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ABSTRACT

This report documents the computer programs used in the Bent
Ionospheric Model and briefly describes the development of the model,
The FORTRAN Program is designed for general use and can generate
ionospheric data on a world-wide basis for any past or future date., Fora
given condition consisting of station, satellite and time information, the
electron density versus height profile is computed from which range, range
rate, and angular refraction corrections as well as vertical and angular total
electron content are obtained, The model has the additional capability of
improving its predictions by updating with actual ionospheric observations,
Considerable tests in the pastrhave proved this empirical model highly success.
ful, Also included in the documentation is an alternate version of theionospheric
program to be used when stringent space and time requirements are imp’osed
by the operating system, However, several options of the standard program

are not incorporated and the accuracy of the results is somewhat reduced,
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Azimuth angle of measured ray path
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Error in E duc to refraction
dE
dt

Critical frequency of the F2 layer

, time derivative of the elevation angle
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Height of maximum electron density of {;F2
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_:l.‘}*_ , time derivative of satellite height
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Decay constants of the lower, middle and upper
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1.0 Scope

This specification establishes the requirements for complete identification
of Items #0001 and 0002, '""Documentation and Description of the Bent Ionospheric

Model, "' to be formally accepted by the procuring activity,

The Bent Ilonospheric Model is an empirical world.wide computerized
alogrithm capable of predicting the ionospheric electron density profile and
the associated delay and directional changes of a wave due to refraction. The
following documentation of this model i8 formatted in accordance with Para.
graph 60,5, computer program product specifications, MIL.STD-483,
"Configuration Management Practices for Systems, Equipment, Munitions,

and Computer Programs, "

Sections 3,1 and 3, 4 outline the overall program structure,
Section 3,2 gives a detailed description of each program component,
Sections 3,3 and 4. | incorporate the program operation description,
Section 6,1 and 6,2 outline the ionospheric model development and present

its accuracy and limitations, and Appendix I contains the program listinga,
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2,

Applicable Documents

The documents of exact issue shown, form a part of this specification

to the extent specified herein, In case a conflict occurs between the referenced

reports and the detailed content of sections 3,4,5, and 10, the detailed content

shall be considered a superseding requirement for this CPCI,
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3.0 Requiremenis - technical Description

In the area of satellite communications the refraction incvrrred o, o

wave propagating through the ionosphere is most important. The Bent

lonospheric Model is an empirical world-wide algorithm capable of accurate’
estimating the electron density profile and the associated delay and direciiona’

changes of a wave due to refraction, The model computes the electron density

versus Leight profile from which the range, range rate, and the angular
refraction corrections for the wave are obtained as well as the vertical and
angular total electron cont-nt, Although the mocel is presented for ground
to satellite communications, it is readily adaptable for ground to ground,

or satellite to s.tellite communications,

The only required inputs to the model are satellite and station position
and time infcrmation and a limited amount of solar data, For the model's

additional capability of improving the ionospheric predictions by use of actual

et st Sl i AR s aass

ionospheric observations, measured values of electron content or the critical

frequency of the F2 layer, foF2, can be incorporated alcng with the observation

[

station and time information, This update option uses a weighted mean
technique that can accept, for the update, several measurements {rom
different stations separated in time and space from the time and location at

which the ionosphere is to be evaluated,

The updating process is generally used for predicting ionospheric
conditions or refraction corrections after the {fact. when observations are
generally available, However, the model's prediction accuracy without update
accounts for approximately 75 to 80 percent of the ionosphere which can improve
with update to approximately 90 percent, Thr model, therefore, may be
applied for future predictions or after the fact calculations, Since the model has

been developed on a world.wide basis, predictions are not limited to any

bt o T —

particular land mass or segment of the world, The updating technique does,
however, require that ionospheric observations be from stations within

2000 km radius of the evaluation site, The model is applicable for determining
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wave refraction and ionospheric characteristice up to 2000 km in height and
for all radio wave frequencies as long as the vertical component is slightly

higher than critical frequency,

Built into the model are the combined influences of geographical and
geomagnetic effects, solar activity, local time, and seasonal variations,
These combined effects are the results of an extensive investigation of a
vast ionossheric data base that included over 50, 000 topside soundings, 6, 000
satellite mieasurements of electron density and related fo¥F2, and over 400, 000
bottomside soundings., The data base, which formed the basis of the model,
extended over the period of 1962 to 1969, covering the minimum to maximum
of a solar cycle, For Ifurther information regarding the development and

evaluation of the Bent lonospheric Model, see Reference 2 and Section 6, 0,
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3.1 Functional Allocation Description

The ionospheric PROGRAM ION is written in FORTRAN IV code and has
a simple load structure with no overlay requirements, The following
program/subroutines comprise the CPCI, and the attached diagram idertifies
the calling routines and the aubprograms called for each computer progrﬁm

componeant;

CPCs : PROGRAM ION, and SUBROUTINES REFRAC, PLOTNH, PROFLI,
PROFL2, BETA, SICOJT, DKSICO, MAGFIN, GK, DKGK, ‘ A

The following library subprograms are required :

ABS, AMOD, ATAN, COS, EXP, LOGI(, SIGN, SIN, SQRT.

All internal data transfer between the individual CPCs occurs through labeled
common blocks and through the calling sequences, which are both described
under Se‘ction 3,2,1.3 for each CPC, The external data transfer consists of
input coming from the data card deck into PROGRAM ION and from the iono-
spheric coefficient data tape into SUBROUTINE REFRAC, and of output of the
results {rom PROGRAM ION and SUBROUTINE PLOTNH to the line printer
these files are described in detail in Section 3,3, 1, The functions perfurmed
by the program are described in Section 3, 4 and referenced to the CPCs to

which they are assigned,

An alternatc vercion of the ionoapheric program is included in this
documentation, consisting of a preprocessor TABGEN and a reduction program
ION1, Both programs are written in FORTRAN IV code, have a simple load
structure with no overlay requirements, are run as separate entities, and are
only linked by the data file (disc or tape) produced by the preprocessor and
utilized in IJON1, PROGRAM TABGEN requires the following SUBROUTINES
SICOJT, DKSICO, MAGFIN, GK, DKGK, and the library functions AMOD,
ATAN, COS, SIN, SQRT, All internal data transfer occurs through the calling
sequences; the external data transfer consists of input coming from the data
card deck and the ionospheric coefficient tape and of output of [oF2-h, tables
to disc or tape, all in PROGRAM TABGEN, PROGRAM ION1 raquires the

|
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following SUBROUTINES REFRC1, PROFLZ, BETA and the library functions
ABS, AMOD, ATAN, COS, FLOAT, SIN, SQRT, All internal data transfer
occurs through the labeled conimon blocks and through'the calling sequences,
The external data transfer consists of input coming from the data card deck
into ION1, from the preprocevl'led disc or tape file with foF2.h, tables into
SUBROUTINE REFRCI, and of output of the results from PROGRAM IONI to
the line printer, The second attached diagram shows the progrém structures,
the data files are described in Section 3,3, 1, and the functions perfcrmed by

the prepracessor and reduction program are outlined in Section 3, 4,

Whenever ionospheric predictions are desired, PROGRAM ION should
have prefezence over the program set TABGEN.IONIL, ION will yield more
accurate results than ION| where approximations are introduced through inter.
polating the { ;F2.h, tables and through bypassing the iteration on the height
estimate of the ionosphere, ION also has the additional features not included
in ION1 of computing range rate corrections for range differencing, of plotting
the ionospheric profile, and cf updating the predictions with actual ionospheric
observations, For many applications ION will be suited even for real.time
processing, The program set TABGEN.ION1 should only be used when
stringent core space and/or run time requirements are imposed that cannot
be met by PROGRAM ION, or when program modifications for special:
applications are attempted, Running PROGRAM TABGEN in a preprocessing
mode results in the significant core space and run time reduction of PROGRAM

IONI,
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3,2 Functional Description

This paragraph contains the detailed technicai descriptions of the
computer program components idaﬁtified in Paragraph 3,1 of this specificatin
The instruction listings contained in Appéendix I specify the exact configuraii. a
of the Bent Ionospheric Program ION - ad the alternate version TABGEN - ION1.

Following are specifically the Jescriptions for

CPC No, | . PROGRAM ION

CPC No, 2 - SUBROUTINE REFRAC
CPC No, 3 - SUBROUTINE PLOTNH
CPC No, 4 - SUBROUTINE PROFLI
CPC No. § . SUBROUTINE PROFL2
CPC No, b ; SUBROUTINE BETA
CPC No. 7 . SUBROUTINE SICOJT
CPC No, & . SUBROUTINE DKSICO
CPC No. 9 . SUBROUTINE MAGFIN
CPC No. 10 . SUBROUTINE GK

CPC No, 11 ; SUBROUTINE DKGK

Particular to all subroutines is the fact that none of the input variables
transferred through common nr the calling sequences are modified during
excution of the program code, The units internal to all subroutines ure

kept in meters for distances, radians for angles and times, meters/second
for linear velocities, radians/second for angular rates, MHz for {requencies

and Gauss for magnetic field strength,

Included are also the descriptions of the routines that are required
in addition ot the ones listed above for the alternate version of the ionospheric

program, consisting of separate preprocessor and reduction programs:

CPC No, 12 -
CPC No, 13 .
CPC No, 14 -

PROGRAM TABGEN
PROGRAM ION1
SUBROUTINE REFRC!

rm
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3,2.1 Computer Program Component | ‘

CPC No, 1, main PROGRAM ION, is written in FORTRAN code, It
handles the card input and the printing of the results for the entire progrl.n"x,
except for the list and plot of the profile which is done by SUBROUTINE PL’OTNH
upon call from ION, ION transfers the input conditions through commons /EVAL/
and/UPDT/ and by calling SUBROUTINE RIEFRAC receives the computed profile

o aye s sy o

P

parameters and refraction corrections through common/CORR/,

3,2,1,1 CPC No, | Description : . 4

ION reads the selections for the output and update options from cards,
it reads the station, satellite and time information for the condition to be {

evaluated, and as needed, reads the solar data from cards, If the option

[ O

for updating the predictions with measured ionospheric data was chosen, the

number of observations to be used for the update and the corresponding okbservation
along with station and time information are read from cards, Up to eight
measurements can be used simultanecusly for updating any one evaluation

condition, All input data is listed {for refercnce in the print out,

The input data is converted to the internal units of meters for distances

and radiars for angles and times, The variables specifying the evaluation

condition ire transferred through common/EVAL/, the update conditions through
‘~ommon/UPDT /to SUBROUTINE REFRAC, Through REFRAC and other *outines !
called by REFRAC ionospheric profile parameters, vertical and angular electron

content, refraction corrections to elevation angle, range, and instantancous

range rate are computed as desired and returned to ION through common/CORR/,
ION print: the results as requested and calls SUBROUTINE PLOTNH for an
electron deneity profile plot and list, whenthis type of output is specified,

1f the refraction correction to range rate, obtained by range differencing

over a finte time during which the ionosphere can undergo changes, is requested,

the input for the evaluation condition above relates to the firet range observation,
and additisnal satellite and time information that is read from card relates to .he

last range observation used in the differencing technique, Upon returr che

10
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sccond range correction from REFRAC, ION computes the requestc . L ?
correction by differencing the two range corrections and dividing by th.

interval; the result is printed,

Any number of evaluation conditions can be processed by supplying

additional input data and repeating the program steps outlined above, Fcr
more details about the input data and outpuc options refer to the input data

description under 3,3,1,

3,2.1.2 CPC No, | Flowchart

e
e e Ty R e W Tl N

§
i
The flowchart is shown on the page following 3, 2, 1,5, ? ]
3
7 !
3,2,1.3 CPC No, | Interfaces i :
Library subprograms required; none L

a
b) Other subprograms called: SUBROUTINES REFRAC, PLOTNH

)
)
) Calling program: none
)
)

0O

o

Calling sequence; PROGRAM ION

e Common blocks; EVAL, UPDT, CORR

i
} 3
Vari{ables in common: b

See description for EVAL, UPDT, CORR under SUBROUTINE REFRAC,
CPC No, 2,
f) File requirements: card reader, line printer

The requirements for the input data card file are specified under 3,3, 1,

3,2,1,4 CPC No. | Data Organication

Variables defined in data statemonts:

i T i} et B s b

Name Dimension Description
LYRMO 1 = 0, initialization constant for (year 1 100+month) :
IDRD 1 = 0, default condition; range rate correction for 1
observation over finite time is not desired
I0PT 1 = |, default condition; computation of critical
frequency and corresponding height is desired |

11




Name Dimension Description

MEAS 523 Array containing hollerith data for print out

Other constants defined in data statement:

QO=0, Q1000=1000, Q3600=3600; DR=1°, HR=1 houx, PIZ=360° converted to radians,

Important variables are described under 3,2,1,3 e)of SUBROUTINE REFRAC,
CPC No, 2,

3,2,1,5 CPC No, | Limitations

Up to e.ght measurement entries can be used simultaneously for updating
the predictions for any one evaluation condition, If update with more than eight
conditions is requested, the program uses the {irst eight entries, ignorvs any

additional input data and prints a message to that effect,

Error tests on the sequence, units and formats of the input data are not
performed, except on the dates of the solar data cards, However, mistakes
in the set up ot the card deck are revealed in the printout of the input data

that is listed along with the results,
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3,2.1 Computer Program Component 2

CPC No, 2, SUBROUTINE REFRAC, is written in FORTRAN code and
is called from themain PROGRAM ION, REFRAC prepares the coefficient
and solar input data, it obtains the ionospheric profile parameters via PROFIL!
and PROFL2, it performs an optional updute using up to eight observation
entries, it computes the ionospheric rcfraction corrections AR for range,
AR for instantaneous range rate and obtains the refraction correciion AE

for the elevation angle via LETA,

3,2,1,1 CPC No, 2 Deacription

REFRAC prapares the coefficients to be used in SUBROUTINE DKSICO for
the computation of the time dependent coefficients which in turn are required
for the computation of critical frequency {oF2 and M(3000)F2, At {iret it is

checked if the coefficients are already available for the desired date, and if not

available, the proper coeflicients are read from tape. These general coefficients

are valid for any condition and do not have to be updated or replaced, but can

be adjusted for any time in the past or future,

The general {;F2 coefiliciente were derived using the work of Jones and
Obitts (Reference ¢ ); they provide annual continuity and are valid for approx-
imate 10 day perioda, for the spans {rom day 1 to 10, day 1l to 20, and day 21
to 30 (or 28,29,31) of each month, There are coefficients for 36 periods to
cover the whole year, The general {,F2 coefficients W ,,,, represent the
coefficients to a sccond order polynomial in the 12-month running average of
solar flux F g (observed Ottowa 10, 7 cm solar flux), They are evaluated for
the specific F,; of the evaluation date to yield the specific {;F2 coefficient set
U,,, (stocred in array U) used in SUBRQUTINE DKSICCQC;

Uiy Wity +Wouiow "Fig ¢+ Wayhex Fl: , fori=0,1,,,,12 and
k=091pcul'751
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The general M(3000)F2 coefficients available from NOAA, Boulder,
are valid for monthly periods, There are coefficents for 12 periods to cover
the whole year, and for each period there are two sets V,,, (0)and V;,, (100),
one for a l2-month running average of sunspot number 8,4 = 0 and the other
for S5 = 10C, The coefficients are adjusted by interpolating or extrapolating
the two sets to the specific S;, of the evaluation date yielding the specific
M(3000)F2 ccefficient set U, ,, (stored in array UM)used in SUBROUTINE DKSICO;
Sia
100’

Uy =V,.k(0)+{v,,,(100)- Vi (0) fori=0,1,,,,8 and

k= Oplnnto48r

The 10,7 cm Ottowa solar flux data is prepared for use in SUBROUTINES
PROFLI] ani PROFL2, The difference AF between the daily value F and the
12.month running average of the solar flux is formed, AF = F.F, ;. If the daily
solar [lux in not available, F,, is substituted, If the daily solar {lux is greater
than 130, 130 is substituted which is a limit imposed by the data base on which

developmen: of the model was founded,

The first parameters for the ionospheric profile, the critical frequency

{oF2 and the corresponding height hy are obtained via SJBROUTINE PRCFLI,

On option REFRAC updates the predicted {;F2 with ohservations of { F2
or with veriical or angular electrun contert reduced [rom Faraday rotation
measurements from other szations, Up to cight update obscrvations of cither
type separated by different amounts in time and space from the cva'uatinn timu
and station can be accepted, To obtain the best possible update, the obscrvvation
times and stations shouid be the closest to the cvaluation condition available,
in any case, the update station should be within 2000 km of the c¢valuation

site,

If the (beservation is angular electron content N,,, it is reduced to total

vertical electron content Ny by,

R,conE)a '

N':NY‘\/ b- \R+h|
e
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E being the elevation angle of the observation, and R, the mean earth r.diuc,

For each update observation the predicted {,F2 is obtained by calling SUBROUI INE

PROF'L.l, and the update ratio r is formed for { ,F2 observations,

foF2 pred.

If the observation is electron content, the additional profile parameter N; /N,

is obtained via SUBRQUTINE PROFL2, and the following ratio is formed,

rayf Npobs, N . where {,F2 is in MHz
1,24 x 10*°f F2%pred. (N;'-/pred.
and since the maximum electron density is N,=1,24* 10%° { F27, and Ny is
approximately proportional to foFZE, the electron content information is
reduced to a {oF2 ratio,

r =y —m—— =
Ny pred, {oF2 pred,

_ , Ny ohs. foF2 obs,

If there is only one update condition, the ratio r is used for the final
ratio R to update {5F2, If several n coaditions are used {»r the update,
a weighted mean technique combines all n ratios r; to the final ratio R
having as weights w, the time differences At, between observation an.
evaluation times and/or the earth central angles a, between the ionospheric
points at which the rays from the observation and evaluation stations pass

through the ionosphere,

Wy

w, = Aty ,if observations are from one station at different times,
w, = a,, if obscrvations are from several stations at the same time,
w, = At a,, if observations are from several stations at different times,

At = It-ty]  and

cosB Q@ = 8ind sing, + cosd cos d; cos (A-Ag),
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where t, ¢, XA and ty, @5, Ao are the time, latitude and longitude of the iono-
spheric points for evaluation and observation condition respectively, The
final ratio R urdates the critical frequency by the same overall percentage

by which the predictions deviate from the ionospheric observations,

foF2upd, = f,F2pred.x R,

By calling SUBROUTINE PROFL2 the remaining profile parameters
are obtained: y, the half thicknees ~f the bottomside bi-parabolic layer,
. the half thickness of the topside parabolic layer, k, kg, ky the decay
constants for the lower, middle, and upper section of the topside exponential
layer, N;/N, the ratio of the total integrated electron content to the maxi-
muin electroa density, m the multiplier of the H, rate of change in height,

terin in the range rate equation,

The vne-way ionospheric refraction corvection AE to the elevation
angle E is calculated via SUBROUTINE BETA, The total integratced electron
content N, a.ong a vertical path through the ionosphere und the angular

content along the line of sight N,, are cormnputed as:

NV
\
Ny = 1,44 x 10% f F2° (.If_.) J 1. P_‘__C“Ef
Na R,+h.

The one-way ionospheric refraction correction to range AR is given by
the equation.

‘*_Q,sxlg'“ : 40,311.24110-2 for?-) N,
' 1 Zﬁ cosE ;2 / ( cosE S“ N,
"R, +h, R, +h,
where f is the transmission frequency oL ( ! + l—) f,, and {
RT3 —f—é_ fc;il u d

are uplink and downlink frequencies,

The one-way ionospheric refraction correction to range rate AR consists
of two termt, one multiplied by the altitude rate h, the other by the elevation
rate t;
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40.31x1.24410°° /foF2)2 p, AR <R1+h ) 8inE cosE
m +

Jl-(g co|E>ﬂ i 4 l_(&colE

R‘l+h| Rl + }H

E

AR = -

This range rate correction fommulation applies only to instantansous '

range rate measurements, since it assumes that the only variation in the

total electron content over the time of the observation is due to the
positional change of the satellite and that the ionosphere between station
aund satellite remains constant for the duration of the measurement,

Corrections to range differencing are discussed under 3,2,1,5,

The signs of the refraction corrections are set for the corrections
to be subtracted from their respective observations, The units in all
equations abuve are kKept in meters, mct :/sccond, radians, radians/

second and MHz,

3,2,1,2 CPC No, 2 Flowchart

The flowchart is shown on the page following 3.2, 1. 5,

3,2,1,3 CPC No,. 2 Interfaces

a) Library subprograms required: ABS, ATAN, COS, SIN, SQRT

b) Other subprograms called: SUBROUTINES PROFL1, PROFL2, BETA

c¢) Calling programs: PROGRAM ION

d) Calling sequence; SUBROUTINE REFRAC

e) Common blocks; EVAL, UPDT, CORR
Variables in common:

Common  Variable Dimension I/O Description

Name Name

EVAL FS 1 1 Transmission frequency (MHz)
EVAL ¥FLAT l I Latitude of station (radians)
EVAL FLON l I Longitude of station (radians)
EVAL ELEV ! I Elevation to satellite (radians)
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Common
Name

EVAL
EVAL
EVAL
EVAL
EVAL
EVAL
EVAL

EVAL
EVAL
EVAL
EVAL
EVAL

EVAL

EVAL

EVAL
EvAL

UPDT
UPDT
UPDT

Azimuth to satellite (radians)
Height of satellite (m)
Elevation rate (radians/sec)
Altitude rate (m/sec)

Universal time (radiuns)

l12.month running average of sun.

12-month running average of solar flux
Year (laat 2 digits)

Morth (=1 through 12)

Duay (=1 through 31)

Control constant for optional computa-
tions: =1 to coinpute {;F2 and h,,

=2 to also compute remaining profile
paiame’ers and electran content,

=3 to compute MR in addition, =4 to

Contrecl constant to compute AE be-
sides profile parameters and electon
content, =0 compute, =1 not

Flag to eliminate unnecessary computa-
tions during calculation of the second
range corraction usded in the diftferenc.
ing for the range rate correction,

=0 for first, =1 for second calculation

Update flag, =0 no update, =1 update

Unit assignment of general iono-.
spheric coefficient tape

Latitudes of update stations (radians)

Longitudes of update stations (radians)

Variable Dimension [/O Description
Name
AZ 1 I
HS )\ I
EDOT 1 I
HDOT 1 1
TIME l 1
FLXD 1 1 Daily solar flux
SIS 1 I
spot number
SIF 1 I
IYR 1 1
MON 1 I
IDAY 1 1
IOPT 1 I
also compute /\R
IDEL 1 1
IDRD l I
IUPDT l i
TP 1 I
ULAT 8 I
JLON 8 1
ULEV 8 I

E.evation angles of obeervations radians)
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Common
Name

UPDT
UPDT
UPDT

UPDT

UPDT
CORR
CORR
CORR
CCRR
CORR

CORR

CORR

CORR

CORR

CORR

f) File requirements;

Variable Dimension /O Description

Azimuth angles of observations (radians)

Universal time of observations (radians)

Observation of {yF2, vertical or avngular
electron content (MHz or electrons/m? )

Observation type, =1 for {,F2, =2 for
vertical, =3 for angular electron content

Number of update conditions

Range correction (m)

Range rate corraction (m/sec)
Elevation angle correction (radians)
Critical frequency (MHz)

Height at maximum electron density
Half thickness of the bottomsida bi.
parabolic layer {meters)

Half thickness of the topside parabolic

Decay constants of lower, middle and
upper section of the exponential top-

Total vertical electron caontent

Namae
UZIM 8 1
UT 8 I
OBS 8 I
ITYP 8 1
NUPDT 1 I
DRANG l o)
DRATE ! 0o
DELEY 1 o
For2 1 o)
HM 1 0
{meters)
YM 1 o
YT l o
layer (meters)
XK 3 o]
side layer (l/meter)
TOTN 1 O
(e/m?* calumn)
TOTNA 1 O

Total angular electron content
(e/m* column)

general coefficient input tape, line printer

The format of the general coefficient tape is described under 3,3, 1,
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3,2,1.4 CPC No. 2 Data Crganization

Variables defined in data statements:

Name Dimension Description
R 1 Mean earth i;diul_ (meters)

- 8TRS 1 Approximate height of stationary satellite used
when updating with observed electron content
meters)

TOL 1 Tolerance for differences in poaitions or obser.

vation times of multiple update stations below
which they are assumed to be identical (radians)

MONDY l Initialization constants for last and first

MOND 1 {monthx 100 + day) for which coefficients are
in core

LYRMO 1 Initialization constant for (year x100 + month)

Other cons‘ants defined in data statements:

QO=0, Ql=1, Q100=100, Q130=130, QPl=.1, QNM=1, 24x10°°, RN3=,49972;
PI=180°, PI2:=360" converted to radians.

Other important variables are described under 3,2,1,3 e),

3,2, 1,5 CA2C No, 2 Limitations

The daily value of solar flux transferred to SUBROUTINE PROFL2
for the corrputation of the decay constants for the topside exponential
profile is truncated at a maximum value of 130, This is the boundary
that was imposed by the data base during the model development and is
thus a limit to the model since the extension of solar flux beyond 130 could

result in invalid profiles,

The ditnensions of several arrays restrict the update procedure to be
applied to tie predictions of any one eavaluation condition, to not include

more than eight observation entries,

The raige rate correction formula in this routine applies only to

instantaneo s range rate measurements, since it is nssumed that the only
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variation in electron content over the time of the observation is due to the
positional change of the satellite and that the ionroaphera bet\r;'éen station
and satellite remains constant, If the range rate corrections are desired .
for observations obtained by range differencing over a {inite time interval
during which the ionosphere can undergo significant changes, a range
correction differencing technique should be used over the same time

interval, This type of correction can optionally be requested, it requires -

additional satellite and time information and is handled directly in PROGRAM .

ION, CPC No, |,

1f the ionospheric coefficients are not found on the tape for the evaluation
date, an error condition has occurred, . .iesbage is printed out, and

control is transferred to PROGRAM ION to proceed with the next data case,
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CPC No. 2 Flowchart, SUBROUTINE REFRAC
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3,2.1 Computer Program Component 3

CPC No.3, SUBROUTINE PLOTNH, is writtan in FORTRAN code, It
is called from the main PROGRAM ION and lists and plots the electrci
density versus height profile,

3,2,1,1 CPC No, 3 Description

PLOTNH plots a graph of electron density N versus heiglt h at 25 km
height increments from 25 km to 1000 km and it prints a list of electron
densities for corrosponding height values from 25 km to 2000 km at 25 km

increments

The electron density is modeled differently in five height layers (see
Figure 2 in Section 6,1), k; ,kg, k, denote the decay constants for the lower,
middle and upper section of the exponuntial topside profile, and y,,y, are
the values of half thickness for the topside parabelic layer and for the
bottomaide bi.parabolic layer respectively, The height limits for each
layer are first determined and the value of elactron density at the start
point of the various laysve N,,Ng, N, ,Ng. The height increments measured
from the stairt point of the various layers are donoted as vaciables by, b,,

Ry 85,85, Tl'a electron density equations are;

New, 1. B f h
v = - ' or .y, = h < h
] ﬁ_/ ] » ]
bQ
N = N, (1 Ny for hy =h < hyzh,+d
Ye
N =Nge -k 8 for he =h < hy=hy+(10l12km.h, )/3
//‘/
N =N, e 98 for h, £h < hgsh,+(1012 km-hy )/3
-k,
N=Ng et for hg =h s 2000 km
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where h, is the heigh: at the maximum electron density, d is the distance

i above h, at which the lower axponential léyer starts, and the electron densitie:

' : at the start points of the various layers,

3,2

N, = 1.24 x 10*® f5F2?

N, (1. Yﬁtj_)

N, = Ng e~k (B -ho)

No

Ny = el )

.1.2 CPC No, 3 Flowchart

The flowchart as shown on the page following 3.2,1, 5,

3,2,1.3 CPC No, 3 Interiaces
a) Library subprograms required; EXP, LOGI10, SQRT
b) Other subprogramas called; none
c¢) Calling program; SUBRQUTINXE REFRAC
: d) Calling sequence: CALL PLOTNH (FOF2, HM,YM, YT, XK)
{ Variabies in calling sequence;
Name Dimension I/O Description
FOF2 1 1 Critical frequency (MHz)
EM 1 1 Height at the critical frequency (meters)
YM 1 I Half thickness of the bottom bi-paraholic layer
(meters)
YT 1 I Half thickness of the topside parabolic laver
(meters)
XK 3 1 Decay constants for lower, middle, and upper
» section of the topside exponential layer (1/meater)
" e) Common blocks: norne
f} File rsquirements: line printer
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3.2.1.4 CPC No, 3 Data Organization

Variables defined in‘ data statement:

Name Dimension Description
IBLANK 1 Hollorith ''blank" symbol used for plotting
MARK 1 Hollorith "' * " symb.l used for plotting

QOther conutants listed in data statement:

Q0=0, Ql=1, Q3=3, QI24E=1,24:10*°, QI012E=1012000, Q1025E =1025000,
Q25E=25000, Q10=10, Q27=27, Q2025E=2025000.

