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Supplemental Summary of Cutoff
Rigidities Calculated Using the International

Geomagnetic Reference Field for Various Epochs

I. 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 29 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
3£

field has long been advocated, 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 McCracken 4 making the first use of this technique to determine the

vertical cutoff rigidity of a specific location. Since that tine a number of papers

have been published in which cutoff rigidities calculated by the trajector y-tracing

method have been presented. ) 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, 7 -1

while the remaining and majority of values have been utilized primarily in various

analyses. 12-20 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 set 2 1 - 2 4

contained the results of the extensive cutoff rigidity calculations made using the

Finch and Leaton 2 5 (Epoch 1955. 0) internal geomagnetic field model, as well as a

smaller set of results obtained using the Jensen and Cain2 6 (Epoch 1960. 0) field

coefficients. The next four reports 2 7 - 3 0 contain similar results as calculated

utilizing the International Geomagnetic Reference Field (IRF) 3 1 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. MIETtlOI

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

a specific location ano 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 rigitty approaching the earth ultimately ariving at the same location in the

same direction. Programs and methods that use the differential equation of

motion (= - r 1 4) to determine the path of a particle of charge q and mass in

in the earth's magnetic field Bby numerical integration have been published sev-

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

Relatively few modifications to the original "McCracken" trajectory program

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
32program with a computed step size that is between 1/25 and 1,50 of the dist

traveled during one gyration. In an uniform magnetic field the time required
33.33P 27r

one gyration is 7v- where P (rigidity) is in units of GV, c is in units

km/see, and 13 is the ratio between the particle velocity and the speed of light,

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

pendicular to B) then the step size, in units of time, is approximatel-
1.4 \ 10 - 5 (1 + wos a i ) sec where a is the pitch angle between the velocity vector

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

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 ti differed from the

initial value by more than 1 X 10 , the integration \as declared unacceptable and

the trajectory recomputed with the previous step size divided in half. A listing of

this revised FORTRAN computer program is given in Appendix 1F of Shea et al. 1

The effect of the currents in the magnetosphere and the mnagnetospheric tail

were not considered in these calculations. The work of Gall et al,3 5 Smart et al, 3

32. McCracken, K.G., Rao, U. 1. , 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. (19(;5) A Study of Vertically
Incident Cosmic-ray Trajectories Using Sixth-degree Simulations of the
Geomagnetic Field, ERP No. 141, AFCHL-65-705, AD 623632.

34. Shea, M. A. , Snart, 1). F. , McCracken, K. G. , and Rao, U. H. (1968)
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 energy cosmic
rays via the magnetospherie tail, J. Geophys. Res. 73:1593.

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.
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and S,:ua L and Shea have shown that the inclusion of these 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. I 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 tie vertical cutoff rigidity is higher than 2. t) 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

specified altitude (usually 20 or 30 kin) and direction above the surface of the

earth. The calculations were continued until either access to the interplanetar,'y

medium was assured (the trajectory extended to a distance of more than 25 earth

radii) or the orbit was found to be forbidden. Forbidden orbits were divided into

two groups, those which interscctd the solid earth (called a re-entrant orbit) and

those f'r which no solution could be obtained within a reasonably number of itera-

tions, which was arbitrarily selected at 40, 000 iterations,

Details of each of the trajectories calculated for tei detcrmination of tlte 'ut-

off rigidities, including the asymptotic direction of each allocd orbit and the

number of iterative steps for each of the rigidities considered, arc contait ! on

magnetic tape and are available through World Data Center A for Solarc-I' li srL :I

Physics, Boulder, Colorado 80303.

For each location calculations were initiated at a rigidity high above th ii- 1-

est possible cutoff, and cosmllic-ray trajectories were calculated at dis cr, h tlt I -

vals decreasing in rigidity until we k crc satisfied that the cutoff had been I C:chlI d.

-\s the calculations progress down through tilt, rigidity spectrum, the results

change from the easily allowed orbits to a complex structure of alloa cd, foihiddtii,

and quasi-trapped orbits (loosely called penumbra) and finally to a set of rigidities

where the trajectories all intersect the solid earth. As a result of these tyI)es of

trajectory calculations we defined three distinct cutoff rigidities: the main cutoff,

P(M), above which all rigidities are allowed, the Stormer cutoff P(S), below w hich

all rigidities are forbidden, and an effective cutoff rigidity, PC which we have

defined as

37. Smart, D. F., and Shea, NI. A. (1972) Daily variation of clectron and proton
geomagnetic cutoffs calculated for Fort Churchill, Canada, J. Gceophys.
Res. 77:4,595.

38. Shea, NI.A., and Smart, D. ,. (1971) Calculation of the magnitude of the daily
variation of vertical cutoff rigidities and associated changes in the neutron
monitor response for selected North American neutron monitors, l2th
International Cosmic Ray Conf., llobart, Conference Papers (Univcrsit\
of Tasmania) 3:854.

12



P(M)

PC P(I) - f dP allo. ed

P (S)

thus aliowing for the opacity ot the penumbra. A detailed definition of these effec-

tive cutoffs has been pubiisheo, and the effect of different spectral slopes and

coupling functions has been investigated by Dorman et al. All calculations

extending from well above to well below the penumbra were made at discrete

0. ul GV intervals in an effort to define the structure within the penumbral region.

There is an inherent hazard in using the trajectory-tracing method to deter-

mine the structure within the penumbra in th;t 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 assumption that if a trajectory is accessible (or forbidden) at a rigidity

P, then this result is applicable over the interval between P. :t- (where P is

the size of the rigidity interval). However, we recognize that the penumbra con-

sists of a very complex structure of allowed and forbidden bands, and this struc-

ture is most certainly finer than the 1).lil GV intervals employed. ( onsequently,

calculations down the rigidity spectrum at finite discrete intervals might miss

some of the allowed rigidities for a specific location and direction. This problem

has been discussed in detail by Shea et al in which the effective cutoff rigidity kas

calculated using intervals of various sizes extending from rigidity intervals 0. 1 to

0. 01 GV. The results showed that while doubling the 0. 1I GV intervals yields

essentially the same effective cutoff rigidity (within 1 percent) a further expansion

of the interval does not give the same consistency. Based on these results we

have considered that the 0. Ol 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 ne

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

39. Dorman, L. 1. , Gushchina, i. 'r. , Shea, M. A. , and Smart, 1). F. (1972)

Cosmic Razs Effective Cutoff Rigidities, Publishing House NAUKA,
Moscow, USSR.
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confidence to whIich we feel "t] v~ have located the low est poss ible Ir .11( d igidityv

is disciissed in detail 1)', Shea n] i nit. 4 41

3. 1 10FFa tot 11''' the Fa l

rabies summii n lg the tmUto rigidities ca Leo ltud usO Wiiite trait'toryv-

tinaci ng inethod a re given in Appendices A through D. These values luive be(- n

'a Iculaled utiliZing the IGH;F It ith its timec derivatives applied suc h that the

coefticients are appropriate for enah specific epoch. Since the R(IG a :s Qeiived

utiliZing mnagnetic observations that could be confiidently app ii'd to t i tile cut -

off rigidities calcuintud foi this epoch are as accurate as the tiaji cloi'-tint inig

p~rocedure peinlts. The timc derivaties of the georiiagnetb- Md ll smo MU ite aM

thle IGHFI coefficients %xerr derived froii the changes in the glilegni tc Hiel ovLci'

tile approxiimate period 1053 throgh 1! )37 (Ciain, private corn i unica iiu" 42 ); tonl-

SeUentCIly, whenl these tiiie den ivatives ale applied for epIoc-hs bet% tw c.i tht. se tin)(

Periods, thev resulting coefcie~nts are relatively i'epi'seiitatlive of the geom: nle i,

flild for thle selected epochi.

For01' II epochs L m re cet than 1IM7 (such as 10'0 and 197A W, it gltoii) miic

field coefficients, as derived fromn thle time derivatives , netutlly des, i'iht

predicted" field and the cutoff rigidity calculations for thest qchMe ar ni [)-

dicted set of values. Magnetic fied datat obtaied in the last h de have slwa i

that the observed secular changes in the geoiuagnelic field acit. , in gemmW 1:1,ii r

ii the forward directin tiin those predicted osing the IGHF 1 time( derivatlives 4:,

derived in 1965,3 We fel howver, that the diffei'enes bet" ten these predi cttd

outoff rigidity values and the actuial \'alus that can be 'a culted us ing mole ivnTt

inp v ag Hicfeld coeffiients are c laktive' V mor - criniyu inn ch smnaliii than Oti

calculated changes in cutf rigWidiis over a ii-vai' inttivw as noted ini samlo

i'egions of the world such as in the La ribbean and Atlantic Ocean aras. 4

40. Shea, MI. A. , and Sm art, 1). K" (197 4) rahles of A svp Ytllt ic I lime'itms , I aoff
Rigidities, and Reentrant A Ihedo ('afceulatiotisior FTstine, T~n1a'ln, and--
Midland, Texas. Special ceport Iso. 17,-,, Ai'cTh-T-R -7-l l t3t

-11. Shea, MI. A. , and Smart, 1). IF. ( 197 tI I 'lii evaluation of cutoff rigidities and
reentrant albedo calculation for Palestine, ilallas, aiid MGM idlan
J1. Ueophys. lRes. 80:120)2.

42. ( ain, J. U. (1173) Pi'ivate 'oiunnication.

43. Regan, RH. 1). , and (ain, A1 t. (1175) Trhe use of geomnagnetic field nidi Is in

magnetic surveys, Ge'ophys ics 'F 10:f32 .

44. Shea, NI. A. , and Smart, ILK1' (117:,) A five by fifteen degre \toild grid of
calculated and cosmic-ray vertical cutoff rigidities for 1U55 and 1N7,
14th International (uisiaic Hay ('onference, (onferente Papers 4 :12 58.
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The general format of the tables contained in Appendices A through D is iden-

tical for each of the tables of vertical Cutoff rigidities and similar for cutoff rigid-

ities cal ulated in non-vertical directions. Each location has been identified by a

specific nqtne or identifier that evolved in the course of this work and proved easy

for us to ,:'ilize in cur various analyses. This identification is followed by the

geographic coordinates of each location together N ith the L value calculated using

the same coefficients utilized in the trajectory-tracing program. All 1. values

\1ere calculated for an altitude consistent with the initializing of the trajectory-

tracing technicque.

For cutoff rigiditi.es calculated in the non-vertical direction, the 1. value is

folLo c d by the zenith and azimuth angles for which the cutoff rigidity was calcu-

lated. The azimuth angles are measured in the clockwise direction with 00 toward

gcgraphic inorth, !00 toward geographic vast, etc. Most of the azimuth angles

al', in the dcre tion appropriate to gromagnetic north, east, south and iwest for

ea,h spccifi, location, although occasionally additional azimuths are included.
0F1 r complete-m is, thte (utoff rigidity in the vertical direction, denoted by 1) zenith

a ogle and 0"t a)zimuth angle, is givLIn for each location.

Th' 1(, elining cohumls in .:ch of th(- tables give the various cutoff rigidity

v:lui-s f'- (,,,h !,Wation in ordei1 of the main cutoff rigidity, P(M), the Stormer

.. ,'toff rigiiv, P(S), the ,. idth of the pnuiumbra, and the effective I utoff I igiditV,

P( . All 'iidities ar. i GV.

3.2 \rrangene.ti! of hlie 1'ible

The taibles in Appendices A through ( are listings of the rigidity values that
a I-P21-24,27-30

atLe supplcInetac to those published in previous reports. These

appendices are ordered by the epoch for which the cosmic-ray cutoff rigidities

are calculated. Table 1 summarizes the data sets in these appendices. Also

given is the altitude for which the calculations x'cre made, whether the values are

for vertical or angular directions and the epoch of the magnetic field for which the

cutoff rigidities were calculated.

Table A I 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 effective cutoff rigidity in this series of reports have been (hanged slightly
to permit computerized headings in the tables. Earlier work used the abbrevia-
tions P , P , and P C for the main, Stormer, and effective cutoff rigidities,
respectlrely.

15
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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

Table Altitude
S (kin) Epoch

No. Locations D~irections* (mEpc

A1 Branson, USA V, A 30 1965.0
Dallas, USA V, A
Midland, USA V, A
Palestine, USA V, A

Bi Three Mexican V, A 30 1970.0
Locations

C 1 Soviet Latitude V 20 1975.0
Survey Locations

C2 Miscellaneous V 20 1975.0
Points

('3 Cosmic-Ray V, A 20 1975.0
Stations

C4 Two World VA 20 1975.0
Grid Locations

C5 South American V 30 1975.0
Grid Locations

C6 Locations Near V 30 1975.0
Balloon Launching
Sites

C7 Cape Giradeau, USA V, A 30 1975.0
Sioux Falls, USA
Riyadh, Saudi Arabia

C8 Cape Giradeau, USA V, A 40 1975..0

V = vertical, A = angular

Table Bi 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 IGlE coefficients

with time derivatives appropriate for a 1970. 0 Epoch. These values are for an

altitude of 30 km.

Si;



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 CI lists vertical cutoff rigidity values for locations

along the route of a Soviet cosmic-ray survey to Antarctica. 45,46 Figure 1

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 studies of the 7 May 1978 ground-level solar cosmic-

ray event. 47,48 ,rable (4 lists vertical and angular cutoff rigidity values for

20 0 S, 150 0 E and 250S, 1!5°E -both locations on the world grid of vertical cutoff
44

rigidities. All cutoff rigidity values for Tables CI through (74 were calculated

for an initial altitude of 20 kin.

Table C5 presents a list of vertic.al cutoff rigidities for a grid 50 in latitude

and 5° in longitude over Central and South America. Table C; lists vertic;l cutoff

rigidities for various locations at or near cosmic-ray badloon launching sites.

