data
for correcting the balloon flight curves, it was also decided to perform
additional correlated experiments, The north-gsouth course of the plane

readily adapted itself to easte-west measurements(6’7’8)

and the great
woight-1ifting capacity of the plane made it possible to use lead absorbers,
In addition, there was to be a special high altitude flight (36,000 feet)
over Peru that could be used for other experiments, A list of the experi=-
ments performed follows,
1) Pressure Altitude 30,000 feet (310 gm cm™2)
A, Latitude Effect: Conbtinuous measurements both going and
coning,
1, Vertical radiation: Two independent telescopes; no
shielding.
2, Vertical radiation: One telescope; 10 cm of lead
absorber,

3. Vertical radiation: One telescope; 20 cm of lead

ebsorber,
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East-west effect at 45°: Two independent telescopes;

no absorber,

East-west effect at 4§°: One telescope; 10 cm of
lead sabsorber,

East-west effect at 45°: One telascope; 20 cm of
lead absorber.,

Wide showers: Four trays of counters, Maximum exten=-
sion, 3,5 meters,

Total radiation: Continuously recording ionization
chamber, Same as used in our sea level and airplane

surveys.

Other iments at 30,000 feet:

1.

2.

3.

East-west effect at equator: Measurements made with no
lead, 10 and 20 cm absorber at zenith angles of 0°,
223°, 45°, 673°, 90° in the east-west plane,

Zenith angle measurements: Made in north=-south plane

at 48° geomagnetic north on flight from Provo, Utah,
to Springfield, Illinois, along a constant geomagnetic
latitude., No absorber, 10 and 20 cm of lead absorber,
Zenith angles: 0°, 223°, 45°, 674°, 90°. These same
measurements were repeated on the east-west flight
along the geomagnetic equator from longitude 80° west
to Lima, Peru.

Side showers: To provide data on the corrections due
to showers from the sides to be made to the counting
rate of the counter telescopes, the center tray of

counters on two telescopes was displaced sideways out-
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side the telescope aperture, This was done both at
northern latitudes and at the equator.

2) Pressurs Altitude 36,000 feet (235 gm cm™2) over Peru:
A, Azimuthal experiments: Two hexagonal courses flown, one

hexagon rotated 30° with respect to the other, thus giving
data every 30° in azimuth, Measurements made with no lead,
10 cm and 20 cm of lead absorber, Zenith anglses: 0°,
224°, 45°, 67°.
B, Wide showers also measured.
3) Miscellsneous Experiments:
A. Counting Rate versus Air Pressure: At nearly all times

when the plane was ascending, all telescopes were turned
vertically and records were kept of outside eir pressure
versus time,

B. Calibration Checks: On several occasions on the flight,
down and return, all telescopes were turned vertically

and long runs were made for intercomparison,

III, Description of Apparatus

The cosmic ray apparatus used in these experiments consisted
essentially of three parts: (1) the cosmic ray telescopes, (2) the scal-
ing circuits, and (3) the recording equipment,

(1) Cosmic Ray Telescopes

The cosmic ray telescopes, with slight modifications, were of the
type previously described and used in balloon type experiments, In
general, they consisted of three trays containing eight Geiger tubes per
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tray connected in triple coincidence, Each trey had an effective area
of approximately 600 cmz, the spacing between extreme treys being about
3/4 of a meter, This spacing bstween trays was reduced from the pre-
viously used veluve of one meter in order to facilitate using the same
frame for two telescopes, and to increass the counting rate of the tele-
scope, Thus, three of the telescope frames contained four trays of Geiger
tubes, the top three trays being connected in triple coincidence as one
telescope and the bottom three trays connected so as to form another
telescope, Lead was placed between the bottom two trays (Figure 5)

to measure absorption in the lower telescope, Table I gives a descrip=-
tion and the dimensions of each of the telescopes., In one case, lead
was also inserted between the middle two treys as well as between the
bottom two trays.

The amplifiers and coincidence circuits were the same as those used
previously, The output pulse was taken from a cathode follower and trans-
mitted through a coaxial line to the centrally located scaling circuits,

A power supply of the regulated type was provided to supply the circuilts,
However, in order to insure continued operation of the apparatus in case
of failure of either, the power supply or the source of power, means for
battery operation was provided, This provision proved to be quite valuable
on a number of occasions, The high voltage for the Geiger tubes was ob-
tained from batteries as previously.

Egch of the telescope frames was completely enclosed in twenty-mil
aluminum for electrical shielding and physical protection, The telescopes
for measuring intensities at various zenith angles (Nos. 4,5 and 6,7)

were mounted to rotate about a center line of the airplane as shown in
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Fig, 6. Pictorial sketch showing method of mounting cosmic
ray telescopes in airplane,
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Figure 6. Since in two of the telescopes the weight of the lead was
over 200 kg. it was necessary to use quite heavy construction, The zenith
angle was obtained by means of a bubble glass and protractor as is also
illustrated in Figure 6, This method of obtaining the zenith angle
proved to be accurate to about 4°, and was satidfactory,
(2) Secaling Circuits

Apparatus was constructed to scale the counting rates of each of
the telescopes by a factor of four, It can be shown by simple consider-
ations that this scaling ratio of four is just sufficient to reduce the
number of counts missed to a neglible amount at the maximum counting rates,
If K is this maximum counting rate and 7” is the resolving time of the
mechanical recorder, then the probability that 7 counts will occur in
the time interval is given by Poisson's law, Thus, the efficiency may be
written as
& ) -k¥

e

€=1/- =3 (4)

where, in this case, .77 is the scaling ratio minus 1, i.e., 4 =1 = 3,
Using the maximum counting rate as 800 counts per minute and 7 as
0,016 sec, (60 cycle response) one finds the efficiency to be about 99,9%
which is sufficient for this experiment. A similar analysis for the rest
of the circuits shows that the other parts have even higher efficiencies.
Battery type tubes were used in the scaling circult to conform to
the rest of the circuits and make complete battery operation possible,
The scaling circuit consisted of a multivibrator pulse-shaper, two scale
of two circuits, and an output multivibrator for driviag a Cyclotron
Specialties Register*, The circuit diagram is shown in Figure 7, The

* Manufactured by Cyclotron Specialties Co,, Moraga 9, California
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Fig, 7. Circuit diagram of scaling circuit used.
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input multivibrator is of the standard type using two 1L4 vacuum tubes.

A positive pulse at the input trips the multivibrator which gives a
uniform negative pulse to the scale of two circuit regardless of the

size or shape of the :i.nput pulse, This pulse-shaping circuit was neceaséry
as considerable attenuation and distortion was found to take place in the
fairly long coaxial lead connecting the coincidence circuit to the scal-
ing circuit, The scale of two circuit is of the conventional plate feed
type except that 1N34 crystel diodes are used for isolation purposes
instead of conventional vacuum diodes, Althéugh this eliminated the use
of four additional tubes per scaling circuit, the practice is in general
not recommended as much time and effort was spent replacing crystals

that went bad in use, In the output circuit, it was found necessary to
use 1S4 tubes in order to pass the relatively large currents necessary

to drive the mechanical registers, The frequency response of the com-
plete unit without the register connected was measured to be approximately
50 KC.

Ten units of this type were built up in the form of plug-in nni‘bs'
to facilitate rapid change in case of failure, Two inputs were provided
on each unit, one of which was used to test the circuit at frequent inter-
vals by means of a standard frequency. A neon bulb indicator was also
placed on each unit so that in case of failure, attention was immediately
called to this unit,

A1l these precautionary measures proved quite valusble in flight,
as it was necessary for the two operators to keep this circuitry of almost
200 vacuum tubes and 152 Geiger tubes in operation.

(3) Recording Circuit
The readings of all the registers were photographed at one minute
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intervals by a 35 mm motion picture camera tripped by means of a clock

operated relay. The time as well as other experimental data were also

photographed in order to have as much of the data on the film as possible.

(4)

Auxiliary Apparatus

A) A shower experiment (Figure 8) was performed using four trays
in quadruple coincidence, The circuit for this unit was made by
adding another channel to one of the coincidence circuits used in
balloon work, This was necessitated as the accidental rate of the
triple coincidence circuit would have been appreciable for the very
low counting rate of the shower experiment, It was not necessary
to scale this counting rate,

B) The pressure altitude of the plane was obtained by two methods:
(1) the plane's altimeter, and (2) a recording barograph., The
plane's altimeter was calibrated by the Air Force personnel in
terms of the stendard altitude13) prior to the flight. Readings
of this altimeter were taken at frequent intervals, A Friez air-
craft continuwously recording bat;ograph, placed in the bomb bay,
gave a continuous record of the pressure altitude, This barograph
was calibrated in a vacuum tank in the laboratory and checked. within
the experimental error the planet!s altimeter, The actual eltitude
of the plane was obtained by means of a radar altimeter whenever
the flight was over water,

C) A Neher type elee‘broscope(u') was run continunously during all
the flights, Caution was teken to place it as far as possible from
any radicactive dials,

IV, Internal Celibrations t

All telescope data were adjusted by suitable correction factors to
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read what No, 1 {one of the vertical, unshielded telescopes) would have
read in the same circumstances. These calibration factors were determined
as follows:

On several occasions, both on the ground and in the air, the four un~
shielded sets were measuring the same radiation while the cosmic ray in-
tensity was constant for a sufficient time to yield an accurate ratio be-
tween counting rates, There is no significant difference between the two
methods of comparing the rates. Averasging the ratios so obtained using
the reciprocals of the probable errors as weighting factors provided the
calibration factors,

For the calibration of the telescopes containing lead absorber, datea
taken in the plane while on the ground were used. These data gave the
counting rate with the lead removed but with the iron boxes which held the
lead still in place., An experiment in which iron sheets were inserted be-
tween the trays of the unshielded telescopes gave the necessary correction
for the metal boxes, so that the above counting rates could be compared
with those of set No. 1.

This last procedure failed in one case due presumasbly to the failure
of a counter in the set, However, on other occasions its counting réte

could be compared with another set with the same absorber,



The results of the internal calibrations were as follows:

Set No. Retio of No, 1 to this Set
3 0,979 1 0.004
4 0,981 ¢+ 0,007
5 1.037 t 0,009
6 1,000 + 0.007
7 1.037 + 0,006
8 1,011 + 0.006
9 1,019 + 0.C16

(Set No, 2 was used to measure extensive showers.)

The indicated probable errors are those computed from stetistical errors

in the calibration., The above comperison gives a good experimental check

of the similarity of the geometries of the various telescopes.

V. Correctiong end Reduction to Absolute Units

The following is a list of corrections to the different arrange-

ments that need to be considered:

Ao
B,
C.
D.
E.
F,
G,

H,

Accidental counting rates.

Dead time of counters.

Effect of side showers.

Variation in pressure (eltitude).

Efficiency of recording circuit.

Variation in zenith angle of the east-west sets.

Effects of finite telescope aperture.

Effect of finite thickness of counter walls and absorption in

walls of plane,
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After the above corrections are applied, the resultant counting rate

must be reduced to standard units. Comparing our geometry with that

used by Mon'bgomery(9), we arrive at the result that our counting rates
must be multiplied by 0.0208 to reduce them to particles per sq. cm. per
steradien per minute, If we, on the other hand, assume that the intemsity
of cosmic reys at sea level has not changed since lMontgomery's determina-
tion at Pasadena, we obtain a factor of 0,0205, The mean, or 0,0206, will

be used,
IV, Flight Procedure

The flight plan is given in Table II. It should be noted that on
the flights north and south along the 80° meridien, there was an overlap-
ping of consecutive flights., This allowed a normalization between flights,
if this was found necessary. On the flight to Chicago from Inyokern,
California, the starting point, the plane was flown at 30,000 feet along
an approximate constant geomagnetic latitude between Provo, Utah, and
Springfield, Illinois, The only other special flights were the high alti-
tude flight over Peru and a shuttle flight over Chicago just before return-
ing to Inyokern, The return trip to Inyokern was made at low altitude,
The procedure during flights was as follows:

(1) A1l telescopes were pointed vertically while gaining altitude
and while descending for all flights. The rate of rise was about the
same as for the balloon flights we made in the past., This gave additional
data at several latitudes on the counting rate versus pressure with and
without lead absorber.

