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3.2.1 Computer Program Component 14 

CPC No. 14, SUBROUTINE REFRCl, is written in FORTRAN code and 

is called from main PR<XiRAM ION 1. REFRC I extracts the foF2-h. tables 

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

position and time. The remaining profile parameters are obtained via 

SUBROVTINE PROFL2, the ionospheric refraction corrections to range cR, 

to instantaneous range rate ,\R are computed and SUBROUTli"iE BETA provides 

the elevation angle correction cEo 

3.2.1. 1 CPC No. 14 Description 

REFRC 1 retrieves the foF2_h,. tables from the tape or disc file that was 

prepared by the preprocessor T ABGEN, 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 a re observing inter­

mittently. In addition, if new data is requested, it automatically replaces 

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

The earth central angle between station and ionospheric poinf, the 

geographic latitude and longitude, and the magnetic latitude of the ionospheric 

point are computed using the equations shown in Section 3.2.1. I, CPC No.4, 

Local time tl ~ is computed from the universal time t and the longitude A, 

t1 "e = t + A 

Critical frequency and corresponding height are extracted from the 

foF2-h: table containing data for 14 time intervals during the specified day 

at each of 25 locations covering the visible ionosphere around the given 

station. A linear interpolation pro.::ess is used in three dimensions, in 

azimuth. earth central. 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. 

Continuous interpolation is insured between 22 and 0 hours of local time 

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

angle. The hmiting values at 21 degrees are used if due to some rare 

occasion or an error condition, the earth cent ral angle should exceed 21 degrees: 

this value wa:; arrived at for the extreme condition of an observer looking 

horizontally c:t a 453 km high ionosphere. 

By calling SUBROUTINES PROFL2 and BET A the remaining profile 

. parameters and the -refraction correction to the elevation angle are evaluated 

respectively. Vertical and angular total electron content as well as tht~ 

refraction corrections to range and instantaneous range rate. are computed 

following the description in the last five paragraphs of Section 3.2. 1. I, 

CPC No.2. 

3.2.1.2 CPC No. 14 Flowchart 

The fio\\ chart is shown on the page following 3,2, 1. 5. 

3. Z. 1. 3 CP'::: No. 14 Interfaces 

a) Library subprograms required: ABS, AMOD, ATAN.COS. FLOAT, SIN, 

SQRT 

b) Other subprograms called: SUBROUTINES PROFLZ. BETA 

c) Calling >rogram: PROGRAM ION 1 

d) Calling ,equence: SUBROUTINE REFRC 1 

e) Commoll blocks: EYALl, CORRl 

Yariablc!s in common: 

COIllmon V •• riable Dimension 1/0 Description 
Name Name --- --
EVALI F'-., 1 I Transmission frequency (MHz) 

EVALl F ...AT I Latitude of station (radian s) 

EVALI FJON I Longitude of station (radians) 
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Common Variable Dimension I/O Description 
Name Name 

EVALI ELEV 1 I Elevation to satellite (radians) 

EVALI AZ 1 I Azimuth to satellite (radians) 

EVALI HS 1 I Height of satellite (m) 

EVALI EDOT 1 I ElevatlOn rate (radians/sec) 

EVALI HDOT 1 I Altitude rate (m/ sec) 

EVALI TIME 1 I Univer.sal time (radians) 

EVALI lYR 1 I Yea r (last Z digit.:> ) 

EVALI MON 1 I Month (=1 through 12) 

EVALI IDAY I Day (=1 through 31) 

EVALI JTP 1 I Unit assignment of ionospheric 
file with foFl-h. tables 

CORRI DRANG I 0 Range correction (m) 

CORRl DRATE 1 0 Range rate correction (m/sec) 

CORRl DELEV 0 Elevation angle correction (radians) 

CORRl FOFl 1 0 Critic:.:aI frequency (MHz) 

CORRl HM 1 0 Height ar. maximum electron density 
(meters i 

CORRl YM I 0 Half thickness of the bottomside bi_ 
parabolic layer (meters) 

CORRI YT 1 0 Half thickness of the topside parabolic 
layer (meters) 

CORRl XK 3 0 Decay constants of lower, middle, 
and uppe r section of the exponential 
topside layer (l/meter) 

CORRl TOTN 1 0 Totc:.! vertical electron content 
(e /r.Ji? column) 

CORRl TOTNA 1 0 Total angular electron content 
(e/rr? column) 

f) File requirements: ionospheric input tape or disc file with foFl-h. 

tables. The format of the HI" containing the foFl-h. tables i& 

described under 3.3. 1. 
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3.2. 1.4 CPC No. 14 Data Organization 

Variahles defined in data statements: 

Name 

JAZ 
KAZ 

NO 
NR 

R 

SPLAT 

CPLAT 

PLON 

RM 

TOL 

Dimension 

4 
4 

1 
1 

1 

1 

1 

1 

I 

1 

Description 

I Index arrays used in rldining the 25 point pattern 
around the station 

I Initialization constants for storage condition of 
foF2-h. tables 

Mean earth radius (meters) 

Sine function of the geographic latitude of the magne>tic 
north pole 

Cosine of the geographic latitude of the magncth: 
north pole 

Geographic longitude of the magnetic north pole 
(radians) 

Estimate for radial distance of ionosphere from 
earth centc r (meters) 

Tolerance allowed in identifyinJ station latitude 
and longitude (radians) 

Other constants listeu in data statements: 

QO=O, Ql=l, Q2=2, 07=7, QI00=100, Q3P5=3. 5, Q4P5=~t.::, 0r\M=1.24tlcr:;. 

fu.~3=. 49972; PI2=360°. DR=lo, HR=lt converted to radians. 

Other impor1ant variables are described under 3.2. 1. 3 e). 

3.2. 1. ~ CPC No. 14 Limitations 

Approxinations are introduc:ed into the (:omputation of the criti(-al 

frequency and the height of the maximum electron density by two facts; 

through the linear interpolatiorl in space and tim.· of the precomputed 

foF2-h. tabl !s, and through bypassing the lte ration on the height estimate 

of the ionosphere. Thus caution should be uSt'd ano rurther tests of accuracy 

requirement; might be desired when using thi'; program vcrsbn. An 

estimate of the expected errors i., given in Section 0.2. 
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The range rate ~'orrection formula in this routine applies only to iT' ,;.:.:: " 

cous range rate 111easurements since it is as~umed that the only variati:n in 

~·lectron content over the time of observation is due to the positional .:hange 

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

~·onstant. Range rate corrections to obse rvations obtained by range diffe r '.~,- .• 

over a finite time interval during which the j(,nosphere can undergo distinct 

changes, cannot be computed by this routine because the foF2-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 e:-ror message is printed out and control is transferred to 

PROGRAM ION 1 to proceed with the next Gata case. 
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CPC No. 14 Flowchart, SUBROUTINE REFRC I 

SE7?· 
~nitialize ' 

Lconstants 

"No 

Vf!ad file with 

f(,F2-hm 

tables 
\.... I 

I Cotnputegeo~ 
lat.tude&: long: 

I ~_ ~nagn .. latitude 
~ ion. point , 

[

Compute 
local time 

I 

6 

Print error 
message 

\ j 
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Compute indices 
& increments fo 
interpolation in 
local time, 
central angle 
&: azimuth 

Perform inter_ 
olation in local 
ime, azimuth 

central angle 

Compute vertica 
& angular 
ele<"tron content 

Compute co r_ 
ections to range 
AR and to ins::_ 
range rate ,\R 
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3." Stara/!t! Allt)t'atio~ 

The size r,>quirt'ments and sturage allocations of the total prog ram'~ 

anO th~ individual components we rc ~xtracti!d from comput~r runs of the 

programs on the CDC 6600 computer system. In the load maps that are 

shown on th", following pages the startin~ addresses of the program and 

system functions in the detailed breakdown arc listed in octal words. 

The total core space requirements are: 

37604 octal::: 16260 decimal words for the Bent Ionospheric PROGRAM ION; 

24232 octal = 10394 decimal words for the preprocessor PROGRAM TAnGEN. 

65L4 octal = J412 decimal words for tho! ri!duction PROGRAM ION 1 

of the alternate version of the ionospheric program. 

Following are the size requirement::: for the individual components: 

Component Size in decimal words 

COMMON IEVALI 20 

COMMON IUPDTI 57 

COMMON ICORRI 12 

PRC":.GKAM ION 3841 

SU BROUTINE REFRAC 5426 

SUBROUT.li."JE PLOTNH 366 

SUBROUTINE PROFLI 624 

SU BROUT.li."JE PROFL2 1085 

SU BROUTINE BET A 180 

SU BROUTINE SICOJT 64 

SUBROUTINE DKSICO 72 

SUBROUTINE MAGFIN 520 

SUBROUTINE GK 147 

SU BROUTINE DKGK 39 

COMMON IEVALII I3 

COMMON ICORRI/ Jl 

PROGRAM TABGEN 10394 

PROGRAM ION I 341" 

SUBROUTINE REFRACI 19R8 
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Load Map for PROGRAM ION: 

-PP'OGRA~----At~P.ESS- --LAe~LEO---CO"rc~--
ION "00211 EVbl OOGUO 

UPDl 00 Cle''-
CORR ('011215 

ClEF'P.H, 001&32 EVAl eOOHt 
UP~H oeetZ'-
CORR i10021~ 

PLOTh .. u:::-2311t 
P~OFll !l2'?O72 
PROFL2 02:.?52 
I3ETA 02&3:.7 
SI('OJT o 2~f;': ~ 
~KSICC n61::r~ 

HAGF' I t: 0.270:'3 
GI(. 03"O5? 
OI(GI( o ;021f; 
At;GOfRi. c~o.;:." 
ABS$ t'!J36C 
AMODi O:!i1.)b:: 
StGN! u ~'37 G 
AL~LCGE O~O37:' 
IlLOG1U IP~433 
AT ANi "",0l.t&5 
EH$ 1.3 .. 505 
EXFE it.:.05l.t1 
SINCCSE n:!llo15 
<:QRTS 0:0&12 
SQRlE &;:J71c 
GE T:! A O!!J7I+fi 
SIOi O~!J757 
COS$ C!Z 372 
t;INi O:t2:.24 
HANE (':'Z&t5b 
SYSHf'i O~?;37 
IFENCS::i 0::~5&t7 
tNPUTF$ ~3.)o2b 

INFUTCi 03:'107 
KODfF! C~42~& 

KP.AKEl:i 03;&52 
IJUTPTC. OJ7:'3~ 

~E.Wlt."$ 017532 
\3 

HZ 



Load map for PROGRAM T ABGEN: 

-P~O~~A~----AcaRESS­
TASGE.t.--- -- -.u~il1 0.11- --. -- ----
SrrOJT U2~~~2 

OKSIC-C·----- ~2"3-2~ --------
~AGF!~ 02~5~2 

'K - ..•. o.Zip52 
OKGK 02;775 
AaS~ 02&044 ---. 
A"OOt • u2&0~7 
~l-GlI," .' a2&O~4 

ATANt 02&0&0 
.hU --·-SH~CCH- . .Q..2.1J1.4.. .. ------_. 