The locations included in this table are indicated by circles in Figure 3. Table C7

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

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

through C7 were calculated for an initial altitude of 301 kin.

Table C8 lists vertical and angular cutoff rigidities calculated for an altitude

of 40 km for Cape Giradeau, USA. Caution should be applied in comparing the

different cutoff rigidity values for Cape Giradeau for 30- and 40-kn altitude.

Although these values would be expected to decrease slightly with increasing alti-

tude, there are a few directions where small increases arc noted. These increases

are primarily from changes in the penumbra structure where a slight Change in

orbit can change a trajectory from "allowed" to "re-entrant" and vice-versa.

45. Golenkov, A. F. , Okhlopkov, V. P. , Svirzhevsky, N. S. , Svirzhevskaya,. A. .

and Stozhkov, Yu. 1. (1977) Latitude measuruients of cosi, ray intensity
in the stratosphere during the solar minimum in 19'75-1976, 15th Inter-
national Cosmic Ray Conference, Conference Papers 4:229.

4 6. Shea, M. A. , Smart, ). F., Stozhkov, Yu. 1. , Svirzhevskv, N. S.
Svirzhevskaya, A. K. , Bazilevskaya, G.CA., and (harackch an, F. N.

1981) Analysis of (osil ray itcnsit dat. and trajectory calculated
vertical cutoff rigidities for the latitude sui vey made during the 22nd
Soviet Antarctic expedition, 17th International ( osmic Bay ( onfrencLe,
Conference Papers 4:2 13.

47. Shea, M. A. , Smart, I). v. , Tanskanen, P. J. , and Humble, J. 1. (1!)79)
Neutron monitor response to non-vertical arrival directions during CI.El's,
I6th International Cosmic Ray Conference, Conference Papers 12:249.

48. Shea, M.A. , and Smart, D. F. (1!982) Possible evidence for a rigidity-
dependent release of relativistic protons from the solar Corona,
Space Sci. 1v. 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
Appropriate for a 1975.0 Epoch
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Figure 2. World Map Illustrating Miscellaneous Locations for Which Vertical ('It
off Rigidities Have Been Calculated Utilizing the International Geooaametic fictr-
ence Field Coefficients Appropriate for a 9775.5o Epoch
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Figure 3. World Map Illustrating Locations at or Near Cosmic-Ray Balloon
Launohing Sites for Which Vertical Cutoff Rigidities Have Been Calculated
Utilizing the International Geomagnetic Reference Field Coefficients Appro-
priate for a 1975. 0 Epoch

Tables DI and 1)2 list vertical cutoff rigidities for San Jose dos (ampos,

Brazil for Epoch 1P65. 0 and for five locations for Epoch 1975. 0, respectivcly.

These are additional locations for which these calculations were performed aftel

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

of 20 km using the IGIIF for Epoch lW15 and this same field uith time derivatives

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 he

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

.It
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Appendix A

Table of Cutoff 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 been calculated by the traiectory-

tracing method utilizing the International GeomaInetic Reference FieldA I model

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

The format of this table is as follows:

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

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

L Value: The L value, in earth radii, calculated 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.

Azimuth Angle: 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, 00 = geographic north, 90 = geographic east, etc.

Al. IAGA Commission 2, Working Group 4 (19609) International Geoniagetic Field
l965. 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) for 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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)ALLAS, ISA 32.78 263.2n 1.8790 5g 97 5.81 4.32 1.49 5.26

rALLAS, 'ISA 32.71) 263.90 i.P790 55 187 4.47 3.85 0.62 4.21
DAILLAS, :ISA 32.79 263.20 1.8790 55 277 3.76 3.20 0.56 3.57
9ALLAS, USA 3.78 263.20 1.P7 90 60 7 4.29 3.64 0.65 4.09
DALLAS, ISA 32.78 263.20 1.8790 60 97 5.77 4.26 1.51 5.09
DALLAS, USA 32.78 263.?0 1.8790 60 187 4.37 3.88 0.49 4.24
DALLAS, ISA 32.78 263.20 1.8790 60 277 3.69 3.39 0.30 3.54
DALLAS, SA 32.79 263.20 1.8790 65 7 4.12 3.76 0.36 4.01
DALLAS, SA 32.78 263.20 1.8790 65 97 5.30 4.54 0.76 5.03
DALLAS, USA 3?.78 263.20 1.8790 65 187 4.47 3. P9 0.58 4.25
DAlLAS, :ISA 32.78 263.20 1.8790 65 277 3.72 3.35 0.37 3.47
OALLAS, USA 32.78 263.20 1.8790 /0 7 5.88 5.88 0.00 5.88
DALLAS, USA 32.78 263.20 1.8790 70 97 5.27 4.28 0.99 4.94
DALLAS, USA 32.78 263.2n 1.8790 70 187 4.49 3.93 0.56 4.25
DALLAS, ISA 32.7,q 263.20 1.8790 71 277 3.77 3.32 0.45 3.54
DALLAS, USA 32.78 263.20 1.8790 75 7 8.70 8. 70 0.00 8.70
DALLAS, USA 32.7P 263.20 1.8790 75 97 6.06 6.06 0.00 6.06
DALLAS, 'ISA .78 263.20 1.8790 75 187 4.45 4.01 0.44 4.24
DALLAS, USA 32.78 263.20 1.8790 75 277 3.76 3.63 0.13 3.66
DALLAS, USA 32.78 263.20 1.8790 80 7 11.72 11.72 0.00 11.72
DALLAS, USA 32.78 263.20 1.8790 80 97 14.89 14.89 0.00 14.89
DALLAS, SA 32.78 263.20 1.8790 80 187 4.50 4.02 0.48 4.24
DALLAS, 'ISA 32.78 263.2r) I.13790 3) 277 3.80 3.16 0.64 3.64
DALLAS, USA 32.78 263.20 1.8790 85 7 15.20 15.20 0.00 15.20
DAILAS, ISA 32.78 263.20 1.8790 85 97 24.61 24.ol 0.00 24.61
DALLAS, USA 32.78 261.20 1.8790 85 187 4.61 3.83 0.78 4.26
DALLAS, USA 32.79 263.20 1.879o0 85 277 3.81 3.22 0.59 3.70
DALLAS, USA 32.18 263.20 1.87903 90 7 19.55 19.55 0.00 19.55
DALLAS, USA 32.78 263.20 1.8790 90 97 39.41 39.41 0.00 39.41
DALLAS, USA 32.78 263.20 1.8790 9r 187 4.64 3.70 0.94 4.34
DALLAS, USA 32.78 263.20 1.8790 90 277 3.65 3.28 0.37 3.52
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Table Al. Summary of Vertical and Angular Cutoff Rigidities for Selected Loca-
tions Near Cosmic-Ray Balloon Launching Sites as Calculated for 30-kin Altitude
Using the IGRF (Epoch 1965. 0) Geomagnetic Field Model (Contd)

ELOGRAPH IC L ANGLES PENJM6PAL
I lENT I E ICAT I109 LAT. UII(,. VALHE L N. AZl. P(9/ ;' ) Il P(

MI)LArO, USA 32.UU 2b1. 8 1./051 61) 188 .bt' 4.63 b ./i 6.03
MI )LAN), USA 3?. U( 25/.85 1. 1651 )) //3 4.60 3. 6u. 162 4. 16
MIILAN, USA 3z.UO 25'.81D 1./b51 65 b. 02 4.?d 0.74 4./
MI oLAN) USA 32. u -,'.6b I. /bbl bb 98 6.' 5.1 1.1 6. J6
MIULAO, USA 32.', o ?/.68 1. /1)bl 6b 10 b.?I 4. U. 0 4.o'
MI ILANO, USA '_. 10 b5/. li 1. 1 bl b6 ?/6 4. r. J. tob (J. S,.) 4.0)3
MIi LANI), USA 32.011 25/.85 1. /61 /o il b.93 .3 0. 00 o.93
MI OiLAi) , USA 32. oi / 'fl.6 W 1. /b l /(1 9i u.6 / J.3 0.04 1).65
MIULANIJ, USA 32.UU 21.8') 1./bl /Ii 161 b.14 4. W U.84 4.91
MI JLArI), USA 32. 00 ? l.8b 1. /01 /U 2/l6 4.11 5. /0 0.39 3.9('
MIIILAjI), USA 32.10 2. .7.8 1./61 / h 'j. u? 4.2 b f). 0 9.62
MI IIOLANI, USn 32. 00 26/.8b 1. /ubl 76 98 9./6 9. /4 U. 02 9.15
MIIULAIU, ISA 32. 00 Z5/.66 1./651 1 16d 6.06 4.14 U.'1 4.89
MIjLAND, USA 32..(0J 25/.lb 1. lobl /5 216 4.06e 3.49 U.59 3.U2
MIILANO, USA 3Z.0U 257.85 1./661 8u 6 12.62 12.52 0.00 12.62
MILANI), USA 32.0u) 217.85 1. /lbl 80 96 1/.6I9 1?. '9 0.0 17.89
MI DLAWJ, USA 32.0U 2b/.85 1./651 8U 168 b. 02 4.21 0.6i1 4.84
MIULAND, USA 32.00 27.65 1.7661 30 218 4.11 3.74 0.37 3.9b
MIDLAN), USA 32.00 251.8b 1./61 66 ;6 l8.,6 l .86 O.11 15.86
MIULAND, USA 32.00 Z!/. 6b 1. /61 8i 98 21.51 27.51 U. 00 21.51
MI)LANU, USA 32.10 251.8b 1./6W1 66 188 6. ( 4. Th 0.12 4.86
tiIlJLAUM, USA 32.U' 257.65 1. /b1 6 2/6 4. ?0 3.6U 0. /0 3.9b
MII1LAND, USA 32.)U 25/.85 1./651 90 6i 19. 9t) 19.96 0.1) 19.96
MIOLAI), USA 32. 00 2b/.68 1. /061 911 98 42. 20 42. 1,3 0. 0? 42.19
MII)LANO, USA 32.(1) 21.t6 1./551 90 16 6.04 4.31 U.73 4.6b
M IULAID, USA 3z. 11zJb /. 3 1. /!)bI 9U 2/ 4. 13 1.3 U. 9 3.6ie;

PALESIIE, USA

PALESTINE, USA 31.15 Z4. 3b 1.62/2 '/ U 4.72 4.36 ?j. 34 4.46
PALLSiINE, ISA 31./5 264.36 1.82/Z t / 4.14 3. 93 1.11 4.46
PALESTINE, USA ,.i3. / 264.35 1.212 b 3/ 4. / 5.99 11. /9 4.49
PALESTINE, USA 31./6 204.35 1.,62/2 6 b/ jI.;Il 3.'l 1.02 4.s2
PALESTIiE,i USA Jl./5 2h4.35 1.82// b 9/ 4.)1 4.4 01. )/ 4.57
PALESTIiE, USA 31./5 264.36 1.62/2 e 12/ '1.eo 3.,4i (). 5 4.6/
PALESTINE, USA 31./6 26bi4.36 1.62/2 5 1./ 4./6 4.(( U.1 4.4l,
PALESTINE, JSA 31. /2b 04.36 1.62/2 " id/ 4. /I 4.16 (3J. O 4.49
PALE S I IIL, USA 31./ 204.36 I.S/1 I 211 4. ,, 3.8o 0. i 4.4f
PALEbSINE, SA 31. /1.' 264.3b 1.;i2/2 6 24/ 4.64 4.1t' ;).6; .4.43
PALES I[NE, USA 31. 75 264.3 1.8212 2// 4. F4 J. /9 0.6 4.40
PALESTINE, ISA 31.15 264.3. 1.;2/2 6 30/ 4.(,h .4 I ). 3 ..'91
PALE ST1 ILE, USA J1. / 204. _b 1.821 b 3J/ I. $9 5. 13 U. 1' 4.4t
PALISTINE, USA 31. 1 264.3b 1.827/ 11 / 4.6 4.2 1.41 4.381
PALFSTI1E,I USA 31. 1) 264.35 1.62/2 10 3/ 4./4 3./9 U. Y 4.4(,
PALESTINE, IA 31.15 24. 3* 1.2/12 1U 6/ 4.14 l.41' I. t, 4.6/
PAL SI1IL, lJ, 3i.I !64.j 1."2/2 Id 9/ 4. l 4/ 1. 1 1 4I
PALESTINE-, ISA 31./b ?t4.5 1.2 /' 10) 12/ 4.61 4.?/ 1. hi 1 4.

PALl-STIlL, U',A ,./ ,0q,. 1.62/ 1 i 1, I 4.l1l I. , .
PALLSI I1L, IA 31./ 2)4.3) 1 /I/ 4./6 3..;Q f .. 1.b(l
PALO SI1 41, lI i; 31. Z04. h, 1.0// t) 214 4.6(11 , .(1 .I l

PALESIINE ISA 31.15 A,4. Io 1.-;/ I : , 4. . ,4..



Table A1. Sunimarv of Vertital and Angular ( utoff Rigidities f i, t, lo,1
tions Near Cosmic-Ray Balloon I.aunching Sites as ( alcuiatd for :0 -ki : titu.Jo
Using the IGHF (Epoch 15 I1. 0) Geomagntic l ield Modc1 ( ontdl)

GI;FGRAPH IC I A N(;LFS 'F N' LNGLF4
IDENTIFICAT ION LAT. LONG. VA IIIF IF N. A?1. P(A) 1't 41.''I P W

PALLSIIiNL, isA 31. 7t " ?34. s 1. ?/ i' ?// 4.k, ,.
PALESTINE, ISA 31.75 2b4.35 1.827? 1" 3037 4.5' u  .6 . (4 1 . 1!