(2) The dials of the 9 registers, besides being photogrephed every

minute, were read visually every 10 minutes and the rates of counting
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computed immediately to give a constant check on the behavior of the
equipment,

(3) Frequent checks were made on the apparatus not only while in
the air but on the ground. An oscilloscope was used to determine the be-
havior of both Geiger tubes and circuits. Interruptions caused by these
failures were in all cases never serious.

(4) During the flights north and south, the two observers shifted
the two frameworks holding the four east-west telescopes every ten minutes
from 45° East (or West) to 45° West (or East)., Approximately 3 seconds
of time were necessary to make this shift,

(5) During the azimuthael flight over Peru at 2,35 m of water equi-
valent, the east-west sets were tipped to a given angle with the verticel
and left there for two full hexagonal courses of 360°, Two full haxagonal.
courses were agein flown with the two sets tipped at other angles. The
two successive hexagons were rotated 30° with respect to each other to
permit readings every 30° in azimuth., The time of flight along each side
of a hexagon wes approximately 10 minutes.

(6) A constant check was maintained on the reading of the altimeter
and the heading of the plane, An inter-phone system permitted communica-
tion at any time with the pilots as well as other members of the crew,

(7) The position of the plane was determined by an experienced
navigator,

(8) While flying over water the actual height of the plane was fre-

quently determined with the radio altimeter,
VII, Experimentsl Results

T
1) Latitude Effect of the Vertical Radiation:
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a) The counting rates of the two vertical telescopes without
absorber, as a function of geomagnetic latitude, are given in the upper
curve of Figure 9, Each point on the curve represents the average of
the two sets each avereged for a 30 minute interval of time, At the
northern latitudes, each point is determined by nearly 50,000 counts
giving a statistical probable error of about t 0.3%. Thus, the error in
each point from the number of counts is given approximately by the radii
of the circles (or dots). No corrections have been applied to these data.

The open circles represent the results of the trip south and the
solid circles for the trip north. It i1s seen that, in general, the agree-
ment is quite good indicating that the absolute value of the radiation
did not chenge appreciably in the intervening 4 to 11 days (see Table II),
There is, however, an indication of some fluctuations on the return flight
at about 50° North as seen in Figure 9.

b) The latitude effects taeken with the two telescopes with 10 and
20 cm of lead between the second and third trays of counters are given in
the top curves of Figure 10 (a) and (b). The open and solid points again
represent the values going south and north respectively. Since only one
telescope was used for each curve, the statistical probsble error over
the 30 minute period at the northern latitude was ¢ 1% or about one-half
the radius of a circle (or dot),

2) T Latitude Effect of the East-Wegt Effect:
In Figures 9 and 10, the lower pairs of curves give the results ob-

tained with the counter telescopes pointed east and west, without and with
lead, respectively. Again the average for each point was over three inter-
vals of 10 minutes each, The data without lead were the averages of two
independent telescopes, each alternatively pointing 45° East helf the
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Fig, 9. The upper curve gives the vertical intensity as measured
for the latitude covered. The lower curves give the intensity
at 45° west and 45° east, respectively, Each point represents
the average value over a half hour period, These measurements

were made with no lead absorber,
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point represents the average value over a half hour period,
These measurements were made with 10 and 20 cm of lead
absorber,
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time and 45° West the other half of the time, Thus, each point without
lead represents the counting rate obtained froﬁ about 28,000 counts at
the northern latitudes.

The data with 10 and 20 cm of lead were obtained with a single
telescope fbr each, The statistical probable error in each point is thus
about 1 1.,2% or again about one-half the radius of one of the circles
(or dots).

It should be noted that in certain regions of the curves with lead,
as shown in Figure 10, some of the data are missing, These gaps are due
to failure of the equipment, but fortunately do not appear to effect the
general behavior of the curves,

The above results on the latitude effect without and with lead are
now corrected for side showers and multiplied by the factor 0.,0206 to re-
duce the data to particles cm @ min™l steradien™ . The reduced curves
are given in Figures 11 and 12, The side shower correction applied to the
telescopes without lead amounted to, at northern latitudes, a reduction of
12,8% for the readings of the vertical telescopes and 18,5% for those
tipped at 45° to the vertical*,

3) Latitude Effect of the Total Radiation:

The results obtained from the ionization chamber, reduced to ions
em=2 sec™l at one atmosphere of air are given in Figure 13, The error in
each point is approximately + 1.,5% as determined from the scatter of the
readings of the five-minute individual discharges on the film,

4)  East-West Effect at the Equator:

The results of the measurements made on the east-west effect at the

* For a full account of the method used in obtaining these values, see
W.C, Roesch, Ph.D, Thesis, California Institute of Technology (in press).
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equator are included in Appendix I11(15),
5)  Azimuthel Effect at the Magnetic Equator:

Figures 14 and 15 show the variation in intensity as a function of
azimith angle for various zenith angles with and without lead absorbers
respectively., Each point gives the counting rate averaged over a ten
minute period. This results, for example, for no lead absorber in an
error of 0.,7% for each point at zenith angle of 45°. In the case of

the telescopes with lead, the error is about three times this amount.
6) Remgining Results:
Results were also obtained on the following measurements which,
however, will not be presented here.
a) Measurements on wide showers as a function of latitude.
b) Measurements on wide showers as a function of altitude.
¢) Intensities as a function of zenith angle at northern latitudes.
d) 1Intensity as a funetion of altitude.
e) Altitude of the airplane as a function of latitude for constant

air pressure,

VIII. Discussion of Results

From an inspection of the experimental data presented abbve,a number
of interesting conclusions may be drawn without going into a detailed
analysis of the data. These results are as follows:

1)  Latitude Effect at the Vertical

a) An inspection of Figures 9, 10, 11, 12 and 13 shows that the

variations of the vertical intensity both with and without lead

absorber as well as the total radiation as measured with an ioniza-

tion chamber, are a2 continuously increasing smooth functionsof lati-
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over Peru without lead absorber,



22 b

8

10 CM PB

UTE
n
o
o

o

o
|
»
HEE

20 CM PB ‘ ‘

TRIPLE COINCIDENGES PER MIN

0° 90° 180° 270° 360°
AZIMUTH ANGLE

Fig, 15. Azimuthal effect measured at an altitude of 36,000 feet
over. Peru with 10 and 20 cm. of lead absorber.



-23-

tude for a constant atmospheric depth, The fact that these curves
are continuously increasing is to be expected, as was stated in
Part I. The smoothness of the curves indicates that the momentum
spectrum of the primary incoming particles is also a smooth curve.
This is not what was expected by Millikan, Neher, and Pickering!l®)
on the basis of the atom annihilation theory,

b) Further inspection shows that there is approximately the

same ratio between penetrating and non-penetrating radiation at

the equator as at northern latitudes, i.e., there is the same lati-
tude effect for each,

¢) As was originally stated at the beginning of this Part, the
main purpose of this experiment was to obtain data which would
pernit a normalization of the curves given in Part I as well as
additional balloon type data obtained by Millikan, et a1(3»10)

The data given in Figures 11 and 13 proved satisfactory for this
purpose, A more detailed account of time variations will be treated
below, but let it suffice here to say that the curves given in
Figures 11 and 13, though made over a period of 1l days, did not
change appreciably during this period, Direct evidence for this

is indicated in Figure 9 where the experimental points are plotted
and no essential difference is noticed between the flight south and
the flight north,

The normalization was accomplished by multiplying all values
at a given latitude by a factor which made the point at 3,10 meter
of water equivalent (30,000 feet) agree with that given in Figure
11, It is thought that this procedure is justified by the similarity
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of the altitude curves for adjacent latitudes, A consistent set

of altitude curves permits the determination of the primary momentum
distribution(3 ) of the incident cosmic rays for a range of about

2 to 15 Bev/c.

East-flest Effect

a) An account of the east-west effect at the equator is given in
Appendix III., To summarize, the conclusion is drawn that it is not
necessary to assume a different primary particle to account for the
penetrating and soft components at the equator and that it is likely
that one kind of incident, positively charged primary particle will
suffice.

b) The east-west curves given in Figures 11 and 12 are consistent
with the analysis of the motion of a positively charged perticle in
the field of a magnetic dipole as given by Vallartall2), This in-
dicates glso that in the momentum range considered in this analysis,
the number of negatively charged particles is small with respect to
the number of positively charged particles, if any negatively
charged particles enter into the primary component of cosmic rays
at all,

Azimuthal Effect at the Equator

From the data given in Figures 14 and 15 combined with the data
given by Vallarta, it is possible to make an analysis of the momen-
tum distribution over a range of 9 to 33 Bev/c. This, combined
with the measurements made at the vertical, carries the momentum
distribution determination over a total range of 2 to 33 Bev/c,

The smoothness of the curves indicates that this distribution is

also smooth and continuous.
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IX. Time Var;a‘b;ong*

A study of the varistion of cosmic ray intensity at sea level and
on mountains as a function of time has been carried on by Forbush(16s17)
for a considerable number of years with a Compton type ionization chamber.
The general conclusions from this type of investigation is that there
ere at least four types of variations, Two of these, the (1) diurnal
and (2) annual variations are thought to be understood to at least a
fair degree. Attempts have been made to explain these by a combination
of a change in the earth's magnetic field due to ionization changes in
the upper atmosphere, and by a change in the path length through the
atmosphere due to atmospheric heating, Another type of variation is of
the type (3) measured by Neher and Roesch(ls) and is characterized by an
essociated solar flare, The remaining variations, (4) are grouped to-
gether for simplicity and as yet no definite periodicity has been found
or satisfactory explanation has been put forth, These variations at sea
level may amount to a few percent over a few months or less,

Since the flights took place in considerably less than a month, it
is impossible to investigate any annual variations; however, any effects
from each of the other three may be investigated. In inspecting any of
the data taken on these flights, particular emphasis was placed on the
vertical intensity with no lead absorber and ionization chamber data,
This is justified by the following:

(1) These two measurements are statistically more accurate than any
of the other measurements,

(2) 1If the variations are due to changes in the primary momentum

* For some excellent papers on this subject, see the report on the Sym-
posium on Cosmic Rays held at the University of Chicago, June, 1939,
(Rev. Mod. Phys, 11, 122-296 (1939))
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distribution, one would expect any variations that do show up to be larger
percentage-wise in the two measurements chosen,

(3) A comparatively large amount of data is available on both the
vertical intensity and ionization density,

(4) Interpretation of the two measurements chosen is the simplest,
and possible formulation of a theory as to the causes for these variations
is promising,

An examination of the flight data for diurnal variations ylields a
negative result within the experimental error which may be placed at 1
to 2%, Excellent opportunity for detection was afforded on Flight No. 4,
from Inyokern to Chicago, as this flight was made during the night and
over a constant magnetic latitude. No change in intensity was detected
while on this constant magnetic latitude, nor were the values measured
appreciably different from those measured a day and a half later on another
flight at the same magnetic latitude,

With the generous cooperation of Dr,. Nicholson of the Mount Wilson
staff, an examination of both the solar activity and the magnetic inten-
sity during the flight was made, The period was characterized by low solar
activity and only nominel magnetic disturbances, One solar flare of magni-
tude 2* actually occured while the airplane was at altitude on June 9,
at 2052 to 2058 G.C,T. No abnormalities, however, were observed in any
of the cosmic ray measurements made at this time.

