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Supplemental Summary of Cutoft
Rigidities Calculated Using the International
Geomagnetic Reference Field for Various Epochs

1. INTRODUCTION

The cutoff rigidity (momentum per unit charge) is defined as the lowest rigid-
ity a charged particle can possess and still arrive at a specific point on the earth's
surface. 1,2 The cutoff rigidity of any geographic location is a function of both the
zenith and azimuth angles of arrival. In the vertical direction the cutoff rigidity
has a value of 13 to 18 GV at the magnetic equator and is theoretically zero at the
magnetic poles.

The general equation of particle motion in the magnetic field does not have a
solution in closed form even in a simple dipole field. To determine which rigid-
ities are allowed at a specific geographical location, it is necessary to perform
detailed and extensive numerical calculations of cosmic-ray trajectories in a
mathematical model of the earth's magnetic field. To accurately determine the
cutoff rigidity of a specific location on the earth in a specified direction, cosmic-
ray trajectories are computed at successively lower rigidities until a rigidity is
reached below which all particles are forbidden at that location.

(Received for publication 2¢ October 1982)

1. McCracken, K. G. (1962) The cosmic-ray flare effect. 1. Some new methods
of analysis, J. Geophys. Res, 67:423.

2. Stromer, C. (1930) Periodische elektronenbahen im felde eines elementar-
magneten und ihre anwendung auf bruches modellversuche und auf eschen-
hagans elementarwellen des erdmagnetismus, Z. Astrophys. 1:237-274.
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The method for making a rigorous determination of the cutoff rigidity by
calculating the trajectories of particles as they traverse the earth's magnetic
field has long been advocated, 3 but the tremendous amount of calculation involved
has limited the application of this approach. With the advent of high-speed digital
computers, the application of this numerical method was made tractable with
Freon and M(:Cracken4 making the first use of this technique to determine the
vertical cutoff rigidity of a specific location. Since that titne a number of papers
have been published in which cutoff rigidities calculated by the trajectory-tracing
method have been presented. nof Even with the highest speed computers available
today, the calculation of cutoff rigidities for an unlimited number of geographical
locations, and zenith and azimuth angles is not practical because of the extensive
computer time involved. Consequently, most of the cutoff rigidities published to
date have been for very specific directions {most often the vertical direction) and
locations, or calculated for use in the analysis of very definitive problems.

We have been computing cutoff rigidities by the trajectory-tracing technique
for several years. Many of these values have been published in various tables, -1
while the remaining and majority of values have been utilized primarily in various

12-20

analyses. Throughout this work we have maintained a composite listing of

all locations for which we have made these calculations. The purpose of this set

of publications is to present, in tabular form, listings of cutoff rigidities calculated
using the trajectory-tracing method. The first four publications in this set21'24
contained the results of the extensive cutoff rigidity calculations made using the
Finch and Leaton25 {(Epoch 1955. 0) internal geomagnetic field model, as well as a
smaller set of results obtained using the Jensen and Cain26 (Epoch 1960. 0) field
27-30 contain similar resul;:s as calculated
)' 1

coefficients. The next four reports
utilizing the International Geomagnetic Reference Field (IGRF with time deriva-
tives applied so that the coefficients for the field model are appropriate for Epochs
1955.0, 1965.0, 1966.5, 1970.0, and 1975.0. This report contains tables of cut-
off rigidities supplemental to those published in the previous eight reports. All

of the cutoff rigidity values were calculated using the IGRF and its time derivatives.

In addition, minor corrections to previously published values are also included.

2. METHOD

The orbit of a negatively-charged particle moving outward from the earth from

a specific location and direction is identical to the orbit of a positive particle of

Because of the large number of references cited above, they will not be listed here.
See References, page 21.
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equal rigidity approaching the carth ultimately arriving at the same location in the
same direction. Programs and methods that use the differential equation of
motion (r = 7?— r > B) to determine the path of a particle of charge q and mass m

in the earth's magnetic field f}by numerical integration have been published sev-

. 7,8,30,32-34
eral times.

Relatively few modifications to the original "McCracken' trajectory programx”
have been made throughout the period of this work, and in all cases these modifi-
cations have been to increase the efficiency of this program for operation on the
various types of computers that have been utilized. One important modificatic

was to replace the library of step sizes provided in the original McCracken
prugx'amS:‘ with a computed step size thz;t is between 1725 and 1750 of the dist
traveled during one gyration. In an uniform magnetic field the time required
one gyration is _33_}33113 i—:r where P (rigidity) is in units of GV, ¢ is in units
km/sec, and 3 is the 1'at'io between the particle velocity and the speed of light,

the distance traveled during a gyration is divided into 50 steps, (when 'V is per-

pendicular to B) then the step size, in units of time, is approximatels

1.4 51072
B3

and the magnetic field vector. Since the earth's magnetic field is not uniform, we

{1+ ,cos «)) sec where a is the pitch angle between the velocity vector

recomputed the step length for each Runge-Kutta iteration step. At each step the
velocity of the particle was checked, and if the current value of 5 differed from the
initial value by more than 1 X 1077, the integration was declared unacceptable and

the trajectory recomputed with the previous step size divided in half. A listing of
. L ea 3
this revised FORTRAN computer program is given in Appendix I of Shea ct al. h

The effect of the currents in the magnetosphere and the magnetospheric tail
were not considered in these calculations. The work of Gall et al,‘h Smart et al,‘%

32. McCracken, K.G., Rao, U.R., and Shea, M.A. (1962) The Trajectories of
Cosmic Rays in a High Degree Simulation of the Geomagnetic Field,

M.I.T. Tech Rpt. No, 77, NYO-2670.

33. Shea, M.A., Smart, D.F¥., and McCracken, K.G. (1965) A Study of Vertically
Incident Cosmic-ray Trajectories Using Sixth-degree Simulations of the
Geomagnetic Field, ERP No. 141, AFCRL-5-705, AD 623632,

34. Shea, M.A., Smart, D, F., McCracken, K.G., and Rao, U.R. (1068)
Supplement to IQSY Instruction Manual No. 10, Cosmic Ray Tables -
Asymptotic Directions, Variational Coefficients and Cutoff Rigidities,
Special Report No. 71, AFCRL-68-0030, AD 667539,

35. Gall, R., Jimenez, J., and Camacho, L. (1968) Arrival of low cnergy cosmic
rays via the magnetospheric tail, J. Geophys. Res., 73:1503,

36. Smart, D.F., Shea, M.A,, and Gall, R. (1969) The daily variation of

trajectory-~derived high latitude cutoff rigidities in a model magnetosphere,
J. Geophys. Res. 74:4731.




and S martand Sheas' have shown that the inclusion of thesc¢ currents and the mag-

netospheric tail, results in a significant lowering of the cutoff values at locations
for which the internal field vertical cutoff rigidity would be <0.5 GV; therefore,

care should be taken when using these tables for these locations. The effects of

these external sources would result in slight decreases (~ 0.1 GV) for locations

where the vertical cutoff rigidity calculated with the internal geomagnetic field

model is between 0.5 and 2.0 GV, Little, if any, effect is found for locations
where the vertical cutoff rigidity is higher than 2.0 GV. 38

Each of the cutoff rigidity values given in the appendices of this report
was calculated in the same manner by initiating the cosmic-ray trajectory at a
spevified altitude (usually 20 or 30 km) and direction above the surface of the
earth. The calculations were continued until either access to the interplanetary
medium was assured (the trajectory extended to a distance of more than 25 earth
radii) or the orbit was found to be torbidden. Forbidden orbits were divided into
two groups, those which intersccted the solid carth {called a re-catrant orbit) and
those tor which no solution could be obtained within a reasonably number of itera-
tions, which was arbitrarily sclected at 40, 000 iterations,

Details of each of the trajectories calculated for the determination of the cut-
off rigiditics, including the asymptotic direction of cach allowed orbit and the
number of iterative steps for cach of the rigiditics considered, arce containdd on
magnetic tape and are available through World Data Center A for Solar-Toerrostri,
Physics, Boulder, Colorado 80303,

For each location caleulations were initiated at a rigidity high above the hich-
est possible cutoff, and cosmic-ray trajectories were cateulated at discrete mter-
vals decreasing in rigidity until we were satisfied that the cutoff had been reached,
As the calceulations progress down through the rigidity spectrum, the results
change from the easily allowed orbits to a complex structure of allowed, forbidden,
and quasi-trapped orbits (looscly called penumbra) and finally to a sct of rigiditics
where the trajectories all interscct the solid carth, As a result of these types of
trajectory calculations we defined three distinet cutoff rigidities: the main cutofl,
P(M), above which all rigidities are allowed, the Stormer cutoff P(S), below which
all rigidities are forbidden, and an effective cutoff rigidity, PC which we have

defined as

37. Smart, D.F,, and Shea, M.A. (1972) Daily variation of ¢lectron and proton
geomagnetic cutoffs calculated for Fort Churchill, Canada, J. Geophys.
Res, 77:4505, -

38. Shea, M.A., and Smart, D. I, (1971) Calculation of the magnitude of the daily
variation of vertical cutoff rigiditics and associated changes in the neutron
monitor response for selected North American ncutron monitors, 12th
International Cosmic Ray Conf., Hobart, Conference Papers (University
of Tasmania) 3:854.




P(M)
PC = P(M) - f 4P allowed
P(s)

thus aliowing for the opacity of the penumbra. A detailed definition of these effec-
tive cutoffs hus been published, 8 and the effect of different spectral slopes and
coupling functions has been investigated by Uorman et al. s All calculations
extending from well above to well below the penumbra were made at discrete
0.01 GV intervals in an effort to define the structure within the penumbral region.
Therc is an inherent hazard in using the trajectory-tracing method to deter-
mine the structure within the penumbra in that some of the allowed rigidities may
not be found due to a systematic limitation resulting from performing the trajec-
tory calculations at discrete rigidity intervals. In our work we have made the
specific agsumption that if a trajectory is accessible (or forbidden) at a rigidity

P., then this result is applicable over the interval between Pi b3 qu (where AP s

the size of the rigidity interval). However, we rccognize that the penumbra con-
sists of a very complex structure of allowed and forbidden bands, and this struc-
ture is most certainly finer than ithe 0. 01 GV intervals employed. Conscquently,
calculations down the rigidity spectrum at finite discrete intervals might miss
some of the aliowed rigidities for a specific location and direction. This problem
has been discussed in detail by Shea et alH in which the effective cutoff rigidity was
calculated using intervals of various sizes extending from rigidity intervals 0.1 to
0.01 GV. The results showed that while doubling the 0. 1 GV intervals vields
essentially the same effective cutoff rigidity (within 1 percent) a further expansion
of the interval does not give the same consistency. Based on these resuits we
have considered that the v.01 GV intervals were adequate for the determination

of the effective cutoff rigidity.

It is difficult to be assured that the lowest possible rigidity which may be
allowed for a given location at a specific direction {(that is, the Stormer cutoff
value) has been precisely determined. We have found that for complex penumbra
extending the calculations to lower rigidities at smaller rigidity intervals often
results in "'one or more allowed rigidity” below the previous last allowed rigidity.
For a number of cosmic-ray applications, the determination of the last allowed
rigidity would not present a serious problem; however, it is necessary for some

experimenters in the analysis of their data. This problem and the degree of

349. Dorman, L.I., Gushchina, R.T., Shea, M.A., and Smart, D.F. (1072)
Cosmic Rays Effective Cutoff Rigidities, Publishing House NAUKA,
Moscow, USSR.




confidence to which we feel we have located the lowest possible allowed rigidity
10, 40

is discussed in detail by Shea and Smart.

3. CLTOFF RIGIDITY TABLES

3.1 Format of the Tables

Fables summarizing the cutoff rigidities calculated using the trajectory-

tracing method are given in Appendices A through D, These values have been
calceulated utilizing the 1GR g3 with its time derivatives applied such that the
coefticients are appropriate for cach specitic epoch, Since the IGRE wus derived
utilizing magnetic observations that could be contidently applicd to 1460, the cut-
off rigidities calculated for this cpoch are as accurate as the trajectory-tracing
procedure permits.  The time derwvatives of the geomagnetic ficld associated with
the IGRE coefficients were derived from the changes in the geomagnetic field over
the approximate period 1935 through 1067 (Cain, private u-ommunu-;ntiun“); con-
sequently, when these time derivatives are applicd for epochs between these time
periods, the resulting coefficients are relatively representative of the geomapneti
ficld for the sclected epoch.

For cpochs more recent than 1967 (such as 1970 and 1975) the geomuagnetin
field coefficients, as derived from the time derivatives, actually describe o
"predicted” field and the cutoff rigidity calculations for thesc cpochs are a pro-
dicted set of values. Magnetic field data obtained in the last decide have shown
that the observed secular changes in the geomagnetic ficld were, in general, inrger
in the forward direction than those predicted using the IGRE timeo xicrivntivc-s%
derived in 1965, We feel, however, that the differences between these predicted
cutoff rigidity values and the actunal values that can be caleulated using more tecent
magnetic field coefficients are relatively minor - certainly much smaller than the
calculated changes in cutoff rigiditics over a 10-vear interval as noted in some

l

regions of the world such as in the Caribbean and Atlantic Ocean areas. *

40. Shea, M. A., and Smart, D. ", (1974) Tables gg_.\svm totic Dircctions, Cutoff
Rigidities, and Reentrant Albedo Calculations for Palestine, Dallas, and
Midland, Texas, Special Report No.o 175, AFCRT-TR-74-0150, AD Nadsqag,

11. Shea, M.A., and Smart, D.F. (1075) The evaluation of cutoft rigidities and
reentrant albedo calculations for Palestine, Dallas, and Midland. Texas,
J. Geophys. Res. 80:1202.

42, Cain, J.C, (1973) Private communication.
43. Regan, R.D., and Cain, J.C. (1875) The use of geomagnetic ficld moddls in
magnetic surveys, Geophysics 621,

44. Shea, M.A., and Smaurt, D. V. (1973) A five by fifteen degree world grid of
calculated and cosmic-ray vertical cutoff rigidities for 1965 and 1475,
14th International Cosmic Ray Conference, Conference Papers 4:12048.
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The jeneral format of the tables contained in Appendices A through D is iden-
tical for euch of the tables of vertical cutoff rigidities and similar for cutoff rigid-
ities caliulated in non-vertical directions. Yach location has been identified by a
specific name or identifier that evolved in the course of this work and proved easy
for us to ':*ilize in cur various analyses. This identification is foilowed by the
geographic coordinates of each location together with the L value calculated using
the same coefficients utilized in the trajectory-tracing program. All 1. values
were calculated for an altitude consistent with the initializing of the trajectory-
tracing technique.

tor cutoff rigiditics calculated in the non-vertical direction, the L. value is
followcd by the zenith and azimuth angles for which the cutoff rigidity was calcu-
lated. The azimuth angles are measured in the clockwise direction with 0° toward
geographic north, 20" toward grographic cast, ete. Most of the azimuth angles
are in the diretion appropriate to geomagnetic north, east, south and west for
cach specific location, although oveasionally additional azimuths are included.

For completeness, the cutoff rigidity in the vertical direction, denoted by 0° zenith
angle and N avzimuth angle, is given for cach location.