PALESTINE, SA 31.75 ?64.3r. 1.212 I .337 4. 1 1. 94 ,.' .
PALESTINE, USA 31.75 264.35 '1. 2 2 i 7 4.63 . . . .
PALESTINE, LSA 31.1 264.3 F 1.8272 15 27 1.7k (.u . 4 . i

PALEST INE, USA 31. 7 5 264.35 1. 27? 15 6/ 7 4 . 4.Li
.  ' , ' .,,,

PALFSTINE , HSA 31.75 ?64.3 g 1.; , 0 i 3 (47 . 11 , 7

PALESTINE, ISA 31.75 264.35 3. p?7? 1?7 4.A (it, '
PALESTINE, uSA 31. 15 264.35 1. "72V? 3 '5 4. 0' ". " 3 ,. 1 .
PALESTINE, I'SA 31.5 1 64.35 1 ? 15 1 P 4. .
PALESTINE, ISA 31. '1 264. 75 1. ''1 7. 41

PALESTINE, 'ISA 31. ;5 ?64. 7 .. 1. 7 4' .
P A L E S T IN E , U S A 3 1 . 75 ,Iji . " I 1. 1 , 7 7 '7 7 4 ,. . . ,
PALESTINE, tJSA ' .1 5 264. 1 3'' .X .

PALESTINE, ISA 31. 75 ?64. 1' 1 .1 l0 '3 .. 4..
PALESTINE, J1SA 31. / 264. 1 1 '? /'. ' 4 .
PALESTINE, ,!SA 31.75 264.3 . 7' in ' 3 '1
PA LEST INE, ISA 31. 7 ?64 . 5 I.P9 ' ,,,7 -. .

PALEST INF, ISA 31.75 264. 3 ,  1 ' ' .

PALESTINE, USA 31.75 76.31 1 2'2/) " I, .

PALESTINE, IS 31. ," '?4. 3. 1 .) I,,
PALESTINE, ISA 31.75 ' 64.35 1 .2)7) 1, I 4C - .

PALESTINE, ISA 31.7b 264.35 1. V 87 ?1 4?1 1 .' 0. h

PALESTINE, USA 31. 75 264.35 1 .. P 
)  ? ' . 4 7 ' .

PALESTINE, lISA 31.,75 264.35 1. 82' ,; 717 44 8e" 7 31 .
PALESTINE, USA 31. 75 264.3 1 .,A27:' '7 ,17 a 4 . ,, 1) 4 .1-
PALESTINE, 7SA 31. 264.35 1.8272 W 71 .. "'1 4. Ii
PALESTINE, LISA 31.75 264.35 1.827') :1 1)., 4. n
PALESTINE, LSA 31. ,5 264.3b 1.877' 1 A I. -"' v 4 .. ,

PALESTINE, 1ISA 31.75 264.35 1.82/? 2s 5' , 4 ,11 .' 4. ?h
'

PALESTINE, LSA 31.75 264.35 1.8?7' ?", )' ? 44 3 .' 4.
PALESTINE, USA 31.75 264.35 1.?277 '' ' 5 '' 47 .' r'. 4.

PALESTINE, LISA 31.75 264.35 1.8272: Is' 3 .. R1 7" 1 -'
PALESTINE, USA 31.75 264.35 1.827? 25 127 4 4 ., '.,? 4.
PALESTINE, USA 31./5 264.35 1.2272 25 217 4.5? 0.' 1 .70 .
PALESTINE, USA 31.75 264.35 1. 827 2147 4.' .7 K.7 4.17'

PALESTINE, ISA 31.15 264.35 1.q27? 25 277 4. '0 . 7l, '1).' 4.
PALESTINE, USA 31.75 264.35 1.8272 75 23 307 4. 3F I. " .: . 1'
PALESTINE, USA 31.75 264.35 1.8272 ;25 3.37 4.51 l .4, .0, . 11
PALESTINE, USA 31.75 264.35 1.827? 37) 7 4.5' 4.19 1.4 4."
PALESTINE, I)SA 31.75 264.35 I.P272 30 37 I.M,4 3.1 '. ' 4. IQ
PALESTINE, USA 31.75 264.35 1.8272 31 67 5.? ) 4.,0 1. 70 4.1,,
PALESTINE, USA 31.75 264.35 1.827? 33 97 5.2 4,' 21) 1111 4. (-
PALESTINE, lISA 31.75 264.35 1.827? 30 127 5.25 4,74 1.42 4. -
PALESTINE, USA 31.75 264.35 1.8272 3o 157 5.08 4. 5 1111, 4.1
PALESTINE, USA 31.75 264.35 1 .272 0 17P7 4. 70 . . 4.
PALESTINE, USA 31.75 264.35 1.8272 31 717 4.43 3. . 4.,
PALESTINE, USA 31./5 264.35 1.P?7? I7 ?,1 4.I5 3. 7I. 1.,,'' '.
PALFSTINE, ISA 31.75 264.35 1.P?7" 30 971 4.34 ,, '7 . V

PALESTINE, ISA 31.75 264.35 1.8?l? 10 117 4.3.3 .63 . 61 1.1'
PALESTINE, LISA 31.75 264.35 1. P27? 3' ' - 4.,? 1 .,1 ' '1 ."



Table At. Summary of Vertical and Angular (utoff Rigidities fo' Selected I .oa -
tions Near Cosmic-Ray Balloon I.aunching Sites as ('alculatel for 3 )-kin Altitude
Using the IGRF (Epoch 1965. 0) Geomagnetic Field Model ((ont)

GEOU RAPHI C L ANGLrS
IuLNTIFIi'ATILrN LAT. LONG. VAT U /EN. A/I. Pr' f ' ,IT

PALESTINE, USA 31.7b 264.3b I .1 / 4./, 1 4 ,.
PALESTINE, USA 31./5 2b4.3J I /? / 4'. 4 J.,- .
PALESTINE, USA 31./b 264..b I g /' I/ 5. ., .4 -/.bZ
PALESTINE, USA 31. 1 264.35 1 . ', .. . .. 4 1,
PALESTINE, USA 31. 15 ?04.3b I ,i / L o jS,; . . '. ,
PALESTINE, USA 31. /b ?64.3b "// b ) . . I
PALESTINE, USA 31. /b Z64.3,) , ? 3' 1' 4.t -.1 J. , .
PALESTINE, USA 31.7b 2b4.3 3 8.2 0 ' 3 1/ I.
PALESTINE, USA 31./b 4.3b I 82, Z 5 14/ 4 . , .,) 4.
PALESTINE, USA 31./b 2t4. 3 I . 2 /Z 2! 4. , ., 4.

PALESTINE, USA 31.1b 264.3b I ./2 3, jo' 4.1 .

PALESTINE, USA 31.75 64.35 1 zi ' 35 3 / 4. 4 .. U.
PALESTINE, USA 31./b 264.Jb 1 821z 40 / .. 4' . ,
PALESTINE, USA 31. /5 264._.b 1 .2/ 40 j/ 4.,
PALESTINE, USA 31.1b 264.35 1 .212 1 6/ o. ,. 1.?( /0 ,
PALESTINE, USA 31./b 2t4. 3b 1 / 4 . 4. (I q/",.11
PALESTINE, USA 31./b 264.3S I .?I/L 4o 121 .. ', .' 1.14
PALESTINE, UsA 31./b Z64. 3b 1 .8?./ ,I I') / . t . ,

PALESTINE, USA 31.15 264.3t 1 . 2/2 4u I6/ . L " ' ". "

PALESTINE, USA 31./b 264. 5 .812 40 11l .. : I4 4 1
PALESTINE, USA 31.7b 264.3b I 821 4 ,/ 4. • 2.
PALESTINE, USA 31. /b 264. 3t 1 .s/ 4)) / .
PALESTINE, USA 31./b 264.35 1.8 1/ 41) 30 4. ,4
PALESTINE, USA 31. /b 264.3b 1. ; 7 40 33/ 4. -4
PALESTINE, USA 31. '5 264.3 ',qZ212 45 4 4.4
PALESTINE, USA 31. /b 64.ib 1.82 . 1' 4. I
PALESTINE, USA 31./b 264.3b 1.8212 4t 6/ 1 . . I . .
PALESTINE, USA 31./ 264.35 1.8212 45 4/ Q . , ' .

PALESTINE, USA 31./5 264.35 1.ZI 45 12/ s.t! 4 ? 7 .l
PALESTINE, USA 31./b )64. 3b 1.82/i 4b s/ .t. I "I
PALESTINE, USA 31.75 264.3t 1 .z12 4b 13/ 4./1 , .:
PALESTINE, USA 31.7b 264.3b I. 872 4b 211 4. I

PALESTINE, USA 31./5 264.3b 1.8212 4o 1/4/ 4.

PALESTINE, USA 31./b 64.35 1.z/1? 4 ?1/ 4.1 4
PALESTINE, USA 31./5 204.3j 1.2 / 4 301 4.10 , ., ,
PALESTINE, USA 31./b 264. 35 1.8z1 4) 3,/ 4. , , l .4

PALESTINE, USA 31./5 2 4.35 1.82/2 bU I 1.fI .. I0.41. 1.,4
PALESTINE, USA 31. Ib 2t4. ,15 1. 6212 '.0 31 1 . t . .
PALESTINE, USA 31.1 z64.25 1.8212 5U 6/ o. ( 4. . .
PALESTINE, USA 31./b 2t)4. 35 L.821? b(/ 8 ,.I 4.9, t.,' -
PALESTINE, USA 31.1 264.35 1 .- 2/Z 5) 12 1 .,/ 4., 1.',' '.1U.
PALESTINE, USA 31.7b 264.3t 1.6212 bi) 1t/ .1S 4.14 1.11 .('
PALESTINE, USA 31./5 264.35 1.827 50 16/ 4./i . ].;' 4.
PALESTINE, II So 31./5 Z4. 35 1.8Z 5U 1/ 4,33 1. 8 d.o0 4. 1V
PALESTINE, USA 31.15 264.35 1.8212 5) 241 4.1/ 3.45 4 .Di 1.'I
PALESTINE, USA 31./b 264.35 1.2/2 5o 2 / 3Q/ 3.4' .) I .
PALESTINE, LISA 31.75 264.35 1.8212 SO 30/ 4.1,' 3.41 ,;.ol s.
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Table Al. Summary of Vertical and Angular Cutoff Rigidities for bel'ted l.uca-
tions Near Cosmic-Ray Balloon Launching Sites as (alculated for JO-kin Altitude
Using the IGH1F (Epoch 19(5. u) Geomagnetic l"icld Model (('ontd)

G[-fGR APH I Atf2, I FS Pi fmie l
3',4 NT IV ICAT RIM LAT. Lol;. VAL1IE !E'. All. P) '(6) IH' H ':

PAL-STINE, 1 ,A 31./1 264.35 1.P21? 5 331 4.2;, .1' '.4 o  3. 0-
PAIFSTIN. 'ISA 31./s 264.35 1. 2/2 1 5 1 1.(3 1.1l '56 4.3
PALFT INE, ISA 31.75 264.35 1. 82/2 55 3/1 4."4 4.3? '(.58 4.5'
PALFS INF, ISA 31./5 2h4.35 1. 2? 55 6/ 6 . "t 4.43 3.13 0.nF
PAIL FHT !N '5A 31. 31 2t4. 5 1. 8?/? 65 8 L ') 4.? 1.73 6.3,'
i MLF-. r I NF 'I A i. 75 ?h4. 36 1.2?/2 '5 12/ .') 1. ', I ) -,4
PALH;[NF :ISA 31 6 h, . ' ."?55 21/ 4. 3" ' .5(I 4. p
PALF IN N /,F 3. M5 4 1.'2/2 55 71. 1. 1.) '' 1. P? I. 1.1.

PALtS, I NF", SA 3 1. ;' 2t,4. 3 -, l.;"71; 2!1 1}..il ) .:n16 ;.

* PALESI INI ISA 31.75 ?4,4 3 1. F21? . 5 301 i. 3 16 '.53 1 3. 7V
PAIf. T INF 'ISA 31 .6 'b4 3') i.8? ? b 13/ 4. i.53 '30 / . 4
PAL F',t INE , ISA 31 i 4 -) 1 . 11I? ,-, 1 . ') 1.,,, 4 .
PAI_1 T IF, ~' I A .3 1 , : 4 ! P/. 7) 2t, 1 ho 31 c .tl 4.nl I. l 4.. '
PA LF ' IINF : !%A il 7lh ) t"I. -, 1. 8? /1 1)l o l t .), 1). t /1 1. q,
PAI.ESf IN 'ISA 31. 1 '- 8/4 6 / '1 h.6 4. /3 1 . '
PALFS NtI l ISA 31. / 4., 1..'2 .'I . I hi 11 1) 03 'i.
PAL E T I r 'ISA 31. / 2h4 ,, 1.82/) -I I . 8 /Z N) 4 ,. 1 1
PALE-,[Ni' [ '3 5 3I*/ 26 / 4.3- 1.82/2 ('.8 1'/ s. 3) 1 1'.., 1.I 1 .4
PAl ' INF SI .1 2t4. I . /?.I' I( V I. I 1 ; .1
PMVl sW IN ISA 31./ P, .3 1/) /~3 1/1 II
PAL I"!I ''S1 ./" 211 4 . .3 .64/' ( 1 . P? h I.I

PALESFINE, ISA 31./6 264.35 1. (2/2 rI( 'P/2 0. W 1.7 I .
PALES IN , ISA 31./5 264.35 I. 82/ .6 ,I / .I . 3 1
PALF.S INF, !SA 31. 15 .64. 36 1.82/2 6-3 .3/ I l 38M IW W -1 1 ..
OALFST INr , 'ISA 31. 7

,  64. 35 1.,2/) hb / . l, I 'L ' ..

