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1. ABSTRACY

This report documents the computer programs of 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,

For a 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
w=ll 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,
empirical model highly successful,

Considerable tests in the past have proved this
Also included in the documentation is an

alternate version of the ionospheric program to be used when stringent space
and time requirements are imposed by the operating system. However, several
options of the stardard program are not incorporated and the accuracy of the

results is somewhat reduced,
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ABSTRACT

This repoert documents the computer programs used in the Bent
Ionospheric Model and bricfly 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 oy updating with actual ionospheric observations,
Considerable tests in the past have proved this empirical model higl y success-
ful. Also included in tac documentation is an alternate version of the ionospheric
program to be used when stringent space and time requirements are i;'npos;ed
by the operating systern, However, seve ral options of the standard pragram

are not incorporated and the accuracy of the results is somewhat reduced,
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1. ¢ Scvope

This specification establishes the requirements for complete identificatis n
of Itemis #0001 and 0002, “Documentation and Description of the Bent [onospheric

Model,” to be formally accepted by the procuring activity,

The Bent lonospheric 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 is formatted in accordance with Para.
Agraph 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 4.1 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 listines,




2.0 Applicable Documents

The documents of exact issue shown, form a part of this specification
to the extent specified hercin. In cose a conflict occurs between the referenced
reports and the detailed <ontent nf sections 3,4, 5, and 10, the detailed content

shull be ccnsidered a superseding requirement for this CPCI,

Reference;
—— e

1. F.. V. Appleton & W, ], G, Beynon, Proc. Phys, Soc,52, Pt i,
518 {1940); Proc. Phys, Soc. 59, Pt II, 58 (1947)

2. R. B. Bent, S. K. Llewellyn, M, K. Walioch, "Description
and Evaluation of the Bent Isnospheric Model, Voi.l,
SAMSO TR-72-239 (Oct. 1972}

3. S. Chapmar & J, Bartels, "Geomagnetism, ' Vol, II, Oxford at
the Clarendon Press (1962)

4. D. C. Jensern & J, C. Cain, "Iterim Geomagnetic Field, '
J. Geogr. Res., No, 9, 3568.3569 {Aug. 1962)

5. W. B. Jones, R.P., Graham, M. Leftin, "Advances in Ionospheric
Mapping by Numerical Methods, " ESSA Technical Report
ERL 107-ITS 75, {May 1969}

6. W, B, Jones & D, L. Obitts, "Global Representation of Annual
- and Solar Cycle Variation of {,52 Mecnthly Median 1954, 1938,
OT/ITS Research Report No. 3 (Oct. 1970)

7. A.N. Kazausev, Tr. IRE AN SSSR, 2, 36, (1956)

8. R. G. Maliphant, “The Refractive Deviation of Radiowaves that
Penetrate the Earth's lonosphere,” DRTE Report No. 14490,
{Sept. 1962}

9, F. G, Stewart, M. Leftin, “Relationship Between 16.7 cm Uttowa
Solar Radio Noise Flux and Zurieh Sunspot Numibers,
ESSA Techaical Report (Oct, 1970)




3.0 Requirements . Technical Description

In the area of satellite communications the refraction incurre 4 . |
wave propagating through the ionoéphcrc is most important. The Bent
Ionospheric Model is an empirical world-wide algorithm capable of accorat
estimating the electron density profile and the associated delay and dii. - t10o. o
changes of a wave due to refraction, Th+ model computes the elecira: doensity
versus height profile from which the roage, range rate, and the angular
refraction corrections for the wave are obtained s well as tiae vertical and
angular total clectron cont  nt, Although the model is presented for ground

to satellite communications, it is readily adaptable for ground to ground,

or satellite to satellite communications,

The only required inputc ¢ the model are satellite and station position
and time information and a limited amount of solar data. For the model's
additional capability of improving the tonospheric predictions by use of actual
ionespheric observations, measured values of electron content or the critical
frequency of the F2 layer, {0F2, can be incorporated along with the obse rvation
station and time intormztion, This update option uses a weighted mean
techrique that can accept, for the update, several measurements from
cifferent stations separated in time and space from the time and location at

which the ionosphere is to be evaluated,

The upaating process is generally used for predicting ionaspheric
conditions or refraction corrections after the fact, when observations are
generally available, However, the model's prediction accuracy without update
accounts for approxiniately 75 to 80 percent of the tonosphere which can improve
with update to approximately 90 percent. The 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
particular land mass or scgment of the world, The updating technique does,
however, require tiat tonospheric observations be from stations within

2000 km radius of the evaluation site. The model is applicable for dete rmining
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wave refraction and ionospheric characteristics 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 3
vast ionosheric data base that included over 50, 000 topside soundings, &, (60
satellite measurements of electron density and related fofF 2, and over 460, 000
bottomside soundings. The data base, which formed the basis »f the model,
extended osver the period of 1962 to 1969, covering the minimum to maximumn
of a solar cycle. For further information regarding the development and

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

The ionospheric PROGRAM ION is written in FORTRAN IV code anc Pt
a simple load structure with no ove rlay requirements., The following
program/subroutines comprise the CPCI, and the attached diagram identifies
the calling routines and the subprograms called for each computer program

component;

CPCs : PROGRAM ION, and SUBROUTINES REFRAC, PLOTNH, PROFL1,
PROFL2, BETA, SICOJT, DKSICO, MAGFIN, GK, DKGK,

The following libra ry subprograms are required :

ABS, AMOD, ATAN, COs, EXP, LOGIo, 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 Section 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 autput of the
results from PROGRAM ION and SUBRGUTINE PLOTNH to the line printer :
these files are described in detail in Section 3, 3,1, The functions peri,rmed
by the program are described in Sectior 3, 4 and ref¢renced to the CPCs to

which they are assigned,

An alternate version of the ionospheric 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 ehtities," aﬁd are
only linked by the data file (disc or tapé} produced by the preproéessor(a"n’d
utilized in ION1. 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 comiag from the data

card deck and the tonospheric coefficient tape and of output of [(F2.h, tables

to disc or tape, all in PROGRAM TABGEN, PROGRAM ION1 requires the
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following SUBROUTINES REFRC1, PROFIL.2, BETA and tie library functions
ABS, AMOD, ATAN, COS, FLOAT, SIN, SQRT, All internal data transfer
occurs through the labeled common blocks and through the calling sequences,
The external data transfer consists of input coming from the data card deck
into ION1, from the preprocessed disc or tape file with f4F2.Fk, tables into
SUBROUTINE REFRCI, and of output of the results from PROGRAM IONI to
the line printer. The second attached diagram shows the program structures,
the data files are described in Section 3. 3, l, and the functions performed by

che preprccessor and reduction program are outlined in Section 3,4,

Wlenever ionospheric predictions are desired, PROGRAM ION should
have preference over the program set TABGEN-ION1, ION will yield more
accurate results than IONI where approximations are introduced through inter.
polating th.c { ;F2-h, tables and through bypassing tte iteration on the height
estimate of the ionosphere. ION alsc has the additional features not included
in ION! of computing range rate corrections for range differencing, of plotting
the ionoscheric profile, and of updating the predictions with actual ionaspheric
observations. For many applications ION will be suited even for real-time
processinz, The program set TABGEN-ION! shoulg only be used when
stringent Core space and/or run time requirements are imposed that caanot
be met by PROGRAM ION, or when program modifications for special
applicatioas are attempted. Running PROGRAM TABGEN ina preprocessing
mode results in the significant core space and run time reduction of PROGRAM

IONI1.
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3.2 Functional Description

This paragraph contains the detailed technical descriptions of the
cumputer program components dentified in Paragraph 3.1 of this sf;écif‘ice;.ti
The instruction listings contained in Apperdix I specify the exact configur.. i

of the Bent Ionospheric Program ION and the alternate version TABGEN - 1OMNI

Following are specifically the descriptions for:

CPC No. 1 - PROGRAM ION

CPC No. 2 - SUBRGUTINE REFRAC

CPCNo. 3 - SUBROUTINE PLOTNH

CPCNo. 4 - SUBROUTINE BROFLI

CPC No. 5 - QUBROUﬁN > PROFLZ

CPC Ko. 6 ; SUBROUTINE BETA

CPC No. 7 - stm'{owmz sxcorr 4

CPCNo. 8 . SU BROLETINE DESICO | i
CPC No. 9 . SUBROUTINE MAGFIN

CPCNo 10 . SUBROUTINE GK

CPC No. 11 . SUBROUTINE DKGK ' o

, Pdrtlcular to all subroutmes is the fau'

that none of the mput vauablcs

e‘»ccutmn of thc- ')rog ram codo The umts mte rnal to all subrou*mes are :

_‘kept m meters for dlstances, radxans fwr angles and t:mes metera /s

mr lmear Vclocztxes, radxans/second fav' ang

econd -

and(}auss formagnetxc "it"ie‘ld yst/r:cngth

Included are also the descrmtxons of ihe routmea thaﬁ are rezqu: red
in addltlon ot the ones lxsted above for the alte rnate versmn of r.he 1onasphcru

'program, consxstmg of separate preproccssor and redm.tlon programs.

:'cpc No. 12 - PROGRAM TABGEN

CFC No, 13 - PROGRAM ION1
CPC No, 14 - SUBROUTINE REFRCI



3. Z.ﬂl 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 program,
except for the list and plot of the profile which is done by SUBROUTINE PLOTNH
upon call from ION, ION transfers the input conditions through commons/EVAL/
and /UPDT/ and by calling SUBROUTINE ’REFRAC receives the compited profile

paraineters and reiraction correctious through common/CORR/.

3.2.1.1 CPC No. } Description

101§ 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, «nd as x‘.céried reads the solar data from cards. If the option
for updating the predxctlens with measured wnssp revic data was chos.ia, the
number of obse rvations to be used for the update and the correspunding sbservation
along with atatlon and txme information are read from cards I‘p to eight
7 measurarrent;can be used Smetaneously fot updatmg any ‘ore Pvaluatlon

conditxon - A;l input data is listed for refe rence in thc prmt cmt

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

and xadlars mr angles anc hmes. The varxables specxfymg the «.vaiua‘.mn

"common/UpDT /to SUBROU’I‘I\IE REFRAC Thmugh Rf.:f RAC and other routines

> ;“called by {EFRAC ’onosphern profxlc pax‘amatcrs, vertxcal and dnz.,uiar e!ectron

, 'cont;nl: refractmn correctwﬁs to elevatmn ang,la, range, and Inbﬁaﬂtdlza”}us

» dk‘as‘desxred and returnud to ION throug}\ commun/CORa/’

‘  ION’ prmt‘ the results asyk requested nd calls SUBROUTINE PLOT‘\:’I iur an

electron denslty profxle plﬁt and hst whenthns typ» of output is speufwd

If he refr ctxon cor:ectlon ’to rzrmge, ratc, obtamed b\; rangc dxiferencmg“
over a finte time during which the,ionds’phe re can un(/i:évr’goy changes, is requested,
thké input for the évaluation condition above relates to:thé first range observation,
and z2dditional satellite and time information that is read from card relates to .ae

last range observation used in the differencing technique, Upon ret.-: tha

10




second range correction from REFRAC, ION computes the request: . -

correction by differencing the two range corrections and dividing by tt

interval; the result is printed, -

Any number of evaluation conditions can be processed by supplyin:

additional input data and repeating the program steps outlined above, F -

more details about the input data and outpuc options refer to the input data

description under 3,3, 1.

5.2.1.

2 CPC No,

-

! Flowchart

3,2.1.3 CPC No.

The flowchart is shovn on the page following 3, 2.1, 5,

1 Interfaces

a)

Library subprograma requ:red» none

b) Other subprograms called- SUBROUT)’.NES REFRAC PLOT&H

<) Calling prog.ram- none

d)

e} Common blocks:

Calling sequence:

PROGRAM ION.
EVAL, UPDT, CORR .

Variables in common:

bee dgscnptxon for LVAL UPDT CORR under bUBROUTII\E RI ‘RAC
CPC No. 2.

k f) Fxlc reqmrcments- card readc_r, lme prmte

The rgquxrements {cr thc

3,21, 4 cpcxo.

1 Data Orgéh:zatioﬁ

mput ddta

rd flle are snec'f‘ed u .der 3 3. l

Va nab]ea dcfmeu in data statrmonts- i

"'Name Dimension
LYRMO 1
IDRD I
10PT 1

Descru)tzcm

=0, mxttah?atum Constant for (year * 100+month)

= 0, dofault umdxtxon- rango rate corrz,ctmn for
obse rvation over finite time is not desircd

= 1, default condition: computation of critical
frequency and corresoonding height is desired

11



Name Dimension Description

MEAS 5x3 Array containing hollerith data for print out

Other constants defmed in data statement:

QO=0, Q1000-1000, Q3600=3600; DR=1°, HR=1 hour, PI2-360° 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, 1 Limitations

Up to e:ght measurement entries can be used simultaneously for updating
the predicti sns for any one evaluation condition, If update with more than eight
conditions is réquested, the program uses the first eight entries, igrores any

additionai input data 3nd prints a messagc to that effect.

Error tests on the sequence, umts and [ormats of the input data are not
perforn'ed e\iccpt on the dates of the: soiar data ca rds. - Hawewer, mxstake
in the set up of t}m card &m‘:k are revealcu in the prmtout of the input data

' that is hste:i along with the results

B - ’ . 12, : ; ]



- 2P No. | Floswcehart, PROGRAM [OX

JERP——

% Read flays for j - ) AL g‘ Print {,F2 ;
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g\Read & pnnt / ,@ N
L¥)
e L - , mzmbgr of up-/ para., el. CO%__@Z
\date condi- if . desxru}/
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condition Print profile / -
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1 parameters &

’ \ this ttme / electron
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Terminate

) 350 ST T o
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_ “'Solar data
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RS

 Yes
R
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desired

solar data [
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solar flux & refraction .
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PROGRAM ION {continued)

N
LE

7

-

- ;
range diffe rea™ Ii‘;"/\\
\\S ing wanted .~ \ :.j

e a
™~
Yes

XRead & print /?
. additional
3 condition

P "l

—

|
Convert i
units i

,.._..M,o-.----—;

Call REFRA \
Hor AP for new s
condition /|

,_.wm_./

o,

Compu'te, AR -
for range -

e e

differencing

¥

: \ Print AR ]
- /-
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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 the main PROGRAM ION, REFRAC prepares the coefficiert
and solar input data, it obtains the ionospheric profi!e’parameterrs via PFOFL
and PROFL2, it performs an optional upd..te using up to eight observati ;r
entries, it computes the ionuspheric izfraction corrections AR for range,

» . . . -~
AR for instantaneous range rate and obta:ns the refraction correction 1E

- “for the elevation angle via LITA.

3.2.1.1 CPC No. 2 Description

REFRAC prepares 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 cri txcai frequency foF2 and M(3000)F2. Af first it is
checked if the coefficients are already avaxlable for the desired date, and if not
available, the proper coefhcwrts are read from tape These general coefficients
“are va lid for any condition and do not have to be updated or replaced, but can

‘be ad_;usted for any time in the past or future

The ‘general foFZ coexflrxents were derwed usmg the work of Jones and

Ubltts (Reference 6)‘ they provxde a*\nuai coq:muxty and are valid for approx-

imate lO day perzods for the spans ;rom day 1 to 10 day 1i to 20, and day 21
to 30 (or 28,29,31) of each mont‘l There are coefucxents for 36 periods to
cover the whole year The general fOFZ CO(?fflClentS W,.,x represent the
coeﬁxcxents to a sccond order polynomxal in thc 12 .month running average of
‘solar HuxF 2 (observed Ottowa 10 : cm solar ﬁux) They are evaluated for
the speuf:c F, 2' of the evaluatlon date to yleld the specific £,F2 coefficient set

U,,, (stored in array U) used in SUBROUTINE DKSICO;

Uy =Wy, =W, 0, 12 *Wa.g»‘ x F‘ , fori=0,1,,..12 and
k:O,l,....?'S.




The general M(3000)F2 cocfficients 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 scts Vi, Mg(‘:) and V,,, (100},
one for a 12.month running average of sunspot number 5,5, = 0 and the other
for S, = 100. The cocfficients are adjusted by interpolating or extrapolating
the two sets to the specific S, , of the evaluation date yielding th. specific

M(3000)F2 coefficient set U, ,, (stored in array UM} used in STYBROUTINE DrSICC:

, . T 5y
S e mV L, (0 + {_Vg (100} - V., (0) _i" m, fori=0,1,...8 and
k= O,l,..k.‘is.

The 10.7 ¢ Ottowa solar flux data is prepared for use in SUBRCUTINES
PROFL! ani PRCFL2. The difference AF between the daily value F and th.
12-month running average of tize solar flux is formed, ~F = F. Fy,. If the daily
solar flux is not available, F;. is substituted, If the daily solar fiux is greater
than 130, 130 is substituted which is a limit irmposed by the data base on which

developmen: of the model was founded,

The first parameters for the ionospheric profile, the critical frequency

{,F2 and th:: corresponding height h, are obtzined via SUBROUTINE PROFLI.

On option REFRAC updates the predicted {,F2 with observations of i Fe
or with veriical or anguizr electron content reduced from: Faraday rotation
measurements from other s: ‘sas, Up to cieht update obiservations of either
type separcted by different amounts in time and space from the eva’ustion tirce
and station can be accepted. To obtain the best possible update, the obeervation
times and stations shou.d be tne closest to the cuvaluation condition available,
in any case, th: update station should be within 2000 kn. of the evaluation

sit-,

If the ¢msesvation 1s angular electron content N, ., it is reducod & total

vertical elr ctron content N, by,

' B.cosEN;
Ny = Nyy o/ L - ‘\ ....-.._..._.j‘
R, + ha

’
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E being the clevation angle of the observation, and R, the mean earth r. dius.
For each update observation the predicted { F2 is obtained by calling SUBROU 1 INE
PROF L1, and the update ratio r is formed for {,F2 observations,

fQFZ obs,
foF2 pred.

If the observation is electron content, the auditional profile parameter N, /N,

is obtained via SUBROUTINE PRUFL2, and the following ratio is formed,

IN; obs.
r=yf O - mY where [ F2 is in MHz
1.24 x 1¢° ° [ F2°pred. Gﬁ;‘“}pred.
and since the maximum electron density is N,=1.24% 1¢° fOFZZ, and N, is
approximately propertional to fOFZQ, the electrc= content information is

reduced to a {oF2 ratio,

. N; obs. _ ipF2 obs,

N. pred, fF2 pred,

Ii there is only one update condition, the ratio r is used for the final
ratio R to update [,F2. If severa! n conditions are used f~r the update,
a weighted mean technique combines all n ra‘.:’ios r, to the final ratio R
having as weights w, the time differences Aty between observation aad
evaluation times and/or the earth central augles ¢, between the ionospheric
points at which the rays from the observation and evaluation stations pass

through the ionssphere;

o
Re

B

~
!
-
it
[

ms (o]

s
i
I

w, = At, ,if observations are from one station at different times,
w, = 4a,, if observations are from several stations at the same time,

wy = 4t a,, if observations are from several stations at different times.

At = Ittty  and

€08 G = sind sing, + cosd cosd, cos (x-25),

17




where t, §, Aand t,, &,, Xy are the time, latitude and longitude of the iono-
spheric points for evaluation and observation condition respectively. The
final ratio R updates the critical frequency by the same overall percertage

by which the predictions deviate from the ionospheric observations,

f,F2upd. = f F2pred.x R,

By calling SUBROUTINE PROFLZ2 the remaining profile parameters
are obtained: y, the half thickness of the bottomside bi-parabolic layer,
v. the half thickness of the topsxde parabohc layer, k,, x,, k, the decay
" constants for the lower m:ddle, and upper section of the topside exponential
layer, N;/N, t'.: ratio of the total integrated electrin content to the maxi.

3

mum electroa . _asity, m the multiplier of the i, rate of change in height,

term in the range ratc eauation,

The one-way ionospheric refraction correction AE to the elevation
angle E is czlculated via SUBROUTINE BETA. The total integrated electron
content Ny a.org a vertical path through the ionosphere and the angular

content along the line of sight Ny, are computed as;
: N,

EAE Re +h=

Ny = 1.24 « 10% { F2° kI: ,z N,, :J ' RecosE):’

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

iR - 40,3 x 107N, i 40,3*1,24:10-° \ £, F2Y N,
T e [ (RecosEY? j R. cosE)? ¢ / N,
‘1 i} Re+h- B RQ *h‘ ‘
* where { is tte transmission frequency, -é:-. = .%. {.l: + 1 / f, and {;
are uplink and downlink frequencies, u d

The one.way ionospheric refraction correction to range rate AR consists
of two terms, one multiplied by the altit de rate i, the other by the elevation

rate E;

i8



40.3x1.24510°° ¢ foF2 . AR (Rd-h. ) sinkE cosE .
. mh + E
/ cosEn? R, cosE
AJ 1- k-—-—-——-——) 1 - =T
Ro+h‘ R.+ hl

This ;'ange rate correction fonnﬁlation aéélies only to insténtaneous
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
and satellite remains constant for the duraiion of the measurement,

_ Corrections to range differencing are discus sédwunder 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 above are kept in meters, m.* /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, PROFLZ2, BETA
¢} 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 i I  Transmission frequency (MHz)
EVAL FLAT 1 I Latitude of station (radians)
EVAL FLON 1 I  Longitude of staticn {radians)
EVAL ELEY 1 I Elevation to satellite {radians)
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Common  Variable Dimension 1/0 Description

Name Name e

EVAL AZ 1 I Azimuth to sateliite {radians)

EVAL HS 1 I Height of satellite {m}

EVAL EDOT 1 I  Elevation rate (radians/sec)

EVAL HDOT 1 I Altitude rate {m/sec)

EVAL TIME 1 1 Universal time {radians)

"EVAL  FLXD 1 I Daily solar flux

EVAL 515 i I I1Z-month running average of sun.
spot number

EVAL SIF 1 I 12.month running average of solar flys

EVAL IYR 1 I Year (last 2 digits)

EvVAlL MON l L Month (=1 through 12)

EVAL IDAY i I Day (=1 through 31)

EVAL 10PT 1 I Control constant for optional computa.
tions: =1 to compute {GF2 and b, ,
=2 to also compute remaining profile
parameters and electron content,
=3 to comipute R in addition, =4 to
also compute 1R

EVAL IDEL 1. I Control constant to compute AE be. -
sides profile parameters and electon
tontent, =0 compute, =1 pot ,

EVAL IDRD i I Flag to eliminate unnecessary computa.
tions during calculation of the second
range correction used in the differenc.
ing for the range rate correction,
=0 for first, =} for second calculation

EVAL IUPDT 1 I Update. flag, =0 no update, =1 update

EVAL ITP 1 I Unit assignment of general iono.
spheric coefficient tape

UPDT ULAT 8 I Latitudes of update stations {radians)

UPDT ULON 8 I  Longitudes of update stations {radians)

UPDT ULEV 8 H

Elevation angles of observations (radions)
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Commeén Variable Dimension I/O° Description

Name Name

UPDT UZIM 8 I  Azimuth angles of observations (radiaas;

UPDT uT 8 I  Universal time of observations (radians}

UPDT OBS 8 I Observation of {,F2, vertical or angular
electron content (MHz or electrons/m®)

ueppTr _  ITYP ] 8 1 Observation type, =1 for [ F2, =2 for
vertical, =3 for angular electron content

UPDT NUPDT 1 I  Number of update conditions

CORR DRANG i O Range correction (m)

CORR DRATE 1 7 Range rate correction (m/sec}

CORR DELEV i O Elevation angle correction {(radians}

CORR FOF2 i O Critical frequency (MHz)

CORR HM 1 O Height at maximum electron density
{meters)

CORR ™ i O Half thickness of the bottomside bi-
parabolic layer (meters)

CORR YT i O Half thickness of the topside parabolic
layer (meters}) t B

CORR XK 3 O Decay constants of low=1. -niddle and
upper s~ction of the exponential top-
side layer {1/meter)

CORR T¢ N 1 O Total vertical electron content
{e/m® column)

CORR TOTNA i O Total anguiafelectron content

(e/m* c>lumn)

f) File requirements: general coefficient input tape, line printer

The format of the general coefficient tape is described under 3,3.1.



3.2.1.4 CPC No. 2 Data Organization

Variabies defined in data statements:

Name Dimension Description

R i Mean earth radius {meters})

STRS 1 Approximate heirht of stationary satellite used
when updating with observed electron content
fmeters}

TOL 1 Tolerance for differences in positions or obser-

vation times of multiple update stations below
which they arc assumed to be identical {radians}

MONDY 1 ) ‘ Initialization constants for jast and first
MOND 1 (monthx 100 + day) for which coefficients are
’ in core
LYRMO 1 Initialization constant for {year 100 + month)

Other cons:ants defined in data statements:
QO=0, Ql=1, Q100=100, Q130=13¢, QPI-=, I, ONM=1.24, 10, RN3=, 49972

PI=180°, PI2=360° converted to radians.

Other important variables arc described under 3.2, 1.3 e),

J.2.1.5 C2C No, 2 Limitations

The daily value of solar flux transferred to SUBROUTINE PROF L2
for the comr putation of the décay consté;nts for the topside exponential
profile is t-uncated at a maximum value of 130, This is the boundary
that was imrposed by the data base during the model develspment and is
thus a limit to the model since the extcnéion of solar flux beyond 130 could

result in invalid profiles.

The diinensions of several arrayé restrict the update procedure to be
applied to tie predictions of any one evaluation condition, to not include

more than cight observation entries,

The raige rate correction formula in this routine applies only to

instantaneo is range rate measurements, since it is assumed that the only
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variation in electron content over the time of the cbservation is due to the
positional change of the satellite and that the ionosphere between station

and satellAi‘iVer remains constant, If the range rate corrections :re desired
for observations obtained by range differencing over a finite time interval
during which the ionosphere can undergo sigrificant changes, a range
correction differencing technique should be used over the same time

interval. This type of correction can optionally be re juested, it requires
additional satellite and time information and is handled directly in PROGRAM

ION, CPC No. 1.

It the ionospheric coefficients are not found on the tape for the evaluation
date, an error condition has occurrea, . «:€o5ige 15 printed out, and

contro! .s transferred to PROGRAM ION to proceed with the next data case,
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3.2,1 Computer Program Component 3

CPC No.3, SUBROUTINE PLOTNH, is written in FORTRAN code, It
is called from the main PROGRAM ION and lists and plots the electron

density versus height profile.

3.2.1.1 CPC No. 3 Description

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

increments

The-elc ctron density is modeled diffe rently in five height lasers {see
Figure 2 in Section 6,1). k;,k,,k, denote the decay constarts for the lower,
middle and upper section of the exponentiai topside profile, and y,, vy, are
the values of half thickness for the topside parabolic layer and for the
bottomside bi-parabolic layer respectively. The height limits for each
layer are first determined and the value of electron density at the start
point of the various layers N, +Ng, Ny, N;;. The height increments measured

from the stirt point of the various layers are denoted as variables by, b,

4;,235,a35. The electron density equations are:

N = N: 1 - ;’E..j ior }]1 -ya L Y hz

N =N 1‘ bi . p ) .

NS AN, ( T2 Sor h= w h < hc*:hg*‘d

. . -k, a, ‘

N,: Nye - for h, =h < hy =hg+(1612km-h, )/3

(=N, o Feas .

