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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

MODELING PROGAMS

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY IT
CONTAINED TWO 9-TRACK, 1600 BPI TAPES WRITTEN IN ASCII.
THERE IS ONE RESTORED TAPE. THE DR TAPE IS A 3480
CARTRIDGE AND THE DS TAPE IS 9-TRACK, 6250 BPI. THE
ORIGINAL D008548 WAS CREATED ON THE MODCOMP IV COMPUTER
AND D000101 WAS CREATED ON THE IBM 3081 COMPUTER AND THEY
WERE RESTORED ON THE MODCOMP CLASSIC II COMPUTER. THE DR

AND DS NUMBERS ALONG WITH THE CORRESPONDING D NUMBERS ARE AS

FOLLOWS:
DR# DS# D# FILES NSDF ID
DR004300 DS004300 D008548 1-16 SEE BELOW
D018182 17-20 PG-12A
FILE PROGRAM NAME NSDF ID
1 FIELD/FIELD WITH 7094 JCL PG-11A
2 ONEMAG WITH IGRF 1965 PG-12E
2 DEKMAG PG-12D
3 LINTRA PACKAGE WITH 360 JCL ‘ PG-12B
4 SHELLG/FIELDG WITH IGRF 1965 1970 PG-13A
5 SHELLG/FIELDG WITH 7094 JCL PG-13A
6 INTLEG PACKAGE PG-13A
7 INTELG PACKAGE WITH 7094 JCL PG-13A
8 IGRF/SPHRC PACKAGE (OLD VERSION) PG-14A
9 IGRF/SPHRC PACKAGE WITH 260 JCL PG-14A
10 INVAR PACKAGE N/NEWMAG WITH 7094 JCL PG-16A
11 TSFORM/DIPFLD PG-17A
12 TSFORM/DIPFLD WITH 7094 JCL PG-17A
13 PFITZER’S B L RETRIEVAL PACKAGE PG-18A
14 PROGRAM TRAJLST PG-18B
15 INVARA PACKAGE (B&L) WITH 360 JCL PG-19A
16 ONEMAG WITH IGRF 1980 PG-12C



STASS' PROGRAMS
PG-12A | [SPMS-00783]

PG-12B | [SPMS-00784]

THIS CATALOG CONSISTS OF ONE 556 BPI, BCD, tape containing the following

026 punch programs on D-18182 (C-14437):

FILE 1 INVARA PACKAGE

a.

b.

g

MAIN (INVARA)
INVARA

STARTA

LINESA

INTEGA
CARMELA
CONVRT

INVARA DATA
ALLMAG (SHORT)

ALLMAG (LONG)

FILE 2 GDALMAG PACKAGE

a.

b

Cc.

d.

MAIN (GDALMAG)
GDALMAG
ALLMAG (SHORT)

ALLMAG (LONG)

FILE 3 [LINTRA PACKAGE

a.

b.

C.

d.

LINTRA
CONVRT
ITERAT

LINTRA DATA

FILE 4 ALLMAG

a.

B..

ALLMAG (SHORT)

ALLMAG (LONG)


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00783
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00784
dhoag
Text Box
SPMS-00783

dhoag
Text Box
SPMS-00784
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ALLMAG, GDALMG, LINTRA: COMPUTER PROGRAMS
FOR GEOMAGNETIC FIELD AND
FIELD-LINE CALCULATIONS

ABSTRACT

A set of computer programs has been developed for the calcu-
lation of the geomagnetic field and the tracing of field lines in
space, The basic subroutine, geocentric ALLMAG, contains

i coefficients for seven recently-published field models as built-

% in data statements. At execution time the user can vary the
model and/or the time period simply by changing input pa-
rameters. Subroutine GDALMG is adapted for input and output
in geodetic coordinates. ALLMAG and GDALMG are equivalent
to Cain's FIELD and FIELDG, with the added flexibility of the
choice of seven models. LINTRA traces field lines from any
point in space to a specified altitude intersect in the same or
opposite hemisphere, using any of the models contained in
ALLMAG. Input is in either geocentric or geodetic coordi-
nates, and output is returned in both. Mcllwain's INVAR
package, which calculates B and L, has been adapted to use
ALLMAG. All programs are described in detail, and sample
calculations are given.

@

@

SR

iii

s e e s s e e



CONTENTS
Page
. 1. INTRODUCTION............. Ceteecessiseie e et e rs e e 1
2. SELECTION OF MODELS........cvo0evuennn. Ceeetriie e 3
” 3. APPLICATION AND USE.....iviuitiiterrninenrncsneoncnnenens 6
A, ALLMAG ..ttt itiitittitttittesoesossnennenansonaseeeass 6
B, DEKMAG .. .iiiiiiiiiiiiiiieitttntetosonenansanasnennns 8
C. ONEMAG .. iiitiiiiitiititintiisntenessaenansennsaennneas 10
D, GDALMG ..ttt iitntnrenennnsaesusosssonsassossnasans 10
B, LINTRA it ittt tseseensntsososonscasonenns 12
ACKNOWLEDGMENTS ... oititiiiinenncennnnan Ceeeectrieaa . 16
REFERENCES. .. . iiiiiiitittentinininteosaseesnsensesoosonnennes 17
APPENDICES
Appendix Page
A COMMENTS ON ALLMAG ... 000t uveennns Cheerare e 19
B COMMENTS ON GDALMG.....ccv00enur.. Ceieierie e 23
C COMMENTS ON LINTRA . .....coviivirintntnnonsnnnnnns 27
D USE OF ALLMAG WITH INVAR ......... e 31

ATTACHMENTS: PROGRAM LISTINGS AND SAMPLE OUTPUTS

L e e

4

ks



S e

@

ALLMAG, GDALMG, LINTRA: COMPUTER PROGRAMS FOR
GEOMAGNETIC FIELD AND FIELD-LINE CALCULATIONS

E 1. INTRODUCTION

The proliferation of quantitative geomagnetic field models in the last decade,

- evidently stimulated by the advent of the space age and the satellite era, has
resulted in a confusing abundance of good numerical models that are based on
a spherical harmonic expansion of the geomagnetic potential. Most of these
models have included first- and occasionally second-order time derivatives of
the spherical harmonic coefficients, giving the secular change of the field,

There has been for some time a need for a versatile, unified set of computer
routines which would permit the user to choose different models and/or time
periods during one execution time, in order to compare the predictions of
different models or to compute the value of the field at different time periods.

In the past, when it was desired to perform field calculations with a different
model or another time period, it was in many cases necessary (e.g. McIlwain's
INVAR) either to replace completely the field-computing routine or to first
calculate the coefficients for the new date, punch them onto cards, and then
physically insert them into the model deck; this was at best an error-prone and
time-consuming procedure, lacking both flexibility and efficiency.

The purpose of our effort was to devise a practical and dependable system by
which these shortcomings could be overcome without sacrificing either accuracy
or speed. It resulted in the creation of ALLMAG, a program package combining
in one operation two previously separate functions, namely the calculation of
coefficients for a given model and time period and the computation of the field
vector. ALLMAG has the added advantage of incorporating seven widely used
field models "under one roof," without having to read in data cards at execution
time. These models, all with internal source terms only, are described in the
next section. During a single execution one can successively vary either the
model or time period, or both,

The spherical harmonic coefficients for the models are stored in data statements
in the beginning of the program; in this respect, the code is complete and self-
contained, The coefficients are tested for accuracy and renormalized the first
time the subroutine is called; updated coefficients are then calculated each time
a new model or time period is selected.

L
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ALLMAG is available in a ''short version" (using subscripted variables and

do-loops) and a time-saving ''long version,' with fixed indices and functions

written out in extenso, yielding identical results. The long version calculates

the field vector in about a third the time as the short version, and is therefore

suitable for lengthy calculations with frequent calls to the subroutine. Execu- .
tion times are comparable to or faster than other programs currently available,.

ALLMAG was designed as an independent, self-contained subroutine with input .
and output in geocentric coordinates. A short subroutine GDALMG was de-

veloped, with input and output in geodetic coordinates (geodetic latitude and

altitude above the geoid), to be used in conjunction with ALLMAG. GDALMG

performs all necessary transformations between geodetic and geocentric coor-

dinates and computes declination and inclination in addition to the geodetic field
components,

ALLMAG and GDALMG perform basically the same calculations as the MAGNET
subroutine of McIlwain's INVAR (Mcllwain 1961), as Hassitt and Mcllwain's
NEWMAG (Hassitt and Mcllwain 1967), and as Cain's FIELD and FIELDG (Cain
et al. 1968), with the added advantage of offering a choice of seven models and
different time periods at execution time.

Two modified versions of ALLMAG were further developed, designed to be
substituted for ALLMAG for special purposes. The first, DEKMAG, contains
no built-in coefficients, but reads up to seven sets of coefficients as data cards
at execution time. DEKMAG can thus accommodate new models as they become
available, The second, ONEMAG, contains built-in coefficients for only one
model, namely the IGRF model, and is designed for those who do not need the
variety of models provided by ALLMAG.

o

Finally, for line-of-force integrations and for computations of field-line inter-
sects at any altitude level, a new field-line-tracing routine LINTRA was de-
veloped, greatly improving Stassinopoulos' (1968) old LINTRA code. Designed
around ALLMAG, the new LINTRA accepts initial starting positions in either
geocentric or geodetic coordinates, and returns the initial position as well as
the conjugate intersect in both systems.

Special features of LINTRA include: (1) input control of tracing direction,
permitting field-line tracing to the opposite hemisphere or to a lower altitude

in the same hemisphere; (2) computation of arc length of line segment traversed;
(3) search for and retention of minimum-B equator position and magnitude, if it
has been crossed; (4) internal functional determination of optimum integration
step size,

o
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All programs are written in FORTRAN IV computer language and card decks

are available in either the 029 model IBM keypunch format (EBCDIC) for use

with the IBM 360 series machines, or the 026 keypunch format (BCD) for other

FORTRAN-compatible computers. An INVAR program (Hassitt and McIwain,

. 1967) has been modified slightly so as to accept ALLMAG in place of NEWMAG.
It yields identical values of B and L if used with the same model and time period.
Sample calculations are given for GDALMG-ALLMAG, LINTRA, and the modi-

) fied INVAR.

Complete listings are given for all programs except for INVAR (see Hassitt and
McIwain, 1967, for listings) and the long version of ALLMAG (see Cain et al.,
1968, for listings of the arithmetic statements of the long version).

2. SELECTION OF MODELS

Seven geomagnetic field models were selected for inclusion into ALLMAG.
Table 1 lists these models together with some of their basic characteristics.
We included only models for which documentation was readily available through
journal publication or otherwise; no preliminary models were included. We
concentrated on the most recently-published models, although a few earlier,
% widely-distributed models were also included so as to enable direct comparisons

- with earlier subroutines. We did not include the widely-quoted Jensen and Cain
model, since it contains no time-derivative terms and gives extremely poor
predictions of the present-day field (see Cain and Sweeney, 1970).

Note that Table 1 gives both the epoch and the data range. The term ''data range'
is used here to denote the time period during which geomagnetic data were ob-
tained to define the model. The "epoch' of a model with secular time-derivative
terms .is the zero of time from which At is calculated in order to add or subtract
the time-derivative contribution to the main-field terms. Since in this sense the
epoch is simply a numerical constant, it may or may not lie within the data
range. All the Cain models, for example, are based on an epoch of 1960, for
simplicity, even though the recent POGO models utilize data only from POGO
satellites, the first of which was launched in 1965,

It is customary to set the input variable TM equal to the time period for which
one wishes to calculate the field. It is generally undesirable, however, to input
a time more than a few years away from the data range of a given model, since
to do so requires extrapolation well outside the time period over which data
was obtained to define the model. Recent studies (Mead, 1972) have shown that
such large extrapolations can lead to highly unreliable and often divergent re-
sults. If we desire to predict the characteristics of the field in 1973.0, for
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example, using a model such as POGO 10/68, whose data range is 1965.8-1967.9,
it would be better to choose something like 1969.0 as a time input to the model,
rather than 1973.0, which would require linear extrapolation over five years
outside its data range. There are two reasons why these large extrapolations
are undesirable, First, most models assume that the secular variation is linear,
whereas long-term studies (Cain and Hendricks, 1968) clearly show that the

secular variations are often highly non-linear and that linear extrapolations
many years into the future are unreliable. Secondly, several of the models have
used a relatively short time period to determine the secular time derivatives.
It appears that data ranges of at least five years are necessary to clearly es-
tablish the linear trends.

Since the models contained in ALLMAG include no external sources, they yield
very unreliable results beyond geocentric distances of 3-5 earth radii. Strong
perturbations (10-100% or more) of the geomagnetic field are present in the
outer magnetosphere, These perturbations depend on local time and season as
well as solar wind conditions. Some improvement in the accuracy of field pre~
dictions at these distances can be obtained by adding the contribution of external
sources predicted by a model such as Mead's (1964). An improved model of the
external field based on least-squares fits to satellite magnetometer data (Mead
and Fairfield, 1971), explicitly incorporating seasonal effects caused by the
varying tilt of the dipole with respect to the solar wind, will soon be available.

A few comments on each model are appropriate, Model 1 (GSFC 9/65) was based
mostly on surface survey data, with some additional localized satellite data from
Vanguard 3 and Alouette. This model, updated to the time period 1965, was in-
corporated into the NEWMAG subroutine of the INVAR B-L program (Hassitt and
McIwain, 1967). Model 2 (GSFC 12/66) incorporates survey data back to 1900
and is the only model containing second time-derivative terms, thus making a
quadratic fit to the secular variation., As such, it is probably the best single
model fitting surface data over the period 1900-1965 (Cain and Hendricks, 1968).
However, more recent models give better predictions of the current field.

Model 3 (POGO 10/68) was the first model to use only satellite data (measure-
ments of field magnitude only; no directional data included). Its data range is
very short (2.1 years), and therefore its time derivative terms are rather
poorly determined. With this model, the variable TM sghould probably be limited
to the time period 1964-1969. Model 4 (POGO 8/69) is the most recently~
published model from the Cain group as of this writing. Model 5 (IGRF) is now
internationally-accepted as a reference field to use as a standard whenever
comparisons are needed, Since it was derived from the components of many
different models, no data range for it is given in Table 1. Model 6 (LME 1965)
was used for the preparation of world magnetic charts for the epoch 1965.0 pub-
lished by the Hydrographic Office of the British Ministry of Defence. The

oo
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British update their charts every 10 years, and a new model is not expected
until 1975. The LME model is the only one included in ALLMAG whose deriva-
tion neglected the oblateness of the earth (it assumed R = 6371.2 km every-
where on the surface). Model 7 (USC&GS 1970) is the American World Chart
Model for 1970, and was used to prepare the magnetic charts issued by the U.S.
Naval Oceanographic Office in 1970, Models 6 and 7, based almost entirely on
ground data, are probably preferable to use for predictions of the field at or
near the Earth's surface. Models 3-5 would probably be preferable to use in
space applications. Cain (1971) has recently summarized the status of geo-
magnetic models obtained from satellite surveys.

3. APPLICATION AND USE

In this section the five basic routines are briefly discussed, their operation is
described, and the arguments of their transfer vectors are presented. A more
detailed description of the three essential programs ALLMAG, GDALMG, and
LINTRA is given in the Appendix, with an analysis of the methods employed
and a review of the organization and structure of the codes. Program listings
and sample outputs are given in the attachment.

A. ALLMAG ;
Subroutine ALLMAG is the most essential part of the entire program package:

it calculates the spherical geocentric field vector components and the total field
strength at any position defined in geocentric coordinates, when given a time, a

model number, the geocentric distance to the position, and the values of four
trigonometric functions derived from its geocentric latitude and longitude.

The variables in the calling sequence are

ALLMAG(MODEL, TM, RKM, ST, CT, SPH, CPH, BR, BT, BP, B)

The first seven arguments are input data:

MODEL : integer from 1 to 7 which chooses the field model (see
Section 2); ’
T™ . time for which the field coefficients are to be calculated, in

decimal years A.D. (e.g., 1971.2);
RKM : geocentric distance to given position, in kilometers;

.
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ALLMAG

FIRST
TIME THRU 2

NG

YES

INITIALIZE

a) CALCULATE SCHMIDT
COEFFICIENTS

b) TEST COEFFICIENTS
FOR ERRORS (SUM-TEST)

<) GAUSS NORMALIZE
ALL MODELS

CHANGE
IN MODEL OR
TIME?

YES

a) CALCULATE NEW MODEL
COEFFICIENTS

b) PRINT MODEL NAME
AND TIME

11 ]

COMPUTE FIELD
COMPONENTS AND
MAGNITUDE.

RETURN

Figure 1. Flow Diagram of ALLMAG
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ST, CT : sine and cosine functions of the geocentric colatitude &
(note: & = 90 - latitude);

SPH, CPH : sine and cosine functions of the east longitude ¢;
The last four arguments are output data:

BR, BT, BP : geocentric spherical field vector components (B , positive
outward; B,, positive southward; and B b2 positive eastward)
at the given position, in gauss;

B . total magnetic field strength at the given position, in gauss.

All arguments except MODEL are floating point variables. There are no re-
strictions or limitations on the values of the input arguments other than on 4,
which at the poles (¢ = 0,180) results in a divide by zero, and MODEL, which
must be an integer from 1 to 7.

For greatest efficiency, all calculations should be completed with one model and
one time before changing either or both.

There are no READ or other input statements in ALLMAG, A PRINT statement
iz executed each time a new model or new date is inputted, In addition, a PRINT
statement is executed if any of the coefficients fail the error test in the initiali-
zation process.

Figure 1 shows a flow diagram of the program. A complete listing of the short
version is given in the attachment, The cards of each deck are appropriately
labeled in columns 73-80 as ALMGSxxx (short version) or ALMGLxxx (long ver-
sion) where the three last columns (xxx) contain the sequential numbering, which
for the short version is incremented by 2 but for the long version by 1, in order
to accommodate the 635 cards.

B. DEKMAG

Subroutine DEKMAG is designed as a substitute for ALLMAG in order to accom-
modate new geomagnetic field models as they become available. Instead of
having coefficients built-in as DATA statements, it reads in coefficients for up
to seven models as card input in standard format at execution time. Input decks
corresponding to three of the ALLMAG models (IGRF, POGO 10/68, and POGO
8/69) are included in the package. The calling sequence is identical to ALLMAG,
with each variable having the same meaning.

GEa
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When DEKMAG is called as a subroutine for the first time, a READ sequence
is initiated. A deck containing one parameter card plus from one to seven sets
of coefficients are to be placed in the card input stream so as to be available
when the subroutine is first called. The input stream is as follows:

Card 1: NMODLS (Col. 5), NPRINT (Col. 10)
Deck A: First model to be read in
Deck B: Second model, ete.

The variable NMODLS, an integer from 1 to 7, controls the number of models

to be read in, NPRINT controls the amount of information on each model printed
in the output stream. If NPRINT = 0, only the label, as read in on the first card
of the model deck, and the value of G(2,1), the largest coefficient, is printed out.

If NPRINT = 1, the values of all coefficients are written on the output stream.

The decks containing the model coefficients should be in the standard format as
distributed by the Cain group at GSFC. The format for each model deck is as
follows (see also Cain et al., 1968):

First card: Epoch (Cols. 4-9), Label (Cols. 10-73)

Intermediate cards: N (Cols. 1-3), M (Cols. 4-6), GNM, HNM, GTNM, HTNM,
GTTNM, HTTNM (11 Cols. each)

Last card: Zero or blank in Cols, 1-3

The values of the parameters J and K, normally punched in Cols, 1 and 2, re-
spectively, of the first card of the model decks distributed by the Cain group,
are assumed by the program to be zero; thus the program assumes that the co-
efficients are for an oblate earth and are Schmidt-normalized, One should not,
therefore, read in the Jensen and Cain coefficients (K = 1) or the Leaton, Malin,
and Evans coefficients (J = 1) without modifying the program. Likewise, if
DEKMAG is to be used with GDALMG, the branching statements in GDALMG
for MODEL = 6 should be modified, unless the Leaton et al. model is to be read
< in as the sixth model.