'ALES I I FT, 154II 31 ' -)t4. 36 1.82' I? I'"' 5 55I ( *,. Y,
PAI33S[I NE, 'ISA 31. /6 261 .3!1 1 .82/2, 63 if, 5 ' '

PAIL TINIF , 'ISA .1 / . 4 I5 1.621'.3 1 )" 1. . 'P2 /;. '',
PALE"SINE, IlISA Q . / 24 35 .8. 1I' 1' 12/ '. ,.1) 4. /4 3.3 i ./-
PALFSTIN , ISA 31. /6 264 3b I.P920 65 1/ 1) .I ( 1 .3.]3 5.? ,

PAL-STINE, ISA 31 5 264 .35 1.8/?1 6,,) / ' .60 .1 (.164 . ,'
PALFSTINE, ISA 31. / 964 35 1. 2v/ I 5 1/ 4 .1' 155 4. 1
PALFS rINF, 'ISA 31.5 ?64. ,5 1.2? 1 0) 1) ?41 1 6 ill 'l 14 Q /"
PALESTIIINE, 'ISA 31. /564 3 1.8/I? 65 K1 ? 3 1 .: 4? '.41 '.II
PALEST INF 'ISA I1 /1 24 h6 .) 1. / X'11 .1 /.M 3/ t I .
PALET I- NE, ISA 3t.1 6 2-4 3 1 . 1 ?2 ' 3 I 4.,", .,? .1 . ,
PALESr1NE ,  ISA I.?1 ?h4. .5 [ .82/ / 1 :4' /0 ).!/ t,. ( .
'ALEST INE, ISA 31. /) '4 3 1.8?/: ',' '' '6 ' 70 P. , ,

PALESFTINE, 'ISA 31./5 64 ) 5 I. 2? / '' 5" ' 70 tI) 1..
PALES1 INE, :ISA ?o 4. 36 1.22/ '1I ./ 1 74 1.44 1 .6!' t .' i
PALVSTINE ISA 31. /1 ?64 i6 I1.V? 11? 12/ P?  

3 51 .s Y .. ,-
PALESTI ME ISA 3i. I" 2t4 '3 1.22 ' /8 16/ 5", 1I0 /. 411 .
PALFST r IN fl ISSA t. /4, 1. .2/2 /5) 1/ 6' '.7 1/? 10.1''
PALFSTINE, ISA I,1.1 ?64.4 1- 1 .8?( / 1 1/ I 3 / ,3. /6 1[.461

,LEST[,NE, 'IS 31./6) 264.36- 1.8 P2/) /') 241 1. /0 4.' ,
PALESTINF , ISA 31. 264.36l 1. 12 /1 211 0 ?7 . 66 '',. 1 ,+fI,)
PALES i NE, 'ISA 31./ll 264.36) 1.3P37? l 307/ 3.10 .45 . , ".(,1,

PAIlSTINE, 'ISA I.16, 204.36 I8)1." /1 33/ 4,14 ' ',h fQ 11. 31 .1 '
'ALES [1NE. ,")A 31. / 6 4.36 1. / , /5 ' ' 1 6 '. '1 3'l 1.. 7

PALEST INF, ISA (1./S P '64. 36 [.(2/ /6 / 1 1. Ill I 'I ,. if'.1.'
"ALESTI, 'I SA i./S I h4.' . , h1 1'' 1 4, '41 > .*'' .'
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Table Al. Summary of Vertical and Angular Cutoff Higidities for Selected Loca-
tions Near Cosmic-Ray Balloon Launching Sites as Calculated for 3il-kn Altitude
Using the 1(GRE- (Epoch 1965. 0) Geomagnetic Field Model (Contd)

bLORAPHIC I .,+. L.S l1NUMBIAL
1uLN1iF l('A!IU1% LAI. L3)!4u. VALUE ELi. AZI. P(M) P, S) WiDTH PC

rPALL TSNL, iSA 3L,1/ ?64.3t 1.621 11) 9/ 7.11 /.13 U. 0U 1.13
PALL IINE. ubA 31./5 26.3. i.8212 ,' 12/ b. W 4.9, li 5. go

I PALSI INL, JSA 31./b 264.3t 1. 22 1b/ 5.41 4.22 1.19 t.310
PALE'IINL , ;SA 31./S 264. 3b I.t22 / 18/ 4. tU 4.13 0.41 4.4,
PALl [Iit, !SA 31.1- 6'4. 31 1 . 2/1 / 211 4.4U 3.11 1,.64 4.11
PAL-SII9L uI A 51. /t 2t4, I. 1. 21 '1 Z4/ 3.1 3.04 U. ii 3. d
PALLSINE USA 31./ 264.3- 1. 2/? h 21/ 3.93 3.39 J.b4 1. 02
PALF S INI, !ISA . 7, 264. 3b 1.,X21 /5 30'1 4. 06 3. 16 J. /0 3. 8"
PALE-STINE, f6A 31. i 2b4.3s 3.2/1 i /3' 4.2k, 4.28 0.OuU 4.2-
PALI, ' IL, I SA 31. /) 2b4. 3! 1.6l/? ,W / 12. .?: 12.?3 J.0)0 12.23
PALLSIIN-, lI A 31.It 214.vh i.,?/,' 1 0 3/ 1/.52 i ".52 u. OD 1 .5
PAL; S i 'NL , A, 31. /1 2t4. 3' !.H2/ 2 1%) 6 19.90 19.1-10 U. )0 Y4. 'lo
PALES11NE, i!,A .> 264. - :. 2 ? ' 9 / In.t 1.I '4 t U u I 1.64
PAL -, L 'SA 31./1 /64.35 i.62/ nu I?' t.2.3 4. P4 1.4-1 .4
PALC Si INr .JA 31. / 264.-b I.62?? 80 15, 5.20 4.40 0.60 .

")
.0

PA, fSI IS , 1' 31. I 2t,4. 0 1. 8 / i 3 1" '/ 4.t,- 4. u6 O.hl 4.4,
PALL INIL, ),A 31.1 2 4.3b 1 ./ I ! h 0 1/ 4.41 4.14 0.2/ 4.el
PALLjIINE, US;' 3' / h 4.3 t 1.821? 6o 241 3.9t" 3. J* J.44 3.1/
PAL1SII3L >'11 31.in 264.3,) . I ) 21 ./ ?1 J. t)4 0.1( 3.81
P'ALFSIIN[, .31'I, "h4. 3) 1 .62> 1WI 30/ 3.301, 3.53 u.35 3.64
PALLSIINL, 1I)',A 31. 1 2- 6h4.35 1.,02 /Z 1 33/ s.4, n.48 U.UIO 1.4,
PALIS!14L, 10k 31./ 1 04.3b I.212 65 IIs. i3 15./3 .0.0 I i.
PALESIf., J5A 31./5 264.3' 1.822 8 5 31 23.0WJ c3.'' f Q.1) 23.''o
PAL4 STINE, '0 4 3I. !'j Z04. 3i- I .P,272 85 6i 2/.4 Z/.4! 3 .Ui 2/. 4/
PALLS[ IL , S/k 31. 1 z24. 1 i.82/2 lo 9/ 2 5.?." S 5. ? U. UU 2b.2b
PALE SIINE , I), 31./b Z04.)') I.t2i1_ .35 1 1U.95 u.93 0.0? I1.4 1
PALLS IIL 'ISA 31./b 264.3 1 .,PQ 2 1 b 157 . It 4.')4 0.62 4.,(
PALl51 I' JU , sA 3l./t 264. v) 1.62/ 8) 17 ,. '" 4. ,J 0..49 4. 4L.
PALL TINE, ]SA 31./t 264.3t 1.827? b 217 4.4; ').t)1 0.638 4.10
PAL 1. 11 , SA 1./I 264. 3t 1.82/2 8S 247 3.8,1/ 3.tb 1.31 3.14
PALESTINE 'ISA Q1. 264.3S i.1 212 1 b 211 3.6'u ,.4/ 1.33 3./3
PALLEoI[NL, I(S' i1. I , 2o4.35 1.6 /2 ,'5 I(1/ 3. "1 3.03 0.3m 2. 66
PALLE.IINE, '1SA 31.2 2t4.35 1.82/2 7 5 33/ 1-.1 8./3 0.O0 6.73
PALKSiINE_ , (06 31./s Z'04. 31 1.82/2 90 I ?. ; 2(0.13 0.00 ? 0. 1.],
PALESTINE. iISA 31. / 264.35 1.8212 90 31 3). 21 3U. /1 0.UO 30. '1
PALES II IL, 5)A 31.5 6,4. 3) 1.82/2 90 6 / 39.ox 39.06 0.02 39..7 I
PAI.-S1INE SA 31.1 2b4.30 1.8271 9o 91 40.1? 40. 12 1.010 40.1?
PALLSIU , USA 31./! 2o4.jt 1.H2/2 90 12/ 24.5? ?4.50 30. 02 29.5i
PALLSTINE ISA 31./, Z64.3s i. 27.' 90 15/ 5.18 4.62 0).b!, 4. 7
PALE S!'ll, ISlA 31./ 264. JI 1.86,/z 9U 1'1/ 4.// 4.10 1.62 , . 0
PALESTINE ,ISA 31./5 264.3,) 1. 827? 90 2I 4.42 3.96 .46 4. 1
PALESTINE i oSA 31./' 264.3') 1.8272 P0 247 3.9p, 3.5H o.4 3. 'I
PALFS.IINE IISA 31./ 21) 4.3 1.81/? 90 27/ 3.95 3.41 l.54 3.,1
PALES IINE USA 31./b 2 b6.30 1.- 212 9U 36/ 4.52 +.52 0.00 4.b'
PALESTINE, uSA 31./1 264.3) 1.8212 40 337 11.22 11.22 (.01) 11.?;'



Appendix B
Tables of Cutoff Rigidities Calculated Using the International
Geomagnetic Reference FieU Coefficients Appropriate for a

1970.0 Epoch

Table B1 summarizes the cutoff rigidity values for three locations in northern

Mexico with these values having been calculated by the trajectory-tracing method

utilizing the IGRFB 1 model with time derivatives applied such that the coefficients

are appropriate for a 1970. o Epoch. The calculatione were made for an altitude

of 30 kin.

The format of this table is as follows:

Identification: Each 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, ca'culated 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.

131. IAGA Commission 2, Working Group 4 (1960) International Geomagnetic Field
19605.0, J. Geophys. Hes. 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 values having been calculated by the

trajectory-tracing method utilizing the International Geomagnetic Reference

Field model with time derivatives applied such that the coefficients are appro-

priate for a 1975. 0 Epoch.

The tables are arranged in the following order:

Table Cl: Vertical cutoff rigidities for locatiyns p1ong the route of a Soviet
cosmic-ray survey to Antarctica. 2  ' The calculations were
made for an altitude of 20 ki.

('1. IAGA Commission 2, Working Group 4 (1!1(;!)) lnternational (;(col1nglcti(

Reference Field 1965. 0, J. Geophys. Res. 74:440)7.

C2. Golenkov, A. E. , Okhlopkov, V.P. , Svirzhevskv, N. S., Svirzlievsk:r,\a, A. K.
and Stozhkov, Yu. 1. (1977) .atitude measurements of cosmic rav illcnsitN
in the stratosphere during the solar MlminiouM in 1!)7.-)-1!17(;, th Inter-
national Cosmic Ray Conference, Conference Papers 4:'2'.

C3. Shea, M.A., Smart, I).F., Stozhkov, Yu.I., SvirzhevskY, N.S.,
Svirzhevskaya, A. K., Bazilevskaya, G.A. , and (Charackchvan, T. N.
(1981) Analysis of cosmic ray intensity data and trajectory calculated
vertical cutoff rigidities for the latitude survey made during the 22,nd
Soviet Antarctic expedition, 17th International (osm ic Ray Conference,
Conference Papers 4:2 13.
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Table '2: Vertical cutoff rigiditie-s fol xiti |,lnou point:. Fi ,1,.I:, -

tions were Inade for an altitude of 2, kmi.

Table ('3: Vertical and non-verti-al '.utoff rigidi ties f " sc tt¢ 1i1 iti , 1
monitor locations. Fie -alculations ker, inadt, fol. an altit udf.
of 20) kin.

Fable C4: V etical aid non-verti cal cut)ff rigidities for ".tS, 1 I n ,
25 S, 195 FK. The calulations wer, made for am allitt!t' )f
20 kim.

Table ('5: Vertical cutoff rigidities for a grid 5, in latit de awi , III iol - i
itude over Central and South America. IThc ,alcul:itions acit
made for an altitude of t30 kml.

Table (': Vertical cutoff rigidities for locations at or near cosllic-l-ax
balloon launching sites. The calculations \ crc madte for nli

altitude of 30 ki.

Table (7: Vertical and non-vertical cutoff rigidities for CulC ( Gi'adcau,
USA, Sioux Falls, USA and Riyadh, Saudi Arabia. Fll' c ihla-
tions were made for an altitude of 30 kil

Table (8: Vertical and non-vertical cutoff rigidities for (ape (Iiradeat,
USA. The calculations were made for an altitude of 40 kin.

The format of the vertical and non-vertical cutoff rigidity tables arc sim lar;

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 each location are
given %%ith the latitude as positive for the northern
hemisphere and negative for the southern
hemisphere, and the longitude in degrees East of
Greenwich.

1, Value: The 1, value, in earth radii, calculated using the
same geomagnetic field coefficients as utilized in
the cutoff rigidity calculations.

Zenith Angle: (Tables C3, ('4, (7, and ('8. ) The angle (in tie-
grees) from the zenith for which the cutoff calcli-
lation has been made.

Azimuth Angle: (Tables ('3, ('4, ('7, and k'8. ) The azimuth angle
(in degrees) for- which the cutoff calculation has
been made. All azimuth angles are measureL
clockwise from the geographic north (that is,
0 = geographic north; 9o0 = geographic east, etc. .

(m): The main cutoff rigidity (in GV) for this loccition
in the specified direction.