Other important variables are described under 3,2,1,3 d),

3,2. 1, S_EPC No, 3 Limitations

If electron density values are computed smaller than 1(*° or larger
than 5 x 1%? (slectrons/meter? )» they exceed the limits of the graph and
automaticully are not plotted, Since thesa cases do not normally involve
error conditions, a message is not required and the values are printed

as computad in the electron density versus height list,
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3,2, 1 Computer Program Component 4

CPC No, 4, SUBROUTINE PROFLI!, is written in FORTRAN code, [t
is called fromm SUBROUTINE REFRAC and computes the ionospheric profile
parameters critical frequency {,F2 and the corresponding height h, at the

location where the wave passes through the lonosphere.

3,2,1,1 CFC No, 4 Description

PROFL! computes the ionospheric characteristics {,F2 and M(3000)F2
following th¢ analysis of Jones, Graham and Leftin (Reference 5). First
the trigonometric functions of the multiples of the Greenwich hour angle t,
-180°=<t < 180°, t=0 at Greenwich noon, are computed via SUBROUTINE
SICQJT for ive in DKSICO, The time dependent coefficients are computed
via SUBROUTINE DKSICO based on the coafficient sets Uy, & prepared in
REFRAC, Utilizing the {oF2 and M(3000)F2 coefficient sete (in arrays U

and UM ) the time dependent coefficients respectively for the { F2 and
M(3000)F2 evaluation are prepared,

Defined by the latitude ¢ and longitude A at which the ray from station to
satellite passes through the ionosphere is the ionospheric point, [t is
calculated as a function of the station latitude ¢,, longitude )\, and the

elevation an¢le E and azimuth angle A to the satellite;

. . . \
¢ = arc sin <lmd>5 COB O + COS &y 8in O cos A/'

sin A sina ®

A = Xg+arc1in<
COBY

where C is tie earth central angle between the station and the ionuspheric

point,

! R,cosE )

-
L = =— _E . arc sin
2 \R.+h,

R, is the mcan earth radius, and h, is the height of the ionosphere at the

maximum elactron density above the surface of the earth, Since h, 1. t>
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be determined later on in this subroutine, a first estimate of h, i8 requirad
and asasumed as h_£300 km, After computing the actual k, prediction, the
new value is compared with the estimate and if it deviates by more than 1 km,
all computations starting with the determination of the ionospheric point

are repeated using the new h,,

The position dependent functions requi:ed for the {oF2 and M(3000)F2
computations are all evaluated at the iorospheric point which can differ by
up to 21° from the station position, First the earth's magnetic field
components X.north, Y.east aud Z-vertical up are compﬁted at the icnospheric
point via SUBROUTINE MAGFIN, and they form in turn the modified magnetic

dipx as a function of the magnetic dip ;

. I -2
X = arc 8in —— ) I = arctan .
§I°+cosd X4, v?

EBasecd on the following coordinates, ionospheric latitude, longitude and
molified magnetic dip, SUBROUTINE GK evaluates the geographic coordinate
func:ions for the f{,F2 computation. Extracted from these functions is the
subret which forms the geographic coordinate functiona needed for the

M(3000)F2 coraputation,

SUBRQUTINE DKGK multiplies and sums the proper seta of time
dependent coefficients and position dependent functions and forms M(3000)F2.
With the Appleton-Beyncn equations (Reference 1), a second order poly.
norrial in M(3000)F2, the height of the maximum electron densaity is obtained

in meters;
h, = {1346.92 - 526,40 x M(3000)F2 + 59, 825 [M(3OOO)F2J2}K 10°

h, is compared with its estimate and if the difference is greater than 1 km,
the computations above starting with the ionoapheric point determination

are iterated on using the new value for h,,
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Using the proper time dependent coefficients and position dependent
functions, SUBROUTINE DKGK computes the 10 day mean of the critical
frequency which then is adjusted for day to day changas in the ionosphere .
and for additional magnetic latitude variations, following the model
description in Section 6,1, The magnetic latitude of the ionospheric poir;t

is determineci aw,
@ =arc sin [siné sing + cosg cos @, coB (A-Ay) ],

where &, ), are the latitﬁde and longitude of the m&;natic north pole and
i.hterpolating the model constants ‘(arx";y ICENT‘) tod, results in cg,

The daily variation from the mean value is dependeni on AF, the diffarence
between the caily value and the 12-month running average of the solar flux
and on the model constant ¢; (variable PER), The ‘deZ‘computed by DKGK
is multiplied bv the adjustment factor (c, AF+cg ) to yield the final predicted

f,F2,

The uniti in the above equations are kept in meters, radians and MHz,

3,2,1,2 CESI No, 4 Flowchart

The flowchart is shown on the page following 3.2, 1. 5,

3.2.1.3 CESJ No, 4 Interfaceg_

a) Library subpr:grams required: ABS, ATAN, COS, SIN,SQRT

b) OCther suvbprograms -alled: SUBROUTINES SICOJT, DKSICO, GK,
MAGFIN, DKGK

c) Calling program: SUBROUTINE REFRAC

d) Calling nequence; CALL PROFLI(FLAT,FLON,ELEV,AZ, TIME,
DFLUX, U, UM, OLAT, OLON, FOF2,HM, HLAT)
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Variables in calling sequence:

Name Dimension 1/O Description

FLAT 1 1 Station latitude (radians)

FLON 1 1 Station longitude (radians)

ELEV 1 I Elevation angle to satellite (radians)

AZ 1 1 Azimuth angle to satellite (radians)

TIME 1 I Universal time (radians)

DFLUX 1 I Difference between the dsily value and the

; 12-month running average of the solar flux

U 13x76 1 Ar:.y containing coefficients used for the {oF2
computation

M 9 149 1 Array containing coefficients used for the
M(3000)F2 computation

OLAT 1 O Latitude of the ionospheric point (radians)

OL.ON 1 O Longitude of the ionospheric point (radians)

FOF2 1 O Critical frequency {oF2 (MKz)

HM )\ O Height at the maximum electron density h,
{(meters) '

HLAT l O Magnetic latitude of the ionospheric point
(radians)

e) Common blocks: none

f) File requirements: none

3,2,1.4 CPC No. 4 Data Oiggnization

Variables defined in data statements;

Interger indices and index arrays used for the

computation of { F2 and M(3000)F2 in SUBROUTINES

DKSICO, GK and DKGK

Mean earth radius (meters)

Name Dimension Description
K 10
KN 10
KM1o0 l
NFF 1
NMF 1
R 1
SPLAT l

Sine function of the geographic latitude ot the magnetic

north pole
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- Name Dimension Description : :

CPLAT 1 Cosine of the éeograbhic latitude of the mdgnbtic
north pole

PLON l _ Geographic longitude of the magnatic north pole
(radians) Co S

Hl l Coefficients used in the forraula expressing h, |

H2 l as a second order polynomial-of M(3000)F2

H3 1 ‘ ‘ y

PER 1 | Mode!l constants used for idjuit.‘ing'fo‘FZ for daily

CENT 3 variation, dependent on the dadly value and the’

12.month running average of solar flux and magnetic
latitude ‘

Other constants listed in data statements;
Qlsl, Q1000=1000, Q1P949=1,999999, Q3T6=3,10% D18o=180",
DG(1)=59°, 11G(2)=28*, DG(3)=-33° converted to radians,

Other important variahles are descriliod under 3,2,1,34d),

3.2, 1,5 CPiC No, 4 Limitations

There a ‘e no program restrictions connected with this subroutine,

and the limitations to the accuracy of the results obtained from the

formulas atve discussed in Section 6, 2,
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CPC No,
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3,2, 1 Computer Program Component 5

CPC No, 5, SUBROUTINE PROFL2, is written in FORTRAN code, It

is called from SUBROUTINE REFRAC and computes the following iono-
spheric profile parameters; the values of half thickness y,, y, for the

bottomside bi-parabola and the toplidé parabcla respectively, the dgcay’ ‘

values ki, Kk, ke for the tbplido exponential layers, the ratio N;/N, of thg

total content ;0 the maximum electron density, and the multiplier m for use

in the range "ate computation,

3,2,1.1 CP( No. 5 Description’

PROFL2 evaluates the ionospheric profile based on the model constants

presented in graphic form in Section 6,1, The local time is computed from

the universal time t and the longitude A of the ionospheric point,
tiee St +A

The half thiccness y, of the bottomside bi-parabola varies with critical

frequency {5:"2 and local time, Values of the half thickness are tabulated

inarray YM'TAB at ! MHz increments for {oF2=2,3,,,,10 MHz and at
2 hour intervals for t;,,=0,2,...22 hours, To obtain y, for the given
conditions, tne tables are interpolated in two dimensions between\the
fixed values; local time interpolation {s carried continuously across the
0/24 hour murk, and the boundary values are assumed whenever {;F2

is outside tho limits 2 and 10 MHe,

For sez ional adjustments computetion of the paramaoter Ay (variable
DSZA) is recuired. Ay is the deviation of the daily value X from the
yearly avarageY of the noontime solar zenith angle, First the solar

declination & is evaluated for the given day,
2n
6 :blll 'in [—3'6-5 (JD¢AY-80)]'

81 =23,4444" is the maximum solar declination, JDAY is the day of the

year, For stations in the northern hemisphere and outside the tropics,
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with latitudes > 23,4444°, Ax=3; for stations in the southern hemisphere
and outside the tropics, Ax=-8, In the tropics the yearly average of

the noontime solar zenith angle is computed as,

X = Tz'- (‘/C‘:u'd“ +¢ arc sin -f-—-).

Bax
dbeing the latitude of the ioncspheric point, The daily noontime solar
zenith angle is X = |=8|, and the difference Ab=Y-y, |

The half thickness of the bottomside parabola y, is multiplied by
a seascnal adjustment factor that varies with Ay, local time and magnetic
latitude &,, Adjustment factors are tabulated in array YRAT at 8' incre.
ments for Ax<24,16,8,0,-8,.16,-24 dervans, at 6 hour intervals for
$,0,25.5,11,5,17.5,24, 5 hours where the absolute value of the magnetic
latitude is grutef or equal 15%, and at 12 hour intervals t,0, 23, 15 hours
where |¢,/< 5% The seasonal adjustmont factor for the given conditions
is obtained by thrae dimensional interpolation; the local time interpolation
is carried continuously across the 0/24 hour mark and the magnetic latitude

intarpolation is only performed between 5 and 15 degrees,

The decay constants k,, kg, k; for the lower, middle and upper layer
of the exponential topside are related to the daily solar flux F through
the first order polynomial,

kl=silF+C‘ ,i=1,2,3.

The siopes S, , stored in array SLOP, and the intercepts C, inarray CEPT
ol this straight line relationship vary with magnetic latitude ¥, and with
foF2, For each of the three topside layers, S, and C, are tabulated at

30° intervals for |¢,| = 15,45,75 degrees, and at 3 MHz increments for
{,F2=2,5,8,11 MHz, To obtain the decay constants for the given conditions,
the tables for S, and C, are interpolated in two dimension between the

fixed values,and whenever {oF2 is outside the limits 2 and 11 MHez or | ¢,|

is outside 15 and 75 degrees, the boundary values are used,
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~Seasonal effects. are impoud on the topside by multiplying tha decay
conlttntl by season adju:tment factors that vary with the devintion AX in
the solar menith angls and with local eime. ‘The cdjuumcnt factors ATe

ta.bulmd in array RATK for each of the thr“ topnidn layers at 8° incromentl

for M =24,16,8,0, -8, -16, -24 dogrou, and at 6 hour hﬁ.ervnll for ,
t,°°=2 8, 14,20 hours, They are 1nt.rpohtm far oach ky, 421,2,3. in two
dimensions to the given conditions; the local Lime thrpohtion is carrled

continuously across the 0/24 hour mark,

The he.lf thickneu of the _toplide‘paraboila, ekttndiﬁg £r.{:m. the point
of maximum elactron density to the lower exponential layer, is dependent
on y, and {,1'2 through the relat.onship,

Ya , for £,F2 10,5
Yy ‘
ya [1 +C.133333 (£{xF2.10.5)], for fgF2> 10,5 ,
The distance d above the height at maximum electron density h, where the

slopes of the parabola and the lower ‘exponential layer ure the same is,
1 / 3,8
d 2 1+ K -1 .
! T ( Yy )

The total vertical election content N; is obtained by integrating the
electron denity profile from zero to the height of the satellite hy, The
program coriputes the ratio of total electron content to the maximum electron
density N, /N, (variable XNTNM) by one of the following eix equations de.
pending on the upper integration limit, At the same time, the multipler
m (variable RRM ) required for the instantaneous range rate computation
is evaluated and its formulation also varies depending on the height of the

satellite, ! or a satellite below the bi-parabolic layer of the ionosphere;

N'[/N':O '

m =0 ,
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For a satellite in the bottomside bi-parabolic layer with half thickness y,:

«h é!-!
I\‘I' =N {»rg Yl'(hl‘h’)+'% h‘ S --é— B }
I

m = [1.(3‘.!;_{‘_'.)313 .

Y
For a satellite in the topside parabolic layer with half thickness y,:
r 8 1 (hy<hy)*)
Nt = N, Ya - (hy<hy) + - I
8 z T T—
m = 1. <—-——h'"h'> .

Yy

For a satellite in the lower exponential i.yer of the topside with decay

constant k; i

N,=N_(1_?‘E_‘) 1r§17(1-e'k“h"h°)}}+w.,

and the height of the bottom of the lower exponential layer is hy = h, +d, and

8 » 1 h, - \
\J. - lq { -I—S- "'. - [ﬂ. -hQ)+ -5" (—.L)_'a_ho__flf .
t
m = <1 - .ﬁ;_)e'lﬁ(h"l%)
Y

For a satellite in the middle exponential layer of the topside with decay

constant kg

Ne =Ny (1 3:){.1_+ b [ 1 ..:: (1.7 Mem N hn,

Kk Ky
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aud the height of the bottom of the middle exponential layer is:

(]

Bo=hy # -:1;-‘(;.,012 :\10’.@5 Vo |
m = (1 ] _d’_),-h.(hz “ho) -l (hashy)

For a satellite in the upper exponential layer of the topaide with decay

constant ky:

N o, (1 %Hﬁ* LY _;ﬁ_l‘g__uf.a.m.;au
(-

and the heigh: of the bottom of the upper exponential layer is,

+

L
kq

'El;' ,-k.(h,-hsf )J}m. ,

hg = hy +§- (1,012 *» 108 g ).

moe (1. 8 Yok (hho) ko (g ohy) oo (hy <y )

2

Y1

3,2,1,2 CPC No, 5 Flowchart

The flowchart is shown on the page following 3,2, 1,5,

3,2,1,3 CPC No, 5 Interfaces

-

a) Library subprogramr required: ABS, AMOD, ATAN, EXP, SIN, SQRT

) Other subprograms called; none

¢) Calling program; SUBROUTINE REFRAC

d) Calling vequence; CALL PROFL2 (OLAT, OLON, HS, TIME, IDAY, MON,

FLUX, FOF2, HM,HLAT, YM, YT,XK, RRM, XNTNM)
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Variables in calling sequence:

Name Dimension 1/0 Description

OLAT 1 1 Latitude of ionospheric point (radians)

OLON 1 I Longitude of ionospheric point (radians)

HS 1 I Heiéht of uteilita abhove earth's surface (meters)

TIME 1 I  Universal time (radians) !

IDAY 1 s Day (=1 through 31)

MON 1 I Month (=1 through 12)

FLUX 1 1 Duily lqiar flux value

FOF2 1 1 Critical freciuency (MHgz) i

HM 1 1 Height at maximum electron density (meters)

HLAT 1 1 Magnetic latitude ofloﬁospheric point (radians)

™ l o) Half thickness of the bottomn bithrabolic layer ;
(metera) é

YT l O  Half thickness of the topside parabolic iayer 2
(meters)

XK 3 0 Decay constants for lower, middle and upper é
section of the topside exponontial layer (1/meter)

RRM l O  Multiplier of the h term in the range rate ?
formula (dimensionless) ]

XNTNM ] O  Ratio of total vertical electron content to the !
eluctron density (meters) 4

o) Common blocks: none 1

[{) File requiremaonts: none ‘

3,2,1,.4 CPC No, 5 Data Organiution

Variables definad in Jdata statements;

Name Dimeneion Description
SOl 1
s02 1

Maxzimum solar declination (radians)

Multiplier to convert 365 days to 21 radians
(radians/day)

i B iR L e o
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Name Dimension Description

RN4 1 Average frequéncy to which topside sounders measured
‘ the ionospheric profiles is RN4x{ F2 ‘

Hi012 1 Average height to which topside exponential layer

Ny was modeled (meters)

CEPT 43313 Model constants used for compusing the decay constants
SLCOP 41343 for the lower, middle and upper section of the topside

exponential layer, dependent on dally solar flux,
critical {requency and magnetic latitude

RATK 41413 Model constants used for adjusting the computed decay
constants for the lower, middle and upper exponential
topsides for seanonal effects, dapendant on the differ-
erice batween the yearly average and the daily value of
tlie noontime solar zenith angls and on local time

YMTAB 12:9 Model constants used for computing the half thickness
of the bottomside bi-parabols dependent on local time
and critical frequency

YRAT 6 Model constants used for adjusting the computed half
thickness of the hottomside bi.parabola for seasonal
etfscts, depandent on the difference between the yearly
average and the daily value of the ncontime solar
renith aagle, on local time and magnetic latitude

Other constants listed in data statements for convenience:

QO=0, Ql=1, Q2=2, Q3=3, Q4x4, Q5=5, Qb=6, QB=8, Q24=24, Q37=37,

Q1000=1000, QF05=, 05, QP1333=,133333, QOPY5=, 95, Q2P5=2, §,

Ql0P5=10,5, Q8015=,5333333133;

D5=5%, D7P5=7,5°, DB8=8", D10=10°, D16=16", D30=30", D135=135°,

D180=180%, PIH=90*, Pl2:=360", DEG(1)=75°, DEG(2):45°, DEG(3)=15°

converted to radians,

Othar impor:ant variables are described under 3.2,1,3 d).

3,2,1,5 CPC No, 5 Limitations

Thete are no progmmming restrictions connected with this subroutine,
and the limitations to the accuracy of the results obtained from the formeulas

are discussed in Section 6, 2,
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CPC No.

N

g

Compute
local time :

o

‘Compute ki using |
daily solar flux & |
interpolated values
SLP;, CPTj,

{im1,2,3

i

[Interpolate 2 dim,
table YMTAB to
specific local time
k {,F2 to get ym

'1

(nterpolate 2 dim. |
table RATK t2°
specificASZA &
local time to getad
justment factfor k;

'

y

ECompute differenco
‘between yearly ave?
& daily value of
inoontime solar
lzenith angle, ASZA

'Adjust ki, i=1,2,3
ifor seasonai effect
by multiplying with
interpolated factor

¥y

!

B R N e . 2w

5 Flowchart, SUBROUTINE PHOF L2
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layer

\
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& m for sat, in |

Compute N; /Ny
nd m for sat, in

ottomside
tﬁpunbolic layer l

|
-1

.rIn:erpolnte 3 dim,
table YRAT to
ilporiﬁc ASZA local
time & magn, lat.fox
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dependent on
foF2 and yu

l -

Iadg‘ustment factor
dof ym ..

R *

o

Adjust y for sea.
sonal effects by
multiplying with
interpolated factor

S——

v

Interpolate 3 dim,
ltablel SLOP and

ICEPT to specific
foF2 ana magn, lat,
to get SIL.Py, CPTy,
‘f j=1,2,3
T T

8

-k

N

A)

' Compute lower
height limits of \
varicus ion,

layers J
|
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3.2,1 Computer Program Component 6

CPC No, 6, SUBROUTINE BETA, is written in FORTRAN code, It
is called frora SUBRUUTINE REFRAC and computes the ionospheric

refraction correction for the elevation angle,

3,2,1,1 CPC No, 6 Description

BETA computes the angular refraction correction to the elevation
angle, Using the results of Maliphant's work (Reference 8),the deviation
angle ¢ {s ex>ressed as the angle between the true ray path above the

ioncaphere and the apparent ray path,

o = 1 (foFZ)" . tan 9, lec""ccc N,
2 £ Ty Ny '

where f is the transmission frequency, {gF2 the critical frequency, N,

the total eleciron content, N, the maximum electron density;
s =R, + h, +0,5333y, ,

and R, is the carth radius, h, the height of the maximum electron density,
and y, the hall thickness of the bottom layer of the ionosphere;

T, T arc din ( -f_i‘- cosE ) , E being the elevation angle,
°

and € is a furction of the squared deviation factor (sect, xf,F2/fF and

is interpolated from tabulated values 87 @, = arc uin( A conE) .

'+I.

After determinating athe following two auxiliary equations are evaluated,

X,

| (R, +hy F - R? cou’E:“ + R, cosE tan %

Xq

R, sinE - R, cosE tan %-
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The elevation angle correction AE is then given by,

AE = arc cos

X, conn -Xg

™2 4X32 -2X;X, cosa)h

3,2,1,2 CPC No, 6 Flowchart

The flowchart is shown on the page following 3,2,1, 5,

3.2,1,3 CPC No, 6 Interfeces

Library subprograms required: ABS, ATAN, COS, SIN, SQRT

Calling sequence: CALL BETA (FRAT,XNTNM, HS,HM, YM, SE,CE,

Square ratio of critical frequency to the trans.
Ratio of total electron content to the electren
Height of the sateilite above the earth's surface

Height of the maximum electron density (meters)

Half thickness of the bottom layer of the ionosphere

Sine function of the elevation angle
Cosine of the elevation angle

Ionospheric refraction correction to the elevation

a)
b) Cther subprograms call-d; none
¢) Calling program: SUBROUTINE REFRAC
d)
DELEV)
Variables in calling sequence;
Name Dimen-icn 1/0  Dascription
FRAT 1 I
miseion frequency
XNTNM 1 I
density (meter)
HS 1 I
(meters)
HM l I
YM l I
(meters)
SE l I
CE l I
DELEVY 1 O
angle (radians)
e; Common blocks: none
f) File requirements: line printer
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3,2.1.4 CPC No, b Data Organization

Variables delined in data statements:

Name Dimensions  Description

XAX 5 Values of the squared deviation factor
(sec®, » {,F2/fF for which ¢he function 87 is
tebulated
YAX 5 Tabulation of the function £ * as given in Refe ‘ence 8
R 1 Mean earth radius (meters)

Gtker constants listed in data statements;

Qo0=0, Ql=1, Q2=2, 15333=,5333

Other important variables are described under 3,2,1,3d).

3,2,1,5% CPI No, 6 Limitations

The equitions for the deviation angle o which are coded into SUB.
ROUTINE BETA are accurate everywhere except right about reflection
conditions, Whenever the deviation factor (sec ®, * {gF2/{)is less than
0.9 all ejuations are valid; this means the results are correct whenever
the ~ompone 1t of the wave frequency vertical to the ionosphere is slightly
la. ger than the critical frequency (1,1:{ F2), But the more the deviation
facvor exceeis 3,9, thc larger the errors might be in the computation for
c and therefore AE. An error check, programmed into the routine, tests
if the deviation factc - is greater than 0,9 in which event a zero elevation

angle correction i returned and an error message is printed,
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<
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3,2,1 Computer Program Component 7

called from SUBROUI‘INES PROFLI1 and MAGFIN and performs auxiliary

computations by expressing the multiple ;n‘gle trigonometric functions,

3,2,1.1 CPC No, 7 Description

e

CPC No. 7, SUBROUTINE SICOJT, is coded in FORTRAN code, Itis

angle, It forms ein(jT), cos(JT)for j=l.,,,L by computing 8inT, cosT
for the single angle T, and by using for multiple angles the recursive

equations:

SICOJT (:o}nputea the trigonometric functions for multiples of the

e MRS IR
e T A

8inT cos(jT)+ coaT #in(jT)

sin "(j+1)T.‘ s
cosT cos(jT) - sinT sin(jT). i

-

cos rrj+1)'r]

3,2,1,.2 CP{ No. 7 Flowchart

The flowzhart is shown on the page following 3,2,1, 5,

3,2,1,3 CPC No. 7 Interfaces P

a)
b)
<)
d)

PRSI

Lidrary subprograms required: CQOS, SIN

Cther suosprograins called: none

Calling rrograms: SUBROUTINES PROFL! and MAGFIN
Calling sequence; CALL SICOJT (L,C,5,T)

Veriables in calling sequence;

Name Dimesnsion [/O Description :
L 1 I The largest integer by which T is to be multiplied ‘
C L O Array containing values cos(jT), j=1,..., L
S L O Array containing values 8in(jT), j=1,.,.., L {
T l I The angle (radians) ‘
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e) Common blocks; none

f) File re;quireme.nts; none

_3_._2. 1.4 CPC No, 7 Data Organization

Important variables are described under 3, 2, 1,34d)

3,2,1.5 CPC No, 7 Limitations

None.
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CPC No. 7 Flowchart, SUBROUTINE SICOJT
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3.2.1 Computer Program Component 8

CPC No. 8, SUBROUTINE DKSICO, i# written in FORTRAN code,
It is called from SUBROUTINE PROFL] and calculates the time dependent
coefficients which are required for the computation of critical frequency

and associated height,

3,2,1.1 CPC No, 8 Description

DKSICO forms the orthonnrmal coafficients D, for a fixed time T

represented by the Fourier series representation,

o

D, (T) = Ugy * Z {U“'k cos(JT) « Uy, ok pin(jT) ] y k=1, .00 K,
=1 ‘

These coefficients are to be used for the computation of the ionospheric

characteristics in DKCK, The number of harmonics retained in the series

is H, higher harmonics are not considered since they are produced more

by noise than by real physical variation, For the {,F2 computation H=6

and for the M(3000)F2 computation H=4 are sufficient, The coefficients

Ut, « are either a monthly predicted coefficient set for M(3000)F2 or a

ten day predicted coefficient set for f5F2, which are both specific subseta

derived from the generalized f,F2 and M(3000)F2 coefficients in SUB.

ROUTINE REFRAC, The D, coefficients are computed for each term in

a series with cutoff point K, K=75 for the series expressing {yF2 and

K=48 for the series representing M(3000)F2,

3,2, 1,2 CPC No, 8 Flowchart

The {lowchart is shown on the page {ollowing 3,2, 1.5,

3,2,1,3 CPC No, 8 Interfaces

a) Library subprograms required: none
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b} Other subprograms called: none
<) Calling program; SUBROUTINE PP.QYLI
d) Calling sequence; CALL DKSICO (MX, LH, D, SITIME, COTIME, DK)

Variables in calling sequence:

Name Dimension 1/O Description

MX 1 I Cutoff index = cutoffl point of series +1

LH 1 1 Number cf harmonics retained in Fourier series
representation of D,

D (LEn2+1)xMX I Predicted coefficient array U, , for {,F2 or
for M(3000)F2 ‘

SITIME uH 1 Array of values ain(jT)

COTIME wH 1 Array of values cos(jT)

DK MX O  Array of coefficients D, at fixed time T, k=0,...,K

e) Common blocks: none

1) Flle requirements: none

3,2,1,4 CPC No, 8 Data Orianization

Importart variables are described under 3,2,1,3 d),

3.2,1,5 CPC No, 8 Limitations

None,
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CPC No, 8 Flowchart, SUBROUTINE DKSICO
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' 3,2,1 Computer Program Componént}_. .