SQRT¢ 02&155 
~ORTE 02&201 
~ETBA 026223 
~IO$ J2~242 
coss 027&55 

- ~~-- - ~-D-1. 
ATANE P277~1 

SVSTl~i 96~022 
cNDF!Li u310!2 
IF-ENtf=i G~11 ~3 
!NFUTPi 031162 

-!NPijTt4 ~~1~4~ 

KOOE~$ u31~12 
l(.f(AKEfOi :t33206 
OUTPle$ 03,172 
OUT~T($ 03'2~1 
QEW!~~$ 03S34~ 

--LA9ELED---CQ""ON--
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Load map for PROGRAM IONl: 

-CROGRA~----lrORESS-
----tWl.l .o0G1:t1 

- --~-E-~~ - . &-0&&;; 

PACfI..a -_.-. -i-t.i ... t 
9ETA 01~&?& 
~~S$ 01;1~2 
AHOOf 01,1~5 
~~0A+i 01;1;2 

. -AlAN! 015155 
--- g.X$.$- - ~l'; 11-; 

EXFE 015237 
-. S~C$€ 015305 

~QRT$ 0153&2 
SORlE- GH40& 
GETS' 015~30 
ng, ----- ·(l.H441 
COS$ 011062 
stN$-- '1111~ 
ATANE 0111~6 

-s¥Stf-f&1 911227 
IFENCFS 02(~37 . --.-~* 9 2E·a1 Eo 
INFUICS 02(577 
~OCE~t G2(126 
KRAKERS ~2~~~2 
I)UT~TC$ 02&-126 
REWI~~S OZ L 222 

H-t 

--l.eELED---CO""Ch-­
(VAll 
COQRl 

·EVAll 
COIlRl 

000100 
000115 
ailUco 
000115 
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3.3.1 Data Base Characteristil.- - File Description 

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

handled through three files~ the input ;:lata card deck read in PROGRAM 

ION, the input ionospheric coefficient ::ape read in SUBROUTL~E REFRAC. 

and the output to the line printer is written in PROGRAM ION and SUB­

ROUTINE PLOTNH. 

Progranl File Type Mode I/O Fortran Description Details 
U lit No. llnder 

iON Tape BIN I Ionospheric eoeff. tape 3. 3. 1. I 

10:'\ Line printer BCD 0 b Output listing from ION 3. 3. 1. l 

10I\: Ca rJ rcade r Be D ! '" In[mt data deck to ION 3. 3. 1. 3 

The alternate ver3ion of the ionospheric program consists of two 

sepa rate entities. the preprocessor TABGEN and the reduction program 

10",,1. External data transfer in and out of TABGEl'! is handled through 

four iil.~s: an input data card deck, data output to line printer. the input 

ionospheric coeffici.·nt tape, and the output dis(" or tape fil<> with foFl-h", 

tables. Exte rnal data transfer in and out of ION 1 is handled through the 

following 3 data files: an input data card dech, the input data file with 

foFl-h" tables, and output to the linc> printer. 

PrJgram File Type Mode I/O Fortran Desc ription Details 
Unit No. Under 

TABGEN Tape BIN I Ion. {"neff. tape 3.3.1.1 

TAHGEN Disc or tape BL~ 0 l File wit" fOFl-h.,tables 3.3. 1.-t 

TABGEN Line printer BCD 0 6 Output listing from 3.3.1.:; 
TABGEN 

TABGEN Ca rd reade r BC D I :; Input data deck to 3.:'.1.0 
TABGEN 

ION 1 Disc or tap,· hlN 2 Fil,> with foFl-h"tabl.·s 3.3. 1.-t 

IONt Card rl!adl~r BCD I :; Input data dcr-k to ION 1 3. 3. 1. H 

lOr-.: 1 Line printe r BCD 0 b Output listing from 3. 3. 1. 7 
ION I 

W; 
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3.3.1.1 Ionospheric Coefficient Tape 

There are 36 fixed length records on the tape followed by a d0I1b! .. 

end-of-file. Each record contains. in 3848 wo:-ds, the generalized 10-day 

foFZ and 30-day M(3000)F2 coefficients to be used for one thiru of or.e rlonth. 

The 36 records are in time seqnence and valid fo,- the periods Janua ry 1- 10, 

January 11-20, January 21-31, February 1-10, February 11-2G, February 21_ 

28 or 29, •••• , December 21-31. 

WQ1'd Mode Fortran Name Desc riptiOri 

1 !:ltege r LaND 

2 hteger LaNDY 

3-2966 Leal WCOEF 

2967-3407 Real UM 

3408-3848 I!.eal UMI 

=(monthAIOO+day),first date f,)r whil.~h 
coefficients are valid 

(monthd OO+day), la.:lt date (or whic It 
coefficients are valid 

Array of dimension 3<13-76 of general_ 
ized foF2 c0efficients valid for t:1C time 
interv::d specified by words ~ and l 

Array of dimension 9x.t9 of M(301J0)Fl 
coefficients valid for a 12-month running 
a ve rage of the suns pot rurnbe r 0, <llld 

to be us<>d for the timt! interval SPl!,ifi,'d 
by words 1 and 2 

Array of dimension 9x.t9 of M13000)Fl 
coefficients valid for a 12_month running 
average of the sunspot nU.rnber :: 100, .:>nd 
to be uSt'd for the time interval ,;pecifi{'d 
by wnrds I and 2 

The formatic.n of the specific coeii~cient sets for foF2 and M(3000)Fl fr:>m 

the general (oefficients is discussed unde .. 3.2. 1. I, CPC No.2. 

3.3. 1. 2 Line Printer Output Listi:lg from ION 

The typical output format of the results fri)m ION is shown for smw 

test cases under 4. l. In addition, the following error nlessagl.''; m.IY ,,,cur: 

Printed in PROGRAM ION, "Error in sola I' input data for yea r .. ::tnd 

month::: .. where Ilpon the Conlpute r rur. i;; tt'rrninated. 
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Printed in PR<XiRAM I')N, "R ':n"in~n;; update data not USt-d~'. if nun'!! 

than eight update conditions are suppli ... -l, the first eight are used, ther~­

maIning cards are tikip~d over. 

Printed in SUUROUTINE REFRAC. "Coefficients not found on tape~for ~ 

year, month, day:: •••••• 't, where upon control is transferred to 

PROGRAM ION to proceed with the next data case. 

Printed in SUBROUTINE BI:."TA, "Ray is reflected at bnospbere or near 

.re'Oection conditlon,elevationangJe correction is not comp\.~d. If where upon 

control is transferred to SUBROtJTlNE REFRACto pro(.ccd normal with thc 

defines the evaluation and update conditions. andth~requiredS~lar~b; 

The set up yrocedure for the c~~ deck is ~scri~J:Jel()W~~ii~~d~y~ 
descriptionof the solar data and by thedet~iJedcardtypea~d !C'rm~t i1'1-

** Specify evaluation condition 

. . FS, FLAT ,FLON,statio~inf()~ati0n: wave frequency., 
latitude· and . longitUde!,. . Ifr~r ractioncorrections.· are· n<?l· •.. 
desired,FSisnotuscdaDdshould.bele£t hlank oreet ~ 
=0 or positive. 

Card type 4 : ELEV, AZ, HS, EDOT, HOOT, satellite information: elevation 
angle, azimutb. height, .elevation rate, altitude rate. If 

<th~ inetanta~o~ ~~~ge rate correction is not dcsired,EDOT 
·~·':aDd HDOT are.:: Dot used and sbould.be left blank or set to any 

value. ..~ 
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Card type 5 : lYR.MON.IDAY, TIME, tim'" information: year, m<mth. 
day. time • 

•• Specify sola r data ** 

** If the year and month of this condition are the same as the year and~ month 
of the previous condition, skip ca rds 6,7.8. 

Cardtype6~: IYR.MON,F~LX(I)...FLX(16A. date anddailyvalues olobserved, 
solar nux for the first.l6 days of. tbe month. If future pre­
~dictions are to be evaluated. leave array Fl.JC blank. ~ 

Card type~1-: ~~!YR/MON, FLX{ 17)-FLX(31), date arid dally val ues of ob-~ 
served solar flux (or the~.latterpart of the month~lf there 
are Jesstban31 days to the month; th~'additionalsp,;u:es 
are normally Jeft blank. . . 

Card type 8 : 

** If update isnotide.ir~dJorthi5 
?;3~~skipd:cardl 0.(:< 

'\ULAT:tJLON,"U LEV. 
latitude, Jongitudeof observation sbtinnPlpv:.r 

mmhof obse rvation.<>bs.r 
'·ment;tlnd~. When the obser",.Hhn 
;et~i~~iion to 90" andazim.4h 
anguJarcoDtent use the app~~p~ia 

</ ~ ;,/"",' _ _ ~ __ -yu __ -, 'q , ;<",_;,_~_<::, ___ ~::: :;~_;: __ ;; __ >~_; 

. ** Specify add~ional data 

..... If corrections to range rate by dUfe 
IDRDAV = O. skip card H. 

Card type 11 : ELEV, AZ. HS,TIME. satellite inforJ'Tlc&tion, eJevatio.'1, 
azimuth, and height and time .information for the se~,md 
observation used for the range differencing. 