N =N, e for hy =h <7 hyzh,+(1012 km_-hy )/3
-k, a4

for hy =h = 2000 km
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where h, is the height at the maximum electrou density, d is the distance
above h, at which the lower exponential layer starts, and the electron densitic

at the start points of the various layers,

Npg =124 x 10P0 f F22

No = N, (1-_.,)

i

N Nyl mehy I -
i

N, = N, o-ke(hs-hy)

1

3.2.1.2 CPC No. 3 Flowchart

The flowchart as shown on the page following 3.2, 1.5,

3.2,1.3 CPC No. 3 Interfaces

a) - Library subprograms required; EXP, LOG10, SQRT

b) Cther subprograms called: none

c) Calling program: SUBROUTINE REFRAC

d) Calling sequence: CALL PLOTNH (FOF2, HM,YM, YT XK)

Variables in calling sequences

Name Dimersion I/O Description

FOF2 1 I Critical frequency {MFkz)

HM 1 1 Hezght at the criticaj {requency {rrieters) :

™ 1 I Half thickness of the bottom bi-parabolic layer
(meters)

YT 1 I Half thickness of the topside parabolic layer
{meters)

XK 3 I Decay constants for lower, middle, and upper

section of the topside exponential layer (1/meter)
e) Common blocks: none

f) File requiremsznts: line printer
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3.2.1.4 CPC No. 3 Data Organization

Variables defined in Aata statement:

Name Dimension Description
IBLANLE 1 Hollorith "blank" symbol used for plotting
MARK 1 Hollorith "' # " symb >l used for plotting

Other constants listed in data statement:

Q0=0, Ql=1, Q3=3, QI24E=1,2411¢*°, QI0I2E=1012000, Q1025E=1025000,
Q2Z5E=25000, Q10=10, Q27=27, Q2025E-2025000,

Other impsrtant variables are described under 3,21, 3 d).

3.2.1.5CPC No. 3 Limitations

If electron density values are computed smaller than 1(4° or larger
than 5 x 1% (electrons /raeter® ) they exceed the limits of the graph and
automaticully are not plotted. Since these 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 Neo. 4, SUBROUTINE PROILI1, is written in FORTRAN code., It
is called frem SUBROUTINE REFRAC and computes the ionospheric profile
parameters critical frequency {,F2 and the corresponding height h_ at the

Iocation where the wave passes through the ionosphere,

3.2.1.1 CFC No. 4 Description

- PROFLI computes the ionospheric charact-é;is.tix;g fof“Z and :«,»éézéoé)yz
follo‘{ving the 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 SUBRCUTINE
SICOJT for ise in DKSICO. The time dependent coefficients are computed
via SUBROUTINE DKSICO based on the coefficient sets Uy x prepared in
REFRAC. Utilizing the [,F2 and M(3000)F2 coefficient sets (in arrays U
and UM) the time depender. coefficients respectively for the {,F2 and

M(3000)F2 evaluation are prepared,

Defined by the latitude :;;and longitude X at which the ray from station to
satellite passes through the ionosphere is the ionospheric point. It is
calculated as a function of the station latitude &.. longitude i, and the

elevation an:ile E and azimuth angle A t the satellite;

s
G = arc sin (smc’»g TUS X+ Co8Sée SIin 2 CoSs A/‘
X <
) . 7 sinA sinz
» = Y¢ 4 arc sin \ —/»
COSC

where o is tie earth central angle between the station and the ionosp® eric

point,
o s R, cosT
T -E-arcsin&-————-—-—l,
- R.+ h,

R, is the mecan carth radius, and h, is the height of the ionosphere at the

maximum electron density above the surface of the carth, Since b, : .




be determined later on in this subroutine, a first estimate of h, is required
and assumed as h,=300 km. After computing th~ actual h, predxctxon the
new value is compared with the estimete and if it deviates by more than I ko,
all computations starting with the determination of the ionospheric point

are repeated using the new h,,

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

dipx as a function of the magnetic dip I;

.‘x':a:-«:sin,I » I = arctan _'Z
v IP+cosé vx2iy2

Based on the following coordinates, ionospheric latitude, longltude and
modified magnetic dip, SUBROUTINE GK evaluates the geographic coordinate
functions for the {,F2 computation, Extracted from these functions is the
subset which forms the geographic coordinate functmns needed for the

M( 3000)F2 computation,

SUBROUTINE DKGK multiplies and sums the proper sets cf tu’ne
dependent coefficients and position dependent functmns and forms M(BOGO)FZ
' Wlth the Appleton Beynon Pquatnons (Reference 1), a. second order poly- -

nomzal in M(3000)F2, the hetght ot the max:mum electron densxty 1s obtamed

- in meters

{1346. 92 - 526.40 x M(3000)F2 + 59, 825 ‘[M(3000)F‘2§2’} i 107

h, is compared with its estimate and if the dix’ference‘is greater than 1 km,
the computations above starting with the mnosphnrxc point determmatmn

are iterated on usmg the new value for h,.




Using the proper time dependent coefficients and position dependent
functions, SUEROUTINE DKGK computes the 10 day mean of the critical
frequency which then is ad_;usted for day to day changes in the ionosphere
and for additional magnetic latitude variations, following the model
description in Section 6, 1. The magnetic latitude of the ionospheric point

is determined as,

é, = arc sin [siné sind, + cosé cos b, cos (i-) b,

where 6p ’ A.;, ire the Iaéitude anc.‘; longitude of the magnetic north pole and

interpolating the model constants (zerray CENT) to &, results in C

The daily variation from the mean value is depundent on AF, the differcnce

between the caily value and the 12-month running average of the solar flux

and on the riodel constant ¢ (variable PER). The {,F2 computed by DKGK

is multiplied by the adjustment factor (c; AF+¢; ) to yield the final predicted
f,F2.

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

3.2.1.2 CPC No., 4 Flowchart

The flowchart is shown on the page following 3,2, 1.5,

3.2.1.3 CPC No. 4 Interfaces

a) Library subprograms reguired: ABS, ATAN, COS, SIN,SQRT *

b) Other stvbprograms called: SUBROUTINES SICOJT' DKSICO GK
MAGFIN, DKGK-

¢} Calling program: SUBROUTINE REFRAC

d) Calling sequence: CALL PROFLIFLAT, FLON ELEV,AZ,TIME,
DFLUX, U, UM, OLAT, OLON, FOF2,HM, HLAT)
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Variables in calling sequence:

Name Dimension 1/0O Description

FLAT 1 I Station latitude (radians) )

FI:ON 1 I  Station longitude (radians)

ELEV - 1 I Elevation angle to satellite {radians)

AZ 1 I  Azimuth angle to satellite {radians)

TIME H I  Universal time {radians)

DFLUX i I Difference between the daily value and the

‘ ] IZ-month _running average of the solar flux

U N 13276 I Ari_y cortaining coefficients used for the f,F2
. computation

UM 9 x49 I 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 poiﬁt (radians)

FOF2 1 O Critical frequency {,F2 (MHz)

HM - 1 O Height at the maﬁ:xmum electron density h,

‘ {meters) . ,
HLAT 1 O‘ Mag:aetic latitude of the mnosphenc point

(radians)

e¢) Common blocks: none

f) File requirements: none

3.2.1.4 CPC No. 4 Data Organization

Variables defined in data statements:

Name Dimension Descrintion

K 10 | . T

KN 10 | Interger indices and index arrays used for the

KMI10 : 1 | computation of f ,F2 and M{3000)F2 in SU BROUTINES
NFF 1 DKSICO, GK and DKGK -

NMF 1

R 1 Mean earth radius (meters)

SPLAT 1

Sine function of the geographic iatitude of the magnetic
north pole
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Name Dimension Description

CPLAT 1 Cosine of the geographic latitude of the magnetic
north pole

PLON 1 Geog;aphic ‘iohgitude of thé magnetic north pole
{radians) '

H1 1 l Ccefficients used in the formula expressing h,

H2 1 { as a second order polynomial of M(3000)F2

H3 1 ’

PER 1 l Model constants used for adiusting f,F2 for daily

CENT ’ variation, dependent on the daily value and the

12-month running average of solar flux and magnetic
latitude

Other const- ~ts listed in data statements:
Ql=1, Q1000= ..., Q1P999=1. 999999, Q3T6=3x106; D180=180°,
DG(1)=59°, DDG{2)=28°, DG(3)=-33° converted to radians,

Other important variables are described under 3.2. 1.3 d).

3.2.1.5 CP: No. 4 Limitations

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

formulas are discussed in Section 6, 2.
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3.2.1 Computer Program Component 5

CPC No. 5, SUBROUTINE PROFLZ2, is written in FORTRAN code. It
is called from SUBROUTINE REFRAC and computes the following iono.
spherxc profile parameters' ‘the values of half thickness Ve Yo for the
bottomside bi-parabola and the topside parahcla respectively, the decay
values kj, k, , k; for the topside exponential layers, the ratio N;/N, of the
total cocntent o the maximum electron density, and the multiplier m for use
in the range -ate computation,

3.2.i.1 CPC No. 5 Description

PROF L2 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 % of the ionospheric point,

tioe S+,

The half thickness y, of the botiomside bi- -paraboia varies w1th critical

,frequency fo, 2 and local time. Values of the half thickness are tabulated
i array YMTAB at] MHz increments for‘foFZ:Z, 3,. .. 10 MHz and at

2 hour intervals for tio. =0, 2,...22 hours, To obtain y. for the given
conditions, tae tables are interpolated in two dlmensxons between the
fixed values‘ local time mterpolatmn is carned contmuously across the
0/24 hour muark, and the boundarv values are assumed whenever f, YZ

is outside the limits 2 and 10 MHz,

For sea ,onal adjustments computatmn of the parameter Ay (vanable

7~V~',/~,‘DSZA) 1s rec uxred Ax is the devxatwn of the daxly value X from the

- yearly averageX of the noontxme soiar zemth angle. First the solar

- declination § is evaluated for the ngen day,
5 =6_,,, sin !---5- (JDAY- 80)-‘

8 4ax=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 Z 23044440, A¥=5; for stations in the southern hemisphcro
and outside the tropics, A =_8. In the tropics the yearly average of

the noontime solar zenith angle is computed as,

).N

[

— 2 :
Y =,,—;— (J,gfuf -&® +¢& arc sin f....

2x
Sbeing the latitude of the ionospheric poi-t, The daily noontime solar

zenith angle is ¥ =16-81, and the diffe rence Ab=y_y,

The half thickness of the bottomside parabnla y, is multiplied Ly
a seasonal acjustment factor that varics with Ay, local time and magnetic
latitude &, Adjustment factors are tabulated i'n“ar;éy YRAT at 8° incre.
ments for ay=2u, 16, 8, 0,-8,-16, .24 desrang a¢ ¢ hour intervals for
t..=5.5,11.5, 17, 5,24.5 hours where the absolute value of the magnetic
latitude is greater or equal 15°, and at |2 hour intervals . =3, 15 hours
where 18:]1< 5°. The seasonal adjustment factor for the given conditions
is obtained by three dimensional inte rpolation; the local time interpolation

is carried continuously across the 0/24 hour mark and the magnetic Iétitude

‘interpolation i“s'onlﬂy performed between 5 and 15 degrees,

The decay constants =1, ks, 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,
k,:S,xF}C, y 1=21,2,3,

The slopes Sy, stored in array SL.OP, and the inte rcepts C, in array CEPT

foF2. For each; of the three topside layeis,, S; and C, are tabulated at

30° intervals for 16,1 = 15,45, 75 degrees, ang at 3 MHz increments for
f,F2=2,5,8,11 MHz. To obtain the decay coastants fof the givef: cbndiﬁons,
the tables for S; and C, are interpolated in two dimension between the

fixed values,and whenever {,F2 is outside the limits 2 ang ) MHz or 14,

is outside 15 and 75 degrees, the boundary valyes are used,
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Seasonal effects are imposed on the topside by multiplying the decay
constants by season adjustment factors that va ry with the deviation &y in
the solar zenith angle and with local txme The adjustment factors are
tabulated in array RATK for each of the three topsxde Iryers at 8° increments
for A =24,1¢,8,0,-8,-16, .24 degrees, and at 6 hour intervals for
t; ,.=2,8, 14,20 hours, They are interpolated for each ke, i1, 2,3 in two
dimensions t» the given conditions; the local time interpolation is carried

continuously across the 0/24 hour mark,

The half thickness of the topside parabola, ‘extending from the point
of maximum electron density to the lower exponential layer, is dependent
ony, and f,1°2 through the relationship,

¥a » for f,;F2 <10.5

Ve =
Yo [1+0.133333 (£,F2.10.5)] , for [,F2 > 10. 5

-

The distance d above the height at maximum electron density h, where the

slopes of the parabola and the lower exponentia! layer are the same is,
L (Jrriyz 1)

The total vertical electron content N, is obtained by integrating the
electron density profile from zero to the helght of the satellite h,, The
program coriputes the ratio of total electron content to the maximum clectron
density N; /M, (variable XNTNM ) by one of the following six equati(‘ns de.-
pending on the upper mtcgratxon limit, At the same time, the multipler
m (vanable RRM) required for the mstantaneous range rate computation
is evaluated and its formulation also varies dependmg on the height of the

satellite.  For a satellite below the bi-parabolic layer of the ionospaers:

N, /N, =0 .

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

thickness y,_ .
8
Ne =N, {T“

h, -h -
'!«__-hs“_":.‘._!.z_jf-i (_h*l_zi‘ef__}
-3 yi 5yt
B 2y 2
m = ll_(il-s-\}.
Ya

For a sateilite in the topside parabolic layer with half thickness Ve

(s (hy -h¢ )*)
P L

,Y;- . b e
m e (22

N:’—'N

-

h_-

For a satellite in the lower e

Xponentiai iwyer of the topside with decay
constant k; :

R Y

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

Ns

It

1 (h, ho)aw
{—“Yn'(hu'h.:)"'? y‘ j.

. / d2 \\ - (hs-}lo’
m= (1. -;E..)e 1

For a satellite in the middle exponential Iayer of the topsxde w1th decay
constant k, ; V

NT‘::\ga (1 - %;—){—1— 'k‘(h"h"’f- _— — (1

k, o o )
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and the height of the Lottom of the middle exponential layer is:

h, = hy + é. (1.012 x 10%.h, ),

m= (1. L )ektho) gngn)
Y

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

constant k,: ] L B

1

- CEWA LRl L1 o
N, =N, (1 : ){kl ‘e [_T,L_%__Mkzhehl

G )

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

hy = hy +.§. (1.012 x 105- hy),

m=(1. & Jekath -Bo) ke (b, -by) iy (hs by )
bz

Y .
t

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

3) Library subprograms required: ABS, AMOD, ATAN, EXP, SIN, SQRT

b) Other scbprogra{ms called: none'~

<) Calling program: SUBROUTINE REFRAC

d) Calling sequence: CALL PROFL2 (OLAT, OLON, HS, TIME, IDAY,MON,

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

Latitude of ionospheric point (radians)

Loﬂgitude of 7i§’nospheric ;aint (fédians )d

Height of satellite above earth's surface (meters)
Universal time {radi.us)
Day {=1 through 31)
Month (=1 through 12)
Daily solar flux value
Critical-frequency (MHz)
Heieght at maximum electron density (meters)
Magnetic latitude of ionospheric point (radians)

Half thickness of the bottom bi-parabolic layer
Half thickness of the topside parabolic layer

Decay constants for lower, middle and upper
section of the topside exponential layer (1/meter)

Multiplier of the h term in the range rate
formula (dimensionless)

Ratio of total vertical electron content to the
electron density (meters)

Name Dimension I/0O Description
OLAT 1 I
OLON 1 1 A
HS 1 I
TIME i 1
IDAY 1 I
MON 1 i
FLUX 1 I
FCF2 i 1
HM 1 I )
HLAT 1 1
M 1 o]
{meters)
YT 1 O
{(meters)
XK 3 o
RRM 1 o
XNTNM 1 O
e} Common blocks: none

f) File requirements:

none

3,2,1.4 CPC No. 5 Data Organizatiou

Variables defined in data statements:

Maximum solar declination (radians)

‘Name Dimension Description
SOl 1
sOo2 1

Muiltiplier to convert 365 days to 21 radians
(radians/day)
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Name Dimension Description

RN4 1 Average frequency to which topside sounders measured
the ionospheric profiles is RN4x{ F2
H1012 1 Average height to which topside exponential-layer
was modeled (meters)
CEPT 4x3x3 Model constants used fo- computing the decay constants
SLOP 4$23x3 for the lower, middle and upper section of the toaside
' exponential layer, dependent on daily solar flux,

critical frequency and magnetic latitude

RATK 4x4x3 Model constants used for adjusting the computed decay
constants for the lower, middle and upper exponertial

- topsides for seasonal effects, dependent on the differ.
ence between the yearly average and the daily value of
the noontime solar zenith angle and on local time

YMTAB 12x9 Model constants used for computing the half thickness
. of the bottonside bi-parabola, dependent on local time
and critical frequency

YRAT 76 Model constants used for adjusting the computed half
thickness of the bottomside bi-parabola for seasonal
effects, dependent on the difference between the yearly
average and the daily value of the noontime solar
zenith angle, on local time and magnetic latitude

Other constants listed in data statements for convenience:

QO0=0, Ql=1, Q2=2, Q3=3, Q4=1, Q5:5, Q6=6, Q8=8, Q24=24, Q37-37,

Q1000=1000, QP05=, 05, QP1333:-, 133333, OP95=, 95, Q2P5-2, 5,

Q10P5=10. 5, Q8015=,533333333;

D5=5°, D7P5=7.5°, D8=8°, Dl19o=10°, D16=16°, D30=30°, D135=135°,

D180=180°, PIH=90°, PI2:-360°, DEG{1)=75°, DEG(2)=45°, DEG(3)-15°

coaverted to radians,

Other impor:ant variables are described under 3.2.1.34).

3.2.1.5 CP(C No. 5 Limitations

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

are discussed in Section 6, 2,
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3.2.1 Computer Program Component 6

CPC No. 6, SUBROUTL~E BETA is written in FORTRAN code. [t
s called frorn SUBROUTINE 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 o is exHressed as the angle between the true tay path above the

ionosphere and the apparent ray path.

L. b (fOF?.)? s tan B, sec*r. N,
2 f i

Tz Nz '

where { is th: transmission frequency, f,F2 the critical frequency, N.

the total clectron content, N, the maximum electron density;
r: =R, + h, +0.5333 y, ,

and R, is the earth radius, h, the height of the maxirmum electron density,

and y. the half thickness of the bottom layer of the ionosphere;

2,5 = arc sin ( -?.’. cosE ) » E being the eievation angle,
o

and Z is a furction of the squared deviation factor (secc, » f.F2/1F and

is interpolated from tabulated values £, =arc sin( cosE) .

After determinating athe following two auxiliary equations are evaluated,

H

X r(& +hy ¥ - R cosgz-’5+n cosE tan &
1 : 5 - K . § - 3

b
n
H

R. sinE . R, cosE tan -;- .

R , 44




The elevation angle correction AE is then‘,giyemby, '
AE = arc cos Xy cosa X, Y
' &3 +X§ -ZX,_X2 cosa)z
3.2.1.2 CPC No. 6 ,~Iawchart
The ﬂowchart is shown on the page followxng 3 2. 1 5,
- 3.2, l 3~ CPC No. 6 Interfaces S e e o
; "ég)> "lerary subprograms reqmred- ABS ATAN COS SIN, SQRT '

b} *':'Other subprograms called none

ey Calling program- SUBROUTINE REFRAC

» d) ’Callma sequence~ CALL BETA (FRAT XNTNM HS HM YM NSE CE
, ‘DELEV) - ‘

: 'V,a nables

calhng sequence :

,;He'zght of the
: (mete rs )

I f»f';;Half tluckness of the"botto
: (meters)

DELEV : 1. o O ,§~,f,Ionospher1c refraci;mn c orr cti
e ' angle (radxans)

*ge) Common blocks- none

f) Fxle requzrements- line printer
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3,2.1.4 CPC No. 6 Data Organization

Vanables defmed in data statements~

Name Durens ions Descnptmn

: - ¥XAX o5 Values of the squared deviation factor o
e - (sec ®, * fonlf)’?wfor whlch the functlone s P

, tabulated 2P

YAX 5. Tabulation of the iunctlon E 1 as glven in Reference 8

R ; SR | e ) Mean earth radms (moters)

Other constants 11sted 1n dat statements-

Qo-=o0, Q1 1, QZ z, Q5333 5333

= 'O(:her lmportant vanables a: " descrlbed unde r 3 2

3 2 1 5 CP' No. 6 Lxmﬁatmns

~angle cor




;C“qmim;f:'e :
~ | squared
- Heviation factor

i

_Inte fﬁdlat :




3 Z : 3 Computer Program Component 7

angle. It forns sm(_;T ), cos(;l‘) for J l. .ey L by computxng smT : cosT
: for the smgle angle T, and by z;smg for multxple angles the recurs:ve

: equatxons- e

,‘sux (J+I)T]
= cos rl‘H-l) T]

susprog famé "called‘ "Vnone

~ The angle (radians




e) Common blocks: none

f) File requirements: none

3.2, 1.4 CPC No. 7 Data Organization

Important variables are described under 3: i.ﬁl. 3 d).

3.2.1.5 CPC No. 7 Limitations

INone,
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3.2.1 Computer Program Component 8

CPC No. 8, SUBROUTINE DKSICO., is written in FORTRAN code,
It is called from SUBROUTINE PROFL1 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 orthonrrmal coefficients D, for a fixed time T

represented by the Fourier series-representation,

D(T) = Ugy + Z [Uilj,k cos{jT)+ U, -, » sia(jT) } +k=1,...,K.
3=1

These coefficients are to be used for the computation of the icnospheric
characteristics in DKGK. The number of harmonics retained in the series
is H, higher harmonics are not considered smce they are produced more
by noise than by real physical variation. For the foFZ computation H= 6
and for the M(3000)F2 computation H=4 are sufficient, The coefficients )
Ui o are either a monthly predicted coefficient set for“M(30;00»)F2 ora |
ten day predxcted coeffxcxent set for foF2, which are bd‘h specific subsets
derived from the gener ralxzed fon and M(3000)F2 coeffxc:ents in SUB-
ROUTINE REFRAC The Dk coefﬁcxents are computed for each term in
a series with cutoff pomt K, K=75 for the series expressmg foF2 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 following 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 PROFiL.i

d) Calling sequence: CALL DKSICO {MX, LH, D, SITIME, COTIME, DK)

Variables in calling sequernce;

Name Dimension 1/0

Description

MX 1 I
LH 1 I
D (LH»2+1)xMX I
SITIME WH 1
COTIME wH I
DK MX O

@) Common blocks: none

Cutoff index = cutoff point of series 41

Number cf harmonics retained in Fourier series
representation of D,

Predicted coefficient array Uy , for foFC or
for M{3000jF2 - B '

Ariay of values sin(jT)
Array of values cos(jT)

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

f) File reqiirements: none

3.2.1.4 CPC No. 8 Data Organization

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, SJBROUTINE DKSICO

Enter

Set index k for

Ist coefficient

L J

Set Ist term of
kth

coefficient

-

.

:‘

! Form and add

\ next term to
kth coefficient

—

-

Set index for
next coefficient

necessary

/

coefficients
ompute
\Q\\\?V/
é Yes
(. Return
No

et e

53




3.2.1 Computer Program Component 9

CPC No. 9, SUBROUTINE MAGFIN, is written in FORTRAN code.
It is called from SUBROUTINE PROFL1 and evaluates the magnetic field
components zt the point where the wave penetrates the ionosphere, The
field components are required for the computation of the critical frequency

and the associated height.

3.2.1.1 CPC No. 9 Description

MAGFIN computes the earth's magnetic field cor;;ponents at a desired
location following the spherical harmonic analysis of the magretic field
by Chapman i1ad Bartels (Reference 3) and using the coefficients gr, hi
given by Jenten and Cain (Reference 4) for Epoch 1960. The X-north .
Y-east, and Z-vertical {up) componentsof the magnetic field are used

for the compatation of the modified magnetic dip in SUBROUTINE PROFL]

Using th= specified point (3,), k'), the colatitude is introduced
©=90°-9, and the ratio R=R, /(R, +hy ), where R, is the radlus uvf the earth

~ and h}=300 ki is the F2 layer height on which the coeffxcxent analysis was

based. The :rigonometric functions sin(ml ), cos(mk ) for the multiple
longitude angle A are computed via SUBROUTINF SICOJT, The magnetic
field componznts are defined in the following equations and are obtained

by first exprzssing the multiple of the associated Legendre function and its
derivative, then accumulatmg the terms of the inner sums and finally
forming the outer sums, '

O 1
B "
X = < { Rn+2 d«% P, , (cosz) " gf cos(mi) + h* sin(ml)?}

[-3-3 1 -=0

1

Y = e M R**2 Y m Pn' = (cosy) rg; sin(m\) - h? cos(mi ) z}

sims L, L Z
s} =0
&§ L4 n‘» r -~
Z =-. (n+l) R P,,, (cosz)’ g cos(m)) + hy sin(mk)]}
nz} =0
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The multiple of the associated Legendre function is given by,

3 . {n-mXn.m-1} -g-
P, (cos®) = sin"w | cos®™ M . " 7 cos® %2

(n.m)Yn-m-1¥n.m-2}n-m-3} o ] -

(2) (3) (2n-1) (2n-3) e

3.2.1.2 CPC No. 9 Flowchart

The flowchart is shown on the page following 3,2, 1.5.

3.2.1.3 CPC No. 9 Interfaces

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

c) Calling program: SUBROUTINE PROFLI

d}) Calling sequence: CALL MAGFIN (POS, UNE)

Variables in calling sequence:

Name Dimension 1/O Description

POS 3 1  Array containing latitude, longitude and height
(radians and meters)

UNE 3 O Array with Z {vertical up), X(north), and
) Y(east) components of magnetic field (gauss)
at the location specified by POS

e) <Common blocks: none

f} File requirements: none

3.2.1.4 CPC No. 9 Data Organization

Variables defined in data statements-

Name Dimension Descnptxon

CT 727 Array containing coefficients for the computation of
the associated Legendre function

G 727 Array of g} coefficients given in Reference 4 for
the earth magnetic field for Epoch 1960

H 177 Array of h} coefficients given in Reference 4 for the
earth magnetic field for Epoch 1960
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Name Dimension Description

RE 1 Mean carth radius {(meters)

Other constants listed in data statements:
P(1, 1)=1, DP(1, 1)=0, SP(I)=0, CP(1)=1, GO0=0: R899=89.9° -

converted tc radians

Other important variables are described under 3.2, 1.3 d).

3.2.1.5 CFC No. 9 Limitations

None. o ‘ o
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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 frequency and

associated height.

3.2.1.1 CPC No. 10 Descriptior.

GK cornputes the geographic coordlnate functions G, as-a function of
latitude ¢, longitude X, and modlﬁed magnetxc dip x-x(¢,1 ). whxch ttself
is dependent on the geographic posxtmn. - These coordinate functions are

to be used for the computatmn of the mnosphenc charactenstxc fOFZ in

subroutine DKGK. The functions G, represent the main latitudinal variation -

‘and the fxrst order through 8th order longxtudmal vanatzon terms. The

- main latxtudmal vanatmn is expressed as g

| G‘ = sin‘x  for k=0, 111 |

' and the jth o-der longitude terrhs',ar'e:‘c'c;mfaufed és,

for k even

for k odd

ks )é cosw cos(n)
K- 93 1)/2

= (s nx)( R :
G‘ k m;’(m +l),,.,,‘mﬁ

(s:nx ) cosig sm(Jl )

Th° longﬂ:udv orders are _] l Z, cees 8 whxle k= 12 13. .. 75 and thc mde

;Eylng is defmed by- ~ ~—IZ m2 36 m:3 / 4 {V'mz, ~64 *-68 ms 70 m- =72,

ne :: ma 74

3.2.1.2 CPZ No; 10 Flowchart =~

The flov-chart is shown on the“pege following 3. 2.:1. 5,

i R i

-1‘)




3.2.1.3 CPC No, 10 Interfaces e

~
a) Library subprograms required: COS, SIN
b) Other subprograms called: none N )
c) Calling program: SUBROUTINE PROFLI f\:
d) Calling sequence: CALL GK (K,C,G) N -
Variables in calling sequence;
Name  Dimension 1/0 Description
K 10 I Integer index array containing (m;-1)
C 3 I Array containing modified magnetic dip, geographic T
latitude and longitude (radians)
G 76 O Array with geographic functions G,, k=0, ...175 /
e} Common blocks: none
f} File requirements: none !
3.2.1.4 CPC No. 10 Data Organization T
Constants defined in data statements: “
Qli=1, N=8=Highest order of longitude included in G, computation. o 7 \\
Important variables are described under 3,2.1.3 d). o
3.2.1.5 CPC No. 10 Limitations ' ' =
None, -
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CPC No. 10 Flowchart, SUBROUTINE GK
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3.2.1 Computer Program Component 11

CPC No. 11, SUBROUTINE DKGK, is written in FORTRAN code. It

is called from SUBROUTINE-PROFLland 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 {1, by forming a series
of products of time dependent coefficients D, and position dependent geo.

graphic functions G,,

X,
0 (¢,)\,T):Z D, (T) G, (#,1).
k=0

The coefficients D, are precomputed for a fixed time T, and the geographic
functions G, are for a fixed latitude # and longitude )., K is the cutoff point
for the approximate series representation of (), For the dete rmination of - -

the ionospheric characteristic 1=f,F2 the cutoff point K=75 is used and

for the calculation of (=M(30006)F2 the cutoff pomt is Ky=48'.‘ Thé inpﬁts
Dy and G, are specifically set for either the foF2 or the M(3000)F2

computation, R

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) Libié.ry subprograms required: none

b} Other subprograms called: none -

¢) Calling program: SUBROUTINE PROFL |

d} Calling sequence: CALL DXGK (MX, G, DKSTAR, OMEGA)




Variables in calling sequence:

Name  Dimension I/0O Description

MX 1 I  Cutoff index=cutoff point K of series +1

G MX I Arra& of geograpﬁic functions G, k=0,..., K
DKSTAR MX I Array of coefficients D,, k=9,...,K )
OMEGA 1 O

Ionospheric characteristic £,F2(MHz) or M(3000)F2
(dimensionless)

e) Commor: blocks: 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. 11 Limitations

None,
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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 14 time intervals at each
of 25 locations around the station covering the visible ionosphere, The
resulting f{,F2-h, tables are written onto file for use in the ionospheric

reduction program IONI.