CPC No, 9, SUSROUTINE MAGFIN, is written in FORTRAN code,
It is called from SUBROUTINE PROFLI and evaluates the magnetic field
components et the point whore the w.lvva penetrates the ionosphere, The
fisld componants are required for the compufla‘tion of the critical frequency

and the associated height,

3,2,1.1 CPC No, 9 Description

MAGFIN computes the earth's magnetic field components at a desired
location following the spherical harmonic analysis of the maghetic fleld
by Chapman ind Bartels (Reference 3) and using the coefficients g}, h}
given by Jenien and Cain (Refcrence 4) for Epoch 1960, The X-north,
Y-east, and Z-vertical (up) components of the magnetic field are used

for the computation of the modifiad magnetic dip in SUBROUTINE PROFLI,

Using the specified point (¢,), h'), the colatitude is introduced
©=90°-¢, anc the ratio R=R, /(R, +h, ), where R, is the radius of the earth
and h; =300 kin is the F2 layer height on which the coefficient analysis was
based, The .rigonometric functions sin(m ), cos(ml) for the multiple
longitude angie A are computed via SUBROUTINE SICOJT, The magnetic
fleld componants are defined in the following equations and are obtained
by first expressing the multiple of the Associated Legendre function and it
derivative, then accumulating the terms of the inner sums and finally

forming the uter sums,

8 n
. : F
X = ,\'., {Rn+l E:T P,, . (co8®) g% cos(mi) + h? lin(mx)n
n=zl [ ]
s v F 1
\n }. a+3 ) ] i - ht
Y - PP ‘.), L R N m P, , (cos¢) g sin(mx}- hy cos(mi) !J
Nz a0
& ., L r
Z = - (n+l) R"*? , P, (corw)' g} cos(rmi)+ h} lin(m)\)J ]
n=l =0
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The multiple of the associated Legendre function is given by,

P, (cosy) = sin"p [éolv""o:- (nz-(r;xnx-i-)m-l') col"‘"fp"
(n-mYn-m-lXn-m-2)n-m-3) coat-te ]
(2)(4) {2n-1)(2n.3) © Tt d

3.2,1.2 CPC No. 9 Flowchart

The flowchart is shown on the page fblio,w_in(g 3,2, 1.5,

3,2,1,3 CPC No, 9 Interfaces

a) Library subprograimms required; ABS, SIGN, SIN, SQRT
b) Other subprograms called: SUBROUTINE SICOJT

~¢) Calling program; SUBROUTINE BROFLI

d) Calling sequence; CALL MAGFIN (POS, UNE)

Variables in calling sequence:

Name Dimension /0O Description

POS 3 1 Array containing latitude, longitude and height
(radians und metars)
UNE 3 O Array with Z (vertical up), X(rorth), and

Y{ocast) components of magneatic field (gauss)
at the lccation specified by POS

e) Common blocks: none

f) File requirements: none

3,2,1,4 7PC No, 9 Data Organization

Variables defined in data stataments;

Name Dimension Description

CT 127 Array containing coefficieats for the computation of
the associated Legendre function

G 77 Array of g' coefficients given in Reference 4 for
the earth magnetic {i=ld for Epoch 1960

H 717 Array of h* coetficients given in Refereance 4 for the

earth magnetic fleld for Epcch 1960
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Name  Dimension Deacription

RE 1 Mean earth radius (meters)

QOther constants listed in data statements;

P(1,1)=1, DP(}, 1)=0, SP(1)=0, CP(l)=1, Q0=0; RBYI=89, 9°
converted tc radiars

Other important variables are described under 3,2,1,3 d),

3,2,1.5 CFC No, 9 Limitatisna

None,
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CPC No. 9 Flowchart, SUBROUTINE MAGFIN
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3,2.1 Computer Program Component 10

CPC No. 10,SUBROUTINE GK, is written in FORTRAN code, It is
called from SUBROUTINE PROFLI! and calculates the geographic coordinate
functions which are required for the computation of critical trequency and

associated height,

3,2,1,1 CPC No, 10 Description

GK computes the geographic coordinate functions G, as a function of
latitude @, longitude )\, and modified magnetic dip x=x(@,) ), which itself
is dependent nn the geographic position, These coordinate functions are
to be used for the computation of the ionospheric characteristic {F2 in
subroutine DKGK. The functions G, represent the main latitudinal variation
and the fii'st order through 8th order longitudinal variation terms, The

main latitudinal variation la expressed as,

G, = sin*x for k=0,1,...,11,

and the jth order iongitude terms are computed as,

(s:nx)(""a)b cos' @ c4(,A) , for k even
G = (s'nx)("-.J -1)/2cos~’¢ sin(jx) , for l¢ odd kem o (my+l)oen (me -1,
The longitud: ordere are j=1,2,.,.,,8 whilc k=12,13,,..,75, and the index-

ing ia defined by: m_ =12, mg =36, m,=%4, m,;=64, mg=68, me=70, m, =72,

g = 74,

3,2.1,2 CP.L No, 10 Flowchart

The flovchart is shown on the page following 3.2, 1, 5,
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3,2.1.3 CPC No, 10 Intarfaces

a) Library subprougrame required; COS, SIN
%) Other suhprograms called: none

c) Calling prograrn; SUBROUTINE PROTI'LI
d) Calling zequence; CALL GK (K,C,QG)

Variables in calling sequence:

Nanme Dimeneion I/O Description

K 10 I  Integer index array containing (m;-1)

C 3 1 Array containing modified magnetic dip, geographic
latitude and longitude (radians)

G 76 O Array w'th geographic functions G,, k=0,...75

¢) Cumrmon blocks; none

f)  File requirements: none

3,2.1,4 CPC No, 10 Data Organization

Constants defined in data statements:

Ql=i, N-#=Highest order of longitude included in G, computation,

important variahles are desceibed under 3,2, 1,3 d),

3.2,0.8 CPC No, 10 Timitations

Nong,
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CPC No,
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3,2,1 Computer Program Compcnent 11

CPC No, 11, SUBROUTINE DKGK, is written in FORTRAN code, It
is called from SUBROUTINE PROFL1and computes the critical frequency or
the associated height depending on the input,

3,2,1,1 CPC No, 11 Description

DKGK computes the ionospheric characteristic {}, by forming a series
of products of time dependent coefficients D, and position dependent geo.

graphic functions G,

X,
S (¢,x.T)=Z D,(T) Gy(¢,x).
k=0

The coefficients D, are precomputed for a fixed time T, and the geographic
functions G, are for a fixed latitude ¢ and longitude A\, K is the cutoff point
for the epproximate series representation of 3, For the determination of
the ioncspheric characteristic G=f,F2 the cutoff point K-75 is used and

for the calculation of 1=M(3000)F2 the cutoff point is K=48, The inputs

D, and G, are specifically set for either the {3gF2 or the M(3000)F2

computation,

3.2,1,2 CPC No, 11 Flowchart

The flowchart is shown on the page following 3.2, 1. 5.

3,2,1,3 CPC No, 11 Interfaces

a) Library subprograms required; none

b) Other subprograma called: none

c) Calling program; SUBROUTINE PROFLI

d) Calling sequence: CALL DKGK (MX, G, DKSTAR, OMEGA)
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Variables in calling sequence:

e e i o a2 e e

Name  Dimension [/O Description
MX 1 I Cutoff index=cutoff point K of series +1 j '
G MX 1 Array of geogrephic functions G,, k=0,.,..,K E ;
DKSTAR MX 1 Array of coefficients D,, k=0,,..,K ‘ )
OMEGA 1 O Ionospheric characteristic {,F2(MHz) or M(3000)F2 cod '
(dimensionless) e
e) Commor blocka: none ' :
f} File requirements: none ‘
3,2,1,4 CPZ No, 11 Data Organization
Importaat variables are described under 3.2,1,3 d). '
3,2,1,5 CFC No, ll Limitations
None,
;
62 :
i




CPC No, |l Flowchart, SUBRQUTINE DKGK
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3.2.1 Computer Program Component 12

CPC No, 12, main PROGRAM TABGEN, is written in FORTRAN code,
For any specified date and station preprocessor TABGEN computes values
of critical frequency and corresponding height for !4 time intervals at each
of 25 locatinons around the station covering the visible ioncephere, The
resulting {,F2-h, tables are written onto file for use in the ionospheric

reduction program IONI,

3,2,1,1 CIPC No, 12 Description

TABGEN reads the date, station, and solar flux information from card
for which £, F2-h, tables are to be generated, It lists the input data for
reference in the print out and converts the units of the angles to radians,
The genera. coefficients are read from tape if not already available and
the specific coefficient sets required for the f{;F2 and M(3000)F2 computa-

tion are prepared as well as the solar data, The applicable procedures are

already described in the first four paragraphs of Section 2,2,1,1, CPC Nn, 2,

A pattern of 25 points is generated around the station as shown in

Figure [; tte point distribution covers the visible ionosphere in fairly

even densits, The earth central angle 0 between station and ionospheric point

varies in 7* increments, while the azimuth A is 0° for ©=0°, and rotates in
90° steps fcr a=7°, in 45° steps for a=14°, and in 30° steps for 2=21° out
of the northa2rn position, For each ionospheric point the geographic latitude
¢ and longitade A and the magnetic latitude 3, are reduced from the station

position @y, Ay, the position of the magnetic north pole 3., A\, and & and A;

2

arc sin (Bin @, cos Q4 - co8 $, Bin C cos A)

/

- %s +arc sin | SiRA #inc)

>
1

cos }t

#, - arc 8in. sin @ sin @, + cos P cos P cos(h-}; ) !,
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Azim, =90* 45 3Q°
S/

Figure 1. 25 Point Pattern of lonospheric Points around Staticn
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The position dependent functions required for the {oF2 and M(3000)F2

computation are evaluated using SUBROUTINE MAGFIN and GK a# described
in the third paragraph of Section 3,2,1.1, CPC No, 4,

The diurnal variation at each of the 25 points is produced by evaluating
the critical {requency and corresponding height at 14 different time intervals
at 0,2,4,5,6,7,8,10,12, 14,16,18,20,22 hours of local time, The time
pattern is densified around sunrise to properly represent the rapid change
in the ionosphere during that time, {,F2 and M(3000)F2 are computed
by preparing the time dependent coeificients via SUBROUTINES SICOJT
and DKSICC and combining the time dependent coefficients and position
dependent functions by calling SUBROUTINE DKGK, The height of the

maximum electron density h, is computed with the Appleton-Beynon equation

(Reference 1) in units of km;

h, = 1346,92 . 526,40 * M(3000)F2 + 59, 825 [M(3000)FZ} .

The critical frequency is adjusted for day to day variations as a function
of AF, the d.ffercnce between the daily value and the 12-month running
average of the solar flux, Using *he model constants ¢, (variable PER)
and c; obtained by interpoiating the constant table (array CENT ) to the
magnetic la‘itude of the ionospheric point, {;F2 is multiplied by the ad-

justment factor (¢, pF+cy),

For each point and time {5F2 and h, are coded into one & digit integer,
the first four digits defining hy, in units of Il'bkm the last 4 digits specifying
f,F2 in unit ]‘%‘o MHz. The {gF2-h, table 18 accum. ated for all 14 time

intervals and all 25 points, and is written to tape or Jdisc [ile along with the

date, station, and solar flux information, The process can be repeated for

any number of date and station conditions desired,by specifying additinnal

input data and repeating the steps outlined in this section,
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3,2,1,2 CPC No, 12 Flowchart

The flowchart is shown on the page following 3,2, 1,5,

3,2,1,3 CPC No, 12 Interfaces

a) Library subprograms required: AMOD, ATAN,COS, SIN, SQRT

b) Other subprograms called; SUBROUTINES MAGFIN, GK, SICOIT,
DKSICO, DKGK

c) Calling programs: none

d) Calling sequence;: PROGRAM TABGEN

e) Common blocks: none

f) File requirements: general coefficient input tape, output disc or tape
file with {;F2.h, tables, card reader, line printer
The formats of the general coefficient input tape of the f F2.h, table
output file and the requirements for the input data card file are speci-
fled under 3,3, 1,

3,2,1.4 CPC No, 12 Data Organization

Variables defined in data statements:

Name  Dimension Description

JAZ 4 Index array specifying number of azimuth angle divisions

for each earth central angle used in 25 point pattern
ITP l Unit assignment of gene ral ionospheric coefficient tape
JTP 1 Unit agsignment of file with ((F2-h, tables
MONDY 1 Initialization constants for last and first (month: 100+day)
MOND 1 for which coefficients are in core
LYRMO 1 Initialization constant for (year: 100+month)
K o)
KN 10 Integer indices and index arrays used for the computa.
KM10 1 tion of {,F2 and M(3000)F2 in SUBROUTINES DKSICO,
NFF 1 GK, and DKGK
NMF L J
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Name Dimension Description
PER l Model constants used fo. adjusting {gF2 for dally !
CENT 3 variation, dependent on the daily value of the 12. :
month running average of solar flux and magnetic
latitude ‘
|
SPLAT 1 Sine function of the geographic latitude of the magnetic ;
north pole !
CPLAT 1 Cosine of the geographic latitude of the magnetic north ig
pole | {
PLON 1 Geographic langitude of the magnetic north pole (radians) ‘
i
:; i Coefficients used in the formula expressing h, as a i
H3 | second ordsr polynomial of M(3000)F2 !

Other constarts listed in data statements;

Ql=1, Qlo=10, Q100=100, Q130=130, Q3T5=3:10*, QPl=,1, QP5=, 5;
DR=1", PI2=:60°, D7=7°, DHRI1=1", DHR2:=2", D180=180°,
DG(1)=59°%, DG(2)=28°, DG(3)=-33° converted to radians,

3,2, 1.5 CPC No, 12 Limitations

The daily value of rolar flux transferred through the data file to the
ionospheric reduction program for computation of the decay constants for
the topside exponential profile is truncated a 1 maximum value of 130, This
is the boundary that was imposed by the data base during model development

and extensior of solar flux beyond 130 could result in invalid profiles,

Approxiriations are introduced through bypassing the iteration on the
height estimete of the ionosphere, In this case the latitude and longitude
of the ionospheric pointa are not effected, only the height itself at which
the magnetic field components are evaluated, Error estimates for these

approximations are not yet available,

If the {orospheric coefficients are not found on the tape for the specified
date, an errour conaition has occurred, a message i8 printed out, and the

program is t:rminated,
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The solar input data cards are checked for consistency of the date
and if disagreement is found, a message is printed and the prograin is

terminated,
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CPC No.

12 Flowchart, PROGRAM TABEGEN
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PROGRAM TABGEN (continued)

Compute 8in)
os for multiple
time angle

\ (s1coIT) /
o

-\
alculate tim

ependent coef-

ficients
(DKSICQ) /

N
Compute

M(3000)F2
(DKGK)

| Compute hm i

Lm",,j-u_wa

A
Compute ‘\\

—
Interpolate modeq
T

constants CEN
or magnetic
latitude

]r

Y

Adjust {,F2 for

daily variation
h flux and
gn latitude

A

1

More times ? )

|

[PV ISR PR S

More\ Yeﬂ{ Select next

on pomtl L point

ea\ \ Set next .

time

Write thﬁg
table, ddte,

station, flux
to file

71

o i il Sy

e —————




3.2, 1 Computer Program Component 13

CPC No. 13, main PROGRAM ION1, is written in FORTRAN code,
It handles the card input and the printing of the results for the entire
program, IONI! transfers the input conditions through common/EVAILL/, i
and by calling SUBROUTINE REFRCI receives the computed profile para- Lo ;

s R T TR e

meters and ra2fraction corrections through common/CORRI1/,

3,2,1,1 CPC No, 13 Description

ION1] reeds the station, satellite, and time information for the condition
to be evaluated from cards, The input data is converted to the internal
units of meters for distances and radians tor anglee and times, The variables
specifying th: evaluation condition are transfarred through common/EVALL/
to SUBROUT NE REFRC1, Through REFRC! and other routines called by
REFRC1, ionospheric profile parameters, vertical and angular electron

content, refraction corrections to elevation angle, range, and instantaneous

- e ——

range rate ar'e computed, They are returned to IONI] through common/CORRL/

and are printed,

Any number of evaluation conditions can be processed by supplying
additional in»yut data and repeating the program steps outlined above, Fo-
more details about the input and output data refer to the file descriptions

under 3,3, 1,

3,2,1.2 CPZ No, 15 Flowchart i ]

The flovchart ie shown on the page f{ollowing 3,2. 1,5,

5,2,1.3 CPZ Nou, 13 Interface

a) lLibrary subprograms required; none '
b) Other subprograms called: SUBROUTINE REFRCI! l

¢) Calling programs: none
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d) Calling sequence: PROGRAM IONI
e) Common blocks: EVALIL, CORRI

Variables in Commuon:

See description for EVALL, CORRI under SUBROUTINE REFRC],
CPR. YNo, 14

f) l'ile requircments; card readser, line printer

The reyuiren.ents for the input data card file are specified under 3,3, 1,

3.2,1,- C™C No, 13 Data Organization

(on tants defin~d in data statement;
QO0:0, QiJ00-1000, @3600=3600; DR=1°, HR-1" converted to radians,
Imporiant variables are describhed under 3,2,1,3 e) of SUBROUTINE
PEFRCI1, CPC No, 14,

3,2.'.% CPC No. 13 Limitations

Trror tests on the sequence, units, and formats of the input data are
not gertormed, However, mistakes in the set up of the card deck are

rrvealed i the pri-cont of the input data that is listed along with the results,

IONL 15 o program for gpecial applications and limited us» compared
to the general purpose PROGRAM JTON, Not included in ION{ ave the addi-
tionel features of TON of plotting the ioncuspheric profile, of updating the
predictions with actual 1onospheric observations, and of computing range rate
corrections for range differencing, For the purpose of saving space only
four digits are carricd for f,F2 and hy in the {4F2_-h, tables which eliminates
the option of dificrencing range coricections where the 5th and 6th digit of
foF2 are significant to the result, Because of approximations in TABGEN

and REFRCL, TON] aleo yields less accurate results than ION,
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CPC No., 13 Flowchart, PROGRAM ION1
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3.2,1 Computer Program Component 14

CPC No, 14, SUBROUTINE REFRCI1, is written in FORTRAN code and
is called from main PROGRAM IONl, REFRCI extracts the ioF2-h, tables

from tape or disc file and interpolates the values in the tables to the specified

e aw ek

position and {'me. The remaining profile parameters are obtained via
STCBROUTINE PROFL2, the ionospheric refra.tion corrections to range AR,
to instantaneous range rate AR are computed and SUBROUTINE BETA provides

the elevation angle correction AE,

3,2,1,1 CPC No, 14 Description

REFRCI retrievesthe f F2.h, tables from the tape or disc file that was
prepared by the preprocessor TABGEN, if the tables for the given evaluation
condition are not already available, Data for up to four station and date
combinations can be kept in core simultaneously which greatly reduces the
IO requirements for data reductions where a few stations are observing inter-
mittently, In addition, if new data is requested, it automatically replaces

of the four tables the cne having been in core for the longest time,

Thne carth central angle between station and ionospheric point, the
grographic latitude and longitude, and the magnetic latitude of the ionospheric
point are computed using the equations shown in Section 3,2,1.1, CPC No, 4,

Loc  time t, . is computed from the universal time L and the longitude A,
.. =t 4+

Critical frequency and corresponding height are extracted from the
foFe-h, table containing data for 14 time intervals during the specified day
at cach of 2% locatinne covering the visible ionosphere around the given
station, A linear interpolation process is used in three dimensions, in
aczimuth, earth central angle, and local time, Fivat it is arranged for index-
ing purposes that azimuth lies hetween 0 and 360 degrees, central angle be.

tween 0 and 90 degrees, and local time between G and 24 hours, The indices
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and increments for the interpolation are computed for all three variables,
Continuous interpolation is insured between 22 and 0 ho::rs of local time

and between the highest value and 0 degrees of azimuth for cach central

angle, The limiting values at 21 degrees are used if due to somsa rare

occasion or an error coadition, the earth central angle should exceed 2] degrees;
this value wan arrived at for the extreme condiiion of an obesecsver looking

horizontally 2t a 453 km high ionosphere,

By calling SUBROUTINES PROFLZ2 and BETA the remaining profile
parameters and the refraction correction to the elevation angle are evaluated
respectively, Vertical and angular total electron content as well as the
refraction corrections to range and instantaneous range rate,are computed
following the description in the last five paragraphs of Section 3,2,1,1,

CPC No, ¢,

3,2,1,2 CP(C No, 14 Flowchart

The flowchart is shown on the page following 3,2, 1,5,

3.2,1,3 CPZ No, l4 Interfaces

a) Library subprograms required: ABS, AMOD, ATAN,COS, FLOAT, SIiN,
SQRT

b) Other sibprograms called: SUBROUTINES PROF .2, BETA

c) Calling >rogram: PROGRAM ION1

d) Calling sequence: SUBROUTINE REFRCI1

e) Common blocks; EVALI, CORRI

Variables in common:

Common Viriable Dimension 1/0O Description

Name Nime

EVALIL Fi 1 I Transmission frequency (MHz)
EVAILIL F _AT )\ 1 L.atitud: of station (radians)
EVALI F _ON l I L.ongitude of station (radians)
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Elevation to satellite (radians)
Azimuth to satellite (radians)
Height of satellite (m)
Elevation rate (radians/sec)
Altitude rate (m/sec)
Universal time (radians)
Year (last 2 digits)

Month (=1 through 12)

Day (=1 through 31)

Unit assignment of ionospheric
file with { ;F2.h, tables

Range correction (m)

Range rate correction (m/sec)
Elevation angle correction (radians)
Critical frequency (MHz)

Height at maximum electron density

Half thickness of the bottomside bi.
parabolic layer (meters)

Half thickness of the topside parabolic

Decay constants of lower, middle,
and upper section of the exponential
topside layer (l/meter)

Total vertical electron content

Common Variable Dimension /O Description
Name Name
EVALI ELEY I
EVALIL AZ I
EVALI HS I
EVALI EDOT I
EVALI HDOT I
EVALIL TIME I
EVALL IYR 1
EVALL MON 1
EVALL IDAY I
EVALI JTP I
CORRI DRANG o
CORRI DRATE O
CORR! DELEYV O
CORRI! FOF2 o
CORR! HM o
(meters)
CORRI YM O
CORRI YT @)
layer (meters)
CORRI1 XK @)
CORRI TOIN o
(e /m? column)
CORRI TOTNA O

f) File requirements:

tables,

Total angular alectron content
(e/m* column)

ionuspheric input tape or disc file with {oF2.h,
The format of the {ile containing the {gF2-h, tables is
described under 3,3, 1,
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3,2,1,4 CPC No, 14 Data Organization

Variables defined in data statements:

Name Dimension Description
JAZ 4 Index arrays used in defining the 25 point pattern
KAZ 4 around the station
NO 1 Initialization constants for storage condition of :
NR 1 foF2-h, tables ;
i
R I Mean earth radius (meters) B
SPLAT 1 Sine function of the geographic latitude of the magnetic
north pole
CPLAT l Cosine of the geographic latitude of the magnetic
north pole
PLON 1 Geographic longitude of the magnetic north pole
(radians)
RM : l Estimate for radial distance of ionosphere from
earth center (metera)
TOL l Tolerance allowed in identifying station latitude

and longitude (radians)

Other constants listed in data statements:
Q0=0, Ql=1, Q2=2, G7=7, Q100=100, Q3P5=3,5, Q4P5=4,5, QNM=1,24+10°°,
RN3:=,49972; P12:=360°, DR=1°% HR=1" converted to radians,

Other imporiant variables are described under 3,2, 1. Je)

3,2.1.% CP< No, 14 Limitation_ts_

Approxi nations are introduced into the computation of the critical
frequercy and the height of the maximum electror density by two facts;
through the linear interpolation in space and timc of the precomputed
foF2-h, tabl:s, and through bypassing the iteration on the height estimate
of the ionosphere, Thus caution should be used anu further tests of accuracy
requirements might be desired when using this program version, An

estimate of the expected errors is given in Section 6,2,
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The range rate correction formula in this routine applies only to 1= .10 ¢
eous range rate measurements since it is assumed that the only variation in
electron content over the time of observation is due to the positional change

of the satellite and that the ioncsphere between station and satellite remains

constant., Range rate corrections to observations obtained by range differ~ac.r

over a finite time interval during which the icnosphere can undergo distinct
changes, cannot be computed by this routine because the {;F2.h, tables do

not carry enough significant digits, For this purpose PROGRAM ION should

be used,

1f the foF2.h, table for the apecified date and station is not found in the
data file, an error message is printed out and control is transferred to

PROGRAM ION! to proceed with the next cata case,
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3.3 Storape Allocation

i

e merh

The size roguirements and storage allocations of the total prograr -
and the individual components were extracted from computer runs of the
programs on the CDC 6600 computer system, In the load maps that are
shown on the following pages the starting acdressea of the program and

system functions in the detailed breakdown are listed in octal words.
The total cora space requirements are;

3760+ octal
24232 octal

10260 decimal words for the Bent lonospheric PROGRAM ION;
10394 decimal words for the preprocessor PROGRAM TABGEN,
3412 decimal words for the raduction PROGRAM ION1

63:4 octal =

of the uiternate version of the ionospheric program,

Following are the size resuirement for tle individual components:

Component — Size in decimal words
COMMON /EVAL/ 20
COMMON /CUPDT/ 57
COMMON /CORR/ 12
PROGRAM ION g4l
SUBROUTINE REFRAC 5426
SUBROUTINE PLOTNH | 366
SUBKOUTINE PROFLI ) 624
SUBROUTINE PROFLZ2 | 1083
SUBROUTINE EETA 180
SUBROUTINE SICOJT 64
SUBROUTINE DKSICO 72
SUBROUTINE MAGFIN 520
SUBROUTINE GFK 147
SUDLDROUTINE DKGK 39
COMMON /EVALL/ 13
COMMON /CORR1/ 12
PROGRAM TABGEN 10394
PROGRAM ION1 3610
SUBROUTINE REFRACI 19R8
81

e sl 7 B Bk L
A Y R v i3

T e etk



RO PO

Load Map for PROGRAM ION;

=PROGRAM=e==ACOFRESS~

ION

REFRAC

PLOTNK
PROFL L
PROFLZ
RETA
SICOJT
IKSICC
MAGFIN
6%

OKGK
ACGOER:
ABS¢
AMODS
SIGNS
ALNLCGE
AL0G1032
AT ANS
Eyrg
EXFE
SINCCSE
SQRT§
SORTE
SETAA
SIC3
cCSs
SING
ATANE
SYSTEMS
IFENCF$
INPUTES
INPUTC
KODEFR S
KRAKE =}
ALTFTCS
REWINME

tooe3s

007632

veelle
nevo7ze
02252
026347
J2oR2X
126732
Ne?7063
031062
0uQ272¢
C03uE
nrl3el
135072
L2737¢
020374
Jr34L43
vidubb
L34505
vel05u7
"3Jelb
00672
C2J71E
023744
220757
£221372
012424
(i2456
032537
0235467
CIiskdb
036107
Qre2%6
033652
0I74L3¢
037532
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Eval
urLT
FORR
EVAL
UPaT
CORR

gaaace
000174
0guets
co0icce
gCCizs
npgeds
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l.oad map for PKOGRAM TABGEN:

o —am

-PROCGRAM~-==ACORESS- ~~LABELED=~=COMMON==~ : §
_____ TABGEM . QLM 0 e by
sIcoJy 24322 Co
R 2 4 R L e e Do
MAGFIN 024542 [
— el e BB L e Lo
OKGK 0257785 b
4888 028044 - omon : R
AMOODY ° vueB04? ;
SSIENE . Y2B0BL- : i (.
ATANG 026060 !
......... STNGCER - 2eilll oo AU
SCRT® 026155 1
SQRT & 026291 . - ... :
GETBA 026223 :
5168 co v dBd42 :
cosg 027655 :
REERE S SIF S0 5 5 1 2.5 SO . : e ‘ :
AT ANE r2774d !
SYSTENE 83gdea - : '
eNCFILS 31032
IFENEFE 332183 - -
INFUTEZ 031162
e AaAs 2 3446462 EERICRRE
XOCERE (3172
KRAKER S 033206
ouTeTEg 034772
0uTEICE 035251
REWIANME 0:524¢
!
!
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l.oad map for PROGRAM IONI;

-PROGRANM=-=-=ANDRESS-
00043%

- IONi- - -
~ -—REFRGL - -

— - BROELE -
3ETA

.....ABSS
AMODE

e FLOATE
ATANS

...... X8~ - ...