In order to provide better curves for close examination, Figure 16
and 17 are given, Figure 16 gives the individual ten minute averages of
the two vertical sets without lead for the complete flight south and

* Solar flares are classified as, (1) small, (2) large, and (3) extra-
ordinarily large.
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Detailed plot of the ionization density as a function of
magnetic latitude. Each point represents the average
value for a 5 minute period. The flight numbers are given
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north, Figure 17 gives corresponding data for the ionization chamber
over five minute averages. It can be seen from these curves that there

is remarkable agreement between the flights to and from Peru, except for
a few isolated instances, In particular, the comparison is quite satise
factory except for discrepancies at Northern latitudes, This diserepancy
manifests itself in the same manner in both the vertical counting rate and
ionization chamber data by Flight No. 11 being about 2% below the corres-
ponding Flight No, 5. Thus, it appears that these erratic variations are
predominant at northern latitudes, This is the same conclusion arrived
at in Appendix II,



Part III

Latitude Dependence of Cosmic Rays at 33,000 Feet™(1%)

I. Introduction

In an attempt to continue the study of time variations of cosmiec
rays at northern latitudes, a series of eight flights to be made as
nearly identicel as possible was planned. By making these flights over
the knee of the latitude curve, i,e., over the region where the intensity
ceases to increase with latitude, it wes hoped that some sort of a syste=-
matic variation could be detected. |

The equipment used in these flights was identical with that used
on the flights to Peru and consisted of only two cosmic ray telescopes
and a Neher type ionization chamber, The telescopes were without lead
absorber and were maintained in a vertical position, This reduction in
the total amount of equipment was mainly necessitated by space limite=-
tions in the airplane, For this reason, also, the two telescopes were
put into a single frame by interleaving the Geiger counter trays. In
this way, the frame contained six trays of Gelger tubes which made up
two otherwise completely independent telescopes. The recording method
was changed only in that visual readings were taken instead of photo=
graphic, Battery operation was used throughout the flights because
the plane's power was fully used by other equipment and no other power

was available,

#* The materisl in this part was presented at the Winter Meeting (1949)
of the American Physical Soclety at Berkeley.
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II. Description of Flights

Flights

A series of eight flights were made on the dates shown in

Table III,
TABLE III

1ight No. Date Iime of Sterting Time of Finishing

B=1-/8 July 20 1300 GCT 2100 GCT
2 July 26 1700 GCT 2200 GCT
3 July 28 1600 GCT 2200 GCT
4 August 11 1700 GCT 2300 GCT
5 August 12 1700 GCT 2300 GCT
6 August 17 1800 GCT 2200 GCT
7 September 23 2000 GCT 2300 GCT
8 October 21 1700 GCT 2400 GCT

It was planned that all flights should be made flying north and
gouth on the 117 West Meridian between the borders of Canada and Mexico
at an altitude of 33,000 feet standard atmosphere (2,70 meters of water
equivalent). This altitude was primarily determined by other experiments
being performed at the same time by other occupants of the plane, All
flights, except Number 5, were made as planned., Due to engine trouble,
Flight No. 5 was made at an altitude of 30,500 feet (3,00 meters of water

equivalent), For this same reason, Flight No, 7 was terminated premeturely.

III., Experimental Regults
1) Telescope Data



-JO-

Figure 18 shows the average of the counting rates for the two
telescopes taken over ten minute intervals plotted as a function of
geographic latitude., For convenience in comparison of the different
curves, they have been plotted one below another using depressed ordi-
nates. The crossed circles are those points obtained while going north,
the plain circles while going south. The readings of the individual
telescopes were at all times consistent with each other, This congistency
was one of the main weys of determining that both telescopes were func-
tioning properly. By averaging the two readings, better statistical
accuracy 1s obtained than considering either of the two telescopes sepa=
rately, No corrections of any sort have been made to the points plotted.
This will not prevent an analysis from being carried out on this data as
any corrections that must be applied will very nearly be the same for each
point plotted and will only amount to a few percent,

If we assume that the points plotted should define a smooth curve,
the scatber of the points is mainly due %o two causes, The first and
most definitely calculable is that due to the finite number of counts in
each time interval, The second cause for the scattering is the altitude
variations of the plane, An effort wes made in flying the plane to never
be off more than #% 100 feet., From noting the altimeter reading at fre-
quent intervals, the mean probable error in altitude on a typical flight
was found to be 40 feet. It is believed that errors due to the altimeter
which responds to changes of altitude of ten feet, is negligible, as com-
parisons could be made between the three different altimeters in the
plane, By using altitude curves obtained with balloons, the probable
error for each point can then be computed and is approximately 3%. This
is mainly due to altitude variations and is given by the size of the
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. Fig, 18, The counting rates of the average of the two cosmic ray
telescopes plotted as a function of geographic latitude
for ten minute intervals, Note that Flight 5 was made at
an altitude of 30,500 foet, all others at 33,000 feet
standard atmosphere, Crossed circles are going North,
circles going South,
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circles in Figure 18.

The curves through the points have been drawn in by eye as seemingly
giving the best fit to the points. This subject of curve fitting will
be discussed in more detail later.

2) Electroscope Data

Figure 19 shows the corresponding data taken with the Neher type
ionization chamber, Here the probable error of each point is due to the
inaccuracies in measuring the rate of discharge trace on the recording
film, and the variations of altitude of the plane as before, The pre-
dominant error in this case is not the plane's altitude but is the film
measurement, It should be noted that in averaging the ionization over
a five minute period, the number of particles passing through the chamber
is large enough to reduce the statistical error to a negligible amount,

Again the curves drawn have been fitted by eye. It should be noted
that there are only five flights for the electroscope data, This is due
to the film jamming on the beginning of the sixth flight and escaping

detection until after the completion of the last flight.

IV, Statistical Analysis of Data

In drawing the curves through the points plotted in Figures 18 and
19, a considerable amount of personal factor enters into just how the
actual curves should be drawn, For example, the way Flight No. 1 was
drawn for the telescope data, it appears that there are two, and possibly
three plateaus in this curve, That is, there are regions where there is
little change in intensity over a considerable range of latitude. The
way Flights 2 and 4 have been drawn also seem to indicate a plateau charac-

teristic, but it is noticed that the plateaus start and end at different
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latitudes, This same characteristic also appears in the ionization
chamber curves which correspond quite closely to the vertical intensity
curves,

To find out if one was justified in drawing the curves with plateaus
and to obtain the best fit to the experimental points, a statistical study
of the above data was carried out. The method used is that known as the
X2 (Chi square) test(‘?'l) which has been developed to a considerable ex=
tent for testing hypotheses about frequency distributions, In this parti-
cular application, certain simple analytic curves were chosen and then
the probability of their validity tested. This is done by comparing the
mean square deviation of the experimental points to the theoretical mean
square deviation (sometimes called, expected mean square deviation).

1) The XR Test

let us define X° in the usual way as
71
2 - (M" - m—. )l
X Z pr== (4)
=/

where m; is the difference of the velue of the ordinate (counting or ioni-
zation rate) of the gth point from the value given by the curve at the
corresponding latitude, m is the expected mean square deviation of the
points from the mean, and n 1is the total number of points defining the
curve, Then, the probability of obtaining a sample of m's for which xR
is greater than an assigned X2, say on, is given by*
o g% FX)

Pixtsxg) = | L€ dXT

| X' 27 ['(4)
where d is the degrees of freedom of the system and /?;—")is the gamma

* For a derivation of this expression, see for example, reference 21,
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function defined in the usual way by

N (A
[ [é’ ¢ dt ()

It is obvious that Xz is never negative and may vary from O (when
there is no difference between the observed and expected deviation) to
very large values, As X% varies from 0 to co s the probability P
given by (5) decreases from 1 to O, Fisher(22) has prepared a table of
this integral for a wide range of 12 and d, and says:

In preparing this table we have borne in mind that in
practice we do not want to know the exact value of P for any
observed X<, but, in the first place, whether or not the observed
value is open to suspicion., If P is between O,1 and 0,9 there is
certainly no reason to suspect the hypothesis tested. If it is
below 0,02 it is strongly indicated that the hypothesis fails to
account for the whole of the facts, We shall not often be astray

if we draw a conventional line at 0,05, and consider that higher
values of X< indicate a real discrepancy.

2) Application of the X Test

The choice of the type of curve to assume as well as the number of
experimental points will determine the degrees of freedom d. The more
complex the curve chosen, the fewer the degrees of freedom. This may be
expressed as d = n = 7 where 7 is the restrictions on the degrees
of freedom, For a straight line # = 1, for a parabola # =2, for t
straight lines d = n = {2t = 1), ete, Thus, it can be seen that analytic
curves must be chosen if the degrees of freedom are to be determined, and
the complexity increases enormously as the more complicated analytic ex-
pressions are fitted to the experimental points by a least square method.

The expected deviation may be obtained by two methods for the
comnter data, One method is to compute the probable error from the count-
ing rates and from estimates of the plane's variation in altitude, as was

explained previously, and then to divide this probable error by 0,67 to
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obtain the standard deviation., If this is done, the standard deviation,
which is the expected deviation, is found to be 7 counts per minute for
a counting rate of 900 counts per minute., The other method of obtaining
the expected deviation is to use data obtained when the coumting rate of
the sets should have followed a normal distribution about a constant mean
value, An excellent opportunity for this sort of an analysis was afforded
by the data taken while flying east and west over a short course on both
sides of the 117 West Meridian at 40,8° N Latitude on Flight No. 3.
This shuttling back and forth took place for over two hours and was iden-
tical with other flights except that there was no change of latitude dur- -
ing this time and one would expect the mean intensity to be constant,
Using this data and the usual definition of standard deviation, i.e.
_ « B
S0 - [y #= [ =~ 2
[

one obtains a value of 8,2 counts per minute, This is in good agreement
with the other value given above, Similar analysis on the electroscope
by the second method yields an expected deviation of 2,6 ions en™3secLata ™,

Due to the nature of the curves and for simplicity, an attempt was
made to fit the experimental data by a series of straight lines, As an
example of the procedure used, a detailed account of the analysis given
Flight No, 1 is presented,

3) X2 Test of Flight No, 1

Figure 20 shows a plot of the experimental points for the counter
telescope on a greatly enlarged scale, Also shown are the three combina-
tions of straight lines which were chosen to be analyzed. These consist
of:

A, Single straight line.,



34 a

(*L//

900 —, ° o o}
w
’._ o
2 A
= //
L 850 e .
& -]
2 o 1/ o
2 .
=)
(@]
) /

80 o

32 36 40 a4 48

GEOGRAPHIC LATITUDE

Fig, 20, A detailed plot of the experimental points of the vertical
intensity measured on Flight No. 1., The straight line fit
to these points are shown (see text).



= 35 =

B, Two straight lines.

Ce Four straight lines.
A first fit of these curves was obtained by the method of first plotting
the average of three adjacent points at its average position, This
method of first approximation reduces the scatter of the points and as
long as the curve is fairly smooth, does not hide any effects, The
straight lines were then fitted by trial and error to a least square fit,
Since there are thirty points, the degrees of freedom are 29, 27, and 25
and X° was computed to be 54s8, 4345 and 40,0 respectively, Using the
table of Fisher, the probability P was found to be, (4) 0,001, (B) 0,01,
and (C) 0,015, Recalling that Fisher stated that any values of P below
0,02 were definitely open to doubt, it appears that the solutions tried
did not follow any acceptable normal distribution., Fortunately, this is
the only flight in which this dilemma was encountered and there appears
to be no acceptable explanation to offer, If more than four straight
lines were used to attempt a fit, the degrees of freedom decrease so as
to lesgen the probability P still further,

Figure No, 21 for the ionization data on the same flight is perhaps
a better example in that values of P of 0,27 and 0,21 were obtained for
the series of four and two straight lines respectively., Thus, according
to Fisher, there is a satisfactory fit to the experimental points by either
of the two curves, although the four line fit has a higher probability of
being correct,

4) Results of X2 Test

A summary of the results of each of the flights is as follows:
Flight No, 1 could be fitted by either two or four connected straight

lines with approximately equal probabilities of being correct for
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Fig, 21. A detailed plot of the experimental points of the ionization
density measured on Flight No. 1. The straight line fits
to these points are shown (see text).
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both the electroscope and counter data, However, the probabilities
in the case of the counter data were considerably lower than that
of corresponding probabilities obtained on other flights. In other
words, if one is to fit the counter data by straight lines, the
scatter in the points is more than one is led to expect statisti-
celly., Fortunately, this is the only case in which this occurred,

Flight No, 2 was, in both cases, fitted very well by two straight lines.