3.2.1.1 CPC No. 12 Description

TABGEN reads the date, station, and solar flux information from card
for which chZ-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 foF2 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 3.2.1.1, CPC No. 2.

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

Figure 1; tte point distribution covers the visible ionésphere in fairly

~even densit7. The earth central angle a between station and ionospheric point

varies in 7° increments, while the azimuth A is 0° for 0=0°, and rotates in

90° stepé fcr a=7°, in 45° steps for u=14°, and in 30° steps for u=21° out

- of the north:zrn position. For each ionospheric point the geographic latitude

@ and longitide X and the magnetic latitude #, 2re reduced from the station

position #;, A5, the position of the magnetic north pole ¢;. » A, and 2 and A;

@ = arc sin (sin @§; cos a + cos $, sina cos A}

4

. sinA sina\
A =x; +arc sm‘\ .

cos £

$, = arc sin {sin ¢ sin ®#, + cos @ cos &, cos(A-1,) I.
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Figure 1. 25 Point Pattern of Ionospheric Points around Station
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The position dependent functions required for the foF2 and M(3000)F2
computation are evaluated using SUBROUTINE MAGFIN and GK as 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 frequency 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. foF2 and M(3000)F2 are computed.
by preparing the time dependent coefficients via SUBROUTINES SICOJT ~
and DKSICCO 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)F2} )

The critical frequency is adjusted for day te day variations as a function
of AF, the d.ifference between the daily value and the 12-month runn'inyg
average of the solar flux. Using the model constants ¢, (variable PER)
and c, obtained by interpolating the constant table (array CENT)teV the
magnetic lavitude of the ionospheric point, beZ is multiplied by the ad-

justment factor (c, AF+c, ).

For each point and time {,F2 and h, are coded intc one 8 digit integer,
the first four digits defining h, in units of i;-ékm the last 4 digits specifying
foF2 in units 1‘163 MHz. The f,F2-h, table is accumulated for all 14 time
intervals and all 25 points, and is written to tape or disc file 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 additional

inpu’ ‘ata 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 Interraces

a)

b)

)
0
e)
f)

Library subprograms required; AMOD, ATAN,COS, SIN, SQRT

Other subprograms called: SUBROUTINES MAGFIN, GK, SICOJT,
DKSICO, DKGK

Calling programs; none

Calling sequence: PROGRAM TABGEN

Common blocks: none

File requirements: general coefficient input tape, output disc or tape
file with f,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-

fied 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 1 Unit assignment of gene ral ionospheric coefficient tape

JTP 1 Unit assignment of file with foF2.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 (yearx 100+month)

K 10

KN 10 Integer indices and index arrays used for the computa.

KM10 1  tion of f,F2 and M(3000)F2 in SUBROUTINES DKSICO,

NFF 1 GK, and DKGK

NMF 1 ]
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Name Dimension Description

PER 1 Mode. constants used for adjusting foF2 for daily

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
pole . )

PLON 1 Geographic longitude of the magnetic north pole (radians)

H1 B 1 . . . .

H2 1 Coefficients used in the formula expressing h, as a

H3 1 second order polynomial of M(3000)F2

Other constarts listed in data statements;.

Ql=1, Ql0=10, Q100=100, Q130=130, Q3T5=3:10°, QPl=, 1, QP5-=, 5;
DR=1°, PI2=:60°, D7=7°, DHRI=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 solar flux transferred through the data file to the
ionospheric reduction program for computation' of the d;cay constants for
the topside ex:ponential profile is truncated a a maximum value of 130. This
is the boundary thét ’was imposed by the data base during model development

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

Approxiraations are introduced through bypassing the iteration on the
height estimzte of the ionosphere. In this case the latitude and longitude
of the ionospheric points are not effécted, only the height itself at which
the magnetic field components are evaluated. Error estimates for these

approximations are not yet available,

If the ior.ospheric coefficients are not found on the tape for the specified
date, an error condition has occurred, a message is 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 dxsagreement is found, a message is pnnted and the program is

te rmmated
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CPC No, 12 Flowchart, PROGRAM TABGEN
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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. ION1 transfers the input conditions through common/EVvALI /.
and by calling SUBROUTINE REFRCI1 receives the computed profile para-

meters and rafraction corrections through common/CORR1/.

3.2.1.1 CPC No, 13 Description

ION1 rezds the station, satellite, and time information ror the condition
to be evaluated from cards. The input data is converted to the internal
units of meters for distances and radians for angles and times, The variables
specifying th: evaluation condition are transferred through common/EVAL1/
to SUBROUT NE REFRCi. Through REFRC! and other routines called by
REFRCI1, ionospheric profile parameters, vertical and angular electron
content, refraction corrections to elevation angle, range, and instantancous
range rate a'e computed. They are returned to ION1 through common/CORR]1 s

and are printed,

Any number of evaluation conditions can be processed by supplying
additional input data and repeating the program steps outlined above. For
more details about the input and output data refer to the file descriptions

under 3,3.1.

3.2.1.2 CP<Z No, 13 Flowchart

‘The flov'chart is shown on the bage following 3,2.1.5,

3.2.1.3 CPZ No. 13 Interface

a) Library subprograms required: none
b) Other subprograms called: SUBROUTINE REFRC1

¢) Calling programs: none

72




d) Calling sequence;: PROGRAM ION1
e) Common blocks; EVALI1, CORRI

Variables in Commons:

£

See description for EVAL1, CORRI under SUBROUTINE REFRC1
CPC No. 14 ‘

f} File requirements: <ard reader, line printer

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

3.2.1.4 CPC No. 13 Data Organization

Constants defined in data statement:
Q0=0, Q1000-1000, Q3600=3600; DR=1°. HR=1*% converted to radians,

Important variables are described under 2.2, ], 3 e) of SUBROUTINE
'REFRC1, CPC No. 14,

3.2.1.5 CPC No. 13 Limitations

Error tests on the sequence, units, and formats of the input data are

not performed. However, mistakes in the set up of ‘the card deck are

revealed in the prmtout of the mput data thdt is hsted along thh the results,

IONI is a program for special apphcatlons and limited use compared

" to the general purpose PROGRAM ION, Not mcluded in ION1 are the addi-

tlonal features of ION of plotting the ionospheric profile, of updating the

‘predictions w1th actual ionospheric observations, and of computing range rate

;'frcorrectmns for range mfferencmg. For the purpose of savmg space only

‘ ":’ffour dxgxts are carried for foF2 and h, in the foFZ h- tables whnch ehmmates

the optxon of dlfferenczng range ccrrectmns where the Sth and 6th dxgnt of

f;F2 are significant to the result, Baco cauze of approx1matxons in TABGEN

and REFRC1, ION1 also yields less accurate resulté :than ION.
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3.2.1 Computer Program Component 14

CPC No, 14, SUBROUTINE REFRC]1, is written in FORTRAN code and
is called from main PROGRAM ION1. REFRCI extracts the {oF2-h, tables
from tape or disc file and interpolates the values in the tables t:; the specified
position and time, The remaining profile parameters arc obtained via
SUBROUTINE PROFLZ2, the ionospheric refraction corrections to range AR,
to instantaneous range rate AR are computed and SUBROUTINE BETA provides
the elevation angle correction AE,

3,2.1. ! CPC No, 14 Description

REFRCI retrieves the { 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
10 requirements for data reductions where a few stations’ are observing inter-
mittently. In addition, if new data is requested, it autoinatically replaces

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

The carth central angle between station and ionospheric point, the
geographic 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.

Local time t, , ,is computed from the universal time t and the longitude ),
tio. =t+

Critical £re’quency‘and corresponding height are extracted from the
f,F2-h, table contaihihg data for:l‘:i”time inte rva‘l‘sfduzki'ng the spécified day
at each of 25 locations covering the visible ionosphere around the given
station. A linear interpolation process is used in three dimensions, in
azimuth, earth ceuntral angle, and local time, First it is arranged for index-
ing purposes that azimuth lies between 0 and 360 degrees, central angle be-
tween 0 and 90 degrees, and local time between 0 and 24 hours. The indices
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and increments for the interpolation are computed for all three variables,
Continuocus interpolation is insured between 22 and 0 hours of local time

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

angle, The iifniting values at 21 degrees are used if due to seme rare

occasion or an error condition, the earth central angle should exceed 21 degrees;
this value was; arrived at for the extreme condition of an observer looking

horizontally et a 453 km high ionosphere,

By calling SUBROUTINES PROF 1.2 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
iollowing the description in the last five paragraphs of Section 3,2,1.1,
CPC No. 2.

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. 14 Interfaces

a) Library subprograms required: ABS, AMOD, ATAN,COS, FLOAT, SIN,
SQRT '
b) Other subprograms called: SUBROUTINES PROFi.2, BETA
¢} Calling >rogram: PROGRAM IONI
d} Ca‘iling sequence; SUBROUTINE REFRCI1
"e) Common blocks; EVALI, CORRI

Variables in common;

Common Vuriable Dimension /0 Description

Name Name

EVALI FsH i I Transmission frequency (MHz)
EVAILL F _AT 1 I Latitude of station {radians)
EVALIl F _ON 1 I  Longitude 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 f F2-h, tables

Range correction (m)

Range rate correction (m/sec)

Elevation angle correction (radians)

Critical frequency (MHz)

Height at maximum clectron 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 (1/meter)

Total vertica} electron content

Common Variable Dimension /0O Description
Name Name
EVALI ELEV I
EVALL AZ I
EVALI1 HS I
EVALL EDOT I
EVALL HDOT I
EVALI TIME I
EVALI IYR I
EVALI MON 1
EVALIL IDAY I
EVALI JTP I
CORRI1 DRANG o
CORRI1 DRATE O
CORR1 DELEV O
CORR!1 FOF2 O
CORRI1 HM O
{meters;
CORRI1 ™ O
CORRI1 YT O
layer (meters)
CORRI1 XK ]
CORR1 TOTN O
{e/m? column)
CORRI1 TOTNA O

Total angular electron content

{e/m? column)

f) File requirements: ionospheric input tape or disc file with {,F2-h,

tables.
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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

R 1 Mean earth radius {meters)

‘SPLAT 1 - Sine function of the geographic latitude of the magnetic
north pole

CPLAT 1 Cosine of the geographic latitude of the magnetic
north pole

PLON 1 Geographic longitude of the magnetic north pole
(radians)

RM ! Estimate for radial distance of ionosphere from
earth center (meters)

TOL 1 Tolerance allowed in identifying station latitude

and longitude (radians)

Other constants listed in data statements:
QO0=0, Ql=1, Q2=2, Q7=7, Q100=100, Q3P5=3.5, Q4P5=4, £ QONM=1-2410'7,
RN3=,49972; PI2=360°, DR=1° HR=1' converted to radians.

Other important variables are described under 3,2, 1.3 e).

3.2.1.% CPC No, 14 Limitations

Approximnations are introduced into the computation of the critical
frequency and the height of the maximum electron density by two facts;
through the linear interpolation in space and time of the precomputed
foF2-h, tabl:s, and through bypassing the iteration on the height estimate
of the ionosphere. Thus caution should be used ana “urther tests of accuracy
requirements might be desired when using this pregram version. An

estimate of the expected errors is given in Section 6, 2.



, The range rate correction formula in this routine applies only to ir . =
eous range rate measurements since it is assumed that the only variati:n in
electron content over the time of observation is due to the positional change

of the satellite and that the ionosphere between station and satellite remains
constant, Rarﬁ},é rate corrections to observations obtained by range differ -ac ..
over a finite time interval during which the icnosphere can undergo distinct
changes, cannot be computed by this routine because the f{ F2.h, tables do

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

be used,

‘If the foF2-h, table for the specified date and station is not found in the
data file, an error message is printed out and control is transferred to

PROGRAM IONI to proceed with the next cata case.
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CPC No, 14 Flowchart, SUBROUTINE REFRC 1
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3.3 Storage Allocation

The size requirements and storage allocations of the total program:
ana the individual components were extracted from computzr runs of the
programs on the CDC 6600 computer system. In the load maps that are .
shown on the following pages the starting addresses of the program and

system functions in the detailed breakdown are listed in octal words.
The total core space requirements are:

37604 octal = 16260 decimal words for the Bent lonospheric PROGRAM ION;

i

24232 octal = 10394 decimal words for the preproces'sor PROGRAM TABGEN,
65:4 octal = 3417 decimal words for the reduction PROGRAM ION1

of the alternate version of the ionospheric progrém.

Following are the size requirement- for the individual components:

Component ' Size in decimal wbrdsi
COMMON  /EVAL/ 20

COMMON  /UPDT/ S sT

COMMON /CORR/ 2

PRCGKAM  ION 384

SUBROUTINE REFRAC 5426

SUBROUTINE PLOTNH ) 366

SUBROUTINE PROFLI | 624
SUBROUTINE PROFL2 | 1085
SUBROUTINE BETA 1 8o |

 SUBROUTINE SICOIT
J su‘BRov‘Tm’s‘ DKSICO
. SUBROUTINE MAGFIN
 SUBROUTINE GK |
 SUBROUTINE DKGK | 39

COMMON  /EVALI1/ 3
COMMON  /CORR1/ 2
PROGRAM  TABGEN 10394
PROGRAM  IONI %1
SUBROUTINE REFRACI 1988




Load Map for PROGRAM ION:

~PROGRAM==«=-AFDRESS~ .~ ==LABELEQ-~=COMMCN-- -

10N 100231 EVAL 006120
uPD1 000174
CORR thuzis

REFRAC 007632 EVAL g0o1ce
uPDT Git1z
CORR 360621¢%

FLOTNF 0ze314

PROFL 1 ne17?

PROFLZ ~ -~ 024?252 - -

SETA 026347

SIT0JT 025R33

IKSICC 926722

MAGFIN ;7063

5K 037052

OKGK 0:027¢

AUGOERZ L2054

ABS% P21360

AMODS 0335673

SIGNS v2137%6

ALNLOGE 20374

ALOG10E 079613

ATAMNE L 30465

EYF3 L4505

EXFE s LYY 4

SINCCSE nZJoid

QQRT§ 10672

SORTE L2371€

GET2A 0629746

S103 023757

coSs$ £?2372

SINS 022624

ATANE C3i2456

SYSTEYS 032537

IFENCF 3 033547

INPUTES 35620

INFUTCS 026107

KODEFLE BTL216

KRAKER] 835652

OUTPTICS 037436

EHIKLME 637532
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Load map for PROGRAM TABGEN:

. =PxX0CFAM=~~-=~ACIORESS~ ~=LAQELED===COMHON=~

- TABGEN - ... gs0400 o . . ————

SICOJT U24222
e - DRSECL e 024032 e - et e

MAGFIM 024542

Gk e BRBBB R e

OKGK 025775

ABSS . 026044 0 .

AMODS - u260L7

SIGNE - - u2B05L. . — ... C e

s o ATANG - g26060 -

e SINCCEE. - iR e

SQRT? 026155

SQRTE 326281

GETBA 026223

~SI0% - $2ed4ue - -

cos¢g 027655
e = SN e . B2220T- R - e

ATANE r27741

SYSTENE 830022

oNCFIL3 u31022

IFENEFE 6311083 - -

INFUTR] 021162
see = ENPYTER 631042 e

KOCERS 631572

KRAKERE 233206

OQUTPTES 03772

QUTPICE 83521

PEWINME 62524¢
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Load map for PROGRAM ION1.

=-PROGRAV « ==~ ATORESS~

———I0NL— .- 000131
—---REFRE1 - - 006655
— PROFL2 — . 012561
SETA 014656

. ABSS. 015142
AMOD§ 012145

.. FLOAT$ - 015152
. ._ATANS 015155
e EXE$— . .. 015175
EXFE 015237

. SINGCCSE . - 015305
SQRTE 015362
SGR¥E-- - B15406
GETBA 015430
RN 7. SUS— TYTWN |
coS$ 017062
SING - 617114
ATANE 017146

- SYSTENE 817227
IFENCF$ 020237

- INPUTEE - 026316
INFUTCS 02(577
KOCERSE 62(726
KRAKERS 02z 742
UTPTCS c2L126
REWINFS 024222
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) EVALL
CORR1
-E¥aLl
CORR1

060180
000118
3361C0
400115




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 icnespheric 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 1/0 Fortran Description Details
) , __Uait No. I'nder
JON Tape BIN I i ionospheric coeff, tape 3,3. 1.1
ION Line printer BCD O - b Qutput listing from ION 3,3.1.2
1ON Card reader BCD 1 5 Input data deck to ION 3,3.1.3

The alternate version of the ionospheric program consists of two
separate entities, the preprocessor TABGEN and the reduction program
ION1, External data transfer in and out of TABGEWN is handled through
- four files: an input data card deck, data output to line printer, the input
ionospheric coefficient tape, and the output disc¢ or tape f{ile with {,F2-h_
tables, External data transfer in and out of ION1 is handled through the
following 3 data files: an input data card deck, the input data file with

{,F2.h, tables, and output to the line printer.

Program File Type Mode I/O Fortran Description Details
N Unit No, Under
TABGEN Tape BIN 1 1 lon., coeff, tape 3.3.1.1
TABGEN Disc or tape BIN O 2 File with {,F2.h tables 3,3,1.4
] TABGEN Line printer BCD O 6 Output listing from 3.3,1.5
TABGEN
TABGEN Card reader BCD 1 5 Input data deck to 3.5.1.6
\ TABGEN
o ION1 Disc or tape BIN I 2 File with {oF2-h_tables 3,3, 1.4
ION1 Card reader BCD 1 5 Input data deck to IONI 3.3.1.8
ION1 Line printer BCD O 6 Output listing from 3.3.1.7
ION1




3.3.1.1 Ionospheric Coefficient Tape

There are 36 fixed length records on the tape followed by a double
end-of-file, Each record contains, in 3848 words, the generalized 10.day
fOFZ and 30-.day M(3000)F2 coefficients to be used for one third of ore month,
The 36 records are in time sequence and valid {or the periods Januvary 1-10,
January 11.20, January 21.31, February 1-10, February 11-2G, February 21-
28 or 29,....,December 21.31,

Word. . . MAlode Fortran Name Description

1 Iateger LOND =(monthx100+day), first date for which
coefficients are valid

2 Iateger LONDY {month«100+day), last date for which
coefficients are valid

3.2966 I.eal WCOEF Array of dimension 3¢13x76 of general-
ized foF2 coefficients valid for the time
interval specified by words ! and 2

2967-3407 FHReal UM Array of dimension 949 of M{(3090)F2
coefficients valid for a 12.month running
average of the sunspot rumber = 0, and
to be used for the time interval specified
by words 1 and 2

3408-3848 Ieal UMI Array of dimension 949 of M(3000)FF2
coefficients valid for a 12.month running
average of the sunspot nurnber = 100, and
to be used for the time interval specified
by words 1 and 2

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

the general coefficients is discussed undev 3,2, 1.1, CPC No, 2,

3,.3.1.2 Line Printer Output Listing from [ON

The typical output format of the results from [ON is shown for some

test cases under 4, 1. In addition, the foilowing error messages rmay osocur:

Printed in PROGRAM ION, "Error in solar input data for year . .. and

month = ,," where upon the computer run is terminated,
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Printed in PROGRAM 9N, “R‘*twin}n?updafe data not used; if n‘z;r{,’,

than eight update conditions are supplicd; the first eight are used thc re- .

maining cards aré skipped over. T

o Printed in SUBROUTINE REFRAC ”Coe{f:cwnts not found on tape for :
. year, month, day = .. .... s ’w};erc upon control is transferred to

pROGRAM IO‘? to proceed with thc next data casc., .

o prmted in SUBROUTINE BETA, "Ray is. reﬁected at mnosphe re or ncar ik

refiect;on condxtmn, elevatmn angle correctxon 15 not ccmpxzted b where upon

remaining computations.

demred

-
-~

ELEV AZ 'HS EDOT HDO’I‘ satellite information: cievatmn‘;':
angle, az;muth hexght eievatzon rate, altxtude’rate. - If




-

Card type 5 : iYR,MON, IDAY, TIME, time information: year, month,

day, time.
"""" e Specnfy solar data #% ; ' ‘
,,,,, %% If the year and month of this condition are the same as the yea'f' and month

of the prevxous corxhtum, skxp cards 6,7, 8 ' :

 Card type 6 : - " IYR, MON, F3‘X(l)-FLX(16), date and dax!y values of observed,
T e “ " solar ﬂm: for the first 16 days of the month,  If mture pre- 2o
dxctmns are to be evaluated leave array FLX blank

-‘fifYR ‘MON, F LX(I?}- F‘LX(31 ), date and daily values of ab-
served solar flux for the latter part of the month, If th:
'are ‘less thaa 31 ‘days to the month th ddxtmnal space
are normally left blank

, ‘krazxmuth and height and txme mformatmn for the b{’{'ﬁn
fobservatxon used for the range dxffetencmg.; L




b) Preparatmn of bolar Data

The solar data can be extractu:i from thc "Selar chpbys:cal Datd"

mfmthly pubi:ca*ums, 1ssucd by NOAA, Boulder, Colnrado. .

' b!aak The p 'ogram automatlca!ly checkﬂ {

"‘tfibest estimate for th Vdaxly fiux »alues Cw

i ef thc :;o}a.r flux .

, hsted:aionu w;th thc daxly vaiues nf soiar flux

i not enough a&vanm, data is

‘ 'ava;labife te farm thv 12 month runnm; average, ‘that vaiue can bo apprcm-

mated wnth a il 5, IG 5 or 9. §-montb rnnmng average'"
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Ii not even cnough data is available to form a9, S-msuth rnnmng avc rage,

2

' S e F,-g oy
__Aapprox, Fw',: = 1"’;2_,,,,3 (——-—--.6"«} p‘“{_’g) k & i 2 or f

1251(

< wih

‘an estxmate of the 12- month runmng averagt of the soiar ,{hxx rav *be, uenwd .

S Irom the iZ month runm',kg average Of t/he sanspat numb«*z " 'hu’h tafmlatpd‘

O ':’prednctxcms are ava:kab!e. > rela i ‘/ r fux aﬁé sunspot

a0




1962 ’ '§¢;63   1964 i

s 4L 2.8 1
83908 29
 ses

e ql"": - o



Table 2, 12-Month Running Average of the Solar Flux at 10.7 cm Wavelengta ((Ottowa )

1960 1961 1962 1963 1963 1965 1966 1967

S ; iéb. sz;‘,i“

68 %69

Jan. 1787 128.9  97.9 BL8 76,4 76 857 128.1 150.0 1502
CFeb. 1746 124.1 95.2  BL.E 755 74.3 B84 1315 1404 1302
;;f [5,5,,,  fg;ggs‘»119li‘f”93;l ;;83;8‘r i4,4 749912 i34.3 14903 isu.d
T,Qngr;ffu';gggé ;?’5;" l§*'7 U85 733 75,4 938 136.3 is0.4 150.0
‘Ma 1108 LT ‘%331'2 2. 7508 96,5 138.8 i50.% 190, 8

106.6 90.4 810 7 76.6 100.1 1417 1309 i3

89.2 806 72,3 70.4 1546 145.0 1975 ie1.

' L7204 T7.2 109.7 1478 i¥ L5 1a2.-

72.2 783 1153 148.2 1360 152,

CUBO.0 119.6 1474 148 3 1-2.%

CBL9 1228 1479 14v.0 153

B36 12507 14903 ide i 154,

113,55
s
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1970 1971 97z 1973

January T 158,30 162.6
February 0 175.4 o (173?. LR

CMarch . 15s.4

Jialy '
2 August‘ B

Sépt;xhbc .
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< 3 Card ’I‘ype and Format Informat.on

Card Tm i

- Output _options for ionospheric proﬁi‘e;and"re' ‘tactiqh corrections

xSm.t 1

[ n—
PR e

20’ :

i
]

R IR AR

ard’

Programj -

|Format| Column}

Jiseree)
ISEL(3)

ISEL() | -
ISEL(5) | --

e

410
:1! i"{

162

..:-zs

critical fre(g ncy and correspandmg
heagiﬁ wzﬂ be camhieted e

B




Card TZE ] R
&,pdate csptzon aad Wﬁ?ist opt;ons for Cufl’t.itl@“l tn range é:{ietencmg

5 0

|1

=

RN PDT
ll’)RDA\’

Furmat (215)

p -
ltu;uleusn:,zw;hss

D i e

.o T  ﬁ;'e§>]j” L R
¥

]
¥
®
s
e
Lew
N
o
s
s
=
&

?u ard : E’rog raml

Variabiel

2 |IDRDAV

PRp——

o :;:_ it PIE)T; i ydateﬂag- : & no updgte for any of
EREERE : ;allmmg evaiuation conditions,

,@vaiuatza ;ondxtmns
Output « uptwn- i
wTate uL{ameJ by iilffgrcﬁ*‘mg techmquu

k,zs nm requcsted, =k dcured ’ i

% 1 updatc‘m some or all of the foiim& zng

;6 orr ctwn w rar,ge,




Card 'rm

o Sutmn data *or eva!uauon condition

!,', : 29 30 s 5.
%Ii!lllil !4!1! :*3

EEERS TR R Er

RS RAE RS

il

L Fs LFLAT- i_FLON-

. For.nat !,F'clﬁ.;flt. "?-FVXO. 5) |

Word |Program{ | |
:No,  {Variable] Units [Format

" Description

T ransmuswn i requem:y

/ Statmn latzh:de

o fFs M’Hi | F1e.4 1.10

Statmn hmg:tudc {positive east,




Card Tz‘me 4

Satelline data for evaluation condition

; 10 20 30
iHHHHHHHHJri':’?'fii?:’fi Jis

‘ : s
- ; il LS
l L-—ELE‘{-—g i A7 ~ii—- H§ — 2 EDOT

i
5

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

Word. Ptogram , g 2O
No. [Variable Units |7 ormat! Columni o

,_I)’és,ckri‘pt n

1 |ELEV |degreed F1e.6| 1-16 | Elevation angle to satellit

2 |AZ  [degreed F10.6|11-26 | Azimuth angl
HS | km . };f 10. 0 Zl-30 o Helghtofsate!lxte bove.surface of earth
|EDOT  [rad/sed D15.8)31-45 | Elevation rat

| }u)o'r | m/seci DI5.8 46-60 ~ Altitude rat
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Card Type 5

Time data for evaluation condition

L] i0 20 33 40

55 60 70 23
inu“-:linnns:% .ag'x};sﬁ!i'z':" T T T T ey G
i i H
- H - j
e | | 5 iz LTIME-J
Z = A8
Format (315, F10.7)
- wWord |Program
No., Variable| Jnits §Format! Column} Description
1 IYR -- 15 i-5 Year (last 2 digits)
2 MON -- 15 6-10 Month (=1 through 12}
3 IDAY - 15 11-15 Day (=1 through 31)
4 TIME ours Fi10.7}116-25 Universal time
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Card Type b

Daily solar flux data for first part of month

[ 15 20 30 40 53 60 70 33
: o e e R A L {
bt T I «"“”J*%’f' . i
IRy R i ; PP

L TP | szl
[od Z ; ;; . M SZ SE )
=C = 4 =g
— HEVR 9 L L

Format {212, 4x, 1614)

! Word Program l o

Ne.  Variable] Units { Furmat] Column Description

i iYR - 12 1-2 Yaewr {(last 2 digits)

2 MON .- 12 3-4 Month {=1 through 12)

3 FLX( . 14 912 Daily scolar flux x10 for day 1 of month.

+ FLX(Z) | -- ) 13-16 Daily solar flux x10 for day 2 of month

ig FLX(1o)) - 14 69.72 Daily solar flux x10 for day 16 ui the month

39
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Card Type 7

Daily solar flux data for s=cond part of month

/ 0 20 30 49 50 50 70
3 [ : . L :
!"Hgl!@!‘unzgif'i'eh‘ priricoent AR ERER RS R e i
(iizilgli il
. =iz < o
=5 %X % . ]
- .- o —_
-2 i Lo,
Format (212, 151%)
R‘icrd Program { i =
No.  Variable| Units |Format]| Column Description
1 JIVR - - 12 i 1-2 Year /last 2 digits)
2 MON .- 12 24 i Month (= 1 through 12)
3 FLX(17)} - - 13 5-8 Daily solar flux x 16 for day 17 of month
4 FLX{18)}} - - 14 G.12 Daily solar flux x 10 for day 18 of month
17 FLX(31){ - - 14 61-64 Daily solar {iu: <16 for day 31 of month;
if the month has less than 31 days, tie
spare locations are left blank
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Ca:d Type 8

Final or predicted 1Z2-month running averages of sunspot numoer and solar flux

&o

i 10 20 30 40 80 60 70
i . ! i . ’ L : i
UI}QHHIHH!H:v?lé.!;?‘fizfi ' ot ’ : Sityd i i
Vo si :
o i 1
'
Z
“Z C o 19
=z 7 7
Format {212, 215)
§ Word‘; Program f f [
No. |Variable] Units |Format Column} Description
i IYR .- iz2 1-2 Year (last two digits)
2 MON -- 2 3.4 Month (= | through 12}
3 SIS - 5 5.9 12 -month running aQerége of sunspot
number x 10
4 SIF - 5 10-14

12_.month running'aﬁeragé of solar Il/ux x 16
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Card Type 9

Update control constant

0 20 3 40 50 60 70
{ H ! ' ;
1'},H‘IHHHEEIH:I;E'f!z’-,'”aT::.:':’ - tooos §ls¥=!:".§»« Pt

!