EXFE
. SINGCSE -
SQRTS
- SQRIE-
GETBA

NS -7 S

Cos¢

. SING-
ATANE
S¥STENE
IFENCFS
R it o
INFUTCS
KCOERE
KRAKERS
NUYLTCSE
REWINME

406655

042684

014658
015142
015145
01162
015155
845176
015237
015305
015262

- 315406

015440

i ebd

0170862
G17114
017146

-B17227

02(¢e¢37
gac3Le
02(577
gairze
027242
fei12é6
g2«222

v« APELED==~COMMCN="-
EvALL
CORRY
-EVALY
CORR1

B4

000430

000115
006100
000115

=
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3.3,1 Data Base Characteristic - File Description

External data transfer in and out of the ionospheric model ION is

handled through three files,

the input data card deck read in PROGRAM

ION, the input ionospheric coefficient tape read in SUBROUTINE REFRAC,
and the output to the line printer is written in PROGRAM ION and SUB.

ROUTINE PLOTNH,
Program File Type Mode
ION Tape BIN
ION l.ine printer BCD
ION Card reader BCD

The alternate version of the ionospheric program consists of two

1
o)

-
1

1/0O Fortran

Unit No,

Description

l
6

a

lonospheric coelf, tape

Output listing from ION 3,3,1,2

[nput data deck to ION

Datails
Under

3.3, 1.1

3,3,1.3

separate entities, the osreprocessor TABGEN and the reduction program

JONIL, External data transfer in and out of TABGEN is handled through

four files:

an input date card deck, data output to line printer, the invut

torospheric coefficient tane, and the output disc or tap» lile with f F2-h,

tables, External data transfer in and out of ION1 is handled through the

ollowing 3 data (ilos:

fyF2-h, tables, and output to the line printer,

Program

File Type

TABGE?
TABGEN
TABGEN

TABGEN

ION
IOV 1

[ONM1

Tape
Disc or tape

[.ine printer

Card reader

Disc or tape
Card rcader

l.ine printer

ar input cata card decx, the input data file with

Details
Under

3,3, 1.1

File with {jF2.h tables 3,3, 1.4

Qutput listing from

3,3, 1.5

3,5, 1,86

File with foF2-h,tables 3,3, 1,4

Innut data deck to ION1 3,3,1,8

Output listing from

Mode [/0 Fortran Description
Unit No,
B'N 1 1 [on, voelf, tane
BIN O 2
BCD O 6
TABGEN
BCD 1 5 Input data deck to
TABGEN
BIN I 2
BCD [ 5
BCD O 6
[ON1
K5

3,3,1.7
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3.3,1,1 Ionospheric Coefficient Tape

There are 36 fixed length records on the cape followed by a double

end.of.file, Each record contains, in 3848 words, the generalized 10-day
f,F2 and 30-day M(3000)F2 coefficients tc be used {or one third of one month,

The 36 records are in time sequence and valid for the periods January 1-10,

January 11-20, January 21.31, February 1.10, February 11-20, February 21-

28 or 29,,...,December 21.31,

Word Mode Fortran Name Description

l

Iateger LOND =(month*100+day ), first date for which
coefficients ave valid

2 Iiteger LONDY z(montht100+day ), last date for wiich
coefficients are valid
3.2966 Feal WCOEF Array ot dimension 3x13:76 of general.

2967.3407 FReal UM

3408-.3848 Heal M1

ized [gF2 coelficients valid for the time
interval specified by words 1 and 2

Array of dimension 9*49 of M(3000)F2
coefficients valid for a 12.month running
average of the sunspot number = 0, and
to be used for the time interval specified
by words 1 and 2

Arrey of ditmension 9%49 of M(3000)F2
coefficients valid for a 12-month running
avarage o! the sunspnt number ~ 100, and
to be used for Lhe time interval specified
by words | and 2

The formation of the specific coeificient sets for {,,F2 and M(3000)F2 rom

the general (oefficients is discusscd unuer 3,2,1,1, CPC Nu, 2,

3.3,1,2 line Printer Output lListing from [ON

The typical output format of the results from ION ia shown for some

test cases under 4, 1. In addition, the following c1ror messages niay occur:

Printed in PROGRAM ION, "Error in solar input data tor ycar ., and

month = ,," where upon the computer run i¥ terminated,
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! Printed in PROGRAM ION, "Remaining update data not used; if more
than eight update conditions are supplied, the first zight are used, the re-

maining cards are skipped over,

e oL R

Printed in SUBROUTINE REFRAC, "Coefficients not found on tape for

Wi

year, month, day =,, .., .,.'", where upon control is transferred to

PROGRAM ION to proceed with the next data case,

Printed in SUBROUTINE BETA, "Ray {s reflected at ionospherc or near
reflection condition, elevation angle correction is not computed, ' where upon
it control is transferred to SUBROUTINE REFRAC tn proceed normal wi'h the

remaining computations,

3,3,1.3 tnput Data Card Deck to ION

The input card deck to ION specifies the output and update options and
it defines the evaluation and update conditions and thn required solar data,
The set up procedure for the cnfd deck {s described below followed by a
description of the solar data and by the detailed card type and foermat in.

formation,

a) Procedure to Set Up Card Deck for ION

*x Specify options =

Card type 1 : ISEL(l) - ISEL(5), output options for ionospheric profile
and refraction correctione., =0 wanted, =l not wanted,

Card type 2 : IUPDT, IDRDAV, update option and output option for correc.

tion to range differencing, =0 not wanted, =1 wanted, If
=1, additional input data is required, cards 9 and 10 and/or
card 11,

*% Specify evaluation condition #=

Cardtype 3 : FS, FLAT, FLON, station information: wave frequency,
latitude and longitude., I1f refraction corrections are not
desired, FS is not used and should be left blank or set

=0 or positive,

Cardtype 4 : ELEV, AZ,HS,EDOT,HDOT, satellite information: elevation
angle, azimuth, height, elevation rate, altitude rate, 1If
the instantaneous range rate correctionis not desired, EDOT
and HDOT are not used and should be left blank or set to any
value,
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Card type 5 : IYR,MON,IDAY, TIME, time information: year, month,
day, time.
%% Specify solar data »*

** If the year and month of this condition are the same as the year and month
of the previous coidition, akip cards 6,7, 8.

Card type 6 : IYR,MON, FLX(1 )-FLX(16), date and daily values of observed,

solar flux for the first 16 days of the month, If future pre-
dictions are to be evaluated, leave array FLX blank,

Card type 7 : IYR,MON,FLX(17).FLX(31), date and daily values of ob.
served solar flux for the latter part of the month, If there
are less than 31 days to the month, the additional spaces
are normally left blank,

Card type 8 : IYR, MON,SIS, SIF, date and 12.month running average of
sunspot number and solar flux, ‘

‘Preparation of solar data is discussed under b),

*% Specify update data **
*% If update is not desired, JUPDT=0 on card 2, skip cards 9 and 10,

Card type 9 : NUPDT, number of observation conditions to be used for
updating the predictions for the evaluation condition,
Maximum = 8,

»* If update is not desired for this particular evaluation condition, NUPDT =0,

pkiE card 10.

Card type 10: ULAT,ULON,ULEV,UZIM,UT,OBS,ITYPE, update data:
latitude, longitude of okscrvation station, elevation and azi.
muth of observation, obsc rvation time, value of measure-
ment and type, When the observation is critical frequency
set elevation to 90° and azimuth to 0°, For vertical and
angular content use the appropriate angles,

ok Regeat ca.r_d 10 until all NUPDT conditions are defined,

x# Specify additional data for range differencing »=

%k If corrections tu range rate by differencing technique are not desired,

IDRDAYV = 0, skip card 11,

Card type 11 : ELEV,AZ, HS, TIME, satellite information, elevation,
azimuth, and height and time information for the second
observation used for the range differencing,

#* Repeat cards 3 through 11 for any number of conditions desired.

*% Terminats with card 3 coutaining a negative value for the wave frequency
FS.
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b) Preparation of Solar Data

The Bolar data can be extracted from the "Solar‘-Geophynical Data'

monthly publications, issued by NOAA, Boulder, Colorado.

The daily values of solar flux are to be copied from the table ''Daily
Solar Indices' (normally page 7) under the column "Observed Flux Ottov)a.
2800" MHz (corresponds to 10.7 cm wavelength), If future predictions are
to be evaluated and thexjefore no meudreméntl'uvﬂl_nble, the daily flux
values reqﬁired on card with the apprdpfiate year and month are to be left
blank, The program automatically checks for this condition and inserts the
best eotimate for the daily flux values which is the 12.month running average

of the solar flux,

The 12.month running average 1, ;,, for month j of a solar index 1 with
a mean value I, for month k is defined as,
- - +8
o= 4 [TasTas 5 -fw)
o\ 2 <

{=- B

The monthly means of the index {or the month under consideration, for | through
5 month past and prior and half the value of the monthly mean for 6 months

past and prior are added and divided by 12, yielding an average over 12 months
centered around the specified month, The 12-month "unning average
(=smoothed) of the sunspot numbers S, ,,. for month j are listed in the ""Solar
Geophysical Data' publication (normally page 9)in table '"Smootherd Observed
and Predicted Sunspot Numbers' and are to be used for past as well as future

evaluations,

The 12-menth running average of the solar flux is computed from the
accumulated monthly means using the formula above, The monthly means arc
listed along with the daily values of solar flux, If not enough advance data is
availableto form the 12-month running average, that value can be approxi.

mated with a 11,5, 10,5 or 9, 5-month running average;
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1 -F- . - .
approx. Fyg,, = Fig, 6.4,y = ( 18 4 _“ FJ+1> ,k=1,2,0r3 ,

12,5-k\ 2

=8

If not even ¢nough data is available to form a 9. 5<month running average,

an estimate of the 12-month running average of the solar flux can be derived

from the 12.month running average of the sunspot number for which tabulated
predictions are available. The relationship between solar flux and sunspot |

number wae arrived at by Stewart and Leftin, Reference 9,

approx. Fyg,, = 63,75 + 0,728x5,,,, + 0,0008%:52%,,, .

The attached tables contain the final 12-month running averages for
sunspot number and solar flux from 1960 on and the monthly means for solar

flux from 1270 on,
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12-Month Running Average of the Zurich Relative Sunspot Number

Table 1,

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
Jan, 128.9 80.2 45.2 29.4 19,5 11,7 27.7 75.0 102,6 110.0
Feb, 125,0 74,8 41,8 29,8 17.8 12,0 31,3 78,8 102.9 109.6
Mar, 121.6 68.8 39,8 29,7 15.4 12,5 34,5 82,2 104.7 108,0
Apr. 119.6 64,3 39,4 29,0 12,7 13,6 37,4 84,6 107.2 106.4
May 117.0 60.1 39.2 28,7 10.8 14,6 40.7 87.5 107.6 106, 2
June 113,9 55,8 38,3 28,2 10,2 15.0 44,7 91,3 106.6 106.1
July  108.6 53.1 36.8 27,7 10.3 15,8 50,3 94,1 105,2 105.8
Aug. 102.4 52,5 34,9 27.2 10.2 16,4 56,6 953 104,8 106.4
Sept, 97,9 32,3 32,7 26.9 9.9 17.4 63,1 953 107.0 105.4
Oct, 93,3 51,4 30,8 26,0 9.6 19,7 67.6 950 109,9 104,
Nov. 87,9 50,5 30,0 23,8 10,1 22,3 70,2 97.1 110.6 104.6
D:c.  83.7 48.7 29,8 21,3 11.0 24,5 72.7 100.6 110.1 104.9

1970 1971 1972
Jan, 105.6 80. ¢ 70,8
Fob, 106, 0 77.8 71.2
Mar, 106, 2 74, 4 72, 4
Apr, 106, 1 70,9 73.4
May  105.8 68.1 72.9
June  105.3  66.7 70,5
July  103.8 65,5 68,1
Aug. 101.0 65,0 65,4
Sept.  97.2 66.4 62,0
Qct, 93,9 7.1 60.3
Nov. 89.4 67.6 59,53
Dec. 84,1 69.9 54,8
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Table 2. 12-Month Running Average of the Solar Flux at 10, 7 cm Wavelength (Ottowa)

Jan,
Feb,
Mar,
Apr.
May
June
July
Aug,
Sept,
Oct,
Nov,
Dec,

Jan,
Feb,
Mar.
Apr.,
May
June

July

Sept.
Oct,

Nov,
Dec,

1960 1961 1962 1963 1964 1965 1966 1967 1568 1969
178.7 128.9 97.9 81,8 76.4 73,8 85,7 128,1 150.0 150.2
174.6 124.1 95.2 81.8 75.5 74,4 88.4 131.5 149.4 150.2
170.8 119.1 93.1 81,8 74.4 4.9 91.2 134,3 149,3 150,
168.6 115.1 91,7 81,5 73,3 75,4 93,8 136.3 150.4 150, 0
166.2 110.8 91.1 81.2 72.5 75.8 96.5 138.8 150.8 150.8
162.9 106.6 90.4 81,0 72,2 76,0 100,1 141,7 149,9 151.4
1578 103.7 89.2 80,6 72.3 76,4 104.6 145.0 147.8 13l,4
151.8 102.4 87.7 80.3 72.4 77.2 109.7 147.8 145.5 152,5
147.4 102.0 85.8 80.1 72.2 78,3 115.3 148,2 146.0 152.8
143,1 101.5 84,2 79.8 72,1 80,0 119.6 147.4 148.3 152,5
137.9 10l.1 83,1 78,7 72.5 81,9 122.8 147.9 149.0 153,7
133.1 100.2 82.3 77.3 73.2 83.6 125.7 149.3 149.4 154.4

1970 1971 1972
154,7 135,0 120.5
155.1 132,5 121,2
155,2 129.9 122.1
155.2 126.6 123.1
1552 122.8 1232
155.8 1197 121.7
136.3 116.5 120.3
155.0 114.7 118.0
151.4 115.5 115,0
147.6 116,1 113,5
143.3 116.7 111.8
138.6 118.9 108.6
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January
February
March
April

May

June

July
Auguat
September
October
Novembe =

December

Table 3, Monthly Mean of the Solar Flux
1970 1911 w72 191
158, 3 162.6 114, 8 102,2
175, 4 137,8 141, 8 98.7
158, 4 111,9 128.5 100, 4
162, 0 116.7 112,9 105, 0
168, 4 109.9 129, 6 97.0
154.9 101,7 135, 4 91,2
152, 0 117, 4 122, 0
138.2 114, 1 125, 7
143, 2 104, 0 113,7
148, 3 107, 2 121, 1
162.0Q 114, ¢ 101.6
152, 8 124,5 102.9
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c) Card Type and Format Information

Card Type |

Output options for ionospheric profile and reiractien corrections

b T D
0V L 13 AR G

20 30 40 80 €0 70 82
\Hll”llllll||l|l|l.l||llllll\‘lHiHr!';.-..‘l"‘.-l ;Hnl!I:!.! SERTRN
zlisllslslg
ERERERE O
4 9 8 2 A
Format (515)
Word [Program o
No, |Variable| Units [Format| Column Description
1 ISEL(L) - {5 1-5 = 0 profile parameoters and total content
desired, =1 10t dcsired
2 ISEL(2) - I5 6-10 = 0 profile plot desired, =1 not desired
3 ISEL(3) - 15 11-15 = 0 elevation angle correction desirea,
= ] nout desired
4 ISEL(4) - 15 16-20 = 0 range correction desired, = | not derired
ISEL(5) - 15 21-25 = 0 instantancous range rate correction

desired, = | not desired

If words 1-5 above are all =1, nnly the
critical {requency and corresponding
height will be completed,
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Card nge 2

Update option and output option for correction to range differencing

| 10 20 N 40 1) 80 70 80
! i . . : ) | \ i
‘HI[Illllllllllll'l!ndi,lillIifl:!!il.!-. oo : TRRIR R R AT
RN
-} Lo
=% a
= &
= a2
[
Format (215)
Word |Program
No, |Variable!| Units |Format| Column Description
1 IUPDT -- [5 1.5 Update flag: = 0 no update for any of
following evaluation conditions,
= 1 update in soma or all of the following
evaluation conditions
2 IDRDAV| -- 15 6-10 Output vption: = ( correction to range

ratc obtained by differencing technique
is not requested, = | desired
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Card Type 3 : 3
: [ ¢
Station data ror evaluation condition ! ;
i )
i
) 10 20 30 40 %0 €0 70 8» i
: . ; P
*munjiumu='zm;m:|||'=.||'i'- o SRIERNERERY BT I
L_ FS | _FLAT- | L—FLON—-J P
Do
Format (F 10,4, 2F 10,5}
.
Word [Program F
No, {Variable|Units |Format| Column Description ¢
i FS MHz | F10.4| 1-10 | Transmission frequency
2 FLAT |degreeq F10.5|11-20 Station iatitude i
3 FLON |degreeg F10,5)21-30 Station longitude (poeitive east, 0-360 degreesJ)
)
]
|
t
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Card TzEe 4

Satellite data for evaluation condition

10

20

‘IIIIIIH“IHIHS |

30
RS N

Format (2 F10.6, F10.0, 2D15, 8)

40 80 60 70
‘ I

}
i . R T

LELEV—H ‘Az -l—ns — — EDOT ——J — HDOT —-

Word |Program
No, [Variable| Units |Format| Column Description
l ELEV |degreeg FlC. 6] 1-10 Elevation angle to satellite
2 AZ degreed F10,6]11.20 Azimuth angle
3 EIS km Flo,0)21-30 Height of satellite abaove surface o! earth
4 EDOT rad/seq DI15,8]31.45 Elevation rate
5 HDOT m/dec| DI15,8]46-60 : Altitude rate
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Card nge 5

Time data for evaluation condition

! e} 20 30 40 %0
‘IIIIHIII'IIIIII SEIVERE RN
N l I
gll% ||: e TIME
n = €&

Format (315, F10.7)

€0

T A

70

8>

Word |Program

No. [Variable| Jnits |Format Column | Description

I

1 IYR -- Is 1.5 | Year (last 2 digits)

2 MON -- I5 6-10 Month (=1 through 12)

3 IDAY - 15 11.1%5 | Day (=1 through 31)

4 TIME lours FLI0.7)16-25 ! Universal time

!
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Card 'I‘E.e 6

Daily solar flux data for first part of month

! @ ) 30 43 &2 QO 70 b:fe]
’ [ ’ R | o EENIE R o
frpretir it bt P et bt ‘
I D D el Rt
\J ! = | I»\x I ' “—c ‘?’
| & < X : X X
= C SRS S A
=2 P : I
Format (212, 4x, [6I4)
- - -
Word (Program ] o ‘
No. |Variable| Units JFormat! Column Description
! 1Y R -- 12 1-2 Year (last 2 digits) \
R IMOXN - - 12 3.4 Mcnth (=1 through 12)
3 FLX{1) - 1% 9-12 Daily solar flux x10 for day 1 of month
4 FPLX(2) -- 14 13-l Daily solar flux x10 for day 2 of month
i '
|
' |
X FiX(lu) 14 ;69-72 Daily solar flux x10 for day |6 of the month
;
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Card TXEG 7

Daily solar flux data for second part of month

- e —— L

)
i

JYR ———
ON -

FLX(17

FLX{

2

|

0 20
||H'1I|HI\

S
=l

Format (212, 1514)

40 %0 (1) 70

I .
! 1\! 11 ‘ |
1 Ly
‘A ——
NN
A )
S—
XX
oo
- -

89

TWord
[ No,

Prog ram{
Variablei Units
—

!
!

Format| Column

-

Description

I~

IYR
MON
FLX(17)] -
FLX(18) .-

FLX(31)| -

12
12
14
14

I4

1-2
3.4
5.8
9. 12

bl-64

Year (iast 2 digits)
Month (= | through 12)
Daily solar filux x 1C for day 17 of  ontn

Daily solar flux x I1C for zay 18 of muntn

Daily sclar flux xl1C for day 3| of month;
1f the month has less than 31 gays, toe
spare locations are left blank
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L
g
¢
R Card Type 8
- f T T - | =
§ : Final or predicted 12-month running Avern_aaj of sunspot numuoar and solar flux
;
. ) 10 20 30 40 60 60 70 B 1)
v { | . ! t
‘ ‘{uwllu{uu:t: FRNER RN th ‘ IR AR
: Vo | . .
; B U
i Z
! QO n 3
: ol ST A
: Format (212, 215)
I ! |
Word Program ' f
No. |Variable| Units Format/ Column Description
T T
\ IYR - 12 1-2 Year (iast two dig ts)
| 2 MON 12 1.4 Month (= | through 12)
‘ 3 SIS -- 18 .9 l2-month running everage of sunapot
f' number x |0
1 4 SIF - 15 10-14 l2.month running average of solar flux x {
r
|
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Update control constant
) 0 10 %0 40 o 8o 70 2o
| R ¢ '
QluIH|‘|I||erful;rqff!":'w!i‘ f o P el
=
A

a

oo

Z

Format (I 5)

o
Word [Progrlnq
No., |Variable| Units [Format! Column | Dascription
1 NUPDT - 15 1.5 ! Number of update conditicns, maximum = 8

102

Kol B S B A | T —— it &

R, . ——

© e . e

e e o~ e -




-

P v—————

vartical elsc.ron content,
content

= 3 angular slection
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;- 1
P Card Type 10
1
" r Update data condition ‘
L 1
tod
oo '
P , S
- ) 10 20 » 40 80 eo (A %0 Lo
‘ S ‘ | :
| lummf’lnm:‘t:lf ”/L ‘fl J | "‘!”I‘ - | Lo
Do : ! | ! . 1
L LvraT! Lo —ULEW= vziM-lt vr 4L - oBS Sy g t
: > :
A E: E
Forma: (2F10,5, 2F10,6, F10.7, D15.8, 1 5) I
" :
- |
L |
( i
Word [Program ]
Nn.,  |Variable| Units |Format| Column D_“C”P“‘m 1
: ] CLAT |degreeg FIC.5 1.10 | Latitude of update station !
i ! 2 ;CLON  |degrees F10.5 11.20 Longitude of update station (positive eust,
) f 0-36C degreen) i :
‘ 3 ULEV degreay Fi0.6 | 21-30 | Elevation angle of observation (=90 for [ F2 | :
data, = elevation to satellite for vertical ‘
and angular clectron content) ’
‘ 4 UZIM  degrees F10.6 | 31.40 | Azimuth angle of observation f
5 CT hours | Fl0.7 1 41.50 Universal time of obasrvation
6 OBS MHz of DI5,8 ] 51-65 Ohvervation to be used for update |
e/m?
7 ITYPE - 15 £6.70 Obaervatiun flag, = | for {gF2, - 2 for
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Card Type 11

Satellite and time information for sacon. observation-ussd for range differencing

i

10

20

Ill!ltllllltll\l‘

}
ELEV— | ..

, |
v

¥
v

Format (2F10.6, F10,0, F10,7)

, |
I Z
AZ JL- HS —] L—TIME ~

40 , -1e €0 70 : 8>

. ' | 1 - e
[ o ! o .
: . L ) . ) ) ;

T T R
iVWc:rd TProgrAm ‘
| No, |Variable|tinits |Format' Column Description
- ‘ -
1 1 ELEV Adogreeq F10,6 1.10 | Elevation angle to satellite
2 AZ dogreed F10,6 11.20 ‘ Azimuth angle
3 HS Km FlC.0 | 21-.3¢C Height ol watellite above surface of earth
4 TIME hours| F10,7 31.40 Universal time
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3,3, 1,4 Ioncuphnric D;u File withf Fi. thlblen

“The file with £ F2. h tables ia genauted in PROGRAM TABGEN for
use in the alternate 1onospharic version PROGRAM ION1, It connists of
fixed length records, as many as were gensrated in PROGRAM TABGEN,

ST ORI M A

n - terminated by a single ard.of.file, Each record conninl in 354 wordl,
'1 ti the date, the station position, the daily lolu ﬂmc md vn.luel of crmm
frequency {gF2 and corruponding height h,. The valuas for {Fe and
t h, are tabulated for the given date for 14 different times at each location of
' & 25 point pattern arcund the station which covers the ionolpheée visible
‘ from that station,
Word Mode Fortran Name Description
;o 1 Intager IYMD Date; ?url 10000 +« month« 100 » day
2 Real FLAT Latitude of station in radians
3 Real FLON Longltude of station in radians
: 4 Real FLUX : Value of daily solar flux (if the daily
f lux is greater than 130, the limit

value of 130 is substituted)

5.354 Integer IFH Array of dimension 14:25 containing
packed integer tabulated values for
foF2 and h, for 14 local time hours

! 1 at each location of the 25 point pattern
' around the station, Each integer has
i 8 digits, the first ¢4 digits define h, in
: units of km, the last 4 digits give

! foF2 in un?tl of I'IUO MHz,

3,3,1,5 Output Listing from TABGEN

The only line printer output from TABGEN is the printout of the input

data conditions, In addition, the following error messages may occur

Printed in PROGRAM TABGEN, "Error in solar {nput data for year = ,,

; and month = ,, "', where upon the computer run is terminated,
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~ Printed in PROGRAM TABGEN, "Cosfficients not:found on tape for

yur, .month, dly L AP “, whare upon the compabar ¥unds tarminatad, .

1,3,1,6 Input Data Deck to TABGEN '

The anut to TABGEN comutl of card typa LZ, ﬁhown on the next page

containing date and ltttton information and of card tygn 6 ‘7 8 as ducribed
under 3, 3 1,3 ¢) lpocifyin( the lol;r dltl..” ! o

Card typs 121 IYR, MON, IDAY, FLAT, FLON, year, month, day,
latitude and longituds,

*% If the yea: and month of this condition are the same as the year and
month of the previous condition, skip cards 6, 7, 8,

Card type 6 : IYR, WiON, FLX(l)-FLX(16), date and daily values of
observed solar {lux for the first 16 days of tha month,

If ‘uture predictions are to be evaluated, leave array FLX
blank,

Cardtype 7 : IYR, MON, FLX(17).FLX(31), date and daily values of
observed solar flux for the latter part of the month, If
there are less than 31 days to the month, the additional

opaces are normally left blank,

Card type 8 : IYR, MON, SIS, SIF, date and l2-month running average
of sunspot number &nd solar flux,

Preparation of the solar data is discussed under 3,3, 1,3 b),

“% Repeat cards 12, 6,7,8 for any number of conditions desired,

** Terminato with card 12 containing a zero or negative value for the
year IYR,

3,3,1,7 Ouiput Liltini {from ION|

The typical output format of the results from [ON! is shown for some
test cases urder Section 4, |, In addition, the following error messages

may occury
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I’ oo ST s e i E e e e e o - et i .
{
§ I . :
3 g )
AR
{ i
a i :
1R
|1 ¢ | CardTypei2
3 |
: v Date and station evaluation condition ’
i !
g " - |
i — : |
i i 10 20 30 43 80 - 60 ST e
i . , I L !
' ‘IIIHIH\HIHHW‘.t;m cr ' T
" 1
z o ’
x ]
> S S FLAT  FLON i'
!

Format (315, 2F10.5)

[ 7 Lo W

cal g ca
oy g - P R S——.

Word ‘vPrognm T T T ]

No, Variable| Units |Format| Column Description
| 1 IYR - 15 1-5 | Year (last 2 digits) o
g i 2 MON - |13 6-10 | Month (=1 through 12) *
o 3 IDAY - J1s 11-15 | Day (=l through 31)
3 4 FLAT |degresq F10,5 | 16-25 | Station latitude

(8]

FLON degree{ F10.5 | 26-35 | Statinn longitude (positive east, 0-360 degrees
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Printed in SUBROUTINE REFRC!, "{gF2-h, tahles for this station-
and date not found in file,'' where upon contrul is tramsferred to PROGRAM -
ICN1 to proceed with the next data case,

Printad in SUBROUTINE BETA, ""Ray is reflected at ionosphere or near
reflection condition, elsvation angle correction is n coﬁqpﬁted, " wherse

upon control is transferred to SUBROUTINE REFRCY ta proceed normal with

the remaining computations,

3,3,1,8 Inpuvt Data Deck to ION!