** Repeat cards 3 through 11 for any number of ('onditions desired. 

** Terminat.~ with card 3 containing a negative. value for the wave frequency 
- F'Sv . ~ .. 
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1-

b) Pr"'pa ration of Sola l' Data 

The solar data can be extracted from the "Solar-Gec,physicai Data" 

monthly publications, issued by NOAA, Boulder. Colnrado. 

The daily vahws of solar nux arc to be c::opied from the tabll:' "Daily 

Solar hdices" (normaUypage 7) under the column "Observed Flux Ottowa 

2800" MHz (corresponds to 10.7 cmwave1ength) •. 1£ future pr(>didinns art! 

tobe evaluated and therefore ,10 measurements available, the daily flux 

values required on card with the appropriate ycaraiut'month are to be left 

blank. The p:ogramautomatically cheCk~forthis·condition and insertsth~ 
best estimate for the daily flux values which is the IZ-month running average 

" 

lZ 

The monthly means of the index for the lIlum.u 

accumul<lte~ monthly means using the formtd~.~b~ve~ThemontblY. means it re. 

listed along with the daily values of sola I' fiux.·l!' not enough advan('eda~ is 

availabl(~ tu (orm th{! Il_month running average, t.hat value can be approxi_ 

mated with a 1t.5, 10.5 or 9. 'i-month runnint; average; 
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appro". F1:1" J :;; F12• t)-II • J 
(

_ 6-11; ) I F / -6 + __ _ 
iZ':5:Jc -Z . F;H 

:':"-u 

.k I,l,or r . 

If not even enough data is available to form a 9.5-month running average, 

an estimate of the lZ-month running averag< of the solar flux ran !Icderived 

Cram the lZ-month running average of the s~nspot numb.!rCorwhich tabulated 

predictions are available. The ·relatio:aship between sola!'fiuX·andsunspot 
.~ 

numbfjrwat: arrived at by Stewart and J.efti~. Ref,~rence 9. 

FI2 • 

(rom l~O on a.ndthe monthlymc:-ans {"I" solar 
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'rabh' I. Il$Month Runn,"" Averag~ of the Zurich Relative Sunsput Number 

1900 1961 1962 1963 1964 1965 

·Jan. IZ8.9 80.2 45. Z 

F':!b. IZ5.0 74.8 41.8 

~Mar. 
J .. d "" . .... 1.0 ·68.-8 

Apr. 119.6 64.3 

May 117.0 60. I 

June 113.9 8 38.3 

July 108.1.. 3. I .8 

Aug. 10l.4 Sl.5 34.9 

Sept. 

Od. 

Xov. 

July 103.8 

Aug. JOI.O 65.') 1}5.4 

Sept. 91.Z 66.4 62.0 

Od. 93.9 67.1 60.3 

1'lov. 89.4 67./, 58.5 

Dec. 84, I 69.9 
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T .. ble Z. IZ$Munth Kunninr AvcraKc of the Solar Flu" at 10.1 C'm \Vav .... ·n~ln f(Jth,waJ 

l,}i,O ")6 ( .962 1'163 1964 191 .. 0 I 'If, 7 1'1(,8 1"0'1 - - -
178.; IlK. Q 97.9 81.8 76.4 n.s 85.1 IlK. ! 1':;0.0 II:, 1I. l 

Feb. 17-1.£.. Il-l. I Z 81. H 75.S 74.4 88.-1 Ill. ~ 14'1 . ..; ll:ifJ. l 

Mar. 170.8 119. I 93. 1 81.8 743 ';4. (J 91. Z 134. 3 1-1(,. ~ j :; u. I 

Apr. lbH.6 115.1 ?1.7 81.5 73.3 7:'.-1 93.8 I 3n. 3 1:.0. -4 1">0.0 

May 16b.2 ilO.;-8<~ ~~1;1- -81;;l ·71.. :; 7;;.8 f't6. " 1 jo. lS I 'i0. Ii i O. b 

90.-1 81.072.1. 76.0 100.1 141.7 1 ;<'. q '" I . 

89.l 80.6 72.3 76 .... JI'H. (/ 14l).o 1-I7.~ 1 -I.l 

87.7 80.3 72.4 77.2 109.7 H7.1:S ;= j ~.!. ~% 

.80.1 7l.Z 78.3 115. 3 HS.l I I "}L. 

79.8 7l. I 80.0 119.(, H7 • ..; H8 3 l..,l. 

"8" ·····72·;; " I • I ~~,' ... . 51. 122.8 147. f} 4'1.0 

77.3 7J:Z KJ. iJ Il'5.. -; 1";9 .. ) 1-1" < i 1,..4 .1 

Sept. 151.4 115.S 115.0 

Oct. 147. h 116. 1 113.5 

Nov. 143.3116.7111.8 

Dec. 138. I:. 118.9 108.6 
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January 

February 

March 

July 

A"j.!u:ot 

T.ble 3. 

1<J70 

fss.-}' 

17') • .J 

It)t'I • .J 

ltil. C' 

I:;Z.O 

138.l 

Monthl! Mean of the Solar Flux 

1911 

--16Z.:t 

137.8 

Ill. f) 

Ilb.7 

101. 

U7.4 

I H. I 

q3 

1'I7Z 

114.8 

I·U.8 

ill.O 

ll,). -; 

1973 

10Z.Z 

98.7 

100.4 

t05.0 

91.2 



~.» Card Typ; and Format 1nform'it~on 

Card Tyee I 

Output .i,ms lor ionospheric profile and re :raction corrections 

. . ... ., 
1 .. .,.11,111 1 , 

I :::- I ;:; I ;:;-* __ f.,...... 

..l ..l ...! 
UJ l&1 l&1 en en (I) - - -

Format (515) 

:) lSEL(5) 

20 ~ 

.n,r, u.nni" II 

~·f ~, 
..l ..l 
l&1 (al 
(I) (I) - -

6.10 

li-F· j 
f 

43 50 GO 70 
~ , . II i. H ! ; 

I*> .lO i ;:; rang"co~~~l.'tioll 
15 ! I.llj ~.o insti·ntan~;'i.srange 

de~i.~ed. ..Jl()tuesi .re~J 
If w~rdli 1-"abovea re aU I, ?nly the 
criti'cal frC!quencyandiorrespandin~ 
hei~ht will ~·c?mpleted. . 

?i 

,., 
! 



CuJ Type l 

Update option and output option lor c."rredinn tt) rangc differencing 

I ~ 20 

I""IIHI'"'"I .1;1 
f-o ;;-
C -( 
c.. c ., "" ..... -

C -
Furmat (ZIS) 

30 

i , o ! 

40 ~ a') 76 a,) 

f ; • j 

~--~----~--~~~--~~--.--------------.-----.-----. 

l IDRDAV 

I 
f 

I I 

Update flag: fi nO update for any uf 
foUOW'ing evaluation (;f,m..fitioJU5. 

1 upoiatein .orne ~r all of the following 
evaluati.:Jn~onditioM .. . ... 

... 

t·· Output uption;~uc:orredion tarat.ge 
,:"at.~ uUalnea by dafferen'ring tecbnique I Hi nut rt!quelited;:1 dC'.ired 

I 

I 
')z, 



Card Type 3 

SUtion data for evaluation condition 

• 10 20 30 

,11111 nj' 1'111 lil I ; I d ;I! J In' 
L FS LFL4.T-1 i-FLON-I 

For.nat (FIO.4. ZF 10.5) 

Word IProgram 
No. Ivadablel Lnits 

Z 

1 

FS 

40 

n"' ~ 

"// 

sa 60 70 
« , 

fill i L . " 

0'\ 
J . ; 



CHdTn~ 

Sat~Hilc data fur evaluation condition 

20 30 4!) 

!.: J I 
i 

,I ; . ~ ; , II 
( W i I 11 I I I I ;, I t I I f I 

I L..ELEvJ AZ -j, HS '--- EDOT -.J. 

Format (2 FlO. FlO. O. ZDIS.8) 

W OI'd IProg ram 
Variable 

ELEV 

l. IAZ 

as 
EDOT 

5 I HOOT 

FlO·"I'·'· FlO. 6 11- Ze, 

~I 

I 
i 

i 

97 
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5:> 60 70 ij , 
I . j ; I : t ~ ~ I 



Card T,r= S 

T ilne data (0 r evaluation condition 

• ~ 20 ~ 

t
' I I I ! ! I . I III I I ; I Ii! I ! II . ii, · . 

I I . l ' ~ 1 >- I ~ I 5 I! t( - TIME-J 
~ ::E 0 

Format (315, FlO. 7) 

I I i \ ... ·ord Program 
No. Variable Jnits Format Column! 

1 IYR -- I 5 

2 MON - - I Ii 

I 3 IDAY -- 1 :; . 
J 4 TIME lours FI0.7 

I 
I 
t I I 

! I I I 
! 

I . 
I I I 

40 

98 

50 60 70 

f: j f i '.' 

-
Des-.riptlon 

digits) 

rQugh 12) 

ugh 31) 

me 

(lJ 



Cud Type .:, 

Daily solar flux data for first part of month 

, 10 2') 3~ 40 5~ 

, I I I I f I I I III II I I I j , I ' i : I ; ! , I .. 
V \1 i'l' 
V V :-- • i -- I . ,- !t""'; 

Z X X ='0 -l 
, 

~-
... 

_..2: ::... ::... 

Format (lIZ, ~x. 1(14) 

r;~~rogram I 
~.(). Vartuble t;nits Furnlat Colunlnl -

I iYR 1 Z I " I 
Y.!~.r (last Z dig -- -... 

I ~ MON 1 Z 3-4 Month (:.1 throu . .. --
I • 

I 
,) FLXP) - I 4 9-12 I Daily solar flux 

.J FLX(2) -- I .; 13-16 Daily solar flux 

I ! . · I · . · 
J . · · . · 
i . · · i b;-7Z · ! I 16 FLX( It» - 14 i Daily solar flux 

I 
, 
• 

f 

qq 

60 70 

I ;!lll : j I, II 
it~ 
, -' ~I 

X X 
-l ...l 
t.... I:. 

Description 

its) 

gh 12) 

,,10 for day 1 of month 

xl0 for riay Z of month 

.! -. 

",to for day Ib Hi the mOllth 

oJ 
I 



Card Type 7 

Daily solar flux data for s~cond part of month 

/. 10 

( inn"I.I" 

I V VI~II~ I 
z X ~O ~ • 

~ :- ~ -::::: ........ 