(S): The Stormer cutoff rigidity (in GV) for this location
in the specified direction.
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Penumbral Width: The difference between the main cutoff rigidity and
tile Stormer cutoff rigidity (in GV).

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

I-ach of these tables and tie values contained therein are described in the text of

this report.
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Table CI. Summary of Vertical Cutoff Rigidities for Locations Along the Route
of a Soviet Latitude Survey as Calculated for 20-kn Altitude Using the IGRF
(Epoch 1975. (1) Geomagnetic Field Model (Contd)

GEOGRAPH IC 1. PENUMBRAL.
IOENT IF ICAT ION [AT. LONG. VALIE P(M) P(S) WIDTH PC

SOVIET LAT. SUPVEY 20.32 341.17 1.0827 13.3? 13.32 0.00 13.32
SOVIET LAT. SURVEY 29.97 344.65 1.24+1 11.22 9.69 1.53 10.65
SOVIET LAT. SURVEY 33.21 346.00 1.3338 10.04 8. 74 1.30 9.66
SoV IFt LAT. SURVEY 35.37 347.n2 1.4063 9.00 7.48 1.52 R.70
SOVIET LAT. SURVEY 37.92 348.22 1.5083 7.47 6.26 1.21 7.31
SOVIET LAT. SLIRVEY 41.42 349.74 1.6851 5.75 5.09 0.66 5.59
SOVIET LAT. SURVEY 44.78 351.83 1.9300 4. 89 4.04 0. 5 4.58
SOVIET LAY. SURVEY 47.17 353.75 2.0881 4.21 3.57 0.64 3.93
SOVIET LAT. SURVEY 47.83 354.25 2.1341 3.97 3.27 0.70 3.64
SOVIET LAY. SURVEY 47.83 354.25 2.1341 3.97 3.27 0.70 3.64

'rable . Summary of Vertical Cutoff Rigidities for Miscellaneous Points as
Calculated for 20-kin Altitude Using the IGRF (Epoch 1975.0) Geomagnetic Field
Model

GEOGRAPHIC L PENUMBRAL
ID NT IF ICAT ION LAT. LONG. VALUE P(M) P(S) WIDTH PC

MISCFLLANEOUS POINfT 47.67 353.71 2.1264 3.99 3.45 0.54 3.72
MISCELLANEOUS POINMT 43.9n 351.15 1.8548 5.07 4.37 0.70 4.8n
MISCFILANEMIIS PO I NT 29.58 344.65 1.2338 11.34 9.88 1.46 10.80
1ISC ELLANEMIS POIINT 19.33 340.92 1.0726 13.45 13.45 0.00 13.45

MISCFILANEOIIS PO IN T 3.74 337.42 1.0257 13.89 13.89 0.00 13.89
MISCFLIANE(IIS POISIT 3.73 337.42 1.0258 13.89 13.89 0.00 13.89
MISCFI LANE0US POINT -23.67 13.75 1.4743 8.59 6.91 1.60 7.84
MIS2 EL ANEFOS POINT -27.65 33.65 1.6264 7.19 5.81 1.38 6.82
MISCFIANEOIS P,)IMT -33.94 9.00 1. 7822 5.44 4.00 1.44 5.03
MIcCFLI A NEOUIS POI NT -35.25 1?.00 1. 1527 4.95 3.76 1.19 4.67
"1I SCFIIANFO! IS POIN! T -35.05 1.00 1.7722 5.33 4.29 1,04 5.0?
MISCE LI ANEOS POINT -37.64 2.00 1.0425 4.83 3.83 1.00 4.51
MISCFL1ANEO US PO INT1 -39.24 314.03 1.3500 8.64 7.35 1.29 7.86
" IW L ANEO!IS POINT -41.42 349.74 1.8M50 4.F2 4.16 G.66 4.62
4IS(,FI LANEOnS PO IrT -41. (,R 40. 93 2.3660 3.12 2.51 0.61 2.85
MI%0S LIANFOIIS PO I NT -44.?6 19.96 2.3255 3.21 2.63 0.51 2. 94
mISCvILNiEE POINT -4.9w 20.02 2.5955 2.57 2.03 0.54 2.31
MISCE LIA NF H

,  
1 'IT -53.48 343.' 2.1719 3.30 2.95 0.35 3.09

MISUFILANE( S 0{0rIFT -55.0nP 339. , 2.1786 3.48 2.83 0.65 3.12

M IY'lL LI ANJi 1 U IN:T -66.6 44.50 5.9703 0.42 0.42 0.00 0.42
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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 PENMHP,
IDENTIFICATION LAT. LONG. VALUE ZEN. AZI. P(M) P(S) WIDTH PC

HERMANUS, S AFRICA -34.42 19.22 1.8667 (1 0 4.92 4.30 0.62 4.68
HERMANUS, S AFRICA -34.42 19.22 1.8b67 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 4.03 0.99 4.66
HERMANUS, S AFRICA -34.42 19.22 1.8667 32 76 5.49 4.b6 0.81 5.25
HERMANUS, S AFRICA -34.42 19.22 1.8667 32 Ibb 4.92 4.08 0.84 4.69
HERMANUS, S AFRICA -34.42 19.22 1.8667 32 256 4.28 3.8U 0.48 4.08
HERMANUS, S AFRICA -34.42 19.22 1.86b7 32 346 b.08 4.23 0.85 4.12

KERGUELEN ISLAND -49.35 70.22 3.6997 0 0 1.22 1.04 O.1d 1.11
KERGUELEN ISLAND -49.35 70.22 3.6997 16 76 1.25 1.08 0.17 1.14

KERGUELEN ISLAND -49.35 7U.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 16 34b 1.21 1.09 0.12 1.12
KERGUELEN ISLAND -49.35 70.22 3.6997 32 76 1.32 1.12 0.20 1.15
KERGUELEN ISLAND -49.35 70.22 3.6997 32 166 1.11 1.11 0.00 1.11
KERGUELEN ISLAND -49.35 70.22 3.6997 32 256 1.18 1.01 0.17 1.08
KERGUELEN ISLAND -49.35 70.22 3.6997 32 346 1.22 1.02 0.20 1.11

KIEL, FRG 54.33 10.13 2.6100 0 ) 2.50 2.12 0.38 2.28
KIEL, FRG 54.33 1U.13 2.6100 16 7{( 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 16U 2.57 2.13 0.44 2.36
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.t10O 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 2.6941 1b 70 2.41 2.02 0.39 2.25
LEEDS, ENGLAND 53.82 358.45 2.6941 16 160 2.33 1.91 0.42 2.20
LEEDS, ENGLAND 53.82 358.45 2.6941 16 2b 2.25 1.97 0.21 2.10
LEEDS, ENGLAND 53.82 358.45 2.6941 16 340 2.32 2.04 0.2 2. [4
LEEDS, ENGLAND 53.82 358.45 2.6941 32 70 2.54 2.11 0.43 2.33
LEEDS, ENGLAND 53.82 358.45 2.6941 32 16(0 2.38 1.99 0. 34 2.24
LEEDS, ENGLAND 53.82 358.45 2.6941 32 250 2.18 1.91 0.27 2.05
LEEDS, ENGLAND 53.82 358.45 2.6941 32 340 2.45 1.12 0.o3 2.Il

OULU, FINLAND 65.00 25.42 4.3711 0 0 0.85 0.73 0.12 0.82
OULU, FINLAND 65.00 25.42 4.3711 16 bb U.86 0.HO 0.06 u.81
OULU, FINLAND 65.00 25.42 4.3711 16 155 0.86 0.78 U.08 0.79
OULU, FINLAND 65.00 25.42 4.3711 16 245 (.85 0. 7Q0 (Y.06 0. 1 I
OULU, FINLAND 65.00 25.42 4.3711 16 335 0.80 0.78 0.02 0.7q
OULU, FINLAND 65.00 25.42 4.3711 32 65 0.89 U.79 0.1i) 0.62
OULU, FINLAND 65.00 25.42 4.3711 32 155 (.86 0.74 0.12 0.78
OULU, FINLAND 65.00 26.42 4.3711 32 245 0. 76 1). 73 (1.1)3 0.75]
OULU, FINLAND 65.00 25.42 4.3711 32 335 0.1/8 0.18 0.00 0.78
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Table C3. Summary of Vertical and Angular t- utuft Ht gidities 1or S h.tt(.,! ( oS Ii,
Ray Station Locations as Calculated for 20-kin Altitude Using the I(;UI' (Ipoch
1975. 0) Geomagnetic Field Model ((ontd)

GEOGRAPHIC L ANGLES PIN UMBRAL
IDENTIFICATIUN LAT. LUNG, VALUE ZEN. AZI. P(M) P(S) WIDTH PL1

ROME, ITALY 41.90 12.52 1.5911 0 0 t).37 5.54 u.83 6.2;
ROME, ITALY 41.90 12.52 1.5911 it /4 6.84 5.61 0.91 6.69
ROME, ITALY 41.90 12.52 1.5911 16 164 6.63 5.43 1.20 6.43
ROME, ITALY 41.90 12.52 1.5911 lb 24 5.86 5.0b 0.0 5./j
ROME, ITALY 41.90 12.52 1.5911 lb 344 6.10 5.29 0.81 4).'o
ROME, ITALY 41.90 12.b2 1.5911 3? 74 7.34 6.39 D.05 /.I
ROME, ITALY 41.90 12.52 1.5911 32 164 6.82 b.12 1.10 6.5
ROME, ITALY 41.90 12.52 1.5911 32 2b4 5.46 4.85 0.63 b.3j
ROME, ITALY 41.90 12.52 1.5911 32, 344 6.21 5.21 1.)11 5.89

TSUMEB, NAMIBIA -19.2u 17.58 1.3545 0 U 9.86 8.27 1.61 9.45
TSUMEB, NAMIBIA -19.20 17.56 1.3545 It 11 11.43 9.44 1.9' 1.o9
TSUMEH, NAMIBIA -19.20 I/.58 1.3545 16 It, I0J.58 8.82 1.76) 9. 91
TSUMEB, NAMIBIA -19.20 17.58 1.3545 1b 2b 8.89 1.Z1 I.62 8.37

TSUMEB, NAMI6IA -19.2(0 17.56 1.3545 I6 3-1b 9.38 /.90 1.48 14.20(
TSUMEB, NAMIBIA -19.20 17.58 1.3545 32 78 13.17 IU.59 3.18 I2.
TSUMEB, NAMIBIA -19.20 17.58 1.3545 32 166 11.49 9.01 2.48 1,1.23
TSUMEB, NAMIBIA -19.20 17.58 1.3545 32 258 8.29 6.98 1.31 7.12
TSUMEB, NAMIbIA -19.20 17.5H 1.3545 32 34t 8.98 /.35 1.63 ;1:I

UTRECriT, HOLLAND 52.U b.0/ 2.4104 U U 3.03 2.'I 0.4o 1./
UTRECHT, HOLLANV- 52.06 5.07 2.4104 It 71 3.11 2.59 0.52 2.89
UTRECHT, HOLLAND 52.06 5.0/ 2.41(04 16 161 3.03 2.52 0.51 2.63
UTRECHT, HOLLAND 52.06 5.0/ 2.4104 16 251 2. 0il 2.50 1.31 ?.66
UTRECHT, HOLLAN 52.06 b.Oi 2.4104 Ib 341 3.0h 2.4q u.57 2.78
UTRECHT, HOLLAND 52.06 5.)/ 2.4104 32 /1 3.38 2.52 (.86 3.01
UTRECHT, HOLLAND 52.06 5.07 2.4104 32 161 3.0/ 2.45 U.o2 ;).84
UTRECHT, HOLLANO 52.06 5.0/ 2.4104 32 251 2.78 2.41 4.31 2.o0
UTRECHT, HOLLAND 52.U6 b.O/ 2.41u4 32 341 ?.19 2.49 0.30 2.t5
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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 IGHF (Epoch 1975. 0)
Geomagnetic Field Model

GEOGRAPHIc L ANGLES PE NUMHRA L
IDENTIFICATION LAT. LONG. 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 -20.00 150.00 1.2654 20 0 10.92 9.22 1.70 10.44
WORLD GRID -20.00 150.00 1.2654 20 9) 13.74 11.22 2.52 13.26
WORLD GRID -20.00 150.00 1.2654 20 180 12.66 10.30 2.36 12.07
.1ORLP GRID -?0.00 150.00 1.2654 20 270 10.49 7.96 p.53 9.41

WO RLO 1,RID -25.00 195.00 1.P2P4 0 0 11.65 10.29 1.36 11.2?
WORLD GRII) -25.00 195.00 1..284 20 0 11).96 9.39 1.57 10.49
WORLD GRID -25.00 195.00 1.2284 20 9) 13.61 13.61 0.00 13.61
WORLD GRID -25.00 195.00 1..284 20 180 12.72 9.48 3.24 11.88
WORLD GRID -25.00 195.00 1.?24 20 270 10.65 P.87 1.78 9.68
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Trable C.. 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 197 5.0) Geomagnetic Field Model

GEOGRAPHIC L PENUMBRAL
IIENTIFICATIUN LAT. LUNG. VALUE P(M) P(S) WIDTH PC

SOUTH AMERICI;A UR I 15.U0 21b. 06 1.2688 8.85 8.85 0.00 8.85
SOUTH AMERICA GRID 15.003 280.3U0 1.2970 10.36 8.26 2.10 8.31
SOUTH AMERICA GRI 15.00 285.U0 1.3222 10.38 7.81 2.5/ 8.40
SUUTH AMERICA GR 11 15.J0 291.00 1.3402 1O.bb 7.93 2.63 8.77
SOUTH AMERICA G<II) 15.003 295.00 1.3465 10.88 8.71 2.17 9.63
SO'UTH AMERICA GRI 15.00 300.00 1.3372 11.27 9.60 1.67 10.70
SUUTH AMERICA GRI) 15.U 305.O0 1.3093 11.69 10.43 1.26 11.53
SOUTH AMERICA GRIO 15.00 310.00 1.2644 12.10 11.30 0.80 12.08
SOUTH AMERICA GRIO 15.O)O 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 O.00 12.82
SIOUTH AME,(I, A ,GkI1 15. 00 325.00 1.1190 13.12 13.12 O.UO 13.12