The remaining colunms in cach of the tables give the various cutoff rigidity
values for eoch lovation in order of the main cutoff rigidity, P(M), the Stormer
cutoff rigidity, P(S), the width of the penumbra, and the cffective cutoff 1igidity,

PO . AL rigidities are in GV,

3.2 Arrangement of the Tables

he tables in Appendices A through C are listings of the rigidity values that
are supplementary to those published in previous 1‘(‘ports.21~24‘27_30 These
appendices are ordered by the epoch for which the cosmic-ray cutoff rigidities
are calculated. Table 1 summarizes the data scts in these appendices. Also
given is the altitude for which the calculations were made, whether the values are
for vertical or angular dircctions and the epoch of the magnetic field for which the
cutoff rigidities were calculated.

Table A] gives vertical and non-vertical cutoff rigidity values for Branson,
Dallas, Midland, and Palestine, U.S.A. These locations are at or near locations
from which cosmic-ray balloon experiments are frequently launched. These cal-
culations were made using the 1965. 0 Epoch of the geomagnetic field and for an

altitude of 30 km. This increased altitude is more appropriate for balloon-borne

“The abbreviations for the main cutoff rigidity, the Stormer cutoff rigidity,
and the effeetive cutoff rigidity in this series of reports have been changed slightly
to permit computerized headings in the tables. Earlier work used the abbrevia-
tions P_, P_, and P, for the main, Stormer, and effective cutoff rigidities,
respectrlr{rely.s ¢
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detectors than the 20-km altitude customarily used for cosmic-ray neutron moni-

tor locations.

Table 1. Summary of Data Sets Included in Appendices A Through C

I
Table | Altitude

No. Locations Directions” (km) Epoch

Al Branson, USA V,A 30 1965.0
Dallas, USA V,A :
Midland, USA V,A
Palestine, USA V,A

B1 Three Mexican V,A 30 1070.0
Locations

1 Soviet Latitude \Y 20 1975.0
Survey Locations

2 Miscellaneous A 20 1975.0
Points

C3 Cosmic-Ray V,A 20 1975. 0
Stations

C4 Two World V,A 20 1975, 0
Grid Locations

C5 South American \Y 3Q 1975.0
Grid Locations

C6 Locations Near v 30 1975.0
Balloon Launching
Sites

Cc7 Cape Giradeau, USA V,A 30 1975. 0

Sioux Falls, USA
Riyadh, Saudi Arabia

C8 Cape Giradeau, USA V,A 40 1075.0

'V = vertical, A = angular

Table B1 gives vertical and non-vertical cutoff rigidity values for three loca-
tions in Northern Mexico. These calculations were initially performed for use in
the analysis of a balloon-borne cosmic-ray detector flown near the US-Mexican
border. The geomagnetic field model used was formed by the IGRF coefficients
with time derivatives appropriate for a 1970. 0 Epoch. These values are for an
altitude of 30 km.

16




The cutoff rigidity values in Appendix C were all calculated using the geomag-

netic field model formed by the IGRF coefficients with time derivatives appropriate
for a 1975.0 Epoch. Table C1 lists vertical cutoff rigidity values for locations

A oA
45,46 Figure 1

along the route of a Soviet cosmic-ray survey to Antarctica.
presents a map upon which solid circles denote the locations included in this table.
Table C2 lists vertical cutoff rigidities for several miscellaneous locations as de~
noted by circles shown on the map in Figure 2. Table ('3 gives vertical and angu-
lar cutoff rigidity values for selected neutron monitor locations. Most of these
values were calculated for stucies of the 7 May 1978 ground-level solar cosmic-

47,48

ray event. Table (4 lists vertical and zngular cutoff rigidity values for

2098, 150°E and 2595, 105°E —both locations on the world grid of vertical cutoff
rigidities. 7! All cutoff rigidity values for Tables CI through C4 were calculated
for an initial altitude of 20 kin.

Table C5 presents a list of vertical cutoff rigidities for a grid 5° in latitude
and 5° in longitude over Central and South America. Table Cf lists vertical cutoff
rigidities for various locations at or near cosmic~ray bailoon launching sites.

The locations included in this table are indicated by circlies in Figure 3. Table €7

lists vertical and angular cutoff rigidity values for Cape Giradeau, USA, Sioux

Falls, USA, and Riyadh, Saudi Arabia. All cutoff rigidity values for Tables C5

through (7 were calculated for an initial altitude of 30 kin.

Table €8 lists vertical and angular cutoff rigidities calculated for an altitude
of 40 ki for Cape Giradeau, USA. Caution should be applied in comparing the
different cutoff rigidity values for Cape Giradeau for 30- and 40-km altitude.
Although these values would be expected to decrease slightly with increasing alti-
tude, there are a few directions where smull increases are noted. These increases
are primarily from changes in the penumbra structurce where a slight change in
orbit can change a trajectory from "allowed" to "re-entrant’’ and vice-versa.

45. Golenkov, A.E., Okhlopkov, V.P., Svirzhevsky, N.S5., Svirzhevskaya, A. K.,
and Stozhkov, Yu.l. (1977) Latitude measurements of cosmic ray intensity
in the stratosphere during the solar minimum in 1975-1076, 15th Inter-
national Cosmic Ray Conference, Conference Papers i:'_"_’ﬂ.

16. Shea, M. A., Smart, D. ., Stozhkov, Yu.l., Svirzhevsky, N.S.,
Svirzhevskaya, A.K., Bazilevskaya, G.A., and Charackchyvan, T.N.
(1981) Analysis of cosmic ray intensity dat: and trajectory calculated
vertical cutoff rigiditics for the latitude suivey made during the 22nd
Soviet Antarctic expedition, 17th International Cosmic Ray Conference,
Conference Papers 4:213.

47. Shea, M.A., Smart, D.¥., Tanskanen, P.J., and Humble, J. L. (10790)
Neutron monitor response to non-vertical arrival directions during Gl.L's,
16th International Cosmic Ray Conference, Conference Papers 12:240,

48. Shea, M.A., and Smart, D.F. (1982) Possible evidence for a rigidity-
dependent release of relativistic protons from the solar corona,
Space Sci. Rev, 32:251,
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Figure 1. World Map Illustrating Specific Locations Along the Route of a Soviet
Cosmic~Ray Survey to Antarctica for Which Vertical Cutoff Rigidities Have Been
Calculated Utilizing the International Geomagnetic Reference Field Coefficients
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Figure 3. World Map Illustrating Locations at or Near Cosmic-Ray Balloon
Launching Sites for Which Vertical Cutoff Rigidities Have Been Calculated
Utilizing the International Geomagnetic Reference Field Coefficients Appro-
priate for a 1975, 0 Epoch

Tables D1 and D2 list vertical cutoff rigidities for San Jose dos Campos,
Brazii for Epuch 1265, 0 and for five locations for Epoch 1975.0, respectively.
These are additional locations for which these calculations were performed after

publication of the previous tables. 30 These calculations were made for an altitude

applied such that the coefficients were appropriate for Epoch 1975,

Finally, Table E1 lists corrections we have found to our previously published
tables. The rigidity value to be corrected, the originally published value, the
correct value, and the reference and page number within the reference where the

value was originally published is listed for case in identifying the changes.

of 20 km using the IGRF for Epoch 1965 and this same ficld with time derivatives '
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Appendix A

Table of Cutoft Rigidities Calculated Using the International
Geomagnetic Reference Field Model for Epoch 1965.0

Table Al summarizes the cutoff rigidity values for Branson, Dallas, Midland,

and Palestine, USA with these values having becen calculated by the trajectory-

tracing method utilizing the International Geomagnetic Reference Ficld"\1 modecl

for Epoch 1965. 0. The calculations were made for an altitude of 30 km,

The format of this table is as follows:

Identification:

Geographic Location:

L Value:

Zenith Angle:

Azimuth Angle:

Each location has been identificd with a specific
name or identifier.

The geographic coordinates of each location are
given with the latitude as positive for the northern
hemisphere and the longitude in degrees I of
Greenwich,

The L value, in earth radii, calculated using the
same geomagnetic field coefficients as utilized in
the cutoff rigidity calculations.

The angle (in cdegrees) from the zenith for which the
cutoff calculation has been made.

The azimuth angle (in degrees) for which the cutoff
calculation has been made. All azimuth angles are
measured clockwise from the geographic north (that
is, N9 = geographic north, W© = geographic east, etc.)

Al. IAGA Commission 2, Working Group 4 (1969) International Geomagetic Field
1965.0, J. Geophys. Res, 74:4407.
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P(M): The main cutoff rigidity (in GV) for this location in
the specified direction.

P(S): The Stormer cutoff rigidity (in GV) tor this location
in the specified direction.

Penumbral Width: The difference between the main cutoff rigidity and the
Stormer cutoff rigidity (in GV).

PC: The effective cutoff rigidity (in GV) for this location in
the specified direction.

This table and the values contained therein arc described in the text of this report.
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Table A1l.

Summary of Vertical and Angular Cutoff Rigidities for Selected Loca-

tions Near Cosmic-Ray Balloon Launching Sites as Calculated for 30-km Altitude
Using the IGRF (Epoch 1965. 0) Geomagnetic Field Model (Contd)

PALESTINE, 154

s1.7%

Jbd, 35

30

F —

GEUGRAPHIC L ANGLES PENUMBKAL !

[UENTLIFICATION LAT. LJlt, VALUE  ZeN, AZLL, p(M) PiS) WIotw o pC J

MIDLANY, USA 32,00 257,85 1./651 o) 184 5,200 8,53 0,05 H.05
MINOLAND, USA 32,00 297,85 1.7651 60 /3 d.50 3,85 U he 4,1y
MIDLANU, USA 32.00 257,85 l./651 &b 8 hoe ALz U740 4.7
MIULARD, USA 32,00 Inl.8y  1.76b51 bhy Y8 6.8¢  h.z21 1.kl h. 36
MIDLAND, USA 3.0 ¢57.8y  1./6b1 by 184 5.2 4,51 U700 4,43
MIDLAND, USA RLLOU 257085 1.7651 bb 274 4,14 S.bb {ihs 4,03
MIDLANI), USA 32.00 25/.8% 1./7651 1y 4 b.Y3s  b.Y93 O 6.Y3
MLDLAND, USA 3¢.UU 57,80 1./7691 JAV ] L. b/ hobd 0,04 0. 65
MIDLAND, USA 32.00 ¢5/7.8Y5 L./7651 u lde 5.14 4,30 U.d4 4,91
MIULAND, USA 32,00 257,89 1. 7641 27 4.0y 3,70 0,39 3.9¢
MIDLAND , USA 32,00 297,85 1.7651 /5 o} ENY4 Y,.02 hub 4,62
MIDLAND, USA 32,00 257,85 1, /7051 7h L 4. 70 Y./4 U.02 9. 75
MIDLARY, HSA 32.00 25/7.8%  l.7651 75 188 5.0 4,14 .4l 4.89
MIDLAND, USA 32,00 257,89 1. 70651 /5 274 4,48 3.4y U.hu 3,42
MIDLAND, USA 32,00 257,85 l.7651  8u 8 12,52 12,52 0.00 12.52
MIOLAND, USA 32,00 257,85 1./7051 80 Yy 17,8y 17,29 0.0 17.8Y
MIDLAND, USA 32,00 257,85 1./7651 8U 188 5.02 4,21 0.41  4.84
MIDLAKD, USA 32.0U0 2b7.85  1.7651 30 2/% 4,11  3.74 0.37  3.Y5
MIDLAND, JSA 32.00 257.85 L. /7651 85 3 Iacsb 1h.86 0,700 15,86
MIDLAND, USA 32.0U 257.85  1.765] Bhooyy o 27,51 27.51 V.00 2/.51
MIDLAND, USA 32,00 25/.85 1.7651 B 188 5. 400 4,28 0,72 4.86
MIDLAND, USA 32,00 257,85 1./7651 3w 278 4,20 3,50 0.0 3.9%
MIDLAND, USA 32.00 25/7.8% 1.7651 9u 4 1Y.9p 19,96 0,00 19,96
MIULANL), USA 32,00 257,85 1,/6vl Y98 4zZoz20 Az 14 0002 42,19
MIDLAND, SA 32,00 257,85 {.7051 40y 188 9. 04 4,31 U.73 4.4b
MIULAND, USA 32,00 257,85 1. 7551 yu o Z/y 4,1z .53 U.HY 3.Hb

PALESTINE, USA
PALESTINE, USA 3l./5 2bd,3H  1.827¢ 0] U 4,77 4.38 .34 4,48
PALESTINE, USA 3ho7h 264,35 1.82/¢ 5 ! 4,74 3,93 0,%1 4.46
PALESTINE, USA 3L.7h 264,35 1.821¢ EIERY 4,75 3,99 U7 4,49
PALESTINE, USA 31,75 204,35 1.8272 v o6/ 4l 3,08 ULuZ2 0 4,52
PALESTINE, USA Sh. /b ¢Zb4.3b 1.827¢ b y/ 451 4,45 (.o 4,457
PALESTINE, USA 31,75 264,35 t.szie s lz/ dudb 3041 0,95 4.y7
PALESTINE, USA 3l.ih ¢bd dh Llowele 5 1n7 .75 4,06 Uood 4,4
PALESTINE, JSA 3L.75 204,35 1.8272 5 1d/ 4,71 d b ULbb 4.4y
PALESTINE, ULA S1. 75 o4 3h 1oRwe#e 5 21/ 4,k 3.80 0 bows 1,46
PALESTINE, USA 3l./h 20403 1.u2/2 H 24/ 4,64 4,14 9,00 4,43
PALESTINE, USA 31,79 264, 35 1.r2172 5 21/ d.h4 3079 00¢5 4,40
PALESTINL, !USA 375 264,35 1 owel? 5 307 4,66 3,90 O, 43w
PALESTIIR, USA Slo/Y 264035 1. R»272 5 33/ 1,04 .73 d.uh 44y
PALLSTINE, iJSA 31,79 Zbd, 35 l.827¢ 10 / 4.66 4.2% 0,41 4. 34
PALFSTINE, USA 31075 264,50 1,w272 Iy 3/ 4,74 3,79 0U.4H 0 4,46
PALESTINE, 1I5A 3175 264,35 L8212 1 6/ 4,74 LAav 0,2t 4.5/
PALESTLAE, USa 3i./9 2bd, 35 l.re/? a4/ 4ol foul o ULuid dond
PALESTINE, <ISA 31,75 764,34 1.82/7 12/ 4,37 4.2/ li,bo 1.0
PACESTIAL, USA 31,75 2hd, 3y lowei? Lor 1/ a4, 74 4,0, T BRI
PALESTINE, (5A 3lo7% 208,35 l.32/2 1o 13/ 4./ EP A VA
PALESTL b, USQ SL./H b4, 3y 1.nele 21y 4,63 LU Dkt aan
1.8217 d.n 0Ll AL




Table Al. Summary of Vertical and Angular Cutoff Rigidities for Sclected Tooa-
tions Near Cosmic-Ray Balloon Launching Sites as Caleculated for 39~k Altitud
Using the IGRF (Epoch 1965, 0) Geomagnetic Ficld Model (Contd)

