RESEARCHES OF THE DEPARTMENT OF TERRESTRIAL MAGNETISM
VOLUME XiV

M. A. TUVE, Director
J. A. FLEMING, Director
(Retired June 30, 1946)

s e e

Cosmic-Ray Results from Huancayo Observatory,
Peru, June, 1936 - December, 1946

Including Summaries from Observatories at Cheltenham,
Christchurch, and Godhavn through 1946

ISABELLE LANGE
8. E. FORBUSH

CARNEGIE INSTITUTION OF WASHINGTON PUBLICATION 175
WASHINGT@N, D.C.
1948



RESEARCHES OF THE DEPARTMENT OF TERRESTRIAL MAGNETISM
VOLUME XIV

M. A. TUVE, Director
J. A. FLEMING, Director
(Retired June 30, 1946)

Cosmic-Ray Results from Huancayo Observatory,
Peru, June, 1936 - December, 1946

Including Summaries from Observatories at Cheltenham,
Christchurch, and Godhavn through 1946

ISABELLE LANGE
S. E. FORBUSH

CARNEGIE INSTITUTION OF WASHINGTON PUBLICATION 175
WASHINGTON, D.C.
1948



Lithoprinted from copy supplied by author
by
.Edwards Brothers, Inc.
Ann Arbor, Michigan, US.A.

December, 1948



PREFACE

In December, 1932, President Merriam of the Car-
negie Institution of Washington appointed J. A. Fleming,
W. 8. Adams, and F. E. Wright as a Committee on Co-
Ordination of Cosmic-Ray Investigations, to consider
co-ordination of continued support of cosmic-ray re-
search by the Institution. In its first report, the Com-
mittee emphasized the need for a more precise series
of continuous and simultaneous records of cosmic-ray
intensity at several locations and indicated the desira-
bility of locating the cosmic-ray recording stations at
or near existing magnetic observatories where contin-
uous registration of terrestrial magnetism and other
geophysical phenomena was being obtained.

The construction of several precision recording
cosmic-ray meters, based on a design developed jointly
by Professor R. D. Bennett, Massachusetts Institute of
Technology, and Professor A. H. Compton, was under-
taken for the Committee by Professor Compton and his
colleagues at the University of Chicago. By the middle
of 1935, seven meters had been constructed and tested.

As planned by the Committee, five of these meters,
Model C, were installed at the following observatories
where continuous registration began at the dates indi-
cated: Cheltenham Magnetic Observatory, Cheltenham,
Maryland, Meter No. C-1, March, 1936; Huancayo Mag-
netic Observatory, Huancayo, Peru (South America),
Meter No. C-2, June, 1936; National Astronomical Ob-
servatory, Teoloyucan, D. F., Mexico, Meter No. C-4,
February, 1937; Christchurch Magnetic Observatory,
Christchurch, New Zealand, Meter No. C-5, June, 1936;
and Godhavn Magnetic Observatory, Godhavn, Greenland,
Meter No. C-8, October, 1938,

The two remaining meters have been used mainly
for special investigations such as latitude surveys in
the Atlantic 1] and Pacific [2]. One of these meters
is now about to start operating at the University of
Puerto Rico, and the other is operating for special in-
vestigations at Climax, Colorado.

From the initiation of the program until July, 1946,
tunds for carrying out the construction of meters, their
installation, operation, and maintenance, and for assist-
ance in the reduction of data were provided chiefly by
grants from the Carnegie Corporation of New York to
the Carnegle Institution of Washington for various cos-
mic-ray researches administered by the Committee.

The installation, operation, and maintenance of the
five stations would not have been possible without the
generous and enthusiastic co-operation of many indi-
viduals and several organizations. Grateful acknowl-
edgment is therefore made to: (1) the Director, United
States Coast and Geodetic Survey for providing housing
for the meter at Cheltenham Magnetic Observatory, and
to the members of the staff of that observatory for ef-
ficient operation and maintenance of the equipment;

(2) the Director of the National Astronomical Observa-
tory of Mexico, for invaluable assistance in the con-
struction of housing for the meter and for its mainten-
ance and operation; (38) the Director, Magnetic Survey
Division, Department of Scientific and Industrial Re-
search of New Zealand, for making available its facilities
at the Christchurch Magnetic Observatory, and to the Di-
rector and staff of that observatory for efficient opera-
tion and maintenance of the meter, particularly J. W.
Beagley and V. B. Gerard, who effected much of the re-
duction of the cosmic-ray data from that station; (4) the
Danish Government for transportation of equipment from
Denmark to Greenland, for providing travel and living
expenses for five months for V. Laursen, who super-
vised the construction of housing and installation of the
meter, and for providing a generous grant for assistants,
insurance, heat, and supplies at the observatory, and to
the late Dr. la Cour for co-operation in effecting the in-
stallation and for designing the special housing suited to
the climate at Godhavn; and (5) the staff of the Huancayo
Magnetic Observatory, Department of Terrestrial Mag-
netism, Carnegie Institution of Washington, for operation
and maintenance of the meter.