Flight No, 3 could be fitted, in both cases, with almost equal probabili-
ties of being the correct fit, by either two straight lines or a
single straight line.

Flight No, 4 was, in both cases, fitted very well by two straight lines,

Flight No, 5 was, in both cases, fitted reasonably well by two straight
lines, though the electroscope dé.'ba going North seemed to differ
considerably from corresponding readings going South., The exact
reason for this is not known, the average of the two being taken
to represent this flight., The data on this flight were normalized
to 33,000 feet from 30,500 feet by previous datae

Flight No, 6 was fitted reasonably well by two straight lines for the
counter data, No electroscope data were teken for this or the re-
maining flights.

Flight No, 7 was a short flight and accordingly yielded nothing of inter-
est,

Flight No, 8 weas discarded as unreliable, as only one telescope was oper-
ated at any time and that was found to have a bad counter after the
flight,

Thus, in order to obtain a consistency among the different flights,

it was decided that the two straight line fits would be used to represent
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Fig, 22. Best fit curves obtained from the data presented in
Figures 18 and 19, Counter data have been corrected for
dead time and accidentals and changed to the units of
ionizing particles per square centimeter per steradian
per minute (Jo). Electroscope data are given in units

of ions per cubic centimeter per second per atmosphere (I,).
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each flight, This is shown in Figure 22, where the geographic latitude
has been replaced by geomagnetic latitude and the counting rates have
been corrected for dead time and accidentals, and converted to ionizing
particles per square centimeter per steradian per minute, By choosing
this set, it can be seen that a fair degree of consistency is obtained
between the counter data and corresponding electroscope data,

The conclusion therefore reached is that there is no reason to be~
lieve that the experimental data warrants the drawing of the curves with
plateaus as was done in Figures 18 and 19,

5) Discussion of Results

A close examination and comparison of the curves given in Figure 22
shows a general tendency of the two measurements to vary in a definite
mamer., For example, it is noticed that Flight 1 in both the counter and
elactroscope data has the break in the straight lines farther north than
any of the other flights, Similarly, it also is the highest of the curves
given, In order to emphasize this tendency, Figure 23 is presented.

This figure shows the relative differences between the curves for the
different parameters as a function of the time of the flight, These para-
meters are, (1) magnetic latitude of the breaks in the curves, (2) ampli-
tude at 42° N, and (3) 50° N magnetic latitude, It can be seen that there
is a tendency of the points plotted to follow a general pattern. Though
there is no reason to expect a periodicity from this data, a sine wave

has been plotted through the points, Further discussion of this curve will
be given later,

V. Ihe Differentisl Numbers Spectrum

It 1s a well known fact(23) that the latitude effect combined with
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the analysis of a charged particle in the field of a magnetic dipole(lz)
mey be used to find a measure of the differential nmumbers spectrnm(z").
In order to obltain an exact solution of this spectrum for the primary
cosmic ray particles, it is necessary to know the following:

1) The latitude effect outside the earth's atmosphere instead of
at a depth of 2,70 meters of water equivalent, (2) the nature of the
incident particles, and (3) the exact solution to the motion of charged
particles in the earth's magnetic field, As none of the above are known
to any great degree of certainty, a modification of the above was per-
formed by making certain assumptions,

Vallartall2) has recently published a partial solution to the probe
lem of the motion of charged particles in the field of a magnetic dipole,
For both high and low latitudes the least momentum, p, that a singly
charged particle must have in order to penetrate through the earth's mag-
netic field in the vertical direction at the geomagnetic latitude A is
fairly well determined., This momentum is determined by the simple shadow
cone for high latitudes and by the Stormer cone for low latitudes. For
the intermediate latitudes, the exact solution is not well known, but by
the theory of the main cone(25) at least an upper limit for the momentum
necessary for vertical entry is obtained. The region between these two
solutions known as the region of penumbra is then an unknown region where
only certain momentum between the two limits are allowed. Fortunately,
the data on these flights were all taken at fairly northern latitudes
where the simple shadow cone theory should apply quite well, Thus, if we
assume the particles are positive, singly charged, and that the simple
shadow cone theory applies for the region under consideration, then the
momentum for first vertical entry is very nearly given by(23)
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p=15 coo®a (Bev/f) (8)

This analytic expression checks to within better t han a percent or two
the curves given by Vallarta for the region of latitudes under considera-
tion., Equation (8) is plotted in Figure 24, as is its derivative with
respect to latitude.

Now let us define Jo to be the vertical intensity in units of
particles steradian™ em™2 min~l, where this is the intensity measured
by a cosmic ray telescope and is a function of latitude Y , atmospheric
depth h, and path length through the atmosphere .€. Then if j(p) is
the intensity of primary cosmic rays outside the atmosphere, we may write

25— 1 40) SV (9)

where K(p,h,#) is the multiplicity factor*, i.e., it is the gross, over-
all,average ratio of the change in the number of particles at some at-
mospheric depth to the corresponding change in the number of primary
particles that would occur for a differential change of the limiting
momentum of entry, and g%,m is the differential numbers spectrum of
the primery radistion which is usually taken to be proportional to
p"?’5 (24). From (9) we see that

dJ.

JA o
—— = hoe) 23

5 K(p 4,2) 25 (10)
I A

* The multiplicity factor may be defined in a variety of ways. Some
authors define it by the expression

L = K4 e) 77 dp
7.



39 a

—0l

0.05

Fig, 24. Curve showing latitude of first vertical entry of singly
charged particles of momentum p (Bev/c) as well as the
derivative of this curve with respect to latitude in units

of p per degree latitude.



where

_Q__ = —60&0@31M/2

P
JA (11)

which is plotted in Figure 24.

Jd Jo
Figure 25 gives the average value of I and J ; as obtained

from the six flights, It is noticed, first of all, that since we are
primarily interested in —%—;‘ s in this type of analysis the results
depend upon the absolute value of J, only to second order effects,
This should be mentioned as J, has not been corrected for side showers,
this correction amounting to about 10%. '

Another fact that should be noted is that though from the statistical

analysis of the curves given in Figure 22 the slopes are always finite,
d Jo
JA
way because it was not possible to determine from the small amount of

in Figure 25 is zero north of 53° N, This has been drawn this

data available at the most northern latitudes if the counting rates did
keep rising. However, excellent data on this subject was obtained on
Flight No, 5 of the Peru trip (Part II, Figure 18) when a flight was made
all the way up to 64° N, Though this flight was made at 30,000 feet in-
stead of 33,000 feet as the other flights, this difference should not
play an important role in the conclusions drawn. On this flight, the rise
was less than #% for the 10 degrees above 54° N, Thus, it was concluded
2Jo
J A ;
extrapolation of the well determined points further up on the curve gave

that should be zero, north of somewhere around 53 or 54° N, 4An
the zero intercept.

The results of dividing the curve of Figure 25 by that of Figure 24
in complisnce with (10) yields the result given in Figure 26, This shows
the product of the differential numbers spectrum of the primary particles
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Fig, 25. The average of the counter data for the first six flights is
shown as well as its derivative with respect to latitude in
units of J, per degree of latitude,
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k(p) at 33,000 feet as plotted from the data of Figure
2/ and 25,
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Jdq
ﬁ’ and the multiplicity factor K(p) for the altitudes at which the
flights were flown. An interesting feature of this curve is the way the
curve falls off rapidly for momentum below 3.5 Bev/c and reaches zero at
about 2 Bev/c., Since the curve is a product of two functions, either one,
or both might be the cause for the product going to zero,

If the primary incident particles were protons(26), and one knew
the processes by which the atmospheric secondary radiation was produced,
an attempt might be made to see if any of the effects of 1,5 Bev protons
could be detected at 33,000 feet, It is known though, that if losses to
the incident protons were only ionization losses, protons with energies
less than 1 Bev could certainly penetrate the atmosphere down to 33,000
feet, However, the processes taking place at the top of the atmosphere
rapidly filter out the incident protons, as very few'?4) are found at
altitudes of 30,000 feet, Thus, one would expect the original energy of
the proton to be divided among many particles which would then be able to
dissipate this energy more rapidly by ionization than the single proton
could have done by itself. Reasoning along the same line by a different
approach, one may arrive at the same result, That is, if there were lati-
tude effects at higher altitudes, one would expect the only reason they
did not occur at the flight altitude was that the particles were absorbed
in the atmosphere before they reach the deeper depths. This is indeed
the case as born out by the data of Millikan et al.,(lo) where a continual
inerease was measured with the ionization chamber as they proceeded north,
i.es, they observed no northern plateau at very high altitudes.

The conclusion is therefore drawn that the reason the curve given
in Figure 26 goes to zero at less than 2 Bev/c momentum is the multiplicity
K(p) is zero for a depth of atmosphere of 270 g ea™ (33,000 feet).
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VI. Discussion of Solar Cut-0ff

Janossy postulated in 1937(28) that a plateau in the latitude curve
in the far northern region could be explained by the permanent magnetic
field of the sun preventing particles below a certain minimum momentum
from reaching the earth, Although it has been stated previously, that
the plateau obtained in the latitude curves for this series of flights
is believed to be due to the low energy protons not having any measurable
effect at the altitude of the flights, a consideration of the effects of
the sun's cut-off will be presented for completeness., It is to be empha-
sized that this type of analysis holds only if the conclusions reached
above, about the reason for plateau, are false. Besides this objection,
there are at least two others that may be raised which warrant serious
consideration. |

1) The first of these concerns the nature of the origin of the
cosmic radiation and its distribution in interstellar space. Briefly,
this analysis probably will not hold unless the cosmic radiation ap=-
proaches the sun (and the earth) isotropically(zs). This assumption has
recently been questioned by new theories of the origin of cosmic radiation

by Alfven'?®) Permt

2) Another objection to the consideration of a solar cut=off is
the question of whether or not the sun even has a permanent magnetic
field(31). Although much time and effort has been spent on attempting
direct measurements by the Zeeman effect, the present conclusion, to the
knowledge of the author, is that there is no evidence of the sun having
a permanent magnetic :t':l.elcl(3 2).

Regardless of these possible serious objections, if one does assume,
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that (1) the sun has a permanent dipole magnetie field, (2) the cosmic
radiation approaches the sun isotropically, and (3) the plateau in the
latitude curve is due to the solar cut-off, then an analysis may be made.,
Using the method of Epstein‘>3) and performing only a first approximation,
it can be shown that the fraction of the number of particles that will be
able to reach the earth is

f - %[1-0.2275(;*%# 0. 953(,;’—3')5/ (11)
for the dipole moment of the sun perpendicular to the plane of the
ecliptic, H is the polar magnetic field of the sun in gauss and p is
the particle momentum in Bev/c. This has been plotted in Figure 27 for
various values of H and it can be seen that for a polar field of 50 gauss,
no particles with less than 2 Bev/c momentum could reach the earth, This
iz in fair agreement with possible values of polar fields that have been
measured by direct methods, but have since been severely criticized and
rejec’bed(BZ).