I II i 

Format (2IZ, I5H) 

I Wcrd 
--r-

Program 

~ No. Variable I Units 

! IYR 

Z MON 

3 FLX(17) 

-I FLX(18) 

11 FLX(3l) 

2::- lJ 40 50 
I I 

! ' i : • ; t ! t ~ ! 1 
• ~ f • 

60 
I 

':! ;i d 

:1--1/-iv. _ 
..... t"'l -X 
~ 
t.... 

-X 
~ 
~ 

70 a) 

- i ---
Formatl ColumnJ 

I 2 

1 Z 

1 4 

I 4 

I 4 

1-2 

"-of: 
5-8 

9-12 

61-04 

Description 

Year ~last ldigits) 

Month (:: I through ] 2) 

Daily solar flux x IG for day 17 of month 

Daily solar flux x 10 for Jay 18 of tn.mth 

Daily sular ii",;: 'CHi for Jay 31 of month; 
if the month has less than 31 Jays, tl ~ 
spare locations are left blank 

100 
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Card Type lS 

Final or predich·d 12-month running averages of !'unspot numoer ani solar flux 

I .0 20 

I! I, ' In! 111 I ! I I I 
r :1 I j i ' 
iJ V • i ; ! 

I 
! 

;-: 
c.::: C u:. !.:.. 
~:'E:r. :r. 

Format (lIl, lI5) 

I Word IPrograml 
I i'Zo. IVariable Units 

IYR 

l MON 

3 SIS 

SIF 

~ 

, l ; I . , ; ! ; . 

I 2 I 1-2 i 
I 2 I 3-4 

1 5 5-9 

5 10-14 

40 50 60 . ; ! I : 

Description 

Yea r (last two digits) 

Month (= 1 through 12) 

70 

I 

12,-month running average of sunspot 
nurnber x 10 

80 
I . . , , • 

!Z-month running average of solar flux x I {j 
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Card Type 9 

Update control cons+.,u.t 

I 10 20 30 

,'I'II!I.IlIlllllld'I!I'i II",. 
I b I 

c.. 
;:J 
Z 

Format (1 5) 

40 so 60 70 go 
, ; ! : J; I If. I ;. 

Word Program J I i ---------------
No. IVariable Units ,Format, Column: Description 

NUPDT I 5 1-5 Number uf update conditions, maximum 8 
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Ca rti Type 10 

L?date data conditIon 

;. 10 2(1) 30 40 

jllllllllll"l-III!',' ,I.: .i!: 
LAT J LLLO~ j ULEVJ L UZIM DT 

5:) 
I 

j ~ 
60 70 

.' . I I . !. I ,f; j • 

OBS ,.J I W 
n.. 
>­
f-< 

~ 
I 

• I 

F{,rmat (2FIO.=', lFIO.6, FIO.7, Dl'5.~. 15) 

7urd Program I! ,----
I ;"0. Variable !Jnits Form;,t: Column I DC3cription 
L-____ ~ ________ ~ ____ --~ ____ ~I ' 
r I • 

I V LAT degree I 

l 

3 

. .. 
'5 

6 

7 

ULO;'-! 

ULEV 

VZIM 

CT 

OBS 

ITYPE 
j 

jdegree 

I re.,ee 

FlO, ') 

FlO. ') 

FIO.6 

Idegred FlO. 6 

hours 

ItvtHz 01 

elm::? 

FIO.7 

015,8 

I ') 

1- J 0 

11-20 

21-30 

31-40 

41- 50 

51-65 

66-70 

Latitude of update station 

Longitude of update station (positive cast. 
0-360 degrees) 

Elevation angle of observation (;;;90 for foF l 
data, ;:; elevation to satellite for vertical 
and angular electron content) 

Azimuth angle oj observation 

Universal time of observation 

Observation to be used for upJate 

Obse rvation flag. :: I for toF 2, ;:, .2 for 
ve rtical electron content. :: 3 angula r electron 
content 
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~r " 

Card Type 11 

Satellite and tirne inforn.atloH for 5':":011 ... ubs..!r</cttlon used fur ran);!" j;:<~,: n~ncinl' 

I 10 20 3~ 

1111111111/111:: 1 < I • ; ,t ! ; 

Iii 
'-ELEV-J I .. AZ liS _1 LTIME 

4:) 5) 

, i 
I 
I 

60 70~ 
.. ,. .. - - t 

j 
I 

Format (lFIO. 6, FlO. O. FlO. i) 

Word /pro;: ran)/ 
);0. Variable Cmt:; L-__ 

ELEV [:"g ,ee~ 
l IAZ l"grec I 

3 HS '{ITI 

"* 
ITI:-'12 I nc.ur;;; 

1< (,rr.l;,t: COI'HIH' !;.·sc r 

FlO.o 

FlO.o 

. --.------------. 
I 

1- : 0 Elevatwr, angle tu sateilih: 

li-lO J\zin1uth 2.n~lt~ 

------ ----<-1 
i 

I 
--------------~ 

FlO. C 

FI0.7 

21-% ;Ielght 01 "at.-Ii ite above surlan. of ca rth I 
I 31--HI 'nivc!"sal tin~c 

10-1 

I 
I 

I 
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3.3.1." Ionospherk Data File with faFl-h; Tables 

The file with foFl-h. tables is g.enerated in PROGRAM TABGEN for 

ns,' in th(.~ altf! rnatc ionospheric version PROGRAM ION 1. It consists of 

fixed length records, as many as were generated in PROGRAM TABGEN, 

terminated by a single end_of_file. Each re<.:ord contains, in 354 words. 

the datto, th<~ station poSitlOr... the daily solar flux and values of ,~ritical 

frcquen.:y foF2 and n)rresponding_ height h.. The val_~e_sf!:>r JoF_Z and 

h" a re tabulated for the given tiate for 14 different times at each location Of 

a 25 point pattern a"round the station which <-overs the ionosphere visible 

from that station. 

Word Mode Fortran N2r •. ..! 

Integer !YMD 

Z Rt'al FLAT 

3 Real FLON 

4 Real FLUX 

5-354 Integer IFH 

Description 

Date: yea r. 10000 + month. I 00 ~ day 

Latitude of station in radians 

Longitude of station in radiC"ns 

Value of daily solar. flux (if the daily 
flux is greater than 130, the limit 
value of 130 is substituted) 

Array of dimension 14xc5 ('"ontaining 
packed integer tabulated values for 
foFl and h~ for 14 local time hours 
at each location of the 25 point pattern 
around the shtion. Each integer has 
8 digits, the first 4 digits define h. in 

units of to km. the last 4 digits give 
foFZ in umts of 1 ~O MHz. 

3. 3. 1. 5 Output Listing from TABGEN 

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

data conditions. Ir: addition, the following cr!"or messages may occur: 

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

and m.)nth = •• 'f. where upon the computer run is terIT'.inated. 

lOS 



Printed in PROGRAtvt TABGE~. "CoefEcicnts n"t found on tape for 

year, month, day::: ", wht-re upon the computer run is terminated. 

3. 3. 1. 6 Input Data Deck to T ABGEN 

The input to TABGEN consists (,f card type 12. shown on the D,,:;.;:t page 

containing date and station inform'ltion 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 (:ondition are the same as the year and 
month of the previous condition, skip cards 6,7,8. 

Card type 6 

Card type 7 

Card type 8 

IYR, . ~o.~, FLX(lj-FLX(16), date and dail~- v.-dues of 
obs::l"ved solar flltx for the first 16 days cf tht> month. 
If uture predkti'J!1s arc to be evaluated, leave a rr, .. y FLX 
bhnk. 

IYR, MON, FLX( 17}- FLj{(.31 " date and daily values 'If 
observed solar filL" for the latter part of the month. If 
there are less than 31 -tays to the month, thp additional 
spaces are normally left blank. 

IYR, MON, SIS, SIF ,date and 12-month running average 
of sunspot number anc.! solar flllx. 

Preparation ")f the solar data is discussed under 3.3. L 3 b). 

** Repeat cards 12, 6,7,8 for any number of conditions desired. 

** Terminat«! with <.ard 12 containing a zC'ro or negative value for th .... 
year IYR. 

3.3.1.7 Output Listing from ION I 

The typical output format of the results from ION I is shown for sonw 

test c;,.ses m.der Section 4. I. In addition. the following err'lr mess<!i',es 

Inayoccur: 
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C.Hd Type 12 

Dah' and station evaluation condition 

/ 

/' 10 

1
11111111111111111: !-

.... Z >-

2::' 30 

. I.! 

I - 0 <: 
I >- ~ 0 

?-
FLAT FLON 

Format (315,lFIO.5) 

rwo~ PTogra~r-- ---1-----1 
i No. Variable Units Format' Colunln I 

I IYR I :; 1- 5 

l MON I 5 6-10 I 3 !DAY I :; 11-15 

I -1 FLAT egree FlO. :; 16_25 

:; FLON egree F lC. 5 26_35 

I 

4") 50 60 7U 2")1 
, I 

Description 

-----1 

Year (last 2 digits) 

Month (=1 through 12) 

Day (=1 through 31) 

Station latitude 

Station longitude (positive east, 0- 360 deg.r~es 
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Printed in SUBROUTINE REFRC 1. HiOFl_h. tables for tbis station 

and date not found in file." where upon control is transferred to PROGRAM 

ION 1 to proceed with the next data case. 

Printed :nSUBROUTL'\l'E BETA. "Ray is-reflected at inn()sph~rt· <) .. near 

reflection condition. elevation angle cfJrre<:tion is nnt computed," where 

upon control is transferred to SUBROUTINE REFkC I to proc.~ed norma i with 

the remainin:~ computations. 

3.3. 1. 8 Inpt t Data Deck to ION I 

The input data to ION 1 involves only card typt's 3,4, and::; as they an! 

desc ribed un.ler 3.3. 1. 3 c) to specify tht?' evaluation condition. 

Card type 3 

Card type 4 

Card type 5 

FS, FLAT. FLON, station informatinn: wave frequency, 
latitude and longitude. Set FS 0 or positive, if refraction 
corrections are nut requested. 