On July 1, 1947, the Huancayo Magnetic Observatory
was transferred by gift of the Department of Terrestrial
Magnetism to the Peruvian Government and has operated
since under the title of ‘‘Geophysical Institute of Huan-
cayo.’’ Its control is vested in a Directive Committee of
which Dr. J. A. Broggi, Director of the Geological Insti-
tute of Peru, is Chairman. Operation of the cosmic-ray
meter has continued at Huancayo, with the records being
forwarded to Washington.

Isabelle Lange and S. E. Forbush,
Department of Terrestrial Magnetism

il
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COSMIC-RAY RESULTS FROM HUANCAYO OBSERVATORY, PERU,
JUNE, 1936 - DECEMBER, 1946

INTRODUCTION

The Huancayo Magnetic Observatory was established
in 1922 by the Department of Terrestrial Magnetism,
Carnegie Institution of Washington. It is located at geo-
graphic latitude 12°.0 south and longitude 75°.3 west at
an elevation of 3350 meters above sea level. The geo-
magnetic latitude of the observatory is 0°.6 south.

Details of requirements involved in choosing this
site for a magnetic observatory and a description of the
site and buildings are presented in Volumes X-A and
X-B of “‘Researches of the Department of Terrestrial
Magnetism’’ [3]. Along with a brief description of the
complete program of scientific research at the observa-
tory, these volumes include magnetic results for the
period 1922 to 1944.

A recording cosiaic-ray meter was installed at Huan-
cayo Magnetic Observatory in June, 1936. The present
volume gives cosmic-ray data from that time through
December, 1946. Also included in this volume are sum-
maries of data from Cheltenham Magnetic Observatory,

United States Coast and Geodetic Survey, for the period
March, 1637, through December, 1946; Christchurch
Magnetic Observatory, New Zealand, for the period
April, 1936, through December, 1946; and Godhavn Mag-
netic Observatory, Greenland, for the period October,
1938, through December, 1946.

The Cheltenham Magnetic Observatory is located at
geographic latitude 38°.7 north and longitude 76°.8 west,
at an elevation of 72 meters above sea level. The geo-
magnetic latitude at this observatory is 50°.1 north.

The Christchurch Magnetic Observatory is at geo-
graphic latitude 43°.5 south and longitude 172°.8 east, at
an elevation of eight meters above sea level. The geo-
magnetic latitude at this observatory is 48°.6 south.

The Godhavn Magnetic Observatory is located at geo-
graphic latitude 69°.2 north and longitude 53°.5 west, at
an elevation of nine meters above sea level. The geo-
magnetic latitude at this observatory is 79°.9 north.

COSMIC-RAY METER INSTALLATION

Figure 1 is a view of the Huancayo Observatory,
taken from the air, looking northwest. The cosmic-ray
meter at Huancayo 1is installed in the building at the
extreme left in this figure. Figure 2 is another aerial
view of the observatory buildings, looking southeast,
showing, at the far right, the building which houses the

cosmic-ray meter. Figure 3 i8 a closer view of this
building. The meter is located in the‘left end of the
building in Figure 3, in the portion with wooden walls
which is at the right in Figure 4. Figure 5 shows cos-
mic-ray meter No. C-2 installed at Huancayo.

DESCRIPTION OF COSMIC-RAY METER

The instrument at Huancayo consists essentially of a
spherical steel ionization chamber, volume 19.3 liters,
filled with highly purified argon to 50 atmospheres pres-
sure. Pure argon at high pressure gives larger ioniza-
tion currents than any other gas; at 50 atmospheres the
ionization is about 67 imes that in air at normal pres-
sure and temperature. The standard deviation of statis-
tical errors arising from random arrival-times of indi-
vidual rays is inversely proportional to the area of cross-
section of the chamber. At Washington, from analysis of
simultaneous hourly records from two Model-C meters,
the standard deviation of statistical fluctuations in one
hour’s record from either of the instruments was found
to be 0.7 per cent of the total ionization due to cosmic-
rays.