VII. Time Veristions

Returning again to the subject of time variations, an interesting
explanation for the variations found (Figure 23) may be given., Vallarta
and Godarb(%) have shown theoretically that the sun can produce a varia-
tion of cosmic ray intensity with a period of 27 days. If the solar mag=-
netic dipole does not coincide with the solar axis of rotation, the solar
magnetic latitude of the earth must change with a period equal to the
period of rotation of the sun, which is 27 days. It is for this reason
that the dotted curve with a periodicity of 27 days has been placed on
Figure 23, Although other experi.nenters(35) have found a variation in
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Fig, 27. The fraction of the singly charged particles of momentum p
which would reach the earth is plotted for various polar

magnetic fields of the sun,
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intensity with a peried of 27 days, this is the first evidence of a
change in the position of the knee of the latitude curve with this same
pericd, This is not strange, however, but is rather to be expected., This
may be easily wunderstood by again considering the solar cut-off curves
(Figare 27) and imagining these to be shifted back and‘ forth as the earth
effectively moves back and forth over a range of the sun's latitude about
the sunts magnetic equator. If the eccentricity of the sun's dipole mo=
ment were known (if the sun has a magnetiec dipole field) a possible com-
parison as to amplitude of the variation might be made, The calculations
necegsary for this have been done by Vallarta(:”’*) by using a superposition
of the sun's field on that of the earth, Since none of these factors are
known to any definite degree, only an order of magnitude calculation will
be made,

One other fact that should be noted is that the sun's rotational
equator is inclined to the plane of the ecliptic by 7°., This inclination
is such that early in September the axis is pointing in the direction
of the earth, Consequently, during the first part of June (and December)
the earth passes through the equatorisl plane of the sun. At this time,
the apparent motion of the earth is symmetric about the sun's magnetic
equator, This will give the smallest amplitude for the shift of the knee
of the latitude curve(12:34), In the first part of September (and liarch)
the maximum shift will oceur as the apparent motion of the earth will be
about the 7° North (or South) magnetic latitude of the sun,

If we assume (1) the sun's polar field is 50 gauss, snd (2) the
eccentricity of the sun's dipole to be 6°, then we may compute the ampli-
tude to expect for the change in the knee of the curve, Using Vallarta's
curves(lz) for momentum of first entry and a scale change, it is found



that the change in momenium of first entry amounts to about 0,05 Bev in
June and 0,5 Bev in September. This corresponds (Figure 24) to a change
in latitude of about 4° and 3/,° respectively.

The flights took place in July and August or about midway between
the time of minimum and maximum effect, Comparison with the observed
amplitude of 3° (Figure 23) is not entirely satisfactory, However, so
many of the variasbles are open to question that it is hard to venture an
intelligent explanation as to which of the assumptions is not wvalid,

It might be thought possible to check the phase of the sun against
the phase of the cosmic rey varistions, This is exceedingly difficult aa
the position of the dipole pole of the sun was only thought to be known at
certain times and an extrepolation to the actual time of the flights is
very poore This is because different portions of the sun rotate at differ-
ent rates, The period of rotation of 27 days is nearly a mean for the mid-
latitudes of the eun(3 6).

VIII. Conclusions

From the data presented and analyses performed, the folleowing conclu-
sions are drawn: (1) There is no reason to expect that the latitude
effects measured exhibit the plateau characteristics that one might assume
at a casual inspection of the experimentel points, (2) There is a general
pattern to the time variations of the verious flights, This shows up in
both the intensity and in the shift of the knee of the latitude curve, A
possible explanation for this is the eccentricity of the magnetic dipole
moment of the sun in which case a 27 day variation fits the experimentel
data quite welle, (3) The reason for the northern plateam which occurs
at about 53° N magnetic latitude at 33,000 feet is due to the primary
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perticles of momentum below 2 Bev/c not having any effect down at 33,000
feet. (4) If the last conclusion is not true, which is highly unlikely,
then the northern plateau can be explained as the cut=off due to the sun's
magnetic field, This would place the value of the polar field at the sur-

face of the sun at about 50 gausse
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Appendix I

A New Cosmic-Ray Telescope for High ‘
Altitudes

A. T. BienL, R. A. MontcoMERY, H. V. NEHER, W. H. PickeriNG, AND W. C. RoESCH

California Institute of Technology, Pasadena, California

. A cosmic-ray telescope is described having an angular resolution of approximately =415°.
The distance between the two outermost trays, each containing 8 Geiger counters, is 1 meter.
The area of each tray is approximately 24 X 24 cm?. Triple coincidences modulate a transmitter
and the signals, including those giving the air pressure and temperature of the instrument, are
recorded on the ground. The counting rate is such that at the peak of the curve the relative
probable error during a 4 minute interval is about 1.5 percent.

Accidental counts are found to be nearly negligible at all altitudes and latitudes, but some
correction needs to be made for loss in efficiency because of the inherent dead time of the
counters. An absolute determination of cosmic-ray intensity at the vertical at Pasadena was
made in order to express the results as nearly as possible independently of the apparatus used.

I. INTRODUCTION

HE cosmic-ray instrument used by Milli-

kan, Neher, and Pickering'~? from 1939-
1942 in their exploratory work on the variation
with latitude of cosmic rays coming in near the
vertical, suffered from the major defect of col-
lecting the radiation from too large an angle.
With the counters then used, the choice had to
be made between a small solid angle giving a low
rate of counting or a larger solid angle giving a
higher counting rate with its smaller statistical
error. The extreme solid angle used was 45° in
one direction from the vertical by 25° in the
other. The counting rate at the maximum of the
curves taken in the United States was such that
over a period of four minutes the probable error
was about =1 percent.

In redesigning the equipment it was thought
desirable to keep the counting rate at least as
high as in the previous equipment, and to re-
duce the angle of collection to something like
15° on all sides of the vertical. To accomplish
this, required sensitive counter areas of approxi-
mately 600 cm?, in the shapes of squares, with a
separation between outside areas of about 1
meter.

To achieve the above with an instrument of a
minimum weight and at the same time to have
1;4!; V. Neher and W. H. Pickering, Phys. Rev. 61, 407

’H.).V. Neher and W. H. Pickering, Rev. Sci. Inst. 13,

143 (1942).
3W. H. Pickering, Rev. Sci. Inst. 14, 171 (1943).

the required degree of accuracy and reliability
was the problem we set for ourselves.

II. GENERAL DISCUSSION OF REQUIREMENTS
1. Weight

In planning an extended series of flights in
regions where winds must be contended with, it
is very desirable to keep the number of balloons
to a minimum. Two balloons can be handled
nearly as easily as one, and their use means that
after one bursts, the other will remain to lower
the instrument back to earth and serve as a
temporary marker, thus facilitating recovery.
Two good, 2000-g balloons, which are the largest
commercially available at the present time, will
lift a load of 8 kg to about 85,000 ft., which for
our purpose was sufficiently high. It was there-
fore desirable to keep the total load, including
1800 cm? of counter area, batteries, amplifiers,
transmitter, wrapping, and a suitable framework,
down to at least this figure.

2. Accidentals

The counting rate for a single counter could
be estimated approximately from previous flights
with electroscopes*® and counters.! With the
size of counter and counter area used, 2200
counts per second per tray were expected as a

41. S. Bowen, R. A. Millikan, and H. V. Neher, Phys.

Rev. 53, 855 (1938). i
5 Robert A. Millikan and H. V. Neher, Proc. Am. Phil.
Soc. 83, 409 (1940).

353
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maximum. To keep the number of accidentals to
less than 1 percent, it was necessary to have a
resolving time of about 2 X 10~ sec., even though
triple coincidences were used.

3. Efficiency

Loss in efficiency may be caused by at least
two factors. (a) Failure of a counter to respond to
the passage of an ionizing particle at low count-
ing rates. (b) A similar failure at high counting
rates. The first may occur when a particle passes
near the edge of a counter when the product of
path length and the pressure of the gas is such
that there is some chance of not producing at
least oneion pair. The second will occur because
of the fact that the counter is dead for a short
time after a discharge occurs.® This dead time
varies somewhat with the gas pressure, the
geometry of the counter, and applied potential
but is from 1 to 2X10~* sec. for the average
counter.

For a single counter, if 7 is the dead time and
N ionizing particles per unit time on the average
pass through the counter, the relative number
missed will be N1, and the efficiency, €, will be
(1—Nr).

Since the over-all efficiency of an n-fold co-
incidence set is €”, if the counters are all similar
and counting at the same rate, it is desirable to
keep 7 as small as possible consistent with acci-
dentals and other requirements.

4. Power Supply for Counters

In the Geiger counter apparatus used by
Millikan, Neher, and Pickering'? for balloon

Fic. 1. Light weight Geiger counter: 1. Metal cylinder
is formed from copper plated sheet steel, 0.025-cm thick.
The joint is a locked seam that is silver soldered together
simultaneously with 7 and 8; 2. tungsten wire, 0.0025 cm
in diameter; 3. copper plated steel caps; 4. Kovar eyelet
containing glass bead; 5. small Kovar tubing; 6. glass
covering to Kovar tubing; 7, 8. silver soldered joints;
9. pinched when wire is taut, then silver soldered; 10. tubu-
lation. Copper tubing is pinched to a feather edge to seal,
Weight of completed counter, 90 g; sensitive area, 80 cm?,

8 H. G. Stever, Phys. Rev. 61, 38 (1942).

MONTGOMERY, NEHER,

PFCKRERING, AND ROESCH

work a light weight, high voltage supply em-
ploying a buzzer, transformer, and rectifier was
used. Such a supply was found to be impractical
for the present work because of the high current
demands of 24 counters each counting at a maxi-
mum rate of 250 sec.™* The current drain at this
counting rate was about 25X 10-% ampere for
this number of counters—a current drain much
too large for the high voltage supply used
previously.

The development of light weight dry cells
has now made it possible to use batteries with a
cost in weight of about 1.6 g per volt. The use
of such batteries has the very great advantage
that the potential on the counters is maintained
constant throughout the flight.

5. Mounting

It is highly desirable from every point of view
so to mount the components that are to be car-
ried aloft that on landing a minimum of damage
will be done. In the series of flights reported in
the following article the returned instruments
could usually be connected to the proper power
supplies, and they would immediately start to
count at a rate in close agreement with that
before being sent up.

6. Temperature

In the previous flights a double covering of
Cellophane and black paper provided a sufficient
equilibrium between heat gained from sunlight
and heat lost that during a flight the temperature
of the instrument varied less than 45°C. On
these flights, presumably because of the much
larger ratio of surface to mass, the temperature
range was usually about 4-10° from that at
take-off. Such small variations in temperature
guarantee nearly laboratory conditions during
the course of the flight.

F16. 2. Eight counters were mounted rigidly in a frame-
work to form a sensitive area of 600 cm?. Three of these
trays were used to count triple coincidences. The weight
of each tray was 850 g.
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Fic. 3. The components were shock mounted in an
aluminum framework. The weight of the whole assembly
including 1800 cm? of counter area was 8 kg.

7. Pressure of the Air

An aeroid barometer measured the change in
pressure relative to the pressure at ground level
at take-off. A more satisfactory instrument for
low pressures would be one that measured pres-
sures with respect to a good vacuum. In the
flights made with this equipment the errors in
the determination of the air pressure were often
larger than the uncertainty in the cosmic-ray
intensity.

III. DESCRIPTION OF THE APPARATUS

1. Counters

From considerations of weight, ruggedness,
and ease of construction it was decided to use
metal-walled counters. It was found that sheet
steel with a wall thickness of 0.025 c¢cm was
sufficient, when bent into the form of a cylinder
3.3 cm in diameter and the seam locked, to with-
stand atmospheric pressure even when baked at
300° to 400°C. When the steel is copper plated
the whole may be silver soldered together in a
hydrogen atmosphere.

The small metal tube through the glass beads
at the ends permitted a tungsten wire of any de-
sired size to be threaded through after the silver
soldering was completed. Actually a tungsten
wire 0.0025 cm in diameter was used. While the
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wire was taut the ends of the small metal tubes
were pinched shut and then dipped into molten
silver solder.

The tubulation for evacuating and filling with
the desired gases was copper tubing. It was
found possible to seal this by pinching it to a
feather edge with a properly constructed tool.

The techniques used in the construction of the
counters at all times maintained a clean, copper
surface inside free from oxides or other con-
tamination. All heating was done in hydrogen
or in the presence of other reducing gases so
that no liquids at any time were introduced.*

A group of 36 of these counters was silver
soldered to a metal manifold and baked at a
temperature of about 300°C for half an hour
while a good vacuum, using diffusion pumps,
was maintained. This was considered sufficient
to drive most of the gases, especially oxygen,
from the walls.