ELEV, AZ, HS, EDOT, lIDOT, sateliite information: 
elevation angle, azimuth, height, elevation rate, altitude 
rate. If the instantaneous rang,! rate corrc",tion is not 
desired, EDOT and HDOT are not used and ('an be h·ft 
blank or set to any value. 

IYR, MON, IDAY, TIME. time information: year, month. 
day, time. 

** Repeat ca res 3 through 5 for any number of conditions desired. 

** Terminat< with care! 3 contaimng z. negative value for the wave frcqu,>ncy 
FS. 
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3 .... C'Jmput"'r ProJ.1.ram Functi('nal Flow Diagram 

The functional flow diagram ot the Bent ~i()nospheric Program ION is prl'­

.;>~nted as well ~s the diagrams for the alternate version TABGEN-ION l. 

Tht' labels to th.! :-lght tl,P of each block specify the program/subr"")utinc:I 

that perform the functi{}n described in the block. Lawcr level flowt:ha rts 

disdosin~ more details are listed under the indh'idual computer program 

compon,mt descriptions in Section ~.l. l.l. 
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Functional Flow Oiagram for ION 

Yes 

r;~rt-) 

~r-./ 

~N I Re:; and pre-p-a-rc-' -., 
data ft)r evaluationl 
&- update condition. 
&- solar data as I . , 

l nee.led from cards: 
L_ I ~-.. _....:...1 

(s) 

REFRAC 
~ .. 
I Rea<i general co-' 
jeffizientsfrom . 

fie .Jets 
!u. P.E.: .. · .. & form. SpeCi-j· 

.. •. ... .. i 

:;:.- ·lpR~FLl 
IConpute critical'·' 
Ifre(IUency and I cor.responaing 
hei,;ht 

I 

."'" <. Updatel. '~t::\ 
,.~;s!re~ . ~ 

~~J) 
110 

(c) 
, __ : _~RO"L lrROF'L2' 
fompute prediction 

~4tching update 

iObse !"'vations 

t 
REFRAC 

Compute final 
up.iate ratio and 
update critical,. 
frequency 

L~_~ ..••...•........... _ .. _\ >" ,'." 

. . 

•. O· 
~ ". , ' " ~, , 

i PROFL2 
I -1 i Compute remain - l 

ling. ionospheric ! 
. f pr~fi~~pararpeter1 
j . ..;.. . ..• 

correction 



~) 
.--__ J REFRAC 

!compute vc rti~.:a11 
tn.1 angular total 

l'.'tron content 

_ _ I ___ J 
~ 

Aang~~ 
::-;0 / t' r==:=-- ;' eorree Ion ;> 

I ~dcSired/ I " ? ~ 

i Yes (aEFRAC 

J ICompute ionos.1 
'~ !refraction correct. I 
j ~o ran"c I 

L. _ .. _~_~ __ -.J 
'-----7------1 

I 

lei ompute range rat 
correction for 
Irange differencing 
rechnique, print 

! 

More 
<-. conditions 

..... ') ../ 

~
" '// 

No 

Stop ) 
-.- _._../ 

III 

No /"" Range 
rc-=---(rate co r::-.; .. "ion 
: ~,d.!sircV 

y::f;EFhAC I · · • 
I 
V 

I , 

!Compute instanta - 1 
,ncous refractic,(l 
'correction to range; 
: - I 

_Irate I 
1 I 

. .;;... - :oj 

f ION 
rPrbt desired pro­
lfilc parameters & 

jrefraction corree­
~ions along with 
~nput conditions 
~----~--------~ 

_ 1 e 

."----~,es!/ 
Ye> 

,~ r- - ~_~LOTNH 
f ,Plot ana I' . 
I ! I l~t 
I Ie ectron d . vers "ensity 

us delght 

No 

profile 

Yes, ION 
.10' 

~Read and pl'epar~ 
input data for : r-....... 

.. ; . , 
a .. tditiol.al COndltIOnr> .~ ~ 

1 

j 



Functiunal to LOW DiagraIH for T ABGEN 

=-Start __ ) 

+TAP~EN 

~j~nd prepare I 
ata for evaluation 
on,liti, a from 
ard.s 

<~ficient 
available 

? 

No t'i'ABGEN 

~ecd general co- • 

[fidents from 
apt; and form 
pc ::ific sets 

i 

< 

Rc!ad solar data 
fr.Jm cards 

Yes 

\If 

112 

__ C2ABGE" 
~
enerate 25 point I 

. 

au~rn of visible I 
onosphere around 

jt_ation 

TABGEN 

fset up 14 hours 
!o( local time. with 
smaller intervals 
at sunrise 

,,,TABGEN 
f 

I Compute ~rit~:al 
frequency & corre-I 
sponding height for 
each specified 

Write record with 
foF2-hm table. date 
std.tion and flux to 
fHe 

Stop 



Functional Flow Diagram for ION I 

( -·s·t~·rt~ 

-QONI 
Read &: prepare 
data for e .... aluation 
condit~on frI.-in 
cards 

(
Read required 
record from file 

'with foFl-h:n 
tables 

Yes 

Interpolate table In 
time & position to 
gl!t critical 
(requency & corre­
sponding height 

Compute remaIning 
ionospheric prof He 
parameters 

113 

(;) 

YBE'.:.' A 
C jmpute iono - 1 
3pheric elevation I 
angle refraction I 

I 

correction. --=J 
t REFRC J 

Compute vertical 
& angular total I 
.tect"On content _J 

Compute iono- I· 

spheric refraction , 
corrcctionS::Jtl) 1 

range &: to instant. 
range rate 

t· .. 

Print desired pro­
file parameters &. 
refraction correc-
ions along with 
input conditions 



4.0 Quality Assurance 

All aspects of the ionospheric model were tested thoroughly during and 

afte!" the development phase and some 0: the result~ are shoY"l in St!ction 6.2. 

The shape of the electron density versus height profile was compared ,vi th 

actual composite profiles compiled at NASA/GSFC and they were always in 

close agreerr.ent. The integrated electron content was compared extensively 

with the vert.cal electron content derived from Faraday rotation measure­

ments. The result£' of this work performed for SAMSa. are described 

in Reference 2. The predictions alone ac-:ounted for 70 to 80'76 of the actual 

electron content ;:"1d after updating with ionospheric observations, up to 

900/0 of the iO:105.:. . ~re was estimated. The ionospheric refraction corredions 

were tested ;n orbit determination work performed at NASA/GSFC. The 

iterative lca:;t square reduction programs were run with and without iono­

spheric: corrections and the final RMS values of the measureme;lt residuals 

were greatly reduced by 30 to 75% upon use of ionospheric corrections. 

Afte r m·)difying the ionosphe ric program to its current form. a num b~ r 

of test ca 5~'i ·,y:-.:re run and the results including aU possible outputs were 

compared with results from previous runs before modifications. The sar:1e 

test raseS IL;ted under 4.1 should be checked out whenever the program is 

duplicated a!ld transferred to another computer system to insure that all 

parts of the :>rogram are in working order. 

4. 1 Test Phn/Procedure 

The following pages show a list of the input card deck and the ('or-res 

ponding printed output results for test cases 1 through 5 and a cross retcrcnCt! 

list in Table 4 of the various c<Xlditions tested. The five test cases evaluate 

the functiom of the ionospheric program for various possibilities in latitude, 

longitude, local time, seaso!!, and solar activity effecting the ionospheric 

profile and therefore also electron content and rcfradion corrections. Each 

of the: five t.!st cases computes aU possiblc output results: critical f r ~'(p:e 
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and corresponding height, the values of i~lf thi<::kness and the decay constants 

for the shape of the profile. the profile plot al:d list, vertical and angular' 

electron content and refraction corrections to el(:vation angle, to range, 

to instantaneous range rate and to range diffe rencing. 

For the standard ionospheric PROGRM{ ION the input is listed in 

Table:; for all five test cases, and the ouput in Table 6. For the alternate 
~ 

verslan of the ionospheric program. the input and output ;)f the preprocessor 

PROGRAM T ABGEN are shown in Table ·7 and the input a:-.d output of the 

reduction PROGRAM IONI are given in Tables 8 and 9 respective Iv. Only 

test cases 1,2, and 5 are presented for the alternate program siD(" f:he 

update capability teste-i in cases 3 and 4 is not included in thi.s Version. 

4.2 Other Quality Assurance Provisions 

Whenever the program is reproduced for use on another system, the 

program card decks should be duplicated and verifier!. If the program is 

translerred to a system with compatible binary cooing, the binary magnetic 

tape containing the ionospherk coefficients should be copied and verified. 

If the program is to be used on a computer with different binary word or 

record structure. the binary tape.should be copied to a BCD tape and at the 

new location, transferred back onto a binary tape. Care should be taken that 

during the binary to BCD tape copy process no loss of significance will occur. 

'\.r,:hich means the format (E17.11) is re4:.:.ired for the general foFZ coefficients 

and the format (E14. 8) is required for the general M(3000)FZ coefficients. 

The binary tape format is described under 3.3.1. When tape and card decks 

are available on the new system, the test runs described in 4.1 should be, 

performed and the results compared with the output results in the tables for 

agreement. 
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Tabl!) ·l. Crnlls Ruforoncu Lilit 'If Cnnditlol\!I F:xilminHd 111 5 T,:st C;UiHS ... . 

Condition T Qstl1d -+-_.~ast! CallI.! 2. C,Il;'~ 3 Case -Ie Case r; 

~e'd <,>e fI' de'" data I Yl'li no yes no yes 

Rond aolar data yes no y<:s no yos 
I 

l/pdattl with observations no no single updattl multiple update no 

Evaluate ionosphere for; 

Station latitude low( * 17°) low( 0') modium (35') medium (35') I high (75
0

) 

Station longitude 21S' 355· 277" 277· 90· 

LO('al time evening jiW") mQrning (6 h
) noon (13 h ) noon (13") night (l t,) 

Scallon SllnUnC r (Aug) summer (Aup,) autumn (Nov) autumn (Nov) winter (Feb) 

- Solar activity high (Flux:::18! high (Flux;:181 modium{Flux= 103 medlum(Flux::l03 low(Flux:7 9 
0' 

Elevation low( S" ) mcd. hl"h(60·) med. low(3)O ) mod. low( 31' ) high(90' ) 

Azimuth ISO" 90· 1,OS" ZOS· 350' 

Height of satellite mod. (1 OOOkrn) low(SOOkm) high(200.000km) high(ZOO.OOOkm) mtld. (2000km) 



I. 