The models are assigned a number corresponding to the order in which they
appear in the input stream. The integer MODEL in the calling sequence then
determines which model is to be used. A STOP command is encountered if

MODEL < 1 or MODEL > NMODLS. Each time a new model or new time is
selected, a statement is printed in the output stream with the model number,
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label (taken from the first card of each model deck), and time selected. For
greatest efficiency, all calculations with one model and one time should be com-
pleted before changing model or time.

DEKMAG is supplied in the short version (with subscripted variables and do
loops) and single precision. A long version can be assembled by replacing cards
DEKMG 200-270 with cards ALMGL 222-635. Instructions are given in the
listings for converting to double precision.

C. ONEMAG

Subroutine ONEMAG is designed as a substitute for ALLMAG where, for sim-
plicity, only one model is required. The coefficients for the IGRF 1965.0 model
are built into the routine as DATA statements. There are no READ statements
in the program. A model other than the IGRF can be substituted by selecting
the appropriate DATA statements from ALLMAG and relabeling the coefficient
matrices as LG and LGT.

The calling sequence is identical to ALLMAG except that the variable MODEL
is removed. The routine is supplied as the short version, single precision.

D. GDALMG ‘
E— @

Subroutine GDALMG represents a geodetic version of the magnetic field program.

It actually is a short preparatory code that functions as an interface between a

geodetic frame of reference and geocentric ALLMAG. Thus, it converts geo-

detic latitude and altitude above the geoid into geocentric colatitude and geo-

centric distance to the position and calculates the trigonometric functions for

input into ALLMAG. The returning geocentric field vector components are

transformed into geodetic components and the declination, inclination, and total

horizontal field intensity are computed. The reference geoid is that adopted by

the ILA.U. in 1964. A time and a model number have to be supplied to GDALMG

for transmittal to ALLMAG.

The variables in the calling sequence of this routine are

GDALMG(MODEL, TM, GDLAT, GDLON, GDALT, X, Y, Z, F, H, DEC, AINC) :
where the first five arguments are input data:

MODEL : same as in ALLMAG;

™ : same as in ALLMAG;

10
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GDALMG

YES

MODEL=6?

CALCULATE
GEOCENTRIC
DISTANCE.

TRANSFORM GEODETIC COORDINATES
INTO GEOCENTRIC COORDINATES,

CALL ALLMAG

:

ROTATE GEOCENTRIC COMPONENTS
INTO GEODETIC COMPONENTS;
CALCULATE H, DECLINATION, AND
INCLINATION,

Figure 2. Flow Diagram of GDALMG
@
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GDLAT : geodetic latitude, in degrees; %?‘/}g%

GDLON : east longitude, in degrees (invariant in the two coordinate
systems};

GDALT : geodetic altitude or height above geoid, in kilometers.
The last seven arguments are output data:

X,Y,Z : geodetic north (x-By), east (=B,), and downward vertical (x-B,)
field components at the given position, in gauss;

F . scalar magnitude or intensity of field at the given point, in gauss;

H . total horizontal field intensity, in gauss (H? = X? + Y?);

DEC . declination, in degrees (-180 < DEC < 180), positive eastward;

AINC . inclination or dip angle, in degrees (-90 < AINC < 90), positive
downward.

As in ALLMAG, all arguments except MODEL are floating point variables which !
have no restrictions on the values they may assume, except that GDLAT = £90° %’
will result in a divide by zero, and MODEL must be an integer from1to 7. As

with ALLMAG, for greatest efficiency all calculations should be completed with

one model and one time before changing either or both. There are no input-

output statements in GDALMG, See ALLMAG section, however, for a descrip-

tion of ite output statements.

A flow diagram of GDALMG is given in Figure 2 and a listing of the code is
included in the attachment. The deck is labeled in Columns 73-80 as GDALMxxx,
with the last three columns containing a sequential numbering of the cards by
increments of 2.

E. LINTRA

The LINTRA code is an independent "Main' program that traces a field line -
passing through a given point on or above the geoid along either direction. In

this process the program obtains intersects at any specified altitude level(s), it
calculates and retains field strength and position of the minimum-B equator (if

crossed), and it computes the arclength of the line-segment traversed. Designed

around ALLMAG, the code accepts input coordinates for starting positions in

either a geocentric or a geodetic system and it returns the coordinates for the

i
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LINTRA

START \

| READ INPUT PARAMET
{ IF SHORT OUTPUT: Wil

1.2 —’
READ INPUT DATA AND CONVERT 7O
COMPLEMENTARY COORDINATE SYTEM,

IF LONG OQUTPUT: WRITE HEADLINES; CALCULATE OPTIMUM STEPSIZE,; E
. REDUCE STEPSIZE (F TRACING DIRECTION S DOWNWARD; WRITE COMPLETE INITIAL DATA.|

i

TE HEADLINES,

TRACING

DIRECTION

COMPATIBLE WITH
ALT

WRITE MESSAGE
& VARIABLES

INITIALIZE VARIABLES,

[
. !

E CALCULATE TRIG, FUNCTIONS. ‘

t IF LONG QUTPUT: WRITE VARIABLE LABELS; i

CALL ALLMAG.

IF FIRST STEP: SET CORRECT DIRECTION;

TEST FOR B-pMIN AND STORE VALUE AND LOCATION;
INCREMENT STEP COUNT.

WRITE MESSAGE.

CALL ITERAT

CALCULATE PREVIOUS HEIGHT OF TRACING POINT;
{F LONG CUTPUT: WRITE TRACING DATA,

TRACING
POINT
ASCENDING 7

YES

LAST HEIGHT
SHALT 7

INTERPOLATE FOR COORDINATES OF INTERSECT & ARCLENGTH;

ADJUST LONGITUDE; CONVERT CONJUGATE COORDIMNATES
TO GEODETIC FORM; WRITE RESULTS,

YES

MORE
INPUT DATA 2

Figure 3. Flow Diagram of LINTRA
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desired intersect in both systems. The tracing direction is input controlled;

for a space point, this permits tracing the field line to the opposite hemisphere

or down the same hemisphere, or both. The code requires a constant integra-

tion step size during execution time, but the increment may be changed from

run to run. For maximum flexibility and efficiency the user has the option of -
an optimum step size calculated internally as a function of magnetic latitude

and geocentric distance or of determining his own step size through input. In

this case, lines 132 and 134 of the program should be commented out because

in its present form, the code is designed to override the given input step size.

The code offers two output choices: either a continuous step by step account of

the tracing process, where the coordinates of each successive point are printed

with the positional total field strength and its components, plus the final results,
or the final results only.

LINTRA has two supporting subroutines:
1. ITERAT, which performs the actual integration of the differential
equations of the field line after a 7-step initialization process during

which the tracing point is advanced by three increments, and

2. CONVRT, which performs all programmed conversions from geocentric 27,
to geodetic coordinates or vice versa. =

The user-supplied input data for LINTRA are:
First input card (FORMAT(I5, F10.2, 2I5) ):
MODEL : same as in ALLMAG;
™ : same as in ALLMAG;
NPRINT : output control:
= 1 : prints each integration step, plus final results;
# 1 : no runming print-out, only final results;
ICOORD : reference system of input coordinates:

= 1 : geodetic;
2 : geocentric;

]

Each successive card (FORMAT(6¥10.6, 2A4)):

14
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If ICOORD = 1:

GDLAT, GLON, ALT : geodetic latitude and east longitude, in degrees,
and altitude above geoid, in kilometers;

Or, if ICOORD = 2:

GCLAT, GLON, RKM : geocentric latitude and east longitude, in degrees,
and geocentric distance, in kilometers;

DS : integration step size (tracing increment), in
kilometers;

(Note: This parameter may be omitted, since the program determines DS unless
cards LINTR 132 and 134 are commented out.)

DIR :  tracing-direction control:
= >0, : traces towards higher altitudes;
<0, : traces towards lower altitudes;

1l

HALT : geodetic altitude of desired intersect, in kilometers;
% LABEL1, LABEL2 : name of station or designation of origin (starting
point).

MODEL, NPRINT, and ICOORD are integers; LABEL1 AND LABEL2 are alpha-
numeric; all other arguments are floating-point variables. If DIR = ~1,and
HALT > ALT, the line is not traced.

If long output has been specified (NPRINT = 1), the code will print the following
variables for every integration step:

L :  current step-count;

DLATP, DLONP : geocentric latitude and longitude of last position
(L~-1), before iteration, in degrees;

RP, HP : geocentric distance and altitude of last position
(L-1), before iteration, in kilometers;

BR, BT, BP : same as in ALLMAG, at last position (L-1);
B : same as in ALLMAG, at last position (L-1).
15
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Line-tracing proceeds until either (a) the number of steps exceeds 200 or (b) the
intersect is reached on the downward path (i.e., for R < RP because the tracing

skips over the intersect in the same hemisphere, where R > RP). If a HALT >

initial ALT in the same hemisphere is desired, card LINTR200 should be re-

moved or commented out, -

When the specified intersect has been reached, the final results are printed:

PLAT, PLON, PRKM : geocentric coordinates of intersect, in degrees
and kilometers;

PGDLAT, PLON, PGALT : geodetic coordinates of intersect, in degrees
and kilometers above the geoid;

ARC :  length of traced field line segment, in
kilometers.

A flow diagram of LINTRA is given in Figure 3 and a listing of the program is

contained in the attachments.
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APPENDIX A

COMMENTS ON ALLMAG

ALLMAG is the fundamental routine which calculates the three components of
the vector field from a spherical harmonic expansion. The relevant mathe-
matical formulation is readily available in, for example, Chapman and Bartels
(1940) and Cain et al. (1968), and we shall not repeat it here. We have adhered
to Cain's treatment in most respects. ALLMAG is essentially similar in its
basic mathematics to Cain's subroutine FIELD, with the following differences
in the organization of the program:

1. Any one of seven models may be selected; successive selection of
different models is possible.

2. All coefficients for the seven models are built into ALLMAG as DATA
statements. ALLMAG contains no READ statements.

3. An internal sum-test is performed on all the coefficients to check for
accuracy the first time the subroutine is called, and all coefficients
are then converted from Schmidt to Gauss normalization.

4. Different time periods may be selected if desired.

5. A statement indicating the model and time period selected is written on
the output stream the first time ALLMAG is called, and each succes-
sive time that either MODEL or TM is changed.

6. ALLMAG is completely self-contained if input and output in geocentric
coordinates is desired. No other supporting routines are needed.
(GDALMG should be used with ALLMAG if geodetic input and output is
desired.)

All coefficients are stored in the DATA statements in their Schmidt-normalized
form, since this is the normalization used in all recently-published models

(i.e., in Cain's notation, K = 0 for all models). All models except Model 6
(Leaton et al., 1965) were derived using an oblate earth (J = 0 in Cain's notation).
ALLMAG assumes that the appropriate conversion of input quantities into geo-
centric coordinates has already been performed. See the appendix section on
GDALMG for a discussion of these conversions.
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The variable TM used as input to ALLMAG may specify a time that is earlier
or later than the epoch assigned to each model; the time derivatives or secular-
variation terms are then used to update or predate the coefficients. However,
it is best not to input a time more than a few years away from the data range of
a given model, i.e., the actual time period during which geomagnetic data were
used to define the model. See Section 2 on models for further discussion of
this point.

ALLMAG is designed to handle any sets of coefficients with up to 168 terms,
that is, n_,, = 12 (Fortran NMAX = 13), but the "short version' can be easily
modified to accept models with a largern ..

The coefficients in the data statements have been checked very carefully against
the published coefficients for each model, and we believe that there are no
errors. To further reduce the possibility of errors due to misplaced data cards,
that is, to insure that the data cards with the coefficients are in proper sequence,
a special test was included in the code, which during initialization compares the
sum of the products of the model-coefficients times their sequence number with
precalculated values placed into a data statement under the variable name
LSUM. This test is performed only once for all models during the first call, in
the initialization step. If a discrepancy is detected, a message will be printed,
indicating which model is being questioned and giving the precalculated as well
as the computed sums; the run is then terminated.

Comment statements throughout ALLMAG highlight significant parts or functions
of the routine while all input/output variables, constants, and parameters are
defined and identified in comment statements at the beginning of each routine.

ALLMAG was tested and has successfully run on IBM-360 computers (models
40, 75, and 91) in the 029 key-punch version (EBCDIC). It was also tested with
equal success on an IBM-7094, a CDC-6600, and a UNIVAC-1108 computer in
the 026 key-punch version (BCD). To run the program on the GSFC IBM-7094
we had to trim the code by three models to decrease its size because of limita~-
tions in the system's capabilities with regards to table-space.

Timing of the long version of ALLMAG on the IBM 360/91 produced the following
results:

Model Average Time Per Call
IGRF (v _,, = 8) 340 microsecs
GSFC 12/66 (n_,, = 10) 450 microsecs
20
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These times are averages, obtained from five separate runs of one thousand B
calculations each. They include the time used for initialization, coefficient
recalculation, and I/0O interrupt (but not actual I/0 time). The short version
times are about a millisecond per call.

The model coefficients are stored as integers rather than real variables. This
has two advantages: we found that compilation time is significantly less, and
the sum-test, using integer arithmetic, can be exact. The integers are con-
verted to real variables and divided by the appropriate power of 10 (stored as
G1 (1, 1), etc.) at the same time as they are converted from Schmidt to Gauss
normalization. Equivalence statements are used to conserve storage space.

The EBCDIC short version is supplied in single precision and the EBCDIC long
version is supplied in double precision. Only two card changes are necessary
to convert either version from single to double precision or vice versa; these
changes are indicated in the comment cards. The BCD decks are supplied in
single precision only.
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APPENDIX B

COMMENTS ON GDALMG

The subroutine GDALMG accepts input in geodetic coordinates, i.e., geodetic
latitude and altitude above the geoid. It converts these quantities into geocentric
co-latitude and geocentric distance for input into ALLMAG. (Geodetic and geo-
centric longitude are equivalent.) The geocentric field components obtained
from ALLMAG are then converted into geodetic components, and the horizontal
component, declination, and inclination are calculated.

The geometry is shown in Figure 4, where the earth is depicted as a grossly
exaggerated ellipsoid. The altitude h is measured along a plumb line perpen-
dicular to the geoid; and the geodetic latitude A is measured at the intersection
of the plumb line with the equatorial plane,

The reference geoid is that adopted by the International Astronomical Union in
1964. The two parameters defining this geoid are

a T 6378.16 km

a-b 1
a ~ 208.25

where a is the equatorial radius, b is the polar radius, and f is the flattening
factor. From these parameters we can derive the following quantities:

b = 6356.7747 km

a?/b2 = 1/(1- £)2 = 1.00673966

e? = a?/b%2-1 = 0.00673966

where e is the so-called second eccentricity. The geocentric latitude at the
surface of the geoid £ is related to the geodetic latitude by

2
tan 5 = — tan A
82

from which
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Geocentric and Geodetic Coordinate Systems,
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4 %
o . : a )
sin 2 = sin A/(smz N+ = cos 2 m)
b

The geocentric distance to the geoid, p, is given by

o = a/(1+ e? sin? %

The coordinates (x,y) of the space point P are then given by

x T pcos B+ h cos A
y T posin £+ h sin A

and thus the geocentric distance R and colatitude & are

g = cos"(y/R)

The small angle ¢ at the space point between the downward vertical and the
geocentric direction is given by

5 = 9+ - 90°
which is positive for positive latitudes and negative for negative latitudes. Thus
sin & = sin 4 sin A ~ cos & cos A

cos & = cos & sin A+ sin £ cos A

All of the above equations are exact for any altitude and an ellipsoid of any
eccentricity.

The geodetic field components X (northward), Y (eastward), and Z (downward
vertical) are related to the geocentric components B _, B, and B, approximately

by
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X ~ _BQ
Y = B¢
Z ~ -8B

but to get the exact relationship we must rotate B_ and B, through the small
angle &:

X = -Bycos &6~ B, sin?d
Z = By siné - B, cos 3

Finally, the horizontal component H, declination D, and inclination I are defined
by

it

H = (X2 + Y2

sinD = Y/H

X/H %

tan I = Z/H

i

cos D

Model number 6 (Leaton et al., 1965) was derived from surface measurements
without correcting for the oblateness of the earth (i.e., in Cain's notation, J = 1
for this model). Therefore, to use this model properly, altitudes should be
referenced to a sphere of radius 6371.2 km instead of the geoid. For this model
GDALMG sets the geocentric latitude equal to the geodetic latitude and sets

R = 6371.2 + h.

Although our equations are somewhat simpler, the geodetic transformations
outlined here are exactly equivalent to those given by Cain et al. (1968) in de-
scribing the corresponding portions of FIELDG. (Note, however, that the ex-
pression for FAC at the bottom of their page 5 should be squared; it is correct
in FIELDG.) Identical results are obtained from GDALMG and FIELDG if the
same model and time period are used.

=
L

26

B




.

APPENDIX C

COMMENTS ON LINTRA

Field-line tracing routines are useful in a number of applications: for example,
in locating the position of conjugate points, in determining mirror point locations
for particles at a given position with a given pitch angle, in calculating the value
of the second adiabatic invariant prior to calculating the McIwain L-parameter,
in ascertaining the topology of the magnetosphere, etc. Conceptually, the
process is straightforward: given a point in space and a magnetic field model,
we wish to trace a line passing through that point which is everywhere parallel
to the local field direction as determined by the model. The brute-force tech~
nique is to approximate the line by a series of short, straight line segments;
each segment is parallel to the local field direction only at one end. Then at
the other end of the segment, another straight line segment is constructed
parallel to the field at that point. The true curve is approximated by making
the segments as short as is required to achieve the desired accuracy. Such a
technique is usually time-consuming because of the necessity of keeping each
segment short in order to approximate the true curve.

A much more satisfactory approach is to solve the differential equations defining
a field line, In cartesian coordinates these are

dx/ds = B, /B
dy/ds = B;/B
dZ/dS = B /'/B

where ds is the infinitesimal arc length along the line,
In spherical coordinates these equations become
dr/ds = B, /B
dé/ds = (1/r) (By/B)

d¢/ds = (1/r sin &) (B, /B)

The LINTRA line~-tracing routine integrates these equations with the aid of
subroutine ITERAT, using an Adams 4~-point integration formula. Since each
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integration step takes into account the local curvature of the line, a much larger §§§
step size can be used without sacrificing accuracy.

An early version of this routine was used by one of us to calculate conjugate-
point positions (Roederer et al., 1965). This program was later documented in

a modified form as LINTRA (Stassinopoulos, 1968). It should be noted that our
technique differs in principle from that used in the LINES subroutine of Mclwain's
INVAR program to calculate B-L coordinates, LINES varies the step size along
the field line as its curvature changes; LINTRA, on the other hand, uses a con-
stant, predetermined step size.

The present LINTRA is essentially an improved and faster version of the old
code, adapted to use the new ALLMAG and to which some desirable features
were added, as for example the coordinate conversion facility, the output choice,
the internal functional determination of optimum integration step size and
others. Retained in the program was the search for and the storage of the
minimum-B location encountered in the integration process; the respective
geocentrie coordinates are easily accessible for output in cards LINTR 174-
178, It should be noted, however, that the saved minimum-B value may not
correspond o the true minimum~B equator. In fact, the minimum-B equator
may not lie at all between the origin and the conjugate intersect. In that case
the stored minimum-B location will lie very close to either one of these two
end-points of the field line, I crossed in the tracing process, the location of
the minimum-B equator is approximated along the field line with a maximum
error of plus or minus one arc increment,

An addition to the new LINTRA is the calculation of an optimum step size DS
as an empirical function of the geomagnetic dipole coordinates of the starting
point:

DS = .06 R/cos? Ay = 370 km

where R is the geocentric distance in kilometers and A
defined by

4 18 the dipole latitude,

sin Ay = cos 11.5% sin A, * sin 11.5° cos A, cos (g, + 69°)

where Ay and ¢, are the geocentric latitude and east longitude, and where the
geocentric position of the north dipole is assumed to be at 11.5° colatitude,
69° west longitude. Since the empirical formula gives very large values near
the magnetic poles, the step size is limited to a maximum of 3000 kms. We
have found that the step size given by this formula is large enough to trace to
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the opposite hemisphere in less than 200 steps, yet small enough to insure high
accuracy. We have found that if high accuracy is not required, DS can be multi-
plied by factors of 2 to 5, thus saving significant amounts of computer time, If
desired, the user can input the step size, removing or commenting out cards
LINTR 130-134.