SOJTH AMLR I CA RIl) 10.00 2 /5.130 1.1745 11.77 10.64 1.13 11.18
s011Ti A MERIC A RI 10.00 28 '.00 1.1996 11.67 10.38 1.29 11.01
SOUT H AMER IA (iI L) 10.001 285. 00 1.22j6 11.65 10.27 1.38 ll.u/
SOUTH AMLICR I(, (:I) 10.U() 29U.(00 1.2430 11.74 IU.38 1.36 11.34
SOJTH AMLRICA 3R11) 10.00 295.01 1.2533 i.93 10.72 1.21 11.77
SoOTH AERICA (if 10 1U.00 300(. 0)0 1.2493 12.18 11.25 0.93 12.14
OJTt AMLRI CA GPI.1 1(.00 30b.00 1.22b9 12.47 12.47 0.00 12.47
Stn)T A AML RI tCA (0<,k I I. 00 310.00 1.1889 12.76 12.76 U.00 12.76
SoJTH IMkIRC 6< 11) 10.00 315. UO 1.14b6 13.04 13.04 O.OU 13.04

W)IT AM ER I C A GP1!) 13o. (w 310. 01) 1.107S 13.29 13.29 0.00 13.29
sUJTH AMERICA 0R11) 10.0) 325.00 1.0762 13.52 13.52 0.00 13.52

SwjlT H AMERICA GRI)) 5.00 2/.f( 1.1084 12.62 11.67 0.95 12.44
SOUIH AMER ICA (;)11) 5.00 28f).JUU 1.1300 12.50 11.48 1.02 12.34

,)UJT H AN IkICA w: I:i b. 1) 260.00 1.1518 12.45 11.49 0.96 12.3b
SUTH AMERICA (11 D 5.00 29U.)1 1.1712 12.48 11.59 0.89 12.44
,51TH A:ERI CA GOI) !.00 295. 00 1.1835 12.58 12.58 0.00 12.58
SOUTH AMERICA GRi1) t.JU 30U.00 1.1832 12.73 12.73 O.0U 12./3
SO)UTH AMERICA GRI ) 5.01 305. 00 1.1659 12.92 12.92 0.100 12.92
SOUJTH AMERICA GRI) 5.0) 310.01 1.1362 13.12 13.12 0.00 13.12
SOUTH AMERICA G0, I1) 5.0 ) 315.0 1.IU41 13.32 13.32 0.00 13.32
SOUTH AMERICA GRI:J 5.0) 320.00 1.0761 13.49 13.49 0.00 13.49
SO)UT1i AMERICA OI!) b.00 325.00 1.U542 13.63 13.63 0.UO 13.63

SUUTH AMERICA GRIl) 0.(00 275.00 1.0652 13.12 13.12 0.00 13.12
SOUTH AMERICA GR 10 0.00 280.00 1.0832 12.99 12.99 0.00 12.99
SUJTH AMERICA (iIO J.0(u 28.100 1.1019 12.91 12.91 0.00 12.91
SO1UTH AMERICA GRI!) 0.00 290.0 1.1199 12.89 12.89 0.00 12.89
SOUTH AMEICA GRI 0.0U9 295.00 1.1325 12.93 12.93 0.00 12.93
SO)UTH AMERICA GRI 1 0.00 300. 00 1.1345 13.01 13.01 0.00 13.U
SOUTH AMERICA GRID O.00 305.00 1.1224 13.12 13.12 0.00 13.12
S(UTH AMERICA GR1) U.3)0 311).00 1.1018 13.23 13.23 0.00 13.23
SOUJTH AMERICA GRIll 0.030 315.01) 1.0798 13.34 13.34 0.00 13.34
SO1UTH AMERICA GRi U. 00 320.)0 1.0614 13.43 13.43 0.00 13.43
sOUTH AMERICA GR'[O 0.0) 325.0f 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)

UEOGRAPHIC L PENUMBRAL
ItOENTIFICATION LAT. LONG. VALUE P(M) P(S) WIDTH PC

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
SOUTH AMERICA GRID -5.00 285.00 1.0709 13.10 13.10 0.00 13.10
SOUTH AMERICA GRIO -5.00 290.00 1.08b1 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 GRIU -5.00 300.00 1.1012 13.04 13.04 0.00 13.04
SOUTH AMERICA GRID -5.00 305.00 1.0949 13.08 13.08 U.O0 13.08
SOUTH AMERICA GRID -5.00 31U.0U 1.0829 13.12 13.12 0.00 13.12
SOUTH AMERICA GRID -5.00 315.00 1.0703 13.15 13.15 0.00 13.15
SOUTH AMERICA GRIT) -5.00 32U.00 1.0609 13.16 13.16 0.U0 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 1.0339 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 -1U.00 285.00 1.0564 13.07 13.07 0.00 13.07
SOUTH AMERICA GRID -10.00 290.00 1.0686 12.98 12.98 0.00 12.98
SOUTH AMERICA GRID -1.OU 295.00 1.0/86 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
SOUIH AMERICA GRID -10.00 305.00 1.0625 12.86 12.86 0.00 12.86
SOUTH AMERICA GRID -10.00 310.00 1.0780 12.83 12.83 0.00 12.83
SOUTH AMERICA GRID -10.0 315.00 1.0738 12.78 12.78 0.00 12.78
SOUTH AMERICA GRID -10.00 320.00 1.0728 12.72 12.72 0.00 12.72
SOUTH AMERICA GRID -10.OU 325.00 1.0764 12.63 12.63 0.00 12.63

SOUTH AMERICA GRIU -15.00 275.00 1.0413 13.12 13.12 0.00 13.12
SOUTH AMERICA GRID -15.0O 280.00 1.0483 12.98 12.98 0.00 12.98
SOUTH AMERICA GRID -15.U0 285.00 1.0570 12.85 12.85 0.00 12.85
SOUTH AMERICA GIh) -15.00 290.00 1.0664 12.74 12.74 O.Ut 12.74
SOJTH AMERICA GRID -15.00) 29t.00 1.07bO 12.64 12.64 O.OU 12.64
SOUTH AMERICA GRI) -15.0) 300. 0 1.0811 12.55 12.55 0.00 12.55
SOUTH AMERICA GRID -15.00 3U.UO 1.0844 12.47 12.47 0.00 12.47
SOUTH AMEPICA GRIu -15.00 310.01 1.0864 12.39 12.39 0.U0 12.39
SOUTH AMERICA GRID -ib.OU 315.00 1.0897 12.28 12.28 0.00 12.28
SOUTH AMERICA GRID -lb.0 320.00 1.0966 12.14 12.06 0.08 12.13
SOUTH AMERICA GRID -15.U0 325.00 1.1079 11.99 11.37 0.62 11.94

SoUTH AMERICA GRI -2. 00 2/b. 00 1.0b27 12.77 12.77 0.0)) 12.77
SOUTH AMERICA )ir<ID -2U.OU 280.00 1.06b/ 12.63 12.63 U.OU 12.63
SOUTH AMLRICA GRI') -20.0U 28b.00 1.0721 12.49 12.49 0.00 12.49
SOUTH AMERICA GRID -L0. 0 290.00 1.0793 12.36 12.36 0.00 12.36
SOUTH AMERICA GRID -20.00 295.00 1.0867 12.23 12.23 0.00 12.23
SOUTH AMERICA GRID -20.00 300.0 1.0938 12.10 12.05 0.05 12.09
SOUTH AMERICA GRI )  -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
SOUTH AMERICA GRI9 -20.00 315.0)) 1.1180) 11.67 11.18 0.49 11.62
SOUTH AMERICA GRID -20.0) 320.00 1.1318 11.48 10.63 0.85 11.39
SOUTH AMERICA GR[O -20.00 325.00 1.1506 11.26 10.27 0.99 11.01

SOUTH AMERICA GRID -25.00 275.00 1.0979 12.31 12.27 0.04 12.30
SOUTH AMERICA GRI) -25.00 28(.)0 1.0987 12.17 12.13 0.04 12.16
SOUTH AMERICA GRI -25.01) 285.00 1.1017 1'.03 11.75 0.28 12.01
SOUTH AMERICA GR11) -25.00 290. U 1.10I68 11.88 11.54 0.34 11.84
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Table C5. Summary of Vertical C(utoff igidities for a 5 I)Cgree by ) Degree (;rid
of Locations Over South America as C(alculated for 30-kin Altitude Using the I(;Ii<"
(Epoch 1975. 0) Geomagnetic Field Model ((ontd)

GEJ GRAPH IC L P[.01JIIRAL
IDEN TI F ICATIUN LAT. LUNG. VALUE P(M) P(-) WIUTH PC

SOUTH AMERICA GRI) -25.00 295. U 1.1135 11.7? 11.39 0. J3 11.69

SOUTH AMERICA GRIl -2b. OU 300.00 !. 121b ll.bo II.(13 0.53 11.50
SOUTH AMERICA GRID -25.00 305.00 1.1311 11.39 1U./ U.62 11.2x
SOUTH AMERICA GRIl -25.00 310.00 1.1431 11.21 10.46 0./ 11.02
SOUTH AMERICA GRID -25.00 315.00 1.1588 1U.9') 10.15 0.84 10.69
SOUTH AMERICA GR I) -25.00 32.U0 1.1/93 10./4 9.1/ U.91 lo.40
SOUTH AMERICA GRID -25.00 325.00 1.201 1(.4e '3.38 1. lo 1).03

SOUTH AMERICA GR11) -3U.00 2/1.00 1.1416 Il. /b 11.70 0.05 11./2
SOUTH AMERICA GRID -3U.OiJ 280.1O 1.14b3 1l.b? 1l.b/ 0.0b 11.6(
SOUTH AMERICA JRII, -J. UU 02-).0 1.14t9 11.4;/ 11.02 0.41) 11.4?
SOUTH AMERICA GRItU -JU.oo 0 90.0(0 1.1491 11.3? 10.80 0).5 b 1.20
SOUTH AMERICA Gk I!) -30. U0 29). UL 1.15b3 11.14 1o. 5b 0. 59 I(I9,
SOUTH AMERICA GR 10 -30.00 30U.00 1. 1642 10.4 10.28 0.6> 10. 2 I
SOUTH AMERICA 0 I U -J0.00j 3ot. 01 1.1/64 I0. /4 9.98 O.1b 10.44
SOUTH AMERICA (RI10 -30.00 31).0U 1. 192b 10. 2 9.64 U.88 10.13
SOUTH AMERI CA G11) -30.U 31b.00 1.213b 10.2/ 9. 30 0.91 9.b

SOUTH AMERICA GID1 -3U.00 32U.UU 1.2401 9.Y/ o.// 1.20 9.41
SOUTH AMLRItA (iR Io -3j. 0U 325. 1u 1.2/28 9. n5 8.1/ 1.4H 8.8'

SOUTH AMERICA GxIU -35.00 275.U 1.2141 11.09 10.57 1).5z 11.05
SOUTH AMERICA G11) -35.00l 280.01il I. ?084 1(1.99 11.43 .5t I1J.,8
SOUTH AMERI CA GkID -35.UU 28b.00 1.2066 10.84 10.24 0.60 10.03
SOUTH AMERI CA W0I!) -35.001 29U.1U 1. ?083 11. 68 11).03 0.6 10.42
SOUTH AMERICA GRID -35.00 295.U 1.2139 I.bO 9.18 o.12 10.1I
SOUTH AMERICIA Gk11) -35..0 3uU. 00 1. 22,9 10.29 9.4b 0 84 9.1,3
SOUTH AMERICA GRID -3b.00 31)5.U 1.238) IU.U4 9,.08 0..96 1).53
SOUTH AMERICA Gk1I10 -3b.00 310.100 1.2582 9.79 11. 11 1.H '9.2e
SOUTH AMERICA 02ID -3 b.0U 315.U 1.2?84(1 9.48 8. 1 o 1.38 6.69
SOUTH AMEIC%'. GR11) -35.01 3211. 0) 1.316U 9.16 1.82 1.34 8.25
SOUTH AMERICA GPI D -3b.UI) 325. 00 1.3551) 8.19 7.29 1.50 7. 1

SOUTH AMERICA 0 111 -40.011 2/5.0U 1.300b 11.29 9.4/ 0.8,2 l,.116
SOUTH AMERICA GRI D -4U.01.1 2803.1OU 1.2911 10. '2 9.43 0./9 '9.92
SOUTH AMERICA GR11) -40.0U Z8)) .01 1.2812 1).10) 9.2) i0.84 .1/3
SOUTH AMERICA GR I T) -4U.UU 29).0( 1.2874 9.94 9.0() (. 68 9.0()
SOUTH AMLRI(.A 0R11 -4 0. 00 21) .00 1.2920 9./ 11. /l 1. 5 9.25
SOUTH AMERICA G.<IU -4U. 0) 30U.Uu 1.3135 9.5z -.5.2 1. 00 -,1. 9
SOUTH AMERICA GRID -40. 00 3015. U1 1.321Z 9.25 . 1)3 1.22 8. 5b
SOUTH AMERICA 6R1D -40.01)) 310.0 1.3431 8.84 /.I,5 1.09 .1 u
SOUTH AMERICA 611 -4U. 0 315.00 1.3133 6.38 /.24 1.14 /.t/
SOUTH AMERICA GR1 -4U.00 320.1U 1.4110 6.00 6. /1 1.35 7.03
SOUTH AMERICA 0), 11) -4U.110 32. 00 1.4bb/ 1. 11 .Y 1. 6 0.,814