A balancing current is supplied by ionization produced
in a small auxiliary chamber, inside the sphere, by 8-
rays from metallic uranium (see Figure 6). Turning the
micrometer rod to which the uranium is attached permits
varying the rate of entry of B-rays into the balance
chamber as a consequence of changes in the amount of
shielding. The balance current can thus be made about
equal, and opposite in sign through choice of sweep field,
to the average ionization current produced in the main
chamber by cosmic rays. This permits ample sensitiv-
ity for recording, ona photographic trace 60 mm wide,
changes in ionization due to cosmic rays. This method
of balancing also compensates for changes in ionization

which might result from changes in pressure or temper-
ature of the gas. This compensation arises from the fact
that the ionization current due to S8-rays in the balance
chamber is affected by changes in pressure and temper-
ature in the same way as that due to cosmic rays in the

| main chamber.

Direct tests involving two meters showed that the
meters are not affected by temperature. Tests also show
that at the higher pressures, the balance is almost com-
pletely unaffected by changes in the pressure to which
the chamber is filled. For this to be so, there must be
negligible ionization in the main chamber due to a- and
8 -radiation from the walls, sincé this ionization will
not increase with pressure as does that due to cosmic
rays. Also, the dimension of the balance chamber must
be so small that there is negligible absorption in the
argon of the 8-rays from the uranium. Shielding of the
uranium with a thimble of aluminum 0.2 mm thick causes
absorption of the a-particles and soft 8-rays before
they reach the balance chamber. There remain S8-rays
with a range of about 6 cm in argon at 50 atmospheres
and some y-rays. The B-rays traverse the balance
chamber but are stopped within the 3 mm brass walls of
the balance chamber. The y-rays, which are not com-
pletely absorbed by the walls of the balance chamber,
produce a small residual ionization in the main chamber
which is proportional to the pressure and appears as a
part of the zero correction.
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It is known that the ionization in a closed chamber,
filled with air at high pressure, increases with temper-
ature because of less initial recombination of ions atthe
higher temperatures. In pure argon the initlal recombi-
nation is small, and whatever small effect there may be
is compensated by the balance arrangement.

Changes in ionization current due to changes in the
applied potential are also compensated by the balance
chamber, since both chambers show the same degree of
saturation at the voltages (250 V) used.

Batteries supply the sweeping potentials for the main
chamber and the balance chamber. The batteries are
connected across a 2.6 megohms potentiometer, the var-
iable center top of which is grounded. In this way in-
duced charges due to battery fluctuations are eliminated,
provided the insulation of the batteries, potentiometer,
and ionization-chamber walls is high compared to 2.6
megohms. Elimination of induced charges on the collect-
ing electrode from changes in the battery voltage also
requires that the capacity coefficients C1 and Cg of the
two chambers and the resistances rq{ and rg of the two
arms of the potentiometer satisfy the relation: r{Cy =
roCs. By adjustment of the position of the balance
cﬁa.mber, Ci and Cy can be made very nearly equal.
Balance is so effected that suddenly putting 500 volts
across the potentiometer induces a negligible deflection
of the electrometer.

The difference between the ionization currents in the
two chambers is measured with a standard Lindeman
electrometer housed in an airtight, dried chamber as
shown in Figure 7. At hourly intervals, the key relay of
Figure 8 grounds the central electrode for about three
minutes. The collecting electrode thus remains insu-
lated or floating for about 57 minutes of each hour. Once
every four hours, for about one minute, a relay connects

the central electrode to a known potential which can set

by the voltmeter shown in Figure 8. Thus the electrom-
eter gensitivity is automatically recorded. Electrome-

ter sensitivities of the order of one quarter of the maxi-
mum sensitivity attainable insure stability.

As indicated in Figures 6 and 7, the shadow of the
electrometer needle is projected through a compound
microscope onto a strip of bromide paper 60 mm wide,
moving 2 cm per hour for normal operation. The cam-
era is shown at the top front in Figure 5. A roll of paper
18 m in length is adequate for a month of continuous rec-
ord. Visual observations can be made at any time from
an image of the electrometer needle which is projected
onto a ground glass scale as shown in Figure 9.

In addition to the cosmic-ray ionization, the baro-
metric pressure (except at Huancayo) from an aneroid
barometer is also recorded. Notes may be written on
the back of the bromide paper in dim light without af-
fecting the records. Figure 10 shows cosmic-ray rec-
ords from Huancayo for four days. The dark vertical
lines are hour-marks put on by the observatory Landis
time-control machine (instead of by the commutator of
Figure 8 as at other statiods). The upward slope of the
electrometer trace in Figure 10 indicates that the bal-
ance current exceeds the cosmic-ray fonization current.

The meter is shielded by lead shot of uniform size
which is equivalent to a layer of about 10.7 cm of solid
lead. The total shielding, including the steel walls of
the chamber, is equivalent to about 12 cm of lead, which
practically effects complete shielding from any local
radiations unless radioactive sources are brought near.