If one wishes to trace a line initially towards the earth's surface (DIR < 0), a
shorter step size is usually desirable. In this case the empirical formula is
modified so that DS is no greater than (ALT-HALT)/20, where ALT is the
initial altitude and HALT is the final desired altitude.

The old concept of a user-controlled tracing direction has not been changed,
However, the range of applicability of new LINTRA was expanded so as to include
intersects in the opposite hemisphere which were formerly excluded, namely
intersects that have a higher altitude than that of the origin.

In its present form, the program bypasses an intersect in the same hemisphere
that lies above the initial point (HALT > ALT). But this bypass can be removed
by commenting out card LINTR 200 from the deck, If the bypass is removed,
and if the desired intersect lies close to the initial point, especially when large
L-values are involved (high latitudes), it is necessary to override the internally
. calculated step size and input a step size small enough for effective tracing,
] that is, no larger than 0.1 x (HALT-ALT),

Tracing is terminated whenever the altitude of the point on the field line becomes
equal to or less than HALT (the specified altitude for the intersect). When this
point is reached, the latitude and longitude at the conjugate intersect altitude h ;
(= HALT) are determined by a quadratic interpolation formula. If Ays hys and 3
are successive values of the latitude at altitudes hy,h,, and h,, which bracket
the desired intersect altitude h,, then the latitude at h, is given by

:A\,

i

_ (hymhy) (hy=hy) (h=hy)h  + (hy=hy) (h=hy) (hy=h), + (hy=hy) (hy=h,) (h,=hy) ),
(hy=hy) (h; - hy) (hy~hy)

The interpolated longitude is given by a similar formula.

Finally, in regard to use and results it should be noted that:

T

1. Tracing accuracy improves only slightly with decreasing integration
step size while running-time increases disproportionally; therefore,
the calculated step sizes are a good compromise,
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9. The location of conjugate points or intersects will vary with every field
model; the dispersion with different models may be substantial; a "true™
position, in an absolute sense, cannot be established, More accurate
results can be obtained:

a. For low L-values (L. < 3), by using that model whose components
differ the least from actual surface measurements, over adjacent
areas of the globe;

b. TFor high L-vaiues (3 < L < 6), by the inclusion of external source
terms into the model representation so as to account for contribu-
tions resulting from the ring current in the magnetosphere and the
currents on the magnetospheric boundary, which contributions be-
come significant at L~values greater than 4;

¢c. By considering and accounting for:
(1) diurnal effects (local time effects)
{2) severe magnetic storm effects

(3) seasonal effects o

(4) solar cycle effects

3. The indiscriminate application of the time derivatives of a field model
to predict the expected secular variations too far in the future may
introduce a larger error into the calculations than expected (see Sec-
tion 2).

Subroutine ITERAT is a slightly modified version of the old DPNV program
(Stassinopoulos, 1968). It uses a bootstrap method of getting started along the
field line; three steps of length DS are taken in the first seven iterations. The
subroutine stores the derivatives of the spatial quantities from the preceding
steps, and henceforth one step along the curved field line is taken each time
ITERAT is called. '

The subroutine CONVRT is used to transform coordinates from geocentric to
geodetic or vice versa. The geodetic to geocentric conversion is identical to
the one used in GDALMG, The geocentric to geodetic conversion uses the for-
mulas given by Morrison and Pines (1961). The two parts are compatible, i.e.,
a geodetic to geocentric to geodetic conversion returns the same initial values
with six-figure accuracy.
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APPENDIX D

USE OF ALLMAG WITH INVAR

For the benefit of the numerous users of McIlwain's INVAR program, which
calculates the magnetic parameter L, we have replaced subroutine NEWMAG
(corresponding to the old MAGNET) with ALLMAG and named the modified deck
"INVARA" (for INVAR-ALLMAG). Although very minor changes were made in
three subroutines only, the letter A was added to the end of the name of all pro-
grams in the deck to differentiate it from the standard versions. The routines
INVAR, START, and LINES were modified. Their input-output arguments were
implemented to carry the input parameters "MODEL'" and "TM'" needed by
ALLMAG, while statements number 28-36 and 64-74 were added to START and
statements 112-122 to LINES, in order to produce the appropriate calling se-~
quence for ALLMAG. Finally, a main program was constructed to read sample
input points in either geocentric or geodetic coordinates, convert to the opposite
coordinate system, call INVARA, and print results. The subroutine CONVRT
(see LINTRA appendix) was added to the package to perform the conversions
required by the main program,
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SUBROUTINE &LLMAG(MGDSigTMgRKﬁeSTaQ??SPH@CPH;SR;B?gS?;%% ALMGS002Z

C wxxt GEQUENTRIC VERSION OF GEOMAGNETIC FIZLD ROUTINE ALMGS004
C =x%  SINGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDIC.: 029 PUNCH] ALMGSO06
C ##%%  SHORT DECKs USES SUBSCRIPTED VARIABLES AND DO LOOPS ALMGS00S
C ®wws  EXECUTION TIME PER CALL 3 TIMES GREATER THAN LONG DECK ALMGBSO1D
B C =¥%%  PROGRAM DESIGNED AND TESTED BY £ G STASSINUPOULDS AND G D MEAD, ALMGSOLD
C #%%x  CODE 641, NASA GODDARD SPACE FLT CTRs GREENBELT, MD 20771 ALMGSO14
C sk INPUT: MODEL CHOICE OF 7 MODELS - SEE BELOW ALMGSO16
C ok RKM GECCENTRIC DISTANCE IN KILOMETERS ALMGS018
L ks ™ TIME IN YEARS FOR DESIRED FIELD ALMG5020
C kdak% STHCY SIN & COS OF GEOCENTRIC COLATITUDE LMGSO22Z
C owskdkden SPHeCPH  SIN & €05 OF EAST LONGITUDE ALMGS024
C 3kssk OQUTPUT: BR.BT,BP GEOCENTRIC FIELD COMPUONENTS IN GAUSS ALMGSO26
C kR B FIELD MAGNITUDE IN GAUSS ALKGS0Z8
C sxm¥ck NOTE: FOR GREATEST EFFICIENCYs COMPLETE ALL CALCULATIONS WITH ALMGSO3D
C ONE MODEL AND ONE TIME BEFORE CHANGING MODELS 0OR TIME. ALMGS032
C  =sx#%x  FOR DOUBLE PRECISION ADD THE FOLLOWING CARD ALMGSO34
C IMPLICIT REAL%B(A~H,0~7) ALMGSO36
€ =m&%E®  SEE END OF DECK FOR ONE MORE CHANGE ALMGS038

REAL*8B LABEL(457) / HENDRICKSECAIN 99-TERH GSFL 9/65 CAIN ET.ALLALMGS040
A 120~-TERM GSFC 12/66 CAINELANGEL 143-TERM POGO 10/68 CAINLGSWEENEY ALMGS0O42
BLZ20-TERM POGD 8/69 IGRF 1965.0 80-TERM 10/68 LEATON MALIN EVALMGSO44
CANS BO~TERM 1965 HURWITZ US C&GS 168-TERM 1970t/ ALMGSO46

DIMENSION TOC(T) NMX(T7),ISUM{T7y3)4G(13,13} ALMGS048

DATA TOié*lQbOQ92*}965091970¢/7NMX!}§g11§12¥3179,§y135
INTEGER LSUM(Ty3}/~léééiﬂéy*i?@S£é99“58é§298§“1???05?y*2%8%?2§
ﬁ~1568569—2191?64g~626619~9é??5?vl815193“83555,—9§6§g»§5@§9

B~8593+1,-10618,45%1/

INTEGER*%4 Gl(l3s13}96?1%l3§13)9§T7l{13y13§?82(13313?7@?2@13%33?

1 GTTZ(}B;iB)»GB(13113)y6T3€13s23}eG??3613¢i3§;@4i13’13§§
2 GT4€139E3¥96T74§1§s13}9§5{13913§9§T5€}3§13§93?T5€iéfliéy

3 Gé(13913)36T6€13913}QGTT6513a13}w67§13?13}s§??€§3913}§@???{}

¥

341

ALMGSO50
ALMGSO52
ALMGSO54
ALMGS058
ALMGS058
ALMGSC6D
ALMGSO6Z
ALMGSGE4

4 sLGUL3613,T),LGTI13,13,7,L0TT{13413,7) ALMGSOES
REAL*4 GG(IB»EB;?}yQGTé23s§3?7}366??{13313??}9SHME§533sEE} ALMGS068
EQUIVALENCE (GL{1),66{11+LGI1)1, LTI sG0T{ LT LY, ALMGSOTO

A (GTTICL)oGGTTIL4LGTT{1) ), ALMGS072

B UG2011sLGl1+1+2) )y (GT201)5LGT(1s1s2)), LGTTZUL LT T 515200, ALMGS074

C (G3(134LGUL1s1s3) )y (GT3(1)5L6T0Llsle3)0, (CTT3LI s LGTT {15300, ALMGS0T6

D (G411 +LGl1s1s4) )y (GT4U1)4LGT(Lslsd) )y LGTT4 {1 L 6TT Lyl e4) ), ALMESOTS

E (GS5{1}sLGl1s1s5) )y (GT5(1)sL0GT(1s155) s (GTTSLL s LETT L1550 ), ALMGSO80

FUGOIL1)oLGlLlselsb) )y (GTEILILGTILs1s6) 0, LOTTE{LYsLGTT 1160}, ALMGS082

G (GTULIsLGlLa1s97) )y (GT7CL)oLGT{1s1e7} s EGTTTILLGTT(Lsle 7} ALMGE084

€ *%¥kx% THE FOLLOWING DATA CARDS CONTAIN THE FIELD CODEFFICIENTS ALMGS08S
L #%xs:x FOR THE FOLLOWING SEVEN MODELS: ALMEGS088
C  #&&k%%  (G1,6T1: HENDRICKS & CAIN 99-TERM  GSFC  9/65 EPDCH 1960.ALMGS09D
C ®3%%%  G2,6T246TT2: CAIN ET. AL L20~TERM GSFC 12/66 EPDCH 1960.ALMGS0OS2
C dokx® G3,G6T3: CAIN & LANGEL 143-TERM POGO 10/68 EPDCH 1960.ALMGIN94
= 0 #EEEk G45GT4: CAIN & SWEENEY 120-TERM  POGD  8/69 EPOCH 1960.ALMGS0GE
C  ®kkxE  G5,675: IGRF 1965.0 80-TERM 10768 EPOCH 1965.ALMGS098
€ swwxxx  G6,6T6: LEATON MALIN & EVANS 1965 80~TERM EPOCH 1965.ALMGS100
O kpdak FOR MODEL 6 {(LME 1985) SET RKM = 6371.72 + ALTITUDE ALMGS102
C  #kxx  G7,6T7: HURWITZ US CDAST & GEODETIC S.  168-~TERM EPOCH 1970.ALMGS104
DATA G1 / 10, “3042499‘15361,13009?95?67”22??94989?G§948?9993*09 ALKGS106
57748,*216}6g30002;*198709802893595$60?g~5?2e6?7Egp3*6?"19%98g ALMGSLOSB

20439158539129549502692313945?561”88§?473*09”%31§92308;‘13§Q§3732&LMG3219
?“39%@9‘3129“2437&757“338$“1569B*Qyl5201*2§84?2%§“259§92?14s ALMGSI1Z
’iﬁ?Bg“lZ9“24¢?“33911493*Q986932}29“ll60g”11§és?§99“é52§§¢”1§??39&iﬁ@33EQ
lll93*0,“11993@28;6399“272?“12%3”116?“10?19141%”55?13?333?“5Q§g ALMES1LE
“244,*91 522 ?Z?éy"zllg“zglpi‘gg1Z??é*@gé@g“’ﬁzzg58?“}.?‘2‘?25?235@“25? é;ééégilg
“ié@aﬁép16$3*8§”2203156?519“353“18#9&?12E?2§“Z§§iﬁ?é?*@ / ALMGSIZ20
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DATA GT1 / 100 20599“2907,2665”86?255y’?O;é*Oy“394,60271211
H 1949~89§9§6*Oy-}3699—1578g-?D,163;“1179153985,6*Oy649,293,~924,
I ~130,-543=42,211+6%0,
J ~1869125§80,164gw976*0;—139g12y153;—?39—ég4516,84*0/

DATA GTTL /1,168%0/

DATA GZ / 10Cs *3040129”154@1;1307199493y—23351492,722985q1049—29v
2*0g57?82,w21638¢299799~19889y8035y35579575q—537965y58;~9,
2%05-19320,2029,15903+12768,502
22?87”1338;8812y-3977,~2889°23835156,—96,'151,8,2*091603,~2743,
239~2466,2665s~1579?—159~2é3q—é11121,“28,2*0,51,1178,
8249“6229—209~36755,47;6#,2*0,-121,1044,5669~234,—148,
155s=81s2¢47
5‘39"}.17;427“153?4692199“79‘171,7499;18?2*0,"224,1387631"301"197
901115?19“1592§2@92*07”19459“109269*449—131_367401lOQ”ZOy

DAaTA GY2 / 1006 14O3g—2329v~93v145:léiy”@Zy*579351‘10y
B769=9s=1062590+

el B A s B I s i g

60y82,~34,50,“139*1372*0,'1431,*1662,“456,231,

“1}78;“1892*09‘2199“149l88,—652,~301,~60,83;3,349“8917,2*0;2241
1599~261,507~12,176,1,~60y“7y~397*272*075,9,255,’119;33;84,23,
g43g~36$532*@9’969lg43v75;*33y49990,’649“15,47;17,2*0,*50;*21,37
m79§5g10,”369—43,“42g37,lég2*0966;54,3,35;”3,*1y457'57757—46y3ly
2*0,*61,“641295g~63a—797?*3Q“2’“457~23928*D/

DATA GTTZ /1000,-625~154,-12351

Pm2Ts—bbslel5e~6s8s=1s-352%0:54y
2$0y957“7g793“l83y7989501‘49“8759“892*0,49567‘ 5y=4Te=9T5155-11y
T 159‘“79792*0?’4617’“‘7?ls“Z‘?#ﬁﬁvZé,“Z?g“Zy"éy192*01201"111 15,
—29;29,"£09239_l959'99192*0y*14,16;l495,“8,l6y119“4,-8;6,1,2*09
“15v‘12957’11707“3¢“97“3v“?1595,2*0922y71“2y9167“1,99—49l9g—9,4,
2*09‘129”1471vlv"ilv“l919”1919’69‘2928*0/

DATA G3 / 10, -304&50;—15414;1325839591,*234394917759y741llO,~261
Z3¢895791@9~21633y29763r“19837y81961357?1545y~524y609667~207~187
09*19?7271566;16075,13169g486%,2339,48,80,*81,18,10,-21;07~4453y
2334;”?4%78420?“37247'2103”249171009“927“1251‘55755,0713547
2079“241592562*“1471?1?1‘3579“8¢158,_79“15y09169111337“1287"

2 B Rl

[onfiE S BV »)

éég“k14y269?8§-3590y«57§9~250,~8,63,95,—117,~376,~227979,87,17,
‘13?0;101y”lEO9115?‘164,55y2239“49§“2629351951;“5312570,‘204,
6,@15,14,341148,24,—9,~24913,~12,0q11,97—3y7
”l379”2?v12?90§‘89449“19‘399“6?18,”32787‘59,

DATA GT3 / 100+2542+-2390,
9889350g-1152;-251,48,106,-21,»12,30,—9,11,0,—707,-1070,
9-1229317162,~108,87,4,12,590,848,689’1489,287,—296,*246,396,70g
~33947199~30,Gy345,-39y~87,-652,86y~89,~94,107,-14,~40,—2O,1,0,
360732g311,*635,-315,149,96,«85,~28,~2,—34,0,—26,—48,258,-80,50,
829’1679101999?‘57?“43y48;09”87g“467“102y257i889‘243y232y5237811
"‘132?“‘3395210*“159"101“1229“‘26, 151“37,29991?'4987'147 1039‘191 09
—38916967,—14?—83,130,-33,-38,99950y22,~3,Oy2115,54,—26,-30,-3,
”399“2?"104;79q467—165901359’261‘177177181“50,239“34937922,‘155,
=404 14F0/

DATA GTT3 /1.168%0/

DATA G4 / lQ1‘3047087”15425y13334?9647r'23?5v44897939997967’17y
2*09575?19’217029298937*198269810873566,5941“516,327931”22;2*0’
‘1979372661y1555991292295068124989“37y'3q‘56931;13’2*07”42499
2417,«1740;83369~3978,~143,~2324989,—1659~1209lbyZ*O'1344,*3037,
194,*2764;224?,~1497¢96,—3357°33y1539—22,2*0,51;1080,
1171?'75?920v“33950¢799412*0,*76!118115837“1819‘270919”83191009
»120,8,87,2*0,»544,~2129-87,55g1519—236,—218,39,102,4,3,2*0,98,
~1629999”189’10692061‘29‘20711879629“2412*0;“254,1281311”257”211
73?12?147979”387”192*09299359“7966?”50;16?“287217427“88953)28*0/

51’23’ 147“51431803
~179105¢50414%0/
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DATA GT& / 10042682,=23669=T24s=15793595125~1605199175-392%04225,
-2
e

5y

S

= =

~1003,ALMES122

ALMGS124

~1?7,¢1549318y'SéSy*@l?,”?Z,157v6*0y304,288,ALM65126

ALMGS128
ALMGS130
ALMGS132
ALMGS134

9722847*8,79y—93975s~22,2*09—4254,ALMGSI36

ALMGS138

~11484~1089,ALMGS140
~133,-108G9,ALMGS142
32*09“5379‘2?41*81’7Of243g‘225§‘2141369130,161*292*09

ALMGS144
ALMGS146

11,28%0/ALMGS148
~152%09~371,ALMGS150

ALMGS152

“1?51334;829”144917@1‘120;8812*3;52012539’698y‘589y661“4y235y’gOyALMGSlS4

ALMGS156

~17TALMGS158

ALMGS160
ALMGS162
ALMGS164

9457“61‘14967"59’372*0;”439114,‘18,ALM65166
“169"253128917,759101-34,39y—27120,ALMGSI&8

ALMGS1T70
ALMGS172
ALMGS174
ALMGS176
ALMGS178
ALMGS180
ALMGS182
ALMGS184

~266T74ALMGS186
1151ALMGS188
91303,~452,—377—83g91,17;75,2490,"96,1064,568;-272,*149,*43,*916,

ALMGS1S0
ALMGS192

144+ALMGS194

ALMGS196
ALMGS198

-559;~62,272,~619—8976l,~24,’l,3,0,-466,ALMGSZOO
=214 ,~441ALMGS202

ALMGS204
ALMGS206
ALMGS208
ALMGS210
ALMGSZ212
ALMGSZ214
ALMGS216
ALMGSZ18
ALMGS220
ALMGSZ222
ALMGS224
ALMGSZ226
ALMGS228

~1073+-1083,ALMGS230

ALMGS232
ALMGSZ34
ALMGSZ236
ALMGS238
ALMGS240
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@