'[H E—— S T -
t GFEOGRAPHIC | ANGLES RENCMBL S
P IDENTIF ICATION LAT.  LONG. VALIE  JEN, A7], P () PN WInTe b
l, PALLSTINE, USA 31,79 264,39 1.n21¢ v 24 4, he SONH e, g
i PALESTINE, “SA 31.75 264,35 1.8272 0307 4.hHu iR N, W@ A4
| PALESTINE, USA 31.75 7264, 3% 1.78272 in 337 4.¢1 1,24 7 1.7
| PALESTINE, USA 31.75 264,35 1.8272 1A 7 1.61 R AT a3
i PALESTINE, USA 31.7% 264,3% 1.8272 15 37 4.7¢ LA Tk A, 60
' PALESTINE, USA 31.75 264,34 1, 8272 14 w7 4,9 L dun!
| PALESTINE, USA 31,79 264,35 1. 8277 A a7 5,01 AN ks a7
| PALESTINE, tSA 31.75 264,3R 1.8272 R B 4, % a0 T [
! PALESTINE, uSA 31.75 264,35 1.9272 A 1RT 4,67 "3 n, M b
© PALESTINE, /SA 31.75 264,35 1, 8277 5 1 .60 N S
. PALESTINE, USA 31.7% 264,135 1,800 i 21T 4, ke LA 1,01
' PALESTINE, USA 21,75 264, 3k [ 15 747 R B A7 P
» FALESTINE, VSA 31.7% 264, 3% 1.8e7” [ 1,50 vt 1Lhh R
T PALESTINE, USA 31,75 264,05 LL8270 L5 300 4 ie L 1iawoa
. PALESTINE, USA 31.75 264, 3% 1.%272 In 37 15 L0000 e N
i PALESTINE, USA 31.75 264,35 1.2277 s ! 1. e e R
. PALESTINE, 1SA 31.75 ?R4,35 1,807 i 27 00 e 1LY P,k
© PALESTINE, 1iSA 31.7% 764,34 1,827/ " nJ N Suonty iRy A0k
PALESTINE, 1ISA 31.75 764, 3% 1.8272 i} Q7 L Lo T F
" PALESTINE, USA 31,75 764,55 1,272 a1 hooW L 300
: PALESTINE, 11SA 31,75 264,35 1,827° FAT L 4,7 IR
i PALESTINE, 'ISA 31.7% 264,35 1.827? P B 1.8/ LR 4,50
! PALESTINE, USA 31.75 264,34 1.8 027 1,51 Lo ), 8l 4.0
i PALESTINE, iSA 31, /% 264,35 1.8272 22 1,34 NEA TR S| L0
! PALESTINE, !ISA 31.75 264.35 1.827? 2! 4,44 LoTh ) Ra A
+ PALESTINE, 1SA 31.75 264,35 1.8277 20 3 4,47 BV R A 4,1k
. PALESTINE, USA 31,74 264.35 1.8272 AR 2,80 g [P 3,7
| PALESTINE, 1SA 31.7h 264,35 1.8272 25 ! 4,7, S0 0 ke 4,60
| PALESTINE, UISA 3L.7% 2R4.35  LLE2IT 2n 37 Rynt i a0 a2 g e
[ PALESTINE, tISA 31.75 264,35 1,8272 75 A A010 4,30 0,2 4,8
" PALESTINE, USA 31.75 264,35 1.8272 25 W h, 74 A1 4,4
| PALESTINE, USA 31.75 264,35 1.8277 o 10T .16 4,200 0 0 4,44
I PALESTINE, USA 31.75 264,35 1.8072 25 17 A, 4.0h A Ry i
I PALESTINE, USA 31.75 264.35 1,872 FRE d.n! IO ST} .83
| PALESTINE, 1SA 31.75 264,35 1.8272 /217 4,57 R CO Wt PR
¢ PALESTINE, USA 31.75 264,35 1.8277 ho247 4, L7 N, A2 3.1
f PALESTINE, !SA 31.75 264.35 1.827? 25 277 4,0¢ 3.7 D83 aQ, ¢
| PALESTINE, USA 31.7% 264,35 1.8272 25307 4,3F i,0% R d.0n
i PALESTINE, 1SA 31,75 7264.35 1.8272 25 337 4,51 L) 1,04 3.1
PALESTINE, USA 31.75 264,35 1.827? Rit 7 4.7 4,06 9.8 a.84
PALESTINE, YSA 31.75 264,35 1.8272 30 37 4,04 2.10 0, 2% a,a
| PALESTINE, 1SA 31.75 264,35 1.8272 AU 67 5.2 4,50 a,.n q, =7
PALESTINE, USA 31.75 264.35 1.827? n a7 5.7h T T B 1, %
PALESTINE, USA 31.75 264,35 1.8272 3N 127 5.26 4,24 1.m 4, 47
PALEST INE, USA 31.75 264.35 1. 8272 30157 5.nN 4.6 0, 08 4,4
PALESTINE, USA 31.75 264.35 1,8272 30187 a,70 LYo 4,57
PALESTINE, USA 31.75 264,35 1.8272 n 217 4,43 3.% o ,Ra A
PALESTINE, USA 31.75 264,35 1.8272 N 2ar 4,35 3.7 A L
PALFSTINE, USA 31.75 264,35 1.8277 30 277 4,34 N7 AT 1,0
PALESTINE, USA 31.75 264,35 1.827? i s 4,33 1,63 0,7 .1
PALESTINE, HSA 31.75% 764,35 1.0277 T 4,42 R I R L
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; Table Al. Summary of Vertical and Angular Cutoff Rigidities for Selected loca-
tions Near Cosmic-Ray Balloon lLaunching Sites as Calculated for 3o-kin Altitude
Using the IGRF (Epoch 1965. 0) Geomagnetic Field Model (Contd)

= TITIITTTIITT T I L LT T .
GEUGWRAPHIC L ANGLES PTG M A

TUENTIFICATION LAT,  LONG, VALUL  ZEN. AZL, pym Sy wleTa
PALESTINE, USA 31.7% 264,35 1.827¢ 3h / 4,0 Vol UL e 4, 41
PALESTINE, USA 31,75 264, 34 1.82717 35 3/ 4,4 aoy e/ “
PALESTINE, USA 31.75 264, 35 l.827¢ 3h 0/ h, e it 1LY dahy
PALESTINE, USA 3l.7% 264, 35 1.827¢ 35 4/ 9eht woER e b,
PALESTINE, USA 31,75 264,35 l.a2/z IR n, Y BT T
PALESTINE, USA 31,75 /b4, 35 1,5827¢ sh Ly Dt R EE N P Lo
PALESTINE, USA 31075 264,35 L.82i¢ 35 1u/ 4 b S T
PALESTINE, USA 3l.75 264, 3% 1,872 w21y [ Lo b il
PALESTINE, USA 31.75 264,35 1.n27¢ “hyoogdl/ 4, ahh 16 4,
PALESTINE, USA 31.7% 204, 3y 1.82171¢ sh 247 4. RTINS 1,
PALESTINE, USA 31.7% 264.35 1.8272 35 suv 4010 oAk a4t
PALESTINE, USA 31.7% 264, 35 1.827¢ 3h 3 4. foad o, 0d 1
PALESTINE, USA 31.7% 264,35 1.827¢ 40 / 4.4 T oalon) 40
PALESTINE, USA 31,75 264, 35 1.R27¢ 40 s/ doey RIS [ Nt
PALESTINE, USA 31.7% 264,35 1.8272 40 6/ 5. 30 a o 1.20 5. iih
PALESTINE, USA 31075 264,35 1.82/2 0 y) PR T R S TS R O T
PALESTINE, USA 31.75 264, 35 1.827¢ 4y 12/ PR A woan 114 Nl
PALESTINE, USA 31.75 264, 3% 1.82/2 RV Y 5o in d.n i), 6n R
PALESTINE, USA 31.75 264.3> 1.8272 40 187 dotm d U ), e dun
PALESTINE, USA 31,75 264, 3% 1.8217¢ a0 Y/ bodn L I hd 4.1t
PALESTINE, USA 31,75 264.3% 1.827¢ 400247 4.6 ST ke w0
PALESTINE, USA 3l./7% 264, 3y 1.827¢ 40 277 4 Lons e e
PALESTINE, USA 31.75 264.3% L.827e a4 30/ 4,00 An L, nd o
PALESTINE, USA 3l. /7% 264,35 1.827¢ 337 4,74 Lo b b V.
PALESTINE, USA 31,79 2643y i.8272 dh / 4,4 LRI TR S P 4
PALESTINE, USA Jl. 75 ¢bd, 35 1.827¢ 4h ¥ PR TN I O A, 0
PALESTINE, USA 31,75 264,35 1.8272 45 67 bt R O R RN
PALESTINE, USA 3l.7% 264,35 1.8272 45 w4/ 5.7 dubhn 1oy Dy h
PALESTINE, USA 31.75 264,35 1.827¢ 4y 127 N, bt ool Lo WS
PALESTINE, USA 31,79 264, 35 1.827¢ 4y 1n/ h o N I R
PALESTINE, USA 31.7%5 264,35 1.8272 4y 1y/ 4,71 (U O ) Ao
PALESTINE, USA 3L.7% 264,35 1.8272 45 217 3. 34 Lo sl ot
PALESTINE, USA 31,75 264,35 1.8272 4h 247 d.0h ST T R
PALESTINE, USA 3l. 75 264, 3% 1.8217¢ Y 27 4,13 W, dd L M
PALESTINE, USA 31,75 264,35 1.8272 Gy 307 4.0k sodd 0
PALESTINE, USA 31,75 264,35 1.827¢ 4y 3s7 3000 Suiv i 3. i
PALESTINE, USA 31,75 2ed.38 Lw272 0 SU / S Bt P N A B!
PALESTINE, USA 31,75 204, 3% 1.827¢2 51l 3/ 1,53 do0b o, PRV
PALESTINL, USA 31,75 ¢64. 25 1.8272 HU 6/ 9. be 4.0 [ e [y
PALESTINE, USA I/ 204035 1,8272 S0 Y/ N T T Y A PO TES
PALESTINE, USA 375 264035 1,8272 bU ¢ S,/ d.ah 1.s0 0 S0
PALESTINE, USA 31,75 264, 3% 1.8272 50 14w/ b, 72h o4 1Lt H,
PALESTINE, USA 31.7% 264,35 1.827¢ S0 187 4,77 R T B e d.hai
PALESTINE, USA 31,75 264,35 1.827¢ SU 21/ 4,33 ISR S IR a4, I
PALESTINE, USA 31.75 264,35 1.827¢ SO 247 4,1/ 3,45 0,0/ 3,44
PALESTINE, USA 31.7% 264,35 1.827¢ 50 271/ 3.9/ 3,47 U.50 3, 4]
PALESTINE, USA 31.7% 264,35 1.8272 YO oo 3/ 4,0 .40 el 4]

32




Table Al. Summary of Vertical and Angular Cutoff Rigidities for Selected loca-
tions Near Cosmic-Ray Balloon lLaunching Sites as Calculated for 30-kin Altitude
Using the IGRF (Epoch 1965, 0) Geomagnetic Ficeld Model (Contd)

‘F_._\_ SRR RO R, - S _ B O
| GFOGRAPHIC { AMGLFS PENIMBERAY
1 [DENTIFICAT TON LAT,  LOMG, JALUE  ZEM. A71,  p/MY (<) wInTH o pe )
[‘P/\HSTINE, HSA 31.75 264,35 1.982712 Y337 4,2¢ 3.7¢ 0,40 3.
Y UPALFSTINE, ISA 3175 264,35 1.8212 55H 7 4,63 .07 0,56 4.73
PALESTINE, JSA 31.75 264,35 1,8272 55 37 4, %M 4,37 1,5¥ 4,450
PALESTINF, ISA 31075 264,35 1,272 5% b/ bt 4,43 113 s 0w
POPALESTINF, CISA 31,75 264,35 1.8277 LL] a7 h, W .21 1,712 H. 3%
o PALFSTIINE, CISA L. 7h 264,38 1.8272 hWhH o177 H,0h .8 0w h, el
ﬁ PALESTINF, CISA LS 204, 3 7 VA LS ¥ a,32 I RS B I
o PALESTINF, '1SA Lo/ 20d, 48 18212 Wy 287 L1 s LR T
POPALESTINE, USA o 7h 264,35 o2 t? bh 277 3,07 AN Ry 3. /Y
3 PALESTINE, 'ISA 31075 264,35 1.8272 w0 30) 3.0 3,4 0,83 3.7k
P PALFSTINF, "1SA 31.7% 264, 35 1, 8277 bh o 337 4,30 Lh3 o 7] L, %
© PALEST Nz, ''SA 3L.7% 2hd, 3 1.7 niY ! A6 3,000 N Ry L,
POPALESTINE, NSA L0 epd iy L2120 w0 3T EPEUA I POL IR WD AU
PALFSTINE, :ISA E3 WAL 0ot SRR L T U (0 RN B Y Yol ooAlhe a0 1, up
PALESTINE, 'iSA 31.7% 263, 30 1,821 ) u/ fho1h 4,33 1. H 0
PALFSTINE, 'ISA RIS W% SR TS W7 R T R SO AT T Y
PALESTINE, 1SA 37N 264,30 182720 RO 1Y) 5.3 ALy 1,140 s,k
. PALESTINE, tSA 3L.7h 264, 5% 1,427 [T 171 A7 0003 Lhe
. PALESTINE, i1SA 31.7% 264, 35 1.2272 o 217 A, 38 L A TS B L
DOPALESTINE, 1S4 .75 2643 1,827 e 247 1,14 Lone L2 Ty
PALESTINE, USA a7 264,35 LK b 2] 5.M SR I o
PALESTINE, SA 31,75 264,35 1.8272 A $.04 oh3 05 oht
o PALESTINE | ISA 31.7% 764,35 1.8277 6 337 1,30 L P PR 7] G0k
| PALESTINE, 'ISA 31,75 764,345 1,427° ) / LA Soctho0,ay a0l
COPALESTIRE, U1SA LTS 04,35 1.8277 0 eh 37 5.0 B hL kg
. PALESTIME, '1SA 3L.7% 264,35 1,872 bh h/! 5.3 A5 ey o
l PALESTINE, USA L. 7h 264, 35 18272 fin 7 h 1 PP | b
1 PALESTINE, MSA 3,75 204,35 1.827? ty 177 AV 4,74 1,3k bald
PALFSTINE, USA 31,75 264,35  1.8277 k5 15/ hoe0 26 103 B2/
i PALFSTINE, USA 31.75 264,35 1,8271?2 sy w7 d.hG A% N.ed 0 ALk
" PALFSTINE, USA 31.75% 264,35 1.8272 65 217 4.3 L N U R R B
i PALFSTINE, "1SA 3075 264,35 1,8217 wh o 24 1,15 41 9, /4 SIRY,
| PALESTINE, tisA 31.75 264,35 1.8272 by 217 3o LR VAR NS ALY
U PALESTINS, HISA WL/5 764,38 LLM2 /0wy 307 LA 5037, a] 3.
i PALESTINE, ISA 3.7 264,35 1, w207 6h 337 RN SNt bb d o
© PALESTINE, HSA 3,75 204,35 1.2 0 ; 5,87 g0 o L
FOPALESTINE, fISA L7y 764, 35 1.w27 0 2 .0k L2h noae a, -
v PALFSTINE, {ISA 31,75 ?2h4,7% L.22)? 71 6/ uoha 2,50 gmn O]
¢ PALESTINE, "ISA 7N 264,36 1,020 oyl .08 3,44 1 ki 44D
PALFSTINE, 1SA L. /% 264,34 1.8272 mo127 h,lh 1.h 14y f 0k -
CPALESTIME, 'ISA 31,75 264,35 1.2277 0 1s7 5.2n A, 75 0,44 5,10
l PALESTIHE, 1SA .75 264,35 1,827/ o 1el d.60 3,00 0 Th ERE
‘ PALESTINE, ISA 3,75 264,35 1.8272 0 217 4.37 3,76 11,k] a,ic
PALESTINE, '1SA 37N 264,35 1.827? 7 247 1.07 .45 e a0
| PALESTINE, 15A .7 268,36 L0 0 207 wnl 3 0.3l Abe
" PALESTINE, 157 .75 264,35 1.827? 030y 1,06 Sehh e [T
v PALESTINE, YSA .70 264, 34 1,827 0 337 4,14 IR R T TN Lo
PPALESTINE, 1'5A e 7h 264,35 [ % / 9,71 actoaom R
UPALESTINF, 9ISA S1075 264,38 L, e s 3o 13 10 1A oo e le
PALESTINE, "1SA 7% 268,34 L8272 75 0/ I3, 0 13, @ o0 ’
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Table Al. Summary of Vertical and Angular Cutoff Rigiditics for Selected Loca-
tions Near Cosmic-Ray Balloon Launching Sites as Calculated for 3u-km Altitude
Using the IGRE (Epoch 1965. 0) Geomagnetic Field Model (Contd)