The input data to IONI! involves only card types 3,4, and 5 as they are

described under 3,3,1,3 c)to specify the evaluation condition,

Cardtype 3 : FS, FLAT, FLON, station information: wave freguency,
latitude and longitude, Set FS=(0 or positive, if refraction
corrections are not requasted,

Cardtype 4 ; ELEV, AZ, HS, EDOT, HDOT, satellite information:
elevation angle, azimuth, height, elevation rate, altitude
rate, If the instantaneouc range rate correction is not
desired, EDOT and HDOT are not used and can be left
blank or set to any value,

Card type 5 : IYR, MON, IDAY, TIMZ, t.me information: year, month,
cday, time,

** Repeat cards 3 through 5 for any number of conditions desired,

=# Terminate with card 3 containing a negative value for the wave (requency
FS.
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3,4 Computer 'Drorgum Functional Flow Diliram

The functiona] flow diagram of the Bent loncspheric Program ION is pre.

sented as well as the dingrams for the alternate version TABGEN.IONI,
The labels to the right top of each block specify thie program/subroutines
that perform the function described in the block, Lowar level flowcharts
disclosing more details are listed under the individual! computer program

component descripricns in Section 3,2, 1, 2,
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Functional Flow Dilj;am for iON
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Functional Fiow Diagram for TABGEN

Start

TABGEN

Read and prepare _1
data for evaluation |

condition from |
cards 1

— |

Coefiiciant Yes
availatle

'
~

ead genaral co.
fficients from
apo and form
Fpe:ific sets

Solar data Yes
available

\/,,
No WTABGEN

Road solar data
from cards

©

A
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v TABGEN

P -

Generags 25 point
attern of visible
onosphere arcund
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each specified

W TABGEN
p—

Write record w.th
foF2-hpm table, cl:e.':erv
station and f{lux to
file

More

conditions
o

- c——f

[ERESIIS NETP SUSIP- Py SR ¥ Sy

e

Lo

———



!

e —

S a1 bk b

e

P

Functional Flow Diﬂum for IONI

Start

ION1

Read & prepare
data for evaluation
condition frum
cards

tables
available

Read required
record from fi'e
with foF2-hm
tables

A

y REFRC !

Interpolate table in
time & position to
get critical
frequency & corre-
sponding height

yPROFL 2

Compute remaining
ionospheric profite
parameters

BETA
| Compute iono- = . i

spheric slevation
angle rofraction
correction

J« REFRC ]

Compute vertical
& angular total
electron content

REFRC

Compute iono- 1
spheric refraction
corrections to
range & tc instant,
range rate

10N i
[Pr'mt desired pro-
file parameters &
refraction correc-
ions along with
input conditions

More
conditions
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4, 0 Quality Assuzance

IR T s nakid. S

All sapects of the ionoapheric madel were tested #horoughly during and
after the cevelopment phase and some of the results are shown in Section 6, 2,
The shape of the electron deasity verlﬁl height prém WA compired with
actual composite profilcs Qm.pu.cd at NASA/GSFC sad thcy were llwayl in
close agreement, The integrated electron content was compared extensively
with the vert.cal electran content darived f{rom Faraday rota..on measure .
ments, The resul.s of this wecrk performed for SA)BD. are ducribed
in Reference 2, The predicttc;nl llon»ouac:‘:ounted”for 70 to 80% of the actual
electron content and after updating with ionospheric obhaervations, up to
90% of the io1osphere was estimated, The ionospheric refraction corrections
weyre tested in orbit determiration work parformed st NASA/GSFC, The
iterative leaut square reduction programs were run with and without iono.
spheric corrections and the {inal RMS values of the mieasurement residuals

were greatly rcduced by 30 to 75% upon use of ionoaplieric corrections,

After modifying the ionospheric program to its current form, a number
of test cases werw run and the results including all possible cutputs were
compdred with results from previous runs before modificetions, The same
test cases listed under 4,1 should be checked out whenever the program is
duplicated and transferred to another computer system to insure that all

parts of the crogram are in working order,

4,1 Test Plan/Procedure

The follewlng pages show a list of the input card dack and the corres.
ponding printed output results for test cases 1 through % and a crosas reference
list in T'able 4 of the varicus conditions tested, The five test cases evaluate
the fuactiont of the ionospheric program for various possibilities in latitude,
longitude, local time, season, and solar activity effecting the ionospheric
profile and therefure also elactron cuntent and refract.on corrections, Each

of the five tost casas computes all possible output results; critical frequeacy

114

TT e ettt it LA il Tt il iR

PR -

P




-and corresponding height, the values of half thickness and the decay constants -

for the shape of the profile, the profile plot and list, vertical and angular
electron content and refraction corrections to elevation angle, to range,

to inutantanecus range rate and to range differencing,

For the standard ionospheric PROGRAM ION the input is listed in
Table 5 for all five test cases, and the ouput in Table 6, For the alternate
version of the tonospheric program, the input and output of the preproéeuor
PROGRAM TABGEN are shown in Table 7 and the input and output of the
veduction PROGRAM ION! are giver in Tables 8 and 9 respectively, Only
test cases 1,2, and 5 are presented for the alternate program since the

update capability tested in cases 3 and 4 is not included in this version,

4,2 Other Quality Assurance Provisions

Whenever the program i{s reproduced for use on ancther systam, the
program card docks should be duplicated and vurified, If the program is
transferred tc a system with compatible binary coding, the binary magnetic
tape containing the ionospheric coefficients should be copied and verified,
lf the program is to be used on a computer with different binary word or
record atructure, the binary tape should be copied to a BCD tape and at the
new .ocation transfsrred back onto a binary tape, Care should be taken that
duriny the binary to BCD tape copy process no loss of significance will occur,
which means the format (E17,11)1s required for the general {;F2 coefficients
and the {ormat (E14, 8) is required for the general M(3000)F2 coefficients,
The hinary tape forniat (s described under 3,3, 1, When tape and card decks
are: available on the new system, the test runs described in 4,1 should be
performed and the results compared with the output results in the tables {or

agreement,
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The completed CPCI (Computer Produ::t Conﬁzuution xtem) 101‘ the |
Bent Ionolpheric Model conliltl of threa parts which sre packod m uhimnd o

leparutely; a1 magnatic u.pe, card decks, and 'Y dacumnnhtion mm\n.l Tho
tape is mailed first clars or airmail and is marked with HSpecial Hu‘.dlini- ‘
Elsctro Magnetic Item, " The card decks and manuals ‘,cun:.bo phipped third -
class, For storage of the mlgnetic tape and the card dackl, a coal l.nd dry
| place shouvld be selected to insure thnt the good condition of the iteml in

preserved, The following list ducribcd the delivered items in details

#) MNagnetic tape containing the general ionospheric coefficients in
either BCD or Binary code depandihg un the compatibility of the

computers between which the transfer occurs,

b) Caxd deckn‘

1) Fortran card deck to copy the BCD tape with loncspheric
coefficients to a Binary tape of the proper form, This deck
{8 not needed if the required Binary tape is supplied in place
of the BCD tape,

2) Fortran card deck for PROGRAM ION, standard version of
the ionospheric program,

3) Data cards for testrun of PROGRAM JON,

4) Fortran cavd deck for PROGRAM TABGEN, preprocessor
for the alternate version of the ionospheric program,

5) Data cards for testrun of PROGRAM TABGEN,

&) Fortran card deck for PROGRAM IONI, reduction program
for the alternate version of the ionospheric program,

7) Data cards for testrun of PROGRAM [ON1,
8) Additional data cards of solar input data from 1962 to 1973,

c¢) Munual; 'Documentation and Description of the Bent lonospheric
Model, ' For the setup and checkout of the programs, Section 3,3, 1
File Descsiption and Section 4, 1 Test Plan should be consulted,
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' . . Section 6, 1 describaa she development of the ienaepheric modsl,
% ; { ~ the data buton-whiéb the snslysis wat founded and the justifications
i ) for the derivation of each step in the development, In Section 6.2 the.
f : accuracy and the limitationa of the qucl are outlinad: 'jultiﬂ‘cniom of
; approximationn used in the model are given along with estimatas of the
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6,1 - lonospherig: Modcl chlgpmcnf.

For laveul years nciunthtl hwa inve ﬁtigntud mnny dti!ardnt

~ approaches to-modeling the ionotphuric.p:omn on A theoTatical basis, The

nurmes and typas of thess methods are well knowzn and will not be ;\uaulud hnrc.
but it ia cbvious aftar all tht yurl thl.t 'y goed thnorotiul ionclph-ric proma

atili doel not exist,

The object of our past mv.mgm@m was to coms Up with an ionoapheric.
profile that could give much improvod ruuitl for rn‘r;ction corrlctionl in - ‘
sstellite communicati~ng to ground or to u.,nother unmta thnn hud bun obuinod
with the Chapman and many other thoorctiul profiles, [t would have been. ’
pointiesa for us to sit down and inveatigate another theoretical approach when
50 many more coinpetent scientists are working on this problam, For thia
resson we decided that in this present time of coniputers,an empiricel modal

taken {rom a vast data base may provide us with the profile we were looking for,

It was our intention to acquire ioncspheric data of any kind that helped
us build up a dnti base covering mihimum to maximum of & solar cysle and
previding information yp to 1000km, .Thc lower liynrl of the ionosphere wers
neglected in terms of their irregularities although their electron content was
added into the larger F layer; thia was done to simplify the approach and as
the prime objective was to obtain refraction corrections through the ionosphere,
or at least to a point above 1[50 km, such an elimination would not be very

detrimental,

Data {rom bottomside ioncspheric sounders was obtained over the
year 1962 through 1969 covering 14 stations approximately along the American
longitudes naving geographic latitudes 76 degrees to -12 degrees or magnetic
latitudes 85 degrees to 0 degrees, This data was in the form of hourly profiles
of the ionosphere up to the {;F2 peak, :roplidc soundings were acquired for
the years 1962 to 1966 covaring the magnetic latitude range 85 degrees to
-75 degrees and providing electron density profiles from about 1, 000 km down

to a height just above maximum electron density, As the topside dats was
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not available near the solar maximurn, elactron density probe data was . .

vobuingd. £rom the Ariel 3 satéliite over the pericd May 1967 to April 1968

from 70 U.cgnn north to 70 degraoes louth gecgraphic 1aditude and link.d

in real time to {oF2 vuluu obtained fram H stations on thu ground

6,1.1 lonospheric Profile

In order to analyse the vast amount of «ata that wamsobtained L number
of assumptions had to ba made, In the first ..e the mpu!dn iound{ng' data
did not geograpnically covar the sntire gluolLe and the bettomnide duta was
cnly available for land masses and not over the cceansy h-owever, ab a locl.l
time effect is fur more significant than a longitude effect, the data was
analysed as a function of latitude and local time, Geographic longitude was,
however, taken into account for the detarmination of maximum electron denaity
by using the IT: coefficients for {gF2 which are a function of latitude, longitude,
time and solar activity, Secondly a theoraetical profile was determinea to which

the data would /it, This profile which ls used in the evaluation discussed later,

is shown in Figure 2 and is the remuls of earlier work by Karantsev (Reference 7),

and unpublishe« work of Bent (1967) while at the Radic and Space Research
Station in Englind and requires the knowledge of the parameters &k, , kg kj,

Yv, Ys [oF2, and h,, The equation of the upper topaide is exponential, namely,

Nz Nye ',

the lower {onociphereis a bi.parabola,

and the top and bottomside are fit together with a parabola,

-N.(l.ﬁ.), '

)
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N Ai; f.hn oluctron donnity

N, isthe mtximum value of de ctras domuy

”NO, , is the mnxtmum oloctron dnnlity {or uch mpommtng-.‘4--,,«,, 2
- layer : e e S

aand bhare verﬁcll diltuncu :

Y, {8 the half thicknan of the lowar layer ‘

% 18 the half thicknau &4 tho uppcr putholtc lay.r - ‘

k is the ducny constant for an mpomntul profno. R

The upper pnubol( extondl {rom the hiigh’c of the mlxim\im ‘alectron
density up to the point where the slope uf the parabola matches the slope of

the exponential layer, The data ln?}utigntud included over 80, 000 topsida
soundings, 6,000 satellite olactren denlity and roluod {oF2 meuuremmtl,

and over 400, 000 bottomside -oundmg-. ‘

6,1,2 Topside lonosphere

The initial approach wal to take the topsaide soundings and break them
down into zones 5 cnyrees of latitude by 40 minutes of local time eoliminating
data in the same zor-4 that have similar times and profiles, and therefore
are duplicated, Inis resulted in over 1,200 different areas in the northern
and southern hemisphere with & reasonably constant density of data in each
ares, By these means it was possible to investigate the decay constant k
in the exponential topside profile as a function of local time, latituds, solar
flux, sunipot number and season, Ons of the major concerns was whether
the decay constant k would be uniform for each sounding over the range
1,000 km to thy minimum height, and investigations showsd that such an
exponantial profile does not exist, The layer ws;, therefo s, divided into
thres equal height sections from 1, 000 km to the minimum recordsd height
and the exponent k computed for tha center point in sach section, Figure2
shows such & division where the values under investigation are the decay con.

stants ky, kg, kg, In most casas the topside soundings do not reach the height
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of maximum electron density and theufors the 3udmnt at. thxa lower pomt was
mtthomticslly equated to the point whexe th. gradient of th. nose’ pR rabola -
wad the same, Extegsive analysis of the lcqyind data ﬁ@wnd these gudiants
w be similax, on avaTRge, At » baig,‘n; y_. /4 ubovc t,he mt‘ximum elsctron density.
&t thh point the value of ikFZ which daﬁnu the lowut ggmt of tho toplide
toundiug, is O, 93 IOFZ (Nm in Fxguru FARY th& squivalent clactmn density to
the {requency f F2),

For an initial tast the da;ﬁpy ;éiqhnt@ k for each 9f the threa layers, upper,

middle, and lower topside were plotted as a function of magnetic latitude and
fkF2, Values {rom the northern and southern hemisphezes were treated indepen-
dently at first, but the analysis showed that thare was excellent correlation
between the two, Figure 3 l,hq\gl th!_,;‘ol,a,tip.nphi.p between the three decay
constants k and magnetic latitude for alllocal times, solar activity, and season,
The squatorial inemaly and a 40 dojru trough show in t‘hAc lower topaide layer,
The 65 degrees trough is not as evident as it {s when the same analysis is donc
for various locnl times which suggests the physical vu»risncu of thase anomalies

should Us inves:igated in mazas detail,

It was found that correlations in k for specific {412 did not bear auny
further local tiime correlation, hut bore a significant variation with solax
activity and magnetic latitude, Howevar, the correlation with solar flux was
considerably brtter than that with sunspot number, even allowing for the delay
in the a2ffect re.iching the ionosphere, so all further correlations were with
the Ottowa 10, cm solar flux, All these currelations were then plotted in

graphical form to enable fiml interpclation,

Unfortunigpdy th. Aloustte data did not cover the pericd at the peak of
the solar cycle, but the Dirsctor of the U, K. Radioc & Space Research Station
made avuilable slectrnn density data from sthe Ariel 3 fptellite to cover this
period. Tha dita had already besn reduced thoroughly and the satellite electron
density at abort 550 km was provided with the sub-asazellite ‘fOFZ value vbtained

from 13 etatiors around the world, If the sateliiitc was not directly over an
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ionélon&e at the time of observation, 'VcheufoFa!vuluu’ from two or three
transmitters in the g&nanl area had been interpolated in time and position ta
give the sub.satellite value, These i.nt_’Q}‘PQl.l.ﬁW\:!‘ had been carriod out taking
care to modify the values for uneven ionaspheric gradients, Dlr.tl- tf\n-.t_ﬁvl.: in

doubt was eliminated, While thess values did not give the three exponential

decay constants at each point, it was found that for sirnilar conditions of solar

flux and position, the Ariel 3 data ix‘t,vt_‘;‘y closely to the profiles deduced
from Alot atte 1, The profile equations devaloped for the lower solar activity
poriod related to the topside sounders could, therefors, be extended to the
larger solar flux values and still be in good agreement with the Ariel 3 data,
Typical results from this analysis are shown in the graphs of Figure &4, The
original data Cuives were lo‘al reguln.r‘,b and since the variations were mainly
caused by the relatively low data density in esach group after division of the
large data base, the data was smoothed by the fitting of straight lines, In
order to interpret these graphs and obtain a profile, we need the value of {oF2.
and the magnetic latitude position, These values will indicate which graph
relates the 10,7 cm {lux to the décay constants k for the upper, middle, and
lower portions of the topside ionosphers, Figure 4, therefore, shows the basis
of obtaining the 3 indepandent slopes of the topside icnosphers as u function of

{oF2, latitude, and solar flux,

A further correlation to investigate the seascona) effacts on k was carried
out with seme 15, 000 totally differant Alouette soundings and fluctuations in the
k values of ¥ 15% were noted from the average spring «.nd autumn values, The
seasonal variation is mionitored by observing the changs in the daily maximum
solar zonith angle {rom the equinoctial mid-day value, Figure  shows the
seasonal fluctuation in k for each of the three layera in ti e topsida profile.
There is consideiable avidence that thia seasonal relationship has an added

iocal time {actor and this point will shortly ba undar investigation,

Examination of the upper part of the'nose' of the N-h profile is difficult

because topside sounding information rarely gives any values in this region,
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Evidence {rom many leading scientists also implies that the topsids profiles
have about & +4% erzar in the effective distance from the sounding satallite
indicating the obtained topsida profilas are too low near the peak, Thi:
evidence is Based on compariscni with two-!roqﬁegcy dats, backicatter
results, Faraday rotation and overlap tusts, ate, Prelirﬁmry results in
this ernpirical model showad thot & parabola in this regipn gave the better
comparison with integrated total electron content when campared with two.
frequency and Faraday rotation data, A simple parabola having & half thick.
neses y, was fitted between the bi-panbol: and the exponential layer. Upon
initial test y, was set equal to the half thickness of the bi.parabola y, for {gF2
values below 10 5 MHz, and y, increases with {,F2 valuas rising above

10, 5 MHe, Further investigations of thia problem are planned in future work,

The final itep in predicting the shaps of the ionasphere is arrsnging for
the gradient in the upper parabolic layer to be the same as the gradient in
the lowest part »f the topside axponential layver, This is the case at a distance

d = l/k{(l+y} k”)i -1] above the height of the maximum eslectron ceniity,

6. 1,3 Bottomaice lonorphere

Modeling ‘he bottomside ionospheric profile was a somewhat easier
task because {01 each profile tha value of {;F2 was known and the electron
density versus teight profile from h,, ,to h,, was alsc known, Once more the
geographic effect of longitude was eliminated and replaced with the more eimple
local time corrilation, From Figure 2 we see that the equaticn of the lower
layer is a parabola squared or & bi-parabola, This was found in general to
fit the real prof lJe somewhat batter than a simple parabola, The unknown in
this equation is the half thickness of the layar y, and ia the reduction of the

data the y, value was treated in a similar way to a topside k value,

The irregalarities in the ionosonde data due to the lower layers of the
ionosphare wer( amoothed out because the prime objective nf the work was to

simplify the moisl, but keep the total content as accurate as possible. The
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sounding data was therefore integrated up to the peak alectron density (N,) and
forced to fit the bi-parabolic squation along with the value of N, obtained irom
the sounding, In each instance the valus of y, was computed ready for further

correlation,

A number of real profiles from various stations at different local times
were compared with the computed profile and excellent agreement found,
A further 12, 000 soundings from rll 14 stations worernnllyzed and the computed
value of y, compared to the actual messured value, These rasults are shown
in Figure 6 along with the RMS errora, The two tests indicate that the bi.
parahnlic profile is, on average, in close agraement to the real profile,
Inventigations, similar to those carried out for the topside decay conatants,
correlatad y, with solar flux & F2, local time and season, Surprisingly,
no direct correlation was found between y, and solar flux, but a definite

correlation axisted in local time and also in the solar zenith angle at local noon

which represents the season,

Figure 7 indicates how y, can be determined from local time and { F2,
and Figure 8 shows the seasonal update as & function of local time for the
sunrise, sunset, night and daytime pericd, Inthe cases where f,F2 was

larger than 10 MHe the local time curve fluctuated very little from the 10 MH2
curve. All of the curves displayed have not been hand smoothed; Gue to the
large data base tha average of all values taken every hour fit precisely on

the lines shown,

The remaining unknowns which are needed to compute the profile arn
fyF2 and the height of that value; by far the most {mportant of these being
the value of {JF2,
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6,1, 4 Predicting { F2

Severe horizontal gradients in fOFZ exist within the ioncsphere as can
be seen by examining Figure 9, In fact even if the value of {gF2 is known
directly above a station, it can change considerab.y cver ghe whole visible
ionosphers from that site, Figure 9 is a predicted status of {;F2 over the
world at 6, 0 am during Auguﬁi 1968 and two types of severs gradients are
immediately notizeable, one due to sunrise causes rapid changes in {,F2 in an
east to west direztion and the other situated around the eguatorial anomaly
cccurs primarily during the afternoon and early svening and causes savare
gradients in the north to south direction, Twn hvpothstical stations, A and B,
are marked on F.gure § along with the icnosphere 'visible' {rom those sites,
In case A the valie of {oF2 changes from l1.5 MHz directly overhead to 5 MHz
on the southern horizon, This change must be squared when converting *o
elactron content nence a difference of a factor nf cver 5 in the vartical content
arises bafore co recting for slevation angle effects, Similar gradients axist
over half the ear:h's suriace at some time of the cay and it is therafore

imperative to mcdel these gradients in any {onospheric model,

For many rears NOAA (formerly CRPL and [TSA) have been engeged
in the development of numerical methods and computer programs for mapping
and predicting claracteristics of the ionospnere used in telecoinmunications,
The mont advanced method for producing an {;F2 model undoubtedly comes
from their work, Jones, Craham & Leftin (Referency 5 ) duscribe their
techniquen on ho~ a monthly median of the F2 layer critica. frequency ({oF2)
was developed from an extremsly large worldwide data base, In fact the gradient
map shown in Figure 9 is a result of this work, We have already shown that it

1# important to ianclude the horizontal gradients of {5F2 in any analysis and the

work by Jones ef al is undoubtedly the only satisfactory approach to th.s problem,

The docurr ent by Jones et al describing this work includes a Fortran
program wnich, with monthly coefficients obtainable from NOAA, erables vhe

monthly median value of {oF2 to be computed above any point in the world at
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any time, This program wez# primarily written to accept monthly chefhcxn_m..
uBing an averaye sunspot number, but mare recent work by Jones k Obitts

(Reference 6 ; has described 8 move generalized sat of coefficients which .

provides annua' con inuity and uses more extensive analysis, Thase gener-lized

coefficients can be obtained from the Ionaspheric Prediction Services, NCAA,

Boulder, for « sunspot numbe. or a solar flux approach, The value of a mnonthly

median {;F2 can be computed on a worldwide basis centralized around the specific

day in question rather than the 15th of the month; it can also bs based on a
12-mecnath running average of solar flux or sunspot number, Private communi-
cation with Mrs, Leftin at NOAA indicates that the solar flux approach is likely

to provide more accurate values cf {;F2 than the use of the sunspot nu-iber,

For the ionospher:c profile under diccussion, it was decided to use the
generalized {;F2 coefficients fromm NOUAA incorporating solar flux thereby
eliminating any need to purchase monthly data from them., The program was

made seli.contained and enabled a monthly median { F2 to be produced above

any surface position for any time of day or season and any twelve month

running average of solar flux,

The qiestion now arisec as to how good these montilly median values
are and how m:ch error is intrcduced by day t« day tluctuations, Marny daily
soundings were analyzed and the monthly median value computed; these were
comparted with “he monthly median predicted values and the acvual day to day
fiuctuations, 3oume typical results are shown in Figure 10, It .s se:n that the
monthly median predicted va'ues are indeeda very close to the actual meagurad
value, but the day to day fluctuations can be as large as > 75%, A techniqueo
therefore had to be derived to bring the computed monthly median value cioser

to the actual value,

It would be puintless to use the daily value of solar flux in the gencralized
coefficient set which had been built up using a twelve month running average,

but it was thought possible that thare may be a relation between the difference

in [ F2 from monthly median to daily value and the difference in the 12-month

running average of snlar [lux to the daily value,

1]

Whrnp, i S

T

—— e Y

[ —

e a o PR

‘[L..»:.-m—w...- s eu rma -



o e e, n A,

T R TERemm T o wm e E s Ty e e owe e ooTvYem o L B

Approximatﬂ‘y 5,000 real vaiues of fF2 from 13 stations widely spread

~in latitude, longitu ‘e, and solar cycels wore compared. with ﬁ‘m.pradivczad.ulu'u

using the NOAA solar flux method, A very surprising result emerged and can
be explained by reforring to Figure 11, Eliminatin; the data {rom stations
close to the magnef.’c poles which did not quite follow the trend of the 5th§r -
stations a comparison butween the difference in daily and 12.month flux value
and the percentage difference Sf computed and measured {oF2 shuved all stations
having a very s milar bias, Figure ll shows this conparison where the stations
having similer latitude were avaraged quoting their mean magnestic latitude. The
fact that the ines did not pass thrcugh the zerc points in the graph unduubtedly
indicater an 2rroucous biss in the NOAA predictions, bur results help one to
update subst:ntially the monthly median {;F2 value on a daily basis, Further
comparisons wers carried out with two years of hourly f{gFZ values obtained near
golar maximum from H wail eand the results fit perfectlyir the latitude position
sxpected in Faigure 11, By these means it 18 possible to come somewhat nearer
thie actual daily value of {;F2, Further accuracy can be derived by update

from stations within the gener:nl area if thir is available and the investigatiun

ol this approi.ch will now be explained,

In order to investigate the size of an area from which 1unuspharicvalues
weu'ld show 8 milar 4eviat-ions from normal, many comparisons of three or
more stationt were investigated for random dates, It is wel!l known that
maygnetic disturbances can effect the ionosphere ahove one station in one
direction and a neacby station in an oprosite direction, For this reason
invesrigationt of disturbances were not carried out ncar to the magnenic poles,
Over 10U pro.ips of stationa frcm various continents aud having similar
longitudes wera curnpared in similar ways, Figure 2 is a typical result or
such a test ard shows IOFZ disturbances being recordec simultaneously at

sites 1, 000k apart, The percentage error in the predicted f F2 value when
compared to the real value was noted to be similar in 90% of the cases where

stations werc within &, 000km of one another in a longitudinel directior .ad

investigation: over the '‘quiet' North American continent show improvemant
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" in § out o{ 10 cases when foF2 was updated with {nformation from aCTOSS the
'continont or 3, 000 to 4 000km, However, in general, thl update prncodun
Y | rutrictad $o informauon izhm within Z, OOOkm af tha ewlultmg nunon.
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: 6. 1.5 'Prodicﬁﬂ_‘ch&;}leﬂcf thy Mruzimun me: - :

In o~dar to predict thle real height of foFZ thulM(SOOO)FZ'predicticnl from v i
, f ' NOAA weze uud.» ’ To‘a:‘cprlul.in the terminologys | o R i ;

M(3000)F2 » M FACTOR = MUF(3000)F2 / {F2, . g

% v where MUF(3000)F2 is the maximum “.xuble. £re§u6ncy to propagate by | ]

reflection from the F2 layer a distance of 3, 000km, The M(3000)F2 predictions
can be calcalaten on a monthly basis from o generalired setissued by NOAA

and provide the monthly median value as a function of sunspot number,

L At

Knowledge of this factor along with the {;I"2 value enables the height of
the layer to be calculated using the equations of Appleton & Beynon (Refersnce | ),
1{ M is the M(3000)F2 factor and one assumes that y, divided by the height of

the octtom edge of the lower layer is greater than 0, 4, then it is possible to

derive the following polynomial,

L e — - ——_ Y * R——— - ..

h, = 1346,92 - 526,40M + 59, 825M° ,

l whera h, 1s the required height.
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Flg. 9 The predicted global status of a monthly median fF2 ot 6,0 a.m, UT
August 1568 showing areas of visibllity for twe hypothetical ground statiors,
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Fig. 12 Davlations in f,F2 svident over a distance of 1,000 km
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v. 2 Moacl Accuracy and 7 mo-.rations

As a means of testing the accuracy of the model, an intense compar.snn
with Faraday rotation data has been performed as well as tests with two
frequency data, actual ionospheric profiles, and use in orbit determination

programs.