SOUTH AMERICA R I1) -45.00 ?/b.1O 1.4146 9.25. 1./I 1.4/ 14.o5
SOUTH AMERICA 0RluI -4b. 0U ?8(.U0 1.4()1u 9.24 7.Il 1.33 3. 90
SOUTH AMERICA GR19 -45. )0 285. 01 1.3941 9.1b 7.19 1.27 8.6)7
SOUIH AMERICA GlRI) -45.00 291).(,U 1.3'W) 9.0?2 /.66 1. 36 i.4
SOUTH AMERICA ( 1I -4b.)01 29'-.00 1. 39/ 8.6/ /.65 1.02 8.I
SOUTH AMERIC1A U,1!) -4b. 00 31;-J. U 1.4 W3/ 8.46 7 .1 / 1 . ?4 1.81
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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
IDENTIFICATION LAT. LONG. VALUE P(M) I'(S) WIDTH PC

SOUTH AMERICA GRID -45.00 305.00 1.4271 8.15 0.61 I.t4 7.b4
SOUTH AMERICA GRID -45.UU 310.0U 1.4532 7.91 t).22 1.69 7.31
SOUTH AMERICA GRID -45.00 315.00 1.4877 7.24 t).49 0.75 b.93
SOUTH AMERICA GRID -45.00 320.00 1.5298 7.0b 5.26 1.79 b.,4
SOUTH AMERICA GRID -45.UU 325.00 1.5803 6.52 5.22 1.30 6.l,

SOUTH AMERICA GRID -50.00 275.00 1.5657 7. 7 5.1/ 1.60 7.35
SOUTH AMERICA GRID -5U.OU 280.00 1.5475 3.70 6.l"4 1.51 7.52
SOUTH AMERICA GRID -b.0O 28b.OU 1.5362 7.74 u.iU6 I.tQ3 ;.52
SOUTH AMERICA GRID -50.00 290.00 1.5323 7.63 6.0d 1.63 7.42
SOUTH AMERICA GRID -50.U 295.00 1.5361 7.47 5.x3 1.64 7.2z
SOUTH AMERICA GRID -50.00 30U.00 1.b480 7.17 b.14 1.03 6.95
SOUTH AMERICA GRID -50.UU 30b.OU 1.56t82 b.ob D.bo 1.29 6.62
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.b349 5.90 4.97 0.43 s.6/
SOUTH AMERICA GRID -50.00 320.O0 1.6818 5.41 4.44 0.97 5.22
SOUTH AMERICA GRID -5U.0U 325.00 1.7375 5.00 4.42 0.58 4.84

SOUTH AMERICA GRID -55.00 275.00 1.77U7 5.1/ 4.29 0.38 j.U6
SOUTH AMERICA GRID -55.00 280.010 1.7463 5.20 4.65 0.61 5.17
SOUTH AVFRICA GRIO -55.00 285.00 1.730b 5.35 4.97 0.33 5.26
SOUTH AMERICA GRID -b!.Ou 290.00 1.7236 5.34 5.014 0.30 5.2/
SOUTH AMERICA GRID -55.00 295.00 1./258 5.29 4.59 u.70 !.12
SOUTH AMERICA GRID -55.00 300.00 1. 1373 5.15 4.70 0.45 5.o2
SOUTH AMERICA GRID -55.00 30b.0U 1.7585 4.98 4.42 0.56 4.0
SOUTH AMERICA GRID -55.00 JIO.UU 1.7894 4.80 4.30 0.50 4.68
SOUTH AMERICA GRID -55.00 315.00 1.8302 4.b0 3.88 0.72 4.41
SOUTH AMERICA GRI3 -bb. '0 320.00 1.8811 4.4U 3.87 0.53 4.1?
SOUTH AMERICA GRID -55.U 3z5.jU 1.9419 4.12 3.49 0.63 3.

SOUTH AMERICA GRID -60.00 2/5. 1 2.h1559 4.14 3.36 U. 71 3.
SOUTH AMERICA RID -60.0U 20U.0U 2. 023d 4.23 3.43 U.013 3.,)0
SOUTH AMERICA GRI) -6U.OU 2,t. (iU 2.)014 4.23 3.52 0.71 3. ge
SOUTH AMERICA GRID -60.00 290.1101 1.4400 4.28 3.74 i.54 4.u3
SOUTH AMERICA GRI 1) -60.) 2Q5. '1W 1. 4193 4.25 3.51 0. 14 3. .'
SOUTH AMERICA GRI) -60.00) jOOl. 0 1.999,5 4.11 3.34 0.7.
SOUTH AMERICA GRID -60.')) 3o5 00 2.1.U1L7 3.|i 11 ,. ii .., 3. ;
SOUTH AMERICA GRID -60.01 311i.o ,1 0.152 3.0ih 1.42 1).4 I6,)
SOUTH AMERICA GRI) -6u.00 31 . (111 ".J}41 3. /1 2. /3 0. '1: i. 4,
SOUTH AMERICA GRID -61.001 J20.UU ?.1504 3.t4 .l' 0. 66 .
SOUTH AMERICA GRIl -60.001 3;5.( 2.1 7 .36 2.85 '1.51 . II

41I



Table C6. Summary of Vertical Cutoff Rigiditics fo" S(.lt t'd 1,o,.ti-at N( .
Cosmic-Ray Balloon Launching Sites as Calculatcd for 31)-kmn AItitude I Siti! t t
IGRF (Epoch 1975. 0) Geomagnetic Field Model

GEOGRAPHIC L P[
IDENTIFICATION LAT. LONG. VALUE '(0) i>) wI '

AIRE-SUR-ADOUR, FRANCE 43.7U 359.75 1.7b82 5.38 '1.39 1). 911
ALICE SPRINGS, AUSTRALIA -23.75 133.85 1.4044 -.1., 7.34 1 ..

BUENOS AIRES, ARGENTINA -34.58 301.,SU 1.2219 11).z' 1.44
CAPE GIRAI)EAU, USA 37.31 .70.4? 2.3379 ?.1 1.. U ).4 '.,
CARTHAGE, USA 37.17 2b5.b7 2,2548 3. 0f; 2.t? '.4 '.,
DAKAR, SENEGAL 14.b3 342.55 I.o331 13.4 '' ' ' o .:)
DALLAS, USA 32./H 263.2) 1.6/95 ,..I 3. ! ).
DARWIN, AUSTRALIA -12.30 130.73 i.0973 14.It, 24. It 0. " .14.
HOLLOMAN, USA 32.8/ 253.92 1.//. . l.. h ,'.; 4.
HYDERBAD, INDIA 17.37 18.43 .9471 I 1 .)3 J. 7 1

KERGUELEN ISLANDS -49.3b 10.22 i. 7053 I I I. " . I
LINDAU/HARZ, FRG 51.0 10.1i1) ?.322 3. ii ',
LONGREACH, AUSTRALIA -23.43 144.21 1.3z 13 b.
MILDURA, AUSTRALIA -34.21 142.22 1.9614 4. .
MIDLAND, USA 32. 0 ? 8.5 i. 7 ,_ .
PALESTINE, USA 31.'5 264.35 1.''/l 4. ' 4. 1
POTCHEFSTROOM, S.AFRICA -26. (o 21.11) 1. "! 93s . . 1

RIYADH, SAUDI ARABIA 24.50 4b. 1.0
4  I ., .

SIOUX FALLS, USA 43.5,1 263.30 2. "1b I " . .
SIOUX CITY APT, USA 42.24 263.0 2.1881 1.'  .I . 1. 1 "
SIOUX CITY WEST PT, USA 42.20 Z59.00 '.6/33 Z.?: . - ,,. 1
SIOUX FALLS WEST PT, USA 43.5) 258.00 ?.8208 1.0: 1.8 ! ..( / . '.
SPRINGFIELD, USA 37.18 266.68 2.2/12 3.,; b.53 0.
TRAPANI, ITALY 38.03 12.53 1.4126 1. .1 .' 21

UTRECHT, NETHERLANDS 52.06 b.0/ 2.4140 J.. .4/ 3.' /.
WICHITA, USA 37.72 262.67 2.25832 3.00 2.41.
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Table ('7. Summary of Vertical and Angular (utoff Rigidities for ('ape Giradeau,
Sioux Falls and Riyadh as ('alculated for 30-krn Altitude Using the IGH I' (lpoch
1 ('75. o) Geomagnetic li"ld Model

GEoGkAPH IC L AEL S PN Ut/BRAL
I L)ENTIF ICA I ON LAI. [ONG. VALUF ZEN. AlI. P(m) w(5) WIoll1 PC

CAPL- G I RAH0140', -USA

CAPE iIRAILAU, USA 3/. 31 21U.4/ 2.3319 U ) 2.3b .40 0.46 ?. 3
(APE UIRALIEAU, USA 3/.jI "iU .41 2.33/' b b .87 2.44 o.43 Z.r,b

CAPE I6AOEA, ISA 3i.31 U .4/ ').3379 5 81 3.U2 2.4/ U. bb ?.7/
CAPE GIRA EAU. 'ISA 3/.31 /.41 ?. 337 3h 2.91 ?.4o 0.bl . 10

CAPE uIRALL.AIJ USA 31.31 210.4/ ".3319 b 141 2.4m /*5,1 0.32 Z. /i
CAPE Gk I4A1 LIJ, USA 31.31 //i.4/ Z.33/ b 106 2.'.) Z. 2.44 0.41 ?.t4
CAPE 6llRAM A: 1, iSA J/.31 , .4 2. 73371 ') ?31 2.6b 2.29 ). 56 2.58
CAPE (i4AOLAU USA 31.31 4/./ 2. 319 tb ?6 8.34 2.l 0. 33 2. h?

CAPE o IAULAII IJSA 3/. 11 Z/U.4/ ). 33/9 5 321 2.85 2.30 0.05 .().I/
CAPi OIRAITLAG UA /.,J i H. 4/ 2. 3 II? ll 6 2.8h .42 D.44 2.7YO

CAPE 1RA1I)LAI I ,hA 3/. 11 2/1 .4 / .3319 1U " 2.92 2.30 ( (.6? 2. f4
CAPt tIR AM A', ts; 31.31 /h.4/ e. 33/4'4 10 , 3 0 .0 Z 2.6/ 0.42 2. /0
CAP[ 6 A1 RA EAl I1SA 31. 31 11.41 .33/1) 11) 141 '.Y2 2.62 .30 2. /1
CAPE U I IAOIAtl IISA 31. 31 /0.47 2. 3 19 1u l,-I Z.61 2.4 11. 5j 2.
CAPE lARA )LA I j,,A 31. 21 2,3U.4/ " i 3/9 1 ;1 .i 2 ; 13 . 0.31 2.b3

(IAPE G IRAtEA , li0 , 7. i 2 /11 ).4/ 2.33/'4 It, 2/' 2 !. 8 .41 11. 19 O.-

CAPt , ADEAH, SA / 3 1 210.4/ /.337) Ii 3?1 ?.2 8 .2, 0.b8 2.6?
CAPE IiRAHEAU , II 3/. 31 / n.4f/ . 3 8 6 2.' 33 , 1. 49 ".,4
CAPE GIRA)EAU, OSA 31. 11 210.41 _..3;, '4 1, 51 2 .4 /. . L 1. 2. 1I:1

CAPL 6 1RAOLAU, (ISA 31. I ?/11.4/ 7. 13 14 "t 2. . 2.41 0(.84 2.10
CAPE 61H AI(EA J, I A 3/.31 Iu .4 _/33/ 1 " 141 q.4 ?.4 1 (J.83 ?. 0
CAPE [Rq)iA1 , USA 31. ?I z/ .4 2. 4j/w ! I l', .8t, 2. i9 0.4, .t'.(

CAPE GIRX )EAU, ti' 31. 31 2/ . ,i '.3314 2 31 ; i? 2 .31 I). b I 5b

cAPE G IRADEAt , USA 3/.31 Z/1.4! Z.33/4 13 3/t 2.,4u 2.40 0.40 .
(:APL IIAIIEA'J HIsA 31.3 1 -/0.4i 1.31' 1" 3,'1 2.!! 2.21 ().44 2.L4

CAPE G IRADE)AU U,; 3/.31 110.4/ 2. 3 W,/ , b 2. 10 2. 4.4 0. 34 2. i
CAPE UIAI IAII lIsA 31.31 2Mi.41 'i33/1- *'u i ?.44 ?.4 / 0.41 2.19
CAPE IIRADEAULI, USA 31.31 z1/.41 . 21/i4 '46 .?.2 ).4/ u.5 fi /1;

AI'L ti4ALEAO, U A 31. 31 2 h/ .4 / .33 /'l 2' 141 q.'v1 '. lw.i, 2.2.1

CAPt IdRAD-Al, USA 3/.3 2/;,.41 '. . l ,.1 ,'."i :.-,' t1~a5 2.68,
CAPE IRA:,EAU , SA 31. ,1 /1.4/ 2.3j/. 5 ,1 '31 ,'Q ., 11 .1

CAPE ,IRAL1EAU, US 31.31 21!.4i ,. ,11' 1 , t .,. / t.4 .8

CAPE GINAIIEAII, ISA 3/.31 /I 1/ 33 ;.! . 1 .. *.51

CAPt I RAI)AU, ISA 31. 2/1.41 2. 3,f1 i" 6 '. 4 1. 2. /0
CAI f 6iRA1)EA I, mA 31. I .4i '.331'4 2> 1 / 1.I ' p '1 .LI

C APE INIRA)LAU, IJSA 31.31 1l. 1 3..i. Z. 3.t '

CAPE WIRAlIAU. ISA 3/.31 /0.4/ 2.2,i9 2' 141 2. " . 1 .480

C RAPE_ ;IRAIEAJ, ISA 3/.311 /i1.41 ,11) 1 if, .' ,,.,'h '
CAPE ;I AIiE AIJ dISA 31. 11 2/0.41 , 1314 (" 211 2.i/ , , 2.