Format (I 5)

Word [Program| ) . ’
No. [Variablej Units {Format! Column Description

1 NUPDT e 15 1.5 ! Number of update conditions, maximum = 8
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Card Type 10

Update data condition

/c 0 20 30

» 40 “ 52 &G 70 2o

[r—

hnunn![lmzz {s ', f; i } z':é« i ,
i H N :
| t o ¥
ULAT } vron | iuLewd uziMm Y uT 1 oBs - §
S
=
Pormat (2F10.5, 2F10.6, F10.7, D15.8, 1 5)
Word (Program o
No. Wariable| Units |Format! Column Description

I ULAT |degreed F10.5 I-10
2 ULON [degreeg F10.5 11-20

3 ULEV  Meareed FI10.6 21-30

= UZIM degreeg F10.6 § 31-40

5 UT hours | F10.7 | 41-50

6 OBS &MHz‘ot D15.8 | 51-65
e/m*

7 ITYPE | -- I5 66-70

Latitude of update station

Longitude of update station (pousitive east,
0-360 degrees)

Elevation angle of observation (=90 for f,F2
data, = elevation to satellite for v«.rtxcal
and angular electron content)

Azimuth angle of observation -
Universai time of observation

Observation to be used for update

Observation flag, = 1 for {4,F2, = 2 for

vertical electron content, = 3 angular electron
content
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Card Type 11

Satellite and time iaformation for secona observation used for range Jdiffcrencing

§ 10 20 3% 40 53 60 70 s
§ H 3 - . ,
innn:sliux::s RN FEEE B ks T .
Lecevdlaz 1w e
i—ELEV—il _ AZ f— HS -'LTIME -
Format (2F10.6, ¥F10.0, Fi0.7)
e | Word [Program ; ;
No. ({Varable! Units {Format! Column Desor ption
1 ELEV d«:grcef* FlG.0 1-16 ; Elevation angle to satellite
2 . AZ ficereed Fi0.0 1i-20 i Azimuth angle k
1
3 HS <m FI10.0§ 21-36 | ieight of satellite above sarface of carth
4 TiM= ncurst ¥10,7 31-40 Universal tinwe
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3.3.1.+4 lonospheric Data File with f F2.h, Tables

The file with {,F2.h, tables is generated in PROGRAM TABGEN for
use in the alternate ionospheric version PROGRAM ION1, It consists of
fixed length records, as many as were generated in PROGRAM TABGEN,
terminated by a single end-of-file. Each record contains, in 354 words,
the date, the station posiﬁox:, the daily solar flux and values of critical
frequency {,F2 and corresponding height h,. The values for {,F2 and
h, are tabulated for the given date for 14-different times at each location of
a 25 point pattern around the station which covers the ionosphere visible

from that station,

Word Mode Fortran Man.e Description
i Integer IYMD Date: yearx 10000 + month:100 ¢ day
2 Real FLAT L.atitude of station in radians
3 Real FLON - Longitude of station in radicns
4 Real FLUX Value of daily solar {lux (if the daily

~ flux is greater than 130, the limit
. . : value of 130 is substituted)

5-354 Integer IFH Array of dimension 14225 containing
i < packed mteger tabulated values for
foF2 and b, for 14 local time heurs
at each IOLanon of the 25 point pattern
around the station. Each integer has
8 digits, the first 4 digits define h_ in
. umts of L km, the last 4 dxglts nge

fOFZ in umts of ﬁ)—() MHZ.

3.3.1.5 Output Lxstmg "rom ’1’ABGE’\E

The only line prmter output [rom TABGEN is the prmtout of the mput

data conditions, In addxtmn, the followmg error mcssages may. occur

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

L)

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

year, month, day = .. .. ..", where upon the computer run is te rminated,

3.3.1.6 Input Data Deck to TABGEN

The input to TABGEN consists of card type 12, shown on the noxt page
containing date and station informnation and of card types 6,7, 8 as described

under 3.3.1,3 c¢) specifying the solar data,

Card type 12 : IYR; MON, IDAY, FLAT, FLON, year, month, day,
latitude and longitude.

*% 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, :ON, FLX(1;-FLX{(16), date and daily values of
obs:rved solar flux for the first 16 days of the month,
1f 'utgre Predictiuns are to be evaluated, leave array FLX

blink,

.

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
spaces are normally left blank,

~IYR, MON, SIS, ‘SIF",Hday.tek'and 12-month running averag‘etf
of sunspot number and selar flux,

LI

Card type 8

Preparation >f the solar data is discussed under 3.3, 1.3 b).

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

%% Terminate with card 12 éontaiyning a zero or negative value for the
year IYR. '

3,3,1,7 Ouiput Listing from ION1

The typical output format of the results from ION1 is shown for some
test cases urder Section 4,1, In addition, the following error messages

may occur:
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Card Type 12

Date and station evaluation condition

/ .- : . N e e
4 1D 22 33 47 80 6? 4+ I 3’)1
inunnlunnisiwns . ! B
~ Z >
e g S FLAT  FLON
Format (315, 2F10.5)
Yord jProgram ‘ f . o
No. {Variable| Units |Format! Column Description
1 1IYR - I5 1-5 Year (last 2 digits)
2 MON - 15 6-10 | Month (=1 through 12)
3 IDAY -~ |15 11-15 | Day (=1 through 31)
4 FLAT Hegreeq F10.5 | 16-25 | Station latitude
3 FLON [egreed F16,5 § 26.35 Station longs’itudek (;iositive east, G-360 degraes)
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Printed in SUBROUTINE REFRCI, "{5¥2_h, tables for this station
and date not found in file,' where upon control is transferred to PROGRAM

ION1 to proceed with the next data case,

Printed in SUBROUTINE BETA, "Ray is reflected at innosphere or near
reflection condition, elevation angle correction is not computed,” where
upon control is transferred to SUBROUTINE REFKCI to proceed normal with

the remaining computations,

3.3.1.8 Inptt Data Deck to IONI

The input data to ION1 involves only card types 3,4, and 5 as they are

described under 3,3.1.3 c¢)to speciiy the evaluation condition,

Card type 3

"

FS, FLLAT, FLON, station information: wave frequency,
latitude and longitude, Set FS=0 or positive, if refraction
corrections are not requested,

Cardtype 4 : ELEV, AZ, HS, EDOT, HDOT, sateliite information;
elevation angle, -azimuth, height, elevation rate, altitude
rate, If the instantaneous range rate correction is not

— desired, EDOT and HDDOT are not used and can be left
blank or set to any value.

Card type 5

(Y3

IYR, MON, IDAY, TIME, time information; year, month,
day, time. '

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

#*%* Terminate with card 3 contaiming & negative value for the wave frequency -
FS.
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3.4 Computer Program Functicnal Flow Diagram

‘i‘hc functional {low diagram of the Bent Ionospheric Program ION is pre-
sented as well 2s the diagrams for the alternate version TABGEN-IONI,
The labels to the might top of cach block specify the program/subroutines
that perform the function described in the block, Lower level {lowcharts
disclosing more details are listed under the individual computer program

component descriptions in Section 3.2, 1, 2,
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Functional Flow Diagram for ION
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Functionat riow Diagrama for TABGEN
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Functional Flow Diagram for IONI
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4.0 Quality Assurance

All aspects of the ionospheric model were tested thoroughly during and -
after the devclopment phase and some ol the results are showa in Section 6,2,
The shape ol the electron density versus height profile was compared with
actual composite profiles compiled at NASA/GSFC and they were always in
close agreerrent, The integrated electron content was compared extensively
with the vert.cal electron content derived from Faraday rotation measure -
ments., The results of this work performed for SAMSO, are described
in Reference 2. The predictions alone aczounted for 70 to 80% of the actual
electron content 2nd after updating with ionospheric observatxons up to
90% of the ioaos, " *re was estimated, The ionospheric refraction corrections
were tested in orbit determination work performed at NASA/GSFC. The
iterative least square reductlon programs were run with and thhout iono-
spheric corrections and the final RMS values of the measureme:t residuals

were greatly reduced by 30 to 75% upon use of mnospherlc correctmns

tcr m)dxfymg the ionospheric program to its current {orm a number
of £ .,c':t cases wire run _and the results including all possible outputs were o
compared with results from previous runs before mGdiﬁcat;ons T‘xe same
test cases listed under 4 1 should be checked out whenever thc prog ram is
duphcated aud transferred to another computer system to insure that all

parts of the srogram are in working order

4.1 Test Plan/Procedure

The followmg pages show a list of the input card deck and the corres-
ponding printed output results for test cases 1 through 5 and a cross reference
list in Table 4 of the various conditions tested. The five test casés evaluate
the function: of the ionospheric program for various possibilities in latitude,
longitude, local time, season, and solar activity effecting the ionospheric
profile and therefore also electron content and refraction corrections, Each

of the {ive test cases computes all possible output results: critical frogue iy

1.4



and corresponding height, the values of i,2lf 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 instantaneous 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 ionospheric program, the input and out;}u% of the preprocessor

PROGRAM TABGEN are shown in Table -7 and the input and output of the
reduction PROGRAM ION1 are given in Tables 8 and 9 respectivelv. Only
test cases 1,2, and 5 are presented for the alternate program sinc= the

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

4,2 Other/Quality Assurance Provisions ,

Whenever the program is reproduced for use'&on another system, the
program card decks should be dﬁplicated and verificd, If the program is
transferred to a systg;n with compatible binary coding, the binary magnetic
tape containing the ionospheric coefficients: shqulé be copied and verified,

If the program is to be used on a compixteif thhdx{ferent 'bihaty word or
record strﬁcturé, the binary tape should be copxed to a BCD ta?e and at the
new location transferred back onto a binary‘ tape‘. Care éhould be taken that
during the binary to BCD tape copy process no loéé of 'sig-xifiearce will occur,
which means the format (E17.11) is req..zred for the general iy FZ coefﬁ";ents
and the format (E14. 8) is required for the general M(300{}3F2 coe{ﬁcxents

The binary tape format is described under 3.V3.’ L. 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 6utput results in the tables for

agreement,

i15
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Table 4. Cross Reference List of Conditions Examined in 5 Tost Casoesd

(“i'onditiun Testad . CGase | Case 2 Case 3 v Case 4 Case 5
Read coafficient data yes o , no L yes' no ' yes
Read solar data \yeaii~ ¥ no yes no yes
lglpdate with observations’ ‘hb a2 no‘ ‘ single update multiple update no
Evaluate ionosphere for: I ;
Station latitude A low{-17*%) low(0°) : medium (35°%) medium (35°%) high (75°%)
Station longitude | 218° 3850 277° 277° 90°
lL.ocal time sy evemng \(‘2‘0") : mormng (6"\) : ﬁofi’nﬁ(lé“) noon (1'3") night (1%)
Season " s;um:xiie‘ry{/\\ug) suhihmér (AQp,) a\xfuthn (‘Nov) | autumn (Nbv) winter (Feb)
Solar activity : high (f‘luxﬂ&’.l ) highkk(Fluxé«kSl ) medium({Flux=103 ) | medium(¥Flux=103 }; low(Flux=79 }
: Elevation low(S'} * méd. hiygh(ké()') méd. low(31°) med, low(31°) high(90°)

. Azimuth 80t 90* , 208° 208° 350°
| Height of satellite | med, (1000km) |low(500km) high(200, 000km) | high(200, 000km) | med. (2000km )

i




Table 5,

Input Card Deck to PROGRAM TON,

for 5

Toest Cases

Lot ased
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Tablz 6a, Qutput Results from PROGRAN, 1ION for 5 Test Cases - Case 1
s INPUT e '

FREQUENCYs 14040000 MHZ, LATITUZES »16,67000 DEGs LONGIYUDE OF LTATIONs 218,00000 DEG

ECEVATIANS © 5,000000 DEOs:  AZIMUTHELRO.0CO00C DGy  HEIGHT OF SATELLITEs 1000+0 KMs  ELEVATION HATEs »412870930Ee02 RAD/SES

VEARvEE, MINTee By DAVSLS,  UsTIMES . 6,0000000 HRS, ALTITUDE RATEs L00CO0000E 00 M/SEC
ODAILY FLuXe 181400 $12eMDNTH RUNNIND AVERAGE MF SBLAR FLUX» 14545, BF SUNSPOT NUMBERS {0448

s BUTPYT ee 3
WEIGHT AY MAX MUY ELFLTRAN Dmsnv Wi 30142681 KMs  CRITICAL FREQUENCY FOFRe 54753 N2

TOTAL INTEURATED ELELIWMUN LUNIENI2 vemi LAl Te f wal73.70 17 DAtvemy, ANTiEH AR NTA® 92AR1039E 18 E/(Ma™ COLUMN)
HALF THICKNESS 8F BOTTOMGIDE 3IPARABELA YMe 1000480 «my  BF YORSIDE PARABALA ~ YT 1004480 XM

DECAY CONSTANTS FOR TOPSIOE: FPANENTIAL LAYERS) LOWER Kie +75056E»0% MIDDLE K2y +53506Ev05s UPPER K3w ¢ 3ee78E-0% 1,4
TONOSPHERIC REFRACTION CORRECTION T9 [LEVATION ANGLE® | 41481388 03 SEC OF ARC .

TONOISPHERIC wpFRALTION CARRECTIAN T RANGE s WBI7B50E 03 M

JTONOSPHERIC REFRACTION CORRECTION' TO RANGE RATE s 0e618566E Q0 M/SEC
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Table 6h,

HEIGHY (xM)

OQueput Results from PROGRAM TON for 5 Tust Cases = Case | (continuvdd)

<m»mcm mrmn«moz DEAS 1YY (E/Meed) HEIGHT Ve ELoDENSITY

1000 ¢ wes +95805 10 2000 ewe +3048D 0%
978 e» s . H : XX «10440 {1 1976 eee 033230 09
950 * 0 ses +1138D 11 1950 »ve *36220 09
92% + o von s126410 11 1925 eee +39480 09
300 . ew 013529 11 1900 wwe 43030 09
875 » U eve v16742 14 1875 wwe 46310 09
850 e . L1 «16077 11 108) eve ¢51130 09
325 « : e 417515 1} 1825 *wa  4§573D 09
800 ¢ ® : e 1909 11 1800 oo 60750 09
778 o ° * 3 soe 2521240 § 1775 =»e e66220 09
750 ¢ . : L o . . “ue $24300 1t 1750 wwe e72480 09
738 » @ C - ‘ . “en 127785 11 1725 w»e » 78670 09
700 ¢ LI . . wen 231760 18 1700 eoe 847850 09
67% ¢ . : “yw e30300 1Y 1675 *ee #93670 09
650 » . C : : sen 41530 11 1650 wew 813190 10
625 « » . : : wew shThdl 11} 1628 ene +11110 10
600 « . ‘ ; o rew «54233 11 1600 eve $312130 10
575 ¢ R : ] wew . 461990 {1} 1575 wan ¢13200 10
590 o e . own 072502 1) 1550 oee +414380 10
529 » . ; ' soe 87680 14 1525 evo +15680 10
800 S i , Coomen0108%) 12 1500 »e+ 17090 13
s T T e , o see 212733 120 1477 swe - {8830 10
450 . T ) ane 18363 12 1850 »2e 420300 10
428 « LR ens +18830 12 1425 ene +22130 10
a0 o & ! see G 2235) 12 900 =we 020120 10
375 ¢ e ) ses  42694D 12 1375 new 426290 10
50 « L 3N ] ven +32%3) 12 1350 ewe «286&0 10
325 » e b ) , ese 338747 32 1325 wes 031260 10
400 « B R ] E sae 81020 42 © 1300 wee - 034050 10
275 » S : wee . 933830 12 1275 woe 237120 10
250 » : ewn . 022670 12 1250 ove 04860 1D
22% ¢ i) wew 9 73R7H 1} 1225 wee s44100 10
200 » “es «0000% Q0 1200 ==» 048070 10
178 mew 200000 00 . 1175 =ew . 452400 30
139 “se «00000 QO 1150 »o» +57120 10
129 ¢ ,en «0000D 00 1125 eoa o82260 10
100 « LY 11 +Q0003 00 1100 wes 2167860 10

78 e wow +CO0OY 00 1078 ewo «73920 30
B0 @ ven 200000 00 1080 ewe «8063D 10
25 + : : s ses 200003 DO 1025 see 487890 10
001!!.!Ollil!tttt.&ll‘l.&‘t&‘..icltl'llt!ll!‘étn'ltl110.00!0'.:!!"‘000!6 N . N
1+£10 AeEl10 Y13
rao.mn»rn * mrnn‘aaz omzw*4< .nxxcoua
ea INPUY o mmnszc SATELLTTE vam~«~oz USED soa x»zam o~nwquzn~ro
mrn<><~az., s.mwomwa cmn. >N~zc<x-pmo.cnnooo omm~ WEI5HTe 10000 KMs UeTIME® 500002778 HRS

so BYTPYY ve

ayan n»wn nannmn4~07 wux z»zom o-uannm21~zo o<mn ! nrooo~ SECONDS » *2392718 0) M/SEC
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Table 6c,  Qutput Results irom PROGRAM ION for 5 Test Cases - Case 2

s INPUT as )

PREQUEAEYS 14040000 MHI, LATITUNEs «00000 DEG, LONGIYUDE OF STATIONe 35%5,00000 DES

ELEVATIONG £U00C0O00 DEG,  AZIMUTH® 90,000000 DEG, - MEIGWT OF SATELL!ITE. K00e0 KMy ELEVATION RATEa wo]1760230E01 RAD/SEC
YEAReGK, HMENTue Ry, DAYWIR, UYI%E® 640000000 MRS, ALYITUDE RATEs +40000000E 03 w/Sel

CALLY FLUXS 181405 12eMONT QUNNING AVERAGE Ar GRLAR TLUXs 1055, BF SUNSPBY NUMAERe 10448

s BUTPUY oo

HEIGHT AT MaxtMy¥ ELECTRAN DENGIYTY bue 2784308 wM, CRITICAL FREQUENCY FOF2s 54503 MKWl

THTAL INTEURATED ELECTREN TONTENT, VERTICAL AT 4288701F 17 E/(MeM), . ANGULAR  NTAs  +g384624E 17 E/(Me COLUMN)
HALS THIZKNESS 8F B8TTEM3I)R Q1PARABULA Yia 1440794 KM, OF TOPSIDE PARADBLA YT 14he?34 KM

DECAY CANGTANTS FUR TAPSIOE ExPAYENTIAL LAYERS, LBWER xio  +7B0B%Ee0%) MIDDLE X2 o50534Ee0%, UPPER K3n +32812€+05 1/4
TENOSPHERIL RPFRACTION CARRECTIAN TH ELEVATIAN ANGLE- 2368309 02 SEC OF ARC

TONBEPMERIC FEFRACYION CORAREZTION T8 RANGE 8 GIRNTI69E DI M

1ONOSPHERIC REFRACTIUN cnaﬂt*rlen vo RANGE RAYE . -0290375E “z M/SEC




Table ud,

SETAMT IKM) VER3US ELECTRAN DENSITY (E/Mesd)

1000 “nw BHB3RY 1D 2000 weo
974 o s 092622 19 1975 eee
B0 <o e «100%D 1Y 1950 =»w
925 ¢ » wow «10910 11 1925 wee
L0 + o mew v11852 14 1900 *»s
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77 e . o-e o181 1t 1775 owa
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2L0 o L] LYY e3uTen L@ 1850 vee
229 o L} . ww WBRCED 12 1285 we e
250 ; L wow «1BROD 12 1200 »waw
175 [ wee 90527 11 1175 vee
150 L3 vun 017320 11 1160 =»e
12% wew «Q0002 00 1125 »we
100 » L2123 «00000 00 1100 wva

78 » evs + 00002 00 1075 »eyp
90 « wne 00000 00 1080 we»
F3- Y . i : LTS «0000) 00 1028 wes
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1+£10 SR LIRS BN o S$ett2 : v
LOGSCALE o« ELECTRAN DENSITY {(E/Maed) o
e INBUT #0  SEEAND SATELLITE PASITION USED FBR RANGE DIFFERENCING 7 W - :
CFLEVATIONS K90.326185 DEG, - AZ1MUTHe 504000000 DEGs | WEIGHYe . - BO0wa KMy UeT[4Es 640002778 HRS
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40001 SECONDS » =+166296F OF M/SEC
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Toble e, Qutput Results frun\(H{OCﬂ{QQQ ION for & Test Canes - Case 3

e INPUT o

FREJVENCYe 14240000 ¥HI, LATITUNES  35,19887 DFG, LANGITUDE BF STATIONs 277.42420 DEG
AZIMUTRE2084000000 DFGa
JoYIME®1R,3000000 NRS, :

TDATLY FLLXe 13247, (2eM80Tw BUNNING AVERAGE AF GBLAR FLUXe 11607, 8F SUNSPAT NUMBERS

LLEVATIBNS 31,000C00 DLG,
YEATeTY, MONTWw iy, DAYa a,

PR ATE
1iLAYe

SATAs

ree BUTRUT e

FLIGHT AT MARIMUM ELECTReN DENSIYY e
YITAL INTEHIATED ELECTROY SBHNTLNT, VERTICAL NYe
MALF TRICKNGES AF ARYTAunysr BI0ARARY A Yug
IDECAY £t 5YaNTS FOQ YOPGIOE EXOONENTIAL LAYERS,
IPyNREEMERTE REFRACTINN CORRECTION T8

TONBSPWERTC REFRACTIUN CRRREITIAN YO RANGE

271

B
1,

37990900 LUNIS Da4eDUUNUS BLEVE DUSUULULLS AL Tie

ELEVATINN ANGLEe

(TENOSPHERTL HEFRACTION CAKRECTION ‘TR RANGE RATE

2105k ainEe0d RADSSEC

EWLEVETION RATE
+1000000CE 03 usSEC

ALY IUDE RATES
LYXYY

MEIGWY BF SATELLITEs ! 20000040 XM

RASFRVEN FOFRe  +9BOUCOOCE 01 MW}

A mem

RATH ,
WSCUIZT INT, JTHlRennannnn wes,

2749 1%P KMy  CRITICAL FREQUENZY FOF2s 34896 YW2
CZOCLRIF 18 EZUMeM), ANGULAR  NTA®  o5198378 18 E/(MeM THLUMN)

143¢596 KMy  BF YARSINE PARAARLA  YYe 1634516 KM

LOWER e 85684 e0%) MIDDIE K2e #bR206Ee05s UPPEW K3s o 2929R8E=09 1,4

¢PAIGKTIE Op SEC BF AKRg

s W10HARSE D M

B g194324E ¢ M/SEC



Table 61, Qutput Results from PROGRAM [TON for 5 Test Cases - Case 3 (continued)

HETAWT (kM) VERGUS ELECTRON DENSTIYY (E/Mes]) HETGHY VSy EL.DENSITY
1000 » L] won 023235 1) 2000 »e« s12460 10
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750 » . LI #5300 {1 1750 oo +28920 10
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700 . - wewe BRI 1Y 1700 wwe 30010 10
675 o . oo XL TYFIRE! 1675 ews +32290 10
6D . ' . ows 8981 11 1650 wee v3474D 0
62% L) : e eiCl19) 12 1625 wee +37380 10
630 » . ewe oi1161D 12 1600 wea w023 10
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Table og, Qutput Results from PROGRAM ION for 5 Tost Cases - Case -
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Loble v,  Output Results from DROGRAM 10N for 5 Test Cases - Case 1 (continued)
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Table 61, Dutput Results from PROGRAM ION fir 5 Test Cases - Case
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Table 6j.  Output Results from PROGRAM 1ON for 3 Test Cases - Case 5 {continued)
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5.0 Preparation for Delivery

The completed CPCI (Comiputer Product Configuration Item} for the
Ben Iono:pnerxc Model consists of three parts which are packed and shipped
separately: a magretic tape, card decks, and a documentation manual, The
tape is mailed {irst class or airmail and is 1aa*"ed thh ”Spemal Handlmg-
Electro Magnetic Item." The card decks and manuals can be siupped third

class, For storage of the magnetic tape and the card decks a cacl and dry

o place should be selected to insure that the gcod condltlon of the ztems is

p'eser\a d The fuumung list described the delivered 1tems ln deta:l-

"a) Magnetic tape conta;mng the general ionospheric coeffiéiéfxitsu 1n
either BCD or Binary code depending on the compatibility;éf the

computers between which the transfer occurs.