Remarkable improvements have been notined in precise orbit determination
rystems and the mod:} has reduced the nurabe. of iterations needed for the
program to converge as well asthe size of the residuals by upto 2 factor of four,
Excellent results have beer noted 'vith orbit programs using elevation angle,

range, and range ratc systems,

The most extensive tests were carrvied out by comparing Faraday rota*ion
data for seven strtions from Hawaii to Puerto Rico to Alaska looking at the
ATSIL, ATS3, and SYNCOM?3 satellites, In all, cver 100 station months of
continuous data were used during the years 1965 and 1967-1969 with iate taken
every hour, The integrated model data was compared with these actual results:
Ununie rituations were also investigated, The results are shown in Figure 13
wheTe the percenta,e of the ionosphere removed with the model is shown,

In Jeneral, between 73 and 907 of the ionospheri. effects are removed aud

the ue civcumstances are for solar maximum conditiors,

c.-. 1 Basic Miscorceptions in lorcspheric Modeling

During tiae ccurse of developing this ionospheric model thorough investi-
gations were carried out on a number of other icncepheric models as a means
to findiag their basic inaccuracies, The limitations and inaccuracies were then

considered - the tinal development of the Bent lonospheric Modei,

Among the basic simplifications in the models leading to inaccuracies,

vweio tormulae related to a flat earth and ionosphere as well as little consideration

for the height of the ionosphere. FEach of these avproaches causes f,F2 to be
cvaluated at an incorsrect position, consequently produces an error in o2
whirh propagates into clectron content and the refraction corrections, and .n
eddition large errors in clevation angle correcrion van result from the in-

correct geometri- conditions,
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The bad sffect of a flat ionosphere on low elevation ungle satellites is

obvious, and serious problems also exist for satellites at large distances,

Elevation angle corrections cannot be obtained for satellites at infinity, and

errors of a factor of 2 in elevaticn angle still occur with satellites at 5000 km
alt:tude, The height h,F'2 quite commonly changes by over 175 km durinug the
course of a day at low latitudes, Ignoring the .inportance of the h,F2 cuinputa-

tion can give rise to an error of a factor of 2 in elevation angle correction,

and at low elevations also to a differencs of 3 degrees in earth central angle
between the observer and the ionoapheric point, which in turn can produce a

change in (fgF2 ) of 20%.

6,2,2 Errors in Range Rate Computations

A problem can occur in computing range rate ccrrections through the
1oriosphere to a sate.lite, Many Doppler satellite tracking systems integrate
cycle counts over a few seconas of time, The ionospharic corrections for such
a technique are best obtained by range differencing the ionospheric corrections
and dividing by the integraticon period; hence time, eleavation and azimuth
changes are incorporated, A typical ionoapheric range rate correction can
be significantly changed by the sixth digit in the 1onospheric range correction;
precautions have therefure to be taken to ensure that no irregularities occur
in computing the two adjacent range corrections, Furthermore, the ionospheric
ne.gut at the ray intersection point must be computed to lkm convergence in
order tc obtain a precise ionospheric latitude and longitude for {oF2

comiputations, An crror of over lkm in hy F2 will cause the {;F2 velue to be
very slightly different and from this a change in the 5th or 6th digit .n range

can easily arise leacing to very large errors in range rate, It :s not claimed
that h, F2 h#s to be accurate to lkm as th.s 18 an impossible predicticn, but

the values of h, F2 should be conaistent in their calculation to lkm convergence,

The theoreticel approach to range rate correction either hy differentiating

range or using the deviation angle of arrival at the satellite is in no way accurate,
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The differentiating technigue yields a correct.on to an instantaneous measurement
whicn can vary greatly from the correction to Douppler range rate merasured dver
a finite time interval, from a fraction of & second up to over a2 minute's time,

In addition, the range rate correcticn (s not only influenced by the change in

the satellite position, but also by the rhanging ioncsphere below the mov‘mﬁ
satellite, which has mostly been neglectad in either spproach, To explain

this fact, consider the range correction AR as given by

KN, 40. 3

AR = h = -, |
sinkE where K = ’

N

, 18 the integrated vertical content and £ i1s the local elevation angie in th.e !

ionosphere., D {ferentiating AR while considaering the cige whare the sateilite
passes directly overhead where no azimuth change is observad;
Co , CosE K 5 N : K (AN, )
AR = -KN T B owmr (TE‘L”> E om0
taconstant E =constant
In this equation the first term is in many cases the only one urod, but it !

applies only to the irstantaneous change in the eatellite position, [he othar

two terms are, however, cfiten dominant, The second term 9 due to the

A N

positional change in the iorosphare and the last term reprasants the time

variation of the icnos hare, For instance, with a high satellite moving

cn W e &

cast-west acrcas the north.south ionospheric gradients at sunrise, the

time variation is deminant as these gradients move towards the west with

time, For a sutellite moving north-south across the eart- west ionospheric
gradients near the equator, the time variation in the iorosphere {8 very small
because the gridients cha.ige little i1n position while the 1onosphere rutates

with time, The second term which indicates positional change in the ionoephere
18 dominant fo: lower catellites where the ‘ay path to the observer moves
faster through the ionosphere, I[n cases where the satellite does not pass

cverhead the atimuth change must alwo be coneidered,

The Bent ]c iospheric Model wae developed tor general usc even at
frequencies cliise to critical frequency and therefcre all thes. Lasic mis-
conceptions were aliminated as much as possible, The limitations etil

present in the system are rnow discussed in more Jdetail,
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6,2.3 Electron Density above 1000 km

The topside scunding data used to derive the cata hase for this mode)
was taken from satellites at altitudes of about 1000 km and analyeis showed
that the lonoaphere above h F2 is not truly exponential; in fact at times, large
devistions from a perfect exponential layer axist, I[n the use of this model
it is recomniended that the decay ccnstant from the uppermost exponential
layer is the value that should be taken for all analysis between 1000 and
2000 km, At times, however, this value wili be too large thereby giving a

Jowsr slectron density than actually exists,

Some scientists have reportsd that 10 to 20% of the ioncsphare lies
above 1000 ~, "“ut there is not conclusive evidence to support this, Further
studies arc now underway using satellite topside sounding data at 3000 to

4000 km altitudes and the model will be irnproved accordingly,

6,2, 4 "heUncertainty in the Profile just-above h F2

An uncertainty existed in defining a protile for the area just above h F2,
Topside sounding data provided a profile to a short distance above h F2
and bottomside data provided accurate values to the height cf h Fi, In
order to investigate this unknown region both parabolic and bi.parabelic
profiles were incorporated into that part of the model and extensive tests
carried out with total electron content data provided irom Faraday rotaticn
experiments, The model was used to precict total content to 2000 km where
Faraday rotation probably coases, The mean value of the residuals between
Faraday computed electron content and model integrated electron content
indicated the accuracy of the profile just above the peak, This region was
found to have diurnal and seasonal dependency,but these characteristics have
not yet been 'well enough defined to incorporate into the model, It was found,
however, that a parabolic layer with half thickness a function of { ,F2 gave
significantly improved results, but further work wili be needsd to define

this region more accurately as a function of time and season,
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6,2.5 Profile Inaccuracies in the Lower Laysrs

The model was developed primarily for use near to or above the height
of the F2 layer of the ioncsphere, Four this reason, it was not necessary to
model the E and Fl layers into the profile, but their density values were
included in the total electron content below h F2, This total content was
then uied in the deviation of the lower layer bi.parabola, Care must be
teken, therefore, in using the model if a profile of these lower layers
is required, but if the requirements only involve total electron content or
refraction corrections for values close to or above {oF2, the model is

gquite accurste,

6,2,6 Maximwn Limit on Solar Flux in the Darivationof the Topside Profile

1t can be seen from Figure 4 that the topside exponential decay constants
are a function of the 10, 7 cm solar flux, The graphs shown ir this figure
indicate valies only when the flux is below 130, This i{s primarily due tc a
lack of larg: amounts of data in the original data base for conditions of
higher sola: activity, It is not recommended to extrapclate the exponential
decay constints beyond this value of flux as it is possible they may become
negative giving an erroneous increase of electror density with height, It

is suggestec that the value of flux be Xept at 130 even when measured values

are larger,

6.2, 7 Limitations in the Computation of h, F2

The caiculation of the height of the F2 layer {s achieved by knowledge
of M(3000)F2 and the use of the Appleton-Beynon equations (Reference 1),
Basically a parabolic model is {it to the nose of the F2 layer and knowing
the half thickness y,, the lower .imit hy of the bottom layer &nd the value
of M(3000)F2, the simplified equations permit the calculation of h,, The

equations of Appleton and Beynon permit the construction of a family of curves
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showing the variation of the M factor MUF(3000)F2/ioF2 with distance

for a range of values to the height of maximum electron density h (=hy +y, )
and for differernt values of the ratio y, /hy, Sucha family of curves is shown
in Figure 14, The equation used in this model for computing h, F2 (see
Section 6,1, 5) is derived from these curves where, for a particular h,, the
M factor is constant over a wide range of y, /% . This condition holds for

Yy /Do > 0,4, Examination of the curves shown in Figure 14 indicates that

in general for accurate values of M(3000)F2, h, will be accurate to + 10 km,
If this M factor is in error by : 5%, wa can have errors inh, as large as

- 20km, These errors will increase in the uncommon situations where

¥y /g is smalier than 0, 4,

6,2, 8 Limitatione in the Application of the Daily Solar Flux Update

Figure 11 shows the resulty of am.ly:ini thousands of actual valuens of
critical {requency against the predicted values, taking into consideration the
daily and monthly solar flux, These values are typical for the inliowing
thirteen observing stations {rom which the data was reduced: Godhavn,
Churchiil, Boulder, Whits Sands, Hawali, El Cerillc, Kenora, FParamaribo,
Cocos Island, Bueros Alres, Hobart, Port Stanley, and Argentine Isiand,
The only stations listed that are not on the North and South American chain
are Hawaii, Cocos Island, and Hobart, but the resuits {rom these stations

cicsely resemble the pattern set up by the Amervican stations,

In using this update procedure sutside the Ame rican chain one must,
therefore, bear in mind that the patterrn dispiayed in Figure 11l is not
necessarily a worldwide pattern, However, the results from Hawaii, Cocos
Island, and Hobart indicate that this update procedure can be used elsewhere

with caution,
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6.2,9 The Errors due to Neglecting Angular Refraction in the Computation
of AR and AR ‘

The computation of total electron content for determining the ionospheric
range and range rate correction assumes the ray passes through the ionosphere
undeviated, This assumption was made because the majority of the work for
which the model was being developed ‘wnll‘for VHEF and S band £;eqvenciel.
Should the actual path length of the ray be much different from the undeviated
ray, as will be the case at lower frequencies, Maliphant (Reference 8) gives

the following equation for true path length d and apparent path length d',

d=d «a R, cos E

where o is the angular separation of the true ray path above and below the
ionosphere, R, is the radius of the earth and E is the observed elevation angle
et the earth's surface, Maliphant (Reference 8) alsc gives a formula for

computing d in wavelengths,

9,2.10 Limitations in the Computation of Angular Refraction

In the computation of ionospheric elevation angle correction, we have
usec the technigue of Maliphant (Reference §), Anyone wishing to use this

technicue at fregquencies close to critical frequency should read the above
oF2
—_

than 0.9, <, is the angle of incidence of the appurent directica of propagation

\
reference, in particular where the deviation factor ( see & ) is larger

measured from the vertical at the height of maximum electron dersity,

[n the Maliphant formula the saxact equation for ray deviation has been
simplified by separating the functione that are sensitive to distribution changes,
and then approximating these functions for a typical electron distribution,

The resulting functions vary by only small amounts with changes {n clectron
distribution of the earth's ionosphere so that the equation mav be used for
most of the values of the deviation fastor, However, when (he deviation

factor is larger than 0,9, the deviation angle thus obiained should be used with
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caution as the errsr raay be guite lavge,

Ray trace comparison at VHF with the mode] described in this report
have shown possitle exrors in slavation angle correction of only a {ew percent,

and vhese accur only close to the horizon,

6.2, 11 Additional Limitations to the Alternate Version o: the lonoupheric
Program dus to Interpolation of the Preprocessed foFz-h, 1ables

Sectiorn 2 2,1,1 CPC No, 12 describes how the tables with values of
{oF2 and hy are computed and stored for specific times at one hour intervals
around sunrise and twc hour intervals otherwise, and for the locations around
the station defized by the 25 point grid pattern shown in Figure 1 of that section,
{oF2 and h, for any specific condition are later axtracted from the tables by
interpolating in time and space, Interpo.ation over stable iorospheric zones
such as North imerica provides guite accurate results, but problems can

arise at sunris: and at places with .ower magnetic latitudes,

A numbe: of simulations were performed for situations where the
ionospheric gredients were changing rapidly in time around sunrise and in
positicn around the equatorial anomaly, The fellowing errors were detected
wher comparin the results {rora the time and space interpolation with the
actual model viiues, [n generalh, was interpolated to only two percent error
or better than [0 km, The interpolation in {,F2, however, provided larger
esTors, At gurvise, the grid was computed at one hour intervals and the largest
possible time iiterpolation over half an haour orovided on the average arn RMS
error in ({oF27 of 8% with a maximum excursion to 16% for all values of {2
.argar than 6 MHe, But for critical frequencies smaller than 6 MHz, the
percentage valies can be quite a tit larger, Around the ecuatorial anomaly
where the ionotphere changes faster with position than with time, the grid was
computed ever two houre, allowing for the lurgest time interpolation over

one hour; agair an RMS error of 8% in ({gF2 ) was noted and the maximum

excurcion was |3%,
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10, 0 Appendix 1

The instruction listings in this section specify the exact configuration

of the Bent [onospheric Program ION and the alternate version TABCEN.-ION1,

The main programs and subroutines are listed in order of their CPC Numbers,

Regquirements for version ION;,

PROGRAM  ION,
SUBROUTINE REFRAC,
SUBROUTINE PLOTNH,
SUBROUTINE PROFLI,
SUBROUTINE PROFL2,
SUBROUTINE BETA,
SUBROUTINE SICOJT,
SUBROUTINE DKSICO,
SUBROUTINE MAGFIN,
SUBROUTINE CK,
SUBROUTINE DKGK,

CPC No, |
CPC No, 2
CPC No, 3
CPC No, 4
CPC No, 3
CPC No, ©
CPC Ne, 7
CPC No, 8
CPC No, 9
CPC No, 10
CPC No, 1l

Reguirementa for version TABGEN-ION1;

PROGRAM TABGEN,

PROGRAM  IONI,
SUBROUTINE REFRCI,

CPC No, 12 (subroutines of the above list
reguired are SICOJT, DKSICO,
MAGFIN, GK,DKGK)

CPFC No, 13

CPC No., 14 (subroutines of the above list
required are PROFLZ2, BETA)
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READ AND PRINT _FPATE DATA
TFLIURCTWE S0 38 7e B2
REAC(G 1IN P2

TRINCPOY L ESD) 3L 8 bn
MURPTT RN URDTaR

IF(MUECT G el SuP™ T8
wRITE(6,9)
FRRMAT( /13, JPYATE TATAM)
28 el lwi,n BT
READ (S L0 LAY ) LLN(I) e BVt
fe:~ﬂ'<eui_-*:”E.V-6:F1P-7 FiBeR)1E)
wRITE(E, 2

LAl 8ES )y MEAG By T TYEE)

FOARMAT (s 110 Em) o ATaF 1008, 77,
sva B0k, %0 TR, LTaFRLC 7, 41 MRS,
CoNVERT
G ATl e AT elR
LBAN( I e LN eUR
CeEV L e eV elR
GOIMUl a2 M (VLR
ST LT ewR
[TV (1) et TvaE
[P (™UBRCToLF o) 3Y
D8 k] Jmli Rl
REAT (B2 i) S§«<;»
wRITE (6,42
FARMATIZn REMAINING LR(ATE
CANTINLE

MNITS aE U BUATE DaTa

TE 43
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LANGE, FL0 R,y ELFVE,FID

1627y AL
yuAG, L mn ) El5 08 iXsAW)

DATA ARYT USENY)

R RV ST

B i o e




DOy

ION, CPC No, |

COMPUTE AN™ PRINT [BABGRRERTIC NATA
BC CALL RIFWAZ
IF{IYReLTe2) Go T {0
XmMaH™M/ L1000
“RITE(6)20) Xmv,FLFE
2L FERMATI//.3m ¢4 SLTPUT we//35m mEIG=T AT MARIMUM ELECTRIN CENSITY,
#10X,3mm e, 7843,30m ™y CRITICAL FREJUENCY FOFZ2u,F742,4~ Vil
IFLISEL (Y sANEeny Ga TA 17
Xy e¥YM/ 1020
XYy TaYY/Lu000
MRITE(A, 20 ) TRTA, TATNA, XYY, XV T, XK
22 FBRMAT [npre TBTAL INTELRATEL ZLFCTRAN CONTENT, VERTICAL NTesEt(346)
#28h E/{va'1)  ANGULAR  ANTagsELl3i6s18m F/(MeM CBLUMN)/
seB= HALF 1T ESS BF 3ATYTIMGINE RIPARABALA YMa,F B3
#30< ¥, 1 TEOGINE PARARAL A YTe,FR 3,3~ Xw/
o588~ DECAY ZNNETANTS FBK 'nwcrtr EXSANENTIA. LAYERS, LB.ER <44,
#£1208, 020, YIDOLE K20, ELT 0L, CPPFR K3a,F 1805 )6 L/v)
17 IFP1ISEL(3 oAFe2) 39 TH 18
TE. Ev-‘Ehivo"1A" /2R
mRITE(6, 20V TE ¢

23 FARQMAT (kg 19\:5P~E:;: R:EWATT'RN ZUEKEZTIAN TA ELFVATIEN ANALES,
wE1 306, iin QEZ Np ARCH

A IP ISR (e 1ETen) R ITE (&R0 SRANG

24 FARMATINZ JENNGRERIC REFLALTION COTRFITIAN T8 RANGE, 10X i=ay

eE\k,2= 0
IPITSEC(R wE797) R
25 FARMAT (Hg Ig\nsung
VL BV o
IFCISEC(D WETen) Chla PLOT m(FOR2, =N, Y™, VT, ¥k )
IFLICRLAy Mpet) L™ T8 o

Py NEATE
rua"‘~\ CRRRELTIer YA RANGE RATE s,

CRwD AN G F :A7F C?L;. E~n nqgr;vA?Iu\ Qw;; F!\I.F T!vf
TTa? ;“L
READ (RS LT ELE L, 42,mSy TR
L3 FBRMAT(2E Tak,m LRl T
SRITE LS, L v E L Fy, A2, =S T
(e FBRMAT(,/ /01 7m e 1NBLUT e BELOMT SATE_U'TE PESITINY USFL FMR RANSE
¢ CIEEERENTIAG/ A, F CENATIAY N, F A h, 1B NS, AZIv Tl b n, g,
sle TEG, ~ELGETE,E LI, 03 KMy G TIVE R, E 07,6 SRS
ELFvebitby 1w
AlmAle_R

“CemSoL "
TIMERT [t} v
STaTMben
PPLSTalT in) Dtk Pl
STaT T e ie N /=R
URANGS DR o

I0RCs

CALL REF. AL

2R
CRNAVE= (S ANGRYRANGS ) /0"
wRITE R S LT AR AY
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Pb FERMAT(13~ s» AUTPUT #e/123x,51~ RANGE RATE CERRECTIAN FUR FanNGE D]

sFECPENCY
GA T8 10
CENTINGE
grap
£an

e
(@]
(@]

"
o]

ION, CPC No, 1

SVER ,F1Ce#,10M QECPRADG a,Elbeb,6H M/SEC)
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RTZFRAC, CPC No. 2

TEMMGS =T g l2 ART@ACT N

SLARELTINE RFFRAC

INPLTE C8vMin JEVALY/, ZBurBy

SITPUTE Lunie SLERB/

COVMEN /FVAL_/ ESaT AT, F

L30T

/PO T/

BN B LTV A G BB T OO T TIME)FLXD2581Ss51F,

#IYR MON 1A, R T INE L, LDRY, IUPRT, T

Fo s TRALCMIQG RN RPN
CUAT 8 STATIHON JATITURE Lt
FLBN 8 STAT IR,

EWEY » ELEVATION RF QATE L
Al B A2 1M T B ogATILLITE
~8 8 mEla=T nF et T
ECOT & ELbLva™ "N RaTH OIN KA
SO8T m RATE IF CeaNGF N g ]
TIME m UNIVEAGaA. TUMEOIN ap”
FUXD & ZAJLY SH_oaR FLUX

SIS = 12 MErT R OWNING Ay
SIF 8 12 MRATe X CANTNG Ay
YR s YLAR [ _AGT 2 NIGITS
MEL e MAMT A a3l Tadien e oy
o RY 8 DAY (s Tomf0%m 3.
PEPT w8 To  gF ErTrar F o

-

t MaeZ

RPATYALG NF AR
SONAITURE 1N RN ANS OF ARC (RNSITIVE EAST,C TR 347 D)

th, RATVANGS BF ARC
o ARNTANS RE AR(C

Vi TERSG
25 HFE A0/ SETRAND
V—, 3: S)‘\YELL:T[“ ’\ ME"‘ERS/SECU\:
AN S RE ARC

ANp RE g LGNRT \‘UVQEQ
ALt LFE 8RA_AR P K

wl 08MRTE FOE2,kY

B ALER TUNBLTE PRaF] b RARAMPTERS, FLFCTRON CANTRAT

.3 "\L‘j“ :‘_f‘yu;)u'?;: RA-\"E‘
88 A UM TRNDUTE RANGE

Eo
RY ¢ FLAG Fag ZaQReEsTIO

:kﬁh-(,rf_?:r\\‘ T2 Pnj\"’

TUPTTe LPUATL £t %, an NA
:jp M U\?v ‘C':Y.-a"'r,"r A

3
A
~

CRvMaN /o

LAV

e AT ARRAY T _ATIT Y
T LY ARKAY W '7w _BNGITLLES
Ry Alr Av 1T FLEVAT (A e
DY e '

2T ARQRAY L 1Te NIVERSa
LIS ARKAY - TONKER L 2

!
TTYP & Alkay 4!
NOPD T ANoMap R

CAMMEL LR/ ANG  TRA T,
CrTENS
CEOPECT YN

AN g RAN B rRREnT AN T
DRATTe BANGT LATE

o SELEZTIAN FUAS TR o TuaTINY CHRRFCTIAN, D COMPUTE,

EhATL,
R AR

L4 .
A 2,

- JUSERVATIAY
BOAT, (o mtToan K

FRGRE AT VAN
CATE CARRELCTION
s4 \AQT
DANGE MIFFERFANCINGaml FRR RANGE
80 AT Wik SF
P JPTATE
YCOCEEFTICITNT TAPFE

b I, T BRE, VTR NPT
AELRTDATE QTATIENG (RADIANG)

br UPNATE QTATIRY G (RAD!ANE)
TROQATE _ITE (RATTANS)

[ ]

[ ]

B OARNAY T AT TRG TA gATEL_TTE (RADIANS)

] Tru, § AP ARCPRyYATIALRG (RATTANS)
[ ]

ASSFRVATIANG (Mu7 AR E/vewp)
TYRPFS,a] FHF2,as? VER"OE.C.JIB A\GLOE-u’:o

LV E0r2, M, Y4, vT X, TATN,TRTNA

[+ METIER/RECH N

DELEve Fobva 10 a0 6 TP 277y 1A RATTANG fF ARG

~ANGF, RANGE RATE,

SURTH AFTEDN Pl Ty o

FLE2 8 TKITL AL FRLW FMQY
v 2 g g AT O vAxIw M

FoRVATIAN ANGLE CHRRECTIANS ARE Ta RE
FENAEAYT PR HRGERQVATIANS

\"’4(‘,
Frypuy Ner Q1YY (v
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REFRAC, CPC No, 2

A 8 HALF THICKNEES BF THE ARSTTAMGIDE BIPARABBLA (M)

YT  <ALF THICKNESS 8F TWE TOPSIDE PARABBLA (M)

XK s AKRAY CONTAINING DECAY CONSTANTS FBR TWE LOWER, MIDOLE AND
VFPER SECTIBN BF TWE TAPSIDE EXPONENTIAL LAYER (/M)

TOTN = VERTICAL ELECTREON CONTENT
TOTNA® ANGULAR E_ECTREN CONTENT

(E/Meng)
(E/Mue2)

DIMEASISN ULAT(E)JULAN(IB) sULEVIB)ALZIMIR),)ITYP(R),8BE(8)
DIMENSISN UT(R)IFACF2(8)sn(B8s3)saT{R)aX<(3}2D03(3)
DIMENSIAN wWCOEF(3,13,76),0(13076))UM(9,49),UML1{9049)
Sava ManDy,u8\D,LYRMB /0, 1000040/
DATA R, 8§TRS,™AL/637112E3, 36056 1 4Emb/
DATA W2, W1,040000130,0R1,0NMIRNI,PL,PLI2/00 sl i00s 21300
1642831853072 /

Byl JLeZLELCI 49972

INITIA_LZ
DELEVEQ
CRANG®((Q
CRATES®IC
TETN =D
TETNARLQ
1FLAGs?D
Iskiks?

£ CONSTANTS

IYR™MB B YRalOUsMEN
1MA0YsMaN 100+ DAY

READY CREF

EC RFADILITP) LOND  ANDY  4CREF ) UM

[F(EBF,170)

22 ISx]Fw|
makpe 8\D
mANDY®_BANTY
Ge 18 12

€3 REwW]IND 1702
IFLAGRIFL A
IF(IF-AG Ee
wRITE (6,25

FICLIENT TapE

23,22

LY LM TR 20
TyRamBN, oAy

1301415926536

AND FARNM CBEFFICTIEMNT AKRAYS
L0 IR (IMEOY s E o ANIY ¢ AND ¢ IMBL Y 1 0k o MAND)

2K FARMAT (Eu= vealB8FFFICTIENTS NRTY FAUND

*313)
IVRIIL

GY 18 14¢

29 IF(ISKIPeE JoOeAND o JYRMBWESWLYRME)

LYRHA®YR-H
NY 62 Jml,s?
DM 62 1el,9

Gm

L Th 29

I8

TAPE FBR YEAR,MONTH,DAYs,

80

WMo euMt L e (UMl U e (19 J) )98 18/0100

62 CANTINUE
O 7C Jul, 76
O 70 123,13

70 Ullod ) wnCBEF (1,1, ) uCREF(Cs1aJ)+WCBEF(3,14J)eB]lF)eS!IF

BO CANTINGE
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REFRAC, CPC No, 2

PREFARE SBLAR DATA
FLUY®FLXD
[F(FLUAW_TeaRL) FLUXeSIF
DFLUX&FLUXeSF
TR (FLUXeGT G130 FLUxa@l30

COMFLTE FIRST PART BF 9REFILE

CALL PREFLA(FLATIFLONIELEVLAZ)TIHESDFLUX, h UM
BLAT,BLON)FCFR2, =M, M AT

IFLIUPDTEQWC QR T8 UL

[P(UUPDYES.0) 30 T8 14K

URDATE CBMPUTED FOF2 wlTW ANY 8F FBL_BWING I8N BBSFRVATIANS,
CTYR (et FOF2, 82 VERTGELECTRAN CONTENT, w3 ANGLCONTEMT
JPTB 8 MEARURED EANTRIER CAN Rp USEC FOR THE JPDATE PRBCFSS

o8 HT el ,NURDY

SRS RVESLEG(])

IF( TYP{1)yLEs2) GA TH gE

BRGINVEBLGFRY* SGRY(UDie(Re CBSIULEVI]))/(Rex™) ee2)

CAL.. PREF.L(JLATY '):JL‘N( YouLFEV I Uiy Ut aSFLUXs VL™,

YLAY, TLGMJSTFa.eTHV;s*HLA*>
IPCITYROI e aT et CALL PREFLP(TLAT, TLON,STRS, LTI, IDAY, BN, F _UX,

*3TE ) ST, STLAT) S1,C240 304,50 AR

FAZT 2.1 ) af3SERy /ST
IFL{TYP (1) W3Esp) FACFE
4

1)e QLURTIFAZFR(I)Z( S\ MeSTFReS AR !
IF L CUFDTWEN Y)Y g8 78 {

(
[]
ap TUHTS FAR M, TR p (PNATE STAT!IAOAS
ES(TIMEe T (1))
. .;‘.P!) w(lel)aPlept!
TLAUTLAT e SINIB AT (RS
. ',1. ANTen?