3 

.... 7 7111107910 611021 !5R11771~1Fq(31)1~4812491322131712?11?05U7'+ ~ 6 7 ... 11 ... 111 .. 4.· ... 0 •.. 1 .. 1. ~i! .. 11351171114U 1 R,Q 1111 51 065 1 Oc7;1 O:J61 o~ 810:6 ... 71 0481 9S5!1

1 

05310341011 

:7,1l~{~·r~·1,167 .... ' I I I 
1 

• ! 13:tg~gg~ 20:~~~~~~~ 2'-~;~~~~?II~~-~~~·IjH~O'IIjE.~~ -~~J.IO~~~-O~; 0211'~ 
5 . 71' 11 818.3 00000 
(} ." . 3 '. I I I 

~ 
-.- 31 r.o."1iDl/-:j!5.tiiiiiiid-.o;oooco'~- I 

727 7131 

Termination 

3"~u7890 
80 



--()'; 

I:tbl~ Od. Output R'!,!~lIbl fl";)!); PROCH-AN'. lOr-: Llr 'i I~~~ CHH'S - Cas,~ I 

•• I,,<PlIT .' 

FNLO~lNCY. 1.0.0000 ~~Z. ~A'11U'£. -16 •• 7000 DEG. LO~G:TUDE or tTA'18N. 218.00000 DEG 
l~E~.TI~~. ~.OOOOOO OlG, Al!MU~H.1BO'OCOOOC ora, ~EIG~T or SATELLITE- 1000.0 KM. ELEVATION NATt ••• lZ&7J930t.02 RAO/SEC 
v£AQ'68, M'~T~' e. gAvelS, U.Tt~E' 6.0000000 ~RS, ALTITUDE RATE. .OOCJOOOOE 00 ~/S£C 
~'IL' rL~X' 1~1.0, ii.MONTH ~JNN!Na AVEQ.OE ~, SOLAR 'LUX. \~5.5, or SUSSP6T NUMBER' 104.& 

•• IhIT"UT •• 

~rIG~T AT MAk!"Ju ELfCTqAN DENSITY liMo 301,2-1 XM, CRITICAL rRfQUE~CY FO'2" 5.753 MHZ 
TOTAL INT[ORATEO tLlLI~~N ~~NIL~I, 'L"' I~A~ ~~. .~~7:.7~:7 ~!!~.M!~ .~~" AA NTA. .2_1039t 18 [/(H_M COLUHNI 
HALr THtC(~ES~ er B01TOMSI~E SIP,RABeLA 'H' 100.-AO ~M' or 'OPSIOE PARAe8LA YT. 100.-SO KM 
OECAV CO'.STA~TS r6~ "pslor ~.P"~ENTIAL LAYEQS, LOwEq Kl. "505fE.0~' ~tOOLE KI, .&3506[-05, UPP(R K3. .3 __ 76£-05 1/~ 
19~OSP~[RIC ~~F.'CTION crQQ£CTI6N TO EL£VATION ANGLE" ' ,\681J8E 03 SEC Or ARC 
18N8SpwFRIC ~fF __ CTleN :~RRF:TI~N 'e RANGE • ,577850£ 03 M 
IONOSPHERIC ~EFRAcTleN ceNQ[CTION TO ~ANGE RATE ••• 618566£ OOM/SEC 
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c:::-

T:lbh' 6c. O~~.~!!J.!.;:.lnl PROGRAM ION fol' 'i.Jest CdSt'S - Case 2 

•• '''PUT .. 

~~F:~E~CV. 1_0.0000 ~~Z, ~AT!TV~r. .00000 orG, ~~~GITUOE or srATle~. 355.00000 O~G 
E.EVATltI'. 60.00COOO orG. .ll~ul~' 90,OCCOOD OEG, ~£IG~T or s.rr~LlfE. ~OO.O ~M, E~£VAfl~N QATt ••• 11760Z90E-Ol R.~/~EC 
VEAAo6k. ~~NT~. ~. O.V'I~, V.Tlvr. 6.COOOOOO ~RS, .~TITuoE RATE. .~OOOOOOOE 03 ~/SEC 
OAI~1 'LUX' IRl.0, IZ.MO'T~ RU'''''G AVtR~~E ~, S~~AR 'LUX. 1_5.5. OJ SUNSPOT NU~aER. 10_.S 

•• eUTPUT •• 

~EIG~T AT MA~IM~~ ELECT~~N OENSITV ~~. Z7R.30A WM, CqIT1CA~ 'REQUENCV rere' 5,503 M~l 
T~TA~ INt[~R.TEO E~[CT~e~ :e~Tl'T, VERTICAL NT. .'~87qtr 17 £/C~.MI. 'NGULAR ~TA' '9986~6r 11 t/tM.~ Ce~UMN) 
~AL~ TWI~<~(S~ er 9~TTeM~I)r. 9I PARAAbL' VM. 1 __ .79. KM, er !~PSIDE p.RAOe~A vT_ 1~,.19~ KM 
CEC1, CA~S'A'TI reR TepStOE rxp~"E~'IAL L.vERS. L8~£R <to .780AI~.O!, ~'DDLf KZ. .S~S3~E.OI. UPpEN K3. .128tZE.O~ 1/~ 
le~e~p~fl:IC ~r~RAC'IP~ CARq[CTIA~ Tft £L£V.Tt~~ ANGLE- .36R309[ ~2 SEC er ARC 
le~e!p"£~IC JFF_AC'le~ C~R~tCTIP~ Te RA~aE • .t~-'69£ OJ M 
leNeSP~E~IC kr.r_1CTle~ C~NR£CTleN fa RA~GE RATE ••• 1~0315£ ~I M/SCC 
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N 
N 

•• I-':PUT •• 

r:.tv··TIO" IIATE. 
rRrlJ£'~v. 1~~.COOO MHZ, ~.'tTU~[. 35.19S67 DrG, L~~GITuDE er !'ATle~. !1?te_20 OEl 
l~tv.Tln~. JI.COCCOO Dla. All~U'H'208.COOOOO 0£3. "EIGWT er S&TELL1!(. 200000.0 K~' 
VEA~,", .e~T~'I\. O'vo A. J.'IM~'I'.30ccaoo WQS, Al. TI ,UOE IU Tt-

6701. CAILv r.LXo 1~2.?, le.~~~,w .J"'~G A~t.AQE ~r seLAA fLUX. 116.', or SU~~P~T Nu~eEq. 

1 ..,1") .... , "jA T". 

.1'5'~~10E.O~ R.O/SEC 

.IDnOOOOCE OJ ~/SCC 

tn.A'r. 37-9C,:l'JO. L.t;~~i' ?''''.''Ju t)\,;, t.~t.\I. 'l)tUVvtf\IV, ;""lll. "' ... ". ....... 
'tv""",_"",,", ~T~!e.~~~~~~~ wQC. HA~r.vr~ 'O~i. .980~oooor ~1 MHZ 

•• eI.!T"UT " 

r~IG"T AT ~4~1~~. tL~cTAe~ Ot'SITV H~. 274'1!? ~~, CRITICAL rqfYUr .. CV ro~~. 9.89~ ¥~Z 
'~T~L 1~'E1"'~O ELr:TRO' :6"l~'. V[QTICAL ~,. .29~1~7r 18 £/I~~~I. .~3ULA~ ~'A' .~t9!]7E 18 E/(~.~ :~LU~~) 
k&L~ TWIC(~~~q ~r ~p'TeM~I:[ ~:nARAP~L& ¥~. 1~3.~1. KM, er 'BPSIDE PAR~~~LA "~" 1~3.Ul' ~M 
O[CIY C~·.S'A~·5 r9q 'SPIlor XP"E"14L LAVERS. LO~E. <10 .ASb!~(.O~, ~IOD: E (~. .~e206E.O~. UPPER <3. .Z'29RE-05 1/~ 
!~'~f~WE~IC -(f.'C'IU, C~A't ~I~' " [LEVAr,-, ANGLE' .1~3'51F CZ SEC e~ AkC 
IO\'~PwF~IC ~fr.AC'lt' C~~~l T!ft~ Ie R'~BE • .10b~~5[ ~_ M 
le,u5 PwlhlC ~r'R'C'lu, ce~AE 'ID~ Te q'N~E RATE • .1,432-[ ~l H/StC 



.. , 10'" (1("1' V£R~US tL[r,~eN DENS'" 11::/'1"31 HEIO"T vs. £~.O[NS!TY 
1000 • • • ann 11 2000 ••• .1:'''60 10 

975 • • . .. .i!!:il0:l 11 1975 .... ot311\0 10 
9!l0 • • .27(1) 11 1950 ••• -1I0Il30 10 

9"" • • . .. .2906:l 11 19"5 •• - tlSUI,) 10 
9~0 • • . .. _3127) II 1900 ••• -16700 10 
IPS. • . .. - 33(5) 11 UI7!l ••• -1'97:> 10 
!$~"O • .. .:Il>?I:> It 1!\5~ ••• '193 .. 0 10 
d.?!l • • . .. .~~%, II '~(l5 ••• -?CIIIO 10 
bOO • • ."I'?) 11 1600 ••• '??l":> 10 
77'5 • .. • "65'» 1t 1775 ••• -"_:l!l) 10 
7~0 • • _!:o30,,'.) 11 17!:i0 ••• .~59i!i.) 10 
125 • ... .bO .... :> 11 17i!!:i ••• .;:189) 10 
100 • • .bllb" 11 1700 ••• • 300H) 10 
b'b • • . .. .7Il10'1;) 11 lb75 ••• -3i!i!90 10 
6:':;' • • .n",!:) 11 11.'50 ••• '3., .. 1) 10 
6?'!I • • .1019' 12 Ui!> ••• -]?3@!) 10 
btlO • • . ... .\1/,1:> 12 IbOO ••• _ .. onu 10 
S H, • • ... .ll;!3' 12 1"75 ••• • .. 32110 10 
'3S0 • • _lbllllO 12 1!l!:oO ••• .,,6570 10 
525 • • . .. .Ub?:) 12 1525 ••• -50110 10 
SOO • .. . .. .2113b:> ~ 1500 ••• .539i!) 10 
.. ?!) • • .301~' H' 1,,75 ••• .'58020 10 
.. '!IO .. • _J73Q' II! l"~C ••• .ft<'.~O 10 
It '.$ • • ... . .... n' U' 1-2l1 ••• .67110 1) 
.. 00 .. • . .. ,51311) Ii.! llo00 ••• .7"270 10 