= e

®

I 1003,1505~1142+=118458+3843-264274=89=842%04~684,-2832,792,8%4, ALMGS242
J ~5364-2792359729333-4691792%094494-96917743279102+-3264+128,86983,ALMGS244
K =93=8T792%093695644=109:-2059834,~108s~27T98B4s429-37y~1252%04234,ALMGS246
L 4019~4249633=5034504984-57309-39~3342%09-654-2385249,~170523%, ALMGSZ248
M —259,~1305101549,-48,-33,2%0,~168,-114558,123,94440460,-140,73, ALMGS5250
N S549=2192%0919399=1069=99=499563-6T9~-Bs=148,-13,27+2%0+48,42,17y ALMGS252
O ~419~22921919s=113416933949,2%0s—-149~3T73519~2449~1997,40,-53,31y ALMGS254
P -75,28%0/ ALMGSZ256

DATA GTT4 /1,4168%0/ ALMGS258

DATA G5 / ls ~30339,~1654,129799584-223+47971+1044%0,5758,~2123, ALMGS260
2994 y=2036 48059357 3609~549944%0,-200645130,156751289+49252464440, ALMGS262
'374*09‘40392421‘17698431“3921—261‘229}lzy‘1294*07149,’280?89‘265ALM65264
72569“161y3y*25y’4g4*0916,1259‘1237"107y77y'5ly~4g“9y7g4*0,*14, ALMGS 266
1069681”329“109“139’1129131-534*0y“579‘279—819,237“19,’171°21129 ALMGSZ268
4%09334=13¢59=~17944229-39~16364556%0/ ALMGS270

DATA GTS / 109 1539=244423=T3199=19-54134%04~2398793+~108+2+y11+4-3,ALMGS272

F ‘3;%;Q*Og”1181—167y—16,7Q‘3O,29111y—7y694*0142771’779'389’1yé,lgyALMGSZT4

G *575*0y‘17169299“421—2190,“47395*0123917y‘2498,‘39l39”4,0y”l,4*01ALMG5276

H‘Q'-4,209—11y1,9,~2,~2,3,4*0,-11,3,4,2,4,2,3,-6,-3,4*0,1,-2,~3,~2,ALMGSZ78

I =39=bg~34=34=5,56%0/ ALMGS280

DATA GTTS /1,168%0/ ALMGS282

DATA G6 /7 1y —303754=16484+116499309s=179+42+77+1144%0,5769,-2087, ALMGS284
29549-2033981113577559'56;23!4*0,"19951116?1579712999490y248,12, ALMGSZ286
Be=by4%04=3895230,-141+8809~-402+s-209-239,59~-17+44%05142+~27645, ALMGSZ288
~26492629~1T13169=35,5,4%043091359-1234y~100849~6498+-1642044%0, ALMGS 290
~18+101+609=324=279=129=110399=194%09~479=359-9929279~179-24+2, ALMGS292
12 94%0359=T939-204984+26310:-12+T7+56%*0/ ALMGSZ294

DATA GT6 / 10s 1554=26690¢698¢T7%09638394~139~95910949-5,6%0,~114y ALMGSZ296

F ‘1829139‘19g“22’1691876*0y32’16¢~857~6y2g’371476*0130y—7¢27y*27, ALMGS298

G -30,*11,6,6*0,19,231‘1891415y17,2,6*Oy”229219,“21;‘1,‘29'22,84*0/ALMGS300

DATA GTT6 /1+168%0/ ALMGS302

DATA 67/109"3020597“17917112899794759‘2145’4609734112191079“391169ALMGS3O4
“4957446’-20664929971,’20708,8009,3595;6517*5469777577*26,”31,30,ALMGS306
~20582+430916086512760,457992490395946+9~32923979-36959-3699,24564ALMGS308
~1880,83344~3960,=2909-21884175s~1264~1105-199379~3,1617,=2758, ALMGS310
185,~27884,24364~16699209~2104-4441314-154~-3,-13415741420,-1310, ALMGS312
~31148089=5829=22¢~32945433¢T49=6449=1T1511469625,~323,y-78+38, ALMGS314
~11254143934429469=84y=149-6669-2659=34981,209,-2404-1864+4145125, ALMGS316
1596919~1241215=1603225~176+469189,y~4649-18799499s~8929-129~1T4, ALMGS318
1639149=279~329809137¢=by=14y~449229-249~192T919909359-454225=31, ALMGS320
569=19=63914eb9109=23269=269-9921s=1y189=149-285=1T9~149b9-449=3, ALMGS322
4999 =19=109269-329134=64=19:7+19412/ ALMGS324

DATA GT7/10+23) 9=2444=19y=T9129~T9093s4%03=4649112y-19-90,-649746y ALMGS326

K =34344%04~1049~166940y~209=36912y14939494%05729219-529~549~11+0, ALMGS328

L 179691 94%09229=591b9=249=233—1596934~194%0919259s~1499919119-3,2, ALMGS3230

M '394*0y‘5911129“3171229“5,19994*01‘179“317119“27'31“21*17'274*0y ALMGS332

moOw> mMoO®p

Cm I OTMMOUO D>

N 29=69=39=491l9=29=24-196456%0/ ALMGS334
. DATA GTT7 /1+168%0/ ALMGS336
DATA SHMIT(1,1) /7 0.0 /, TMOLD / 0.0 7/, MODOLD / O / ALMGS338
C  %%%%% SUBSCRIPTED DO-LOOP VERSION BEGINS HERE ALMGS340
DIMENSION CONST(13,13),FN{13}FM(13) ALMGS342
. DIMENSION P{13413)4DP(13513),SP(13),CP(13) ALMGS344
DATA P{141)4CPU1)sDP{Ls1)sSPLL) / 2%1e92%0. / ALMGS346
C *%%kx% BEGIN PROGRAM ALMGS348
IF(SHMIT{1,1).EQ.~14) 60 TO 8 ALMGS350
C  kdck%% [NITIALIZE * ONCE ONLY, FIRST TIME SUBROUTINE IS CALLED ALMGS352
) SHMIT(1,1)=-1. ALMGS354
;%ﬁi DO 18 N=1,13 ALMGS356
4 FN{N)=N ALMGS358
DO 18 M=1,413 ALMGS360
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FM{M)=M~]
CONSTIRNsM}
DO 2 N=2,13
SHMITI{N.1) =
Jd=2

D0 2 M=2,N
SHMITI(N M) = SHMITINM=~1} %= SORT(FLOATOIN-M+11%JJ}/{N+M=-2}
SHMIT{M=1,N)=SHMIT(N.M)

Jd o= 1

DO 7 K=147

Fl=LGl1l,1.,K1}

F2=LG6T{ls1+K}

F3=LGTTI{L,14K}

MNMAX=NMX{K]}

L =0

D0 3 I=1.3

ISUMIK.1) = O

DO 4 N=14NMAX

D0 4 M=1 .NMAX

L= L+l

ISUMIKs 1I=ISUMIK 1 I +L R LGINeMeK )

ISUMIKe 2 s ISUMIK 2 1+L*LGT(NsMsK ]

ISUMIK 3 =TS5UMIKs31+L*LGTTINyMsK]

DO 6 1=1+3
IF{ISUMIKs T EQ.LSUMIK,I )}

= FLOAT{(N-2)%%2-{M~1})%%2} / {{2%N=3)%{2%N~-51}}

{2%N—-3} % SHMITIN~1¢1) / {(KN-1}

GO 10 6

€ ¥%k%%% ERROR IN DATA CARDS ~ NOTE WRITE AND STOP STATEMENTS
PRINT 5, Kyl LSUMIK, I} ISUMIKSI)
5 FORMAT(///29H DATA WRONG IN ALLMAG--MODEL +12:3Xs2HI=sI1s3X,
AL1THPRECALCULATED SUMsI1053X,17HTHIS MACHINE GETS.110}
3TOP ;
& CONTINUE

7
8

0 ok sk

g

10

€ ks

11

e

DO 7 N=1,NMAX

DO 7 M=1:NMAX
GOINsMeKI=LOIN M KIHSHMITIN,MI/FL
GETINsMKI=LOTINsMeKI®SHMITIN M} /F2
GOTTI{N My KI=LOTTINMsK)XSHMITINGM)/F3
IF{{MODEL,EQ.MUODOLD) - AND{ TM.EQ.TMOLDY} GO TO 11
NOTE WRITE STATEMENT - NEW MODEL OR NEW TIME
PRINT 9, MODEL o {LABEL{I MODEL}+I=1s4),THM
FORMAT(®0 MODEL USED IS NUMBER'$I2,2Xs4AB, ¢
IF{MODEL.LT<1-.0R.MODEL.GT.7) STOP
MODOLD=MODEL

THOLD=THM

NMAX=NMX{MODEL)

T=TM-TO(MODEL}

DO 10 N=1,NMAX

DO 10 M=1,NMAX
GINsMI=GGINMyMODEL)+T*{GGT (N, Ms MODEL }+GGTT{NsMs MODEL ) 2T}
CALCULATION USUALLY BEGINS HERE

SP{2)=5PH

CP{2)=CPH

DO 12 M=3,NMAX

SP{MI=SP{2)*CPIM~1I+CP{21%5P(M~1}
CPIMI=CP{21%(P{M~-11~SP{2)%SP{M~1}

ADOR=6371,2/RKM

AR=ADR*%Z

BR=0.0

BT=0.,0

BP=0.0

D0 17 N=2,NMAX

FOR TM =t4F9.3/)

—————

gﬁ?
o
&

ALMGS362
ALMGS364
ALMGS366
ALMGS368
ALMGS370
ALMGS372
ALMGS374
ALMGS376
ALMGS378
ALMGS380
ALMGS382
ALMGS384
ALMGS386
ALMGS388
ALMGS390
ALMGS392
ALMGS394
ALMGS396
ALMGS398
ALMGS400
ALMGS402
ALMGS404
ALMGS406
ALMGS408
ALMGS410
ALMGS%#12
ALMGS4 14
ALMGS416
ALMGS418
ALMGS420
ALMGS422
ALMGS424
ALMGS426
ALMGS428
ALMGS5430
ALMGS432
ALMGS434
ALMGS436
ALMGS438
ALMGS440
ALMGS442
ALMGS444
ALMGS 446
ALMGS448
ALMGS450
ALMGS452
ALMGS454
ALMGS456
ALMGS458
ALMGS460
ALMGS462
ALMGS464
ALMGS466
ALMGS468
ALMGS4T0
ALMGS472
ALMGS4T4
ALMGSST6
ALMGS4T78
ALMG5480

k.
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AR=AQR*AR
DO 17 M=1l4N
IF(M.EQ.N)Y GO TO 13
PINMI=CTHPIN~L1sMI~CONSTINsMI*PIN-2ZsHM]
DP{NyMI=CTHRDP{N=-1 M) ~ST*P{N~1,MI~CONST{N M)*DP(N=2sM)
GO TO 14

13 PINNI=ST#P{N-1¢N=-1]}
DPENN}=STHDP{N~14N-1}+CTHRP{N-1sN~1)

14 PAR=P{N,M}*AR
IF{M.EQ.1}) GO TO 15
TEMP=GINMIZCPIMI+GIM~LNI®ESP(M]
BP=BP~{G{NMI%ESP{MI-GI{M=1,NIRCP{M) IXFMI{MI*PAR
GO 7O 16

15 TEMP = G(N M}

16 BR=BR~TEMPXFN{N}%*PAR

17 BT=BT+TEMP*DP(N,M)*AR

1 BR = BR / 100000.
BT = BT / 100000.
gp = BP / ST / 100000.

B = SQRT(BR%BR+BT*BT+BP*BP

¢ FOR DOUBLE PRECISION REPLACE PRECEDING CARD WITH FOLLOWING CARD
C B = DSOQRT{BREBR+BT:BT+BP*BP }
C THIS AND THE IMPLICIT REAL%8 CARD ARE THE ONLY THWO CHANGES NEEDEDS
RETURN
END
@
s
@

ALMGSA82
ALMGS484
ALMGS486
ALMGS488
ALMGS490
ALMGS492
ALMGS494
ALMGS496
ALMGS4S8
ALMGSS500
ALMGSS502
ALMGS504
ALMGS506
ALMGS508
ALMGS510
ALMGS512
ALMGSE1S
ALMGS516
ALMGS518
ALMGS520
ALMGS522
ALMGS524
ALMGSS2é
ALMGS528
ALMGS530
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SUBROUTINE DEKMAG(MODEL ¢y TMyRKMsST+CTsSPHyCPHsBRsBT4BP4B} DEKMGOOZ
C #*%¥% THIS VERSION READS IN COEFFICIENTS AS DATA CARDS. SEE BELOW. DEKMGOO4
C *=%%% GEOCENTRIC VERSION OF GEOMAGNETIC FIELD ROUTINE DEKMGOOS
C =%%x¥ SINGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDICs 029 PUNCH} DEKMGOOS
C =%%% SHORT DECK, USES SUBSCRIPTED VARIABLES AND DO LGOPS DEKMGO10
(S EXECUTION TIME PER CALL 3 TIMES GREATER THAN LONG DECK DEKMGO12
C =x*%x% PROGRAM DESIGNED AND TESTED BY E G STASSINOPOULOS AND G D MEADy DEKMGOl4
C *x%* (CODE 641, NASA GODDARD SPACE FLT CTR, GREENBELTs MD 20771 DEKMGO16
€ #==x¥xx  INPUT: MODEL CHOICE OF 7 MODELS DEKMGO18
C ek ™ TIME IN YEARS FOR DESIRED FIELD DEKMGO20
€ ek RKM GEUCENTRIC DISTANCE IN KILOMETERS DEKMGD22
C sk ST.CT SIN & COS OF GEOCENTRIC COLATITUDE DEKMGO24
C ksEeoksk SPHeCPH SIN & COS OF EAST LONGITUDE DEKMGO26
C  x%%%* QUTPUT: BR+BT,BP GEOCENTRIC FIELD COMPONENTS IN GAUSS DEKMGO28
C  #wkkk B FIELD MAGNITUDE IN GAUSS DEKMGO30
C #%®x*%x  NOTE: FOR GREATEST EFFICIENCYy COMPLETE ALL CALCULATIONS WITH DEKMGO32
c ONE MODEL AND ONE TIME BEFORE CHANGING MODELS OR TIME. DEKMGO34
€ ®ks%kx  FOR DOUBLE PRECISION ADD THE FOLLOWING CARD DEKMGO36
c IMPLICIT REAL#8(A-H,0-1) DEKMGO38
C x%%%xx SEE END OF DECK FOR ONE MORE CHANGE DEKMGO40
DIMENSION TO(7)4NMX(T7),G(13413) DEKMGD42
REAL*8 LABEL(8,7) DEKMGO44
REAL*4 GGIL1341347)46G6T(1351397)4G6TT(13,51347),SHMIT(13,13) DEKMGO46
DATA SHMIT(141) / 0.0 /4 TMOLD / 0.0 /s MODOLD / O / DEKMGO48
DIMENSION CONST(13413)+FN{13),FM(13) DEKMGO50
DIMENSION P{134513)4DP{13,13)4SP{13),CP(13}) DEKMGO52
DATA P(1s1)+CPCL)+DP{L1+1)eSP(Ll) / 2%1e42%0s / DEKMGOS54
€ #3x%x% BEGIN PROGRAM DEKMGO56
IF(SHMIT{141)eEQe~14) GO TO 8 C DEKMGOSB%%%
C x%%x*xx INITIALIZE * ONCE ONLY, FIRST TIME SUBROUTINE IS CALLED DEKMGO60 ™
SHMIT(1lsl)=~1. DEKMGO62
DO 18 N=1,13 DEKMGO 64
FN{(N)=N DEKMGO66
DO 18 M=1,13 DEKMGO68
FM{M)=M-1 DEKMGO70
CONSTINyM) = FLOAT((N=2)%%2~(M=~1)%%2) / {(2%N=3)%(2%N=-5)) DEKMGO72
DO 18 K=147 DEKMGOT74
GGINyMyK) = 0. DEKMGOT76
GGTINsMyK) = 0. DEKMGOT78
18 GGTT{NsM,K)} = 0. DEKMGO80
DO 2 N=2,413 DEKMGO82
SHMIT{Ny1) = {(2%N-3) * SHMIT(N=1s1} / (N-1) DEKMGO84
Jd=2 DEKMGO86
DO 2 M=2,N DEKMGOBS8
SHMIT{N¢M) = SHMIT(N,M-1) * SQRT(FLOAT{{N~M+1)%JJ}/{N+M=21} DEKMGO90
SHMIT{(M—-1¢N)=SHMIT(N,M) DEKMGO92
2 JJ =1 DEKMGO94
C COEFFICIENTS ARE READ IN WHEN DEKMAG IS CALLED THE FIRST TIME DEKMGO96
C SET UP INPUT DECK AS FOLLOWS: DEKMGO98
C CARD 1. NMODLS,NPRINT (2I5). NMODLS = NO. OF MODLS TO BE READ IN DEKMG100
C DECK A: FIRST MODEL IN STANDARD CAIN FORMAT. DEKMG102
C DECK B: SECOND MODEL, ETC. DEKMG104
C FIRST CARD IN EACH DECK CONTAINS EPOCH {(COLS 4-9) AND LABEL (10-73). DEKMG106
C LAST CARD IN EACH MODEL DECK CONTAINS ZERO OR BLANK IN COLS 1-R. DEKMG108
READ(54,4) NMODLSsNPRINT DEKMG110
4 FORMATI(215) DEKMG112
IF(NMODLS.GT.7) NMODLS = 7 DEKMG114
DO 3 K=1,NMODLS DEKMGL16 gm.
READ{54+20) TZs{LABEL(I,K}sI=148) DEKMG118 égy!
20 FORMAT(3X,F6.1,8A8) DEKMG120
L-6
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WRITE(6+21) Ke(LABEL({I¢K}yI=148)
21 FORMAT('0 MODEL NUMBER'I3,5X,8A8)
MAXN=0
5 READ (546) NsMyGNMyHNMGTNM yHTNMGTTNMyHTTNM
& FORMAT (2134+6F11.4)
IF (N.LE.O} GOTOT
IFINPRINTLEQal) WRITE(6+96INyMyGNMyHNMs GTNMs HTNMy GTTNMs HTTNM
MAXN={MAXO{N,MAXN)}
GGINsMsK) = GNM
GGTINsMsK) = GTNM
GGTT{NsM¢K) = GTTNM
IF (M+.EQ.1) GOTOS
GG(M~1sNysK) = HNM
GCT(M=14NsK} = HTNM
GOTT(M=1sNsK) = HTTNM
GO TO0 5
7 CONTINUE
IFINPRINTLEQ.O) WRITE(6,22) GG(2y1,K)
22 FORMAT(' G{2+1) ='F9,.1)
NMX({K) = MAXN
TO(K) = T2
DO 3 N=1 MAXN
DO 3 M=14MAXN
GGINsMsK) = GG(N MK} % SHMIT(NsM)
GGTINsMsK) = GGTINsMeK) * SHMIT(NsM)
3 GGTTINsMsK) = GGTTINyM,K) * SHMIT{(N,M}
8 IF((MODEL.EQ.MODOLD)«AND{TM.EQ.TMOLD)) GO TO 11
C  ®#kkx  NOTE WRITE STATEMENT — NEW MODEL OR NEW TIME
15% PRINT 9, MODEL s (LABEL(I+MODEL)+I=148),TM
%%% 9 FORMAT('0 MODEL USED IS NUMBER',I2y2Xy8A8,' EOR TM ='9F9,3/)
IF({MODEL.LTel.0R.MODEL.GT.NMODLS) STOP
MODOLD=MODEL
TMOLD=TM
NMAX=NMX{MODEL)
T=TM-TO({ MODEL}
DO 10 N=1,NMAX
DO 10 M=1,NMAX
10 G(NvM)=GG(N9M9MUDEL)+T*(GGT(NvaMODEL)+GGTT(N9M7MODEL)*T)
C  k%%%%x CALCULATION USUALLY BEGINS HERE
11 SP(2)=SPH
CP{2)=CPH
DO 12 M=3 ,NMAX
SPIM)=SP(2)*%CP(M—=1)+CP(2}%SP{M-1)
12 CP(M)=CP{2)*CP(M-1)~-SP(2)%SP{M~1)
AOR=6371.2/RKM
AR=AQR*%*2
BR=0.0
BT=0.0
BP=0.0
DO 17 N=2,NMAX
AR=AQOR*AR
DO 17 M=1,N
IF{MJEQ.N} GO TO 13
PINsM¥=CT*P{N=~14M)~CONSTINsMI%XP{N=2,M}
DP(N9M)=CT*DP(N‘IoM)‘ST*P(N‘loM)“CDNST(NvM)*DP(N‘ZvM)
G0 10 14
13 P(NyNI=ST*P{N-1,N~1)
DP{NsN}=STH*DP(N~1¢N~1)+CT*P(N=1,N~1)
14 PAR=P(Ny,M)*AR
IF(M.EQ.1) GO TO 15