Ll ATAN(RANG/LANG Y )
‘.)QA('[?«\

.
e~ (T
Py
r

-~ r-

.
)
T_AT)# CBS(R_ATYe CBS(TLBNeR_UN)

~ e~ e Y —~
.- T T~
- L)W~

P X U (Y= >
Ww™n & & —~

¥y

TERVINE afFlo~TS Te BE O SED

<
-

[ 4
w1

“Eel

OB 8% (epanoPTT

TPCABS Y sl At st TR
1P ARE (Lt 2)wul 102 )0
CANTINLE

MARKEM L aMp

[F(MARKELLZ) Am 7B 110

CEMUINE AT GMTE AND KPRy TY RPDATE RATIA
OB 10C [el ) NJRDT
A EBBE b
DRTL00 el NUPDTY
[PeToEN ) % TR 100
bl eAT L en JyMARK)
CerTINLE
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REFRAC, CPC No, 2

CeEF (L

FuNnceGe

Of 10K lwiunJR2T
COEFmUMEE+AT( )

EUNCuF LN+ T (1) eF ACF2T )
FACFZ{limb NZ/CBLF

UPLAYE FCF2 RF EVALUATIEN CRADMTIEN

FLEPRFCFAeE alF (L)
CBr T INGE
IFIBRThe ) 4 TR Jur

CRVPUTE §ECAND PART Bf
CALL PREE LA (B AT B BN MG T IME ) INAY MNP UX, FOF2amM,m AT,
YV, VT XK REN XN TN
TRUXNTN«,LF o 20 LR "8 car

COMPLUTE ELEVATIAN AMNGLE

FRATR(FLCEE/FS)weE
SEr SIN{ELEV)
CEs COS(ELF V)

TR B a el IRl
CAe BETWIFRAT  (NTr M gy mM M, 80 R, NELF V)

CBME,T1 JFERYICAL AND ANGLULAR ELECTREN CANTENT
CEME LTE RANAE [RRRECTION DRANG

carTinie

RATR{R/ (v » ™) ) wed
NEAan ek ATe LFae?
JEMm SLRTITUNZ)
TATNEXNT Ma N\ Mab (FRae?
THTAARTIVN Z0EN

[P 1RPT W "4 3) 18 TA lan
DRANGBF AT adNTexNT M/

N

PREFILE

CHRRECTIBN CFLEV

~h
(S

Th

COMPL_UTE =AN3E RATE CAERFCTIPAY

IFLTERT oL "aa B2 IPRDED L)

DQ‘TElURA’F-fRA*QQ\Bchrpf‘;DM/hr\

CanTinLE
RETUR'

£

120

LRATE

Yy TR 1eC
DRATEWORANA#EN AT eR AT« SR (F/PEN?
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[ANA]

-

PLOTNH, CPC Nc, 3

PLAT AMND i INT ELECTREN CELeI™Y VEFGUS ~EIANT PRYFILE
INPUTE FL¥z IN MRZ,  mw,vv,vT I wETES, xq I\ 1/METES

SURRBUTINL PLBTYANN (FOFZ2, »1r ,¥YM¥T, X< )

CIMENSIEN xK(3)ow(73)am(2) s ' m(PYaxXN(P) =T (RYHEN(D)

CATA ZONLEIBLANK)MARK /Dy 0 24H 1 lHe/

CATA N3, 0,07 LLBGE AN 2R, L NDEE,TELPRE,NEBE/3 L1

S PRE LUl 2B LN E R, P20 RWER, PRAERY
f-;('T (b",

CHMPUTE wReFILE S gTav TS

O m =5l LIRT(SLe (XKl oy TyweP) /XK L)
MY (R E nivmvyns

MT e ) o

T3 e men

OELm8l LiUL8E=mT(3))/03

=T e =T (S e =

AR LN BRIl S

ES(S)a JLEwp #FZFPes?

EQtalmb ()

En(3)lmbrn(eya(Lta{" /YT ) aur)
EC(2)mEl(3)e ExPiX(l)le (RT3~ (7))
EDtL) BT (e EXPIXK(Z) o (p)mT ()]

INITIALIPE _2Fp Far BL .Y
=11 a"12pkF

N2 alAn by

Im{i)wizn®

Im(P)s23cCH

o8 130 lsi, el

oA 87 x»x 7

w{r)l--(l()-‘E:\E
Tm(K)e!l i )arb

CRMBLTE L CTREN DERASI Yy AT SETGRT w
OL NGO RAE

R A N A S R LA A are
CRNT Mk

INR T

LE T xn

Dhlh(&)-»'f(

Ga e (3LI“EJ5C;GC;7C)‘»
INT EXP {2 ({3 e,

AMTE Xn

INR FXF (epd (F)aT!

58 T4 KD

INe EXF{aan(}l)em}

GA YR &y

A JeDNL REATNAE S -

G Yy <O

INV{Gim {1t/ YN )oaP )00y
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PLOTNH, CPC No,

XN(RIBEC(LY#ZN
CANT INUE

PLAT AND PRINT

XNLeR0

IR(XNGL) W LF eR0)Y R T8 100

XNL® L8GeCixXNEL))

ConTINUE

08 110 Le!,73

JiL)alngang

NBg (XNLe 10 )elP 7«0

IPINB LT L HRANVASGATH73) (38 78 120
JIVB ) eMARK

WRITE (6,2 Im(4)adaXN{L 2 IR (B) XN (8)
CONTINUE

wRITE 6,3

FRR™AT
.) FEL»T 30 LueDENGITY)

3

FARMAT (1 xs 10220 #+373A krmmme s L euaBXslu b
3 ORHRMAT (7 P (i me s 17 M) i Bl ) Yy iy 4T (L mm ) iy

BB X B L1 2N B ELL, 2P X RN a2/
830X, 47 60 SCALE = FLECMTRAN TENSTTY
RETURN

ENT
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DLl el

(1mtptym=Bt1anT (k™) ,51X,57-VFRSJE ML ECTRON DENEITY (E/™ee3

s -

.~

T 10N M X N b b

oo A A I Bt s 1 Ti e

*
%
- LA..._...,L!

R

e o m———" e PSS e

-



[ SV

- ——

ol -

mnn

¢

[l

23

PROFLL, CPC No, 4

CAMPUTE FIRST PART AF PLAFILEY CRITICAL FREQUENCY FCF2 4NN
CARRESOANLING HE[GRT mM

SURRLULTINVE RREFLLIFLAT,FLANGELEV AL, TIME,OF LU LU
’ BLAT, BN, FOFR, Y, HLAT)

DIMENSIBN <(101L113076) 9k t10Y,uMi8,69),CRT(E),SIT(6),P13),C0M(3)
#2013 20(76 ) 0F L76)2GMI45) oM 49)

21MEAS T, ety 2 CENT (D)

DATA K/41.32083063,6708%,70,73079,6/0 X¥10/6/

DATA KN/ 1070135780370 4R,85,400 88,727 INFF ) F 76,69/

JATA QLo dChaa3T8/70e  SiC00  23D0CC0Y  /

DATA DIBL,N3/301018926338 L, 1a 02974428 1 wAB6S21Y w4 LT7595R68 /

SATA RuSHLATICA AT RLBN/&37112E%,19799244,+1993684,B407890ky
VATA 1, i m3/4366092 L5200 )R0WBRPD ¢
JATA PELGUENTZ 00033 s L0 23F 11887 )00 /

P13)eG375
SLaYs Sl FLATY
CLaTe JEg Feam)

NELE SINGELEV)
CEow Q280 EV!
SaZw SlN 7
ChaZs TnG002)

CUMBPUTY L TIME LEPENDENT O NITIANE FAR Fofp AND M3IZCO
TeT[MEel 1
TA_L SlCe,m(&78T,817, )
CA_L DS IUNTR R Z) g, 81,087,008
TA_L DRSUIR(NMERMUT ™, 01T, TaT, 0

CAMELT L LATITLNE, omAGTY Dp MF O I9NDSRNpRID PRINT ALAT,BL 0N
CACTYINGE
SFeRelh_/slne2(3))
CFs S0~ (T4 asiegh )
Sa w Ct_ v CF CEL * of
CA w SE_ » LF LEL * Sk
SN_ATRS_AYeCAer _ATeCAer sy
CNAT e SrRT (T e8h e T#5 47
BoATE ATNIEN AT/ AT
SR P aba2 oA/ AT
CLBNw SIRFT (T LaguLANeST LN
GUANSFEL Mna ATAN(UNUBN/TL L B

R IR I

COMP_TE BAGITIAL JEREPCT PN TIANG FAR FOF2 AND MICOC
PraysPLar~
Braystlh:

CALL MAGF N (3R
TMRRCBY (7 lelNN (D
CtzraPlR)

Clavep ey

Creta AYaNg ATANIwrn ¥y crRT{TMOY ), SURT(EALATH)
CALL Gr(rala®)

M)
JeCPMO3Yel N 3)
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PRCFL!, CPC No, 4

XK & (C
D8 18 Ilsl, . 000
TdakN(I D)
12sKN (] 1Y)
O (B usi,:?
KK 8 FK « |

15 GM{XK)mr(u)

COVP TE w3(0A AND HEIGHT 8F “Ax, ELEZTREA DFASITY ~v
CALL CROr (P MF M, DM KHISEQ)
L] l(Ml-v—Ein?CCO"'H?'HBDC‘C"P 100’”"@ OC'O
IR ABS(F{3, e wM) oL TeWiL,00) GO TO Ea
P{3)s m~
Gd 78 73

CRMELTE FOFR AND ADJUSY pOUFP FHR DAILY VARIATIAN L I11m Bl X

2e CRNTINGE
CALL DRUK(FF,3,0F,FCFg)
SUL ® SN_AT « GRLAT ¢ CNLAT o« CPLAT & TAG( BLANSP_BN)
CMLE SLRT(L LS #8% )
ShAhTe ATL ML /oMLY

AT, & |
LATE » L
WP nbaTauBe0G(LAT2)Y)Y G T 24
LATZ P
PO AT TG LAT2Y ) G TA 2y
WATL 8 &
[F(mLAT ST La 3 00ATRY) G TR 24
LAT? & %
IR (=LAT e, T e 23 ATRY) G TA 21
LATL 8 4
2. CNT » [F7(_A7Y)
IE{ AT JaLATPY 38 T8 22
CNT 8 007 e (CENTULATZ) =l T ULATIY) o (DGULAT ) el AT)
. /oooratlaTi) el 3l aTe)
22 FQOF2 s FObT o (PEReCFLUX « ONT)
=ETURN
£
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PROF1.2, CPC No, 5

CAMR T GECAND RART AF Ba4F 1| £y PARAMFTIRS YM,YT,xK, RATIA BF
ELeCUNTENT "8 FLODERNGITY XNTAM, RANGE RATE MULTIPLIFR RRM
SURRBUTINE PRBT L Z(OLAT, oL, =8, TIME, IDAY Mo, P UXaF0F 2, MM, NLAT,

* YMEY T X )RRM ) XNTNM)

DIMENSION YMTAR(12,9),CEPT (4, 3,3),802P(6,3,3),=(4),0r(30),X¥ 3]

OIMENBIUN "EG(3)

DIMENSIAY SaTK(ws4,3)

DIMENETHN YRAY (746

DATA GC,LL.JE,73;1“,15,1b,n&;d’k,ﬂ37,ﬂlﬂoo,QR051391333,G°95;02°5;
#JI0ER I LRELS, Cov  24e 420 2340 440 %y a8 ;8s s2He
370 21202y aed% 20133333 098 ;245,105 2eR33333333 /

DATA 0B, NTON,0R, U004 D3C,ULIRRIDIECIPIN, P12, DEGY
21 087PhC0ERE ) 13089949375 11196 PAKTe 0170532928
#0279328268 5 «52389AITR 0 ,2,75619469 1301415926536
#1eE707983264 L 4e2R31RBANTIE L, 13089869375 L, 7RAB39R1425
a02A179893878  /

SATA 851,502, R N miNiA /00769897 , 00172042063 98375
'1012006| /

DATA CRLT /12 e mbsRe73Fmb tteuRfeh) B1bEF ek, B1RBE=6)10138F6)81E26
"lC'g“i'“lE'BE'blqoﬁdiOUi11-QE'F)1?0‘“E-bJ7-625'6‘“057f‘b;5056F-61
*31RAE N6, L1 Tk, 30T6F Rk, 1Pl ehs Ra0RE e b v KFehs s LBEB 41w lE=E )00 BLE
wunb)Fa0C ek daBHFab, 41 Chiwb,ueDbFebs oABEab, | yB50Ewb)susi=h, 1 95Leb,
si1RL eb,00 70l sh, 90 E2PEeb )t WHEL a8/

DATA SLnE/e7aBFed) e oAl R, eNeEeR)uG ek, »3 LR
#eJohTef, ml yEuR,u] 20N,

N I L T L A TR R Y L L P E Y VRS- P AN L LY
sk Bt e et o nF B, e br a2 BEeR, 130 nR, {¢3Fa8, 07 nk,ae9 =8,
ek e B e 7T aR e 7 Bt b mp, il eR e 7F R b el aFaR) BER, L kEE
srlenfeny

DATA RAT. /442,405, 1007, 004, 08F, 085,49, 00K, 088,975,105 14125,
#0004, L, et B, 115 09%,087,094, 14005054, 4085, .978, 1208, 10125)
01'11‘i'g**t.0355100q'1-175a1'0”)'9“"935"°:'86!09°54l985)1055;1
#0897, 090, 10728, a9, Lol a0 0 TwR, AR FT) B0/

NATA *”TA1/5707;93-CIQ7|8;1?20f;IC?lﬂqu'n19501191|3;3R|O,F6u8‘
286400850 Qe a2, 9800, 13708440945, 11245,11205210708,101+2,9642,
.950~i97uC;Q5'], 1C7-5'1f7l7:1~?|i}1%0.“;153'3‘15“0:)150|Ol
sl 227 i Rab st nBan, 0605 CHerhynReB, 14401620710 7506,
e lBr b1 7w R, (870803007, R 00110 10D, 113.3,120670 13449,
pLEH e latem, O, 7 e 1820551230 0 L 3ek LB LD, 1138,
w1280, 1390, 189mebs19900, 1883218303, 16608, 91609,11%49,11109,108+0,
L] 11“-:;115-?11?5'6‘l57|@0211'“la32'112t1'21188'311“2'5i12“081
eliAB )l ey, 12217, 132sms 0303, 18803, {H701,2L0404,196:8,185:5)
#1828, 1307820070107 e, 16MaR, 1708, RR30,167¢8,22C00+19546
aiB7 e lbhe e, 13807,13772037 05/

DAT L YRaT/ o8, 012,10 0600005,0925492,192,

Lad 100, 890 AR 1780073007, 193510P1,1002, 8B, 0k se78,,78,
21e095 100601000090, 498,499, 14, 95,486,097, 0, 004,s100%, 113,
FlePualoghr i oP4; 1026030339 10%30 0064y

MLATa AHS (i AT
TLACaT[p et AN ][R
TLRCeAMUD TLNC, NP
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PROFLZ, CPC No, 5

COMPUTE WALF TKICKNEBS vM
T{ReT_ 8C/D3C
LTieTyE
Tiol 7Y i
LT2elTiwy @
IP(LTLEQes2) LT2eLT! }
IP(LTL13EcL) G T8 =5 :
LTisll
TiaTige™y
IPLaFQOF2a0PI5 ;
IP2uFQF20P0% ‘
IFCIFLaLTey) IFLsy ‘
IP(IFLaGTe9) [Fin9
19 (1F24LTey) 1F2¢ j
1P(IF243Teg) [F2um9 :
Yog  YMTAR(LT 1P ) o (YMTAB( T2, IFL)eYMTAB (L TL,1F1))aT1)eQi000
IP(IFLsEQrIFR2) Q0 T8 60 3
YM2u (YMTAB (LTS, IF2)+(YMTAR(LT2,IF2)aYMTAB(LTL,IF2))aT1) Q1000 ;
Fim]F{ !
Y8s YM+(YMRaYM)e(FOF2eriagy)
CBNTINVE

[N SO UV SR PN

COMPUTE DIFFERENCE BETWEEN AVERe AND DALY £BLAR ZENITWM ANCGLE D&ZA
DAY (MEBNa{)®#30+1DAY8C
CRIAWSE1n SIN{SN2eDAY)

1P ABS(BLAT)WLTeS8Y) 59 78 6L
TP BLAT LT eQQ) D8ZAseRS2A

an TA 62

SANGEBLAT/SYY

CANGs SQRT(Qlw ABS(SANGeSANA))
DANG® ATAN({SANG/CANG)

ASZAnSB 1 (CANG+SANARDANG) /P I X
D82aAnASZa~ A3S({ OLATDSZA)

APRLY SEASSONAL EFFECT 8F DB7A TA WALF TWICKVESS YM
S12sQ4°D52A/08

1P{aGi2

Stalfy

Sis512°514

IP2ulFiey

RAT«QQ

1P (HLATLE.D5) 38 T8 63

TL2e(TLAC+D7PE ) /PN

LTinTL2 '
TielT1

LYCelLTi*}

1P(LT2eGTou) LT2sY

IPCLT LTl LT e
RATLOYRAT(IWIOLTL e (YRATLIF®, LT ) wYRAT L, TL) )08
RATSuYRATIIF )L T2 (YRATIIFRILT2) aYRATIIFL,LTR) )08
RATARAT1 4 (RATRWRATI)® (T 2aTy) i
IPtMLATVGELDEG(2)) Q8 TO 4

-
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PROFLZ, CPC No, 5

Te2n (TLOCHD138) /D100

IP(TiR2eGTenl) Ti2u@2eTyD

IP{Ti20L7e00) Ti2weTiE
RATLaYRAT(IF L5 )¢ (YRAT ([ IFR,&)nYRAY(IFL25))eBY
RATEZaYRAT(IFLsb)*{YRAT(IFD,0)nsYRATIIPL,8) )08}
RETMeRAT(+(RAT2uRAT. )0y 2

RATARATMe (RATRRATM ) o tHLAY«DR) /D10

IR (HLATSLEWDE) RATWRATH

YMaYMaRAY

CEMPUTE K=PARAMETERE XK
FEF2 » RN& # FUF2
[{ng
18s2
[P (WLAT=BEG(2) 28230409
B K]
[P(HLATW_EWQEG(3)) 1223
38 re 3¢
[8s
IP(RLATWGEYDEGIL) ) 10
Jou (FUF2 + 21,03
XPeQe
IPCUeGEL) 3% T8 3K
N
G8 T8 &8
IP(UslLTew) GO ™8 42
JU e
G T8 «8
Filay
XP n [FQFR + Q1)/03 e ¢
08 %1 May1,3
SLPE(SLAP( v lalLiaM)=SLBR(J 1o ™) ) aXFeBLORP( ),
CPTa(CERT sl lu™)alERT(J, 1 ™) )aXFeCERPTY (),
IF(IL1eEGel2) Qn TO %O
OELa{~LAT=DEG({ L)) ZIDESI12)«DESITIL))

SLPeS, Pe((BLOP( %1, 12)M)eSL B8P (U 12.M) ) eXFegLBPJs]R)M)=SLP)eDEL
CPTaCP T ((CEPT (UL, 12s) «CERT(Ual24™) ) eXFelERT (U 12)M)eLPT)apEL

XK(M) 0 g.P & F_ X ¢ CPT
CONTINVE

ARRLY SEASENAL EFFECT 85 D674 T8 DELAY CONSTANTS xx

T12eT BC/DEG(3)»08
IPITL2eLT930) TiL2aTi2+Qaw
T2aT12/06621

LT¢nTyi2

TsalTY

wT2aLTley
S{eaQ2PRDSZA/NLE

1Pis8le

StalF|

54§l 28}

1#2e] Tley
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PROFL2, CPC No, 5

D8 52 May,3

RATLaRATK (TR, LTI o) (RATK(IF2sLTLsM)*RATK(IFY
RAT2aRAT (IR, LT, M) (RATK(IF2aLT2,M)=RATK (IFY
RAT 8 RAT! ¢ (RAT2~RATL) & (TLi2eTY)

X (M)oaXK (M| #RAT
COMPUTE ~ALF THICKNESS 8¢ TOPS:NE PARABSLA VYT
CANVEQL
IP(FOF24LEJI0RPK) 38 Te 71
CANVEGPL333e(FFr2eZ10P5 )¢
CENTINUVE
YTaClO8NVevyM
COMPUTE wDBT MULTIPLIER FAR RANGE RATE CAaMPUTATIEN RRM
COMPUTYE TOTA, ELECTRAN CANTENT / FLECTRAN JENSITY XNTNM
XNTAME(C
RRvalp
D8 (L "SCRT(QLe(XK{1)eYT)we2) ) /XK (4}
L) amMen
IP(mSalEsHtd)) 230 78 Bp
RRvaJl

DELW 8 (w1012 =« H{{))/32
HE2) ® (1) + AELKW
MP3)am {2 enE LW

“Pe)umS

M3

[P (mSeQTM(¥)) A0 T8 70
UMY e (Mel)

MEMp

(P(MaQTey1) 38 TO 45

OM(M)mH (el ) ok (™)
RReGl/XK (M)
EXsGd

ARGaX K (4) elm (M)

[P (ARG Te237) EXs EXP(=ARG)
RR¥“aRRM™eE X

XNTNMORK+Ex#® { XNT\NMaRK)

Mg~el

IP(MeGTo) 38 T8 70

TEYPeRBA (SayYMeNeDes3d/{73eYTayYT)
TEVYPLalUl=(R/YT)aep

RRMeRRMe TEMP |

XNTNMaTEMP Lo XNTNMeTEMP

Ge 18 lio

IF(mGoalLE s mMMay™)) B8 T8 {4n

DISTE MMakg

[P (HSeLTs w™) 38 TA 90

XNTANMBUBA I RaYLe ) 8T+D]8Toe3/(Q3aYTaYT)
RAMeJ{={(WManNG)/YT)nep

gs v i~

CBNTINVE
ANTAMBURN1GaYMeD 8T +0Re BT 0d/ (Q3eY 002 )aR16T205/(05sYMeed)
RRY s (Qie((mMaHE)/YM )00 p)pep
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110 CONTINUE
RETURN,
END

PROFLZ2, CPC No, 5
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BETA, CPC No, 6

SURRBUTINE BRETA(FRAT)XNTNM, 18, M, yM, BE,CF,DELEVY)

BETA COMPUTES I1ANASPHERIC ELEVATION AMQLE CBRRECTION TO BE
BUBTRACTED rFROM MEASURED ELEVATIBN ANGLE

QIMENBION XAX(B)aYAX(S)

DATA RIGQOY Q1,08333,02/637402€3,00 1.:0:.533310;2-:01

DATA XAX/QD4EQ, 12EDs oaED, +5EC, +81EC/ ‘

DATA YAX/Y+ Eo;-92~€0o-aaneo.-7eo:-ssazox

RPsR*R

REsHE+R

CAMPUTE SGUARED DEVIATI®N FACTAR XCOH
RAMAR® mM
SFIMER®CE/RNAM
CPIMe SORT(GLleSFIMesR)
XCOMBFRAT/LF IMe 2

INTERPOBLATE TABULATED VALUES YAX T8 GET vCOM
P8 30 la,%
1P {XCOMexAX(]))20,10,30
10 vCoaMsyYAX(])
G8 Te 40
20 YCOMuYAX(IVa(YAX(lod)myax( 1)) o (XCOMaXAX(]) )/ IXAX Iwy) o XAX(T))
G TS 40
30 CONTINVE
Gs TA 80
40 YCAMBQL/YCHRM

COMPUTE DEVIATIAN ANGLE ALPMA
RAA=RAMS3330YM
SFI8eRCE/RAB
Crits SGRT(J1eEF]Bes2)
ALFRABFRATHYCBMOXNTAMEGE I8/ (D2%ROBCF [80e3)

COMPUTE ELEVATIAN ANGLE CORRECTYISN
CAs COS(ALPHA]
SAae SIN{ALPmA)
XAsReCERGA/(ALelA)
X2eR#SELex]
X{s SQRT(RSee2.R20CE*®D)eX]
CYEm(XieCAaX2)/ SORT(X{wsPex2re2a(20XieX2eCA)
STEs SURT!( ABS(Gi=CTE®w2))
DELEVE ATAN(STF/CTE)
RE TURN
50 wRITE(6,1)
1 FORMAT{ {12+ eee RAY 18 REFLECTED AT IANBSPNERE OR NEAR REF_LECT!O
o CONDITION, ELEVATION ANGLE CORRECTION 18 NOY CEMPUTED #eew;
CELEVSGQ
RETJRN
END
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SICOJT, CEC No, 7

SOBRBUTINE SICAJTI(LICIE,T)

COMPUTE SIN(JUTIICH(UT annt,0resl FOR ANGLE A

DIMENEBIAN S(1),C(4)
Ciiys Cogt(TY

St )s SIN(T)

DB 10 legsL

)
Bti)nCli)eg(lel)es
REVURN '
ENC :

FeC(Tey)
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DKSICO, CFC No, &

BUBRBLTINE O¥B1CO (MXoLH20,81T THE,COTIME,OK)
COMPUTE D SUB K)COEFFICIENTR FOR A TIXED rrﬂs

.DIHENB!QN D(S)oCBTIHI(1}13!TIHF(1)-DKtL)

LMAXsLHE20]
LRe il MAX
D8 & Ke},MXx
LEsLKelMaX
DK (K)wD (LK)
OB 8 Lsy,Ln

NKsLK+L02 o g
ORIKIEDRIK ) 4SRRI TIME (LI #N (NK ) #CBTIME (L)

RETURN
END
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MAGFIN, CPC No, 9

SUERBUTIANE WA”?IN(PEQJUMF)
COMPUTE NAGD A WAuﬁETtC FIFLD CRHPQN&NTS

DIFPNSlﬁh P(7;7)oDP(?a?):CP(?!:ABR(?)oSP(?) PP?(3!:UNE(3)ICT!7)7)J

S(T727)00 (727
D‘TA “T/E'C-"?3333333;o¢6¢666A7naP*71“?B6¢.2539&825:.?525?525;'
3"n:OeOOOOOOCJ0?25!71“2;023509523po2“2“3“2#0
b*Coy o 1285714, 41906761%).21218121, ‘ o
5*6-;-11111111;-1616151&; T
E'Co10690909091. : o A o
Coalw0e/ T
DATA 45/ o.,i-3o~112;'.ozucasir.oaisiBr-tok179“» W 0L62RAN= 018823,
Ces 021474,y CE1783) WCB2LACI=D4RE9B) = 0AMAL0T ) m00LRET,
2#C o i me 013381024 000F382~00217984m 0194470 L0321
30 0s*e0B496s +CCTCNBI= 00608, . ORI 3)
4eCos=eCOR0N4Y 40CR2775s s0010%Y
5«00y oC00897, «CC0PR7.
620y, 1001115/ ‘
CATA (3/74Ces
Oss=s0B7989) 10331242 sC1kE7Qr=4011825s 0 0007C6s = 005758,
200, o0C0LIBT790 = 0C4C 78 Q100061 = 002CC0s = CCRTIE,
30y 2002100 4000304 1L045C7, 24003406k,
w200y oCQLANEY 002624, 9400C118)
La0es=aC01218,»,2011 106,
60 v = 0003206/
DATA Pt L) mtP o SP Yt /4es0eslogdny
DATA E R0, ,RRYC/637LECL L0, P 1ED,) LeBRIDEISOEED/
Paepli(2)
FlLaPB3(Y)
1P ALS(PLYCLEREDT: O T8 .
Pis S[3\N(ARYD, )
P50
CSNTINUE
AR=RE «(R¥+ 300,E3)
Ce SIn(Ry)
Sr SART(CP (1) =020
ABR (Ll tmarewaR

® ® e & e o - & » » ®

CorpPUTL SIN,CES FAR MULTIRLY LUNGITUDE ANGLE
CALL a--bd*(ba:°(2)aSF(E);F?)

Dy & 22,7

ABR(M)BAR®, AR (Val)

CLEAR LUTEHX Suvs AMD &Y U LEMR
HyaqQ

anNs QD

Bpe el

CB & 82,7

Faely
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MAGFIN, CPC No. 9

CLEAR INNER BUMS AND SET UP LGB&P
SEmRaGO

SyMTe RO

SyMPeR0

D! 7 Mei,N

COMPUTE FUNCTIENS AND DERIVATIVER OF HULTQAC'OLIOINDRI FUNCTION

18 THIG LABT CONTRIBUTIEN 10 !NN!u Iun
IF({™M«NE'N) G Y0 8 ' . o
PININ)SGaP (Nel, N} '
DP(N:N)|8ODP<N-10N-1’OC.Ptk-toN-i)

as Y6 19 -
PINOMIBCePINe i M)l T (NIMIRP (NaR)M) -
ont~:n>-:-pnt~.1.n>-aon<~-1.n7-C?(~oH!*DPzNuloM>
FoeMel -

THaG(NIM)OCA (MYaR(N)M)aBP (M)}

SUM INT® INNER 8UMS FOR 2,X,Y

SUMRAGUMROP (NyM)®TS

SUMTRBUMTDP (N,M)eTSE

SUMPagUMPeFMaD (N)M)alal{NyNM ) oBP(M)SR(NIM) 4B (M))

SUM INTS BUTER SyUMS FBR Z,x,Y
BysBY«ABR(N) #FNaSUMA
BNaBNoABR(r ) #EUMT
BANIeBPH]sABR(N) #EUMP

SET MAGNET!IC FIELD COMRONENTS 2«VERTICAL UP,XeNORTH,YeEAST
UNE(L{)uepy

UME(2) vBN

UNE(3)ewBPK1/§

RETURN

END
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GK, CPC No, 10

(8]

SEBROUTINE GK (KsCaQ)

CAMPUTE CBARDINATE FUNCTIONRGG(1),10ds0vgsKed
Cti)aMODIFIED LAT!YUDC.C(!}aC(I)oG!BGrLﬂNG!TUD!:LAT!TUDE
0 16 THE ARRAY FER GESORAPWIC FUNCTIONS

DIMENBIGN 1(1) Cilryalily) .