N :"1';) .. .. ... .710'" 1l 1375 ••• ,77771,} 10, 
"" )'!IO .. • . .. _a~:I\' 12 13'.50 ••• "I3UO 10 

H5 • • .1062' 13 1325 ••• .9':)0 .. 0 10 
3';0 .. .. • 1175' 13 1300 ••• .91>II8U 10 
~';'S • • • 121"0 13 1275 ••• .IC .... ", 11 
('50 .. • ... tit .. ?;) 13 U!!:>o ••• • ! \i!i!'O II 
a~'.l .. .. ,'''b'll' 12 Ii''''.! ••• '1207:'> 11 
1100 .. • • Mi:t'b) 12 1100 • U9~O 11 
1'5 • .. . .. • 33UJ 12 11'5 ••• '13970 11 
IS;) .. .. .... .76900 11 1150 ••• 01'.5030 II 
125 • . .. • ooon, 00 1125 ••• .1611.0 U 
100 • • •• • 0000;) 00 11 00 .... .171110 U 

1'.1 • • •• • 000<:)' 0':) 1075 ••• .111730 11 
50 • . .. • 0000,:) ,)0 1050 ••• .20150 11 
25 • . ... .0000' 00 lOiS ••• ti:!1680 11 

•••••••••••••••••••••••••••••••••••••••••••••• e •••••••••••••••••••••••••• 

1.tlO ,hU1, 1o[U 
~80.SCALE • EL£CTq8NDE~S!TY ([1M •• " 

•• flliPIJ' •• UC!NO U'rElLlrr PflSITI&N ustO '81t RA'!G£ OIl:'tRENCI"!'j 
tLrvATleNa J3.~99"71 Qt3. ~ZIMUfM.20AtOOOOOO 'EG. H£lGHh 200003.0 1('1, U.TI'I[.18.308J3J3 ~qS 

•• tluTPuT •• 
q.~OE RATE cOqqrCTION rOR RANGt Dt,~£otNe!N~ eVER 2'.'99~ SECONOS • .'8~11.t 01 M/SEC 



-N 
40 

l..i!hlc O)j, Output Rt!llllltlll fr:)tn PROGRAM 101'\ for 5 :r~st CUh!$ - C:;}IIC ·1 

•• INPUT .-

~~taJ[~c', l~O.~OOO ~~l, ~~TtTU~E. 3!.19aa7 Drn, L&~al'uD£ 0' STATI&N- 277.12'~O ota 
£~t¥.'tu~. 31.DOCOOO Ora. AZIMUT~.201.00~JOO o.n, ~r.!a~T 0' SAT£~LITE. 20000~.O (~, EL£vATte~ ~ATE. ,1~5-~~lO£.02 RA~/SEc 
V(~~.71' ~'NT~'\II OA'.~. J.1!M(e16.)OJOOoo ~q&, A~TITUO£ ~AT£. ,10000000£ 03 ~/StC 
O~IL' ,~u •• 10i.1, 12.~ONT" q~~NI~Q .V£RAGE e, sellR '~U •• 116.1, or SUNSPOT NUM6t R, 67.6 

11gtU.," f\.". 
II~A'. J"9CO~O, leN3' P8~.~0000, [LtV- ,0.000000, ALIM_ ,uuuuvu va~, ur.~~.~~~~~;~ :;~:. e:::~v:e ~~r,. 
?ILAT. -0.00000. LU~~' P10.00000, [LEV- 60.000000, AZ1M.I-O.OOOCOO OEO. uT.t8.500nooo HR$, D8S.v£RT.C~NTENT. 
JILAT. ~O.OOO?O, ~C~3. 170,00000, ELEV, 60.~OOOOO, AZIMal'O.OOOOOO DEQ, UT.19.00roooo ~RS, &9S.ANG~.ceN1ENT. 

•• &UTPUT •• 

kEIOwT At ~A~'~~~ E~EeTRu~ Ot~SITY w~. 27 __ ,52 KM, eRlltCA~ rqFQUE~CY rO~2' 10.,17 ~HZ 

.!oo~~on~£ O~ M~l 

.30000000E 18 i/~2 

._~OOOOOOE it £/~2 

T'TA~ t~TEaQAT£O ELtCTRe, CO~TL~T, Y£RTreA~ NT. .31'\15E ,a F/IM.HI, .~aU~AR NTA. .5~7.98£ 'I E/IH6~ CO~U~NI 
~A~' 'W'C<~(5~ or 80'TOH~I'E BIPARA80~A YM. ,_!,29A ~H' 0' TOPSIOE PAR.~e~A VTe '.',2jl KM 
JECAV C.~S'A~'S 'OR TOPS'~F ~~P~~E~TIA~ ~AYEqC, LOWER Kl. .~6A'~i.05, M!O~Lf K2' .52591[-05, UPPE~ ~,. .29129E'0~ 11M 
IU'OSP~E~IC krr_'CTIU~ C~~~t:TleN TO £L[\"TI~~ .~GLE. .S~6691E C! SEC 8F ARC 
1~'95u.EIIC ~FFRAC'!"~ C~MREC'leN TO RAN~E • .tt26!~[ D~ M 
1"'fi~~tQIC ~r'~4CTI6~ C~~qE:TI~~ Te RA~~E RAft • .20~ll~E C1 M/SEC 
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o.l MOGel Accuracy and. j mitations 

As a means of testing the accuracy of the model, an intense comparis:1n 

with Faraday rotation data has been performed as well as t4;~sts with two 

f1 equency datc., actual ionospheric profiles, and use in orbit determi..'lation ~ 

programs. 

Remarkable improvements have been noticed in precise orbit determinabon 

systems and the model has reduced the numbe. of iterations needed for the 

program to converge as well as the size of the residualsbyupto a factor of four. 

Excellent results have been noted with orbit programs u~ing elevation angle, 

range, and range rate systetns. 

The most extensive tests were c"lrried cut by comparing Faraday rotation 

data for seVl.?:1 c;t~tit)ns from Hawaii to Puerto Rico to Alaska looking at the 

ATSl, ATS3, and SYNCOM3 satellites. In all, over 100 station months of 

continuous data we re used during the years 1965 and 1967-1969 with data taken 

every hour. The integrated model data was compared with these actual results; 

update situations were also investigated. The results are shown in Figure 13 

where the pes'centage of the ionosphere removed with the model is shown. 

In generai, between 75 and 90% of the ionospheric effects arC'! removed and 

these circumstances are for solar maximum conditions. 

6.2.1 Basic Misconceptions in Ionospheric Modeling 

During the course of developing this ionospheric model thorough investi_ 

~ations were carried out on a number of other ionospheric models as a means 

to finding their basic inaccuracies. The limitations and inaccuracies were then 

cons ide red in the final development of the Bent Ionospheric Model. ~ 

Among the basic simplifications in the models leading to inaccuracies, 

were formulae related to a 11at earth and ionosphere as well as little consideration 

for the height of the ionosphere. Each of these approaches causes foFZ to be 

evahlated at an incorrect pOSition, 'con.:iequently produces an error in foF2 

whi:h propagates into electron content and the refraction corrections, and in 

addition large errors in elevation angle correction can result from the in-

correct geometric conditions. 
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The bad effect of a flat ionosphere on low elevation angle satellites i:> 

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

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

errors of a factor of l in elevation angle still occur with sate Hites at 5000 km 

altitude. The heignt h.Fl quite commonly changes by over 175 km during thE: 

course of a day at low latitudes. Ignoring the unportance of the h.FZ computa­

tion can give rise tQ_anerror of a factor of l in elevation angle correction, 

and at low elevations also to a difference of 3 degrees in earth central angle 

between the observer and the ionospheric point, which in turn can produce a 

change in (foFlY of 20%. 

6.2.2 Errors in Range Rate Computations 

A problem can occur in computing range rate cor L-ections through the 

iunosphere to a s3.tetlite. Many Doppler satellite tracking systems integrate 

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

a techmque are best obtained by range differencing the ionospheric corrections 

and dividing by the integration period; hence time, elevation and azimuth 

changes are incorporated. A typicaiionospheric range rate correction can 

be significantly changed by the sixth digit in the ionospheric range correction; 

precautions have therefore to be taken to ensure that no irregularities occur 

in computing the two adjacent range corrections. Furthermore, the. ionospheric 

height at the ray intersection point must be computed to lkmconvergence in 

order to obtain a precise ionospheric latitude and longitude for foFl 

computations. An error of over 1 km in b. F2 will cause the foFl value to be 

very slightly different and from this a change in the 5th or 6th digit in range 

can easily arise leading to very large errors in range rate. It is not claimed 

that h: Fl ha;;; to be accurate to 1 km as this is an impossible prediction, 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 

r.s4g<> or using the deviation angle of arrival at the satellite is in no way accurate •. 
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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 i llterval, from a fraction of a second up to over a minute's time. 

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

the satellite position, but also by the changing ionosphere below the moving 

satellite, which has mostly been neglected :'n either approach. To explain 

this fact, consider tha range correction fiR as given by 

~R = KNr 
sinE 

40. 3 
where K = -r--' 

Nr is the integrated vertical conbnt and E is the local elevation angle in the 

ionosphere. D.fferentiating AR wnile considering th.:: case where the satellite 

passes directly overhead where nc' azimuth change is observed: 

AR = -KNr 
cosE 
sin'iE 

. K 
E + sin .... (

ONT)' K 
6 E E + sinE (~) 

t=constant E ::constant 

In this equation the first term is in. many cases .the only one,used, but it 

applies only to the instantaneous change in the satellite position. The other 

two terms are, however, often dominant. The second term is due to the 

positional chanse in the ionosphere and the last term represents the time 

variation of the ionosphere. For instance, with a high satellite. moving 

east-west acrcss the north':'south ionospheric gradients at sunrise, the 

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

time. For a satellite moving north- south across the east- west ionospheric 

gradients near the equator, the time variation in the ionosphere is .very small 

because the gradients change little in position while the ionosphere rotates 

with time. Thl~ second term which indicates positional change inth~ionosphere 

is dominant for lower satellites where the ray path to the obserVer moves 

faster through the ionosphere. In cases where the satellite does not pass 

overhead the i dmuth change must also be considered. 