—= —— - T L T T o T T

= R T T R -
LLUGRAPHIC 1 altaLES FENUMBRAL

[OENTIFICAT Tun LAl. LONG, VALUE  Zti, AZl. P{M} FyS) WIDTH 48

o e e

] PALESTINE, USA 31,75 264,35 1.82/c A Y/ 7.13 RN T /.18

| PALESTINE, USA shoh ebd 3v L8272 I 12 b.UL  4.9%  LL1u bo9n
PALESTINE, USA 31,75 264,35 l.82/¢ In 1%/ 5.41 4,22 1.1y 5. 0%
PALESTINL, 5SA 3lo7% 264,35 1.827¢ /h 18/ 4. bu 4,13 0.47 4,435
PALESTINE, !SA 31075 ¢od, 3y 1.827¢ /h 21/ 4.4y 3.7 u.by 4.1/
PALESTINE, USA sto/H 264,35 1.827¢ ho24y 3,91 3.94  u. 3/ 3.8
PALESTINE, USA 3l./n 266,50 1.82177 Y 277 3.493 3,39 .54 .62
PALFSTINE, SA alo7y zbdishy LLH272 Iy su/ 406 3,36 U700 3,89
PALESTINE, ‘iSk Jl.7/s 264,35 1.8277 75 33/ 4, 2% 4,28 0,00 4,28
PALESTIRE, USA 3L, 79 b4 35 L. ly s / 12.7: 12.23 40.00 12,73
PALESTINE, USA 31.7% 264, 39 1.827¢ KU 3/ 17,52 17,52 w00 17,5

| PALESTINE, 1Sa Jlo7% 2Zud, 3o LLHe?Z w0 b7 19,90 Ju.v0 000 1A v

., PALESTINE, A 3Ly 264,00 L3821 w9/ Iv.0d 15,04 4,00 1h, 04

CPALEST NE, USA Lo/ Zhy, 35 L.x2r2 w0127 b.ds 4,749 1.44 H.4%

P PALESTING, U5A Sl.75 204.3% P.uele R} 19/ 5.25 4.4% U, 8 b0

I PALESTING, 1bh Jlo/y end gy e/ 3u ¥/ It 4,06 0,61 4048

c PALESTINE, isA 3l./u 704,35 l.a2/c 6 217 4,41 4,14 L, 2/ 4.¢]

1 PALESTINE, Udh 3oy 2hd,3n 1.82/7¢ o 247 3. 46 3047 U6 K

I FALESTIRE, tisA 31.75 264,35 l.82/¢ [ 3055 s.049 0,16 3.1
PALESTINE, dsa s1.7% 264, 3% 1,82 7¢ su 307 3.8 3.53  U.35 3.64

U PALESTINE, UdA 31075 2bd8y Loueie Bu 337 o4 0,48 U000 b.do !
PALESTINE, DSA 31.7% 204,35 Lo /e jate] ! 1v.73 15,73 U 04 15,738
PALESTINE | USA Jl.75 264,35 1.827¢ 3h 37 23,00 23,00 nag 0 23,60
PALESTINE, tIOA 31409 Z0d, 30 1.H272 35 6/ 21047 27,47 u.Uu 27,40
PALESTINE, SA 31,79 Zhd,3H 1.82/¢2 ¥o Y/ MHo2B 0 25,078 .00 29,2

I PALESTLNE, Do Sho/b Cbdion Las27¢ sh 127 luays lul¥d u.072 lulud o
PALLSTINE, 'ISA 31,75 264,39 losele #h 1h7 b.16 4,54 U, he 4,46
PALE S TL0E, ULA Sla/s 264, 3% L.Reie 3y 1H7 dohu 4.200 u.4Y 4,487
PALESTINE, “ISA 31,79 204,35 1.827¢ gy 217 3.40 s.ol 080 4,19
PALLSTINE , USA 3la/hH 204, 3% 1.8272 8h 247 3.4 d.50 0,351 374
PALESTINE , USA 31,74 264, 3% 1.8272 uh 277 3.8U S04/ 0,33 3.173
PALESTINE, LSA shads 264,35 182/ &y s 3,41 .53 0,38 2.04 |
PALESTINE, “SA 31079 204,35 18272 6y 337 d.030 8.3 00 8,73 ,
PALESTINE, Usha 31,75 2o4, sh 1.827¢ Y4 / 20005 20013 0,00 20013
PALESTINE, 11SA 31.7% 264,35 1.8272 YU 37 30071 3u.71 0.000 3u. )
PALESTINE, uSA 3Lo7b 2ed 3y LuM2/? 90 67 3Y.08 39,06 0,02 39.07 |
PALESTINE, USA 31,75 204,35 1.427¢ YU 97 40,12 40,12 0.00 40,17
PALESTITtE, VSA JL.7% 2bd. s 1.8272 90 127 29.57 29,50 0.02  29.45] |
PALESTINE, "ISA 31,75 264,35 1.827° 90 15/ 5.18 4,62 0.50 4,87
PALESTINE, HSA 3l.7% 204, 35 L.8ele Yu o las 4.77 4,1% u,.p¢ d4. 38
PALESTINE, 1SA s1.7% 264,35 1.8272 g0 217 4,42 3.496 0,46 4,21 !
PALESTINE, USA 3i./h 264, 3% 1.827¢ a) 247 3.98 3.58 40 3070
PALESTINE | 11SA 31.7% 264,35 1.82/72 yu o 277 3.9% 3.41 6,54 3.87
PALESTINE, USA 31,79 Zoda, 34 1.827¢ yu oo 30/ 4,57 wh2 0000 4,57
PALESTINE, USA 31.7% 264,35 1.8272 w337 11.2¢ 11.72 u.00 11.??‘




Appendix B

Tables of Cutoff Rigidities Calculated Using the International
Geomagnetic Reference Fiel.. Coefficients Appropriate for a
1970.0 Epoch

Table Bl summarizes the cutoff rigidity values for three locations in northern
Mexico with these values having been calculated by the trajectory-tracing method
utilizing the IGRFB1 model with time derivatives applied such that the coefficients
are appropriate for a 1970. ¢ Epoch. The calculations were made for an altitude
of 30 km.

The format of this table is as follows:

[dentification: Fach location has been identified with a specific
name or identifier, in this case ''Mexican Location'.

Geographic Location: The geographic coordinates of each location are
given with the latitude as positive for the northern
hemisphere and the longitude in degrees East of
Greenwich.

L. Value: The L value, in earth radii, caiculated using the
same geomagnetic field coefficients as utilized in
the cutoff rigidity calculations.

Zenith Angle: The angle (in degrees) from the zenith for which the
cutoff calculation has been made.

|

B1. IAGA Commission 2, Working Group 4 (1969) International Geomagnetic Field
10965, 0, J. Geophys. Res. 74:4407.
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Appendix C

Tables of Cutoff Rigidities Calculated Using the International
Geomagnetic Reference Field Coefficients Appropriate for a
1975.0 Epoch

The eight tables in this appendix summarize the cutoff rigidity values for a
variety of locations on the earth, with these valucs having been calculated by the
trajectory-tracing method utilizing the International Geomagnetic Reference

. .,C1
Field
priate for a 1975. 0 Epoch.

model with time derivatives applicd such that the coefficients are appro-

The tables are arranged in the following order:

Table C1: Vertical cutoff rigidities for locatigns azlong the route of a Soviet
cosmic-ray survey to Antarctica. C2, 03 The caleulations were
made for an altitude of 20 km.

1. IAGA Commission 2, Working Group 4 (1069) International Geomagnetic
Reference Field 1065.0, J. Geophys. Res. 74:4407,

(2. Golenkov, A.E., Okhlopkov, V.P., Svirzhevsky, N.S., Svirzhevskova, N K.

and Stozhkov, Yu.l. (1977) Latitude measurements of cosmic ray intensity
in the stratosphere during the solar minimum in 1975-1076, 15th Inter-
national Cosmic Ray Conference, Conferenve Papers 4:224,

C3. Shea, M.A., Smart, D.F., Stozhkov, Yu.l., Svirzhevsky, N.5,,
Svirzhevskaya, A.K., Bazilevskaya, G.A., and Charackchyan, T.N,
(1981) Analysis of cosmic ray intensity data and trajectory calculated
vertical cutoff rigidities for the latitude survey made during the 22nd
Soviet Antarctic expedition, 17th International Cosmic Ray Conferenee,
Conference Papers 4:213.
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Table ¢'2: Vertical cutoff rigiditics for miscetlancous points. e calvuda-
tions were made for an altitude of 21 km.

Table C3: Vertical and non-vertical cutoff rigidities for sclected neutron
monitor locations. The caleulations were made for an altitude
of 20 k.

. N . : o e yras . . O . - Q .

Fable C4: Ve&‘tlcal adld non-vertical cutoff rigiditics for 2075, 1071 aed
2578, 19571, The calculations were made for an altitude of
20 k.

'Ly e . o g e s oyear . O TN . s Ly N

Pable C5: Vertical cutoff rigidities for a grid & in latitude and 37 in jong -
itude over Central and South America. The calculations were
made for an altitude of 30 k.

Table C6: Vertical cutoff rigidities for locations ot or near cosmic-ray
balloon launching sites. The calculations were made for an
altitude of 30 km.

Table ¢7: Verticul and non-vertical cutoff rigidities for Cope Giradeau,
USA, Sioux lalls, USA and Riyadh, Saudi Arabia. The ¢ lcula-
tions were made for an altitude of 30 km.

Table C8: Vertical and non-vertical cutoff rigidities for Cape Giradeau,
USA. The calculations were made for an altitude of 40 km.

The format of the vertical and non-vertical cutoff rigidity tables are similar;

differences are noted in the following description:

Identification: Each location has been identified with a specific
name or identifier.

Geographic Location: The geographic coordinates of cach location are
given with the latitude as positive for the northern
hemisphere and negative for the southern
hemisphere, and the longitude in degrees Liast of
Greenwich.

[. Value: The L value, in earth radii, calculated using the
same geomagnetic field coefficients as utilized in
the cutoff rigidity calculations.

Zenith Angle: (Tables 3, C4, 7, and ¢8.) The angle (in de-
grees) from the zenith for which the cutoff caleu-
lation has been made.

Azimuth Angle: (Tables 3, C4, C7, and U8.) The azimuth angle
(in degrees) for which the cutoff calculation has
been made. All azimuth angles are measured
c&ockwise from the geographic north (that is,
0~ = geographic north; 900 = geographic east, ctel )

P(M): The main cutoff rigidity (in GV) for this location
in the specified direction.

P(S): The Stormer cutoff rigidity (in GV) for this location
in the specified direction.

38




i

Penumbral Width:  The difference between the main cutoff rigidity and
the Stormer cutoff rigidity (in GV).

PC: The effective cutoff rigidity (in GV) for this location
in the specified direction.

Fach of these tables and the values contained therein are described in the text of

this report,
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Table C1. Summary of Vertical Cutoff Rigidities for Locations Along the Route
of a Soviet Latitude Survey as Calculated for 20-km Altitude Using the IGRF
(Epoch 1975.0) Geomagnetic Field Model (Contd)

! j
} GENGRAPHIC L PENIMBRAL | .
: IDENT IF ICAT [ON LAT, LONG., VALUE P(M) P(S) WIDTH PC | .
+ — 1
i SOVIET LAT, SURVEY 20,32 341.17 1.0827 13.32 13,32 0,00 13.32 1‘
| SOVIET LAT. SURVEY 29,97 344,65 1.2441 11,22 9,69 1.53 1N, 65 4 '
L SOVIET LAT. SURVEY 33.21 346,00 1,3338 10,04 8,74 1.30 9.66 H
[ SOVIET LAT, SURVEY 35,37 347.02 1.4063 9.00 7.48 1,52 &, 70 ;
! SOVIET LAT. SURVEY 37.9 348,22 1.5083 7.47 6.26 1,21 7.31
| SOVIET LAT, SURVEY 41,42 349,74 1.6851 5.75 5.09 0.66 5.59
i SOVIET LAT., SURVEY 44,78 351.83 1.9300 4,89 4,08 0.8 4,58 1

SOVIET LAT. SURVEY 47,17 353.75 2.0881 4.21 3.57 0.64 3.9 |

SOVIET LAT. SURVEY 47.83 354,25 2,1341 3.97 3,27 0.70 3.64

SOVIET LAT, SURVEY 47,83 354.25 2,1341 3.97 3.27 0.70 3.64

Table C2. Summary of Vertical Cutoff Rigidities for Miscellaneous Pointis as
Calculated for 20-km Altitude Using the IGRF (Epoch 1975.0) Geomagnetic Field

Model
GEOGRAPHIC L PENUMBRAL
INNT IF ICATION AT, LONG. VALUE P(M) P(S) WIDTH PC
MISCFLLANEDUS POINT 47,67 353,71 2.1264 3,99  3.45 0.54 3,72
WISCELLANEOUS POINT 43,90 351,15 1.8548 5,07 4,37 0.70 4,80
MISCFLLANENUS POINT 20,58 344,65 1.2338 11.34 9,88 1.46 10, &
MISCELLANENUS POINT 19,33 2340, @ 1.0726 13.45 13,45 0.00 13.45
MISCFLLANEOUS POTNT 3,74 337.42 1.0257 13,80 13,89 9,00 13. 89
MISCELLANEOUS PONT 3,73 337.42 1.0258 13.89 13.89 0.00 13. 89
MISCELLANEOUS POINT  -23.67 13,75 1.4743 8.59 6.9 1.68 7.9
MISCELLANENUS POINT  -27.65  33.65 1.6264 7.19 5,81 1,38 6.8
MISCELLANEOUS POINT  —33,9 9,00 1. 7822 5.4 4,00 1.44 5,03
MISCELLANEOIS POINT  -35.25 12,00 1.8527 4,95 3,76 1,19 4,67
LOAISCFLLANEFOUIS POINT -3k, 85 1.00 1.7722 5.33 4,29 1.04 5.0?
MISCELLANEOIS POINT  -37.64 2,00 1. 8425 4,83 3.8 1.00 4,51
MISCFLLANENIS POINT  -39,24 314,03 1.3500 8.64 7.35 1.9 7. 86
MISCELLANENIS POINT 41,42 340,74 1. 8050 4.8  4.16 0.66 4,62
MISCFLLANEONS PATHT  -31,08 40, @ 2.3660 3,12 2.51 0.6l 2. 85
| MISTELUANEOUS POINT  -44.26 10, % 2.3255 3,21 2,63 0.53 2.9
L MISCFLANEOUS POINT  de, @ 20,02 2,595 2,57 2,03 0.54 2.31
P MISCELLANFONS POINT 53,43 343, ¢ 2.1719 2,30 2.9 0,35 3.09
DMISCFLLANENDS POINT  _B5.N8 330, 2.1786 3.4 2.8 0,65 3.12
| MISTELLANEDNIS POINT 266,69 44,50 5, 9703 0,42 0,42 0.00 0.42
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Table (3.