L-7
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DEKMGl22
DEKMG124
DEKMG126
DEKMG128
DEKMGL130
DEKMG132
DEKMG134
DEKMG136
DEKMG138
DEKMG140
DEKMG142
DEKMG144
DEKMG146
DEKMG148
DEKMG150
DEKMG152
DEKMG1S4
DEKMG156
DEKMG158
DEKMG160
DEKMG162
DEKMG164
DEKMG166
DEKMG168
DEKMGL70
DEKMG172
DEKMG174
DEKMGL176
DEKMG178
DEKMG180
DEKMG182
DEKMG184
DEKMG186
DEKMG188
DEKMG190
DEKMG192
DEKMG194
DEKMG196
DEKMG198
DEKMG200
DEKMGZ202
DEKMG204
DEKMG206
DEKMG208
DEKMG210
DEKMG212
DEKMG214
DEKMG216
DEKMG218
DEKMG220
DEKMG222
DEKMG224
DEKMG226
DEKMG228
DEKMG230
DEKMG232
DEKMG234
DEKMG236
DEKMG238
DEKMG240
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TEMP=GIN, MISCP (M) +G{M-1 s NI®SPIM) DEKMGZ42
BP=BP—{ GIN,MIESP{MI~GIM=-1,NIXCP{M) I XFM{M)*PAR DEKMGZ44

GO TO 16 DEKMG246

15 TEMP = GiN¢M} DEKMGZ48

16 BR=BR—TEMP*FN{N]}*PAR DEKMG250

17 BT=BT+TEMPHDPINM}*®AR DEKMG2Z252

1 BR = BR / 100000. DEKMG254

BT = BY /7 100000, DEKMGZ256

BPp = BP / ST / 100000, DEKMG258

B = SORT(BR¥BR+BT*BT+BP*BP } DEKMG260

© EQR DOUBLE PRECISIDN REPLACE PRECEDING CARD WITH FOLLOWING CARD DEKMGZ262
. B = DSQRT{BR#*BR+BT*BT+BP*BP ) DEKMGZé4
©  THIS AND THE IMPLICIT REAL%8 CARD ARE THE ONLY THO CHANGES NEEDED. DEKMGZ66
RETURN DEKMGZ268

END DEKMG270
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SUBROUTINE ONEMAG(TMRKM ST 0T SPHCPHBRyBT.BP B}
THIS VERSION CONTAINS ONE MODEL .ONLY ~ IGRE 1965.0
GEOCENTRIC VERSION OF GEOMAGNETIC FIELD ROUTINE

SINGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDICs 029 PUNCH)

SHORT DECK, USES SUBSCRIPTED VARIABLES AND DO LOOBS
PROGRAM DESIGNED AND TESTED BY G D MEAD, CODE 641, GSFC
=& [NPUT: TH TIME IN YEARS FOR DESIRED FIELD

=% RKH GEOCENTRIC DISTANCE IN KILOMETERS
=% ST.CT SIN & COS OF GEOCENTRIC COLATITUDE
#% SPHeCPH SIN & COS OF EAST LONGITUDE

% QUTPUT: BR.BT,BP GECGCENTRIC FIELD COMPONENTS IN GAUSS

= x 8 FIELD MAGNITUDE IN GAUSS
#% FOR DOUBLE PRECISION ADD THE FOLLOWING CARD
EMPLICIT REAL®BlA-H,0-7)

#% SEE END OF DECK FOR ONE MDRE CHANGE

DIMENSION LGU13513)51L6T(13:13156(13,131+66(135131,66T(13,13),

SHMIT(13,13})
EQUIVALENCE (LG{1+1 1966410112000 T 11 1+66TE1s1})
DATA SHMITI1:13/0./+THOLD/0./+TZERD/1965./NMAX/ 9/

DATE L6 /7 1, ~30339:-1656,1297+958+~223,347471510:4%0,5758,-2123,
2994;”2@36¢8§5935?g66;~54§?g4$9g“2@36,iBOylEé?g1289;492924694;0,

St SogEs
e

G

ONEMGOO2Z
ONEMGOO4
ONEMGOOS
ONEMGOOSB
ONEMGOL0
ONEMGO12
ONEMGO14
ONEMGO16
ONEMGO 18
ONEMGOZ0
ONEMGO22
ONEMGOZ24
ONEMGO28
ONEMGO2Z8
ONEMGO30
ONEMGD32
ONEMGO34
ONEMGO36
ONEMGO38
ONEMGO40
OMEMGO42

“3%%*@¢~4@3§242?“1?6a8%39*3923“269*2299129*1294*09i49¢*280989~2658NEMG§4¢

;25&#‘*1@1 v37"2§;”"‘;€'§5¥*99 3591259”}23?“30??7?9‘519“‘?9"99??4*@?‘149

ONEMGO46

1065684=324~10s=13,-112, 139“5?4*3?“’5??“273"8197239”19?"1?9“‘29 12, ONEMGO4SB

‘9*@?3?“13959“1?9‘3?22?“3 ;“16?6956*@/

ONEMGOS50

BATA LGT /7 10, iSBq*ZéésZy*?g1§,~i9°§g134*6,~23;87,3p-108s29119°398N5ﬁ6652
F »39%g4*@;~218;“3é?1~16,?9~30§2§y119~?gég&*@géZg?;*??g~38y~l9691998ﬁ§ﬁ6354
G “5?5*@?“’1?;@9 Z?g~42§~22s8g“4s3,53{3? 23? 1?3“2498@‘“39 13?""49 0?*19‘@*330NEMGQ§&
Hw?s“épzﬂywii92g?g*Z§~2gﬁyé*ﬂg*il93yé¢29ég293s~6§~3v4*0g1y*29~3g~2?8N§MG§58

=Bywbg=Bo=F -8, 56%0/
DIMENSION CONST{13,13),FN{13).FM{13)
DIMENSION PU13,131s0P113:,13)+5P (1310013}
DATA PULs11-CPUL)oDPUL,13.8P11) / 2%1,,2%0. /
IF(SHMIT(L:1 ) EQu=1s} G0 70 8
E% INITIALIZE = ONCE ONLY, FIRST TIME SUBROUTINE IS CALLED
SHMIT{l.10=~1.
D0 18 N=1,13
FRidI=N
00 18 M=1,13
FRM{MI=M-1
CONSTIN:R} = FLOATI(N-2)%%52-{M-11%%2} / ({2%N=-3 )2 {2%N~-5}}
BO 2 H=2,13
SHHMITINGL) = (2%N-3) % SHMITIN-1s1) /7 (M-1}
JJd=2
B0 2 HM=2.8
SHMITIN.M) = SHMIT(N.M=-1) = SQRTIFLOAT({N=M+11%JJ)/IN+M=2}}
SHHUITIM-~1 NI=SHMITIN.M}

Jd = 1
F1 = LG(1,1}

F2 = LGT{ls1)
DO 7 N=1,NMAX
DO 7 M=1,MMAX

GGINGM) = LOINMISSHEITINH}/FL
GGTI{NM] = LOT(NMI*SHMITINM}/F2
IF{TH.EQ.THOLD) 60 TD 11

THOLD=TH

T = TH - TZERD

BO 10 N=l.NBMAX

BO 10 M=1,HMAX

GiN M} = GGIMNH) ¢ TBGEOTIN.#)

ONEMGO60
ONEMGO62Z
ONEMGO64
ONEMGO6ES
ONEMGO68
ONEMGOTO
ONEMGOT 2
ONEMGOT4
ONEMGOTs
ONEMGOTS
ONEMGOBO
DNEMGOS82
ONEMGO84
ONEMGDEBS
ONEMGOSS
ONEMGO90
ONEMGO92Z
CNEMGO94
ONEMGO9S
ONEMGO98
ONEMGLIOO
ONEMG1LO2
ONEMGLOS
ONEMGLOG
ONEMG108
ONEMGLLO
ONEMGLL1Z
ONEMG1 14
ONEMGLILS
OMEMGL 1S
OMEMGLZ20

e



C

C
C
C

*kkxs  CALCULATION USUALLY BEGINS HERE

il

iz

i3

is

i5
16
17

FOR DOUBLE PRECISION REPLACE PRECEDING CARD WITH FOLLOWING CARD

THIS AMND THE IWMPLICIT REAL%*8 CARD ARE THE ONLY TWO CHANGES NEEDED.

SP{Z2)=5PH

CPIZ21=(PH

DO 12 HM=3,MMAX
SP{MI=SPI2I*CPIM~1}+CPL2)%5P(M~-1)
CP{Mi=CPI2}%CP{M~1}~-SP(2}%SP{M~1)
ADOR=63T71 .2 /RKH

AR=AORERZ

BR=0.0

BT=0.0

BP=0.0

DO 17 N=2,NMAX

AR=AOR*AR

DO 17 M=1l.H

IFIMEQ.NY GO TO 13

Pile Mi=CT#P{N-1,M}~CONSTINsMI®P{N=~-2,M)
DPIN MI=CTHDPIN~LsM}-STHP{N~L M) ~CONSTINMI*DP{N=2,M)
GO 70O 14

PINsNI=STHPIN~LsN-1}

DPEM s Ni=STHOP(N~L +N-1)+CT*PIN~LsN-11}
PAR=PI{N,MI%AR

IF{M.EQ-1} GO TO 15
TEMP=GIN,M}I*CPIMI+GIM—~1,NI¥SP{M]
BP=BP-{GIN,MI*SP(M}~GIM~1 ,NIXCP{M] IRFM{M)*PAR
60 70 16

TEMP = G{N M}

BR=BR-TEMP#FNIN}*PAR
BT=BT+TEMP*DP{N. M) *AR

BP = BP/ST/100000.

BR = BR/100000.

BT = BT/100000.

B = SQRT{BR®=BR+BT=BT+BR%BP }

B = DSORTIBR*BR+BT%#BT+BP2BP }

RETURN
END

B

ONEMGL 22
ONEMG1 24
ONEMG1 26
ONEMG1IZE
ONEMGL30
ONEMG132
ONEMG134
ONEMG136
ONEMG138
ONEMG140
ONEMGL42
ONEMG144
ONEMGL46
ONEMG148
ONEMG1ISBO0
ONEMGLS52
ONEMGIS4
ONEMGLSS
ONEMG158
ONEMG160
ONEMG1I &2
ONEMG164
ONEMG1 66
ONEMG168
ONEMGLTO
ONEMGLT2
ONEMGL 74
ONEMGLT76
ONEMG1ITS8
ONEMG180
ONEMGL1 B2
ONEMGLBS
ONEMG186
ONEMG188
ONEMGISC
ONEMGIGZ2
ONEMGL94
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C *%%x% STANDARD CALLING ROUTINE FOR GDALMG 002
C *x%% SINGLE PRECISION DECK FOR IBM 2360 MACHINES (EBCDIC, 029 PUNCH} 004
C %%%% NEEDS SINGLE=PRECISION SUBROUTINES GDALMG AND ALLMAG Gos6
. REAL% 4 TM{2})/1965¢51970./sGDLAT(2)/~30+460/+GLON(2})/~90¢¢90.75 oo8
1 ALT/100./ 010
PRINT 16 012
10 FORMAT(*1 MODEL TIME LAT LONG ALT X Y 014
1 z F H DEC INCH} 01é
DO 20 MODEL=1+7 018
DO 20 I=1.2 020
DO 20 J=l,.2 022
DO 20 K=1,2 024
CALL GDALMG(MODEL sTM(I)+GDLAT(J) yGLONIK) sALTsX3YsZoFsHsDEC,AINCS 026
20 PRINT 30, MODELTM(I) GDLAT(U)sGLON(K)}sALToXsYsZsFsHsDECsAINC 028
30 FORMAT(IS5¢3X94FB.0+5F10542F10e2} 030
STOP 032
END 034
0017 CARDS
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SUBROUTINE GDALMGIMODEL s TMesGDLATGDLONGDALT9XsY9ZsFsHsDEC,AINC) GDALMOOZ
C #*%%% GEODETIC VERSION OF GEOMAGNETIC FIELD SUBROUTINE GDALMOO4
C ®%%%x SIMGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDICs 029 PUNCH) GDALMOOS6
C %%%%x  NEEDS SINGLE-PRECISION SUBROUTINE ALLMAG GDALMOOS
C *%%% PROGRAM DESIGNED AND TESTED BY G D MEAD AND E G STASSINOPOULOS, GDALMO1O
C *%%% (0ODE 641, NASA GODDARD SPACE FLT CTRs GREENBELT, MD 20771 GDALMO12
Cask INPUT ¢ MODEL = 1-73 CHOICE OF SEVEN MODELS - SEE ALLMAG GDALMO14
C TM = TIME IN YEARS FOR DESIRED FIELD (EaGs 1971425} GDALMO16
C GDLAT = GEQODETIC LATITUDE {(DEGREES) GDALMO18
C GDLON = EAST LONGITUDE (DEGREES) GDALMOZ0
C GDALT = ALTITUDE ABOVE GEOID (KMS) GDALMO22
CH%%xQUTPUT: XsYeZ = GEODETIC FIELD COMPONENTS (GAUSS) GDALMOZ24
C F = MAGNITUDE OF FIELD (GAUSS) GDALMOZS6
C H o= HORIZONTAL INTENSITY (GAUSS) GDALMOZS
C DECy AINC = DECLINATION AND INCLINATION ANGLES (DEGREES) GDALMO30
Cx%xx  NOTE: FOR GREATEST EFFICIENCYs COMPLETE ALL CALCULATIONS WITH ONE GDALMO3Z
C MODEL AND ONE TIME BEFORE CHANGING MODEL OR TIME. GDALMO34
C REFERENCE GEQID IS THAT ADOPTED BY IAU IN 1964 GDALMO36

DATA RADAAB2:E2/57.2957836378.1651.0067397,.0067397/ GDALMO38 %%%

SINLAT = SIN(GDLAT/RAD) GDALMO4O - 4
COSLAT = SOQRT{1.-SINLAT*x%2) GDALMO42
IFIMODEL.EQ.6) GO TO 2 GDALMO44
I SINBET = SINLAT / SQRT{SINLAT®%Z2+{AB2*COSLAT}*x*x2) GDALMO46
Cakx BETA = GEOCENTRIC LATITUDE AT SURFACE OF GEOID GDALMO4S
COSBET = SQRT{1.~SINBET*SINBET) GDALMOS50
RGEQID = A / SORT{1.+EZ2%SINBET*SINBET) GDALMO52
XKM = RGEQID*COSBET + GDALT*COSLAT GDALMOS4
YKM = RGEQID®SINBET + GDALT=SINLAT GDALMOS6
REM = SORT{XKM=RZ +YKM%%2 ) GDALMOSS8
ST = XKM/RKM GDALMO6O
CT = YKM/RKH GDALMOG2
GO TOo 3 GDALMOG64
2 RKM = 6371.2 + GDALT GDALMOG66
5T = COSLAT GDALMO68
CT = SINLAT GDALMOT0O
3 SP = SIN{GDLON/RAD) GDALMO72
CP = COS{GDLON/RAD)} GDALMO 74
CALL ALLMAGIMODEL,TMeRKMsST4CTsSPsCP¢BReBTsYsF) GDALMOT6
SIND = ST#SINLAT -~ CT*COSLAT GDALMOT8
COSD = CT=SINLAT + ST#COSLAT GDALMOBO
X = ~BT*C0OSD -~ BR*SIND GDALMO82
I = BT=SIND - BR*(COSD GDALMO84
H = SQRTEXEX+¥*xY) GDALMOBS
DEC = RAD % ATANZ2{Y¢X) GDALMOS8S
AINC = RAD % ATAN(Z/H) GDALMO90
RETURHN GDALMO92
END GDALMO94
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0 saw k% MAIN DECK FOR LINTRA LINTROG?Z
C %% MODIFIED FIELD LINE TRACING ROUTINE AS OF JAN 1971, LINTROO4
C ##x*%x DESIGNED AND TESTED BY E G STASSINOPOULDS AND G D MEAD, LINTROO6
C =% CODE 641, NASA GODDARD SPACE FLT CTR, GREENBELT, MD 20771 LINTROOS
C *%x3%x SINGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDIC, 029 PUNCH)LINTRO10
C  #xx% NEEDS SINGLE-PRECISION SUBROUTINES CONVRT, ITERAT, AND ALLMAG.LINTRO12
C #ekxx  ACCEPTING INPUT COORDINATES OF STARTING POINTS IN EITHER A LINTRO14
C #%ks% GEOCENTRIC OR GEODETIC SYSTEM AND RETURNING COORDINATES LINTROL6
C #%%%% FOR CONJUGATE INTERSECT POSITIONS IN BOTH SYSTEMS. LINTRO18
C wxx=% INTERSECTS MAY BE OBTAINED AT ANY SPECIFIED ALTITUDE LEVEL. LINTR020
- C wxx*x DIRECTION OF TRACING INPUT-CONTROLLED THROUGH PARAMETER "DIR".L INTRO22
C ##%=% FOR SURFACE POINTS "DIRY SHOULD ALWAYS BE (+1). LINTROZ4
C  x%%%% FQOR SPACE POINTS, (DIR>0) WILL TRACE THE FIELD LINE TO THE LINTROZ26
C  #%x%% QOPPOSITE HEMISPHERE, (DIR<O) WILL TRACE THE FIELD LINE TOWARDSLINTROZS
C  x%%3%% THE SURFACE IN THE SAME HEMISPHERE. LINTRO30
C sk INPUT: MODEL CHOICE OF 7 MODELS (FROM ALLMAG) LINTRO32
€ sk ™ TIME IN YEARS FOR DESIRED FIELD LINTRO34
C  wwsskk NPRINT PARAMETER CONTROLLING OUTPUT LINTRO36
C sk =0 NO RUNNING PRINTOUT; =1 PRINT STEPS LINTRO38
C  mwwsx 1COORD REFERENCE SYSTEM OF INPUT COORDINTATES LINTRO40
O ok =1 GEODETIC; =2 GEOCENTRIC LINTRO42
€ sossten GDLAT,GLON,ALT GEODETIC STARTING POINT COORD(DEGR.,KM) LINTRO44
C sk GCLAT yGLON,RKM GEOCENTRIC STARTING POINT COORD( " % )LINTRO46
C  owwmsox DS TRACING STEPSIZE IN KILOMETERS LINTRO4S
C sk DIR PARAMETER CONTROLLING DIRECTION OF TRACELINTROS50
C sk +1. STARTS TRACING TOWARDS HIGHER ALT. LINTROS2
C ko ~1. STARTS TRACING TOWARDS LOWER ALT. LINTROS4
€ smskn HALT GEODETIC ALTITUDE OF CONJUGATE INTERSECTLINTRO56
C  soskskk LABEL NAME OF ORIGIN (STARTING POINT) LINTRO58
%%%c #%EEX0UTPUT:  PLAT,PLON,PRKM GEOCENTRIC COORD. OF CONJUGATE INTERSECTLINTROAO
YO wemmser PGLAT yPLON,PALT GEODETIC COORD. OF CONJUGATE INTERSECT LINTRO62
€ ssmok ARC ARCLENGTH OF FIELD LINE TRACED, IN KM  LINTRO64
O sskskk BMIN MINIMUM FIELD STRENGTH ALONG LINE LINTRO66
C  wkkkx BMINLT,BMINLN, GEOCENTRIC COORD. OF BMIN POSITION, IN LINTRO6S
C ok BMINR DEGREES AND KILOMETERS LINTROTO
COMMON /ITER/ L yRoDLAT,DLONsRPyDLATPyDLONPBRyBTsBP+BsSTHSGNsDS LINTROTZ