The meters used at Cheltenham, Christchurch, and
Godhavn are essentially the same as the Compton-Ben-
nett meter described for Huancayo.

ABSOLUTE IONIZATION

The absolute ionization, 15, is determined from the
relation 15 = (1; + 15)/2 in which 1, 1is the ionization
current when the same potential is applied to the main
chamber and to the balance chamber, and 12 is the cur-
rent when these potentials are of opposite sign. If {,
and ip are the ionization currents, respectively, in the
main chamber (due to cosmic rays) and in the balance
chamber, then iy =13 +1}, and iy =13 - i,. However,
any residual ionization in the chamber contributes to 1,.
To determine the residual ionization, the meters were
taken into 2 coal mine 110 meters below the surface
where the cosmic-ray intensity was estimated from
deep water experiments of Regener [4] to be about 0.2
per cent of that at the surface. With the meter fully

shielded, 1, = (1; +15)/2 and iy, = (i - 15)/2 weremeas-

REDUCTION

For the Huancayo records from June, 1936, through
February, 1841, hourly departures from balance were
scaled to the nearest mm (sensitivity normally about
0.3 per cent in cosmic-ray ionization per mm). These
scalings are the heights (in mm on the original records,
which are 80 mm wide) of the ends of the hourly elec-
trometer traces above the beginning of the hourly trace
which is the position of the image of the electrometer

needle when the collector system is earthed. Bursts,

ured for different settings of the uranium micrometer.
Results for meter No. C-1 are shown in Figure 11. For
normal operation, the setting of the uranijum micrometer
is about 20 turns for which the residual ionization is a-
about 15 per cent of the ionization due to cosmic rays.
From Figure 11, it is evident that most of this residual
is probably due to ¥-rays from the uranium. For meter
No. C-2 at Huancayo, the correction for residual ioniza-
tion was 12 ions cm-3 sec -1 and the total jonization af-
ter deducting the residual was 133 fons cm-3 sec-1 at
750 1b. in-1 argon pressure.

Further details regarding the design of the meter
may be found in a paper by A. H. Compton, E. O. Wollan,
and R. D. Bennett [5], from which much of the above
description was taken.

OF DATA

which show as discontinuities in the trace (see, for ex-
ample, 22-23 hours on bottom record of Figure 10) were
scaled for the period June, 1936, through February, 1941,
to the nearest mm if they were greater than 1.6 mm.
Mean bihourly departures from balance (less bursts)
were corrected for electrometer sensitivity to baromet-
ric pressure 510 mm Hg and 2.2 per cent added to obtain
values in Tables 1-10, and 4.5 per cent added to obtain
the values in Tables 11-57.



REDUCTION

From March, 1941, the hourly departures were
scaled directly to the nearest 0.1 per cent of the total
cosmic-ray intensity. The scales were made photograph-
ically on lantern slides, one for each required electrom-
eter sensitivity. The same scales were used for scaling
all bursts of size 0.6 per cent or greater. This proce-
dure not only greatly expedited the scalings but had the
additional advantages that it eliminated numerical con-
version of scalings in mm to per cent, and that all the
burst scalings were thereby automatically normalized.
On this account, only bursts after February, 1941, are
included in the tables.

After these scalings were made, it was found advan-
tageous to form the bihourly mean departures from bal-
ance, deduct bursts, and apply corrections for barometric
pressure, using punched cards with calculating machines
of International Business Machines (IBM) type.

From March, 1841, it was expedient to tabulate cor-
rected bihourly mean values with 6.0 per cent added in-
stead of the constants which had been added for the peri-
od June, 1936, through February, 1841. In each case, the
additive constants eliminate numerous changes of sign of
the values which otherwise would have been necessary.

Barometric pressures were obtained from the routine
observatory tabulations of instantaneous pressures at
each hour from an ordinary Richard barograph. Thus
corrections for pressure for a bihourly mean departure
from balance (less bursts) were based on instantaneous
pressures on the hour at the center of the bihourly inter-
val. For Huancayo, a barometric coefficient of -0.30
per cent in cosmic-ray ionization per mm Hg was adopt-
ed. There the daily mean barometric pressures change
only a few mm Hg within a month, while the daily mean
cosmic-ray intensity, after correction for pressure,
may ordinarily change a few per cent during the month.