DATA Bl/siw /)Ny BY ' , _
Xel{d) ' A ,
Yaf (@) ‘ -
8Ct(3)

KQux (1)

Sxs SIN(X)

nDoOoMNOn

o

U T el e LR . _.....-1

[ T

¢ SET TERMS8 DUE T8 MAIN LATITUDINAL VARIATION
Gre)n8X
G¢l)e@l
DB {0 IspyxQ
: (0 Gelel)eSXxeq(])
Sk KDIFaK(2)egd
: Ju

B T
«oy

- 4 A ———
e gt TR B R D S A W

: Cxiw CBS(2)
¥ CXnlXY ]
: * Ty !
18 KCaK(J)eu ,
oo 4
: ¢ COMPUTE FIRST 2 TERMS 8F _.TW ARDER LONGITUDINAL VARIATION
) G(xCe2)ulXs CO8(T)
GIKCet)uCXe SIN(T) i E
¢
¢ ARE BALY 2 TERWE TA BE CEMP TE® PR THIB BROER LONGITUDE .
. IPI(KOIFEG,2) 38 T8 28 S
‘ KNaK {J*i) .
L ¢
b ¢ COMPUTE REMAINING TERMS BF _oTn SRDE® LANGITUDE

OB 22 laxl.gXNy2
‘ G(l)sSXeg({lep)
’ 22 Gllel)'SX2G3( 1=y}

R

c ARE TEXME FBR MAXIMUM BRCER LONAITUDF CHOMPUTED
28 IP(JeEQIN) 30 TH 80

c
| c PREMARE FBR NEXT ARDER LANGITLDE cBMBUTATIANS
1 KDIFaK{Jeg )oK ol)
| P (XCIFWEGeQ) 38 T8 KC
CxalXeCXy
LIS
Fusy
‘ TAF oy
‘ as te 13
| 80 RETURN
i END
t 188




[ i—* et
| ]
o DKGK, CPC No. 1l |
3 — i
N c 1
A SUBRBUTINE DXGK (MX,8sDKETAR,BMIGA) '
bl o ¢ !
I @ COMPUTL BNEAs BUMHING THE QEBORAPMIC strtes |
i c | | - |
. DIMENSION ((1),DKBTAR(L) R T { |
; BMEGAWG (5 ) #DKBTAR(Y) o , o
: OB 8 K=@,Mx - K : S ‘ i
o 5 Onzeuanzmwnsnmm-acx: | , S . o
b RETURN C e AT T : . l )
! END : - . el L o ) , ) ;
: i
; 1
" 'z
E
4 : ‘
!
ot
o
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B ) ‘ ’
! P
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‘ |
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TABGEN, CPC No, i2

PRBGRAYM TABSEN( INBUT,AUTRL T, TARES S INPUT, TAPEG=BUTPUT, YAPEL , TAPER)
PREPROCESSOR QENERATING FQFRen TABLES BN TAME T8 BE USED
WiTW PROGRAM TONS
ITPaUNIT ARBIGNMENT OF INBUT TAPE WiTh JONSSPHERIC COEFFICIENTS
JIPBUNTTY ARSISNMENTY BF BUTPUT TAPE 17K I8N, FOFRewM TABLES
DIMENSION JAZ(A),IFMl16,283,F X(31)
DIMENE AN Kt10)tKNtiG);CDT(‘)tl!?€6>o’{3)aC9*¢3)
01 30781000076 28M1 49} ,D%( 88}
DIMENS]AN o X 1) JCENTIDY
DIMENB ] AN N'ﬂE'(301347G)JUC13J7§)OUH¢9005)1U“1(90~9’
DATA UA2/1:428,58/7 1B T/ 108/
DATA MENDY,MBND, L YR®8/0,10000,0/
BATA K/48,38,;583,683507,89,7447307%0672 XW10/4/
DATA KN/127012,282037,08085,602658, 7R/INER NMF /76043
DATA 01,310,0100.,0320,2378,084,008/ $o 280 21000 43300
® ;300C000 4201 28 /
BATA DRIPIZ4DV,DRRIIDWRE/90L70832928 ,6¢PAILRS30] 4412217308676
#) 2617393878 , 82348987788 /
BDATA C180,03/3.4018%0658386 21 0P974026 o 48B892L9 ,)5759K848
BATA PERJZENT/40013Y L3035 14857 449 ¢
PATA BPLAY»COLAT,PLAN/ 09799246, 41993684,5.078908/
PATA ML, HE)H3/13006092 L,uPaea  ,E9:828
P{3)ul3Ty

LOYU2 BVER ZANDITIDOAS
100 CANTINE

READ DATE AND STATIAN PASITIAN FRAOM =ARD
READID,) 1) IYR,MEN, IBAY,FLAT,FLON
1 PRRIMAT(3IR,2F10.5)
IF(IYRWLECD) 539 T8 #0¢
WRITE(6,2) 1YRMAN,IDAY,FLATLFLAN
2 PORMAT(//75~ JENERATE RECARD 5N AUTAUT TABRE CANTAININI IONANPHERIC
® FOF2wun YAI_ES FOR /&M YEARD,1B,8K, MONTWE,12,6M, DAYe,12,i1H, (

SATITUDE® )P L0eB,) @7 DEZ) _BNOITUIE or STATIANN,FI0+¢%,4x DEG)
P_ATEF_ATaDR

"_QNIF‘-QN.DQ
1FLAGeD

1SKIPa)

JYRMBsYRe {00 +4BN
IMBDYaaNe 1 00+ 1DAY

READ CMEFFIZIENTY TaPE
10 1P ({IMODYOLESMANDY L AND L IMADY»QF s MAND) GO T 29
20 READ(ITP) LOND,LONDY, uCBEF,UMsUMY
1F(EBF,1TP) 23,00
22 1eEx]Psy
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TABGEN, CPC No, 12

wBNDELIND
WANDY S aNDY
88 T8 {9
23 REWIND TP
IFLAGe IFLAQeY
IFLIFLAGeLEsY) GO T8 20
WAITE(6,25) IYRIMBN,INAY
2% ;p;MAT(5~H 2o ulBEEFICIENTS Na? rauNo BN TAPE PAR YEAR,MONTH,DAYS,
*313)
82 T8 400
29 JF(ISKIPeEQ ooAND-IYRHaoE fLYRMS) 88 TH 80

READ BBLAR DATA
IP(IYRMaeRdo vAMA) 30 TO =x
READ(5,7)1YML, (FLX(1) a1y, 15);IYMZ:(FLX(!>nl'17131):!YH3151833!’
7 PORMAT (TN, 4X 16800 /7 4siBFael/]a,208e8)
TFCIYMLCEQeIYMBoAND I JYM20E D0 IYME ANDOIYMI L EQe]YRME) a8 TA Bp
WRITE(6,8)1YR,vBN
8 ;-awzzcxlaaq s#*ERROR 1N SALAR INPUT CATA FOR YEARS,12,11% AND MBN
*Tnu, lc)
8% T8 400
EC LYRMBsyRvs

PREPARE SPEZIFIC CAEFFICIENT BETS
5% DA 62 Jul,e9
P2 62 lal,9
UMITod M Toud e (UML{Tad e Moy )e818/0400
62 EBONTINUE
38 70 Umi, 78
P2 70 !a4,;143

70 Uilad)mwCRER (110U )¢ uCPEF (2410 J)*WCBEF(3,1)J)0BlF ) e8]F

PREPARE SO_AR NATA

80 PLxDeF_x(1DAY)

HRITE(L,15)F xDs81F.)818
L5 PBRMAT (120 JATLY FLUXA,F8,1,41H, 12sMBNTK RUNNING AVERAGE OF BBLAR

¢ FLUXR,)FbheL220Hs BF SUNSHEY N MBERE,F644)

F_UXeS_ x>

IECFLUXaLTe2RY) FLUxaSl¢ ,

PFLUX®E UxwS!F

TR(FLURAT2130) PLUXE21130

UENERATE 25 PBINT PATTE AN ARSUND STATIAN
L8P BVER FARTH CENTRA| ANGLES

ECAue(?

ad

55 300 1Caniye

ECASECA+D?Y

SAaa BIN(ECA!

Cas CEBIECZA)

NAZaJAZ(]ICA)

DAZaNAZ

DaZePl2/0a2
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TABGEN, CPC No, 12
APweDAl

LOBF AVER A2 IMUTH
D8 300 !1alalsNAZ
MEMe
ARBAZICAZ
gK2s SIN(AL)
Cals CBS(AZ)

CAMPUTE LATITUDE, LENGITUDE OF I8NSSRWERIC POINT BLAT,BLAN
SNLAT® SIN(F_AT)eCA+ COS(FLAT)®8ACA
CNLAT= SORT(31eBNLATAENLAT)
S_ATs ATAN(SNLAT/CNLAT)
SHLONaBAZ#EA/CNLAT
COLONe SGRY(21+8DLONESOLAN)
S_ONeFLENS ATAN(BDLON/CDLON)

COMPUTE PABITION DEPENIENT FUNCTIONS rBR FOF2 AND M3000
P{1)EMLAT
P(2)=8LaxN
CALL MAGFIN(P,CH8M)
THRSCAM(2)aCOMI2)+L8M(3) #nBV(3)
CiLP)sP(2)
Cr3)ePly)
CU1)m ATAN{ ATAN(eCBY(Y)/ SART(TWR})/ SIRTICNLATY)
CALL GK(KsC03)
XK & 0
Py A5 llals1002
TtaXNITI)
IaxN{] el
o8 85 Jetli,'?
KR 3 KK o ¢
QUK )®3(J)

CAMPUTE MAGNETIC LATITURF BF 1ANASPHERIC POINT
SHL & SNLAT & SPLAT ¢ INLAT # CPLAT o 288 BLON=PLBN)
CoLe SURT(21wSu_wSML)
MoATE ATAN(SYML/CML)

DOP AVER le LBCA. w~BURS
TL8%8=0wR2
D8 200 lHui,le
OMReDMR2
IP(ImMeGE e s AND I IMILEST7) CHRgImRy
T ACaTLAZenaR
TIMESTLACZB B3NP ][R
TIMEsAMBN(TIME,P]2)

COMPUTE TIME JEPENDENT F NrTIONS £8R rorp AND M30CO
TOTI™E=D 180
CALL BICOJT(6,28TH81IT,T)
CALL OXSICAIMFR,K(13)sUsBIT,COT,0R)
CALL DKGQICOINYE,KHM{0 ,UM,81T,C0T,DM)
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TABGEN, CPC No, 12

COMPUTE ~3000 AND MEIGHT 8F MAXs ELEZTRAN DENBITY Hw
CALL DKAK(NMF;34,0M,%3000)
MW 8 Hiew2eW3000¢HIe430008M3000

aNal

c COMPUTE FOF2 AND ADJUST FOF2 FOR DAILY VARIATION wlTh FLUX

e e e ———

_ 4.

C
C

92 FQF2 = FCF2 o

*

CALL DXAK(NFF,3,DF,FQF2)

LATL o 4

LAY & |

[P (MLATGELDI(LAT2)) Ga T4 gy
LAT2 & 2

IP(HLATGTA23(LAT2)) G8 T8 o}
LATL = 2

IP{HLATIERWDI(LAT2)) G8 T8 9y
LATE » 3

TP IMLATI3T03(LAT2)) GR T8 91
LATY = 3

C¥T o CENT(LATY)
IPILATLEQeLAT2) G T8 92

CNT = CNT o (CENTILATR)SCENTILAYYY)

/ (NILLATL)eD3CLATEY)

IPu(lmsv)e M8 0¢QPS
I1P25FCF203100e308
IPm (I Mo R I, M) 0l 00CN+!F2

200 CANTINVE

300

“00

CONTINVE

WRITE MUTEJUT RECARD 9F 1aN9SPMERIC FOF2exM TABLES

I¥4ds 1YR®10CO0+MON®{ DO 1DAY

WRITE(JTR) IYMD,FLAT,FLAN,F L UX) [ PH

3% 8 100
CENTINVE

END FILE JTP
REwWIND JrP
Srop

END
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ION1, CPC No, 13

PROQRAM 1ONL  (INPUTIBUTPUT, TAPESa INPUT, TAPEGaBUTRUT, TAPER)
CAMPUTES 1ANASOWERIC PRAFILE PARAMETERS AND REFRACTIEN CORRECTIONS
UTILIZING PREZOMPUTED FOF2ew™ TABLES

eende 7B Bp USED ANLY FOR BTRINGENY CORE SPACE AND/BR RUN TIME
eeeds REBUIREMENTS,) SINCE INTERPELATIONS 85 TME PRECOMPUTED FOF2emM
oande TABLLS CREATE LESS ACPURATE RESULTS THAN THBSE SBATAINED

teaee FRAM PRAJRAM I8N

“

)
é

CANTENT BF COMuSN BLBCKS EXPLAINED IN SJBRBUTINE REFRCY
CHMMBN /EVALLZ ES,FPLAT,FLON,ELEVIAZ NS EDBT, HDET, TINE,
#IYR,MON, I1DaY, TP

COMMAN /2BRRL/ DRANDIDRATELNELEVIFOF2) -4, Y, YT, XK) TATN, TOTNA

DIMENSIAN xK(3)

DATA 30,21000,23600,0DR,=~R /00  21000s 436000 5101748320825 ,
€ REL7I9IK7R  /

JYPe2

NYUYs(

WRITE(L,268)

FRRMAT (1wl

CONTINVE

RE - AND BRINT EVALUATIAN CANDITIAN

RE~D(B)3IFE,FLATIFLON

FORMATIFLIC 0)2F10.5)

IP(FELTsB30 ) 58 78 100

READ(Es#)ELEVIAZIHSIEDET)NDEAT

FORMAT(BF 10067 310e0,2E1548)

READ(Bs5) LYRsMEAN, DAY, TIME

FARMAT(31%,F10.,7)

WRITE(O )& IPSIFLATH)FLON ELEVIAZ WG, EDBT, IYR,MON, JDAY, TIME, DT
FORMAT ( (29 we INPUT wayy
U 11 FREQUENSY S, FiQeb, 8K MHZ, LATITUDE",F10.5,
#27= DEG, LONIITJCE BF STATIANE, R D5, 4 DEQ/L1i= ELEVATIONEIF{Deb)
el8m DEG, AZIMUTHE,F1046,27« DEG, MEIGHT AF SATELLITE#2Fi144,
e KMy E_EVATION RATEs ,E1Re8s8m RAD/SEL/6N YEAR®, 12,8H) MONTHMa,
#12,8, DaYe,12,10Hs UeTIMER)F1Q0v7)8w WRE,,39X, 15~ ALTITUDE RATEN,
eE18.8,6+4 “/3EC)

CANVERT UNITS
FLATSFLAT®DR
FLANSFLANSDR
ELEVeELEV®DR
AZsAlDR
“JeMBeQi000
TI¥EaTIMEONR

CAMBPUTE AND PRINT 1ONOSPRERIC DAYA
CALL REFRC!

IF{IYReLTeD) Q8 T8 10

XmmaMM/Q4L000

WRITE (8,211 Xmu,FOF2
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ION1, CPC No, 13

20 FBRMAT( /13M %o BUTPUT «e//35A MEIGHT AT MAXIMUM ELECTRON DENBITY,
i OX s BkiNa P 8e3,30H KMy CRITICAL rREQUENEY r0P2-0P7'3;bH MHED
XYMsYM/01000
XYTa¥YT/Q8 500
HIITI‘OotlsYV?M;TBTNA;!YH.XVT;!K '
28 FORMAT(ARK THTAL INTEORATEDL ELECTASN CBVTIN?: VllTiCAL NT!»!13064
28k £/(MeM),  ANBULAR NTAR 1306288+ E/(MaM COLUMN) /.
ebBM HALF THICKNESE OF BBTYTAMBIDE BIFARABBLA Yﬂnallcio
e30M KMy 87 TEPSINE PARABALA YTH,T8:.3) 34 KM/
oS8 NDECAY CONSTANTE P8R THPSINE EXPONENTYIAL LAYERS, LeuER *1.:
oE12+8,18ms MIDDLE X2W,FE12.8,51K) UPPER !Q-oEII-BoQH 1/"3
TELEVeDELEV*23600 /DR
WRITE(0,23) TELEY
23 FORMAT(Sax IONSSPHERIC REFRACTION CQRQECTIBN Te ELEYATIQN ANGLE®,
GE1346,11W BES BF ARC)
WRITE(6,24) DRANG
2¢ FARMAT(43M 1ONASPHERIC REFRACTION CORREZTION T8 RANGES10X) iMys
*ET306,2n M)
WRIYE(6,28) DRATE
25 FORMAT(SeN 1ONASPWERIC REFRACTION CORREZTION T2 RANaE RATE 'y
AR13e¢86,60 M/8EC)H :
NUMBN{ M+
IPINUMSTeY) 3% TA 22
WRITE(6,264)
NYMe 0
G 798 {0
27 WRITE(6,28)
28 FORMAT(//)
G8 T8 10
100 CONTINVE
Leap
END
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REFRC1l, CPC No. 14

IaNBBPHER!C REPRACT!BN HQDEL UY!LIZINO nnEcenPur;o IOVQONH
YABLES FOR INTERPOLATIEN
reces 7O BE JSED ONLY FOR B?!INGtNT CGRE O’ACE ANDIOR RUN YQHE
sdeve REGUIREMENTS
SUl!bUlel REFRS!

INRPOT! COBumBN /ZEVALLY
BUYPUT! CaMMaN /CBRRYL/

CaMMEN /EVALL/ FBAFLAT.FLBNaELEVoAZaHlaEDQToHDB':YIHEa
S1YR, MAN, IDAY,JTP :

FE w TRANSMISSIAN FREQUENCY N “m2 _

BTATION LATITUDE IN RADIANS B¢ ARC

FLAT =

FLON o STATION LONGITUDE IN RANIANS oF ARC (paSITIVE EASY,0 YO 360 o)
ELEY o ELEVATION aF BATELLITE IN RADIANS BF ARC

Al r AZIMUTH OF SATELLITE IN RADIANS OF ARC

HS s HEIGWKT 8F BATELLITE IN wETERS

EDOY » ELEVATION RATE IN RADIANS 8F ARC/SECOND

HOOY & RATE BF CHANGE IN WEIGKT 8F SATELLITE IN METERS/SECAND
TIME » UNIVERSAL TIME IN RADJIANS 8F aARC

IYR o YEAR (LABT 2 DIGITSE BNLY)

MON & MANTK (ui TRRAUGBM 12)

IDAY & DAY (=) TWROUGBW 31

JYP » UNIT ABSIQNMENT OF 1ONOSPHRERIC TAPE W!TH FOFReMM TABLES

COMMAON /CORRL/ DRANGIDRATELNELEVIFOFRB,) =M, Y, YT, XK TOTIN, TATNA
DRANSw RANJE CORRECTIAN IN METERS
DRATEs RANGE RATE CORRECT!AN !s METERS/SECHND
DELEVe ELEVATION ANGLFE CORRECTION IN RADIANG 8F ARC
RANGE: RAN3IE RATE, AND ELEVATIBN ANJLE CORRECTIANS ARE Y& Af
SUSTRACTED FROM THEIR RESPECTIVE OBSERVATIONS

FOF2 o CRITICAL FRECUENCY (Mu2)

W™ s HEIGKT AT “AXIMUN ELECTAON DENSITY (W)

Y™ a HALF THIZKNESS 8F TWE SATTOMSIDE BIPARARSBLA (M)

YT B HALF TWICZKXNESS 8F TWE TAPSIDE PARABDLA (M)

XX » ARIAY CONTAINING DECAY 2BNSTANTS FOR THE LOWER, MIODDLE AND
UPPER SEZTIAN OF TWE TEPRSINE EXPANENTIAL LAYER ((/™)

TOTN o VERTICAL E_ECTREN CONTENT (E/Mee?)

TOTNAR ANGULAR ELECTRAN CANTENT (F/Mee2)

OIMENBION XK{3))LYMDCO) ) ALAT(R))ALBN (@) pPLXD(0) ) IFH{14,25,4)

OI%EN?IBN LT aMPI2) s T (2 ) MT(2),FI(R) MR aFALR)MA(R) 2JALIS)
(19 Y41

DATA JAZ/1,00844870 KAL/7802000187, LYMD/020200072 NBINR/H,D/

DATA RIBPLATCOLAT PLON/63710BF3::9799804,.41990604,8:1070908/

OATA RMOTOL/86712000  ,eD08TROSAG] /

DATA QOB sQRIIYIRIC0INIRE,L0PS, ONMIRNT,PIB,DRINR/Ds 210 8
o7¢ 238000 23e8 808 L1020E80,009972 42831083072
0017083908 L, 26179978

BSJIVALENCE (LT (L) ol Tl s (LTt oL 2 (MP (L) MPL)a(MP(R),NPR)
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REFRC!l, CPC No, i4

INITIALIZE ZENSTANYS

DELEVEQD
_ DRANGSQU _ ‘ o o
DRATEWGOD - o EE e T

THTNs QO v )
-T§INARQO ‘ _ o o .
. IFLAGSD el T
'NYHD-IYRGiOOOO&%BNQlDDtlDAV ' o

READ FoF2eWM INTERPEBLATION TABLEB FRaM r!Lt4 l:chr naanzn ttT

1 DB 2 1sy,nnd
TR INYMDINELY¥D(1)) G TH 9
1F(ABS(ALAT(])mFLAT) «3T,TBL) 08 T8 B
!F(ASS(ALHN(!)-?LBN)oST-TBL) e T 2

B. T & g . COR L L

2 OEANTIN B : ' T
IF(NROGT M8 NRe

3 READ(JTR) Lvnor~a>.ALAT(NR)¢AL0~<~R).erD(NR’at¢!'H(L:LLoH*’

o, 0,168,228
IF(ERF, UTP) 4,

& REWIND TR
1IPLAGY IR alel
IF(IFLAGOLESL)Y LB T8 3
WRITTE (6,5

5 'bRHA¥( 63N sew FOFRenM TARLES Pal THIS IYATIQN AND DAT! NBT FRUND

* 1IN FILE)
1YR P ou]
RETURN

& F_UXsF XD(])

FORM A219JTH AZ) EARTH PENTRAL ANGLE STYATION T8 SAT: ECA,
TONBSPHERIZ LATaLuNY BLATAOLAM, MAGNETIC LAT, 8F 18N, mAlNY
HLAT, anNd _BCAL Tlup TimC

IF (A2 e TeND) AZnAZ*PIa

S_ATs SIN(F_AT)

CoATe CHS(F_AT)

BFLs SINIFLEY)Y

CELs CN8(ULEY)

BaZe ST ALY

CA2m (BG0AL)

QFeRalE, /4

CFa SWRT(L1=SFesF)

Ba n CE_ ¢ ZF o SEL » sF

CA = GE_L o ZF « CEL » SF

ECAN ATANISA/”A)/DR

SULATAS ATeZ AL ATeSAeCA?2

CNLATE BRUT(ILeSNLATOGNLAT)

BLATe ATAN(GN_AT/CNLAT)

EDLONESAZ«SA/LNLATY

COLONT BORT(Q1=5NLBNeGOLBN)

BLANSFLMANe ATANISOLEN/CDLMN)

SML 8 GNLAT & BPLAT o CNLAT » CPLAT & CAR( A O8NePLBN)

CHLE SURT! 1SV e8M)

MLATSE ATAN(SM_/C0ML)

TLOCeTIME+N _ BNePlD®
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REFRC!, CPC No, 14

TE!CA&'TLBC/HQ“

CINTERPOLATE FOFRedM TABLES
COMPUTE INDICES Lrt;u’a. rw:nznﬁur Qav.zsn LQCAL 11&: thtR!!LA

o xxcr-?uecAL/as¢:: ‘

QL?ILT&

 DLYeXLTeOLT

1¢

el

30

«C
5C
60

70

[P (XLTQEv230Y) LTltLY&ﬂi
[FIXLTvIEI4P8) LT1o Tind
S'(LTI'LT-IsB!oLTKQGYOi! RB 78 iﬂ
DET=DLTogR

IPIDLT e 3RE0NLY SkT.DLT'QX
IPLLTLe3T080) _Tiny

LPBalTiet . - - e

IP(LT2e3T004) _T20Y

COMPUTE EARTM EENTRAL ANGLE INDEX lALr, INCREHENT OALf
ALFSECA/Q7+01 :

la_raALF

IPCIALF oBTea) TALF U

CALFSALEw FLBATC(IALF)

Kis}

COMPUTE AZTvyTH INDICES wPL,MPQ2, INCREMENT SELAZ
NAZaJAL(JALF) '
MByaKAL(TALF)

IP(MPLIs3Ye)) G T8 30
RELAZOUD

MPRsl

GA T &0

DAZIMeF12/ F_BLT(NAZ)
AlIveQL

D8 #0 L38Pui, N2
MPRaMP Y

MBY4aMP!ley
I[P(LBOFVEQINAZ) MPiavP{uNA?
AlIMBAZlMenAZ N
IPCAZIMeGEVAY) 38 T8 Bp
COMTINUVE
DELAZRIAZIMaAZ) /DA M
CONTINVE

INTERPOLATE IN TIME FeR mRASER PAINTS MBL,MPR TB QET FliN}
D8 A0 !PTey,2
MRYsMPIIPT)
08 70 Leyyp
LML TIL)
IMimiFm(_ Tu,"PT,1)/10000
“YiLis FLOAT(INS)e%800
IPialF (L TM,vPT, 1) elnlatooes
FTiLis PLBAT(IEL) /0100
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REFRC1, CPC No, 14

CPTLIPT T L P TARYRPT LI ADLY .

H!(!’TilHT(1)‘:HT!!)'HY{!)).DLT

: INTiRPBLATI rn Allnu?u r& arr rAanA ‘
FRIKIIOPI (ISP IIR Rt 8) taELAZ _

uucnt;th<1>¢¢uxr|a-ulez)t-5¢&Az

IP(KLeEQ.R) B0 T0 100 « , ,
KEal ‘ - AR S

[RL¥ e ]ALFey ‘ o ’ o

IPCTALY 4800 3D TB 0 ,

as Y8 20 :

FR(RIsFA(L)

“Hl(!’l“A!!)‘

100

140

!NTERPBLAT! IN tA!Tu CINTRA ANOLE TS QET FOFR MM
FOFRaFA{S )¢ (FA(2)aPACL Y aDALF
MEakAlL) e (A(R)oMA(L) ) eDALE

COMPUTE SECAND PART AF mPRAPILE
ClLL PROFLE(SLATIOLENING) TIME, TDAYIMEN, FLUX FOPRINMINLAT,
Y, YT ) XK RRM) XNTNM)
Xf(XNTNM Lc.:o> G8 T8 140

COMPUTE ELEVATISN ANQLE CERPECTION OELEV
FRATo(FOF2/F8)ueg

CALL BETYA(FRAT,XNTNM,HB, 4, vM, BEL,CELIDELEV)

COMPLYE VERTICAL AND ANGULAR ELECTRON CONTENTY TOTN,TOTNA
COMPUTE RAN3E CARRECT!I SN DRANG

RATe (R/(Re NM))oewd

DENRuQlaRAYCEL olEL

DENe BORTI(DENE)

TRINSXNTNMe INHSEOF 2002

TBYNASTETN/DEN

DRANGSFRATSRNInXNTNM/DEN

COMPUTE RANIE RATE COPRLCETIAN DRATE
ORATE*ORANG#EDRTORATSBELOCEL/DENR
ORATEsCRATE oFRATERNI®MAATarAM/DEN
CONTINVE
RETURN
Exd
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