DATA RAD/57.2957795/y C1/.0067397/5 RA/6378.16/5 MAXS/200/ LINTROT4

10 FORMAT(6F 10465244 ) LINTRO76

11 FORMAT( 10 347Xy "STEP Y 37Xy 'LAT? 45X s 'LON® y4Xy PRKM? 33Xy VALT # 5 7Xy PBRY 5L INTROT8
16Xy VBT 96Xy 'BPY 37Xy 'BY,y/) LINTRO80

12 FORMAT{20X,'0LD COORDINATES FOR STEP#'s16,' %%t ,2F0,3,2F8,0,4F9,.5)L INTRO&?
13 FORMAT('IMODEL *,18/,' TIME '4F9.2/5' PRINT *4I8/,% COORD *,185/) LINTRO8%

14 FORMAT(10X,'GEOCENTRIC COORDINATES GEODETIC COORDINATES STEPLINTRO86
1STZE/ARCLENGTH DIR HALT LABEL'+/+12Xs "LAT LONG RKM®, LINTROS8E
27Xy 'LAT LONG ALT'y9Xs'DS/ARC! /11X "(DEGR) (DEGR} ({KM}*, LINTROY0O
36X+ " (DEGR) (DEGR)Y (KM}t ,9X,t(KM)ty/) LINTRO92Z

15 FORMAT(' ORIGIN '32FB429FB8e141X2F8e2sFB41+F11.059Xs2F7.0,5Xy2A%) LINTROGS

16 FORMAT(I54F102,215) LINTRO9S

17 FORMAT('OINTRSCT "3F6.29FBe2yFB8al91X92F8e2,F8.15F11.09///7) LINTRO98

18 FORMAT(' CHECK INPUT: ALT=13F8.0+9Xy "DIR=7F3F3.0+9Xs '"HALT=*4F8.0//)LINTR1I0O
19 FORMAT('OLINE TRACING TERMINATED: ITERATION EXCEEDS 200 STEPS*,//)LINTRLOZ
PINTER(ALAZ9A39A49A5,A64AT7) = ((A2-A3 )% {AT=A2)%(AT=A3)%A4~{A1-A3}LINTRIO&
1 %(AT-AL)*(AT=A3)%AS+(AL~A2)%(AT-AL)}*(AT~A2)%A6) /L {AL-A2}*(A1-A3) LINTR106

2 *(A2-A3)) LINTRIOS8
READ(54165END=6) MODEL,TMyNPRINT,ICOORD LINTR110
WRITE(6413) MODELTMsNPRINT, ICOORD LINTRLIIZ
IF(NPRINT.EQ.D) WRITE(6,14) LINTR11A
IF{ICOORD.EQ.2) GO TO 2 LINTRIL1G

5, 1 READ(5,10,END=6) GDLAT,GLONyALTsDSsDIRyHALT,LABELL,LABEL? LINTR118
%%%‘ CALL CONVRT(1+GDLAT,ALT+GCLATRKM) LINTRIZ2O
L-13
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READ{S5¢10+END=6}) GCLAT GLONSRKMsDSyDIRsHALT,LABELL,LABELZ
CALL CONVRT{2sGDLATsALTGCLATsRKHM)

IF{NPRINT-EQ.1) WRITE(6414)

SINGML= o98%SIN{GCLAT/RAD ) +.199%COS{GCLAT/RAD)I*COS{{GLON+69.)/RAD)

DS = JO6%RKM/{1e~SINGML¥%2)} - 370,
IF{DS.GTe3.,E3} DS=3.E3

IF({DIRLTa0.}cAND({DSGTo {ALT-HALT}/201) DS=(ALT-HALT)/20.

LINTR122
LINTR124
LINTR126
LINTR128
LINTR130
LINTR132
LINTR134
LINTR136

WRITE(6¢15)GCLAT yGLONSRKMsGDLATsGLONsALTyDSsDIRSHALTyLABELL1,LABEL2LINTR138

IFIALT4+DIR*HALT.GE. 0.0) GC TO 7
WRITE(H6.,18) ALTSDIRGHALT

GO TO ¢(1.,2),ICO0RD

IF{NPRINT.EQ.1) WRITE(6,11)

BMIN=5.0

DLAT=GCLAT

DLON=GLON

R=RKM

L=0

CT=SIN{DLAT/RAD)

ST=SORT{1.-CT%CT}

SP=SIN{DLON/RAD)

CP=COS{DLON/RAD)

CALL ALLMAG(MODEL ¢ TMsR+STsCT+SPeCP+sBRsBTBP4B)
IF{L.EQ.0} SGN=SIGN(1.+BR*DIR}

IF{BMIN.LE.B) GO TO 5

BMIN=B

BMINLT=DLAT

BMINLN=DLON

BMINR=R

L=L+1

IF{L.LT .MAXS) GO TO 8

WRITE(64519)

GO TO (1+21,IC00RD

DLATPP=DLATP

DLONPP=DLONP

CALL ITERAT

HPP=HFP

HP=RP=RA/SORT{1.+C1*CT*CT)

IF{NPRINT.EQ.1) WRITE{(6+12) L+DLATPSDLONP4RPsHP,BR+BT+BP,.B
IF{R.GT.RP} GO TO 4
HeR=RA/SQRTIL . +CL=SIN{DLAT/RAD I %%2}
IF{HGT.HALT) GO TO 4
PLAT=PINTER(HPP sHP sHsDLATPPsDLATP«DLATSHALT)
PLON=P INTER(HPPsHPsHsDLONPP+DLONPDLONSHALT}
PREM=HALT+RA/SQRT{1.,+C1%*SIN(PLAT/RAD)*%2)
ARC=DS#({L~5)+{(HP-HALT}I/{HP-H)}
IF(PLONLT+~180.0) PLON=PLON+360.0
IF{PLON.GT.180.0) PLON=PLON=360.0

CALL CONVRT{Z2;PGDLAT +PGALT +PLAT+PRKM)
WRITE(G&:17) PLAT PLONPREKMsPGDLATPLONGPGALTARC
GO T0O {(1:2} »ICOORD

sSTop

END

Ir1l4

LINTR140
LINTR142
LINTR144
LINTR146
LINTR148
LINTR150
LINTR152
LINTR154
LINTR156
LINTR158
LINTR160
LINTR162
LINTR164
LINTR166
LINTR168
LINTR1T7O
LINTR172
LINTR174
LINTR176
LINTR178
LINTR180
LINTR182
LINTR184
LINTR186
LINTR188
LINTR190
LINTR1GZ
LINTR194
LINTR1G6
LINTR198
LINTR200
LINTRZ202
LINTR204
LINTRZ206
LINTR208
LINTR210
LINTRZ212
LINTRZ14
LINTR216
LINTRZ218
LINTRZ220
LINTR222
LINTR224
LINTRZ26
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SUBROUTINE ITERAT ITRATOQ2

C***% SINGLE PRECISION DECK FOR IBM 360 MACHINES (EBCDICs 029 PUNCH) ITRATOO4

Cx**% FIELD LINE INTEGRATION PROGRAM USING A 4-POINT ADAMS FORMULA AFTERITRATOOS

Cw%% INITIALIZATION. FIRST 7 ITERATIONS ADVANCE POINT BY 3%DS ITRATOOS8

CH*x%x INPUT: L STEP COUNT. SET L=1 FIRST TIME THRU; ITRATO10

Caskak SET L=L+1 THEREAFTER. ITRATO12Z

Caoeok Y{1-3}: ReDLAT,DLON GEOCENTR TRACING POINT COORD(KMyDEGR)ITRATO14

Ckax B+BR4BT,8BP FIELD & COMPONENTS AT POINT Y(1-3} ITRATO16

Caxrxk ST SINE OF GEOCENTRIC COLATITUDE ITRATO18

Cadex SGN SGN=+1: TRACES IN DIRECTION OF FIELD ITRATOZ20

Cxkk SGN=-1: TRACES OPPOSITE TO FIELD DIRECITRATO2?

Lo DS ) INTERGRSSTEPSIZE (ARC INCREMENT) IN KMITRATO24

Cxx%xQUTPUT: Y(1-3): R,DLAT,OLON NEW IMPLEMENTED TRACING POINT COORD ITRATO26

FAK YOLD(1-3): RP,DLATP4DLONP OLD Y(1-3), BEFORE IMPLEMENTATION ITRATO?S8

COMMON /ITER/ LeYsYOLDoBRyBT4BPsB,STsSGNSDS ITRATO30

DIMENSION Y(3)},YOLD{(3)sYP{3,:4) ITRATO32

DATA RAD /57.2957795/ ITRATO34

YP{1ls:4)=SGN*{BR/B) ITRATO36

FAC=SGN*RAD/(B=*Y (1)} ITRATO38

YP{2:4)==BT*FAC ITRATO40

YP{3 4 )=BP*FAC/ST ITRATO4?

IF{L.GT.7) GO 10 o ITRATO44

DO 8 I=1,3 ITRATO46

GO TO(192+933445+647) 4L ITRATO48

1 D2=DS/2. ITRATO50

D6=DS /6. ITRATOS52

D12=DS/12. ITRATO54

D24=DS/24,. ITRATOS6

YP{Isl) = YP(1,4) ITRATO58

YOLD(I) = Y(I) ITRATO60

YEI)Y = YOLDUIY + DS YP{I.1) ITRATO62

GO TO 8 ITRATO64

2 YP{142) = YPUIy4) ITRATO66

Y{I) = YOLD(I) + D2 * (YP{Is2) + YP{Is1)) ITRATO68

GO T0O 8 ITRATOT0O

3 Y(I) = YOLD(I) + D6 * (2.%YP(I+4) + YP{I,2) + 3.%YP{Is1)) ITRATO72

GO TO 8 ITRATO74

4 YP{I42) = YP{I+4) ITRATO76

YOLD(I) = Y(I) ITRATO78

YCI) = YOLD(OI) + D2 % (3,%YP{I42) = YP(Is1}} ITRATO80

GO TO 8 ITRATO8Z

5 Y(I) = YOLD(I) + D12 % (S5.%YP{Is4) + B.%YP(1s+2) - YP{Is11)) ITRATO84

GO TO 8 ITRATO86

6 YP(1I+3) = YP(I44) ITRATO8S8

YOLD(I)Y = Y(I) ITRATOSO

Y(I) = YOLD(I) + D12 % {234%YP(I153) = 16%YP{1,2) + Se*YP(I41)) ITRAT092

. =~ GO TO 8 ITRAT094

7 Y(I)=YOLD(I)*DZ4*(9.*YP(Iy4)+19.*YP(113)“5.*YP(192)+YP(111)) ITRATO96

8 CONTINUE ITRATO0GS8

RETURN ITRAT100

9 DO 10 I=1,3 ITRAT102

YOLD(I) = Y(I) ITRAT104

Y(I)=YOLD(I)*DZ4*(55.*YP(Iy4)‘59.*YP{I¢3)+37.*YP(I;2)‘9.*YP(Iyl)) ITRAT106

DO 10 J=1,43 ITRAT108

10 YP({Ied) = YP(Ied+1l) ITRATL11G

RETURN ITRATL11Z2

o END ITRAT114
b 0057 CARDS
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SUBROUTINE CONVRT(IGDLAT,ALTyGCLATRKM) CNVRTO02
C SINGLF PRECISION DECK FOR IBM 360 MACHINES (EBCDIC, 029 PUNCH) CNVRTOO4 .
C CONVERTS SPACE POINT FROM GECODETIC TO GEOCENTRIC OR VICE VERSA CNVRTOO06
C REFERENCE GEQID IS THAT ADOPTED BY IaU IN 1964 CNVRTO08
C A=6378.16, B=6356.7746, F=1/298.25 CNVRTO10
C I = 1 GEODETIC TO GEOCENTRIC CNVRTO12 "
€ I = 2 GEOCENTRIC TO GEODETIC CNVRTOL4
C GDLAT = GEODETIC LATITUDE IN DEGREES CNVRTOL16
C ALT = ALTITUDE ABOVE GEOID IN KILOMETERS CNVRTOL18
C GCLAT = GEOCENTRIC LATITUDE IN DEGREES CNVRTO020
C RKM = GEODCENTRIC DISTANCE IN KILOMETERS CNVRTO22
DATA AyRADGAB24+EP2/6378.16457e29578451.00673974.0067397/ CNVRTOZ24
IF(1.EQ.2) GO TO 2 CNVRTO26
1 SINLAT = SIN(GDLAT/RAD) CNVRTOZS8
COSLAT = SQRT(1.-SINLAT%%*2) CNVRTO30
COSTH = SINLAT / SQRT({AB2*COSLAT)**¥2+SINLAT**2} CNVRTO32
SINTH = SQRT{1.-COSTH*%2) CNVRTO34
RGEOID = A / SQRT(1.+EP2*COSTH*%*%2) CNVRTO36
X = RGEOID®*SINTH + ALT#*COSLAT CNVRTO38
Y = RGEDID*COSTH + ALT®SINLAT CNVRTO40
RKM = SQRT(X¥X+Y*Y) CNVRTO42
GCLAT = RAD % ATAN(Y/X) CNVRTO44
RETURN CNVRTO46
2 RER=RKM/A CNVRTO4 :
C SEE ASTRON. Jeo VOL.66 Pol5y 1961y FOR FORMULAS BELOW. CNVRTOSCE 7
A2={(=1.4127348E~8/RER+.94339131E~8)/RER+.33523288E~2) /RER CNVRTO52
A4=(((~142545063E~10/RER+,11760996E~9)}/RER+.11238084E-4)/RER CNVRTO54
1 -+2814244E-5)/RER CNVRTO56
Ab6=({54.939685E~9/RER~28.301730E~9) /RER+3.5435979E~9) /RER CNVRTO58
A8={((320.00/RER=-252.00)/RER+64+00)/RER-5.00}/RER*.98008304E~12 CNVRTO060
SCL = SIN(GCLAT/RAD) CNVRTO062
CCL = SQRT(1l.-SCL*SCL) CNVRTO64
S2CL=2.%SCL*CCL CNVRTO66
C2CL=2+*%CCL*CCL-1.0 CNVRT(068
S4CL=2.%52C0L*%C2CL CNVRTOT70
C4CL=2.%C2CL*C2CL~-1.0 CNVRTO72
SBCL=2.%S4CL*C4CL CNVRTO74
S6CL=S2CL*C4CL+C2CL*S4CL CNVRTO76
DLTCL=S2CL*AZ2+54CL*A4+SO6CL*A6+SBCL*AB CNVRTOT78
GDLAT=DLTCL*=RAD+GCLAT CNVRTO080
ALT = RKM = A/SQRT(1.+EP2%SCL*SCL) CNVRTO082
RETURN CNVRTO84
END CNVRTO86
Following are input data cards for the two LINTRA test runs:
1 1965.0 1 1
45 .00 ~-90.00 0.0 300.0 1.0 O. TEST 1
1 196540 0 1
75 .00 0.00 0.0 300.0 1.0 Oe TEST RUN
45 400 -50.00 0.0 300.0 1.0 Oe TEST RUN
-45 ,00 90.00 0.0 300.0 1.0 O TEST RUN P
-75.00 0.00 0.0 30040 1.0 Oe TEST RUN g;gggg%
L~-16
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MAIN FOR INVARA USING ALLMAG AND THE COORDINATE CONVERSION

%%  DOUBLE PRECISION DECK FOR IBM 360 MACHINES (EBCDIC, 029 PUNCH)

%k

*%ok INPUT:

koK ICOORD
&k

Hoe sk MODEL
Aok T™

1 FORMAT('0' 49X, *GEOCENTRIC COORDINATES
1 10Xe'BY'y14Xe Lty /311Xe'LAT

REFERENCE SYSTEM OF INPUT COORDINATES

=1 GEODETIC;
CHOICE OF 7 MODELS

=2 GEOCENTRIC.
(FROM ALLMAG)

TIME IN YEARS FOR DESIRED FIELD
IMPLICIT REAL%8 (A-H,0-7)
DATA RAD/57.2957795/

2 4Xe'ALT*,/ 510X, (DEGR)
3 9Xs *{GAUSS)*y6Xs ' (EARTH RADII) )

(€, NRTOIN

FORMAT(21I5,F10.3)
FORMAT( 0% 37X92F8424F8e191Xy2F8.29FBe192X9F12.5yF12.4)
FORMAT(3F10.3)
FORMAT( ']
READ(5,2)

MODEL' 413,/
ICOORD yMODEL »THM

GEODETIC COORDINATES?Y,
LONG ALT 97Xy *LAT LONG?,

(DEGR} (KM)',6X,'(DEGR) (DEGR} (KM)?,

TIMEY4F8aly/y? ICOORD*$13)

WRITE(645) MODEL,TM,ICOORD
WRITE(6,1)
IF(ICOORD.EQ.2) GO TO 8
GDLAT,GLON,,GDALT

CALL CONVRT(1+GDLAT,GDALT+GCLAT+RKM)
CT=DSIN(GCLAT/RAD}
GCALT=RKM-6378.16/DSORT(1.+.0067397T*CT*CT)
GO T0O 9

7 READ(544,END=99)

8 READ(54+4+END=99)

GCLATGLON,GCALT

CT=DSIN(GCLAT/RAD)
RKM=GCALT+6378.16/DSQRT(1.+.,0067397*CT*CT)
CALL CONVRT(2,GDLAT GDALT »GCLAT,RKM)

9 CALL INVARA(MODEL,TMyGCLAT+GLON+GCALT»0.01D0yBBsFL}

WRITE(643)

GO TO (7+8)4,ICO0ORD

99 STOP
END
2 1
50.000
30.000
10. 000
~10.000
-30.000
~50.000
50.000
30.000
10.000
-10.000
~30.000
-50.000
504000
30.000
10.000
-10.000
-30.000
~50.000
50.000
30.000
-10.000
~30.000
=-50.000
10,000

1965.0
60.000
60.000
60.000
60.000
60.000
60.000

160,000
160.000
160.000
160,000
160.000
160.000
260.000
260,000
260.000
260,000
260.000
260.000
360.000
360.000
360,000
360.000
360.000
360,000

1000.000
1000.000
1000.000
1000.,000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
1000.000
10600.000

GCLAT sGLONGCALTGDLATyGLONGDALT BBy FL

Input data used in INVARA
test run, chosen to be
compatible with Table 11-2
in Hassitt & Mcllwain (1967)

002
004
006
008
010
012
014
016
018
020
022
024
026
028
030
032
034
036
038
040
042
044
046
048
050
052
054
056
058
060
062
064
066
068
070

NASA—-GSFC COML., Arlington, Va.
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OUTPUT FROM STANDARD CALLING ROUTINE FOR GDALMG

MOCEL TIME AT LONG ALT X ¥ z 12 H DEC InMC

MODEL USED IS NUMBER 1 HENDR ICKSECA TN 99-TESM GSFC §/6% FOR TH = 1965.000

1 19654 =3¢ e =G0 e 180s Ga23810 0206764 ~0a16808 G29919 Be 28752 1586 ~38e18
1 1965« -3Ce e 100, 0e19959 ~Ca06856 ~0e45810 TeSO837 0221104 ~18:96 «£8e27 -
1 19565, 50e “30 . 100 8.05993 ~0,06630 BeS5TT4S G 38059 G 06028 -&5s01 Bas 08 )
2 1965 &Ge 90 . 100, Qe 1 2668 Ce 02118 DeS62TT Ge&T7F24 De 12843 Ge BB Freis