“b) Card decks:

« 1'} Fortran ca*’d deck to copy the BCD tape w1th mnosphenc :
coefficients to a Binary tape of the proper form, . This dcck ‘
is not needed if the required Binary tape is. supohed m place
of the BCD tape, - , :

'2) Fortran card deck for PROGRAM ION, standard version of
w0 the' Ionosphenc pfogram

,3)‘ ’jVData cards for testrun of PROGRAM IO\’

' 4) Fortran card deck for PROGRAM TABGEN preprocessor
‘ for the alternate verszon of the 1oncspherxc program

R S) ; Data cards for testrun of PROGRAM TABGE\T

L6) ‘VjFortran card deck for PROGRAM IO‘\TI reductzon program
fo; the alternate verszon of the mnosphe ric program. SR

~7) Data cards for testrun of PROGRAM ION1. . :
8)- Addxtzonal data cards of solar mput data 'rom 1962 to 1973

¢) Manual: "Documentation and Description of the Bent Ionospherlc e
Model." For the setup and checkout of the programs, Section 3.3.1
File Description and Section 4. 1 Test Plan should be consulted,
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6.0 Notes

- Section 6. 1 describes the development of the ionospheric model,
the data base on which the analysis was founded and the justifications
for the derivation of each step in the development. In Section 6.2 the
accuracy and tae limitations of the model are outlined; justifications of

approximations used in the model are given along with estimates of the

resulting erro:s,
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6.1 lonospheric Model Development

For several years scientists have investigated many d;f(erent
asproaches to modeling the ionospheric profile on a theoretical basxs The
names and types of these mothods are well known and will not be discussed here,
but it is obvious aitar all the years that a good theoretical ioncspheric profi.-

still dozs not exist.

The object of our past investigations was to come up with an ionostheric
profile that cou!:i 2ive much improved results for refraction corrections in
satellite communicati~ns to gro.nd or to another satellite than had been obtained
with the Chapman and many other theoretical profiles, It would have been
pointless for us to sit down and investigate another theoretical approach when
so many more competent scientists are working on this probiem For this

reason we decided t}*at in thxs present time o{ computers an empzr;ral maodel

“taken from a vast data base may provide us »1th the prof;ie we were lookiug for,

. It was our intention to acquire ionospheric data of any kind that helped
a8 bul}d up a data base covering minimum to maximum of a solar cy<:3e 4nd
providing mformatmn up to 1000km. The lower layers. of the wnospherw were
) neglected in t;errnc of their :rregularxtxes although their electron content was .
- added into the 1arger F Iaver- this was dox‘e to sxmphfy the approach aqd as
the pnme objective was to obtain refraction correctlons through the wnosphe re
or at least to a pomt above 150 km, such an elimination would not be very

det r:memaz.

‘Data from’ boi:tomside ionospheric soundefs; was obtained over the o
year 1962 through 1969 cover‘ng 14 tatxons approxxmateiy along the American
longitudes having guographxc 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 {oF2 peak. Topside soundmgs were acquired for
the years 1962 to 1966 covering the magnetic latxtude 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 data was
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not available near the solar maximum,electron density probe d¢ta was
obtamed from the Ariel 3 satellite over the period May 1967 to Apnl 1968
from 70 ﬁegrees north to 70 degrees south geographic latitude and linked

in real time to {oF2 values obtained from 13 stations on the ground,

6. 1.1 lonospheric Profile

In order to analyze the vast amount of data that was obtained a number
of assumptions had to be made. In the first case the topside sounding data
<ud not geograpnically cover the entire globe and the bottomside data was
orly available for land masses and not over the Ooceans; however, as a locai
time effect is far more significant than a longltude effect, the data was
analyzed as a function of latitude and local time., Geographxc mngltur‘e was,
however, taken into account for the determmatxon of maximum eiectron densxty :
by using the 1T coeffxcxents for foFZ which are a Iunctmn of latitude, 1c:ng.tbde, ,
time and solar acti wty. Second}y a theoretical pro{xle was determmed to Wthh
the data would ’it, ThlS profile which is used in ‘the evaluation discussed late
is shown in Figure 2 and is the result of earlier work by Kayanisev {Refere nce 7)
‘ and unpubhshed work of Bent (1907) while at the Radio and Spa.t:e Research
Statwn m Engl. nd and requzres ‘the knowledge of the parameters kl ,kz ,k:, ,

Yer Yo » IoF2, and h, . The equation of the upper topside is exponential, namely,
N = Nge ** ,
the lower ionosphernis a bi-parabola,

) 2
New (o227,
Y

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

B
v (-8

N

#
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where,

N is the electron density

N, is the maximum value of electron density

Ny 1s the maximum electron density for each exponential
layer

a and b are vertical distances

Y, is the half thickness of the lower layer
Y, is the half thickness of the upper parabolic layer
k is the decay constant for an exponential profile.

The upper parabola extends from the height of the maximum electron
density up to the point where the slope of the parabola matches the slope of
the exponential layer. The data investigated included over 50, 000 topside
soundings, 6, 000 satellite electron density and related foF2 measurements,

and over 400, 000 bottomside soundings.

6. 1.2 Topside Ionosphere

The initial approach was to take the topside soundings and brea..k them
down into zones 5 degrees of latitude by 40 minutes of local time eliminating
‘c‘ia'tarin'the same zones that have‘similar times and profiles, and the’x"efo‘re
are duplicated. This resulted in cver 1,200 different areas in the nox;thern
and southern hemisphere with a reasonably constant density of data in each
aiéa g By thes» means it was possible to'ib\)estigate the decay constant k

~in the exponential topside profile as a function of Iocal time, 1at1tude, so}#r
ﬂux, sunspot number and season, One of the maJor concerns was whether

the decay constant k would be uniform for each sounding over the range

| 1, 000 km to the minimum height, and investigations showed that such an

exponential profile does not exist. The layer was, therefore, divided into

three equal height sections from 1, 000 km to the minimum recorded height

and the exponent k computed for the center point in each section, Figure2

shows such a division where the values under investigation are the decay con-

stants k;, k;, k,. In most cases the topside soundings do not reach the height
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of maximum electron density and therefore the gradient at this lower point was
mathematicany ¢quated to the point where the gradient of the ‘nose’ parabola

was the same. Extensive analysis of the acquired data showed these gradients

At this point the value of fxF2, which defines the lowest point of the topside
sounding, is 0,93 fcF2. (N, in Figure 2 is the equivalent electron density to

the frequency L F2).

For an in‘tial test the decay constants k for each of the three layers, upper,

middle, and lower topside were plotted as a function of magnetic latitude and

dently at first, but the analysis showed that there was excellent correlation
between the two, Figure 3 shows the relationship between the three decay
constants k and magnetic latitude for all local times, solar activity, and Season,
The equatorial inomaly and a 40 degree trough show in the lower topside layer,
The 65 degree trough is nof as evident as it is when the Same analysis is done
for various local times which suggests the Physical variances of these anomay, -5

should be inves:igated in more detail,

activity and rhagnctic latitude, However, the correlation with solar flux was
considerably better than that with sunspot numbe T» even allowing for the delay
in the effect reaching the ionosphere, so ajl further corfelations were with
the Ottowa 10,” c¢m solar flux, Al these correlatiohs were theh plotted in

graphical form to enable fim] in'terpoiaﬁon.w

period. The data had already been reduced thoroughly and the satellite electron
density at abou: 550 km was provided with the sub-satellite foF2 value obtained

from 13 statiors around the worid. If the satellite was not directly over an
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ionosonde at the time of observation, the {oF2 values from two or three
transmitters in the general area had been interpolated in time and positiop to
give the sub-satellite value, These interpolations had been carried out taking
€are to modify the values for uneven ionospheric gradients. Data that was in
doubt was elimninated. While these values did not give the three exponential
decay constants at cach point, it was found that ‘or similar conditions of solar
flux and positiun, the Ariel 3 data fit very closely to the profiles deduced

from Alouette 1, The profile equations developed for the lower solar activity
pericd related to the topside sounders could, therefore, be extended to the
larger solar ﬂu.;c 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 cui.co were less regular, and since the variations were mainly
caused by the relatively low data density in each group after division of the
large data base, the data was smocthed by the fitting of straight lines, In |
order to interpret these graphs and obtain a profile, we neecd the value of f,F2.
and the magnetic latitude position. These values will ind’~ate which graph
relates the 10.7 cm  flux to the decay constants k for the upper, middle, and
lower portions of the topside ionosphere, Figure 4, therefore, 'shows the‘diiasis
of obtaining the 3 independent slopes of the topsice ionosphe’re as a function of

1oF2, latitude, and solar flux,

A further correlation to investigate the seasonal effects on k was carried

out with some 15, 600 totally different Alouette soundings and fiuctuations in the .-

k values of ¥ 15% were noted from the average spring and autumn values, The -

seasonal variation is monitored Sy observing the :ﬁange in the daily m.axx
solar zenith angle from the equinoctial mid-day v?lue, Figufe 5 shows the
seasonal fluctuation in k for each of the three layers in the thpside profiie,
There is considerable evidence that this seasonal relationship has an added

local time factor and this point will shortly be under 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 from many leading scientists also implies that the topside profiles
have about a 4% error in the effective distance from the sounding satellite
indicating the obtained topside profiles are too low near the peak. This
evidence is based on comparisons with two-frequency data, backscatter
results, Faraday rotation 1nd overlap tests, etcV.' Preiiminary results in
this empirical niodel showed that a parabola in this region gave the better
fomparison witl integrated total electron content when compared with two.
frequency and Fa raday rotation data. A simple parabola having a half thick.
ness yvoo was fitted between the bi-parabola and the expcrential layer. Upon
initial test y, was set equal to the half thickness of the bi-parabola v. for foF2
values below j0 5 MH'Z, and y, increases with {,F2 values rising anove

16.5MHz, Furher investigations of this problem are planned in future work,

The final step in predicting the shape of the ionbéphere is arranging for
the gradient in the upper parabolic layer to be the same as the gradient in
the lowest part of the topside exponential layer. This is the €a2se at a distance

iy 1 - -
d = 1k 1 {1:¥2 k”)2.1! above the keight of the maximum electron density,

t. 1.3 Bottomsice lonosphere

Modeling "he Lottomside ionospheric profile was a somewhat easier
task because for each profile the value of {5F2 was'kngwn ard the electron
density versus beight profile from h_, , to h,u was also known, Once more the
geographic effect f lengitude was eliminated and replaced with the more simpl:ey
local time corrclation, From Figure 2 we seé that the equatiox; of the lower

layer is a parabola squared or a bi-parabola, ’This"('éés found in Bene :al to

fit the rca! préf le somewhat better than a Simple pa;abﬁla. jT};e iinkﬁowﬁ in

this equation is the”haltv' thickness of the layer y, and in the reduction of the

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

The irregilarities in the ionosonde data due to the lower iéyers of tine
ionosphere werc smoocthed out tecause the prime objective of the work was to

simplify the molel, but keep the total content as accurate as possible, The
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sounding data was therefore integrated up to the peak electron density (N_) and
forced to fit the bi-parabolic equation along with the value of N, obtained from
the sounding. In each instance the value of ¥s 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 excelient agreement found,
A further 12, 000 soundings from ~11 14 stations were analyzed and the computed
value of y, compared to the actual measured valﬁe. These results are shown
in Figure 6 along with the RMS errors. The two tests indicate that the bi-
parabolic protite 15, on average, in close agreement to the real profile,
Investigations, similar to those car-ied out for the topside decay constants,
correlated y, with solar flux f, F2, local time and season., Surprisingly,
no direct correlation was found between ¥: and solar flux, but a definite

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

which represents the scason,

Figure 7 indicates how y, can be determined frcm local time and ,Fe,
and Figurc 8 shows the seasonal update as a function of local time for the

sunrise, sunset, night 2nd daytime period, In the cases whare f,F2 was

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

: the lines shown.

The remaining unknowns which are needed to compute the profxle are

foF2 and the height of that value; by far the most 1mportant of these bemg
the value of f,F2,

139



©.1.1 Predicting 1, F2

Severe hor:zontal gradients in fOFZ exist within the ionosphcre as can
5e seen by examining Figure 9. In fact even if the value of {,F2 is known
arrectly above a station, it can change considerab.y over the whole *visible®
tonosphere from that site. Figure 9 s 2 predicted status of {,F2 over the
world at &, § am during August 1965 and two types of Severe gradients are
immediately not: zeable, one due to sunrise causes rapid changes in 1,F2in an
“%St o west direction and the other situated around the £quatorial anomaly
“wcurs primarily during the afternoon and early evening and causes severe
gradients in the north to south cirection. Two hypcihetical stations, A and B,
are marked on Fogure 9 along with the ionssphere 'visible! from thase sites,
In case A the valie of 1,F2 changes from 11.5 MHz directly overhead to 5 MH.
on the scuthern horizon, This change must be Squered when converting to
electron content sence a difference of a factor of over 5 in the vertical coatent
arises before o *recting for elevation angle effects, Similar gradients exisg
over half the exrth's surlace at some time of the day and it is therofore

imiperative to medel these gradients in any ionospheric model,

For many 7ears NOAA (formerly CRPL and ITSA) have been engaged
in the development of numerical methods and computer Programs for mapping
and prcdictihg cfaractcristics of the ionosphere used in teiecommunications,
The inést advanced method for producing an f,F2 model undoubtedly comes
rom their work, Jories, Graham & Leftin {Reference 5 } describe their
techniques .on hox a monthly median of the F2 layer critical frequency (f,F2;j
was developed from an extremely la. _e worldwide data base, In fact th: gradient
map shown in Fizure 9 is a result of this work. We have al ready shown that it
is impcrtant to iaciude the horizontal gradients of {oF2 in any analysis and the

work by Jones et al is undoubtedly the only satisfactory 2pproach to this problem,

The docusr ent by Jones ot al describing this work includes a Fortran
program whnich, with monthly coefficients obtainable from NOAA, enables the

monthly median value of {,F2 to be computed 2bove any point in the world at
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any time., This program was primarily written to accept monthly coefficient.
using an average sunspot number, but more recent work by Jones & Qbitts
{Reference 6 ) has described 2 more generf&lized set of coefficients which
provides annual continuity and uses more extensive analysis, These generalized
coefficients can be obtained from the Ionospheric Prediction Services, NCAA,
Boulder, for a sunspot number or a solar flux approach, The value of a monthly
median {;F2 can be computed on a worldwide basis centralized around the specif.c
day in question rather than-the 15th of the month; it can also be based on a
12-month running average of solar flux or sunspot number. Private ¢ommuni-

cation with Mrs. ieftin at NOAA indicates that the solar flux approach is likely

to provide more accurate values of f{,F2 than the use of the sunspot number.

For the ionospheric profile under diccussion, it was decided to use the
generalized [;F2 coefficients from NOAA incorporating salar flux thareby
eliminating any need to purchase monthly data from them. The program was"

made self-contained and erabled a monthly madian fOFZ to be produced above
any surface position for any time of day or season and any twelve month’

running average of solar flux,

The question now arises as to how good these monthly median values
are and how much error is introduced by day to day fluctuations. Many c'iail(yi
soundings were analyzed and the monthly median value computed; these were
compa re& with the monthly median predicted values and the actual day to day
flﬁctuations. Sbme typical results are shown in Figure 10. It is sezn that the
monthly 1nedian pred:cted values are indeed very close to the actual meaaured
value, but the day to day fluctuations can be as large as }175%. A technxque R
therefore had to be derived to bring the computed monthly median value closer ’

to the actual value.

It would ke pointless to use the daily value of solar flux in the generalized

coefficient set which had been built up using a twelve month running average,
but it was thought possible that there may be a relation between the difference
in {,F2 from monthly median to daily value and the differance in the 12-month

running average of solar flux to the daily value.
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Approximately 6, 000 real values of {,F2 from 13 stations widely spread
in latitude, longitude, aud solar cycle were compared with the i);‘edircted- values
using the NOAA solar flux method. A very surprising result emerged and can
be explained by referring to Figure 11, EFEliminating the’ data from stations
close to the inagnetic poles which did not quite follow the trend of the other
stations a comparison between the difference in daily and 12-month flux valuc
and the percentage dxfference of computed and measured fOFZ showed all stations

havmg a very similar bias. Figure 11 shows this comparxson where the stations

having simile r latitude were averaged quotmg their mean magnetic latitude. The '

fact that the ines did not pass through the zero points in the graph uyndoubtediy
indicates an :rroneous bias in the NOAA predictions, but results help one to

update substz ntially the monthly median { F2 value on a daily bdsxs Further

comparisons were carried out w1th two years of huurly foF2 values obtamcd near |

“solar maximim from Hawaii and the results fit perfectly in the latitude position
expected in Figure 11, By"these means it is'p«essible to come‘seme\ﬁ.‘rhat nearer
‘the actual daily value of f,¥2. Further accuracy can be derived by update

from statxons within the gene ral area if this is available and the mvestxgatum

. of thls apprm ch w1ll now be explamed

In order to mvestlgate the size of an area from whxch mnosphc ricvalues
would show s milar f’ev1at10ns from normal many comparxsons of three or
more statxon‘ were mvestxgated for random dates It 1s weil known tnat
mag:net:c dxsturbances can effect the lonosphure abave one statmn in ore

Hdlrectwn and a nearby statxon in an opposrte dxrectmn Fur thlb reason ;, e

o 1nvest1gatxon‘ of dxstdrbances were not carrxed out near to the magnenc pnles

"~ Over 100 groips of stations from various continents and having similar
‘iongi’tddes we’re compared in similar wéys. Figure 12 is a ’tv,;pical result of
such a test ard shows fon disturbances being recorded sim&ltaneousiy at
sites 1, 000km apart. The percentage error in the predicted f,F& value when
corﬁpared to the real value was noted to be similar in 90% of the cases where
stations were within 2, 000km of one another in a longitudinal direction »nd

investigation: over the ‘quiet' North American contment show i improvemznt
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in 9 out of 10 cases when foF2 was updated with information from across the
continent; or 3,000 to 4, 000km, However, in general, the update procedure

is restricted to information from within 2, 00Ckm of the evaluating station.

6.1.5 Predicting the Height of the Maximum Layer

- Inorderto predict the real height of ioFZ the M(3000)F2 predictions from
‘\IOAA were used. To explam the termmology-

M{3000)F2 M FACTOR = MUF(3000)F2 /f FZ

where MUF(3000)F2 is the maxlmum usable frequency to propagate by
-reflection from the F2 layer a dlstance of 3, 000km. The M(3000)F2 predxct;ons
can be calculated on a monthly basxs from a generahzed setissued by NOAA

and provide the monthly medmn value as a functmn of sunspot number. o

Knowledge of this factor along w1th the g os FZ value enables the hexght of

- the layer to be calculated using the equatxons of Appleton & Beynon (Reference l‘ ).
I M is the M(BOOO)FZ factor and one assumes that y, dwzded by the he;ght of

- the bottom edge of the lower layer is greater than 0. 4 then it is possxble to

, denve the following polynon‘nal

h, = 1346 92 - 526 40M + 59. 825M2

where h, is the required“hezght.
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Fig. 3 The mean ﬂuctuohon of the decay constant k:mfh’ mgwesc
Iatitude for the upper (U), muddle (M) and !ower (L)
portions of the topside uonosphere.
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Solar Zenith Angle (Degrees)
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Fig. 8 The seasonal variation of predicted y, os o function of
local time, - o .
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August 1968 showing areas of visibility for two hypothetical ground stations.

Fig. 9 The predicted global status of a monthly medion §F2 at 6.0 a.m.
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Fig. 12 Deviations in f F2 evident over o distance of 1,000 km
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v. Z Model Accuracy and’ I mitations

~ As a means of testing the accuracy of the model, an intense comparisan
with Faraday rotation data has been perfcrmed as well as tests with two
firequency data, actual ionospheric profiles, and use in orbit determination = S

programs,

Remarkable improvements have been noticed in precise orbit determinat.on
systems and the model has reduced the numbe. of iterations néeded for the ’
program to chnv'e”rg’e as well asthe size of the residuals by upto a factor of four,
Excellent results have been noted with orbit programs using élevation azyxgl/e,y

range, and range rate systems, . -

The most extensive tests were carried cut by compa‘ring Fatadéy rotatlon o .f»—,/“”
data for seven st-tinons from Hawaii to Puerto R1co to Alaska lookmg at the :
ATS1, ATS3, and SYNCOM3 satellites. In all, over 100 station months of A ‘
continuous data were used during the years 1965 and 1967 1969 with data taken
every hour. The integrated model data was compared w1th these actual results ‘ ‘\‘\
update situations were also investigated. The results are shown in Fxgure 13

where the percentage of the ionosphere removed wzth the model is shown,

In generai, between 75 and 90% of the ionospheric effects are femoved”and B - -

these circumstances are for solar maximum conditions, o : ~—

6.2.1 Basic Misconceptions in Ionospheric Model'mg

Durmg the course of developmg this mnosphenc model thorough mvestz- e
gatmns were carried out on a number of other mnospherxc models as a means
to finding their basic xnaccurac;es. The hmltatxons and maccuracxea were then ' T

considered in the final development of the Bent Ionosphenc Model

Among the basic simplifications in the mo@els leading to inaccuracies,

were formulae related to a flat earth and ionoéphere as well as little consideration

for the height of the ionosphere. Each of these approaches causes f,F2 to be

evaluated at an incorrect position, ‘consequently produces an error in foF2
which propagates into electron content and the refraction corrections, and in e
addition large errors in elevation angle correction can result from the in- e

‘correct geometric conditions, -
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. chang;s are mcorpordted A typ1cal mnosphenc range rate correctmn can

The bad effect of a flat ionosphere on low elevation angle satellites is

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

Elevation angle correctiohs cannot be obtained for satellites at infinity, and
errors of a factor of 2 in elevation angle still occur with éatéllites at 5000 km
altitude. The heigni h,F2 quite commonly changes by 0§er 175 km db.ring the
course of a day at low latitudes, Ignoring the smportance of the h,fZ thiputa—

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

and at low elevations also to a difference of 3 degrees in ea.rth central angle
between the cbserver and the ionospheric point, which in tum can produce a

change in (foF2) of 20%.

6,2.2 Errors in Range Rate Computations

A problem can occur in cornputmg range rate cor rections through the '

ionosphere to a sa_texhte Many Doppler sa’celhte trackmg systems mtegrate

cycle counts over a few seconds of time. The 10nospher1c corrections for such

" a techmque are best obtained by range differencing the ionospheric corrections

and dividing by the mtegratwn pe nod hence tlme, : elevation and ammuth

be significantly changed by the sxxtn d;gxt in the wnosphenc range correctxon-
precautions have therefore to be taken to ensure that no 1rregularxtxes occur | ;
-in computing the two ad;acent range correctxons Furthermore, the mnosp‘neﬁc
hexght at the ray intersection pomt must be Can.puted to lkm csnvergence in

order to obtain a prcuse mnosphenc latxtude and long'tude for foFZ b

computations. An error of over 1km in hy FZ w111 cause the f,F2 value to be
very. shghtly different and from this a change in the Sth or 6th (hg:t in range
can casily arise leading to very large errors in range rate, It is nct claimed

that h, ¥2 has to be accurate to 1 km as this is an impossibie pfediction, but

the values of h, F2 should be consistent in their calculation to 1 km convergence,

The theoretical approach to range rate correction either by differentiating
range or using the deviation angle of arrival at the satellite is in no way accurate,
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~ the ‘satellite position, but also by the changing ionosphere below the moving

N txme. For a satellite movmg north- south across the east— west wnosphenc o

S gradxents near the equator, the tzme vanatlon in the u'mo phere is’ very small

The differentiating technique yields a correction to an instantaneous measurement
which can vary greatly from the correction to Doppler range rate measured over
a finite time interval, from a fractmn of a second up to over a minute's t1me.

In addition, the range rate correction is not only influenced by the change in

satellite, which has mostly been neglected in either approach. To explain

this fact, consider the raoge correction AR as given by

KN, 4003
R = he = -
A SmE where K f"’—

N, is the mtegrated vertlcal com:ant and E is the local elevatlon amgle m the :

ionosphere. D fierentxatmg AR wmle consxdermg the case where the satellite

- passes dlrectly overhead where no azunuth change 1s observed-

k- SR B e (22‘ )E—-%(?B") |

‘ : t:constant [ T E =constant
In this equatxon the first term is in many cases the only one used but 1t

apphes only to the mstantaneous change m t‘ne satelhte posxtwn. ' he other ’
two te rms ate however, often domxnant.' The second term is doe to the
positional chanse in the 1onosphere and the last te rm represents the txme

vanatmn of the 1onosphere. _For mstance, Wlth a high satelhte mov'ng

east-west acrcss the north-soutn xonosphenc gradxents at sunnse, the‘ b

tlme va natxon 15 dommant as these gradlents move towards the west thh

because the gr 1d1ents change httle m posxtlon whxle the 1onosphere"/. rotates P

with time. The second term which 1nd1cate~s posxtxonal change\m the zonosphere
is dominant for lower satelhtes where the ray patn to the observer moves'
faster througn the 1onosphere. In cases where the satelhte does not pass

overhead the 1:imuth change must also be cunsxdered

The Bent lonospheric Model was develog:ed for generai usc even at
frequencies cluse to critical frequency and therefore all these basic mis-
conceptiops were eliminated as much as possible, The limitations still

present in the system are now discussed in more detail.
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6.2.3 Electron Densxty above 1000 km

The topsxde sounding data used to derive the data base for this model
was taken from satellites at altitudes of about 1000 km and analysis showed
that the ionosphere above h,F2 is not truly exponential; in fact at times, large
deviations from a perfect exponential layer exist.’ In the use of this model
it is recommended that the decay c‘ons‘tant from the uppermost exponential
layer is the value that should be taken for all éﬁalysis"iiét%éen 1000 and
2000 km, At txmes, however, this value wlll be too large thereby ngmg a

lower electron dens1ty than actually exxsts. -
Some scientists have reported that 10 t,owZO%'oftﬁé’:idﬂbsphe're lies
above 1000 ¥, “at there is not conclus‘wé evi'denc'e’ to su;ipért this, Further

studzes are now underway using satellite topsxde sounchng data at 3000 to

- 4000 km altltudes and the model will be 1mproved accordzngly.

6.2.4 The Uncertamty in the Profile just-above h‘FZ

An uncéi‘tainty existed in defining a profﬂe for the area just above h, F2,

Topsxde soundmg ‘data provided a proflle to a short dxstance a’bove h.F 2

’ id 'tiata prov1ded accurate values to the hexght of h F2. In

' order to mvestxgate this unknown regmn both parabohc?w d bx parabohc

- profiles were incorporated into that part of the mcdel and extenswe tests '
carned out thh total electron content data prowded frcm Fataday rotatmn

expe riments. The model was used to predxct total content VtoVAZOOO krn where‘ .

Faraday rotation probably ceases. The mean value oi the res:&uals between

Faraday computed electron content and model xntegrated electron content
indicated the accuracy of the profile just above the peak Thxs regmn was
found %o have diurnal and seasonal dependency,but these charactenstxcs have
not yet been well enough defined to incorporate mto the model It was found,
however, that a parabelic layer with half thickness a functzon of £, FZ gave
significantly improved results, but further work will be needed 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 Layers

~ The model was developed primarily for use near to or above the height
of the F2 layer of the ionosphere. For this reason, it was not necessary to
model the E and F1 layers into the profile, but their density values were
included in the total electron content below h,F2. This total content was
then used in the deviation of the lower layer bi-pérabolé. Care must be
tarken, ‘there fofe, in usmg ‘the model if a pféfile of these lower layers k
is required, but if the requirements only involve tota) electron content or
refraction corrections for values close to or above f,F2, the model is

quite accurzte,

6,2.6 tMaximufn Limit on Solar Flux m the Derivatiohof the'Toosi;Ire Prnfiie
It c«* ‘be seen from Figure 4 that the topsxde exponentxal decay constants
. are a functmn of the ,lO. 7 ecm solar flux, The graphs shown m thlS figure
indicate valiies onlv when the flux is below 130, This is pnrnanly due to a
lack of large amounts of data in the ongmal data base for conditions of
higher solar activity It is not recommended to extrapolate the exponentia'i
decay constants beyonc this value of ﬂux as 1t is p0551ble they may become
| negative g:vmg an erroncous increase of electron densxty with he;ght It '

is suggestec that the value of flux be kept at 130 even when meamxred values

are larger. ,

' 6 2. 7 lextatzons in the Computatlon ofh FZ St

The calcuiatmn of the belght of the FZ layer is achleved by kncm, ledge
of M(3000)F2 and the use of the Appleton-Beynon equatmns (Reference i) k
Basxcally a parabolic model is fit to the nose of the F2 layer and knowmg
the half thickness y,, the lower hmxt ho of the bottom layer and the value
of M(3000)F 2, 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 nf the M factor MUF(3000)F2/foF2 with distance

fer a range of values to the height ¢f maximum electron density h (=h; +y, )
and for dlfferent values of the ratio y, /h,. Sucha famﬂy 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

Ya /o >0.4. Examination of the curves shown in Figure 14 indicates that

in general for accurate values of M(3000)F2 h wxil be af'curate to + 10 km,
If this M factor is i» error by @ 5%, we can have errors in h, as large as

+ 20km. These errors will increase in the tncommon sx.uatlons where

¥a /by is smaller than 0. 4.