Summary of Verticnd amd Angular Cutorn Fogl tities 1oy ol
R~y Station Locations as Calvulated for 2o-kim Altituse Using the TGIRE (o -
147 5. 0} Geoimannets.
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Table C3. Summary of Vertical and Angular Cutoff Rigidities for Selected Cosmic
Ray Station Locations as Calculated for 20-km Altitude Using the IGRF (Epoch
1975. 0) Geomagnetic Field Model (Contd)

—
GEOGRAPHIC L ANGLES PENUMBR,

IDENTIFICATIUN LAT. LONG.  VALUE ZEN. AZI. P(M) P(S) WIDTH PC |

HERMANUS, S AFRICA -34.42 19,22 1.8667 U 0  4.92 4,30 0.62 4,65 |
HERMANUS, S AFRICA -34,42 19.22 1.8667 16 76  5.23 4.60 U.63 5.02

HERMANUS, S AFRICA -34.42 19.22 1.8667 16 166  4.83 4.4u 0.43  4.60,

HERMANUS, S AFRICA -34.42 19.22 1.8667 16 256  4.60 3.85 0.75 4.40 |
HERMANUS, S AFRICA -34.42 19.22 1.8667 16 346  5.02 4.U3 0.99 4.66
HERMANUS, S AFRICA -34,42 19.22 1.8667 32 76  5.49 4,68 0.81 5,25
HERMANUS, S AFRICA -34,42 19.22 1.8667 32 166  4.92 4,08 0.84 4,69
HERMANUS, S AFRICA -34,42 19.22 1.8667 32 256 4,28 3.50 0.48 4,08
HERMANUS, S AFRICA -34.42 19.22 1.8667 32 346  5.08 4,23 0.85 4,72
KERGUELEN ISLAND  -49.35 70.22 3.6997 0 0  1.22 1.04 0.13 1.1}

KERGUELEN ISLAND -49,35 70.22 3.6997 16 76 1.25 1.08 0.17 1.14
KERGUELEN ISLAND -49,35% 70.22 3.6997 16 166 1.21  1.05 0.16 1.14
KERGUELEN ISLAND -49.35 70.22 3.6997 16 256 1.20  1.08 0.12 1.11
KERGUELEN ISLAND ~49.35 70,22 3.6997 1o 340 1.21 .oy 0.12 1.12
KERGUELEN ISLAND -49.35 70.22 3.69497 32 76 1.32 1,12 0,20 1,15
KERGUELEN ISLAND ~49,35 70.22 3.6997 32 166 .11 1.11 0.00 1,11
KERGUELEN ISLAND ~-49.35 70.22 3.64Y97 32 256 1.18 1.01 0.17 1.08
KERGUELEN ISLAND -49,35 70.2Z2 3.6Y97 32 346 1.22 1.0z 0.20 1.11

KItEL, FRG 54,33 10.13 2.6100 U Y] 2,50 2,12 0,38 2,28
KIEL, FRG 54,33 1u.13  2.6100 16 70 2.53 2.27 0.26 2.46
KIEL, FRG 54,33 10,13 2.6100 16 160 2.56  2.04 0.52 2.34
KIEL, FRG 54,33 1u.13  2.6100 16 250 2.40 1.97 0.43 2.21
KIEL, FRG 54,33 10,13 2.6100 16 340 2.47 1.97 0,50 2.25
KIEL, FRG 54,33 10.13 2.6100 32 70 2.63 2,12 0.51 2.49
KIEL, FRG 54,33 10.13  2.6100 32 16V 2.57  2.13 U0.44 2.3
KIEL, FRG 54,33 10.13  2.6100 32 250 2,31 1,97 0.34 2.13
KIEL, FRG 54,33 10.13 2.0l00 32 340 2.54  1.94 0.60 2.23
LEEDS, ENGLAND 53.82 358,45 2.6941 0 0 2.29 2.09 0.20 2.15
LEEDS, ENGLAND 53.82 358,45 2,694l 16 70 2,41 2,02 0.39 2,25
LEEDS, ENGLAND 53,82 358,45 2.6941 16 160 2.33 1.9 0.42  2.20
LEEDS, ENGLAND 53,82 358,45 Z.6941 16 250 2.25 1,97 0.28  2.10
LEEDS, ENGLAND 53,82 358,45 2.6941 16 349 2.32  2.04 0.28 2.1v
LEEDS, ENGLAND 53.82 358.45 2.6941 32 70 2.%4  2.11 0,43 2,33
LEEDS, ENGLAND 53.42 358,45 2,6941 32 160 2,38 1,99 0,39 2,24
LEEDS, ENGLAND 53.82 358.45  2,6941 32 250 2,18 1,91 0,27 2.U5
LEEDS, ENGLAND 53.82 353.45 2,6941 32 340 .45  1.82 0.03 2.1
OULU, FINLAND 65.00 25.42 4.3711 0 0 0.8 .73 0,12 0,82
QULY, FINLAND 65.00 25,42 4,3711 16 bb V.86 U.RO 0,06 UKl
OULY, FINLAND 65.00 25.42 4.3711 16 155 v.86  U.78 0,08 0,79
QULU, FINLAND 65.00 25.42 4,3711 16 245 0.8 0,79 0,06 0.81
OULU, FINLAND 65,00 25.42 4.3711 16 335 0.80  0.78 0,02 0,79
OULU, FINLANU 65.00 25.42 4.3711 32 &b 0.89 U7y 0100 b.we
UULY, FINLAND 65.00 25.42 4.3711 32 155 0.86 0,74 0,12 0,78
OULU, FINLAND 65,00 25,42 4,3711 32 245 W76 U.73 0,03 U.T7H
OULU, FINLAND 65.00 2%.42  4,3711 32 335 Uo/8 0078 0,00 U.ZBQ
43




Table C3. Summary of Vertical and Angular Cutoft Rigidities for Sclected Cosmic
Ray Station Locations as Calculated for 20-kin Altitude Using the 1GREF (I.poch
1975. 0) Geomagnetic Ficld Model (Contd)

GEUGRAPHIC L ANGLES PENUMBRAL

IDENTIFICATIUN LAT, LONG. VALUE ZEN, AZIl. P(M) P(S) wIbDTH P
ROME, ITALY 41.90 12.52 1.5911 0 U 6,37 5.5%4 u.83  b6.2U
ROML, ITALY 41,90 12.5¢  1.5911 lo 4 6.84 5.87 0.97 6.69
ROME, ITALY 41.90 12,52  1.5911 16 164 6.63  5.43 1,20 6,43
ROME, ITALY 41,90 1z.52  1.5911 le 2b4 5.88  b.Ub U.HBU  b.T73
ROME, ITALY 41.90 12.5¢ 1.5911 16 344 6,10 5,29 0,81 6,100
ROME, ITALY 41,90 12.52  1.5911 32 74 7.34 6.3y 0,95 771
ROME, ITALY 41.90 12,52 1.59l1 32 164 6,82  5.72 1,10 6.53
ROME, ITALY 41,90 12,52  1.5911 32 254 .48 4,85 0.63 b, 30
RUME, ITALY 41,90 12,52  1.b91l ¢ 344 6.21 .21 1.00 5,8y
TSUMEB, NAMIBIA -19,20 17.58  1.354% ¢ U .88  8.27 1.6l 4. 45
TSUMEB, NAMIBIA -19.20 17.56 1.3545 lo /% 11.43  94.44 1.9y lu.wy
TSUMER, NAMIBIA 19,200 17.58  1.35%45 16 lov  lu,by 8,82 1,76 4,40
TSUMEB, NAMIBIA -19.20 17.58  1.3%45 16 253 .89 7.2 l.od B3
TSUMER, NAMIGIA -19,20 17.58 1.35%45 16 34y 4. 38 .90 1.48 9,70
TSUMEB, NAMIBIA -19.20 17,53  1.3%45 3¢ 78 13,77 10.59 3,18 12,44
TSUMEB, NAMiBIA -19.20 17.58  1.3545 32 ley 11,49 9,01 2,48 li.z3
TSUMEB, NAMIBIA -19,20 17.58 1.3%45 32 258 8.29 6,98 1.3l 7.72 !
TSUMEB, NAMIBIA 19,20 17.5%8  1.3%5 32 348 BoYB 7035 1,063 3,8]
UTRECHT, HOLLAND b2.06 5,07  Z.41ud u U 3,03 2.9/ L.do 2,74
UTRECHT, HOULLANT: 52.06 5,07  2.4104 1o 71 3,11 2,59 0,52 2,89
UTRECHT, HOLLAND 52.06 b0/ 2.4104 16 16l 3.03 2,52 0.5l 2,83
UTRECHT, HULLAND 52,06 5.0/ 2.4104 l& 251 2.8l 2.50 0,31 2,66
UTKRECHT, HULLAND 52,06 »,0/7 2,4104  lo 341 3,06 2,49 U.57 2,78
UTRECHT, HOLLAND 52,06 5,07  2.4104 3¢ /1 3,38 2.52 0,86 5.0/ |
UTRECHT, HOLLAND 52,06 5,07  2.4104 3z 161 3.0/ 2.4% U,02  2.84
UTRECHT, HOLLAND 52.06 5.0/  2.4104 32 251 2.78  2.41 1,37 2,00
UTRECHT, HOLLAND %2.06 5,0/ 2.41u4 32 341 2,79 2,49 0,30 2,65
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Table C4. Summary of Vertical and Angular Cutoff Rigidities for Two Locations
on the World Grid as Calculated for 20-km Altitude Using the IGRF (Epoch 1975.0)
Geomagnetic Field Model

GEOGRAPHIC L ANGLES PENUMBRAL
IDENT IF ICAT ION LAT, LOMG, VALUE ZEN, AZI, P(M) P(S) WIDTH PC
WORLD GRID -20.00 150.00 1.2654 0 0 11.69 9,35 2,34 10,74
WORLD GRID -20.0n 150.0n0 1,265 20 N 10.% 9,22 1,70 10,44
HWORLD GRID -20.00 150,00 1.2654 20 90 13,74 11,22 2.52 13.26
WORLD GRID -20,06 150,00 1,2654 20 180 12.66 10,30 2.36 12.07
HORLD GRID -20.00 150.00 1.2654 20 270 10.49 7.9% 2.53 9.4l
WORLD GRID -25.00 195.00 1,228 0 0 11,65 10.29 1.36 11.27
WORLD GRID -25,00 195,00  1,2284 20 0 1n.9% 9,39 1.57 10.49
WORLD GRID -25.00 195,00 1.2284 20 @ 13,61 13.61 0.00 13.61
WORLD GRID -25.00 195,00  1.228% 20 180 12,72 9,48 3.24 11.88
WORLD GRID -25.00 195,00  1.2284 20 270 10,65 8,87 1,78 9,68
_
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Table C53. Summary of Vertical Cutoff Rigidities for a 5 Degree by 5 Degree Grid
of Locations Over South America as Calculated for 30~-km Altitude Using the IGRF
(Epoch 1975.0) Geomagnetic Field Model

=
| GEOGRAPHIC L PENUMBRAL
IDENTIFICATIUN LAT.  LONG. VALUE P(M)  P(S) WIDTH PC
SUUTH AMERICA GRID 15,00 275,06 1. 2688 8.85 8,85 0.00 8.85
SOUTH AMERICA GRID 15.00 280,00 1.2970 10.36 8,26 2.10 8.31
SUUTH AMERICA GRIY 15.00 285,00 1.3222 10.38  7.81 2.5/ 8.40
SUUTH AMERICA GRIU 15,00 290,00 1.3402 10.56 7,93 2,63 8.77
SUNTH AMEKICA GRID 15.00 295,00 1. 3465 10.88  8.71 2.17 9,63
SOUTH AMERICA GRIU 15.00 300,00 1.3372 11.27  9.60 1.67 10.70
SUUTH AMERICA GRIY 15.00  3U5. 00 1.3093 11.69 10.43 1.26 11.53
SOUTH AMERICA GRID 15.00 310,00 1.2644 12.10 11.30 0.80 12.08
SUUTH AMERICA GRID 15.00 315,00 1.2118 12.48 12,48 0.00 12.48
SUUTH AMERICA GrID 15.00  320.00 1.1613 12.82 12.82 0.00 12.82
SOUTH AMERICA GRIY 15.00 325,00 1.1190 13.12 13.12 0.00 13.12
SUOTH AMERICA GRLD 10,00 275.00 1.1745 11.77 10.64 1.13 11.18
SOUTH AMERICA GRID 10,00 289,00 1.1996 11.67 10.38 1.29 11.01
SOUTH AMERTCA GRID 10,00 285,40 1.2236 11,65 10.27 1.38 1./
SOUTH AMERTLA CRID 10,00 290,00 1.2430 11.74 10.38 1.36 11.34
SUJTH AMERICA GRID 10,00 295,06 1.2533 11,93 10,72 1,21 11,77
SOUTH AMERTICA GRTD lo.00 300,00 1.2493 12.18 11.25 0.93 12.14
SUJTH AMLRICA GRID 10,00 305,00 1.2269 12.47 12,47 0.00 12.47
SUNTA AMLRIEA GKID 10,00 310,00 1.1889 12,76 12.76 .00 12.76
SUSTH AMERICA GrID 10,00 315,00 1. 1466 13.04 13.04 0.0U 13.04
SOTA AMERTCA GRID .00 320,00 1.1078 13.29 13.29 0.00 13.29
SUJTH AMERICA GRID 10,00 325.0u 1.0762 13.52 13.52 0.00 13.52
SUBTH AMERICA GRID 5.00 275,00 1.10N84 12.62 11.67 0.9% 12,44
SUSTH AMERICA GRID 5.00 281,00 1.1300 12,50 11.48 1.02 12.34
SUUTH AMERICA Gl 50U 265,00 1.1518 12.45 11.49 U.96 12.36
SUUTH AMERICA GR1D 5.00 290,00 1.1712 12.42 11.59 0.89 12.44
SUUTH ANERICA GRID 5,00 295,00 1.1835 12,58 12.58 0,00 12.58
SUUTH AMERICA GRIV 5,00 300,00 1.1832 12.73 12,73 0.00 12.73
SOUTH AMERICA GRIO 5,00 305,00 1.1659 12,92 12,92 0.00 12,92
SUJTH AMERICA GRIU 5,00 310.00 1.1362 13.12 13,12 0.00 13.12
SOUTH AMERICA GRIN 5,00 315,00 1.1041 13.32 13.32 0.00 13.32
SUUTH AMERICA GrID 5,00 320,00 1.0761 13.49 13.49 0.00 13.49
SOUTH AMERICA GRID 5,00 325,00 1.0542 13,63 13,63 0.00 13,63
SUUTH AMERICA GRID 0.00 275.00 1.0652 13.12 13.12 0.00 13.12
SOUTH AMERICA GRID 0,00 230,00 1.0832 12,99 12,99 0,00 12.99
SUJTH AMERICA GRID 0,06 285,00 1.1019 12.91 12,91 0.00 12.91
SUUTH AMERICA GRID 0,00 290,00 1.1199 12,89 12,59 0,00 12.89
SOUTH AMERICA GRID 0,00 295.00 1.1325 12.93 12,93 0.00 12.93
SOUTH AMERICA GRIY 0.00 300,40 1.1345 13,01 13.01 0.00 13.01
SUUTH AMERICA GRID 0.00 305,00 1.1224 13,12 13,12 0.0V 13,12
SOUTH AMERICA GRID 0.00 310,00 1.1018 13.23 13,23 0.00 13.23
SOUTH AMERICA GRIN 0,00 315,00 1.0798 13.34 13,34 0,00 13.34
SOUTH AMERICA GRi1) 0,00 320,00 1.0b14 13.43 13,43 0.00 13.43
SUUTH AMERICA GRID 0,00 325.00 1.0485 13.49 13.49 0.00 13.49
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Table C5. Summary of Vertical Cutoff Rigidities for a 5 Degree by 5 Degree Grid

of Locations Over South America as Calculated for 30-km Altitude Using the IGRF

(Epoch 1975.0) Geomagnetic Field Model (Contd)