These changes in cosmic-ray intensity are due, at
least in part, to a quasi-persistent [6] 27-day wave in
cosmic-ray intensity which is correlated [7] (negative-
ly) with a corresponding wave in magnetic activity. To
mitigate the effect of these real changes in cosmic-ray
intensity on the reliability of the determination of baro-
metric coefficient, daily means were used only for se-
lected intervals. The majority of intervals selected
comprised four days; no interval was shorter than four
days and few were as long as eight or nine days. The
intervals selected were characterized by monotonic in-
creases (or decreases) of the daily means of barometric
pressure.

For each interval, the departures, from the average
of the interval, of each daily mean pressure and ioniza-
tion were obtained. The departures in pressure were
ranked (by magnitude and sign) and averages of all de-
partures in each rank-interval were derived for pressure
and for ionization. These are plotted in Figure 12. Each
circled point is based on the average of 61 departures
and each of the remaining points on the average of about
30 departures. The indicated slope of the line was de-
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termined by least squares giving all weight to the pres-
sure departures [8]. A similar determination, in which
the ionization departures were ranked according to size,
resulted in a barometric coefficient of -0.68 per cent
per mm Hg when all weight was given to the ionization
departures. The large difference in the two barometric
coefficients is due to the rather low (r =-0.70) correla-
tion between pressure and ionization departures for
single days. The reasons for giving all weight to pres-
sure departures to obtain the adopted coefficient are dis-
cussed in reference [8].

The barometric coefficient used to correct the cos-
mic ray intensity to constant barometric pressure was
the same for Cheltenham, Christchurch, and Godhavn,
namely, -0.18 per cent per mm Hg. Separate determina-
tions of the barometric coefficient were made independ-
ently for each of the stations but none differed signifi-
cantly (+ 0.01 per cent per mm Hg) from -0.18 per cent
per mm Hg. Since these stations are all near sea level
and none is near the equator, the barometric coefficients
would not be expected to differ. Their agreement within
the statistical uncertainty, about +0.01 per cent per mm
Hg, thus provides a reasonable check on the over-all
calibration of the three meters.

From April, 1936, to November, 1938, it was not
found possible to prevent escape of argon from the meter
at Christchurch. Argon was put into the bomb on several
occaslions so that the pressure was never less than about
600 b. in-2 except from March to October, 1936, when it
was between 350 and 450 lb. in-2.

The only serious effect of loss of argon arose from
the change in total ionization (proportional to the argon-
pressure) and the consequent changes in effective sensi-
tivity of the meter. These changes were taken into ac-
count in the reduction of the data, whith are therefore
independent of the prevailing argon-pressure. After
November 10, 1938, when a new bomb was installed, no
leakage was experienced at Christchurch.

At Godhavn also, there was some leakage of argon
from the meter. From October, 1938, to October, 1946,
the argon~gressure decreased from 700 1b. in-2 to about
580 Ib. in~4. The decrease in pressure was, however,
not uniform, since for long periods no leakage occurred
after tightening the packing nut. For instance, from
August, 1944, through December, 1846, the pressure re-
mained essentially constant at 580 lb. in-2. The reduced
data for Godhavn were all normalized to eliminate the ef-
fect of changing argon-pressure.

At Cheltenham, as at Huancayo, no loss of argon has
occurred since the meters were installed.

The absolute ionization corrected for residual was
as follows in ions cm-3 sec-1 at the indicated argon-
pressures: Cheltenham, 82 at 715 1b. in-2; Christchurch,
90 at 700 1b. in-2; and Godhavn, 87 at 716 lb. in-2,

Bibliography of published papers of analyses of data
from cosmic-ray meters will be found in the last section
of this volume.

DESCRIPTION OF TABLES

Huancayo Magnetic Observatory

TIables 1-114,--Monthly tables for the period June,
1936, through December, 1945, contain bihourly mean
values of departure from balance, corrected to 510 mm

Hg, centered at the indicated 75th west meridian hours.

Tabular values are in units of 0.1 per cent of total cos-
mic ray ionization, with 2.2 per cent added in Tables
1-10 (June, 1936, through March, 1937), 4.5 per cent
added in Tables 11-57 (April, 1937, through February,
1941), and 6.0 per cent added in Tables 58-114 (March,
1941, through December, 1945). No records for Octo-
ber, 1943, are presented.
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Tables 115-125,--Annual tables for the period 1936
through 1946 contain daily means of hourly departures
from balance, corrected to 510 mm Hg. Tabular values,
by months, are in units of 0.1 per cent of total cosmic-
ray ionization, with 4.5 per cent added in Tables 115-119
(1936 through 1940), and 6.0 per cent added in Tables
116-125 (1941 through 1946). Superscripts a to k indi-
cate the number of missing bihourly values 1 to 11, re-
spectively.