MODEL USED IS NUMBER 1 HENDRICKSECAIN 99-TERM GSFC $/65 FOR THM = 1970.000

1 197C. =30 =90 a 100 Be238523 D N6664 =0,16588 Ge29543 Ge28488 150 82 ~38615
1 1978e =30 -4 0% 100 Cs 19885 =0s06870 =0246080 0050619 Ga 21038 13086 «6Se44 %
i 1970 60 ~G0 e 100 0206146 <=0.00600 057795 CeB8126 006176 -5s57 B2e90
H 1970 [-1:3% %0e 160 Ca 12698 G 02062 8o 56456 Be57TI03 feil2864 Ge22 T7a16

MODEL USED IS NUMBER 2 CAIN ETsALs 120-TERM GSFC 12/66 FOR TK = 1965,000

2 1968, -3Ce -30. 1000 Ga 23823 006681 =0s16840 0.,29929 Ge24742 1867 ~34e 28
2 1965, “30. G0 1C0e 0, 20058 ~0.0684T7 =~0.4%654 T.50334 Bs21198 ~1Be 85 =650 10
2 1965 €0 =90 160e 006008 =0:00627 BeB8TT62 B288077 0406038 —~S£598 84203
2 196Se 6C 90 100, Oe1271 8 Ge 01988 086235 BeS7688 fs 128867 Bo78 TFell

MODEL USED 1S NUNMBER 2 CAIN ETeAle 120~TERM GSFC 12/66 FOR TM = 1970.000

2 1970, ~30s “90e 100 Be 23821 0206517 =0e16674 029589 Qe 24407 15649 =34¢38
4 1970, ~30a 90 e 100e 0s20194 =0.058609 ~Be45721 GeB50444 Ge28311 L3325 k] =68201
2 1970, &0e =90 100 0.06205 =0.00579 Ba87831L OaS8166 006232 ~5e3I3 82485
2 19786 [-2: 29 Do 106 Do 12798 Ve 01917 056524 BeS57986 V12938 B 52 TTe11

MODEL USED 15 NUMBER 3 CAINELANGEL 143-TERM POGO 1B/68 FOR TM = 1965.000

3 1965 “30a “8G e 100 0 23957 Ge 06703 ~0o1672% 029978 B e28877 1563 =33e91
3 1965 -3 90 10Ge 0o 20048 ~0.05840 =<045674 Bs 50346 Ge21179 ~18484 «65212
3 196S5e 80« =G0 e 100e 005991 =~0.00639 Da5778G 058093 206025 -6e DG 8405
3 1985 60e 90 160 Ge1270C Te G1963 0236318 De 57766 D 12850 8279 TTelS

MODEL USED IS NUMEBER 3 CAINELANGEL 143-TERM POGO 10768 FOR TM = 1970000

3 1970e -30 . -GS0 » 100G Be 23700 0.06798 ~0e16310 8229562 Ga 24655 156000 ~33e49
3 1670 ~30e S0s 1600 019989 ~0.06857 =0,45668 0506321 Be21132 1893 ~568017
3 19706 6Ce -390 o 100, Daf6156 =~0e0NSTS 057938 BeBB267 V206181 533 83491
3 1970 0= Q0. 100 Ot 2860 Be01883 056270 GeBFT5L D 12997 833 T6e99
MODEL USED 1S NUMBER & CAINESWEENEY 120-TERM POGO 8/69 FOR TM = 1965.000 %
4 1965 =30 ~S90 o 1004 0o 23954 006687 =0G.16707 0629960 024870 15860 ~33489 G =
4 1965. =306 90 100 0. 20046 =0o06802 <=0.45679 0e50346 De2it68 ~1Be 74 ~6B014
4 196354 604 30 s 100 0 05987 =0,00638 BeBT777R 058091 0206021 -£e 03 84,05
4 1965, 604 S s 100 Qe 12692 Ce 01966 G 56312 0857753 0212844 Be 8O 7418

MODEL USED IS NUMBER 4 CAINESWEENEY 120-TERM POGD 8/69 FOR TM = 1970.000

o 19706 =30 =90 e 100« 0423596 Bo 06464 =—0:16580 029555 024466 15432 ~38013
4 1970 =30 90 1006, 0e 20022 =0o,06888 ~0,435658 ©:50329 Ge21174 ~1898 ~65e12
L3 19704 60 ~“9De 100 0.06144 ~0,00616 Be57940 B 58269 006175 “5e73 83292
4 1970 &0a 90 100 Ge 12833 0. 01870 De56263 Qa57738 Oe 12969 Be29 TTe2
MODEL USED IS NUMBER § IGRE 15650 80-TERM 10/68 FOR TM = 1965.000
5 1965, ~30a «G0s 100, Ge 23816 006658 <0.16682 029830 8224730 15462 ~34400
5 19568a «30e 90 100, 0, 20078 =0.06798 «0:45698 050372 Ge21198 “18471 -65s11
8 1968, 60 =30 10Qe 005967 =0o00874 Qa57735 Ce58045 04085995 ~5e 80 8807
5 1965a 606 90 100 O 1 2650 CeDLBEB 056304 $s57739 Bs12790 Be49 TTe20
MODEL USED IS NUMBER § IGRF 1$65.0 &0~-TERM 10/68 FOR TM = 1970000
s 1970 -30e “50 e 10C. 06235986 0.,06837 ~0G:16451 Hs29498 Ge24484 1%+ 48 =-33.90
s 1970 ~30. 90 100+ 0 20077 =D.06783 =0645890 CeBOBAT Be21192 ~184 67 5521
s 1970, 80 30 s 100, 0006126 =0.00540 0:57808 0s58132 0s06150 ~Se04 83493
5 1970, &0« e 100 Ve12723 0+01828 Ge56485 De37929 Ce12853 Be16 T7el8

MODEL USED IS NUMEER & LEATON MAL IN EVANS BO-TERM 1968 FOR TH = 19854000

L] 1965, ~30. =90 e 100 Be24028 0.06833 ~0,16703 0030050 G 24980 1587 ~33e77
[} 196S5s ~30a S0 100, 0e20050 =0.06946 =0445780 0506459 0221219 ~39e11 ~65e13
& 1968 &0a =90 ¢ 100 §.05998 ~0.00619 Be57939 0.58251 206030 -y BY 84405
& 1965 60, b1 100, O 12854 Ca.01928 0256330 Gs37742 2s12701 Ba 73 77429

MODEL USED 15 NUMBER 6 LEATON MALIN EVANS BO-TERM 1965 FOR TM = 1970+000

& 1970, “30. =90 100 0o 238481 Go 06697 =0616406 029706 De24764 15669 ~33e52
L3 1970 =30 G0 100G, 8419879 =0a06965 ~0.46038 050628 Ds21084 ~1Ge¢31 -6Seht
L3 1970 &0 G0 s 100 Ce06155 =0,00593 8258080 V58408 0+06183 -S5e Bl 83,92
6 1970a 60 90 s 100s Gs 12651 Ca 01856 056469 0+57899 0s12786 82346 T7e2%
MODEL USED 1S NUMBER 7 HURWITZ US CEGS 168<TERM 1970 FDR TH = 1965.000
7 1965, -3 e “90 ¢ 100 fo 23504 0206707 =0o18777 0229965 Go24828 15567 ~34405
7 1965, =30 SDe 100 Oe 19948 =0,06860 ~0.45625 0e50266 Ce21094 ~-18598 ~85.19
7 1965, 60a -390« 100, 0.06028 ~0e00517 057719 0458036 006057 5485 84,01
7 1965 600 G90e 100 Ve 1 2699 Ve 01995 0e56219 057670 Het285S BaG3 TTe12
MODEL USED IS NUMBER 7 HURWETZ US CEGS 168=TERM 1970 FOR TM = 1970,000
S
i 1970 =30 “90a 100 023630 806532 -0,16498 B 29550 Do 24516 15645 =33498 gjﬁi
7 1970 ~30e 90 100, 0, 19896 ~0,06848 ~0.45681 0250294 Bs21042 =18.99 65027 ;l" i
¥ 197C, &0 -Gl a 100, D:06188 <«0,00597 s B7796 0e58129 V086213 “Se 51 B83.86
7 1970 50 20 e 100 Ga12818 Ge 01983 0e56347 02857721 Ve 12964 Ba 65 7702
L~18
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BODEL i s . o + '
e ess.on OUTPUT FROM LINTRA TEST RUN # (IPRINT -
PRI NT i
COORG i
GEQUENTRIC COORDINATYES GEGRETIC COURDEMATES STEPLIIESARCLERGT M H ALY LABEL
LAY LONG 141 LAY LONG ALY D57 AN
{OEGRE {(DEGR} {#Ey ekl {pEca: {KE} KM}
DRIGEM a6 By =GB O0 G36T2% 45,00 —=92:06 G20 Bite ie So TESY ¢
SYES LAY EBal ) B ALY B8 8y g E-
BODEL USED IS MUREBER i MENDRICKSECAIR 99-TESR GEFO /868 FOR TE = 196%.080
018 COORDINATES FOR STEPS i e {4 0 808 = HE LUl BIE8, wBae =5 BFIRE ~D.I5686¢ Go UEE30 G BEVLES
GLD CODRDINATES FOR 2TEP2 2 & &4 2 BO8 50 GO0 6388, ~ta «“0e383F5 ~8.12143 §.00732 G022 BT
DL COORDINATES FOR STEps ERR 2 w4 5208 ~38.8560 &£388 4 “ls »Bs3B488 ~G.12572 GoBETIE GeBBIZE
OLy COGHOIRATES For SYEpe §& 3% 422865 95183 Tia8e FIVs (238858 ~0.8283173 G BOFES G.40T58
GLO CODRDINATES FOR STEDS o 42 865 ~G0ai53 TiaGe Flae ~Ho2F0LL ~8.0695615 Ha GOBLE G 2aEYE
DLD COORDINATES FOB SYE®Rs & wF A0 LAY g s 358 FGE3e 18568 ~Q270IE ~0,0%8%4 G UBEIS G 2BEBE
LD COORDINAYES FOR 7 s% EDLBY? ~UBe31EB Feiie (583 =021 98T ~0.07728 $.04510 e 2LV EE
OLD COURDINAYES FoOR & mw BB.934 GG HB & BETE s ZI0Z e «0231967V1 ~B 07728 GeLG810 Ge2t TaY
UL CDORDINAYES FOR G B2 BH. 882 ~90.882 BE 2R . B0B1s ~CL147ED ~0.08319 0G.00827 Ce.ineYE
GLD COGRDINATES FOR 16 ¢ BEGH2 3G .8LE (0i6La BTV e =8 L1188 ~5.08247F D D0IES ESE-TY % 4
QLS COORDINATES PR i1 ww® 33528 =20 LTV jE2: 070 o 285Ts ~0.08803 ~D.08887 G.05311 GeOTER4
LD (OURDINATES For 12 %2 Fie2iB =%is138 £i60%a BEET . =0.8869F7 ~0.83752 S=G5278 EPt o d ki
LD LOORDINATES Fom 13 e 2 LFEI ~ULL2RT7 12328, E343. ~FoOBB0Z ~BU3247 OC.00237 D.08LF
LD COURDINATES Fos i1& s 272637 Ea2 12 -1 130 it s 6637 e ~BL0AB4T ~£ 02828 Gu QGZI0 Be0B%Ee
GLD CODRDINATES FOR -2 2 25,5588 T L 533 3692 PEi8e ~B.0ITEE «G.08487 SeTIEE [:P%. 79 54
Gip COURDINATES FOg 5 wm E3.474 -2 5. PO 14358, FoBS,. ~E 03080 ~0,025808 Te GCLFG Se.03¥ds
DLD COURDINATES FOR 1Y =% £1.791 -$§ 929 - Ei}- 533 ~DLU2BEZ ~0. G972 RSS2 B UIEYs
DL COORDINAYES FOR i& w®& 19901 R EUEE 15048 BREBy ~L 02122 ~B 81777 08141 Gel27EE
DLO COORDINATES FOm 19 =% 18.003 -G P REG 162846, CBT8e ~001798 001612 S 081 38 G026 %%
L COORDINATES FOBR ZTEss 20 &% 18092 Il l (6846, 10560 ~Ca0i518 ~f.0G1472 000128 L0258
GLD COORDINATES FOR STEes 2E % 18,1866 Q2878 176314, F5038 . <0 ULRTS ~C.0135% B.00143 Se1 488
G0 CODRUGINATES FOR STERs gz ww 32222 =02.783 ETGRY S L5880« ~0.51088 «0,01252 s GOL 06 S.05457
OL.O COURDINATES FUOR STEPS 23 =me 3022857 ~9Z.914 P8eYis 12093, ~0.,00912 ~0.06116% 0$.00100 ol &Y
QLD COORDINATES FaR STEDH 28 ®% B+27T0 “g3L088 18953, LE8TE . ~U0L30765 ~G.0189% GeUNOGE G201 358
8.0 CUORDINATES FOR STERS 25 %% & 258 -P B 2HT 19400 . 3052 ~B.005843 ~C 01026 e BOGSE Ge0EZ18
LD COORDINATES FUOR STEDS 2% %% Be22% w3350 iesdg. 23821 ~U00534 ~0.08978 G UTGEER DeBLE LS
GLD COORDINATES FOR SYEPS 27 &% EXS =11 -3 3,630 BGLTE, FEVGY e ~5200838 «08,0093% GeGugas (P8 Rk
DL COURDINATES FOR STESS 8 2% G078 -2 2,838 20495 s 18118, ~L,00382 ~5.08894 G BTHEE Geo0dad
OLD {UCRDINATYES FOR STEFP# 2% B E-PS 31 P4 UEE  P2OTET . 14388 ~0,0027% ~G,00864 G« B0083 S.00931
GLD COORDINATES FOR LYErs 30 =3 L2 P S LY ~Fh 282 2028, 2 ab8% . ~GL0820F ~0.00841% $a GOUE3 B 0058%
LD COORDEINATES Fom STess 23 =% e 323 PP 2 4 LAFET« ~0s-00138 «0.00828 G B0HEE S0 OCELE
QLD COORDINATES FOR STERS 22 we B o BB 34 (&FG 14860, «0.000673 ~Q.088148 . B0L88 o BOEYY
2D COURDINAYES FOR SYEos 23 ww ~3 3 H83 P4 QUG 14%910s ~0000018 ~C.0D809 GaGLEBG G B0diy
QLD COORDINAYEL FOR ITESe 2z %% B2 ¥ %143 ~$E 54T 1489 o BLOB08) ~0,.50610 G GOL 88 EaBOELY
DLD CODRDINATES FOR SYErs 35 w% -4 ,.98% P8 L 3E S LR 13309 GLB0818 ~G.08887 L. 50592 G O88%G
DL COORDINATESZ FOE STEes 36 &% =171 35 =EE A5 1EBTFR . GG0ETY ~3,0083¢ G U0008 G, 60858
OLD COURDINATES FOR sSYSws 3T &% wiG e ZT0 T 14473 5200248 ~G.00843 G HOLGE . 0089C
G5 COURD IMATES SYECS 38 %% =#i 383 «9H.1%2 18221 s SR30322 ~0.00874 GoOBITE  B.O09EH
LD COORDINATES FOR 3TES2 32 % ER- A PY ¥ 38 2280 L3%i%s CoUB803 ~0.00908 G 80117 G, 20498
4. COORDINAYES FORE SYEPs# 8% w3 PR B 36 L TY ] 33569, G08493 000943 TaGUEEF G=0L 076
3D COORD inNa sTEpe &3 #®¥% -2 PBPE 2T 493 3175, G00598 «~2.00998 rS oyt GoDLEES
DLl CODRDINATES EYEes 42 S 2 HE2 Ped2 2 PB7S3, GL00¥3E =D.81087 Gs 0188 B0 ETE
’2 SLD COORDIMAYTES FOR STEse &F & 1568 Q7 s TES 18647, 2R, HE0843 G088 G=G0LFR B GLEET
4 DLD COORDINATEE FOR SYEPS A% % —33.523 “GReLi3? P81 es. 1EF T4 #BHURE ~0.01189 GeT0E 93 Go il Xed
DL COORD INATES Fiut STEpPg A% ## 38,458 “3B 527 1P5i4. 1i12a3. DeBLITE ~0.012%4 G DU E G.01¥52
D50 CODRDINATES FOR STEfg 48 3% =FTFLITI -98.988 (FTOHE. 10686, G039 ~0.01383 0.00258 G.01977
G0 COORDINATES FOR STERS AF &% ~30 5 269 L AT 1 PS8 T 10108 Gelitds ~G.01508 G5 GR2E8 G2622 468
D10 COORDINATES FOR STEp2 48 &2 ~% 3 o £ 49 ~GG 880 P58 7L, SEEZ - 201940 ~0a01648 S 80358 CLO2EFE
3.0 CDONDINATYES FUm STESS &85 B ~kBsG{? =(00.409 IHZ48 . BEFG TG2OZ319 -5.09883%7 2. 00595 GLU2ETE
LD COUBDINATES FOR S7E¢s BG 2% ~—84 L ETE ~3150.,990 14607, 8232 LeB2VF: ~0.02457 G CO8FE G B345¢
LD CoORDINATES FOR SYESs 8% wu% wieT26 «i0E5633 1E98G . FE83. G+0333%% ~0.L225% GeD4BET BeOoYEE
8L COORDINATES FOR SYESg2 B2 &% 58 EYZ «3102.352 13273, HEREL o Ga04532 ~0.02540 De G634 G.0888%
.0 COURGINATES FOR STEpg 53 %% =BG 28LF «i03.162 L2582, S227 s GoUEPER «GL02888 B 2CBS0 G 087EY
BLD COGRDINATES FOR STESE 54 &% “B2 o 26& ~304.088 11895, BEIC. BelBUEHE ~0.0330% Ho HLEEE GeG59US
LD COURDINATES FOR RYEps 8% w@ “54 138 ~i0B:4182 ER S E2 3> V37560 ~G.03831 G2 01398 2508569
BLD CODRDINAYES FOR STEPS 55 2% =55 668 ~i06,399 16868, 4185, HLOE588 ~U 048848 Ge SEBEG B.10FEE
OL.D COORDINATES FOR sTsfs BF #% BT BIB ~i07.878 PT8L o 3378 Gai 2278 «0.0GF5321 o 2681 Be13808
G0 UOORDINATES FOR sveps BE &% »BG,EB2 «359.563 BOGS . T 5 N 256088 ~0.08373 S G3L00 Bt THER
LD CODBRDINATES o LYEPS 89 % 5]« S8 ~5i 1853 BZEZ S 19068 $286311 ~D.07753 G H4849 BePIHEE
GLD CODRDEIMATES FOR STEP:2 &8 =% =53,808 «1185:587 FEiZs 31i51 . CeEV082 ~04%5F8 D.07168 G.3228%9
GLD LOCRDEIMATES FOR SYEPRs 5% 8% 58,216 ~158.083 HYBE . 258 . B4 3309 =154 78 B.E50I8 Getn2EE
IMTRSCY =Bhetd ~§20428 &3H0s3 wEHe 2T ~180e 2% G0 425819
5 PRT— i ere : xe 5
Tehe ess.ch OUTPUT FROM LINTRA TEST RUN #2 [IPRINT - O}
BRINT ¢
LOTRE i
GEQUENTRIC COORDINATES SYEPSIZEZARCLERG TH Diw HALY LASBE]L
LAY LUNG f=i 8 DRFARE
{DEgry (DEar} {wu} (i}
ORIGIN 4 .90 Gaiy H358,.2 3004, ie Ga YESY RuUR
BODEL USED IS NUBBER | HENDRICKSECAIN SO-TERM GEFC 9/6% T8 om [F65.000
ENTRSCT BT B3 T3.66 EA8G. 8 ~GHL 02 T3, 68 el POiE32.
ORIGIN B& .8 =P G &367 .5 45,00 B, G0 Gael 811 H Do TERY @in
IHIRSCY 65513 12028 S 3I5C.3 “Ghel¥ Gal 488G
TRIGIRN EL LY 31 $6.00 BIET 5 - 55,00 80 Fel Hit e is D TESY mis
INTRECT HZe 356 75.6% 6361 % H2:52 P65 G0 LS4 51N
g@fﬁ%
GREGIN -FesB0 G503 63582 ~¥TE. 00 GO & el FEAE . i TEST Ran
EMTRSCY BE 59 6T L B8 5EE3 8 5% 87 ~B 5L BE frra e 3529,
L=19