(APL II RAII AU , ISA 31. ',1 /1 .4 ,I ' I 3/ , 2 ' ?, 2. ,1 /, q m '

CAPE GIRAILA0 , !SA 31. 11 -'/0.41 ./' LI li .j 1/1 Z. i' ! '

CAPE GI RAIW AiJ, uS; 31.31 2il. 1 .$3/' ,l , ,- .. 11 ,' ,, ! ' ,I

CAPE 1RA!IIAil, ,SA 3 1 1 . ' 'U.,/ ,. 1 I; I !1 4 1.71) 'I.l 1.1/ Ilk I
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Fal)It t7. I fI IIIIII V ' 4.rtltical and .'1 ngular c'utoff I igiditit s foi' :i , (;ira de ,' ,
Sioux IUails an 11'! vadh as caiculItd r ' A IUt-id Using the 1 ;lil' (Epo,-h
1,17 ;' : i i IMde W ! It0

'01 ! %I IKA' ., ICAA . LONO. V," J I N A P(M ' ' WI PC

'A'S G1 I AA!r;', . 1 i 1.31 270.4; 1..t 3" 'b ' 134 2.I 1 41 ."

'API I1AI)1A!. lIA 33.31 2N.)47 3 ' 2.l R2N S A4 ?3.3 1. 84 u 4 .(

C A,-'L GI RADLAt. , /. 3.31 /UO.4/ 3. 1 / 30 ij 13 2. 2'4 0.4 4 -. 41
..AK 6 AIRA LA . !NA 3'. 31 2</0.4- £.3 /" 3!) I .3t .. 4- ).3 .4

CAP. G IRA01 Al, IA 3 .31 270.4/ -'. 33,' 31, 51 3. . ?.44 (1.5 :'.
CAPE GIRAOLAi . JStk 37.31 270.41 .33, 9 3-, 40 3.10 2. Si 0.59 2.9 1

, ,W', 6 1 ,t A! I 151, 3,'.,3' 2/0.47 33/U .- >,+ , W 2.33 ,:. i .
4APE G iRAI[A 111) A14% 3 1. 31 270.47 ).'33 ' Io Not ?.1'g 0. ?: ,

- 6P 1, I A ll . U"A .31 210.41 .i3 !9 : ,'1 ,. 14 1. 4 u. 50 '. .

.APL .'PA , I !, . 0 . U 'U..1 ' 1,4 3 ' , ' . . . 4
1 W ! 1 Ai NA 1 ' 1. 3 ?1 ?Iu.4 ?.33'' , 331 2. 7 2., q t).143 ).41

"APl6 WAloA V A, 3 .1 2271).41 3.35,i 4G I, Z 2. 5b U.3t 4.oo
A -ik:it 2 3 70.4! ' 33'-4 41 01 3 l3' 4

.APt ,IRA All 1Is1A 37 .31 210.47 -. 33/9 41 9 t, 3. 1 ?. h 0.41 .6
u APL .. IAOll L",k I/.31 1 1.4 '.3 310 41 ill 3. 04 .48 U.5o 2.68

.' :, k,!)
t 

A 1, 3'. 31 ,'0.41 2.3313 4ll IS -' 241 0.3s ".or
IAP" I llA I ' I il. 31 ' Io. 4 .' 3370 41 231 - . b] I t 0.35 '.45
-'lt ,,At)AI , A L) . )1 210.41 2-.3379 40 2 It 2. 5 2. 3 0.34 2.4-

, A,' " ',' A,.21 27h .4 3 33;, 411 321 ," 74 1" 0.55b 4':
VAP 4,1I N I' 3. 31. 2 ?70.4 7 ?.33!9 45 6 2. '5 2.36 0.39 2.57

,i o I3AJ A,, 11,4 3/. 31 0 1.41 2.33/9 45 51 3.04 2.38 0.66 2.14
.,O i ti,It ; . , 3 27.31 21.47 3.33 /c .15 9: .t .59 0.48 .),
Al'' Vl''.l A', iA 1 . 31 2 71). 4 2.3370 45 141 3.04 2.60 11.4 .91
.- ' ,141.11tAI;, LI't.A 31.31 210.4 1 .3,319 4o 10 2.83 2.4/ 1.3t 2.6n

API ; AV A . J,; 3 1.'.31 2/U.4- ! ,13,9 4 ,3-,, ?.S 2.4 o.14 '1.21
- AP ,I U 3 37.31 270.4! 2. .3379 45 ?'b 2.63 ?.2' 0.36 9.41

AI" It klA) A t A 3.31 2/.4/ 2.3.319 45 321 2.0b z.22 0.44 2.48

S_ i x_ G ,_ L- ,_ J-S A
UX Aat , ,a l ? 1,3. 1 ;l . 5 I I I .S t.5A f).2 f,7

'1,0 X fA LLL' i] A 43. 1 2 t3.-t 3 .9bb3 b 9 1.81 1 .b? (1.18 1.68
'41 , , A 43. . 2o3. - 3. 1 53 , ), 1.11 1.0 !- .1 1.' 1

I IX rALL ISA 43.51 263.31 :.30h? 1 C, 1.41 1. o6 .15 1. '

lmIX I ALL', I'SA 43.'/ 2t3.3u 2.9b3 5 144 1. HO 1.4Q 1).31 1.bb
,lI 1 tALL, 115, 43. 5' 203.301 ,. 96 3 , 12 D ,) 1.o .o." u. 15 1. D
: II L \' I'. I'5A 43.5. ?63. 31 2. Ob3 5 234 1.78 1.53 1. h 1. f

10o I ALL. lISA 43.57 263.30 2.9653 5321 1.18 1.41 U.31 1.610
1'11 L

,' . US,k I i. ' t3. 3 1.'' 3 ', J.'4 1. s5 1.5 ' U.3 1 . t
SIlI'x tALI ISA 43.57 263. 30 2. 9653 l1 (1 1.8n 1.51 fl. 'j 1,."'
I r LS I SA 43.5' 2h3. 30 . 4o5' 10 54 1.2 1.5h 0. ?b 1. 6"

''A 4 , ,ISA 43.' 1 i. 311 00.' b 5 11 440 , L.O 1).

r, u , 1 1 , IA 412. 1, 2t .3l ,.30' I, 73 .'' .4, b. . ;
[ low At L, 10 43. > 5Q3 ( 0. 1,'} lt2 I,; t.)]. u { 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)

GEO GRAPHIC L ANGLES PENUMBRAL
IDENTIFICATION 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 43.5/ 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
SIOUX 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
SIOUX FALLS, USA 43.57 263.30 2.9653 20 144 1.84 1.57 0.27 1.70
SIOUX FALLS, USA 43.51 263.30 2.9653 20 189 1.78 1.54 0.24 1.68
SIOUX FALLS, USA 43.57 263.30 2.9653 20 234 1.75 1.46 0.29 1.63
SIOUX FALLS, USA 43.57 263.30 2.9653 20 279 1.74 1.62 0.12 1.65
SIOUX FALLS, USA 43.57 263.30 2.9t53 20 324 1.74 1.54 0.20 1.65
SIOUX FALLS, USA 43.57 263.30 2.9653 25 9 1.77 1.58 0.19 1.65
SIOUX FALLS, USA 43.57 263.30 2.9653 25 54 1.87 1.63 0.24 1.74
SIOUX 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
SIOUX FALLS, USA 43.57 263.30 2.9653 25 189 1.78 1.63 0.15 1.69
SIOUX FALLS, USA 43.57 263.30 2.9653 25 234 1.74 1.48 0.26 1.63
SIOUX FALLS, USA 43.57 263.30 2.9653 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 1.59
SIOUX FALLS, USA 43.57 263.30 2.9653 30 9 1.75 1.59 0.16 1.67
SIOUX 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
SIOUX FALLS, USA 43.57 263.30 2.9653 30 144 1.87 1.61 0.26 1.73
SIOUX FALLS, USA 43.57 263.30 2.9653 30 189 1.81 1.60 0.21 1.68
SIOUX FALLS, USA 43.57 26j.30 2.9653 30 234 1.75 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
SIOUX FALLS, USA 43.57 263.30 2.9653 30 324 1.70 1.33 0.37 1.61
SIOUX FALLS, USA 43.57 263.30 2.9653 35 9 1./b 1.49 0.29 1.63
SIOUX FALLS, USA 43.57 2b3.30 2.9653 35 54 1.90 1.53 0.37 1.70
SIOUX FALLS, USA 43.57 263.30 2.9653 35 99 1.41 1.63 0.28 1.84
SIOUX FALLS. USA 43.5/ 263.30 2.9653 35 144 1.88 1.56 0.32 1.73
SIUUX FALLS, USA 43.5/ 263.30 2.9653 35 189 1.17 1.51 0.26 1.65
SIOUX FALLS, USA 43.5/ 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 2.9(53 40 9 1.72 1.51 0.21 1.66
SIOUX FALLS, USA 43.57 263.30 2.9653 40 54 1.84 1.67 0.17 1.74
SIOUX FALLS, USA 43.57 263.30 2.9653 40 99 1.89 1.59 0.30 1.78
SIOUX FALLS, USA 43.57 263.30 2.9b53 40 144 1.90 1.61 0.29 1.75
SIOLUX FALLS, USA 43.57 263.30 2.9653 40 189 1.77 1.65 0.12 1.69
SIOUX FALLS, USA 43.51 263.30 2.9653 40 234 1.73 1.55 0.18 1.61
SIUOX FALLS, USA 43.57 263.3(0 2.9653 40 279 1.66 1.43 0.23 1.60
SIOUX FALLS, USA 43.5/ 263.30 2.9653 40 324 1.73 1.54 0.19 1.62
SIOUX FALLS, jSA 43.57 263.30 2.9653 45 9 1.78 1.56 0.22 1.71
5 )UX FALLS, USA 43.57 263.30 2.9b53 45 54 1.88 1.59 0.29 1.71
'IJOUX FALLS. USA 43.57 263.30 2.9653 45 99 1.90 1.74 0.16 1.79
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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 ct al. Dl Table Dl lists the verticLi cutof"

rigidity for San Jose dos Campos, Brazil utilizing the International Geomagnetic

Reference FieldD2 model for Epoch 1965. 0. The values for this location arc

additional to the values in Table B1 of Shea et al. Di Table D2 lists the vertical

cutoff rigidity for five locations utilizing the IGRF 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 Table El of Shea et al. D)1Tht

calculations for Tables Dl and D2 were made for an altitude of 20 kin.

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. (197(;) Summary of Cutoff
Rigidities Calculated With the International Geomagnetic Ref rence d
for Various Epochs, ERP No. 5;1, AFG- TR-76-0115, .NhTAo01178.

D2. IAGA Commission 2, Working Group 4 (1969) International Geomagnetic
Reference Field 1905. 0, J. Geophys. Res. 74:4407.
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heniiSphcrt' Vanld utt9flti%*c 1lotil~t Soolth. in
hteitisphert , and thc lotngitude in dkigietL) l ast o1
(3.rc en\ ich.

1. V ,u: L'he 1 Va II( ,inl c NIth FIdii, (a ZIu-la,-tedl OS ing tile
samte geontag~ncti(cl ( cOe'fl'ienlts aS Uti iZ di
thle cuLtoff 1igidit.N I Ihatin;

(I :The miii cUtOff rigi tit. (ill (j\' for' thiS lo c;Al

inl tile st( iftit d di ie.'tiOn.

P (S): ['lie Storm cLi- CotOft rI-gidit\ (inl ('\* ) for- thiS 1tU( AiOn
inl thle SpOt itieddict'.

Penumbral1 Width: T'he difference between the main cutoff ci g ditv antd
thle Stun n ci cuotf rigid] tv (in (N I.

,C: The CfU ctiVU CLntoff iglid itY (in- C V fot' ti.- JO, ;I-
tittit inl tilt spc c ficd( dilc tiolO.

Fa tb of these tables and thle vallues contiedt thereinl :,I.( des( c-ih d Ill til. t lx t of

this rep)ort.

Yable 1. aiiiviiitai\ of Ver'tical Cuotoff HIigiditics for' Specifi, I.octions Z)ts
altulatcd Using the Rhi ;R F(Epoch I 1h 1 ;coilmt( tic Fid i'odcl

Identification I .at. I ong. Value POIl p(s) 1t idfhi 'C(

~':1l Jose dos ( ataplos, -23 23 314. 15 1. 12,)o 11. it). 81 1). 71 1 1 .4.l

['able D)2. Suintiarcv of V'ertical (utoff Riigidlities for Specific L ocations as

ClIo lated U!Sil , the K GhI (E:poch 1N:7). 0) Geozmagnetic Field Model

iv.ographit I I. Penumibral i
Ilctitifi ca tionl I at. I .011g. Value P(M 1)P(S) M idth lj( -

Nceaajk, IUS : o. G8284. 25 2 . G 9810 22 1.87 0 3 1. 97

- lll Jost. dos tattpts, -23. 23 2 11. 15 1. 138f; 11. 31 ii. F) 1. 79 1 1. 12

rPtshkent, USSR1 4 41. 33 G 1. 612 1 . 4 (i 7. 87 i. 58 1. 2! 76

Uc "Hlelgiluti f)0. 1) 4. 36 2A 46 3. 19 2.7! 0.401 3. 111

[sllljAIgenItota I . to 291. 71 14 2 11 2§~: i

W1



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. El-E8 Of the approximate 6000 locations for

which we have published cutoff rigidity values in these reports, errors were

fe ;,d for four locations. These mistakes can be corrected by using the informa-

tion contained in Fable El. 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

19C55. 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 Beferences, page 61.
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