6. 2 8 lextatmns in the Application of the Da.xly Solar Flux Update :

Fxgure 11 =hows the results of analyzmg thousands of actuai vaiues of
cntlcal frequency agamst the predxcted values. takmg mto consxderatmn the ,

' daziy and monthly solar flux. These values are typical for the i- wﬂowmg

- thu'teen observ1ng statmns from whlch the data was reduced: Godhavn,

- 'k,‘fChurchlll Boulder, thte Sands Hawau, EI Cenllo, Kenora, Paramarxbo,
V(‘ocos Island Buenos Au—es, Hobart Port Stanley, and Argentme Islanci :

The only statmns hsted that are not on the North and South American c;xam ,

- are Hawan, ‘Cocos Island, and Hobart but the results from these statmns

" closely resemble the pattern set up by the LAmerlcan statmns

: In usmg thlb update pro«~edure outs:de ‘the Arne ncan cham one must

”therefore, bear in mind that the pattern dxs yed m Flgure 11 is not S

necessarﬁy a worldwuie paf,tern. However, the results fram Hawau, 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

Tﬁe cz;mputation 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 was fcr vHF and S band frequem ies
Should the actual path 1ength of the ray be much dxfferent from the undeviated
. ray, as will be the case at lower frequencies, Maliphant (Reference §) gives

the following equatior. for true path length d and apparent path length d',

d=d'"+a R, cos E

where a is the angular separation of the true ray path above and below the
ionosphere, R, is the radius of the earth and E 13 the obse rved elevation angle
at the earth's surface. Mahphant (Reference 8) also nges a formula for

computing d in wavelengths.

6.2, 10 Limitations in the Computatxon of Angular Refractxon

In the computanon of mnosphenc elevatxon angle correctmn, we have
used the techmque of Maliphant (Reference 8). Anyone wishing to use this
technique at frequénciea close to critical frequenéy sil’oduldu réad ’the above
reference, in particular where the deviation factdi' (..0_;:_2_ see Q) is larger
than 0.9. 3, is the angle of mcxdence of the apparent dlrectxon of propagatzon

measured from the vertical at the height of max;murn electron densny.

In the Maliphant formuia the exact equation for ray deviation has been
simplified by separating the functions that are sensitive to distéiﬁutiou changes,
and then approximating these functions for a typical electron distributior.

The resulting functions vary by only small amounts with changes in electron
distribution of the earth’s ionosphere so that the equation may be used for
most of the values of the deviation factor, However, when the deviation

factor is larger than C. 9, the deviation angle thus obtained should be used with
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caution as the error may be quite large,

Ray trace comparison at VHF with the model described in this report
have shown possible srrors in elevation angle correction of only a few percent,

and these occur only close to the horizon,

6,2.11 Additional Limitations to the Alternate Version of the Ionospheric

Program due to Interpolation sf the Preprocessed foF2-h, Tables

Section 3 2,1.1 CPC No. 12 describes how the tables with values of
{6F2 and h, ar¢ computed and stored for specific timeé at one hour intervals
around sunrise and two hour intervals otherwise, and for the locations around
the station defiied by the 25 point grid pattern shown in Figure 1 of that section,
f,F2 and h, for any specific condition are later extraétéd“frs‘)m the tables by
interpolating in time and space. Interpolation over stﬁble' ioho’sphe'ric zones
such as¢No;’th Az;nerica provides quite accurate iesuyl‘is,uiﬁut:problems can

arise at sunris: and at places with lower magnctic latitudes,

A number of simulations were performed for situations where the
ionospheric gr: dients were changing rapxdly in tlme arou'xd sunnse amd in .
position around the equatorial annmaly. “The followmg erférs were detected
when comparing the results from the time and space mterpolatmn with the

actual model vilues, In general h, was interpolated to only two percent error

or better than O km. The mterpoiatmn in fOFZ ~how ever, provided larger
errors At sur. rlse, the gnd was t'ovnputed at one hcur /‘mtervals and the largest
possible time iiterpolation over half an hour provxded on the average an RMS
error in ({oF2) of 8% with 2 maximum excursion to 16 for aii values of onZ :
larger than 6 N Hz. But for critical frequencxes smalle: tha'x 6 MHz the
percentage values can be quite a bit la-ger., Around the‘ equatonal anoma!y
where the ionot phere changes faster with position than i’ith time, the grid was
computed evers two hours, atlowing {or the largest time interpolation over

cne hour; agair an RMS crror of 8% in (i,F2F was noted and the maximum

excursinn was 19%,
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10.0 Appendix I

PROGRAM
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
- SUBROUTINE

Requirements

PROGRAM

PROGRAM
SUBROUTINE

ION,
REFRAC,
T.CTNH,
PROFLI,
PROFL2,
BETA,
SICOJT,

DKSICO,
MAGFIN,

CK,
DKGK,

o
7
CPC No, 8
9

The mstructxon hstmgs in this section specxfy the exact configuration
of the Bent Ionospheric Program ION and the alternate version TABGEN-ION1,

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

Requirements for version ION:

CPC No, 1
CPC NQ. 2
CPC No, 3
CPC No. 4
CPC No, 5
CPC No,
CPC No.

CPC No.
CPC No.
CPC No.

for version TABGEN-IONI:

TABGEN,

ION1,
REFRCI1,

12 (Qﬁijroutmeé of the abové/ iist -
required are SICOJT, DKSICO
MAGFIN, GK,DKGK) -

13 e

14 (subrm:tixiea""qfﬁt'he above list
required a;‘é'PROFLZ,k BETA)

CPC No.

CPC No,
CPC No.
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ION, CPC, No. 1

PRAGRAY B8 {INT, TP, T;TAQE:‘I\9J7:7A9f6=SUTPUTJTA9EI)
COMPUTES [AADSIHLRIC PREF 1L F PARAMETERS AND REFRACTION COBRRECTIBNS

CONTENT ~F CovMvAM 31 8CKS ExPLAINED IN SURRSUTINE <REFIAL
COMMEN sivalL~s =S;FfATJrL“\oFgEV1A214<JE3“T;HDBTJT!”E:FL‘?:QIaISIFJ

SIYR,MBN, 1DAY, [2RT, IDEL, IR, IUPDT, ITR

mj

P

)

r:ng

["}]

COMMBA /UPT/ LAY, UL, 0 vat ZIY, 0T .88, 1TYP,NUPDY

CoMMEN /UB IR/ "RANS ,QxATL. F‘EV FG‘?.H”,YW,YT,XK;TcTN,TﬁTVi
01”5\515” (((3):IS1L‘53

DIMENSIZ “EAS(Ss31aJLaT(8),ULPM(BISULEV(R),UZIM(RB),8BS(RIsUT(R),
*s]TYP(Bl,r_x({31) : L o :
DATA GT,7 1300273600, 0R 1% 012/0e  4100Ce 53600 50174532925
#e2617933L73 ShecRIIBEIC72 / '
DATA LYNMBLIDRN,I9DT/C,001, - )
DATA ML A /G4 B ) 4=RSERJ4HVFD pLHFF 20 4-4MHT 2 4HBBS . s 4 HVERTr4H o CBN,
a;u*i\?;u»E/*:..acqs.;buAhPt,anocexacthVT,ahE/v?l

Tr=l

SEYT UPLUATE FTLAZ AN UTPUT §£LFCT!%&°
READ(E,1) -185¢L -

READ(S21) TUPDT,IDRCAV

FRIMATIS S

D8 16 1s1,3

sr:IQEL(XJ,— a7) 1°PTap

canNYInug -
,IF(ISELtsx.E:-C) 19PT23
IFLISEL(BeETen) [9F Ty

IF(I“PY-LT j-A\D IDRDAV'Ecnlk 189723
’Xﬂ s!ari( -
Ir:!LF ToE 2 “) sRITELE,2)

FOIMAT{ink was NC PDATE axa)
CAOMTINLE

READ AND PLINT EVALUATIEN CRn3ITIaAw
READ(Ss3IFS,,TLATIT BN - s :

FERMATIF1ICs4,2510e5) :

IF(FSesT007 ) 3818 100

RELD(Drw)FLEvasl amS b~ ToRNRT

FORMATIZFIC62710e 2 2E 15+ 8)

REAC(D,31 YR, MANS IDAY,,TIVE

FORMAT(31E,716.7)

ARTTE (A, ITSFL AT, CLON L L Ev, 2 sHS,EnP T YR, VBN, IDAY, TIVE,APRT.
FOEMAT(1~1,511nse IVPUT wayy '
. 11 VRESOPSCY e, P 1044, 150 w2, LATITUDE=,S15.5%,
#27+ CEGs LENGITUDFE EBF STATI®N=eF 106554 DE5/114 ELTVATIRNSF1Gebs
#1850 CES, AZIMITresFiCe6sZ274 TFGs WFIGHT 6F SATELLITEssF1le1s
#Z4% xMy ELEVATIEN RATFa,F1Re&sRH FAD/SFT /64 YEARS,12,8Hs YA\THe,
812,67, DaYz,;12,1CH, UsTIvFa,F1Ne7,3M 43%,,35X,15 ALTITUDF 3ATEs,
®E1S e, b VST
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ION,CPC No. 1

COVVERT ATTS h S -
FLATSFLAT*OR

FLaNsFLEN* R

ELEVSELEVe R

AZsAZ 8K

HSeHS®#Q1 00T

TIvEsTIvF sk

'YQ”GIIYE!iC +“/A

QEA” AND &7 :LY Cﬁ AR MATA
ICLIYRME,E e YRuE) GY TR 30
READ(S :7)zle,(FLX(I):311:16);IYHE.(fLX(!),I'17,31) 1vv3.SIS.SIF
FGQF‘T(!wt#x:1*950111#;lcfkaiflko?thl’

IF(IYM1eEG, 1YW:-AND-IY“?-EJoIY“ScANDoIYﬂBcFQo!YQNG) Gs TB 2c
ARITE(E, %) YT, vON

FAIMAT(/ /39 »«sfRIBR N S| AR INPUT DATA Fak YEAR=2,12,11H AuD MBN
s Timz,12)

GA To i1{y

LYRMBes]YRMo

FLXDsFLX(IDAY)

ARITE(RL1SIFLRTSSIFLSIG ‘
FOURMAT (120 DALLY- FLUXR,Fhe1,41, 12=MBNTH SUMNING AV&QAGE 9: SELAR
* fLuxa:fe-1aEC~; B SUASFRT NUMBERS 5 641)

READ AND PRINT UFDATE DATA

—IF(IUFDTLELC) GE T8 55

('

11

ic

&{

&1

Y
¢ CONTINGE

REAC(S,1)MuPDY

IF(NUPDTWEST) 35 TP 50

‘MUPCTMUFC TR =

IF(MUPDTGTHC) SUPNTe8

wRITE(6,9)

FERMAT( /13 JUPYATE LATas)

DB 4C ls1,uwPlT
QE‘P(5’11"LAY{I«:JLﬁVfl’l»LEV‘I):JZ!"(l):JT(I}JﬁBQ(I)aITYpE
FOOMAT(Z2F 17 e PC i10ebsF 1Ce7,F 158,15
ﬁQIT‘(5)2?)IJULAT(I)1LLﬁﬁ(7)AULFV(!)nulg*(Y)JUT(I)p(WE‘S(L!!TVPE3)
#8146} 29ES(1)avEAS(S2ITYPE) .

FORMAT(Ixs 11/5~)LATSsF 10,5, 7+ L5N53:F10o517F: ELFV81F190637ﬂ0 AZY
aveFi0ek,9%: DL, UTIIFiC T2 A 4RSS, p#Aﬁale,Elq-8:1XpA&)

CBNVERT MITS &F {DEATP PATA
ULAT(I)ayLaT(])#DR

ULAN (1) UL BN ] ) aDR
CLEV(I)asULEYV(])YeDR
UZIM(1)=2,21v(])YeCP
UT(Y)=UT (] )euR

ITvP({I)=s1TyPF

IF(¥UPLT.LF«{) Gt TE 43

D8 41 J=zi,vu”0T

READ{S,11) SKI-

aRITE(BH,,u2)

FBRMAT(31h YA INIAG UPCATF JATS MPT USED)
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ION, CPC No, 1

q CBMPUTE AN~ PRINT [EBNBSPHERTIC NMATA
SC CALL REFRAT
IF(IYRsLT-0) G TP 1O
XWMEHM/ (11000
ARITE(6s21) Xhv,FCF2
21 FORMAT(//.3n we CUTPUT =e//35H HEIGWT AT MAXIMUM ELECTROM DENSITYs
#10X,3HrMe, FR435,30H KM,  CRITICAL FREJUENCY FOFP2,F7e3,4m MHZY
IF(ISEL(1 «NEs7) (9 TP 17
XYSaYM/410730 . T T
XYTeYT/51060C
WRITE(E,20 17T, TRTMA XYM, X YT, XK
22 FBRMAT{wgM TRTAL INTEGRATEZL ELFCTREN CONTENT, vERTICAL NT::ElB-b:
225K E/(Maty, ANGULAR  AT22,E13e6215H F/(veM CBLUMNY/
sagH WALF THIZKAESS OF 3RTTLVIINE RIPARARALA YMz ,FRe3»
8305 <My [iF TEDSQIDE PARARBL A  YT=2,FRe3,34 KM/
#5g~ DECAY TONSTANTS FBx TRPSISF EXPAMENTIAL LAYERS, LBREF vqa,
8812455120, %IDDLE Ke®sE 1o ,114, (PPFR K38,F12e5541 1/v)
17 IF{ISEL(3 onFed) G° TB 15 .
TELEVSDELI veQR3ACL /DR
WRITE(G, 21 TELEY
23 FRAIMAT(S4} IAMeSPHERIC REERACTIBN CﬁQRf’TIG‘ T ELFVATISEN ANGLFSs,
#T3305,110 SEZ S5 AR :
18 IF(ISEL(s ES e ) VOITEcenzax CRang
2b FERMAT(431- I8NSFRERILC crrunc'xaw CRORFITION T8 RAMGE,1CX2iks,
¢;t706,£1~ )
IFCISEL(S «Enel) WRITE(£,PRy DELTE
Z5 FARMAT(S4r JSNASPHERIC REFRACTIAN CAPRETTIAN TH RANGE snrg %,
#E13e&s0m 11/SE() .
IFLISEL(2  +ESen) CALL QL‘TK~€70F2:“WrYH;YT;XK)
!?‘ICKUAV:‘E_.I) Ls Yo 1¢C

o

L CRePUTE uA\Qr SATE CSFLe Fe% SKRSEFRVATIAN AGFR FINTIT IvE
YsTIME
, READ(E,13s ELEVIAZsRSeTIMFE
~13 FARMAT(2F .CebsT10e0sF 107
L nRITEUS, 19 ELEY,AZ, RS, TINE B o
4 FORMAT(//07r we IMPUT we SECONT SATFLLITE 2E6SITION USFLD FPR RANGE

» CIFFERENITING/Z13X,11H FLEVATIO 2,F10.6215H DEG, AZINUTHE,F15.€,
#la+ DEG, HEIGHTE,811e1,13: «¥, L-T!FE‘aFIO 75 6rt RS}
ELFV=RLE Y oo
A2=2A72CR
HSsHS L1, TG
TIVE=11rE eic
H?‘T!tlt.ﬂ !
IF(STelT.in) SYab12+407
DTaNTej36.n/HR
DRANGS DR 3
ICRD=1
CALL kiFkiC
ICRDs=C

vm*w”“““ﬁS“AV='§,IA\J'“QA\-S)/DT T

SITE (2~ Ta DAY
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ION, CPC No, 1

26 FERMAT(15r s aUTPUT #e/13x,51H RENGE RATE CERRECTIBN FER FANGE DI
#FEEPENCING SVEF 4F1Ce4,10H QECRMDS =,E14e6,58H M/SEC)
GB T8 15
ce CGN‘TI?\W;E
STAP
END
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CFLXD

- SIF-

FUFZ 2
#om MElGe T AT SAKIVE™ 1 FITDMN NORSITY - (v)

18LBGR K10 RLFRALTIH,Y a3kt

REFRAC, CPC No. 2

SUBRRBUTILE RFFraAl

INPUTE

CoMvuen ZEVALY, CBanibs JUPPTY/

EUTPUT: LuMisy /OBRRY/

CRWMEN /FVELY/ ©Saft AT, FLONM G ELEV s A oG, PSP T BT, TIFEFLXD 551525 1F,

sivyQ,
FS =
FLAT
FLAN
gLEV
AZ
HS
£C8Y
HMUBY
Tive

sis

1Y%
MEN
iCAY
16PT

BONOR N NN RE N R RN

fUEL =
ILRD.

!UPSTs
119 . 3

o L
ULAT
LN
ULEY
JZm
g
]ES
1Ty?
NUPDT =

LI IR I D

MBM, DAY, 18PT, 10EL, 10RN, 1UPNT, ITE

TRAWEMISHION FRpLcanly 14 "

ST-TIEN CATITURE 10, FADTANLS GF arwl—

STATION L8w3ITUBE Ia RaNI1AMS 0F ARC (POSITIVE EAST,D T“ 360 D)
ELEVATION =F SATELLITE 1 RADYANSG 85 acr

AZ1GTe. F SaTrLLITe ,a RATTANLS BF AS(

HEIGRT oF caTelLiTe 1w 7FPHS
ELEVATIHY S&aTH TN QAT 1205 BF
RATE OF CraxGF IN 4 IG6e7 87 S,
U’Ivsﬁfat TIME I Al AT #F A
DAlLy gHLAD FLUX

12 MB™ T KUK ING AyEFANE F S MSPAT \uvggﬁ
12 MBhTe QUMATAG AVERALE UF SHLAR Fux :
YLAR {LaST 2 PIGITY ﬁ%xvr

MEAT (2] TdRRGE 172)

DAY (31 Tws9unH 31y

guTeL T yrereTran FLA, =1 rnnru?r EoED,uM,

32 ALc® :?¢°G?S'P?*?i_; FARAMETERS, FLFCTRAN CHNTENT

33 ALEF CPMRUTE RALAE CHRRECTIAN

TH ALUE THMDUTE HASGE R aATE CHRRECTIaw

SELECTIAN FLAG TR riTvATIAY CHRRFCTIAN, 30 FO”PUTE, =1 &%T
FLAG Feq CaqrpcTIfs Ty 2aNiE Q!FPERF‘"Y&GpSK ;pg pﬁq 36
CORKENTION TU 2. PRINT, 20 BTRENREISF : By
UPCATL FLA%, 30 %% LFDaTes, =1 UPPATE

UNIT SSSIN LT BF  [SNRSEAIRIC CREFSICIFATY ngy

Sh / i+ ’\T/ *LAY'ULQ iy iaf}dlx"!; ? ﬂf“;,]?v?; 53907

CAREAY 4ITh LATITUDES BF UPPATE STATIENS (RADIARS)

ARKAY #x1Th {683 ITUS&S tr JPNATE STATIAMS (QlﬁleS!
ARWAY 17t FLEVATIONS Th SATOILITE (RATNTANS)
ARRAY 17w ALT1%UTHS T8 QATHLL TTE (RADIANS) .

ARRMAY L TT= ANIVERSAL TiveS AF SRECRYATIANG: (ﬁi&!Aﬂﬁl

ARNAY »1Tw 2”*“59“'41' ASSERVATIONS (u7 AR E/Mvee2y .

ARNAY ATk ISERVATISS TYPES,sl FRF?;:Z VEQT:E,C.):? A\GLOEOCQ
NUMREE 85 PDATE (onmrTravne .

CRMMEY, SO/ ANG  TRATE L LV ,FOFP, 1M, v vv,xx T??ﬂ,Tﬁ¥¥A

I LY Aode
DRATLs
DELEVs

AN ravkrrTrar ls vrT1oNg

wANGE WATI crOsglTrgh 1 METFOS/REC8s D

FLEVA "It%f 2MOLE COwuf 210w N RarlANG afF ARC

HANZT., WRANGE TATES AT FLEVATION ANGLE CHRRECTIANSG ARE Y8 RE
SUBTLALTED Fufv TR 18 LESPECT 1vF R“QSQyATXQVS

CTRITICAL FRfLipslY (Mag:d
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REFRAC, CPC No, 2 <
C YM s HALF THICKNESS OF THE RETTOMSIDE BIPARABBLA (M) e
C YT = hALF THICKNESS 6F THE YTOPSIDE PARABBLA (M) N
C XX s ARRAY CONTAINING DECAY CONSTANTS FBR THE LOWER, MIDDLE AND N
c UPFPER SECTION OF THF T9PSIDE EXPBNENTIAL LAYER (1/M) —
C TBTN = VERTICAL ELECTRSN CONTENT (E/Mea2) T
C TBTNAs ANGULAR ELECTREN CONTENT (E/Mwe2) o
c : IR ER
DIMENSICN ULAT(8),ULBN(B)-ULEV(R),UZIMIR),ITYP(8),6BS(8) ' V Ea
DIMENSISN UT(RISFACF2(8) s (82 3)saTIR)SXK(3)4D3(3I) » :
DIMENSIaN ucag:z3,13;7é),ut13;76;:un:9;s9):9ﬂ1zssssz
CatTAa MENDY,v9%D,LYRMB,0,1C0004,0/ -
DATA R,STRS,»TOL/6371¢2E3,36¢E6:1+E=/ : SR : "
DATA *]e] 101’ 1"0’9130‘391) VH:RN:?;PI;PI?/O. ’1“11"100. '13(). ’ : _\'::;e\
®al 21024FE105049972 ;5301415926536 2602831853072 / e
c -
c INITIALIZE CERSTANTS N
DELEVSZC o
QQ&NG'GC [
DRATEsJC i
TE8TIN sUD
TOTNA=UO ‘
IFLAG=D. . S = « ; .
ISKIFe) . ‘ , T
IYRMB* [ YRa100+MEM - : , » B : -
1~eov-qav.1co+x§Av -
¢ .
T € READ CEREFFICIENT TA?? AND F8Ry CE£F? CierT arRrays
10 IF(IMUDYeLE «MOINDYeAND o IMBLYeGReMEND S &8 TR 29 ; *
20 READ(ITP) L*&::Lehev;~5ﬁsrau1ouﬂz B
-;Lw&;rtee&.xisx 33.2? TR e ‘ B B : o
22 ISKIFs] i AR S R e , i , B o e
eho-Lexo 8 : B R ST
_ mANDY=|_6NNY R e '
G T8 12
23 REWIND 11
IFLAGSIFLAGST SR .
IF(IFLAGeLEs1) 5B T8 20 N o e
 WRITE(6,25) [YRsM8N, InDAY ‘ : B e :
25 FARMAT (54 .¢.cee::1crr~ts ~er reuwu 9\ TAPiu : MONTH,DAYS,
*313) : 2 T i
IVR:-I . 5 .
G? T8 140 - -
9 IF(IS‘IP:EQOOoANCoIYR%BoFQoLVHﬂe) Ge T8 80 -~
LYRMB® [ YR¥S - ,
N% 62 Jel,s®
DS 62 11,9
U"(IoJJcU"(I:Ji*(U”IlI:J)-U“(IoJ))'“lSlQlGQ ~

62 CANTINUE
BB 7C Jsl,76
O 70 81,13
7¢ 5(I:J)sacaﬁfil;laji0laceif(2:1:J)+HC§E’£33’tJ)*SIF!GSIF
83 CANTINLE -
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YY OV Y

REFRAC,. CPC No. 2

PREPARE SBLAR DATA
FLUYSFLXD
IFIFLUXSLT+3PL) . FLUXsSIF
DFLUXsFLUXeSIF
IF(FLUXeGTe3130) FLUXxaG130

CBMFUTL FINST PART 8F PREFILE

CALL PREFLIC(FLATIFLONSELEV,AZ) TIME,DFLUX,U,UMs
. PLATSBLEN,FCF2,HM,HLAT)
IF1IURPDTEZC) G8 TP 115 -
IF(HUPCTWES0) 56 T8 115

UPDATE CAMPUTED FOF2 wITH ANY BF FOLLBWING I8N« BBSERVATIAAS,
(TYP(1Vsl FOFZs 32 VEFTGFLECTREN CONTENT, =3 ANGL.CONTEMY
P TA B MEACURED ENTRIEC CAN “E USED FAS THE g?ﬁa?r DEBFC:S
De U0 Is1,suPDT '
SESLRVSBLE(])
IF{ TYP(1)eiEe2) GR TB g

' F‘ES!R’U‘tSE:SFRV*" SGRT(Q1le(Re CESIULEVIL))/(RepM) )22

&%

[oF YR FR“‘L’(JL*T(I’iULﬁkf');DLFV(!)IUZ}“({},bf{l?tCFLbXJU,LF
» TLAT,TLEN,STF2,QTHM, STHLAT)

CIFUITYP() o Te1 Y CALL PREFL 2(TLAT, YLPN:STQ-,UT{I),!gAY,HG&,FLUx,

#STF2aSTrM, STHLATS 01,02, 3,0 “:SL‘B)

FACFZ(1)«0RGERV/STEFZ ‘ ' o
'txirvp;xa.ue.a)'FACthzas S&Q:(FACFQ(I)/(ﬁx”*SYFEoSLﬁai3
CIF{SUPDTLE01)-GE TR . 14C - -

-upu’»E!o4TS FﬁQ MULTIPLE UDDATE cTA?zeas

C wle1gs AESITIVESUT(I))

'zr(~¢x:zz- TePIY. h(!:i)-szeatzoia”'

 CAM3e SINITLAT)e SIM(BLAT)s CBS(/LAT)® COS(ALATI® caseram-sLS\;

krgc

SAY33 SLNT( i lelaANBes?)
wl1e2i® APSU ATANISANG/LANGY)
’iﬁ'f!c?)"';d 3,1;0;(1:33

‘”Tiﬁv’*g KEIGRTS Te BE 4SED

K So

“?:v

ce 95 l20,2UP0T7

iFy ABS L 11,1i=a1151))00Te1RL ) “1el
IF{ ABS((1s2) ekl 122))45TeTHL) “?-’
CoanTINUE
MARKSMIeNME

IF(MARKELC) 3P T2 110

CerMplnt AFIGHIE AND PPy T UBNDATE 716
Ce 10C Isi,auPnY
AT{1)slL
D8 TI0C usl,anuPRY
IF(1eENeayl LR TR 100
2Y{13aaT{l)ani JoMARK])
Ces T80 -
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REFRAC, CPC-No, 2 -

COEF=QC
FUNCSGO
oo 105 I=x1,80P2T
CSEF=CREE-AT(])

108 FUNCSFUNC+»T(])#FACF2( 1)
FACF2{1)sFUNZ/rALF

C UPDGATE FCF2 AF EVALUATIFWN CEADITIPN

FCF2sFOFZer a7F (18 ' .
CB~TINUE

IFCITPT et i)Y @ T8 lar

e
.y
[V o ]

C COMPUTE SECR-D PART Bf PoRFILE
CALL FROELP(BLATIBLENI WS TIME) INAY SMAN,TLUY,FOFZaHM, HLAT,
" YV, YT XK aREP 5 XM THM)
IF(XNTRoLF o Z0Y LR T8 140

d - CBHPUTE ELEVATION AMGLE ZHRRECTIEBN DFLEV
FRATSIFCEZ/FS)wel
SE= SIM(RLEV) .
CEs CaSqsirvy
IF(IDEL et f e CaPrs I™PleE"sl) of TR 125 .
CALL DETRiFK \’,kAT’M‘hb,hﬂ‘YHjcr'cgiptLl V)

C TCEMFUTE JFHYICAL AND A“GULAR ELFCTQBN cﬂwTENT TOTNSTATNA
¢ COMFUTE RANSE C”PRECT!"& DRﬁMP i
12C CBSTINLE

HATRIR/ (5.« u“))-’?