b s e i e e s s e e




e ses.0 OUTPUT FROM INVARA TEST RUN
ICOORD 2
£ ®
GEQCENTRIC COORDIMNATES GEQDETIC COORDIMATES 5] i
LAY LONG ALY LAT LONG &L T
{DEGR} (DEGR) [ 4 )] {DEGRY {(DEGR? (M {GAUSSS {EARTH RADI!EY
MODEL USED IS RUMBER 1 HENDRICKSECAIN 9o-TERK GSFL 9/865 FOR TM = 1965,000
B0 00 BEU 00 100060 50«16 &0« 0G0 1G80.0 $.34301 22817 *
3G.00 &0 00 10000 3018 ééeﬁa 10000 28846 13330
10,00 &0 . GO 10000 1005 60 00 100060 023211 11092
=3 3.00 6000 10000 «10.086 60. 00 10000 0e23609 12581
=3G .00 &0 600 L0000 32014 E0. 00 180060 026279 1.9259
=53 ,00 6000 1800.0 5016 £0. 00 1000, 0 029988 22,9519
56.00 16000 10000 50186 160 00 i00G«0 032219 21171
3000 16000 10000 3Ce.14 150,00 10000 G.25390 13242
10,00 186000 i000.0 10086 160 00 1006060 022232 $e1209
=i 300 160,00 10000 =1 0e 06 16000 100G 0 0626375 i.2318 §§%
~30.00 160,00 10000 ~«%F0e 18 160, 00 LG00.0 Co36381 1 «B40S ,g?
=850 .00 160,00 10000 B0 16 160, 00 10000 G 40628 4,3908
5000 260600 1G00.0 5016 260. 00 10000 G.37821 & 56888
3500 26000 1000.0 30.18 26000 16006+ 0 032013 19539
10,00 260,00 1000.0 10,06 260+, 00 1000.,0 Qa280484 12910
=1 000 260 .00 10000 =10e 086 260, 00 108G 0 Be 19753 11643
=30 .00 26000 13000 ~Z0s 14 260 00 10000 Ca22004 13276
=50 00 260,00 10G0s0 =BG 16 260, 00 1000.0 G.27878 19094
S5CG.00 36000 18G0=.0 50186 260,00 10000 Geo321112 26408
3000 360,00 10000 2014 360 GO 100G 0 025268 14280 B
10 .00 360.00 1000.0 1006 360,00 18000 G 19930 1,172
=100 36000 10000 =1006 260,00 10000 T 18ESZ 12951
=300 360,00 1000.0 =30s18 360,00 10000 s 19635 17096
=50 .00 3I60.00 13000 5016 36000 1000.0 G.22230 254846

e

*Compare these values of B and L with Table 11-2 in Hassitt and Mcliwain (1967)

=
T

20

i

@

R

2




EEOOF INPUT CODRDINATES 08

- ;@eygx O ?&? ;’:‘{ §L§} B M@;zg, s . ﬁgg - ,?9 g»f;"g&;g?g-sg . %

*”y/’a?ﬁ 2@%??@% PO . R RO R . . g;gé . REc a. LEneTH 84

3 . ST !,{:;3;’;%449% {;gg&g%“;’g{; i;}fggf}gﬂgg’?gg . {?1@ i . L QE{: [ gg Lg;\;{;‘g’g—; i 84

ALT.7Xs 1 IHLAT  LONGs a20 - . REC 10, LENGTH 88

b

M
0
g
o
b
:x R
44
2
&

AT /5 I0XS1OMIDEGR) (DEGR)  {KM) 46X, 1OHI{DEGR) (DEGR) (KM), ¢22 ) . OREC 11,

2 OGRS THIGAUBSS Y3 A¥ s 1 3HIE AT

ﬂm,% t?gg;%g }}} e e e et e e {}2&' e s gg;}:{;;g, Lgf@g'{a as

21T, TIN5

{}25 e i:zg(: "”3;3', g»g:m{;“g’ﬁgg .

Bel s 1Xs2FR42,FBa132XsF1245,F1243) : - sze REC 14, LENGTH 84

. $‘3:§ e e o Q%:C {gﬁ Ugwg?\i{;?ﬁ aa

Ly T30/ 7H  TIMESFBa.1,/.094  1CO0RDS13) 032 ' ' REC 165 LENGTH 84

S0y MOD T L, TH - 534 . REC 17, LENGTH 84

s ,"?‘%;ga ?{‘7{@}9 e s . R e e {3 35 B RS s ?gg{ I ;g, ngg{,};‘ﬁ AU ﬁ,& e

038 o . . g:gg{j i?f;, Lg{;\g{;’rzﬁ” . 8@

oy on toom {}gg - o . ;‘gg,{: . g'{};i_g%{;?}g . gq,

{5 s he TR

CONVETL1+GDLAT,GDALT 4GCLAT 4 RKM) 044 REC 22, LENGTH 84

. . ‘gxg§g;.;;j§_m;;’§‘j§tag;§} U e U . PR . iaé R . . . . . 53, g_»gN(,'g‘sq . Sg .

M-637B.16/ SQRT(1.6.0067397xCT*CT) ' - oas " Rec 24, LENGTH  ss

en To o 350 ‘ REC 25, LENGTH a4

GCLAT L GLONL,GLALTY 052 REC 26, LENGTH 84

SCLAT/RAD ) 054 . . REC 27, LENGTH ssa

MLTEGITB 16/ SAPTI145 47067307 %CTRCT) 056 ‘ ” REC 28, LENGTH 84

CALL CONYTTI 2, GOLAT s GDAL T o GCLAT » 2KM) 058 ‘ REC 29, LENGTH 84

060 REC 30, LENGTH a4

gé? L QE:‘;: - L§MGTH 8@

G564 ' BEe D . § ENOCT M @



REEE -5 R ‘ REC . 33s LENGTH . 84

568 ' REC 34, LENGTH 84

JINYVRAGD2 , , REC 35, LENGTH 84

DCTAL MACHINES (BCD, (28 PUNCH)

INVRAOOA ~ mEC 36, LENGTH 84

LiNYRBASDSE o , S RELC 37 . LENGTH 848

IPQULOS AND. G D MEAD,  INVRAGOS REC 38, LENGTH 84

CE FLT CTR, GREENBELTY, MD 20771 INVRAD1D , REC 39 LENGTH - 86

kL APERCENTY INVRAS1Z2 B e REC S AD. LENGTH . 84
CELONG=L OMGITUDE 1IN DEGREES L INVBAGLS , : , , REC 41s LENGTH = 84

DM BURFACE OF EARTH IM KILUOMETERS  INVRAQIG » REC 42, LENGTH = 88

,
%
i

@

fiss

RCLZ20D I NNTI3)-VPI3) BEGIZ00) ,BENDI200 ),  INVRAOIB = B REC 43, LENGYTH 84 . .

LOAGLEDT 8001200 3,210 33,R21033.,7303) e B e

EINVRAD 2O REC AR, LEWGTH 0 84

VE1,23=ALT /637 .0 — e . INVRADZ? REC 45, LENGTH a4

L NEZ223 5080 5= FLATI /5722957735 e ANV BAGZ2& e L REC 46, LENGTH 84

O YLB23=FLONG/ST7 2987795 . e o , INVRAD 26 , REC 47 LENGTH a4

ARCOII="a INVRAO 28 | | REC 48, LENGTH 84

INVRAOQ3S ... .. ... REC 49 LENGTH = 84

DCLT=1.5708-0,2007% COSIVI3,2)61.239) : , ENVRAD 32 : : REC 505 LENGTH 84

INYRAD 34 : L .. REC 51 LENGTH 84
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LBDIZ I=l.3 B o o , B B . INVRAQAD REC 54, LENGTH 84

Y13 =Vs2) e e et ANV RADEZ B REC 55 LENGTH 84

LEZ OMNETI =T L3 . e e , .. IMVEAGSR4 REC 56 LENGTH = 84

CCALL LTNESA(R] P2, R, BsARC,ERR, Js VP, VNsMODEL ,TM)Y INVRADA4S ; REC 57, LENGTH 84

CEFA 2 N e YT 0 AT e i ANYRACSEB . REC 58, LENGTH = 84

A7 FL=-1el e , INVRAGSO REC 59, LENGTH 84
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INVRAGSSE REC 61, LENGTH 84

16 JUP =S

B0 s J=L.dUB e T B : , INVRAGSS , REC B2y LENGTH = B4

CARCAS = ARSCARCOINY INVYRACSE , : REC H3s LENGTH &4




FPAZ2A7m0e 23 8BAOSKRY NS e o ALMGLSBS ; ... REC 865, LENGTH 84

P21XDP124EDP21%P126-0,231884C5%0P144 . ALMGLSB?  REC 866, LENGTH 84

PI35=P21%F125-".21739130%P115

ALMGL 588 ;  REC 867, LENGTH 84

DP135=P21DPI2SENPR1 %P 1250, 217391 304DP115  ALMGLS89 REC 868, LENGTH 84

L PI36=P21¥Pi26-0,19875776%P116 e o , ALMGL 590 REC 869, LENGTH .84

L BPLIIS=P21ADP 12 6E0DP21%P 1260, 19875776%DP116 - B , ALMGLSSL , REC 870, LENGTH 84

 P137=P2I%P127-7.17598343%P117 ALMGL 592 - , REC 871, LENGTH 84

LBPI37=R21FDP 12 7EDP21¥P127-0.17598343%0P117 CALMGLS93 ; REC 872, LENGTH 84

 PA3B=P2IA01I28-" 1490683247118 S - | ALMGL 594 REC 873, LENGTH 84

P . DPLI3B=P2IADPIZBENE2 1¥P128-7,1490683240P118 , ALMGL 595 REC  B74, LENGTH 84 -
- . L
LEA3REP21AP129-7.11801242%P019 . U Lo ALMGLEPG , . REC 875, LENGYH = 84
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 DP139=p21#DP129E0P21%P129=2,11801242%DP119 - , ALMGL 597 REC 876, LENGTH a4

P1317=P212P1210=0.08281573%P1110 o - - ALMGL 598 REC  877s LENGTH 84

L DOPL31C=P215DP1I21080P21%P1210-0.08281573%DP1110 ALMGL533 | , REC 878, LENGTH B4

P1311=P21%P121 1~0,04347826%01111 - ‘ » ALMGLEOD REC 879, LENGTH a4

DP1311=P21%DP]2118DD21%P1211-0.04347826%0P1111 , ALMGLEO1 , REC 880, LENGTH 84

A D L B B e e ALMGL 602 o .. REC 881, LENGTH 84

DPL312=P21%DPI2I26PP214P 1212 . ALMGL603 | _ REC 882, LENGTH 84

CP1313=p22sP1212 , e : , ALMGL 604 . REC 883, LENGTH = 34

DP1313512,04P1 312

ALMGL 605 | _ REC B84, LENGTH 84
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ALMGLB06 ‘ REC 885, LENGTH 84

C2=G(13,23%CP28G(1,13)%sp2 B , ; ALMGL 607 REC 886, LENGTH 84

LE3=6L13,3)K0P3EG2,13 %523 e e ALMGL 608 , . : ... REC 887 LENGTH 84

Ca=Gl13.,431%CREE6G 3, 13)%SPs L , ALMGLEGS REC 888, LENGTH 84
H
S CB=G{13.5)%CPSEGI4, 13)%5P5 S ALMGLB10 REC 889, LENGTH 84

CHZGLLI,6)%CPEEGIS, 13)%5P6 i e . o ALMGLeL1L S . REC 830 s LENGTH B4

C7=G{1 3,7 %CPTEG( B 1AIRSPT S o ) ALMGLGE1Z REC 891 LENGTH 8%

L CB=GT13.8)%CPBEG{T7,13)%5P8 R : , ALMGLGL 3 REC 892s LENGTH = 84

=Gl L B O PO G B 1 B Y RS ; ALMGLE14 o BEC 893 LENGTH . 84

C17=5{13,10)%CPI7EG{9, 13)1%5P10 ) - ; , o ALMGL 615 REC 894, LENGTH B84

Cil=GL13, 113 %CPLIEGI{I0.133%8P11 , , o o , ALMGL G616 ’ REC B9G, LEMGTH B4
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INvRAOS2  REC 65, LENGTH 84

.B8s LENGTH ...B%

INVRACSE — e BEC 67, LENGTH 84

 INVRAOES . REC 68, LENGYH &84

d= AG UM

SYEARCLIELY INVRAGTO - REC 69, LENGTH 84

BT SUIRLOGII-1)-BLOGIJEL 3R ARCI S $22-DX*ASUMSR2 ) /DN INVRAQTY2 REC 70, LENGTH = 54

INVRAD 74 B e REC Tl LENGTH 8%
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SAzTBXARCLS) INVRADT7S o I . REC 72, LENGTH 84

B E B A e R O A S UM e ANVRAGTS REC 73s LENGTH B4

INVRAQBO REC 74, LENGTH 84

invesaosz .. F. . REC 75 LENGTH B4

fad

INVRACSS - . REC 76, LENGTH 84

_INVRAGSBE | REC 77, LENGTH 86

INVRAGSS R REC 7By LENGTH 84

D SUDY =R IUP) INVRAO 90 REC 79, LENGTH 84

ECI(IUPY=(2 N /ARCGIUP) IXALOGIBENDIJUPI/BEGLIUPY) INVRAO92 | | REC 80, LENGTH 84

CINVRAGSHS e REC T Bl LENGTH B4

INVRADOS6 , , REC 82, LENGTH 84

INVRACOS . REC 83, LENGTH 84

_INVRAIOOD  REC 84, LENGTH 84
RN o INVRAL02 ‘ REC 85, LENGTH 84 @

INT STARTAIRISR2,03,B,ARC, V,MODEL,TM) | STRTACO2 REC 86, LENGTH 84

C.oRxEEX  SINGLT VRECK EDR DCYAL MACHINES (BCD, 026 PUNCH) L JBTRTACOCE REC B7y LENGTH 84

CDIMENSION BU2073ARCTI2T03,vI3,3),81(3),8203),R3(3) ... B3TRYALOS . REC BB, LENGTH 84

LEIT= ABSL SIMIVIZ2623 ) : : STRTAGCSH REC 89, LENGTH 84

CAEEEM A L2 e e S T RTAG G - o CREC 90, LENGTH  B&

LEBRES L YRS T R i DTRTADLZ , S ... REC 91, LENGTH 84

STRTAD 1S . REC 32, LENGTH 84

STRYAG LG . o REC 93, LENGTH B4

AT IFINIS.23338 612,12 e O ... .. 3TRTACISB . REC Fhe LENGTH = 84

A1 V3,23 =VU3:20808.283185307 . L BIRTALZO , REC 95 LENGTH CB%




,,,,,,,,,, PP e ALMGL 554 . SREC B33 LENGTH 84

........... e BB A2 BIRCPIECT 2 12 VRS0 e e ALMGL 655 . REC 834 LENGTH 84

3 123%B04 ettt LOALMGLESBS REC 835, LENGTH a4

CH=G12,5)%CPEEGI 4, 12)%SRS o o ALMGLSSY ' REC 838, LENGTH aa

Gi5s12)%8P6 o : e AL MGL BHS : e , REC 837, LEMNGTH 84

LI7=GLL2,7IRCPTECIH, V2 IXEPT ALMGL 5859 , e . REC 838, LENGTH 84

ALMGLS60 S , REC 839, LENGTH 84

CO=GL 128120 PORG{ R, 12125029 e AL MIGL B8 1 L L . REC 840, LEMaTH = 84

LT =GR, 10y RCPRINEGID, 12385010 , ALHMGLS 62 , CREC B41s LENGTH = 84

LERE=GLI2, 11 RCPLEEG(10, 120%8P e : , , ALMGL 563 , : ; REC B4Zs LENGTH 84

e Cl2=011212)30P128G(11,123%3P12 T DU S ALMGLBE4 , , o REC 843, LENGTH 8&

BRz=AR-12, THFAURR{G{12, 112D 1210024 P 122803501230 CaxP i 240 CE2P 1 285 08%P 1 AL MGL 565 , o REC 8445 LEMGTH = a4

126507 2P 127 CBAP1I280CO*PI290CI0%PI210ECII¥PLI2116CI24P1212) - ALMGLS66 . REC B43, LENGTH = 84

L BTEATEAORRL {1 2, 1 3RDPI2IEC24nPl 226 C3%0P 1 235C44DPI248C53DPI 288 C6%¥DPALMGLEET , P L REC B46, LEMGTH = 84

CI12BECT7RDPI27ECARDPLI2RECOXDP 1296010 ADPIZIGECLI*DPIZ2EIIECI2%DP121 23 ALMGL B568 ; , REC 847, LENGTH 84

APzBP-A0RR{ { G 12, PIRSP 2011 412} %002 12D 12258208 {G{1R2 3} #5P3=G{2,12} ALMGLSEG REC B48, LEMNGTH 84

1RCP3)%P12383, fﬁi¢§¥ge&}?”@é GU3412)1%CP4IXP 12454 (0% (GL12,5)%SPS=Gl4ALMGLSYD  REC 849, LENGTH 84

2 123 PRI 2P I 2BER k(G {12, 61%5P6~GI5, 121 %CPREIEPI26086.0%{G{ 12,7 1%SPTALMGLE 7Y o  REC 850, LENGTH &4

B=Gi{B. 1212 (P72 I 7L T, 35 (G 12,81 %5P8-G{ 7 121%(PBI%PIZBESC*{5{ 12,9 ALMGLBT2 ; , e . REC B31e LENGTH B4

4ESPITGL8, 12 xCP0) AP 12969 0% (G112, 10 %5P10-GI9,12)%CPI0)*P1210810.0ALMGLST73 - REL 852, LENGTH = 84
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6 . %ﬁiwii s 11 35S -Gl 10, 1232 CP113%P1I211811.0%2{Gl12,12)%8P12-G{1112)%AL MGL574 o REC 853 LENGTH 84

ECPIZy*P12123 ‘ S o , ; ALMGLS 7S REC 854+ LENGTH = 84

TR ANMAX oL EL 120 G0 TO Y e ALMGLBTE ; REC 855, LENGTH = 84

e , ) R o o M=13 ALMGL ST ‘ REC 856 LENGTH B4

LEPLI3=(SPTESP T #CPT o : B ALMGLST7B REC 837, LENGTH = B4

,,,,,,,,,,,,,,,,,,,,,, CPL3=(CPTESPTI#{CPT=SP 7). R - LALMGLETS , : . REC B58. LENGTH = 84

P131=PRI%P121~"e250581759%0111 : ALMGLSBO ; REC 859, LENGTH 84

DEI31=P21ADP 2 I6DR2 1%P121-,25051 7504018y o ALMGLS 81 CREC 860, LENGTH 84

LPAI32=P2 RP122- 0 28848 T20%XPYI Y2 ALMGL 382 : . REC 861y LENGTH B4

DPI32=P214DPI22EDPRI%0R1 22T , 24844 720400112 ALMGL 583 REC B62s LENGTH 84

P133=P21%p123-",24223602%P113 . , ALMGL 584 ‘ REC 863, LENGTH 84
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