When cold, the counters were filled, first to a
pressure of about 1 cm of Hg with the compjex
hydrocarbons of the commercial organic liquid
called petroleum ether, then 99.8 percent pure
argon was introduced to a pressure of 12 cm. A
potential of 750 volts was applied to one of the
counters of the group, and the total pressure
reduced until the threshold occurred at this po-
tential. The resultant pressures were about 0.6
cm of Hg of organic vapor and 6 or 7 cm of argon.
This filling procedure has the advantage of ex-
posing the freshly de-gassed copper surface first
to the organic vapor. Since the adsorbed gases
on the surfaces inside a counter play an im-
portant role in their behavior this order of filling
seems desirable.

The counters in a given group prepared in the
above manner had thresholds within about 10
volts out of 750 volts of each other. The lengths of
the plateaus varied but were usually more than
250 volts.

In Fig. 1 is an isometric drawing showing the
main features of the counters.

Of about 700 counters made, 600 passed initial
tests satisfactorily. Some 25 percent of these
were found to develop defects later, mostly be-
cause of leaks.

Eight of these counters were held rigidly in an

* A more detailed account of these techniques will be
published elsewhere.
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aluminum framework as shown in Fig. 2. The
counters in each tray were all connected in
parallel to form a sensitive area of about 600
cm? The spacing between counter walls was held
to a minimum. If the spacings between counters
in their trays occurred at random with respect
to the spacings in the other trays, then the
effect on triple coincidences will be three times as
great as the decrease in area of a single tray
would indicate.

The total weight of each tray with™its 8
counters was 850 grams. It is estimated that
this is from % to § the minimum weight that
could be achieved using glass walled counters of
the same sensitive area.

2. Barometer and Thermometer

The barometer and thermometer units were
the same as those used in former years.”8 This
Olland method of modulating a transmitted
radio signal is well adapted to the requirements
necessary for transmitting pulses caused by cos-

To
barometer
contact

-36 0 1.5 67 13% (8] 0 186 67 135 -22
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Fi6. 4. One of the three am-
plifier channels operating into a
coincidence tube.

135 138

mic rays. Methods of calibrating and the type
of received signal are described in reference 8.

3. Mounting of the Components

An aluminum framework 120-cm high and
38-cm square was made up of 90° angle pieces,
as shown in Fig. 3. The strength of the frame-
work and bracing were such that when the in-
strument was returned to earth by one balloon
the components were completely protected
against injury. On at least one occasion when
both balloons were observed to burst the instru-
ment when returned had a bent frame but the
vital parts were undamaged.

The counter trays, the common mounting for
the amplifiers and barometer unit and the high
voltage batteries were all shock mounted with
springs.

4, The Circuits

Electronic circuits generally similar to those
previously described were used with the sub-

F1c. 5. Multivibrator and
iranemtler modulator unit for feeding trans-
. 98 mitter tube.
%05 %
136 -22

7H. V::Neher and W. H. Pickering, Rev. Sci. Inst. 12, 140 (1941).

8 W. H. Pickering, Proc. [.R.E. 31, 479 (1943).
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stitution of miniature tubes and the change from
twofold to threefold coincidences. Figure 4
shows one of the three channels consisting of
two resistance coupled amplifier stages followed
by a coincidence tube in the normal Rossi
arrangement. To obtain a pulse sufficiently large
to operate the coincidence tubes and at the same
time sufficiently short to reduce accidentals to
a negligible value, two stages of amplification
were used. This also gives the correct polarity
of pulse. The voltage gain of the amplifier was
3 or 4, the output pulse was about 2 micro-
seconds long, and the limiting action resulted in *
. an output pulse nearly uniform in size for a
variation of a factor of 2 in size of the input
pulse.

Figure 5 shows the remainder of the electronic
circuit with the exception of the transmitter
which is separately mounted. (Points marked
with the letters ¢ and b in Fig. 4 connect to the
corresponding points of Fig. 5.) The output of
the multivibrator stage following the coincidence
tubes is fed through a phase inverting and
isolating amplifier and then a cathode follower
to the transmitter. The multivibrator pulse
length is approximately 50 microseconds, and
the recovery time about 200 microseconds so
that no correction to the experimental counting
rates of less than 1000 per minute need be made
for the resolving time of the multivibrator. The
series resistance of 10,000 ohms in the trans-
mitter grid circuit limits the peak plate current
to approximately 20 milliamperes, at which cur-
rent the maximum r-f power is obtained for the
"B’ voltage (135 volts) used.

500 1000 1500 2000

Counts Per Sec. Per Tray

The barometer and temperature signals were
transmitted in the same manner as in the equip-
ment used in 1941-42. The barometer unit with
clock mechanism and bimetallic strip was
mounted on rubber grommets at one end of the
twelve tube chassis which contains all the elec-
tronic circuits exclusive of the transmitter. This
unit weighed 650 grams, including the barometer
unit. It was suspended on springs slung between
two of the legs of the aluminum frame work
cage (see Fig. 3).

The performance of the electronic circuits was
investigated in detail with particular regard to
the over-all efficiency and the accidental rate.
To obtain the efficiency loss resulting from the
“dead time' of the counters, measurements of
coincidence counting rates were made for various
total counting rates as controlled by the prox-
imity and shielding of a thorium source. The
accidentals were obtained with similar stimula-
tion when the counter trays were arranged so
that no one particle could traverse all three trays,
a small correction being made for the constant
background rate caused by showers. The rate of
accidental counts was subtracted from the rate
of real coincidences for a given total counting
rate of each tray. The ratio of this rate to the
rate attributable to real coincidences obtained at
low total counting rates of each tray gives the
efficiency. Figure 6 shows the curve of per-
centage efficiency versus total counting rate for
a tray of eight counters.

The total counting rates to be encountered
could be estimated from the data obtained with
comparable electroscope and single counter
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TasBLE I. Constants of each set of triple
coincidence counters.

Set No. Constant Probable error|Set No. Constant Probable error
1 0.995 +0.008 4* 0.990 +0.010
3 0.963 0.007 8 0.936 0.008
3* 0.981 0.012 12 0.984 0.007
3¢ 0.970 0.006 15 0.986 0.007
i 1.009 0.010 15* 1.019 0.007
4 1.011 0.010 16 0.942 0.007
4% 1.022 0.007 17 1.002 0.007
4* 1.005 0.008 19 1.034 0.007

* After being found and returned. Nos. 3 and 4 were each used on
four separate flights.
flights of Agra.! The assumption is made that
the same relation holds between the number of
incoming rays and the ionization they produce
in an electroscope at high latitudes as that
observed in India. Under this assumption the
estimated total counting rates per tray would
vary from 1080 sec.”! at San Antonio to 2200
sec.”! at Bismarck as a maximum.

The number of accidentals is given, in a triple
coincidence arrangement, by A is5=372N Ny,
where Ais; is the number of accidental triple
coincidences and N;, N, N; are the respective
counting rates of the individual trays of counters.
The resolving time 7 thus computed gave a value
of approximately 2 microseconds. This result
was checked by measuring accidental double
coincidences. In Fig. 6 the theoretical curve of
accidentals for a resolving time of 2 microseconds
is shown, together with some experimental
points. At the maximum counting rates met
experimentally, the accidental rate is less than
one percent of the real coincidences obtained,
and at most counting rates it is negligible.

The stability of the electronic circuits was
investigated with reference to changes in the
parameters such as B voltage supplies, filament
voltages, various bias voltages, and the circuit
components. Stable operation was found to occur
over large ranges of these variables.

The apparatus was physically designed so that
gaseous discharges would not occur at high alti-
tudes. Tests were made at pressures lower than
the minimum to be expected and possible points
of discharge were shielded or immersed in paraf-
fin. It was also found necessary to cover the
Geiger counter beads with pressure tight wax to
prevent discharges over the glass.

Commercial dry batteries were used for the

MONTGOMERY, NEHER,
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power supplies of the electronic circuits. Filament
drains are 50 milliamperes for each 1.4 tube and
100 milliamperes each for the 1S4 and the
958 transmitting tube. The total “B” drain was
about 12 milliamperes. The battery pack, ex-
cluding the Geiger counter supply, totalled 1400
grams and sufficed to operate the instrument for
a minimum of four hours.

V. CALIBRATION

Before the flights started two complete sets
consisting of selected counters were set aside to
be used only for comparison with the sets that
were to be sent up. These two standard sets were
intercompared at frequent intervals. The cali-
brating procedure consisted in operating simul-
taneously three sets, usually consisting of one of
the standards and two of the sets that were to
be used. Triple coincidences were recorded. Care
was taken to be sure that the roof overhead
had low absorption and presented the same
appearance to all three sets. Approximately
15,000 counts were used to find the constant
by which the readings of the set being calibrated
needed to be multiplied to reduce them to that
of the standard. As an indication of the simi-
larity of geometry the constants of the individual
sets are given in Table I. The probable errors
given include the statistical error in the counts
recorded by the standard set.

The counting rates on the ground varied from
about 22 per minute near sea level to 28 at the
higher locations.

In calibrating, i.e., in comparing the sets to
be flown with one of the other standard sets,
the same high voltage batteries for the counters
were used as were used on the flight. This was
considered quite desirable, as it eliminated one
uncertainty that was present in equipment used
in past years. In fact, it was only necessary to
substitute a prepared set of batteries to supply
the power required by the amplifier tubes for

TasLe II. Determination of the absolute intensity of
cosmic rays at the vertical in Pasadena.

Total No. Mean barometric

of counts pressure %
Ends protected 72,000 29.42 in. of Hg 0.727
Effective length
determined 22,500 29.21 0.729

*j is the number of ionizing rays per unit solid angle min.~! cm~? at
the vertical in Pasadena. Elevation =240 meters above sea level.
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the power supply used in the calibration and
transfer the connection from the mechanical
recorder to the 2.0-meter wave-length trans-
mitter and the set was ready for launching, ex-
cept for wrapping.

To reduce the rates of the individual sets not
only to a common basis but also to a value which
had more of an absolute meaning, the counting
rate out-of-doors at Pasadena was determined
for a counter set of known solid angle and com-
pared with the standard sets. The solid angle was
determined by two methods which will be de-
scribed in more detail elsewhere. Briefly, the
first method consisted of covering the spaces
between counters with other counters and then
making a known length of the counters by plac-
ing another at right angles across the ends. This
then determined the sensitive area completely
except for small unknown regions at the corners.
The other method consisted of measuring the
effective length of the counters, as was done by
Street and Woodward? and by Greisen and
Nereson.!® The results from the two methods are
given in Table II.

? J. C. Street and R. H. Woodward, Phys. Rev. 46, 1029
(1934).

10 K. Greisen and Norris Nereson, Phys. Rev. 62, 316
(1942).
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The value of the number of ionizing particles
per unit solid angle per minute per square cm,
j, determined in this way agrees quite well with
that of Greisen.!®! This value has not been cor-
rected for side showers. Preliminary determina-
tions of this effect indicates it introduces not
more than a three percent error. The value of j
needs no correction for accidentals or loss in
efficiency as each correction at sea level was well
within the experimental error.

Use of the Equipment

Twenty-five complete sets of the equipment
described above were constructed, and twenty
flights were made in the summer of 1947 at seven
stations in the United States and Canada. The
results of these flights are reported in the fol-
lowing article.

The authors wish to take this opportunity of
thanking Professor R. A. Millikan for the aid
and encouragement he has given this develop-
ment. Also, we wish to thank Mr. Maurice Rat-
tray for his assistance in making the apparatus.
We gratefully acknowledge the financial assist-
ance of the Carnegie Institution of Washington.

11 Kenneth Greisen, Phys. Rev. 61, 212 (1942).
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Recent Studies of the Cosmic-Ray Latitude
Effect at High Altitudes

A. T. Bienr, R. A. MonTGOMERY, H. V. NEHER, W. H. PIicKERING, AND W. C. ROESCH

California Institute of Technology, Pasadena, California

With an improved Geiger counter telescope, having an
angular aperture of about 415° from its axis, a series of
balloon flights was made in August and September, 1947,
at seven stations extending from San Antonio, Texas, to
Saskatoon, Canada. The axis of the telescope in all cases
was oriented in a vertical direction. All sets of equipment
were compared with a standard to reduce all results to a
common basis. The standard sets, in turn, were compared
with an accurately constructed telescope which had been
used to make an absolute determination of cosmic-ray
intensity at the vertical in Pasadena.