DEN2SrlwhiiTe CEasap

DENs SLRT(TEAN2)

TAINSANT Mo i NMeF FPee?

TOTNASTRIL/LEN )

IP(13PT4L Te3) 23 TR lac

DﬂawstksT.RV3¢x%Tunlcgw

C s CG“Pu!$ kA&JE PAYE C89Q$r719% LRATE
IFLIBF T ToweBRINMRDOETeS) U TR 140
DQ‘TE30&5%4‘E9“7’9AT*5F0CF/P?k? .
DRaTE :Dkz.?r-ﬂen OQ&gOHDETﬂ» M/

14C CBATIALE
RETUR!,

£nn
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[aNalalial

PLOTNH, CPC No. 3

PLAT AMD FrInT FLECTRBr [Fre]TY VEFSUS ~HE IGHT PRHFILE
IKFUTS FLFZ IN MR7Z, ke, Yv,vyd In ETED, xK IN 1/METE®

SURRBUTINE PLETNM IFOF2, M ,YMs¥YT, XK}

DIMENSIEN xK(3)5J(73)ak(2) s 1H(PIsXN(P) 2T (R} SED(D)

DATA CO,L1,IBLANK,MARK/Ce  ,1e  s1H s 1Hes '
DATA €3,1.1(,227,L124E,710125,51025E,2CP8E,025E/3s  ,10. 427,

#1e24E1G, 101283010250 E3,2005+83,78.E3/

ARTTE (&, 13 - e

CHYPUTE =rkeFILE (Er8TA~TS
D ® (L1 CIRTURI4IAK( 430y TIP3 /XK (1)
HT{S)z vy

T () e

HT(3) s mecel
DELWS{ G1012F=wT(3))/70L3
HY(2)=HT{3Y+DFLH

CHT(1IEHT (2 YeDE L

ED(S)as 1C4f ®FCF as?

ED(L)st (=)
iDtB)-%f(b2-('?-({/YT}..:I
EQ(2)sE(3) e Cxp(x(tii*xkv(q).htzgiiz

ED{1)sED(Z)e EXPIXK(2) (kT (D)emT(1)))

INITIALIZE L2ED FER PL.Y

HU131s01CP0F

W) =LPEEY
CIWt1=1028
- 1n(P) 820285

08 13C Isi,sC
8 90 &g3,7

cr(w)srlgye28¢

IniK)s]ni(Kle?

CevpUTe :LECTREN cngI:v AY HE!JK? H

L8 10 LEsl,5

&£C

7C

1‘{**("30({-”7(!,3) a6 Ty ?Q ’

TOVTIMLE
INsLT
L8 12 »C

> Okish{n)enT(L]}

GO TR (3L,6el,5.,60,7C),1
IN3 EXY{ex (3R]
nY 16 Xp
sg FRrFlenrd{ZT) s}
58 T RG
Iks EXP{ara{l)sm?
58 0 2
Ineliel{™ /v TY0e?
o% T RS
Insl ii=( " le /Yy A}saPlter
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PLOTNH, CPC No. 3

XN(KISED(L)eZN
CBNTINUE ' -

PL2T ARND PRINT

ANL =70

IFIXN{1Y.LF«NI0Y LGP T 1GO

X\L® LBOGIC(XN(1))

CoTINUE

D8 110 L=1,73

JILYe ML AN

MBS (XNL=i10)#027+D1

IFINB LTl o3 e @1eltTe73) (A 8 120
S8 ) sMALK

wRITE(6,2) IH(1Y202XN(1)21(2)sXN(2)
CoRLYINUE

WRITE(&,3)

FRR¥AT (101, 3 1HRETGHT (kM) ,51X,57HVFRS IS TILECTREON DENCSITY (F/Mes3
») b e T L3 Ll eDENSITYY

FORMATII1X201402m 432 73A1sblove sP11e425X01Usom mue 1106}
FESMAT(7A22(01H4,17(1H=) 51544 ,8(1He) ) iH+ 17 (1), 1Hey
#5X S0 10, 22X ,SH1 «E11,2PXRH]E12/.

»30X, 37+ CeSCALE = ELECTRAY DEMSITY (E/vMes3))

RETURL. : I
ENT
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oV

PROFL1, CPC No, 4

CEMPUTE FIRST PART #F SraflifFs CRITICAL FREJUENCY FOF2 ann
’ CACRESPANDING HEIGHT wmM

SUSRULTIE PROFLIIFLAT FLB N, a L VAT TIME ,OF U, Us UM,
d SLAT ,BILEN,FCF2, My HLAT)
DIMENSIBN (1015013076125 (10),U%(9,49),C9T(6)sS1T(6),P(3),C6M(3)
#rCU3)20( 78 ,0F (763G 49) ,0M49)
DIVEASTIS REIED] 2CFENT ()
DATA /1153505336367 00S271,73:75,6/, K1i0/4/
DATA KA/ 1,751 3;?&)370“*:‘5:60:65:7?/1n5*1”*?/76}“9/ T
JATA Clani200a33TS/1e  L1CC0e  5300C00e 7/
DATA DIB,,"3/3,1415926534 - ,1e02974426 ,,:8869219 s»eS7595865 y
JATA RSP AT 20 L ATsPLON/6371¢2835 097992465 1993684,5.C78208
DATELA M1, 93/ 1349892 L5206 4 259eRP5 4
IATA pEw UENT/e00133 21038 24557 e

P(3)=03r15

SLATs S~ T AT)

CLAT= (65 FLATY

SEL= SIN{iiFv)

Cois Cos:iLeV) _
SAZ=s SIn(a7y

CaZls (659(42)

CUMEUT. TIME CFPENDERT £ NCTIRNS FER-FCFP AND M3COC
TeTlMgE~s130 '
TALL SIC%iT(6273T,S1TsT)
CALL NRSTITHUINFTSRI1C) ST 1,08T,0F
CALL DRSIIE(NME ™10 LUy S1T0RT,DV

CEMPUT: LATITUDE, LEASIT: JE AF 19+ 883mpe1(C 951u7 BLAY,BLEY
CBMTIANGE
SFxRaltL /(5 e2(2))
CFz SCWY(T1e8FasSh)
SA &8 JEL » OF o SEL * oF
Ca = SEL » CF » (FL » &
SNLATSSLATeCA®I ATaSA L7
CALET2 S 57({51-S2 212G 27
BLAT= ATRN(SVLAT/LCLAT)
SOLENsbazet /L LY
COLESN: SIFT(21a50LANeSILENY -
BLONSFLEr s ATAS (SDLEN/CLLBY ) '

COVME_UTE POGITISY DERE* T T CTIGNR £Bn FOF2 AND MILGL
PLiys2LAY
P{2YsSL %
CALL MAGF 1% (P,7ar)
T lBMLz 1M ()08 {4 e i1 3)
Ctziskigy
Ci2y1=sF 1L
Clids ATpng ATanviertsM{i)ys sr&T{T¥DY )y Q';S'ggrs;_;.,)}
CALL Gniral 733
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PROFL1, CPC No, 4

XK = C
D8 15 lisl,10,2 ' T T
11skNCL ]S
12=kN(11+1) . o
08 15 us11,17
KK = KK & 1
15 GHM(¥K )=, (1)

CHMPUTE M3LEND AMD HEIGHT BF MAX,e FLEZTRPEY, DFNSITY Mv
CAaLL URTH (*»F,5M,DM,H30C0)
WY 2 (H1lap 2en30004HIBHISEN,. 300N 01000
IF( ABS(F(33~ wM)eLTsG10CO) GB TO 24
P{3)s bn
G& 18 73

CEMVUTE FOF7P AND ADJUSY ¢UFP FBR DAILY v&RIaviﬂ& 21TH FLU

26 CEMTIn8

CALL DRUR(-FF,5,0F ,FOF 2

SML = SPLAT « SPLAT ¢ CANLAT o CPLAT & CRS({ BLANPLAN)

ML= S&FT( 1eSvi eSm )

HLaTz -aTariesvul /vl

LATL = ]

LATZ = & - -

lfthtﬁTouE.oﬁcLATZ)) G To 71

LATZ 8 P

Pl AT« . T oGILAT2Y) G TR 24

LATY s ¢ —

IF(RLAT LR (_AT2)) GP TR »1

LAT? = 33

IFIHLAToLTLOG(LAT2Y)) GE TR 21

LATL = 3
21 ONT = CEr.T(LAT1)

1P (L ATIefle  ATP) G T8 27

T 3 C’? e (CENTULATZ2)eCEr TILATIY) o ()GiLgt1)-thv,

- /7 il AaTi)&LGILAT? Y

22 FOre = FuF s (PER+CFLUX + NT)
<FETuRN
Ene
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PROFLZ, CPC No. 5

T8MP LI SFLAND PART of mqrnc- PARH{V:K Y:‘,VT,xm QAT:a 8F
ELeCoTraT Y4 Fi «DEv5ITY ANTHM, QANGE RATE ™ULTIPLITR QIRW

SUPRBUTIME PRETLZITLAT 008t ,nS,TIME, IDAY Mo FLUXSFOF2,HM, ML AT,

. YMAYT L KK o 3RMHp XN THMY

DIMENS e Y“7A“(1? I HCEPT(4,303),SLAPL,3,3),H(4),DH(3),X%(3)
DI~ENSIOs. TEG(73)

DIMEASIR SaTK(ws4, )

DIMELSIaN vY<AT(746)

GATn :LI .-so J?l -3)1" 35) 66; a")d’“0137";1r’0051”05)3?13335399 ;(‘295) .
L155 Rat ST APF 13 & 94 Ce sle sPe 23e s8e 38y ,s6e ,8s s26¢
37 15006 2e25 59133333 ,95 ,2e5 ,1pe5 5533333333
DATaA 05T 725,0R,012:016,730,7135,D180P 1, PIE,YEG,

2o QFT2HELHL2T 5 43130R9969378  »e13362074  ,4174832928

2273207265 50823892 TTH ,2.75619489 5301415926536
8105707953244 L AHe2RILIRTICTT L, 13089969375 , 7353981625
»e2£17993273

DATA SE:,352,RN4sn1017/7.0001749893  ,e0172142063 29375 &
81012003

DATA (EOT /12T wbaRoTIF b1 TeaREehsRe4RFef ,ReR8E«k, 1 0+38F 25,54E6
#2100 T4k en, 203 ehsTeBOEmir 1t N =hs 120040k, ;7,626,406 7F 6,5 4R6F =6y
*SeRfiebs etV el, JoUTmh, 404 T 26s09REcbs o RE=A23+16Ehsiu s 166,454
2T YED 9fL-5t3‘5”{‘6:“0bht'6;koc‘r'6o0655-611052£°6;13“4r0‘11.955¢6;
200 26,0074 wb s s C7C =5, 1455f on/

DATA 5L”P/‘7*b$‘bt'?'6‘-ﬂ:~ﬁ¢c‘§).9-P'8:-3.1&*35

0'3.""8"’ sFhefR,mle A -5,
'Qo:"Bl'lihé’bt'donr'dl'fors'?!‘1t5‘°80'04‘°53'1 ePEehperisF ey
p3ab @B leiTadsenFel, 1045 2%, .5 e, 030K, 1 3FeBsle7Fekyes LR,

82 ek’ -5,..7r.§,..7?-8;3.5f- LT ‘;r¢%t1.7t ‘;0’ .E*%o}-F-'%p « 3t -801362’8
esle=bery

CATA &A'g/oi?)-Qboi00711'1“30Q‘t09‘:°9:1¢G“:'881'975:1 05,1125,
20965103510 1501011%009%,087,096,16045094,0785,¢975, 1005510125,
21010105, 1e0fR009T 10175, 1058,06%%,-98%,,.9, 84, 995, +9P5 311 e 0BE,
$097,094, 107 28,1e09, 19001000 45,0388, 05 F,0847

DATA v~ Tad/57e7,53e0s07 3, 17205 1020359904,9%015F1+3288 e, %68,
aBBeDsARS ey s 253805 107985109¢5,511Pe5,112eS5210705,101+2,564622
295e45s97 %M1, 1076011775 19015150e4,153035 15400515002
.131.2;227-3;11~.-5}‘9-";?Qb-51 1190k, 10Re¢5,144425152072175sb0
S B0 0651 70 ;1576501 3%¢7,11%e25 110151100 113+43,1P00771359,
#1655 14100,1875,51 777 ,187e%412350,11304,11105, 1103, 113+5,
olESt“c139*0;lsﬂobt199'5;18§-J:%R?o3o!66¢8:116'9011“0911110q1308-93
© 1140%,118e2012506,1%7400211242232¢3,21102,188:35142:5212608,
e115e5,150e%, 1227, 132¢n0 1433015803, 187012214 0ks 19685 13505,
#1525, 13007512075 13701, 14768515675, 155005 1672+ 20073919562
’187‘3015*'5!1“"‘0"’"38‘71137 7;;37'%/

DAT A Yol /16258,1012, 10 3wr 015,093, ¢92, 492,

1181016l %,023,eRBe78s07 3,57, 1035102451022 08R,0581,+78:,78,
21e030101641e00,09R,98,.39,14+, 295,056,097 1951004s1¢0% 113,
31029219265 1P4, 1024510332130 10b4ys

HMUAT3 A8, AT

TinTsT 1+t t“’LQ', »=12

TLETRAY T Q&_‘ﬁz?’
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PROFL2, CPC No, 5

c . — _— .
C COMPUTE HALF THICKNESS v
Ti2=TLEC/D30
LT1aT12
Tisl T}
LY2slT1eg
IP(LT1EGe12) LT2eL T}
IP(LT1+GE+1) G& T8 55
LYis12
85 T1eT12-T] -
IF1aFOF 2-0P35 ’ ' ST
I1P2sFQF2-3P0S
IF(IF1eLTe1) IF1my
TP{IF1eGTe9) 1r1s9
IFP (IF24LTe1) IF2my
IF(1F2¢53T+9) IF2s=9
Yas (YMTAB(LY1, 151 )+ {YMTAB(L Y22 IF1)eYuTAB(LT121F1))eT1)s31000
IF(IFi«EQeIF2) GB TO 60
YR2s (YMTAB(LYL,IF2)+(YMTAB(LT2,IF2)=YMTAB(LT121F2))aT1)#01000
FisjiF1
Y8e YH+{YMCeYMNis(FOFZeri«Q1)
60 CBNTINUE o
C
c CBMPUTE DIFFERENCE BETWEEN AVER. AND DAILY SBLAR ZENITM ANGLE DSZA
DAYs{MENe1)#30+IDAY~80
DSZAsSCie SIN(SB28DAY)
IP( ABS{(SLAT)I+LTeSAL) G5 TB 61
IFrt BLAT.LT+G0) DSZAs=pSZA
Gh 1O 62 Co
61 SANG=8LAT/SU1 , e
CANG= SQRT(Q1e ABS(SANG2SANG))
DANGs ATAN({SAN3/CANG)
ASZAeSD1«(CANG+SANGeDANG) /P IH
DSZASASZA~ A3S( OLAT=DSZA)
C
c APPLY SEASBNAL EFFECT 8F DS7A T MALF THICKNESS YM
62 S12+04=DSIZA/D8 i
Ir1sS512
Si=1F1
S1=812~S1
IP2slFle+y
RAT=20
IP(HLATLE.DS) GO T8 63
T12e(TLOBC+D72S)/PIH
LYT1sT12 *
Tiel T}
LYZ2=LTi#y

IPILT2eGTes) LT2s1

IFPILT1eLTe1) LTins
RATIsYRAT(IFLIsLT )¢ {YRAT(IF2,LT1)YRAT(IFL,L T} )85y
RATZsYRAT(IF 1,1 T2 o (YRATIIF2, L. T2 «YRAT{IF1,. T2} eS1
RATZRAT1+(RAT2eRAT1)®(T12eT1)

CIPtHLATSGELDEG(3)) GB T8 6s
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€4

50
51

PROFLZ, CPC No, 5

T12=(TLOC+D135)/D180°01

IP(T12°GTenl) T12s02°T12 _ -
IP(TZ2+L.T+30) Ti2seT12
RATInYRAT(IF1,S)*(YRAT(IF2,5)=YRAT(1IF1s5) 1881
RAT2uYRAT(IF1s6)+{YRAT(IF2,6)=YRAT(IF1,6) ) eSSt
RATMERAT1+(RAT2<RAT1)®T12

RATeFATM4 (RAT=RATM) #tHLAT=DS5} /D10

I?tHlAT-LE.DS) RATsRATM

YmaYMaRAT

CEMPUTE X=PARAMETERS XK
FGF2 = RN = FOF2
Iy=2
12s2
IF(KLAT=DEG(2))28,30229
13
IF(HLATLE.DEG(3)) 123
a8 TE 30
2=
IP(HLAT«GEDEG(1)) 1w}
J s (FQF2 + 213,03
XPaGl
IF{JsGE«1) G9 T8 3%
Jei
G8 TE 45
IPtUelLTo4) 39 T8 &0
Je&s o
GB 18 45 e
FleJ -
XF = (FQFZ + 01)/03 = fi
D8 51 Ms1,3
SLP'(SLGP(J*IOIIJN)-SLGP(J:IIJ"})OXP¢SLBP(J,113H)
CPT'fCEPT(J*iiIll”)'CEPT(J:!l:"))0X¢+CEQT!J)xi:ﬂ,
IF(]11«EQel2) G9 TB 50
DELt(iLAT*DEG(Ii!)/(DEu(IEl-DEulli))
SLPaS_P+((SLOP(J+1,12sM)eSLBP(Js12sM))eXF+SLOP(Js12,M)«SLP) eDEL
cpT 'C°T¢((CEPY(J*I:123"3~C£°T€J)!20H))'XF¢CEP*{J012;N)-CPT)toEL
XK{M) = g P o FLUX ¢ CFPT
CONTINUE

APDLY SEASENAL EFFECT 8fF DS7A T8 DECAY CBNSTANTS XK
7127 _8C/DEG(3)~Q8

IFITI2+LTe20) T128T12¢02%

T22sT12/36431

LT1s=sT12

TislT1

LT2sLT1+}

IP(LT2¢GTed) LT20}

S12sQ2P5-DS2A/D16

IvisS5yi2

SeslFi

S12512-51

IE I SRS
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65

70

80

9C

PROFLZ, CPC No, 5

DB 52 Msi1,3 .
RATI-RATK\Iri:LTl:M)OxQATK(!FaoLTon)-RATKt!FiaLTIJn))¢SI
QATQ;RATK(1F1,LTZJH)‘(RATK(!F2:LTZ:H)-RATK(IFi;LTE:H))'Sl
RAT = RAT] + (RAT2-RATY} » (T12-T1} -
XK(M)SXK(M)#RAT

COMPUTE HALS THICKNESS 8F TOPSINDE PARABOLA YT
Convegl
IF(FOF2+LE.J10PS) G568 T 7%
CONVS(P13334(FOFC=310P5)+01
CBNTINUE
YTsCONVevM

COMPUTE WDBT MULTIPLIER FBR RANGE RATE CaMPUTATIBN RRM
CBMPUTE TOTAL ELECTRBN CANTENT /7 FLECTRON DENSITY XNTNM

XNTAMSQ0

RRMsGQ

D8=(J1~ SGQTfaioiXK(1)0YT)¢¢2)}IXK(1)

HE1 ) sHMan

IP(HSeLE.H(1)) GO T8 8p

RRM=G35

DELH ® (w1012 = H(:))/aa

HE2) & H{1) + DELH -

H23)aHI{Z2)+DELK

HP4)aHS

Ms3 -

IP(HS+GT.H(M)) 38 T8 70 - :

HiM)sHIMSLY

M8Ms

IF(MsGTe1) GO T8 65

DM{M) sH{M+1 ) ok (M)

RK=sQ1/XK{MY’

EX=Q0

ARGeXK{1)enK (M)

IF(ARGeLTe337) EXs EXP(«ARG)

RRMsRRM#E X

XNTANMSRK+EX# { XN TNMeaRK)

MsMe ]

IP{MeGTe) GO TH 7D o

TEMPtDSH‘StYM¢ﬁ-BG'3/(13*YT¢YT)

TEMP18Gle(n/YT)es2

RAMSRRMsTEMP 1

xNTNM-TguP1-x~TNH+rEHP

G8 18 110

IF(HSsLZo{ HM=YH4)) G8 TB 110

DIS?. h”-hs

IF(HSeLTs HuM) 38 19 90

XNTNMEC20158YMeDIST+DISTe»3/(03aYTeYT)

RRMeGl=( (HMeHS)/YT)es?

G® T8 115

CONTINUE

XN'%W'USPlﬁoYﬂOD137402¢DIS?Q03/(03'Y“'92)'3157005/(359?”"‘)

AR (Cial{hMeHS) /M) 002) 007 -
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110 CBNTINUE
RETURN.
END

PROFLZ, CPC No. 5
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BETA, CPC No, 6

SURRBUTINE BFTA(FRAT,XNTNM, MG, MM, yM, SECFLOFELEY)

BETA CBMPJUTES IANBSPHERIC ELEVATI®N AMGLE CSRRECTIGN T8 BE
SUBTRACTED sFROM MEASUREL ELFVATIEN ANGLE
OIMENSIBN XAX(S)sYAX(S) , e
DATA RsQ0» 01,05333,02/6371e2E3,0¢ s 16£0505333E0,2.E0/
DATA XAX/0eECs +2E0Qs s4EQ, o6EO0, o810/
DATA YAX/14E02+924EQ0 0224EQ,+7F0s 455380/
R2sR*R
RGeS +R

(aNaXa

C CAMPUTE SQUARED DEVIATISN FALTAR Xx(B8+
RAMaR+ pM
SF IMaRs{F/Ra™
CFIvMz SCRT(Q1egF IMase?)
XCBMzFRAT/CF IMea2

C INTERPBLATE TABULATED VALUES YAX T8 GET vCOM

D8 30 l=1,58
[FIXCOMexAX(11120,10230

10 YZAMaYAX{]}
GS T8 40

20 YCOMeYAX(I)+(YAX(lel)oyaAX(1))oIXCOMaXAX{T))/{XAX(Tel)eXAX(]))
GB T8 Sg - - -

3C CONTINUE
G8 TR 5n

4C YCEM331/YCP™

(ala]

CBMPUTE DEVIATISA ANGLE ALPuHA
RBBzROEM453330yH
SFIB=R*CE/RBY
CFIBa SGRT(31=SF108a22)
ALFHASFRATaYCOvaXNTAMSSF IR/ (22%R00%CF10823)

c COMPUTE ELEVATIEON ANGLE CORRECTISN
CaAs CBS(ALPHA)
Sas SIN{ALPHA)
X3sR+CEsSA/(31+4CA)
X2eR*Ste«>3
X1z SQRT(RS##2.RZ¢CEF#D)eX3
CTEs(X1leCAeX2)/ SOART(X1ws24X2082e028X12X28CA)
STE=s SURT({ ARS(G1=-CTEeas2})
DELEVS ATAM(STE/LTE)
RETURN
850 wRITE(6,1)

1 FI3RMAT( 1124 ees RAY 1S REFLECTED AT IANBSPHERE B8R NEAR REFLECTI®
o~ CBMDITIBN, ELEVATION ANGLE CORRECTION 1S NOBT COMPUTED ses)
% EVa{Q
Qa?JQN
£
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S8ICGJT, CPC No, 7

SURRBUTINE SICRUTILLCsS,T)
CBMPUTE SIA(JUT),CRS(UT)sJUsl,00e,L FOR ANGLE 4

DIMENSION S{1),C(1)

Ctys Cos(T)

St:)s SIn(T)

DB 1C Is2asiL
Cti1sCey)eC(I=1)=S(l)eS(]~1
St} 1aC(1)eS(I=1)+S{1)eC(]I>1)
RETURN

ENT
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DKSICO, CPC No. 8

SURRBUTILE OYSICh (MXs  HsD,SITIMEL,COTIME,,DK
Ca~PUTE D SUB <HLOEFFICIENTS FRR A FIXFD TINME

CIMENSIBN D{1),CUTIME(1),SITIMF (1.0
LMAXalrezes?