GEOGRAPHIC L PENUMBRAL
TUENTIFICATION LAT.  LONG, VAL UE P(M)  P(S) WIDTH bC
SOUTH AMERICA GRID -5.00 275.00 1.0413 13.33 13.33 0.00 13,33
SOUTH AMERICA GRID -5.00 280,00 1.0553 13.20 13.20 0.00 13,20
SUUTH AMERICA GRID -5.00 285.00 1.0709 13.10 13,10 0.00 13,10
SOUTH AMERICA GRIV -5.00 290,00 1.0861 13.04 13.04 0.00 13,04
SOUTH AMERICA GRID -5.00 295,00 1.0976 13,03 13.03 0.00 13,03
SOUTH AMERICA GRIV -5.00 300,00 1.1012 13.04 13.04 0.00 13.04
SUUTH AMERICA GRID -5.00 305.00 1.0949 13,08 13.08 0.00 13.08
SOUTH AMERICA GRID -5.00 310,00 1.0829 13.12 13.12 0.00 13.12
SUUTH AMERICA GRID -5,00 315.00 1.0703 13.15 13,15 0,00 13.15
SOUTH AMERICA GRID -5.0U 320.00 1.0609 13.16 13.16 0,00 13.16
SOUTH AMERICA GRID ~5,00 325,00 1.0565 13,14 13,14 0.00 13.14
SOUTH AMERICA GRID -10,00 275,00 1.033¢9 13.32 13,32 0.00 13.32
SOUTH AMERICA GRID -10.00 280,00 1.0443 13,18 13.18 0.00 13,18
SOUTH AMERICA GRID -10,00 285,00 1.0564 13.07 13.07 0.00 13.07
SUUTH AMERICA GRID -10.00 290,00 1.0686 12,98 12.98 0.00 12.94
SOUTH AMERICA GRID -10.00 295,00 1.0786 12,92 12,92 0.00 12.92
SOUTH AMERICA GRID -10.00 300.00 1.0836 12.88 12.88 0,00 12,88
SUUTH AMERICA GRIV -10,00 3ub.0U 1.0825 12.86 12.86 0.00 12,86
SUUTH AMERICA GRID -10.00 310,00 1.0780 12,83 12,83 0.00 12,83
SOUTH AMERICA GRID -10.00 315,00 1.0734 12,78 12.78 0.00 12.78
SOUTH AMERICA GRID -10.00 320,00 1.0724 12,72 12.72 0.00 12,72
SUUTH AMERICA GRID -10.0U0 325,00 1.0764 12,63 12.63 0.00 12.63
SOUTH AMERICA GRIY -15,00 275,00 1.0413 13,12 13.12 0,00 13.12
SOUTH AMERICA GRIU -15.00 280,00 1.0483 12,98 12.98 0.00 12,98
SOUTH AMERICA GRID -15,00 285,00 1.0570 12.85 12.85 0,00 12,85
SOUTH AMERICA GRID -15.00 290.00 1.0664 12.74 12,74 0.UL 12,74
SOJTH AMERICA GRIU -15.00  29%.00 1.0750 12.64 12,64 0.00 12,64
SOUTH AMERICA GRID -15.00 300,00 1.0811 12,55 12.55 0.00 12,55
SOUTH AMERICA GRIV -15.00  30%.00 1.,u844 12.47 12.47 0,00 12.47
SOUTH AMEPICA GRIv -15.0u0 310,00 1.0864 12.39 12.39 0.00 12.39
SUUTH AMEKICA GRID -19.00 315,04 1.0897 12,28 12.28 0.00 12,28
SOUTH AMERICA CGRID -15.00 320,00 1.0966 12.14 12.06 0.08 12.13
SOUTH AMERICA GRID -15.,00 325,00 1.1079 11,99 11.37 v.62 11.94
SUUTH AMERICA GRIU S20.00 275,060 1.0627 12,77 12.77 0.00 12,77
SUUTH AMEKICA GRrID -20,00 2¥n.00 1.0667 12,63 12,63 0,00 12.63
SOUTH AMLRICA GRID -20.00 285,00 1.0721 12.49 12.49 0.00 12.49
SUJUTH AMERICA GRID -20.00 290,00 1.0793 12.36 12.36 0.00 12.36
SOUTH AMERICA GRIV -20.00 295,00 1.0867 12,23 12.23 0.00 12,23
SUUTH AMERICA GKRID -20.00 300.00 1.0438 12,10 12.05 0.05 12.09
SUUTH AMERICA GRID -20.00 305,00 1. 1004 11,98 11.55 0.43 11.94
SOUTH AMERICA GRID -20,00 310,00 1.1081 11,83 11.40 0.43 11.79
SUUTH AMERICA GKIYD -20.00  315.00 1.1180 11.67 11.18 0.4y 11.62
SUUTH AMERICA GRID -20.00  320.00 1.1318 11,48 10.63 0.8% 11.39
SUUTH AMERICA GRID -20.0U0 325,00 1.1506 11.26 10,27 0.99 11.01
SOUTH AMERICA GRID -25.00 275,00 1.097Y 12,31 12,27 0.04 12.30
SOUTH AMERICA GRID -25.00 280,100 1.0987 12,17 12.13 0.04 12.16
SOUTH AMERICA GrID -25.0U0 285,00 1.1017 12,03 11.75 0.28 12,01
SUUTH AMLRICA GRID ~25,0U0 290,00 1.1008 11.88 11.%4 0.34 11.84
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‘ Table C5. Summary of Vertical Cutoff Rigidities for a 5 Dcegree by 5 Degree Grid
' of Locations Over South America as Calculated for 30-kin Altitude Using the IGRY

(Epoch 1975. 0) Geomagnetic Field Model (Contd)
GEJGRAPHIC L PLHUMBRAL

LOENTLFICATION LAT.  LONG. VALUE P(M) P(>) WIDTH pC
SOUTH AMERICA GRID =25.00 295,00 1.113% 11.72 11.39 0,43 11.69
SOUTH AMERICA GRID -25.00 300,00 11215 11,96 11.03 U.53 11.5%0
SOUTH AMERICA GRID =25.00  305.00 1.1311 11.39 lu.77 U.6e2 11.24
SUUTH AMERICA GRID =25.00 311,00 1.1431 1121 10.46 0./% 11.02 i
SOUTH AMERICA GRID =25.00 315,00 1.15838 10.94 10.15% 0.84 10,69
SOUTH AMERICA GRID -Zb5.00  3zZ0.0U 1.1793 10,74 9,77 U.Y/7 1y. 40
SOUTH AMERICA GRID -25.00 325,00 1.20%1 10,4¢ 9.38 1.10 10,03 ‘
SOUTH AMERICA GRID =30.010 275,00 1.1476 11,7 11.70 0.0% 11,72
SOUTH AMERICA GrID -30.00 280,00 1.1453 1l.62 1ll.%7 005 11.60
SUUTH AMEKICA GRID -30.00 285,00 1.14%Y 11.47 11,02 U.4% 11.42
SUUTH AMERICA GRID -3U.U0 290,00 1.149] 11.32 10,80 (.52 11,720
SOUTH AMERICA GKRID =30,00  Z9s,uU 1.15%3 thold lussy uosy 110, 4%
SOUTH AMERICA GRIL -3U.,00  30u.0u 1.1647 10,96 10,28 10,68 10,72
SUOUTH AMERICA GKIU -3U. 00U Sup U 1.1764 1,74 4.8 0./¢ 10,84
SOUTH AMERICA GRID ~30.,00  31u.u0 1.1926 10, be 4,64 0,88 10,13
SOUTH AMERICA GRID =30.00 315,00 1.213% 10,2/ 9,30 0.9/ Y. 485
SUOUTH AMERICA GKID -30.0U  32u,00 1.2401 Y./ s/l 1,20 4.41
SOUTH AMLRIUA GRIU -30,00  32b.00 1.2/2%8 9. nbH 8,17 1,48 8,84
SUUTH AMERICA GRID =35.00 275,00 1.2141 11,09 10.5%7 0.5 11.0%
SUUTH AMERICA GKID -35.00 280,00 1.7084 1,99 .43 .46 1,89
SOUTH AMERICA GRID -35.U0 285,00 1.2066 10,84 10.28 U.6Y 10,63
SOUTH AMERICA GRID -35.00 290,00 1,2083 n,ex 1,01 0.6 10,42
SOUTH AMERICA GRID -35.00 295.00 1.213Y9 105U y,78 u,7? 10,18
SOUTH AMERICA GRID =35.00  3uu.nu 1.2239 1,29 9.45 U #4 9,43
SUUTH AMERICA GRID -35.00  305.U00 1.238% 10,04 g, 08 0,9 4,53
SUHUTH AMERICA GRIY =35,00 310,00 1.2582 .79 H.71 1.08 9,74
SUUTH AMERICA GR{D -35.00  315.00 l.2844 Y.443 “.1u 1,38 H.hY
SOUTH AMERICA GRID =35,00 32u,04 1.3160 Y. 16 J.82 1.34 H.2h
SUOUTH AMERICA GRID =3b,00 325,00 1. 3550 8,79 7.29 1.%0 7.75
SOUTH AMERICA GRIU -40,00 275,00 1. 3006 10,29 Y.47 U, K2 1o, ub
SUUTH AMERICA GRID -40,00 280,00 1.2917 10,22 Y.43 U./Y 9,497
SOUTH AMERICA GRID -40,00 245,00 1.287¢ 10,10 Y.26 0,84 9,73
SOUTH AMERICA GRID -4U,00 290,00 1.2874 9,94 9. 0b gy 9,450
SOUTH AMERICA LRIy 40,050 295,00 1.7926 9y, /b5 g0 1,05 Y. 24
SOUTH AMEKRICA G<ID -4u. 0 300.0U 1.3U3% Y.5¢ H.he .y 4,9y
SOUTH AMERICA GRID -4u. 00 305,00 1.320¢ 9,2 S2.03 1.¢2¢ Hohh
SOUTH AMERICA GRIY -40,00 310,00 1.3431 3,84 7.7 1,09 R, 10
SOUTH AMERICA GRID -4U, 00 315,00 1.3733 d, 38 /.24 1.14 .57
SUUTH AMERICA GRIY ~40,00 320,00 1.4110 H,Ub h,71 1.35 7.03
SUUTH AMERICA GRID -40,00 325,00 L.45%/ /.00 5. 9% 1,09 6, 8Y
SOUTH AMERICA GRID -45,00 275,00 1.4146 4,25 lo/%  1.47 Y, uh
SOUTH AMERICA GRLb ~45,0U 28U, 00 l.401v Y. 74 7.910 1.33 3,490
SUUTH AMERICA GRID -45,00 285,00 1.394] 9. 1b J.89 1.2 HohT
SUUTH AMERICA GRID -45.00 295,00 134920 9,0¢ 7.66  1.36 4,42
SUUTH AMERICA GKID -45,.00 295,00 1,349/7 8,0/ 7.6 1.02 R, 1h
SOUTH AMERICA GR1Y ~45, 00 36,00 1.40s87 8. 46 7.1/ 1,24 7.8]

i




Table C5. Summary of Vertical Cutoff Rigidities for a 5 Degree by 5 Degree Grid
of Locations Over South America as Calculated for 30-km Altitude Using the IGRF
(Epoch 1975.0) Geomagnetic Field Model {(Contd)