: -136.-~Annual tables for the period 1936
through 1946 contain bihourly values of diurnal varia-
tion in departures from balance, correctedto 510 mm Hg,
centered at the indicated 75th west meridian hours, by
months, seasons, and years, from days with complete
records. Means for three groups of four months each
are designated by Roman numerals, as follows: I, Janu-
ary, February, November, December; II, March, April,
September, October; IIi, May, June, July, August. Tabu-
lar values are in units of 0.01 per cent of total cosmic-
ray ionization, with 4.5 per cent added in Tables 126-130
(1936 through 1840), and 6.0 per cent added in Tables
131-136 (1941 through 1946).

Tables 137-142,--Annual tables for the period 1941
through 1946 contain frequency distribution of bursts ac-
cording to size by four-hourly 75th west meridian time
intervals. Burst sizes, listed in bimonthly groups, are
in units of 0.1 per cent of the total ions produced per
hour by cosmic rays.

Cheltenham Magnetic Observatory

Tables 143-152.--Annual tables for the period 1937
through 1946 contain daily means of hourly departures
from balance, corrected to 760 mm Hg. Tabular values,
by months, are in units of 0.1 per cent of total cosmic-
ray ionization, with 10.0 added to obtain the tabulated
values. Superscripts a to k indicate the number of
missing bihourly values 1 to 11, respectively.

Tables 153-1682.--Annual tables for the period 1937
through 1946 contain bihourly values of diurnal varia-
tion in departures from balance, corrected to 760 mm
Hg, centered at the indicated 75th west meridian hours,
by months, seasons, and years, from days with complete
records. Means for three groups of four months each
are designated by Roman numerals, as follows: I, Janu-
ary, February, November, December; II, March, April,
September, October; III, May, June, July, August. Tabu-
lar values are in units of 0.01 per cent of total cosmic-
ray ionization, with 10.0 per cent added to obtain the
tabulated values.

~167.--Annual tables for the period 1942
through 1946 contain frequency distribution of bursts
according to size by four-hourly 75th west meridian

time intervals. Burst sizes, listed in bimonthly groups,
are in units of 0.1 per cent of the total ions produced
per hour by cosmic rays.

Christchurch Magnetic Observatory

Tables 168-178.--Annual tables for the period 1936
through 1948 contain daily means of hourly departures
from balance, corrected to 29 in. Hg. Tabular values,
by months, are in units of 0.1 per cent of total cosmic-
ray ionization. Superscripts a to k indicate the number
of missing bihourly values 1 to 11, respectively. No
records for October 1, 1942, to January 15, 1943; Sep-
tember 14 to December 12, 1943; and April 10 to Octo-
ber 31, 1945, are presented.

Tables 179-189.--Annual tables for the period 1936
through 1946 contain bihourly values of diurnal variation
in departures from balance, corrected to 29 in. Hg, cen-
tered at the indicated 172°.5 east meridian hours, by
months, seasons, and years, from days with complete
records. Means for three groups of four months each
are designated by Roman numerals, as follows: I, Janu-
ary, February, November, December; 1I, March, April,
September, October; III, May, June, July, August. Tabu-
lar values are in units of 0.01 per cent of total cosmic-
ray ionization. No records for October to December,
1642, October and November, 1943, and May to October,
1945, are presented.

Godhavn Magnetic Observatory

- --Annual tables for the period 1938
through 1946 contain daily means of hourly departures
from balance, corrected to 760 mm Hg. Tabular values,
by months, are in units of 0.1 per cent of total cosmic-
ray ionization, with 13.0 per cent added to obtain the
tabulated values. Superscripts a to k indicate the num-~
ber of missing bihourly values 1 to 11, respectively. No
data for October 22 to November 25, 1946, are presented.

= --Annual tables for the period 1938
through 1946 contain bihourly values of diurnal variation
in departures from balance, corrected to 760 mm Hg,
centered at the indicated 45th west meridian hours, by
months, seasons, and years, from days with complete
records. Means for three groups of four months each
are designated by Roman numerals, as follows: I, Janu-
ary, February, November, December; II, March, April,
September, October; III, May, June, July, August. Tabu-
lar values are in units of 0.01 per cent of total cosmic-
ray ionization, with 13.0 per cent added to obtain the
tabulated values.
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Fig. 2. Aerial view of Huancayo Observatory, looking southeast
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Fig. 3. Cosmic-ray building at Huancayo Observatory
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Fig. 4. Rear view of cosmic-ray building, Huancayo Observatory




Fig. 5. Cosmic-ray meter No. C-2, Huancayo Observatory
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TABLE 1

COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY JUNE 1936

BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE, +22, (IN UNITS OF O-I% OF THE TOTAL COSMIC-RAY lONlZATION)
CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO 5!0mm Hg

VALUES CENTERED AT HOURS INDICATED IN FIRST ROW OF TABLE—75° WEST MERIDIAN TIME
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(B) LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VALUES AVAILABLE FOR EACH DAY; SUM AT BOTTOM OF THIS COLUMN
INCLUDES THE NUMBER OF BIHOURLY VALUES IN INCOMPLETE DAYS
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COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY

BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE,
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+22, (IN UNITS OF 0.1% OF THE TOTAL COSMIC-RAY IONIZATION)

CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO S5I0mm Hg

VALUES CENTERED AT HOURS INDICATED IN FIRST ROW OF TABLE—75° WEST MERIDIAN TIME

”n
M% NUREN QNN NN NNNNN HANANAN 0NN M
mu Arrre Mrdde rrdee A S - e 0O
> [ 2}

S| OVETON VEDNAYT WANDOVO OWHETAWM POARO RAANMN W
D1 DONRNDYE NOECON MOCAHY Owerid OMOAne YHenNDO 0
DT mmmm MmN NQNNMN MmMmmee Mmemme Mteenm 0
n

ANV NR XAMO™OY RTAMNN MOOARY DXRNANWY AMNOD® ™

Q| eeaam NMANWN AR RNRANVN AN mAanMMe W
™~

= | SMNNAN ONTVLO HOAOON ACRTD NAOMHDET VVMNMNSS O
Y RNAMA MANNT RAMAN HANMM MAMMM MeTeNANN €
o~

| MM HOA ANMET VVMNT DANNWS - © MORAD N
Tl MmN NNMRN ARANN NN XM N nMaNn 0
™~

~| XNO0ON HNDON MOODN OADMAD® NON &~ METANRAVO N
TIRIXNNM. MANNA HWANHAN WA MMM M MM NN O
™~

0| PNNDE ST CTOOUCTR LODNR VMO ® wWOVONO ¢
T1R¥MNAMNM QANARNR NMEAXIN QAN RN N eEMMAN A
™~

m | OMAVAR TNV TMEET MANMYE VEMNAEN OVEOVONG O
SlMMnMMEe NMMMR QMMANN MMMTN MMNINYE TMMMMY ©
®

=] AVwONA CVVOM POMOO VONDD® VNOEYR ODETTOw O
MAMAN MMAANE QRAMN MMM MMeTNN TATMYYE ¢

®

| HADVOD HAETAR O+NMOVO ONVW VOMNAET & AVLAR ©
TAAMNM MAMANR REMAM MAQMN MYMee M MAaMWM  ©

®

~]| PO NDDNR WHOFNO DPEDVO VANNN @ OMS D
MMM MMARe ANRNM QANRMM MEMMN " eMMn W

®

0| THOVDT ONVNR CTYVOVNO VVHTOVNR VHAON ODDOMY O
MMENR MMARE CRARNEMN QAEENET MNRAN eMMmAanm O

®

m| NEOD! OMNY WOATOO WRETDOR OCTNRMNO DONDOR =
MMM MMAMAEN Ml RNMNMN TMMemn nManvN ©

®

- | OCORN DMOTTET AVWNN wHOONRDM AN MeErOVOR M
MMEER® AMMEN NP NeNNe naMmM ennanen ¢

™~

> - - 3
| -vmto orcoae TNoaty escoag JAANY BRR%8A w

17
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COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY
BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE, +22, (IN UNITS OF 0.1% OF THE TOTAL COSMIC-RAY IONIZATION)
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CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO 5!0mm Hg

VALUES CENTERED AT HOURS INDICATED IN FIRST ROW OF TABLE—'75° WEST MERIDIAN TIME
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(B) LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VALUES AVAILABLE FOR EACH DAY; SUM AT BOTTOM OF THIS COLUMN
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COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY
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(A) SUMS AT BOTTOM OF rAGE APPLY ONLY TO COMPLETE DAYS; THAT IS, THOSE FOR WHICH ALL BIHOURLY VALUES ARE AVAILABLE

22

(B) LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VALUES AVAILABLE FOR EACH DAY; SUM AT BOTTOM OF THIS COLUMN

INCLUDES THE NUMBER OF BIHOURLY VALUES IN INCOMPLETE DAYS



TABLE 8

COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY JANUARY 1937

BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE, +22, (IN UNITS OF O.I% OF THE TOTAL COSMIC-RAY lONIZATION)
CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO 5(0mm Hg