Two flights were made from each of the seven stations.
The agreement between flights made within a few hours
of each other at a given station is very good. Results from
two flights made at a given station several days apart are
not in general as consistent. Likewise, no monotonic in-
crease of the radiation with increase of latitude was
observed. Evidence is presented for rather large fluctua-
tions at high altitudes of the lower energy components of
cosmic rays. Some of the reasons for these fluctuations are
discussed.

I. INTRODUCTION

N 1939-1940 Millikan, Neher, and Pickering
made a series of balloon flights in India using
Geiger counters in vertical double coincidence.?
These flights were made at three different mag-
netic latitudes 3°, 17°, and 25°N. The significant
results were that within the uncertainty of the
measurements there was no change in the radia-
tion coming in near the vertical from 3° to 17°
while in going to 25°N there was an increase of
21 percent. This was interpreted as meaning that
in the primary energy spectrum there were
relatively few, if any, particles lying within the
energy range from 17 down to 15 Bev. Likewise,
the increase in going from 17° to 25° was inter-
preted as being due to primary charged particles
in the energy range 15 down to 12.5 Bev.

To extend these measurements to other lati-
tudes a series of similar observations was made
in 1941-42 in Mexico and the United States.?
Those in Mexico were made at Acapulco (Mag.
lat. 25.6°N), Valles (Mag. lat. 31°N) and Vic-
toria (Mag. lat. 33°N). It was found at that
time that there was little if any increase in going
north from 25.6° to 31°. This was again inter-
preted as due to a deficiency in the primary

( 1 H) V. Neher and W. H. Pickering, Phys. Rev. 61, 407
1942),

2R. A. Millikan, H. V. Neher, and W. H. Pickering,
Phys. Rev. 61, 397 (1942).

3R. A. Millikan, H. V. Neher, and W. H. Pickering,
Phys. Rev. 63, 234 (1943).

radiation in the energy range 10.3 to 8.6 Bev.
At Victoria the radiation had definitely increased
over its value at Valles, showing that the primary
spectrum contained appreciable numbers of par-
ticles of energies in the range 8.6 to 7.5 Bev.
Several flights at Pasadena showed a pronounced
increase over the value obtained at Victoria and
this was evidence that the primary spectrum
contained particles lying between 7.5 and 5.8
Bev.

In extending the observations farther north,
two stations, St. George, Utah, and Pocatello,
Idaho, were chosen where one flight at each loca-
tion was made in March, 1942. The results of
these flights showed that within the rather large
experimental uncertainties there was a marked
increase of about 14 percent at the maximum of
the curves in going from Pasadena to St. George,
but no increase from St. George to Pocatello.
This latter plateau was interpreted as meaning
that there were no particles in the energy range
from 4.4 to 2.9 Bev.

To check this apparent distribution of par-
ticles in the primary energy spectrum and to
extend the observations as far north as seemed
practical, a new series of flights has been made
at seven stations extending from San Antonio,
Texas to Saskatoon, Canada. These flights were
made with improved equipment of higher re-
solving power and, ‘in an attempt to minimize
secular changes, the whole series was completed

360
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in a little under four weeks during August and
September, 1947.

II. APPARATUS AND PROCEDURE

A detailed description of the apparatus used
appears in the preceding paper of this journal.
To summarize, a new type of light-weight, all-
metal Geiger counter was used. Eight such
counters connected in parallel were made into a
tray and three trays were used in each telescope.
The separation of the two outer trays was such
that the telescope had an aperture of about 15°
on all sides of its axis. This is to be compared
with the apparatus previously used where the
maximum angle from the zenith in one direction
was 45° and 25° at right angles to this. The
area of the trays of counters was made of such a
size that the statistical errors in the counting
rates were negligible in determining the maxima
of the curves.

The triple coincidences were transmitted by
radio to the ground where they were received,
scaled down, and recorded on a moving tape.
Temperature and pressure data were also trans-
mitted and recorded on the same tape.

In choosing stations from which to send up our
balloons we were governed by the availability of
helium or hydrogen and by the desire to get a
good representation of latitudes. The stations
finally selected are given in Table I.

In the period August 27 to September 24,
1947, two successful flights were made at each of
these stations except Saskatoon where one good
flight was made and only a few good points were
obtained around the maximum of the curve for
the second flight. The stations were visited in
the order given except for St. George. We had
intended making flights from Oklahoma City,
Oklahoma, but were prevented from doing so
by high winds. On the return trip to Pasadena
we made two flights from St. George to fill in
this gap. The launchings were actually made
from sites which were isolated, so that our re-
ceiver would not pick up ignition noise from
passing cars, and which were located so that the
equipment would land in settled territory and
have a good chance of being returned to us. Of
the 20 instruments sent up 17 have been returned.
Of these, two were those released from St. George,
Utah, and almost certainly came down in very
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rugged country. The average geomagnetic lati-
tude during a flight is quite well represented by
that of the stations given above, since the bal-
loons did not drift far from an E-W line.

Before each flight the counter telescope to be
flown was placed beside a standard set and the
two permitted to count until the ratio between
their counting rates had been determined to
within 1 percent. After returning to Pasadena
the standard set was compared with a carefully
constructed telescope having a known geometry
which had been used to make an absolute de-
termination of the vertical counting rate out-of-
doors in Pasadena. It was then possible to reduce
all measurements to an absolute value. The
counting rates during the flights were corrected
for efficiency and accidentals.

Figure 1 illustrates some of the procedures in
inflating the balloons and in launching the in-
strument. Dr. Millikan was a most valuable
member of the expedition and took an active
part in much of the preparation.

III. DATA

In Fig. 2 are presented the results of these
experiments. The number of counts received per
unit solid angle per square centimeter per minute
from the vertical direction is plotted against the
depth below the top of the atmosphere in meters
of water equivalent. The number of counts will
differ from the number of ionizing rays because
of the effects of showers for which no corrections
were made.

Counts were averaged over four minute in-
tervals. For the exponentially changing rates
encountered, calling this average the counting
rate at the middle of the interval causes an error
of a few tenths of a percent at the most. The
probable error in the counting rate due to the
finite number of counts recorded was about 1.5

TasLe I. Flight stations.

Station Mag. lat.
San Antonio, Texas 38.5°N
Fort Worth, Texas 41.7
St. George, Utah 44.8
Omaha, Nebraska 513
Rapid City, South Dakota 53.3
Bismarck, North Dakota 288

Saskatoon, Canada
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percent at the maximum of the curve for a fonr
minute interval. Errors resulting from correcting
for efficiency and accidentals should be less than
0.5 percent. Errors in reference to the standard
should be about 1.0 percent.

In reducing the counting rates to an absolute
value, it is assumed that side showers are rela-
tively unimportant. If it is desired to find the
number of ionizing particles coming in from the
vertical per unit solid angle per cm? per minute,
the effect of upward radiation and showers from
the top must also be taken into account. How-
ever, since in this paper we are concerned mostly
with relative values of flights at different sta-
tions, we will assume that over the range in
energies here dealt with these effects are roughly
proportional to the total radiation and, hence,
will not affect appreciably the comparison of the
different flights.

The pressure data on the whole are quite satis-
factory in these experiments. However, much of
the uncertainty in these flights can probably be
traced to errors in the barometer. It seems quite
likely that the reason for curve 7, Fig. 2, at
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F1G. 2. Observed vertical intensity of the cosmic radia-
tion as a function of pressure in meters of water, for in-
dicated geomagnetic latitudes.
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Saskatoon crossing curve 5 at Rapid City at a
pressure of about 0.1 atmosphere was a faulty
barometer. Also curve 1 of Fig. 2 at San Antonio
appears to be shifted to the right at the lower
pressures when compared with the other curves.
This may be due again to a faulty barometer.

An idea of the precision attained in these ex-
periments can be obtained from Figs. 3 and 4.
Here the experimental points for Bismarck and
Rapid City are shown before they were corrected
for accidentals and efficiency. It will be noted
that the points for any one flight sharply define
a curve for that particular flight. Furthermore,
the two flights at either of these stations agree
very closely. The curves after correction for
efficiency and accidentals are also given in Figs.
3 and 4. The efficiency correction is about 7
percent at the maximum, the accidental correc-
tion less than 1 percent.

IV. DISCUSSION OF RESULTS

The most prominent features of the curves in
Fig. 2 are: (1) the St. George curve is below that
of Fort Worth, although St. George is 3° mag-
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Fic. 3. Experimental data for Rapid City, S. D. The
upper curve shows the result of correcting for accidentals
and efficiency.



- 57 =

ROESCH 362

AND

MONTGOMERY, NEHER, PICKERING,

BIEHL,

*0319 ‘szayrpdwe ‘s191unod syl 350Ul A[1sjdwod Suiddeim sueydo[ad pue awel|
[BI9W 9y ], ‘Y1iea O} SUINIaI I 193 JB JUSWINIISUI DY} 0} UOIIUDIIB JOBI}IE 0} pasn st a1n3did 9y} jo doj ay3 Ieau 3ey oy I, ‘judwinisus
2yl FuIsea[ay (q) ‘punoidaio] ur UBNIIA "y ¥ PUB IBYaN ‘A "H 'SUOO[[B] Y] JO JUO JO UONIBPUL Y} JO saels [eul (B) '[ 'O14

@ : (®)




i

BIEHL, MONTGOMERY, NEHER,
VERTICAL INTENSITY
- Bismarck, N.D.
/‘\ Mag. Lat. 56.0° N
=4

520 v \ © Flight 13-47 Ascending
% QF ) e Flight 13-47 Descending
;_"8 \ © Flight 14-47 Ascending
LE)IG
o
o
- 14
o
o °\
212
o
=
S m\,
o 10
3
Pl 8 g
E .
w8
5 N
» a4 \Q
g G
3 2 %\\ a

0

OF R SR TG i RO FIpTEGE

Meters of Water

Fic. 4. Experimental data for Bismarck, N. D. The

upper curve shows the result of correcting for accidentals _

and efficiency.

netic latitude farther north, and (2) the Bismarck
curve (56°N) is below that for. Rapid City
(53°N). Such a result appears to=be in definite
contradiction to the results of the analysis of
the motion of charged particles in the magnetic
field of a dipole. This analysis predicts that cos-
mic-ray intensity should be a non-decreasing
function of magnetic latitude. Figure 5 shows
the effect more clearly. There we have plotted
the maximum counting rates against latitude.
The indicated probable errors are estimated from
the uncertainties of the counting rates, the cali-
bration against the standard, and the uncer-
tainty in the efficiency and accidental corrections.

We have chosen the maxima of the curves as
a measure of the amount of radiation coming in
instead of the areas under the curves since small
uncertainties in barometric pressure will affect
the differences in the areas quite markedly but
will have no influence on the peaks.

The probable error given for St. George is
larger than the others. This is caused by the
fact that both of the standards were accidentally
damaged before the calibrations were made at
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F1c. 5. Maximum vertical intensity as a function of
latitude. The two flights at Saskatoon, lat. 60°N are
shown separately. The lower point corresponded to a
flight of questionable reliability.

this station. One was damaged only slightly and
was taken as the standard at this location.
Checks indicate that if there were changes they
were less than about 2 percent. This large prob-
able error makes it possible to say that perhaps
the counting rate simply did not increase between
Ft. Worth and St. George, rather than that there
was a decrease. However, we also note that the
flights at St. George were made three weeks
after those at Ft. Worth. ]

The decrease from Rapid City to Bismarck
cannot, we believe, be explained as experimental
error. In discussing the data we have pointed out
the limits of accuracy. This decrease is well out-
side these limits. The constant checks on all
apparatus make it very doubtful that it was out
of order at any time either at Rapid City or
Bismarck. At no time during any of the flights
did we have occasion to think that any of the
counters had failed. Reference to Table I of the
preceeding article will show that several sets
were used for more than one flight and when re-
turned the calibration was always within a
percent or two of that obtained before the flight.