LK1= MAX

08 5 K= ,“x

Lxa{ K+ 4aX

DK Kyei2 (LK)

DB 5 L=i,it

NKsLK+L w2

DIl (=1} oSTITIVME(L I+ (NKISCOTIME(L)
RETUPN

EnD
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MAGFIN, CPC No. 9

o

m

UTRBLTINE #AGT IN(RR5,LnF)

f"l

ka2

&

TE NAZA Ma3METIC FITLD CRrPAREnTS , e

(@]

DI ENSION ST 7)1a0P 7072 P70 AR SPUT7),FRS(2Y s UNEL32CTU727) s
C(727)V0k(707)
DAYA T /2070233333333, 76426657 5e757182560 5308823, 025857525,

B2 e 02 0C0NN0C, o257 1629 23700523, 24242824,
490 090 14285 714,419{47617,.7121212Y,
Eele,e11111111,.148141816;

En7 s5029020209,

7ol ss78D0e/

DATA 3/ Cas 32341122 20760350 e03151Rs=egb179%s 2182562 =en15%523,
Ces 2187022351783, oCO621 o= e JLRETEs L3040 T =200 4553,
2ales=e 133810 =el007 382 ~+0217SSs=e01T447s o(L3E12s
B3aCesr~elN6LSFs JGLT NEI=e L0608 021413,
4eCes=20Jc08%s JCC2775s «CCICEL
Selas 230897, JCCC227,
6eCo, o021115/
DATA ~/720iss B
GoamenB7959 (733404 +G148702° 0118250~ 0C7C62 =20 8758,
Ce0eseen0iB7B0 =, 3080750 «QICON6s=4002CC0s=e LTSSy
38005 o700P10s «0CO430s oLC45%97,«4003406,
+~2les oLD134%, JGL2421s=COC118,
SQCQJ“O x_,l?’gl"3313161
6;0.:'0”3039‘/
DATA 2 :;):JH{I;Q$o§p{131(”(1’/1a19-l10:1 /
DATa iip(u:«99°/¢37zfcb EQsreET s 1058200359480/
Po=+l302)
P}:?Qal 3}
IS¢ ALS(ELYelE «R¥OG] G- 18 4
Pl= SIGYIRRIO,1)
Pe=30
1N S SRS
AR=®E 7(3+ 4 300,E3)
C=s SIn(713
T2 SORT(IP 1)Y= ()
AT (1lz At e i

; Ll-\ P:YU”E "‘\3';-‘:

,
&
P

CerpUTt glr,lus FBZ MULTIP
CALL SICEJT(£:02(2325P12),
De 5 4z2,7 -

AR (MY AL waAT(val)

CLraR BEUTE:- Su¥% AND LIY ue e
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MAGFIN, CPC No. 9

CLEAR INNER SUmS AND SET UP LBOP

SexaeQ0

SYMT=QO )

SgmPsQU .
D8 7 Mei,N

CE3MPUTE FUNCTIBNS AND DERIVATIVES BF MULT.ASSSLEGENDRE FUNCTISON
1S THIS LAST CENTRIBUTION T84 IMNER SUM

IF{MeNEoN) GO TO B

PINSN)sSaP(Nel,Nml)

DR (NINIsSeDP(NejsNwl)+CoP{halsNe]}

GB 19 10

PINsMISCaP(Nel sMIaCTINM)aP (NP M)
CPINIMISCOCA(Ne1 s M) oSOP (Nl M)eCT(NsM)OIP(MNelsM)

FleMe]

TSeGI{NsM ISP (M)eH{NIM)aSP (M

SUM INTB INNER SUMS FOR Z,X,Y
SUMRSSUMRP (N,M) TS

SUMTsSUMT+DP(N,M)eTS

SUMPsSUMEeF MeP (NsMIs(a5{A 4 1sSP(MIsH(N,MjelP(M))

Sp™ INTS BLTER SyuMs FBR Z,x,.Y
BysBYeABR (M) eFNaSUMR
BNsBNeABR{¢ Yo ST
BPIsBPHI»aAgR(N) #SUMP

SET MAGNETIC FIELD COMPONER TS 7.VERTITAL UP,XeNORTH,YafAST
UNE(Ll)segY

UNE (2)=BN

UNE(3)®=8PK1/S

RETURN

END
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GK, CPC No, i0

SUSRBUTIANE 5K (KsC, G670

CBYPUTE CBBRDIVATE FUNCTIANG,; G, I8 seeeaKsl
CelisMBDIFIED LATITUDECC(2),C(3)sGENGLANGITUDELLATITUDE
G IS THE AAQQAY FER 3EBGRAPWIC FUNCTIONS

DIYENSISN «<(1),C1130G(1)
DATA Qisie 7Fa\/2/
xasl(i}

YeC (2}

IeT (3}

KOs (%)

Sxs SInix)

SET TERMS SUE T8 “AIN LATITDINAL VARIATIBN
Gt2)eSX
GEliall

OB 10 Is2,«C
GtivlleSX®5(1)
KDIF=sX{ 23+«
el

Cxis C8S¢2)
CxsCXxy

Tay

KL {j)lew

CB¥PUTE FISNST 2 TERMS AF J.v= 82DFR LONTITUNIMAL VRIATIEN
G(xC=21sCXe 2HS(T) , B
GtxCe1leCXs SIN(T? -

ARe BALY 2 TERvS Yo Bg CEvP,TE™ FAR THIS BRDER LONGITUDE
IF(KDIFeEGe2) 38 TR 28
KNsK{j+1)

CB¥PUTE REVAINING TERMS £F jaTH 8RDES LAINGITUDE
C8 22 IsxfKN,?
G{1!aSXel({1e2}

Gllel)mSxeZ(]=1)

ARF TEWRMS FaR “AXRIYWUM BRCER LBNGITUDF CamPyTED
IF{JsETeN) 382 1A Bp

PRFPARE FB5 NEXT ®SDER LtVG1TUDE CAMPUTATIANS
KDIFak{je2) K[ el) :
IFIKDIF«ERC) 535 Te H0

CxXelX8{X4

Ja el

FJsd

TaF joy

Gs 1e 13

RE TURN

END
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DKGK, CPC No, i1

SUSREUTILE DKGK (MXsGsOKSTAL,EMTGAY
CEMPUTE BMEGA, SUMMING THE GEBGRAPHIC SERIES

DIMENSIBN 5(1),DRSTAR{])
OMEGASG(12sDKSTAR{L)

DB S Ks2,My
OMEGASEMEGA+DKSTAR (K] #,{K )
RE TURN

END
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TABGEN, CPC No, 12

BRBERE S TAATES (INPUTSAUTOL T TASESaIvBUT ,, TAPEE-OUTPUT ,,TAPE 1, TAPEZY
PREZGBCESSO®R SENERATING FOF2enw™ TABLES 8N TAPE TO 3E JSED
WlTw PRAGRAY 18NS
11PsNTT ASSIGNMERT 8F INPUT TAPE WITW 1BNBSPHER(C CREFFICIENTS
SIPSUNTT ASSIGNMENT BP BUTPUY TAPE J41TW I0Ns FOF2edM TARLES

SIMENS BN JAZ{al s IFNI14,25532FLX{3Y)

DIMEARSION (3210 4N{1035C9716),SITI6IsP(3)2C8M(3)

#0130 3172)1238(78):5M(49) ;1M 45)

DIMENSIEN 25(3) sCENT(3)

DIMENSION WIBET(3,1307615U11327615U%(52491,UM1{%9549)

DATA JAZ/1:8sR3.270 1B, 0TR/ 1227

DATA FANDY MBNY,,LYRYS/C,10000,0/

KATA K/11235033063507:65,7127078,6/5 Ki0/4 7

DATA AN/1575123,28,537,48r55,60265,72/70NCF NP /72,45,

DATA B1s310,0100,0130,5378,3P1,355/ 1¢ #1C. 400 41306

# ,30003Cs »sel 585 7

BATA ['3,P12407,00R12Dm27+5178832925 56283183308 401221730476

0502617393878 ,+523838775¢ 7/

DATA T180,33/3.1813928538 5 1-0297842€6 448869219 ,-¢57595865

DATA HERSCENT/C0133 L1405 20957 s2e8

DATA SPLAY, T2 AT PLBN/ £3759246,01993684,54078908/
3ATA R1,H2,43/1366092 ,526e4 4594825
»(3)1sL375
LBYD ALY 298 ITIEAS
03 LeATINE

READ D2TE aNJ STATION PASITION FROM ZARD
READID51) IYRMMEN, IDAYFLAT,FLAN
1 FORUAT(3][5,27155)
1F(IYRe E.3) 59 T8 40C
WIITE (6,2 1Y ,MANLICLY, T ATSFLON :

2 FAIMAT(//775~ SENERATE RECLD BN BUTPUT TASE CONTAINING ISNASPWERIC
® FCF2w-v TASLES FOR  /5k YEARS,12,8H, MONTHE,12,6M, DAY, 12,114, L
SATITUDE=sC1CeS,27m DE3s _SNGITUDE OF STATIONG,F10.5,4% JEG)

P_ATaF _aTeDR

T AneF_ANe IR
IFLAG*D

1SKIp=

JYR“E21YRe 100448
{MBDYsaNe 100+ 1DAY

READ CRESTITIENT TaPy
15 IF(IMEDY+LEeMANIYsAND L IMAL Y SE . vB%ND) GY T2 29
20 READIITAPI LBNDSLANDY , JLB8EF ,UMaUn
1S {EBF,1TR) 23,27
22 1s«iPsy

196



(a4

(alal

(214

[aRalal

TABGEN, CPC No, 12

LA TTIR 1N,
waynys; g5y
55 T8 12

23 REAIND ITP

ICLAGSIF_aGe]
IFLIFLAGSLESL) &% T8 20
wRITELS,25) [vR,u8K, [nAY
25 FRRVAT (Seki eweBEFFICIEATS NBYT FAUND 8% YAPE FOR YEAR,MANTH,DAYs,
*313)
Sr T8 400
29 IFLISKXIPeEJeCeAND s IYRVB.ES,LYRUES G& T8 §p

RESD SRLAR DATa
IS(IYP¥qeT ol vIMB) G2 TR =5
BEAD(S, 7)YV, (FLXUT),191,16), 1Y, (FLX(11,1817,31),1YM3,515,51F
7 PORMAT(T4,8% 2165801/ 040150401714,2F5e1)
I CIYY1eESe Y2 AND e JYMCoF s IYMILAND s 1Y, EQcIYRMD) GS TH K0
WRITELE,B) YR, 18N
8 TARMAT(//39 +#sERRRR A SaLAR INOUT DATA FEBR YEARS,12,1iMH AND MBN
sTme; 15
82 TE€ 20
S0 LYIuBs [yRua

PRE2AR: SPEZIFIC CREFSIZIEMY SETS
25 0% 62 Jsl,s8
82 67 11,9
AW ILR IR SR FEI RS IR PR L $5-74-T L)
€2 LONTINGE
Be 70 Jei.76 ’ -
%8 7C 1s1,13 ) o
70 Ut1a0)salRET 1,15 )¢ aCPEF (25 1 J)*WCBES (3,15 )8SIF)sSIF

PREPARE SB_AR HATA
582 FLxDsF L x{ IDAY)
HRITE(6,1535 L xDs81Fs851S
15 FORMAT(12r DAILY FLUXS,,F6,1581H, 12MBNTH RUNNING AVERASE 8F SOLAR
® FLUXZ 566122242 B8F SUNSPET NUMBERe,F6el)
F UXsF xD
15(TLLXeLTe2PY) FLUXSSIF
PFLUXSEL UxeSIT
1F{FLUR«3T+2130) FLUX=0130

SENERATE 25 POINT SATTEAN ARSUND STATIAN
LEBEP ByvER TARTH CEMIEAL ANGLES
ECAse{7 i
®«al
B8 30C 1Cs%1,4
ECAsECALD?
Sas SIN(ECA)
Chs [BSLECA®
NAZnAZ(ITA)
SrIsMAZ
D42sP12/022

L
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TABGEN, CPC No. 12
AfoeDAZ

LOBF aveR] AZIMYTH
2% 320 falmisNa?
“ymot
AZSAZSDAZ
S&Z» SINIAZ)
Cals 035(A2)

CoMPUTE LATITUDE, LANGITOE A% 18NSSSHERIC PSINT BLAT,SLAN
SNLATs SIN(FLAT)®CA+ (AS(TLAT)*SAlAZ
CNLAT= SORT(21aSNLATESNLATS
D ATs ATANI(SNLAT/INLAT)Y
S BNaSAZeSA/INLAY
CBLINS SSRT{J1SOLANSSOLAN)
SLANSFLANS ATAN{SDLBN/CDLIN

COMPUTE SASITION DEPENIFNT FUNCTIANS £8Q FOFZ AND %3000
P{1)%8LAY
P(21s0L8Yy
CALL MAGFIN(2,28v)
TUPaLAM(2 ) CAIMIZ2I L83} 2209 3)
C(P)sP12)
ct3)=RP(})
Cl1)= ATAN{ ATAN(CBYM{1i/ SARTITIPII/ SIARTIONLATSS
CALL GX(Xs723)
¢ =2 {
D% 85 11ai,;12:2 -
11=«<N{T ] - -
I12s<{1]el?
58 85 Js1i,12
€ s KK o ¢
G {C)*5{.))

CAMPUTE MAGNETIC LATITURs 95 [ONSSPHERIC POINT
S9L s SNLAT @ SPLAT ¢ ONLAY o CRLAT & 2835 8LANPLEN)
L e SURTIA1eSu eSML)
HLATs ATAN(SML/ZML)

LO0P AVER 16 LACAL w9UIS
1_.9Cs«D-R2
D8 200 l-=1,14
DuReDHR2
IP L IHo0E o AND s [rHelLEs7) Dok gl
T.80sTL8ZeDuR
TIvE=T . 3C=RLIN>[2
TIMEsAMBO(TIME,2[2)

CAMPTE TIME JEPENDENT £ NCTIAINS £8R rorp AND 43000
TRTIME~D182
CALL SIZaJT(6,=81,81T,T)
CALL ORSICRINFT,X{10)sUsSI1T,C9T,0F)
CaLi. DRSTICAINMT K410 L,uM,SIT,CAT,DM)
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TABGEHN, CPC Ho, 12

TCAIMPYTE H3000 AND MEIGHT O8F MAXs ELECTRSN DENSITY HM
CALL DX3{nMT 342 D%e%30000
=% » Hlew2e~3030+H3eH3000+~3000

COMPUTE FOF2 AND ADJST POF2 F8% SAILY VARIATION =I1TH FLUX
CALL DKIKINFT23,0FsFQF2)
LATY = 3
LAT2 = 1 -
IF(HLATWGELDI( L AT2)) Ga 75 g1
LATZ = 2
1P (HLAT«GTaS3(LATE2Y) 38 T9 ot
LAT1 = 2 - -
B TiWLAT+ZQeD3{LAT2)) B8 79 93
LAT2 = 3
IZ(nLATe 3T« O3(LAT2)) GR T8 9}
LATY = 3
91 CNT s CENT(LATY)
IPLLATLIEQ.LAT2) G2 T8 97
CNY = CNT » (CENTILAT2)CENTILATSY) & (DG(LATL1)OHLAT)
P Z (PGILATL)=D3(1AT2))
32 FOF2 s SQF2 » (PERSDFLUX ¢ [NT)
IPS(Irsvm HM821009P5
17225 CF203100+205
, IFC MM IS IF-4{ 1:4,%)»1C0004+152
200 CONTINUE
300 CONTINUE

ARITE BT UT RELOID 9F 1ANISPHERIC FOF2«HM TABLES
Iv4ds 1YR=210000+%2Ne100+ DAY
MRITE(JTP) MG, FLATIFLAN,F{UXs1PH
3% 78 100
400 CBVTINUE
END FILE JT8
REWIND J7TP
1} 4+ 14
END
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ION1, CPC No, 13

PREGRAM 18N1  (INPUT,BUTP ST, TAPESe INPUT, TAPEGaSUTFUT, TAPER)
COMPUTES 1BN9ISOHERIC PROFILE PARAMETERS AND REFRACTIEBN CBRRECTIANS
UTILIZING PRECEYPUTED FOFDResu™ TABLES

sssée TO 3E USED BNLY FOBR STRINGENT CBRE SPACE AND/SR RUN TIME

ssnse REQUIREMEMTS, SINCE INTERPOLATIBNS 8F THE PRECSMPUTED FOF2eHM

sants TASLLS CREATE LESS ALZURATE RESULTS THAN THBSE 8BTAINED

sse8s CROM PRE3RAM [ON

CONTENTY BF COMMON 8LBCKS EXPLAINED IN SUBRSUTINE REFRCH
COMMBN /EVALL/ FS,FLAT,FLON,ELEV,AZ,HS,EDBT,HKDBT,TIMNE,
2JYRLMBN, IDAY »JTR

COMMEN /CBRR1/ DRANGIDRATE ) NELEVIFOF2aHM,, YM, YT, XK, TBTN, TOTNA

DIMENSION xK{3)

DATA Q0,7u1000G»33600,0R,,HR /0s  +100Ce ,3600s 5401748323925
#925179935875 /

JYP=?2

NiMsQ

WRITELS,26)

26 FERvMAT(IH1

10 CBNTINUE

READ AND PRINT EVALUATION CANDITIBN
READ(B,ZIFS,TLATIFLON
3 FBARMATI(F1004,2510e5)
IZ(FSeLTeR0 ) 38 18 100 ;
READ(S:4)ELEVIAZsHSIEDRT,,HEAT -
4 FORMAT(2F 10655 106022E15+8) ' .
READ(5,5)1YR,MANSIIDAYSTIME
5 FROMATI(315,F10.7)
KRITE(E,6 1S, FLAT,FLON,ELTY 82,HS,EDBT, 1YR, MBN, IDAY, TIME, 4DBT
& FHRMAT( 424 =s INPUT =/ . o
& 11% FREJQUENCY=,F10:s4,15H MHZ, LATITUDE=,F10.5,
#27H DEG, LBNSITUDE BF STATIAN2:F10e5,4X DEG/11% ELEVATICN®S»F1Ce6bs
#1854 DEG, AZIMUTRe,F1046s274 DEG, HEIGHT BF SATELLITE=sF11ais
214 KMs  ELEVATIBN RATEs,E1505+84 RAD/SEC/6H YEARs,12,8Hs MBNTHa,
#1256Hs DAY2,12,10Hs UeTIMERsF_.Ce7,8% HIS,, 39X, 154 ALTITUDE RAYEs,
*E15e8,64 M/SEL)Y o ’ i

CONVERT yUNITS
FLAT=FLAT#DR
FLENSFLBN®DR
e .TVsELEVeDR
AZ=sAZ#DR
HSsHS#G1000
TIME=sTIvE o

CBMPUTE AND SRINT IBNBSPHERIC DATA
CALL REFRC:

IFLIYReL L Ton) G2 T8 10

XsMesHM/ 31000

WRITE(6,213 XHM,FOF2

194 ) T, T T



ICN1, CPC No. 13

21 FBRMAT( /13H s EBUTPUT »e//354 HEIGHT AT MAXIMUM ELECTRSON DENSITY,
10Xs3HNMe,F8e3,30H K"s CRITICAL FREQUENCY FOFZ23.F743,8H MHY)
X¥uaYM/31000 '
X¥TsYT/R31000
WRITE(G,22)TATN,ITATNAL XYM, XYT, XK
22 FORMAT(48H TOTAL INTEGRATED ELECTRON CONTENT, VERTICAL NT8sE13060
#2534 E/(MsM), ANGULAR  NTAR2E13e8+15H E/(MaM COBLUMNY/
#6485 HALF THICKNESS £F 38TTAMSIDE RIPARA3SBLA YMasFBe3,
2304 XMs  OF TOPSINE PARABBLA YTu,FBe303M XM/
oS58~ DECAY CINSTANTS F9R TOPSIDE EXPONENTIAL LAYERS, LSWER Kis,
#E125512Ms MIDDLE X2%5E12:5,11H, UPPER K3s,E12+5,4M 1/7%)
TELEVsDELEv+33600 /DR
“RIYE (65231 TELEY
23 FBRYAT{S4~4 [9NOGSPHERIC RFFRACTION CBRREZTION T8 ELEVATIAON ANGLE=®,
#E13¢£,114 SEC 8F ARC)
WRITE (6,243 DRANG
26 FERYAT (431 [9NRSPHERIC REFRACTION CORRE~TIEeN TR RANGE, 10X, 1Hus
#E 336,21 M)
WRITE(6,25) JRATE
25 FARMAT(S4~ I9NBSPHERIC REFRACTISN CORRECTYISN T8 RANGE RATE '
*E13eb,60 M/SEDY
NU¥sN{Me1
IZ(NUMe  Te3) 38 T8 27
WRITE (6,26}
N0
G8 78 10
27 WRITE(6,28)
28 FHRMATI/ /)
Gs 18 10
10C CONTIANUE
STRP
END
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REFRC1, C>C N», 14

IONBSPHERIC REFRACTION »ADEL UTILIZING PRECBMPUTED FOF2eHM
TABLES FBR INTERPSLATIOAN
sseas T8 Be JSED ONLY FOR STRINGENT CORE SPACE AND/BR RUN TIME
stses REQUIREMENTS
SUBROBUTINE REFRC

INPOTE COMMEBN /EVALL/
BUTPUTS CBvMEeN /C8RR1/

COMMON /EVALL/ FSH)FLATLFLAN,ELEVIAZ,HSIENBT,HOBT,TIHE,
a]YR,MBN, IDAY,JTP
£S s TRANS™ISSIaN FREQUENCY IN MHZ

FLAT = STATIEN LATITUDE IN RADTANS 8F ARC

FLON s STATIEN LBNGITUDE IN RANIANG 8F ARC (PBSITIVE EASY,0 T8 360 D)
ELEV « ELEVATION 3F SATELLITE 1N RADIANS BZ ARC

AL s AZIMUTH 8F SATELLITE IN RADIANS 8F ARC

HS s HEIGHT 8F SATELLITE IN “METERS

EDBT = ELEVATION RATE IN RADIANS 9F ARC/SECBND

HDBT s RATE B8F CTWANGE IN WEIGWT 8F SATELLITE IN METERS/SECOND
TIME = UNIVERSAL TIME IN QADIANS BF ARC

IYR = YEAR (LAST 2 DIGITS ONLY)

MEN = MONTW (=1 THROUGH (2)

1CAY s DAY (=1 THRBUGH 31)

JTP = UNIT ASSIGNMENT OF 16NBSPHERIC TAPE WITH FOF2ekM TABLES

COMMON /CBRR1/ DRANGIDRATESNELEVSFOF2HM, Y4, YT, XK, TBTIN, TOTNA

DRANSs RANGE ZOIREZTIEN IN METERS

DRATE= RANGE RATE CBRIECTIBN 1y METERS/SECHND

DELEYs ELEVATION ANGLFE CORRELTIEN IN RADIANS BF ARC
RANGEs RANIE RATE, AND ELEVAVION ANGLE CBRRECTIGNS ARE 718 RE
SUBTRACTED ~RBY THEIR RESPECTIVE 88SERVATIANS -

FOF2 = CRITICAL FREGQUENCY (MuZ) o

WM s HEIGHT AT vAXIvyUM S EZTRBN DENSITY (W)

Y™ s HALF THIZLNESS BF THE BATTOMSIDE BIPARABBLA (M)

Yy s HALF THITZKNESS 8F THE TaPSIDE PARABALA (M)

XL « ARRAY CONTAINING DECAY CONSTANTS FB THE LBWER, MIDDLE AND
UPPER SEZTIBN BF TWE TEPSINE EXPIONENTIAL LAYER (1/%)

TBIN s VERTICAL E_ECTROBN CONTENT (E/Mes?)

TETNAx ANGULAR ELFZTRASN CBNTENT (F/Mes?)

DIMENSIBN XK(3)1,LYMDI4),ALAT(4)JALON(4) ,FLXD(#) s IFH(14,25,4)

DIMENSION LTI2),MP(2)aFT(2),HT(2),F1(2),HI(2)sFALR) ,HA(2)sJAZ(4),
*KAZ (%)

DATA JAZ/1,4:8212/0 XKAZ/142,6214/7, LYMD/0s0s050/3 NBINR/&,0/

DATA RsSPLAT,COLAT,PLEN/637102F 3009795246, 41993684,5.078908

DATA RM,TBL/66T71Z00e 50087265463 /

DETA G0,51,32,37+3100,723P5,04PS, OGNy RN3,P12,DR,HR/0. 2le ;24
#7s  21C0e¢  53e5 405 ,1424E10,449972 ,6.2831853072
#eD174532325 2617993878

ESJIVALENCE (LT{L)alT 1) o {iT(2)eLY23 0 (MP{1)aMPL)2(MP(2),MP2)
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(SRS

aonn

INITIALIZE ZONSTANIS

SFLEVEGC

BRANGEZU

BRATE=(JC

T8TNS WQ

TBTINASGU

IFLAG=0Q
4vvMDeTYR#{00CoeMAN21CO+1DaY

READ FrFpesd INTERPELATIEN TARLES FRBM FILE, SELECT PRBPER SET

-1 0% 2 Is1,08 - —

IF(NYMO NP L Y¥D{1)) Gp T8 2
IF(ABS{ALATII)=FLAT) eaT.TRL) 38 1B 2
IC(ABS(ALSNITI=FLAN} +3T-THL) 5 T8 2
5% T8 ¢

2 CENTIN g

NITEANR4 D
IT(NKe53Ter8) 3l
3 RFEADIUTR) LYMDIKR) sALATINRY JALBNINRI,FLXDINRY, { (IFHIL,LLINR)

#p_=1si43s1L=1,25)
IST(EBR , 4T?) &,1
4 REWIND gTP
IFLAGEIE ag+l
IT{IFLAGeLESLY UB 19 3
w2ITEL6,5)
5 FORQMAT( b3 was FOF2enM TARLES FAR THIS STATISN AND DATE NAT FBUND
IN FlLs)
YR s .1
Ry TURN
6 F_UXsF x2(1)

]

FORM AZIMITA AZ, EARTH NENTRAL ANGLE STATIBN T8 SAT. ECA,
18M8GPHERIZ LATaLnN. PILATLBLAM, MASNETIC LAT. BF I8N, PSINT
HLAT, anD _8CaAL TIxt TiaC

IT(AZ e _Te)) AZzAZ+P1D

S_AT= SINIF_AT)

T_AT= CHS(F_AT)

SFL= SINIFLEV)

Cfl= (as(trLFv)

GaZ= S1nial)

TaZ= CP5{4)

ST eR&{FL /314

Tz SURT{11=57e5F)

Sa = (B » ZF « SEL #* SF

Ta s SE_ « OF + CEL # SF

Ecps ATANI(SA/TAYN/NDR

SMLAT=SS AT#T AT AT#SARCAZ

Za ATE GUIT(IL=SNL_ATSSNLAT)

8 _ATe ATAN(SN_AT/CALAT)

SOLON®SAZ«SA/INLAT

COLON= «RRT(J1=8DL8N#gDL BN,

a_BN=FLaN+ ATAN(SOLEN/CD_oW) -

SML = SNLAT & SPLAT + CN_AT & CPLAT & 785( BLANePLBN}

ZML= SURT(J1esMi#SML)

Wi ATE ATAN(SM_/CML)

T_BC=TI4E+8_A\+P1I2
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T.8CsAMAB(TLIC,P12)Y
TLOCALSTLBZ/HR

INTEJPOBL_ATE #CF2-4M TABLFS
COM2JTE INDIZES LT1,LT2, INCREMENT DLT FAR LBCAL TIVME INTERPSL.

X TsTLeCAL /32408

C

c

C
1<

C

C —

c

C
2C
30
4C
sC
60

C

C

70C

LP1sXLT

DLT=sLTL

DLT=XLTedLT
IP(XLTe3807395) LT1alL T+l
IFIXLTe3E«34°5) LT1alTi+1
IF (LTI o Te3e9R . T1eGTesn) G8 T8 10
DLT=DLTeg?

IF(DLT»3Ee71) JLT=DLT=~31
IP(LT1e5Tat14) _Tisy

LTZ2=L Tl

IT(LT2¢3Te14) _T2m}

COMPUTE EART= CENTRAL ANGLE INDEX IALF, INCREMZNT DALF
A_FaECA/3T7+dY
IALT=ALS
IP(IALF oGTou) 1AFud
DALS=ALTe SLIAT(IALF)
Kist

CAMPUTE AZTv TH INDICES wP1s4P2, INCREMENT HELAZ
NAZsJAL(TALF)
MB31sCAL(TALF)
IT(MPie3Te1) 53 78 30
JELAZsSLD
MP2al
G 19 &¢ : -
DAZ IM=P1p/ F_BrTI(NAZ) : -
AZ1v=QC
D8 40 L39Pasi,NaZ
MPoMP1
D1 aMPley
IF(LBBF+EQ.NAZ) MP1sMP1eNA?
AZIvEAZIvenAT L
IPIAZIMeGE-AZ) 38 T8 50
CBMTINUE
DELAZS{AZIv=AZ)Y/DAZIM
CONTINUE

INTERPBLATE IN TIME FPR PREPER PAINTS MD1,%P2 T8 GET FlsHI
D8 80 IPTs1,2
MBTSMP(I0T)
DA 70 L=i,?
LTv=LT(L)
IMI=IFR(LT4,4PT,1)/10000
Yt )s FLBAT(]-A1)20100C
[F1a]FH(LTU, P T,1)=IHls10C0D
FT(L)s 0 8aT(171)/5100
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80

90

100

L J

140

REFRC1, CPC No. 14

)
FICIPT)erT(1)e(FrT(2)2FT(1})4DLT
HYICIPT)oHT (1) ¢ (HT(2)pHT(4))eDLT

INTERPBLATE IN AZIMUTH TR GFT FA,HA
FRIX1ISFT(1)+(r1(2)=FI(1})enELAZ
HE(K1)SHI(1)+(H](2)eH](1))enELAZ
IP(K1+EQe2) 38 TO 100
Kis2
IALF=JALF+1
IFCIALF«GT.4) 38 TO 90
G8 718 20
FR(2)aFA(])

HA(2)sHA(])

INTERPOLATE IN EARTH CEMTRAL ANGLE Ta GET FOF2sHM
FOF2sFA(1)+(CA(2)=FALL1))aDALF
HYSHA(L) +{HAL{2)«HA(L) JwDALF

COMPJTE SECBND PART 8F PROFILE
CaLL PRGFLE{SLATaﬂLSNaHSJTINEo!DAY:”BN:FLUX,FOFZ:HH;HLAT;
YM, YT XK2aRRMH XNTNM )
IF(XNTNw, Fe30) G2 TE 140

COMPUTE ELEVATISN AMGLE CORRECTION DELEV
FRATS (FOF2/FS)sn?
CALL BEYA(?RAT,XNTNMaNS:Hﬂ,YH;SEL,CEL:DELEV)

COMPUTE VERTICAL AND ANGLAR ELECTRON CONTENT TOTN,TBTNA
CBMPUTE RANSE CORRECTIBN DRANG

RAT=2{R/(R+ H4))as2

DENZQ1«RATSCEL#CEL

DENe SURT(DEN2)

TOTNEXMTAMS UNMsFOF2ne2

TOTNA=TBTN/DEN

DRANGaFRATaRNI#XNTNM/DEN

COMPUTE RANSE RATE CBRRECTIAN DRATE
DRATE-QRANS'EDBT*RAT*SELGCFL/DENE
DIATE:DRATE-rRAT'ﬂNB'HDBTORQHIDEN
CBATINUE
RETURN
END
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