VALUES CENTERED AT HOURS INDICATED iIN FIRST ROW OF TABLE —75° WEST MERIDIAN TIME

14

DAY I 3 L) 7 9 " i3 15 17 9 21 23 SUM v'i%uogs
I 14 21 18 11 17 19 22 20 14 16 18 25 21¢& 12
2 17 20 19 28 23 24 18 19 19 24 211 10
3 31 22 20 20 30 19 30 26 <1 < 4 29 23 295 12
‘4 33 19 21 22 25 23 a7 27 27 <4 26 26 290 12
s 26 22 26 26 23 21 29 25 19 29 22 27 295 12
6 37 20 21 20 27 30 21 20 19 16 21 22 264 12
7 25 24 22 28 18 22 22 12 i8 <1 17 25 254 12
[ ] 20 20 26 16 18 19 19 19 20 c2 17 25 241 12
9 29 16 22 21 25 16 25 21 15 16 23 18 247 12
10 20 26 21 20 23 19 20 17 14 19 199 10
" 19 21 16 21 19 21 16 16 i8 17 16 25 225 12
12 26 13 13 14 16 14 19 21 17 14 19 17 203 12
3 18 i8 25 10 27 19 16 19 <0 15 16 23 226 12
14 17 21 25 17 22 22 19 11 15 i8 14 14 215 12
s 19 22 22 25 24 23 25 21 15 <0 20 21 257 12
e 21 17 20 11 8 20 16 20 15 15 i8 13 194 12

7 12 17 26 6 23 19 17 17 27 15 16 13 207 12

18 20 15 19 19 21 24 30 13 14 23 198 1-0

9 20 19 i8 22 14 16 23 20 16 14 19 24 225 12

20 22 29 a8 28 16 16 18 19 21 197 9

21

22 25 15 <0 <1 17 12 110 6

23 18 26 13 20 23 21 21 21 <4 3 18 11 239 12

24 30 23 22 20 23 31 25 <3 29 19 245 10

2s 15 22 20 13 22 20 25 25 i8 19 20 23 242 12

28 20 26 24 23 26 29 20 26 <6 14 22 19 275 12

27 13 17 14 20 24 22 16 20 9 17 17 20 209 12

28 27 23 17 26 36 30 21 30 21 <6 18 26 291 12

29 a5 24 29 31 30 30 24 22 <1 <4 24 26 300 12

30 25 24 29 21 20 30 23 ls <4 16 19 23 272 12

3 15 30 12 20 14 28 17 23 18 15 17 11 210 12

suM |505 494 499 464 510 533 513 500 457 450 466 500 5891 343

(A) SUMS AT BOTTOM OF PAGE APPLY ONLY TO COMPLETE DAYS; THAT IS, THOSE FOR WHICH ALL BIHOURLY VALUES ARE AVAILABLE

(8) LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VALUES AVAILABLE FOR EACH DAY; SUM AT BOTTOM OF THIS COLUMN
INCLUDES THE NUMBER OF BIHOURLY VALUES IN INCOMPLETE DAYS




TABLE 9

COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY

BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE,

FEBRUARY 1937
+22, (IN UNITS OF 0.1% OF THE TOTAL COSMIC-RAY IONIZATION)

CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO S510mm Hg

VALUES CENTERED AT HOURS INDICATED IN FIRST ROW OF TABLE —75° WEST MERIDIAN TIME
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(A} SUMS AT BOTTOM OF PAGE APPLY ONLY TO COMPLETE DAYS; THAT IS, THOSE FOR WHICH ALL BIHOURLY VALUES ARE AVAILABLE

(B) LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VALUES AVAILABLE FOR EACH DAY; SUM AT BOTTOM OF THIS COLUMN

INCLUDES THE NUMBER OF BIHOURLY VALUES IN INCOMPLETE DAYS



TABLE 10

COSMIC RAY RESULTS FROM HUANCAYO MAGNETIC OBSERVATORY

MARCH 1937

BIHOURLY MEAN VALUES OF DEPARTURES FROM BALANCE, +22, (IN UNITS OF 0.1% OF THE TOTAL COSMIC-RAY IONIZATION)

CORRECTED FOR BURSTS AND FOR BAROMETRIC PRESSURE TO 5!0mm Hg

VALUES CENTERED AT HOURS INDICATED IN FIRST ROW OF TABLE—75° WEST MERIDIAN TIME
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(A) SUMS AT BOTTOM OF PAGE APPLY ONLY TO COMPLETE DAYS; THAT 18, THOSE FOR WHICH ALL BIHOURLY VALUES ARE AVAILABLE

(B} LAST COLUMN INDICATES THE NUMBER OF COMPLETE BIHOURLY VA