The evidence from Fig. 5, then, is that during
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this period of August 27 to September 23, 1947,
there were fluctuations in the incoming cosmic-
ray intensity that completely masked any small
increases that one might wish to find in moving
north from one station to another.

The agreement between the two flights at any
one station was very good when made only a few
hours apart. However, when made a day or more
apart the agreement was not in general as good.
This is shown in Table II where the times of the
flights are given, together with the counting
rates at the peaks of the curves.

The second flight at Saskatoon did not give a
complete record. The release was made in a 25-
mi. hr.7! wind and the antenna was accidentally
bent. The signals were poor except for the first
20 minutes and also for a short time when the
counting rate was at its maximum. In the opinion
of the observers on duty at this time these sig-
nals were good. These data were sufficient to
fix the peak of the curve. From Table II it will
be noticed that the value at the maximum for the
second flight is 5.6 percent lower than the flight
made two days earlier. Because of lack of data
at other elevations this flight is not included in
the Saskatoon curve of Fig. 1 and is shown dotted
in Fig. 5.

Such fluctuations over longer periods of time
are known from electroscope data taken with
balloons in former years. In 1938 flights at Bis-
marck showed more radiation coming in than at
Saskatoon the year before.* Also, the maximum
value at Bismarck was 30 percent higher in
1940 than in 1938.°> Smaller variations have been
found at Omaha and even as far south as Okla-
homa City. The maximum of the ionization curve
was 14 percent higher at the time of measure-
ment at the latter station in 1940 than in 1938.5
However, at the two times flights have been
made at San Antonio with electroscopes, 1936
and 1940, the same maximum values were found.
These observations have been interpreted as time
fluctuations of primary particles incident on our
atmosphere in the lower energy range—the
higher energy particles remaining essentially
constant. (See reference 5).

4 Robert A. Millikan and H. V. Neher, Proc. Am. Phil.
Soc. 83, 409 (1940).

5 Robert A. Millikan, H. V. Neher, and William H.
Pickering, Carnegie Inst. of Wash. Year Book, No. 43, 50
(1943-44).
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TasrLe II. Flight data.

Release Maximum Instru-

Flight Station Date time rate ment No.
4-47 San Antonio Aug. 27, 1947 1242 18.04+0.2 8
5-47 San Antonio Aug. 28, 1947 1300 18.040.2 1
6-47 Fort Worth Aug. 30, 1947 1537 19.94-0.2 3
7-47 Fort Worth Aug. 31, 1947 1428 20.340.2 4
9-47 Omaha Sept. 6, 1947 1205 21.6 0.3 4

10-47 Omaha Sept. 8, 1947 1221 22103 3

11-47 Rapid City Sept. 10, 1947 1307 23.84+0.3 17

12-47 Rapid City Sept. 10, 1947 1722 23.6£0.3 19

13-47 Bismarck Sept. 12, 1947 1347 22.23+0.3 12

14-47 Bismarck Sept. 12, 1947 1701 21.640.3 16

15-47 Saskatoon Sept. 15, 1947 1301 24.54+0.3 4

18-47 Saskatoon Sept. 17, 1947 1431 23.14+0.3 4

19-47 St. George Sept. 23, 1947 1616 19.4 +0.5 15

20-47 St. George Sept. 23, 1947 2318 19.24+0.5 3

. The time of release is Greenwich time. The maximum rate is given
in coincidences per unit solid angle per cm? per minute.

Fluctuations over shorter periods of time have
also been previously noted. Two electroscope
flights made three days apart at Bismarck in
1938 gave results differing by 7 percent.* Two
flights one week apart at Bismarck in 1946
(data not published) differed by 13 percent.
Similar flights made at Omaha 4 days apart in
1937 showed a difference of 5 percent.®

In seeking a reason for these fluctuations we
first investigated the behavior of the earth’s
magnetic field and the sun during this period.
Through the kindness of Dr. S. B. Nicholson
of the Mt. Wilson Observatory we were given
access to the data taken at Mt. Wilson. While
the records showed considerable activity of both
the sun and earth during this time there were no
magnetic storms on the earth and no flares on
the sun of major importance. Sunspots were
prominent, since the sun was near the peak of its
11-year sunspot cycle, but none were particularly
large during this period. We conclude from this
study that if activity of thé sun or changes in
the earth’s field were responsible for the varia-
tions at the high altitudes observed they were
much greater than the usual fluctuations found
at sea level.

To study further the nature of these fluctua-
tions we examined ground level records of cosmic-
ray intensity as measured with an ionization
chamber at Cheltenham, Maryland (50.1° N.
mag.). (These data were made available through
the courtesy of Dr. S. E. Forbush of the Carnegie
Institution of Washington.) At the time of the

¢ 1. S. Bowen, R. A. Millikan, and H. V. Neher, Phys.
Rev. 53, 855 (1938).
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flights at St. George these records show a sea-
level ionization significantly lower than during
the other flights. Indeed a preliminary analysis
shows that if one assumes a factor of 10 in the
amplitude of the fluctuations at high altitude for
all the flights as compared with the shielded ion-
ization chamber at Cheltenham the apparent
inconsistencies of Fig. 5 nearly all disappear.

In March 1942 no change in cosmic rays com-
ing in near the vertical was measured between
St. George and Pocatello.? The flights reported
here show a 12 percent increase between St.
George and Omaha, Omaha being at about the
same magnetic latitude as Pocatello. Likewise a
14 percent increase was found between Pasadena
and St. George in 1942. In August and September
1947 no increase was found between Ft. Worth
and St. George, Ft. Worth being at nearly the
same magnetic latitude as Pasadena. We are now
engaged in a program of analyzing data from
balloon flights of past years to determine if
these and other inconsistencies may disappear
when ground level measurements are taken into
account.

Other observers have reported no change at
very high altitudes in the radiation coming in
near the vertical north of certain magnetic lati-
tudes. Johnson? in 1938 reported no increase
within his observational uncertainties between
Minnesota (56°N) and Churchill, Canada
(69°N). Likewise, Dymond® in 1939 made
several balloon flights at 85°N magnetic and
found no increase over that reported by Pfotzer®
at 49°N. We should like to point out that com-
parisons of flights taken at different times may
not be valid and the apparent agreement be-
tween such flights may be fortuitous.

7T. H. Johnson, Phys. Rev. 54, 151 (1938).
8 E. G. Dymond, Proc. Roy. Soc. 1714, 321 (1939).
9 G, Plotzer, Zeits. f. Physik 102, 23 (1936).
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V. CONCLUSIONS

The results of 14 flights taken at seven more
or less evenly spaced stations extending from
San Antonio, Texas, to Saskatoon, Canada, in-
dicate that fluctuations in the primary particles
were quite pronounced during the period August
27 to September 23, 1947. These fluctuations
were such as to hide any small increase one might
hope to find in going north from one station to
another. No plateau at northern latitudes was
found. However, it may have been masked by
the observed erratic behavior of the incoming
radiation. No apparent correlation was found
between the observed fluctuations and the ac-
tivity of the sun or magnetic storms on the earth.
There does, however, appear to be a correlation
between fluctuations of cosmic rays at high alti-
tudes and those found at sea level. The study of
these variations in cosmic rays would require a
large number of flights made over an extended
period of time. The increment from one latitude
to another could be obtained by sending instru-
ments aloft simultaneously from two stations.

We wish to express our appreciation to Dr.
R. A. Millikan, who accompanied us on this
expedition, for his assistance and encouragement
during the course of these experiments. The
authors also wish to express their appreciation
for the welcome given us by the University of
Saskatchewan and the help of Professor E. L.
Harrington, who was largely responsible for the
success of our work in Canada. We gratefully
acknowledge the financial assistance of the Car-
negie Institution of Washington that made these
experiments possible. Our thanks are also due the
U. S. Weather Bureau for supplying us with
helium for our balloons, and the individual
members of the Bureau, who were of so much
assistance at each of the stations in the United
States.
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Appendix III

Note on the East-West Effect*

A. T. Bienr, H. V. NEHER, AND WM. C. ROESCH
California Institute of Technology, Pasadena, California
December 27, 1948

N a recent flight to Peru in a B-29, continuous measure-
ments were made at 3.10 equivalent meters of water
barometric pressure (approximately 30,000 feet) of the
intensity of cosmic-ray particles at the zenith, 45° west
and 45° east. In addition the azimuthal variation was
measured over Peru (magnetic latitude zero) at 2.35 m of
water (approximately 38,000 feet) for zenith angles of 223°,
45° and 673°. These measurements were made with both
10 cm and 20 cm of lead placed between the counters as
well as with #no lead absorber.** Because of the important
bearing that such measurements have on the nature of the
primary radiation, some of the preliminary results at the
equator are herein reported.

Johnson and Barry! measured a west excess at a zenith
angle of 60° of only 7 percent above 5 cm of Hg at 20°
geomagnetic latitude north. Since this could be accounted
for in terms of the asymmetry in the penetrating com-
ponent measured near sea level, it was concluded that there
was no asymmetry in the soft component and hence that
the soft component was due to equal numbers of primary
positive and negative electrons. The penetrating com-
ponent was identified as arising from primary protons.

Janossy and Nicolson? agree with this conclusion reached
by Johnson, namely that the absence of a large east-west
effect at high altitudes argues for two different kinds of
primary particles at the equator.

The east-west effect in the penetrating component at
intermediate latitudes and altitudes has recently been
measured by Schein, Yngre, and Kraybill.? In the geo-
magnetic latitude range 27°-31° north, they report an asym-
metry at 45° zenith angle of 0.46+0.07, at a pressure
altitude of 34,500 feet, in the particles that can penetrate
22 cm of lead.

In the experiment here reported the asymmetries in both
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F16. 1. The west excess in percent as a function of zenith angle with and
3 without lead absorber.

TABLE I. East-west asymmetry over Peru, zenith angle 45°,

M of water Thickness of
equivalent Pb absorber West excess* (%)
3.1 0 23.341.1
10 27.6+1.3
20 30.441.5
2i35 0 29.141.4
10 33.041.6
20 35.441.7

* Computed from the difference between west and east divided by
the average.

the hard and soft components were measured. The tele-
scopes were the same as used previously by us,* except the
extreme angles were changed to include +16° in zenith
angle and #+20° in azimuth. Counting rates at the vertical
with no absorber were about 500 per minute at the equator
at an atmospheric pressure corresponding to 3.10 m of
water (32,000 feet). The experiment was performed at
approximately 0° geomagnetic latitude and 76° west geo-
graphic longitude.

Table I gives a summary of the results at 45° zenith
angle. The counting rate has been corrected for dead time
of the counters, accidental counts, and for side showers. An
indication of the magnitude of the shower correction was
obtained by displacing the center tray of counters out of
line. A detailed account of these corrections will be pub-
lished elsewhere. '

The following conclusions are drawn from the data in
Table I: (a) That at these altitudes the west excess in the
total radiation is nearly as large as in the penetrating
component. (b) That the percentage asymmetry is in-
creasing with altitude. The fact that the percentage west
excess is greater for the more penetrating radiation together
with the fact that it decreases with decreasing altitude may
be due to scattering suffered by the lower energy particles.

More complete data at the higher altitude were taken.
The percentage west excess as a function of zenith angle
with and without lead absorber is plotted in Fig. 1. This
brings out quite clearly the near equality in the asymmetry
of the penetrating and soft components.

The conclusion to be drawn is, that as far as these experi-
ments are concerned, it is not necessary to assume a dif-
ferent primary particle to account for the penetrating and
soft components at the equator and that it is quite likely
that only one kind of incident, positively charged particle
will suffice. . i

We wish to thank the Office of Naval Research for
making these flights possible. We also wish to extend our
appreciation to Major W. A. Gustafson and his men of the
Air Forces for their cooperation and skillful handling of
the plane.

* This work was supported in part by the joint program of the ONR
and the AEC,

#* Data of 2.35 m of water and zenith angle of 22}° are missing for
10 cm of Pb and at 674° for 20 cm of Pb because of lack of time.
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