;11
GEUGRAPHIC L PEMUMBKAL i
IDENTIFICATION LAT.  LONG. VALUE P(M)  P(S) WIDTH PC |
SUUTH AMERICA GRID -45.00  30%5.00 1.4271 8.15 6,001 1.b4 /.04 |
SOUTH AMERICA GRID -45,0U0 310.00 1.4532 7.91 0,22 1.69 7.31 5
SOUTH AMERICA GRID -45.00 315.00 1.4877 7.24 6,49 0,75 6,93
SOUTH AMERICA GRID -45,00 320.00 1.5298 7.Ub .26 1,79 b4
SOUTH AMERICA GRID -45.00  325.00 1.5803 6.52 5,22 1.30 b.18
}
SOUTH AMERICA GRIB =50,00 275.00 1.5657 7.57 5.9/ 1.A0 7.35
SOUTH AMERICA GRID -50.00 280,00 1.5475 7.70 b.ly 1,51 .52
SOUTH AMERICA GRID -50,00 285.00 1.5362 7.74 0.6 1.08 7.5¢ |
SOUTH AMERICA GRID -50.00 290,00 1.5323 7.63 n,0u  1.63 7,42 !
SOUTH AMERICA GRID =50,00 29%.00 1.5361 7.47 5.83 1.64 71.22 |
SUOUTH AMERICA GRID -50.00 300.00 1.5480 7,17 6.14 1,03 6.95 |
SOUTH AMERICA GRID -50.00 30%.00 1.5682 6.85 2.50 1.9 6. 62 i
SOUTH AMERICA GRID -50.00 310.00 1.5973 6.42 5.30 1.12 6,18 |
SOUTH AMERICA GRID -50.00 315,00 1.6349 5. 90 4,97 0.93 5,67 |
SOUTH AMERICA GRID -50.00 320.00 1.6818 5.41 4,44 0,97 5,22 |
SOUTH AMERICA GRID -50.00  325.00 1.737% 5.00 4,42 0,58 4,44 [
|
SOUTH AMERICA GRID -55.00 275.00 1.7707 5.17 4,29 0.48 5.Ub
SOUTH AMERICA GRID -55,00 280.00 1.7463 5. 20 4,65 0.61 5.17 1
SOUTH AMERICA GRID -55.00 285.00 1.7308 5.35 4,97 1.38 5.26
SOUTH AMERICA GRID =55,00 290,00 1.7236 5.34 5.04 U, 30 5. 22 |
SOUTH AMERICA GRID -55,00 295.00 1.7258 5.24 4,59 U,70 5.12 |
SOUTH AMERICA GRID -55,00 300.00 1.7373 5.15 4,70 0.45 5.02
SOUTH AMERICA GRID =55,00 30%.00 1.7585 4,98 4,42 0.5 4,80
SOUTH AMERICA GRID =55,00 J$10.00 1.7594 4,80 4.30 0.50 4,64
SOUTH AMERICA GRID -55.00 315.00 1.8302 4,00 3.88 U.72 4,41
SOUTH AMERICA GRID =55, 00 320,00 1.8811 4,40 3.87 0.53 4,12
SOUTH AMERICA GRID =55,00 325,00 1.9419 4,12 3.49 0.03 3.78
SOUTH AMERICA GRID -60.00 275,00 2.10599 4,14 3.36 U, 78 R
SOUTH AMERICA GRID -60.00  2Z8U.uU 2.0234 4,23 3,43 U.30 3.0
SOUTH AMERICA GRID -6U. 00 285, 20014 4,23 3.%2 0.7 ENCT
SOUTH AMERICA GRID -60,00 290,00 1.44900 d.24 374 u.nd d,0u3
SOUTH AMERICA GRID -6, 00 205,00 1. 9893 3.7%  3nl 0074 5044
SOUTH AMERICA GRID -60,00 300,04 1.994Y% 4,11 3.3 0,77 3o
SOUTH AMERICA GRID ~6U. 00 3s LU ZoU207 TN D R I VA EPET
SOUTH AMERICA GRID -60.00  31h,00 Y529 3,98 3.42  1).46 $oby
SOUTH AMERICA GRID -6U, 00 319,00 JodyhY 3.11 2,73 0.9 dodb
SOUTH AMERICA GRIL -6U,0U 320,00 Z.1504 Jubd 2.u8 U, 00 IR
SOUTH AMERICA GRID -60, 00 375,00 ALY $.3h Z2omh 051 S0
. oL . o
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Table C6.

Summary of Vertical Cutoff Rigidities for Sclected Locations Near

Cosmic-Ray Balloon Launching Sites as Calculated for 30-km Altitude Using the
IGRF (Epoch 1975.0) Geomagnetic Field Model

S

262.67

GEOGRAPHIC L

IDENTIF ICATION LAT.  LONG. VALUE
AIRE-SUR-ADOUR, FRANCE 43.70 359,79 1.7582
ALICE SPRINGS, AUSTRALIA  -23.75 133.8% 1.4044
BUENOS AIRES, ARGENTINA ~-34.58 301.50 1.2219
CAPE GIRADEAU, USA 37.31 270.47 2.3379
CARTHAGE, USA 37.17 265,67 2.2548
DAKAR, SENEGAL 14,63 342.55 1.0331
DALLAS, USA 32,78 263,20 1.8795
DARWIN, AUSTRALIA -12.339 130.73 1.0972
HOLLOMAN, USA 32,87 253.9¢ 1.7/z3
HYDERBAD, INDIA 17.37  78.43 9477
KERGUELEN ISLANDS -44,3%  70.2¢ 3, 7053
LINDAU/HARZ, FRG 5l.00 10,10 2.3224
LONGREACH, AUSTRALIA -23.43 134,27 l.3}s
MILDURA, AUSTRALIA -34.23 142,22 1.9674
MIDLAND, USA 32,00 257,85 V. 76ny
PALESTINE, USA 31,75 264,35 1.8277
POTCHEF STROOM, S.AFRICA -26.70 27,10 1.593%
RIYADH, SAUDI ARABIA 24,50 46,50 1.0640
SIOUX FALLS, USA 43,57 263,30 Z.465 1
SIOUX CITY APT, USA 42,24 265,80 2.78%1
SIouX CITY WEST PT, USA 42,20 259,00 6733
SIOUX FALLS WEST PT, USA 43,50 258,00 2.8208
SPRINGFIELD, USA 37,18 266,68 2.2712
TRAPANI, ITALY 38,03  12.53 1.4126
UTRECHT, NETHERLANDS 52,06 5,07 2.4140
WICHITA, USA 37.72 2.25382
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Table (7.

Summary of Vertical and Angular Cutoff Rigidities for Cape Giradeau,

Sioux Falls and Riyadh as Calculated for 30-km Altitude Using the IGRY (Fpoch
1975, 0) Geomagnetic Field Model

N

T T T T T
GEOURAPHIC L. AMGLES PENUMBRAL

TOENTLFICATION LAT. LUNG. VALUE  ZEN, AZL. P(M) PIS) WIDTH e

— . S

CAPL_GLRADEA, USA |
CAPt GIRADEAU, USA 37.31 270.4/ 2,337149 U V] 2.3 .40 0,48 2.63
CAPL GIRADLAU, USA 37.50 Siu.4d 2.33/49 5 [§] Z.B87 2.44 0,43 Zonb
FCAPEL GIRADEAL, USA 37,31 276,47 2.3379 5 bl 3,02 2.47 UGS 2005
CAPL GIRADEAU, USA 37031 270,47 2.3374 H o 9b 2.91 2,40 U,bl 2.0
|CAPL GIRADEAL, USA 37.31 270.3/ 2.337Y 5 141 ?.90 Z.58 1,32 2,70
P CAPE GIRAULAY, USA RV AT v 2.3374 H 186 2,91 Z2.44 0.47 2. 64
[ CAPE GIRADEAL USA 3/7.31 270,47 22,3374 5y 231 2,85 2.29 0,56 2,58
CAPL GIRADLAU, USA 37,31 2l00d) 2.3379 5 26 2.84 2.50 L33 .02
CAPEL GIRADLAM, USA 37,31 2/u.4/ ?,3379 5 3721 2.85 2,30 U.uh 2.b%
CAPL GIRADEAU, USA 371,31 20,47 2.3374 i 6 2.4k 2,42 1,44 2.0
CAPE GIRADLAN, USA 37.31 270,87 203379 U 6l 2,92 2.30 0,02 ?.bh8
CAPL GIRADEAL, USA 31040 2in 4] 203379 10 RI¢ 3.09 2.6/ 0,42 2. /6
CAPE GIRADEAN, HSA 37,31 270,47 2,337y 19 141 2,92 2,62 0,30 2.71
CAPL GIRAMEAU, USA 37,30 270,47 2. 3379 v 1dp 2./ 2,34 Db 2.59
CAPE GIRADEAN, uSh 37,31 2/0.47 27,3379 100 231 2.83  ?2.h U.31 2.3
P CAPL GIRAUE AL, USK 37031 270,47 2,3374 o 2/n .41 % RV LT
CAPEL GIRADEAU, oSA 37031 2704/ 23379 i 3721 2.8¢ 220 Uunhy 2,62
CAPL GIRADEAU, USA 37031 Z/uaa/ 20537y 1b b 2.5 2034 1.4y 2. 64
CAPE GIRADEAL, USA 37,31 270,47 2,33/ 15 bl 2,94 2.3 .ol 2o1n
CAPL GIRADEAL, USA 37,31 270,47 2,334 I Yt P R 2,44 (1,54 2,76
CAPE GIRADEAU, USA 37,31 21447 2.3379 i 141 7,94 2,40 .53 vy
LCAPE GIRADEAL, USA 37,31 270,47 2,.3374 ) 136 2086 2039 0,47 2ley

CAPE GIRADEAU, USA 37031 270,47 23374 o 231 Y 7,31 0,51 2,56 |
CAPE GIRADEAU, USA 37,31 ¢/nlad .3374 15 J/u Il Zodib 0,40 2o bhe
CAPE GIRADEAL, tI5A 37,31 /0047 7033749 o 371 2.0 So7r )44 72.h9
CAPL GIRADELAU, USA 37,30 270,347 2337w on t 2.8 2044 0,38 2.6hy
CAPEL GIRADEAU, USA 37,31 270,47 RV A I VI 2.94 P VR I A A
}CAPE GIRADEAU, USA 37,31 /0.4 PR VA N T 3,020 2040 0.y 0T
CAPL GIRAULAY, USA 37,051 270,47 70337 2 141 2.7 Jovhohoen 2074
CAPE GIRADEAL, USA 37,341 270,47 203379 20 et SuR cadd U dh kb
CAPE GIRADEAU, USA 37,31 2004/ 2,339 20 24] P TN, 88 2L nY
CAPEL GIRADEAU, USA 37,31 270,47 S RYA PR U St [P I VRS ) tohh

CAPL GIRADEAL, USA 3730 sl RO R VA oot AR v dn 2uh0 )
CAPE GIRADEAL, USA 3703} Z7008)  2.58/9 0 0h f R O I P BV R
CAPE GIRADEAY, udA 37,31 2703/ R R ¥ AUBE 5] Sl Jole a b 2003
CAPE GIKADLAU, USA 37,30 singdy d.3804 PR ¥ Rl Jodli gt Jom3
CAPL GIRADEAU, USA 37,30 270.4/7 2.35/9 2n 14] P R TR 2,50
CAPE GIRADEAU, USA 37,31 270,47 so3879 00 146 I E O S dond
CAPE GIRADEAL, USA 37030 270,37 PR 7L B AR | Puii R ST P S|
CAPL GIRADLAU, USA 37,31 2iu.4d APERTA! H o Zn IRl T TS
CAPE GIRABLAU, SA 37,31 270,47 2L 3370 2y sy 2.0 LAh L s [
CAPL GIRADLAU, USA 37,31 Zia.dl 2os8/9 i t FR I B B U A A
CAPL GIRADEAL, USA 37031 2ul4/ RO R YA 3t 51 L S S R A
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Summary of Vertical and Sngular Cutoff Rgidities for Cape Giradeaa,
Falls and Rivadh as Caleutated tor 3o-km Altiwade Using the 1oiRE (Epoch
Y Geonpenctico Field Mode! (Cont?)

|, oot LI T I oo Tl DI I
at TGRAPH L i ANGCEL DENLIMRKA
TOENTIYTCAT ! LA LONG. ALLE  JENL ASY (M Pos WL PC
| LAPE GIRADEAL, PR 2083740 3 dt LU Soho Ouba o L8
Cart GIRADE AT IS 34031 270040 F03304 RLMS 3.0 2.39 gLt 95
i CAPE GIRADEAN, SA 37.31 270,47 £.33/9 0 3% Is6 2.846 2,37 0.4/ Z2.04
CAPL GIRADEAL, LW A 30031 200087 R A T TP 2.0 b LD L oh
" UAPE GIRADLAM, USA 37,31 270,47 3379 3 27k 2.8 2,43 0,2 KT
¢ CAPE GIRADEAGL, uSA 37,31 /0,37 Zu3s/y 30 871 W13 2,24 U.44 .47
CAFE GIRADLAT, HSA 37030 270047 1304 3h [ L3t R R Poby
© CAPE GIRADE AL, HSA 37,31 270,47 20337a 3x 5] 3.9 2,449 1,54 e
i CAPE GIRADRAL, Jsw  37.31 270.47 2.337Y 35 96 3,000 2,51 U,by 291
CAPE GIRADEAD, uSh 300380 270047 1374 3r by 2L 2,33 cuiv s
FOADE GIRADDAL, ISA 37,31 270,47 2,3370 3% 18 2.0 Zonlo 0,22 SLEN
CLAPL GLOADEAUY, USA 5L 31 270047 ARV B R N IR 1Y N
CAPL GIRADEA ) INA R e ) 3374 3 20 LUOHE RS T L3
DUARL GIRADE AV USA 30310 276,047 2,330 3] 2010 2.29 0 0,43 .47
I UAPE GlRAbe AL, USA 37431 270,47 203379 s b Z.85 2.5 (.30 )
CUAPE GEADL e, Usa O O AV PO ARG IR B TR IS 04 2.hv G 8y 0L
; CAPE G TRADEAN D HISA 37.31 270,47 2.33749 441 9t 3.09 2.62 0,47 2,96
[CAPL GIRAULAU, USA 37,31 270,47 203379 40 14 3,06 2,48 0.b0  2.88
UL GIRRDTATL, ISA 3031 27047 2.3379 40 136 LR 2.4 U.3Y .ot
CUAPY GIRADE AL, iNA 37,051 270,47 2.3379 0 40 23] ', bl P.b 0L350 L3
CAPE LIRADVAILD USA 5ausl J70.47 2.3379 40 27b 2.65 2.3l 0,34  2.4»
APt GTIAOY AL S RPAARS P ATIR I 2.3379 400 321 R Z.19 0.5 L4
VOARE GIRADEAN 9SA 37031 270,47 2.3379  4h 6 2.7 2.36 0,39 2.57
CUAPE GIRADLAG, UbAa 37031 270,87 2.3379 45 bl 3,04 2,38 0,66 Z.74
CAPE IR e TR 37,31 270040 J.337s 4y 9 s U7 2,59 .48 2493
FOARPE GTTADE A USA 37031 210,47 2,337 45 141 3.04 2,60 0,44 N
CAPE G LTRADE AL, USA 37,31 270,47 203379 45 1ub 2.83 2.4/ 0,30 .60
Care aa A AL USA 37,31 270,47 L3379 du o 23 J.50 0 2.4 u.l4 Juod
CAPE GIRADEAY | UsA o 37,31 270,47 2.3379 44 27% 2.63 2,27 G,36  2.4]
CLARE GIRADE AU, USA 3/.31 2/u.d7 0 203379 4b 321 .06 7,22 0,44 /.48
!
SIOUX FALLS, USA
ST PALES L S 13,57 263, % ML LR 0 ) 1.79 1,54 n.2% b7
LN TOUX FALLS, USA 43,97 263,30 2.9653 b ) 1.80 1.62 (.18 1.b8
LR b aci o, ISA 43.57 203, 5- 2ouehs b hi 1.81 l.ef O.le 1.7
Nl FALLY, CISA 43,57 263,30 9653 a6 1.4 l.o6 0,15 . 'L
PSLHuX FALLS,, USA 43,957 203,30 2,965 H 144 1.80 1.49 0,31 l.bb
sLdux FALLS, USA 43.5) 263,30 Z.9682 7 1Ay 1,79 T B 1o’
ST R PALLS ) 1ISA 43,5 763,30 2,90%3 Ho234 1.78 1.6 U.2k 1.6%
SO FALLS, HISA 43,97 263,30 2,96%3 274 .78 1.47 0.31 1.60
STt S ALLS, USk 13,57 /b3 30 Joieh 3 nood LMY AU U, 3N 1.n%
SIUx FALLY, CISA 33,57 263,300 2,9653 10 9 1.80 1,51 0,24 Lon)
STUUX FALLS, USA 43,57 263,30 I J<Ki 19 Y4 1.82 l.he 0.20 l.bu
S EALLY, ISA d3.07 263,30 RARLLR 1 ug 1.Y3 .o 0,08 JRAR
SIS ALES, UNA 13.% Jos, 30 B i LA Lot Tobhe o 1.t
SEron = AL, A R R S P BRI ! 1riu 1.’ .hT e 1.0
SO RALL, USA As,n' 2o, 30 Jodbn | FR AR .77 LAy 0,0 Lo bd
Coo o FALL Y, ISA 43,57 263,30 Cadnhys T 2/ .7 1.5%9 0,1 l.h3
PLTals, e T T S S B S T L I




Table C7. Summary of Vertical and Angular Cutoff Rigidities for Cape Giradeau,
Sioux Falls and Riyadh as Calculated for 30-km Altitude Using the IGRF (Epoch
1975. 0) Geomagnetic Field Model (Contd)

f

S

i s s b

GEOGRAPHIC L ANGLES PENUMBRAL
TDENTIFICATION LAT.  LONG. VALUE ZEN, AZI. P(M) P(S) WIDTH PC
SIOUX FALLS, USA 43.57 263.30 2.9653 15 9 1.79  1.49 0.30 1.66
SIOUX FALLS, USA 43.57 263.30  2,9653 15 54 1.83 1.57 0.26 1.65
SIOUX FALLS, USA 43.57 263.30 2.9653 15 99 1.85 1.57 0.28 1.74
SIOUX FALLS, USA 43,57 263.30 2.9653 15 144 1.83  1.61 0.22 1.69
SIOUX FALLS, USA 43,57 263.30 2.9653 15 189 1.78 1.51 0.27 1.66
SIOUX FALLS, USA 43,57 263.30 2,9653 15 234 1.76  1.51 0,25 1.62
SIQUX FALLS, USA 43.57 263.30  2.9653 15 279 1.78  1.53 0,25 1.61
SIOUX FALLS, USA 43.57 263.30  2.9653 15 324 1.76  1.45 0.31 1.60
SIOUX FALLS, USA 43,57 263.30 2.9653 20 9 1.76  1.52 0,24 1.66
SIOUX FALLS, USA 43.57 263.30  2.9653 20 54 1.84 1,55 0,29 1.71
SIOUX FALLS, USA 43.57 263.30 2.9653 20 99 1.88 1.58 0,30 1.76
SIuUX FALLS, USA 43,57 263.30 2.9653 20 144 1.84 1.57 0.27 1.70
SI0UX FALLS, USA 43.57 263.30 2.9653 20 189 1.78 1.54 0,24 1.68
SIVUX FALLS, USA 43.57 263.30 2.9653 20 234 1.76  1.46 0,29 1.63
SIVUX FALLS, USA 43,57 263,30 2.9653 20 279 1.74  1.62 0,12 1,65
SIVUX FALLS, USA 43,57 263.30  2.9053 20 324 1.74 1.54 0.20 1.65
SIOUX FALLS, USA 43.57 263.30 2.9653 25 9 1.77 1.8 0,18 1,65
SIQUX FALLS, USA 43,57 263.30  2.9653 25 54 1.87 1.63 0.2 1,74
SIQUX FALLS, USA 43,57 263.30  2.9653 25 99 1.88 1.59 0.29 1.74
SIOUX FALLS, USA 43.57 263,30 2.9653 25 144 1.85 1.61 0,24 1.68
SIDUX FALLS, USA 43,57 263,30 2.9653 25 189 1.78 1,63 0,15 1,69
SIYUX FALLS, USA 43.57 263,30  2.9652 25 234 1.74  1.48 0,26 1.63
SIOUX FALLS, USA 43,57 263.30 72.9653 25 279 1,72 1.51 0,21 1.62
SIOUX FALLS, USA 43,57 263,30 2.9653 25 324 1.72  1.45 0.27 1.%9
SI0UX FALLS, USA 43,57 263,30  2.9653 30 9 1.75 1,59 0,16 1,67
SINUX FALLS, USA 43,57 263.30 2.9653 30 54 1.80 1,63 0.17 1.69
SIOUX FALLS, USA 43.57 263.30 2.9653 30 99 1.90 1,57 0,33 1.75
SINUX FALLS, USA 43.57 263,30 2.9653 30 144 1.87 1.61 0.26 1.73
SIQUX FALLS, USA 43.57 263.30  2.9653 30 189 1.81 1,60 0.21 1,68
SIOUX FALLS, USA 43.57 263.30 2.9653 30 234 1.7 1.47 0.28 1.63
SIOUX FALLS, USA 43,57 263.30  2.9653 30 279 1.69 1,52 0.17 1.60
SINUX FALLS, USA 43,57 263.30  2.9653 30 324 1.70 1.33 0.37 1.6l
SIOUX FALLS, USA 43.57 263.30  2.9653 35 g 1.7 1,49 0.29 1.63
{ SIOUX FALLS, USA 43,57 263.30  2.9653 35 54 1.90  1.53 0.37 1.70
SIOUX FALLS, USA 43,57 263,30 2.9653 35 99 1.91  1.63 0.28 1.84
STOUX FALLS, USA 43.57 263,30 2.9653 35 144 1.88 1.56 0.32 1.73
SIGUX FALLS, USA 43.57 263.30 2.9653 35 189 1.77 1.51 0.26 1.65
SINUX FALLS, USA 43.57 263.30  2,9653 35 234 1.73  1.47 0.26 1.58
SIOUX FALLS, USA 43,57 263.30 2,9653 35 279 1.66 1.47 0,19 1.56
SIOUX FALLS, USA 43,57 263,30  2,9653 35 324 1.75  1.45 0,30 1.57
SIOUX FALLS, USA 43,57 263.30  2,9653 40 9 1.72  1.51 0.21 1,66
STOUX FALLS, USA 43,57 263,30 2.9653 4Uu o4 1.84 1,67 0,17 1.74
SIOUX FALLS, USA 43.57 263,30 2,9653 40 99 1.9 1.59 0,30 1.78
SIouXx FALLS, USA 43.57 263.30 2.9653 40 144 1.90 1.61 0.29 1.75
SIOUX FALLS, USA 43.57 263.30  2,9653 40 189 1.77  1.65 G.12 1.69
SIOUX FALLS, USA 43,57 263,30 2,9653 40 234 1.73 1,55 0,18 1.6l
SIoUX FALLS, USA 43.57 263,30 2,9653 40 279 1.66 1.43 0.23 1.60
SIBUX FALLS, USA 43,57 263,30 2.9653 40 324 1.73 1.5 0,19 1.62
STOUX FALLS, JSA 43,57 263,30 2.9653 44 Y 1.78 1.5 0.22 1.71
SIOUX FALLS, U5SA 43.57 263,30 2.9653 45 54 .88  1.59 0.29 1.71
STOUX +ALLS, USA 43.57 263,30 2.9653 45 99 1.90 1,74 0.16 1.79
53
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Appendix D

Tables of Cutoff Rigidities Calculated for Locations Not
Included in the Previously Published Tables

The two tables in this appendix summarize the vertical cutoff rigidity values
for specific locations for which these calculations were performed after publica-
tion of the original tables by Shea et al. b1 Table D1 lists the vertical cutotf
rigidity for San Jose dos Campos, Brazil utilizing the International Geomagnetic
Reference FieldD2 model for Epoch 1065.0. The values for this location are
additional to the values in Table B1 of Shea et al. b1 Table D2 lists the vertical
cutoff rigidity for five locations utilizing the IGRI" model with time derivatives
applied such that the coefficients are appropriate for a 1975.0 Epoch. The values
for these locations are additional to the values in Tablce E1 of Shea et al. b1 The
calculations for Tables D1 and D2 were made for an altitude of 20 km.

The format of the tables is as follows:
Identification: Each location has been identified with a specific
name or identifier.

D1. Shea, M.A., Smart, D.F., and Carmichael, H. (1076) Summary of Cutoff
Rigidities Calculated With the International Geomagnetic I?efcgml(;v_l' Teld
for Various Epochs, ERP No., n61, AFGL-TR-76-0115, AD A028078,

D2. IAGA Commission 2, Working Group 4 (1969) International Geomagnetic
Reference Field 1965.0, J. Geophys. Res. T74:4407.
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Geographic Location:

I. Vuiue:

P(ND):

P(S):

Penumbral Width:

PC:

he geographic coordinates of cio i poe L tian v
given with the fntitude as positive for the northern
hemisphere and negative tor the southern
hemisphere, and the longitude in degrees Last ol
Greenwich,

The L. valuc, in carth rodii, calceulated using the
same geomagnetic field coefficients as utilized in
the cutoff rigidity calculations.

The main cutoff rigidity {in GV) for this locition
in the specificed direction.

The Stormer cutoff rigidity (in GV) for this location
in the specitied direction,

The difference between the main cutoff rigidity and
the Storiner cutott rigidity (in GV),

The effective cutorf rigidity (in GV) tor this jova-
tion in the specified direction,

Fach of these tables and the values contained therein sre described in the text of

this report.

Table D1, Summary of Vertical Cutotf Rigidities for Specific Locations oy
Culculated Using the IGRE (Epoch 1000, 0) Geomagnetic Fietd Model

e IEEEE R e

‘ " Geographic v L ‘ " Penumbral

i Identification | Lat, Long. | Value ' PRI P@) | Width 1°C

b= s +— ' - e — - + e —

San Jose dos Campos, | =23.23 314,151 1. 1250, 1157 Flo. 861 0,71 11,40

Brazil ! ! ! ‘ i : i

—_ —_— 1 - . 1 _,,,,J, [ W |
Table D2, Suwmmary of Vertical Culoff Rigiditics for Specific Locations as
Calculated Using the 1GRE (Epoch 1975, 0) Geomagnetic Ficld Model

CTLLo T Tn T I — e e

Geographic |1 ' ! Penumbral |

} [dentitfication Lat. Long. | Value | P(M) | P(S) | Width J PC

Fo e T ] T -

| Newark, UsA 30,68 284,25 12,6080 2,220 1,87 0,35 ] 1. 07

L Ran Jose dos Campos, [ =23.23 914151, 1386 | 11.30 110,51 nLio 1z
Brazil | | 3

j Tashkent, USSR I 41,33 60,62 1.4655 | T.87 | 6.58 1.20 7,[;.,;

]
Uccle, Belgium Loan. 80 1036 |2.2046 ] 3.10] 2,70 N, 40 3. 00
[ Ushuaia, Argentina V-eba 80 20l 7017113 J.4'.’.J 4.73 i, he .20
—— e - - 1 - ——— e e e A ———— — - e
W




Appendix E

Corrections to Previously Published Values

In archiving the results of the trajectory calculations from which the cutoff
rigidity values have been determined, a check was made on values previously
published in this series of reports. E1-E8 Of the approximate 6000 locations for
which we have published cutoff rigidity values in these reports, errors were
feuad for four locations. These mistakes can be corrected by using the informa-
tion contained in Table E1. The specific data set, geomagnetic field model, and
geographic coordinates for the locations for which a correction has been found is
identified. Then the value to be corrected is listed together with the original
(incorrect) value and the new (correct) value. Finally, the reference number (see
the list of references in this report) and the page number in the specific reference
is given for the correction to be made. Note that summary values of the World
Grid calculated using the Finch and Leaton geomagnetic field model for Epoch

1955, 0 were published in two reports for the completeness of each report.

Because of the large number of references cited above, they will not be listed here.
See References, page i1,




TEO1IID A

19 0g¢ £0°¢ 602 od 10 161 1L°0% 0L6T AYDI suoljelg
wpim 1e013I8 A

19 0g 9% 0 SE"0 Teaqunuag T0°1¢T 1L°0¢ 0T AYD1 suoljelg
TEOT3ID A

19 0¢ 98 °1 I sd 10 °'1¢T 1L°02 0261 4YDI suonelg
salpnig

08 Ig 0g "¢l 00 ¢l Sd 0°6ge 0°9- Ge6T T4 Joyenbg
¥91 €2 [LBa X DEYN

¥c 1g 860 09°0 od 0 "¢0I1 006~ Seol T P1ID) PTIOM
$91 €2 wpim {BoNI3 A

ve 13 00°0 200 Jexqunua g 0°60IT 0°0¢- Ge61 TA PLID PTIOM
¥a1 €2 1821319 A

149 Ic 6¢°0 19°0 nd 060l 0°0¢- Geel 14 P1ID prIOM
$91 144 [LCBISRETY

144 1z e 6 €€ °6 ad 0°68¢ 0°Gp- G661 T4 P11 PTIOm
Jaquunpy Jaquunpy anre A anfe p PEILER S Lo *8uory ‘jer] 139POIN PIolA 19g eieq

afeg ERLEBEY I 31031400 reutdiaQ 3q 03 anfep owydeadoan onoud ewoan
sanfep paysiiqnd A[sSno1asad 03 Suol3doadior ‘I 3[qel

60




E1.

E2,

13,

E4,

6,

O I8

References

Shea, M.A., Smart, D. ., McCall, J.R., and Gumm, B.S. (1974) Tables
of Vertical Cutoff Rigiditics for Fpochs 1955 and 1460, LRP No. 493,
AFGRL-TF-?‘4~0550E’, AD ADOGETT. T -

Shea, M.A,, Smart, D.F., McCall, J. K., and Gumm, B.S. (1974) Tubles

of Non-vertical Cutoff Rigidities for 76 Various lLocations, ERP No. 497,

AFCRL-TR-75-0008, AD AG06397,
Shea, M.A., Smart, D.I¥., McCall, J.R., and Gumm, B.S. (1975) Tables

of As totic Dircctions and Vertical Cutoff Iigiditics for a Five Degree
by Fifteen Degree World Grid Using the Tinch and T.eafon Geomagnetic
Field Model, ERP No. 498, AFCRLL-TR-7H~0052, AD Avo1o42e,

Shea, M.A., and Smart, D. . (1975) Asymptotic Directions and Vertical

Cutoff Rigidities for Sclected Cosmic=ray Stations as Calculated Using

the Finch and Leaton Geomagnetic Ficld Model, ERP No. 502, ATCRI.-
TR-75-0177, AD AD12249, N T

Shea, M.A., and Smart, D. . (1975) Tables of Asymptotic Directions and

Vertical Cutoff Rigiditics for a Five Degree by Fifteen Degree World

Grid as Calculated Using the International Geomagnetic Reference Field

for Epoch 1975.0, F'RP No. 303, ATCRIL.-TR<75-0185, AD A01250%,

Shea, M.A., and Smart, D. . (1975) Asymptotic Dircetions and Vertical
Cutoff Rigidities for Selected Cosmic-ray Stations as Calculated Using

the International Geomagnetic Reference Field Model Appropriate for

Epoch 1975. 0, ERP No. 510, AFCRI-TR-75-0247, AD A015730.

Shea, M.A., and Smart, D. . (1075) Tables of Asymptotic Directions and
Vertical Cutoff Rigiditics for a Five Degree by Filteen Degree World
Grid as Calculated Using the International Geomagnetic Reference Field

for Fpoch 1065.0, FRP No. 524, AFCRI-TR-75-u381, AD Ania73n,

Shea, M. A., Smart, D. ., and Carmichael, H. {1976} Summary of Cutoff
Rigidities Calculated With t

he International Geomagnetic Reference Tield
0. 61, ATGLSTRSGS0T1S, AT A0TR078.




DATE
"FILMED

4 —-83
DTIC