The Be,lt l~Mospheric Model was developed fur general usc even at 

frequencies c1use to cr;tical frequency and therefore all these basic mi.s_ 

conceptioJ"s 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 Density above 1000 km 

The topside 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 constant from the uppermost exponential 

layer is the value that should be taken for all analysis between 1000 and 

2000 km. At times, however, this value will be toolarge thereby giving a 

lower electron density than actually exists. 

Some scientists have reported that 10 to 2(Y9o of the ionosphere lies 

:ibove I 000 I~~, t"Jt tl-t::!"e is not conclusivf" evidence. to support this. Further 

studies are now underway using satellite topside sounding data at 3000 to 

4000 km altitudes and the model will be improved accordingly. 

6.2.4 The Uncertainty in the Profile just-above h,F2 

An uncertainty existed in defining a profile for the area just above h. F2. 

Topside sounding data provided a profile to a short distance above b.F2 

andbottomsidedata provided accurate values to theheigbt of h.F2. In 

order to inve&tigate this unknown region both parabolic and bi-parabolic 

profiles were incorporated into that part of the model and extensive tests 

carried out with total electron content data provided from faraday. rotation 

experiments. The model was used to predict total content. to 2000 km .where 

Faraday rotation probably ceases. The mean value of the residuals between 

Faraday computed electron content and model integrated electron content 

indicated the accuracy of the profile just above the peak. This region was 

found to have diurnal and seasonal dependency,but these characteristics have 

not yet been well enough defined to incorporate into the model. It was found, 

however, that a parabc!k layer with half thickness a function of foFZ 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 Inodel was developed priInarily for use near to or above the height 

of the F2 layer of the ionosphere. For this reason. it was not necessary to 

Inodel the E and FI 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-parabola. Care Inust be 

taken. ther( fore, in using the Inodel if a profile of these lower layers 

is required. but if the requireInents only involve total electron content or 

refraction corrections for values close to or above foF2. the model is 

quite accurc:te. 

6.2.6 MaximuIn LiInit on Solar Flux in the Dcrivationof the Topsh.k P ...... file 

It ca.:: be seen froIn Figure 4 that the topside exponential decay constants 

are a functi·)n of the 10. 7 CIn solar flux. The graphs sho'\lV%1 in this figure 

indicate valles only when the flux is below 130. This is priJnarily due to a 

lack of larg.~ amounts of data in the original data base for conditions of 

higher solar activity. It is not recoffiIl1ended to extrapolate the exponential 

decay constants beyono this value of flux as it is possible they Inay become 

negative giving an erroneouS increase of electron density with height. It 

is suggestec that the value of flux be kept at 130 even when In~a~'lred values 

are larger. 

6.2. 7 LiInitations in the COInputation of h. F2 

The calculation of the height of the F2 layer is achieved by knowledge 

of M(3000)F2 and the use of the Appleton-Beynon equations (Reference 1). 

Basically a parabolic Inodel is fit to the nose of the FZ layer and kf'\owing 

the half thickness y., the lower liInit ho of the bottom layer and the value 

of M(3000)FZ. the siInplified equations perInit the calculation of h". The 

equations oj Appleton and Beynon permit the construction of a family of curves 
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showing the variation ()f the M factor MUF(3000)FZ/foFl with distance 

for a range of values to the height of maximum electron density h.(=ho +y", ) 

dnd for different values of the ratio y./1-'O. Such a family of curves is shown 

in Figure 14. The equation used in this model for computing ~ Fl (see 

Sedion 6. 1. 5) is derived from these curves where. fo'" a particular h., the 

M factor is constant over a wide range of Yr./}.,,;;. This condition holds for 

y./11o ~O. 4. Examination of the curves shown in Figure 14 indicates that 

in general for accurate values of M(3000)FZ, h. will be accurate to.± 10 kIn. 

If this M factor is L~ error by .:.. 5%. we can have errors in h. as large as 

+ Z 0 km. These errors will inc rease in the uncommon s i:uations whe re 

y.lho is smaller than 0.4. 

6.2.8 Limitations in the Application of the Daily Solar Flux Update 

Figure 11 shows the results of analyzing thousands of actual values of 

critical frequency against the predicted values, taking into consideration the 

daily and monthly solar flux. These values are typical for the hllowing 

thirteen observing stations from which the data was reduced: Godhavn, 

Churchill, Boulder, White Sands, Hawaii, El Cerillo, Kenora, Paramaribo, 

Cocos Island, Buenos Aireb, Hobart. Port Stanley, and Argentine Island. 

The only stations listed that are not on the North and South American c'bain 

are Hawaii, Cocos Island, and Hobart, but the re,sults from these stations 

closely rest>mble the pattern set up by the American stations. 

In using this update proeedure outsideth~ Arne rican chain one must, '. 

therefore, hear in mind that the pattern displayed in Figure 11 is not 

necessarily a worldwide pattern. However, the results fr:>m Hawaii, Cocos 

Island, and Hobart indicate that this update procedure can be used elsewhere 

with caution. 
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0.2.9 The Errors cae to Neglecting Angular Refraction in the Comeubtion 
of 6R and .:lR 

The comrutation 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 waa being developed was for vHF and S band frequencies. 

Should the actual path length of the ray be much different from the undeviated 

.. ray. as will be the case at lower frequencies, Maliphant (Reference g) gives 

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

d = d! + CL R. cos E 

where a is the an~ular separation of the true ray path above and below the 

ionosphere, R. is the radius of the earth and E is the observed elevation angle 

at the earth's surface. Maliphant (Reference 8) also gives a formula for 

computing d in wavelengths. 

0.2.10 Limitations in the Computation of Angular Refraction 

In the computation of ionospheric elevation angle correction, we have 

used the technique of Maliphant (Reference 8). Anyone wishing to use this 

technique at frequencies close to critical frequency should read the above 

reference, in particular where the deviation factor(:::;:':" see I'Q.) is larger 

than O. 9. ~. is the angle of incidence of the apparent direction of propagation 

measured from the vertical at the height )f maximum electron density. 

In the Maliphant formula the exact equation for ray deviation has been 

simplified by separating the functions that are sensitive to distribution 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 

iac..tor is larger than 0.9. the deviation angle thus obtained should be used with 
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caution as the_error may be ,!uite large. 

Ray trac(' comparison <>.t VHF with the mojel described in this report 

have shown possible 'errors 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 of the-Preprocessed foF2-h. Tables 

gection 3 2. 1. I CPC No. 12 describes how the tables with values of 

foF2 and h,. an computed and stored for specific times at one hour intervals 

around sunrise and two hour intervals otherwise. and for the locations around 

the station defi led by the 25 point grid patte rn shown in Figure I of that section. 

foF2 and h" for any specific condition are later extracted from the tables by 

interpolating in time and space. Interpolation over stable ionospheric zones 

such as North Junerica provides quite accurate results. but problems can 

arise at sunris -: and at places with IO'.vcr magnetic latitudes. 

A numbel- of simulations were performed for situations where the 

ionosphe ric gn dients were changing rapidly in time around.sunrise and in 

position around the equatorial anomaly. The following errors were detected 

when comparin~ the results from the time and space interpolation with the 

actual model vdues. In general h. was interp.)lated to only two percent error 

or better than _ 0 km. The interpolation in foFZ. however,' provided larger 

l:'rrt)rs. At sur rise. the grid wa.i computed at one hourmtervals and the larJ;!est 

possible time i 1terpolation over haH an hour provided on the average an R.'-fS 

error in (Co F2J' of 8',. with a maximum excursion to 16% for all values of loFl 

larger than 6 tv Hz. But for critical frequencies smaller than 6 MHz. the 

percentage vall.os can be quite a bit la ':"gor. Around the equatorial anomaly 

where the iono! phoro changes fa.:Jter with pOSition than ",rUh time, the grid was 

computed ever" t',A,"t) hours, aHQwing for the largest time interpolatio"l over 

one hour; 3gair .. Il RMS rr'H of 8~<l in lio F2f was noted and the maximum 

excursi'ln w;:&:; 19%. 
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10.0 Appendix I 

The instruction listings in this section specify the exact configuration 

of the Bent Ionospheric~Program ION and the alternate version TABGEN-IONl. 

The main programs and subroutines are listed in I)rder of their CPC Numbers. 

Requirements for version ION: 

PROGRAM ION, CPC No, 1 

SUBROUTI~E REFRAC. CPC No. Z 

SUBROUTINE PT ... CTNH, CPC No.3 

SUBROUTINE PROFLI. CPC No.4 

SUBROUTINE PROFLZ. CPC No.5 

SUBROUTINE BET A, CPC No. 0 

SUBROUTINE SICarT, CPC No.7 

SUBROU!INE _DKSICO, CPC No.8 

SUBROUTINE MAGFL'i, CPC No.9 

SUBROUTINE GK, CPC No. 10 

SU BROUTINE DKGK, CPC No. 11 

Requirements for version TABGEN-IONI: 

PROGRAM TABGEN, CPC No. lZ (subroutines of the above list 
required are SICOJT, DKSICO, 
MAGFJN, GK, DKGK) 

PROGRAM ION1, CPC No. 13 

SUBROUTINE REFRCI. CPC No. 14 (subroutines of the above list 
required are PROFLZ. BETA) 
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READt5'1) -ISEL 

,. 
'"'" 

HE'D(5'1) Tu~DT,!n~CAV 
1 F~~~AT(5r5) 

De 16 I-I" 
I~cISEL(I}.E~'~) J~~T.? 

16 ce'\'Tlr"lJE 
IF(ISEL(~).E~'~) rQ pr=3 
IF'flSELP':').£';'',;1 ~qph4 

l~(Iepr.LT.~.A'O·I'RDAv.EQ." !~OT-3 
I;)EL= bt:L ("3: 
I~fIlPJT.F:.~) A~ITE'f,2' 

2 Fe~~ATll~~ ••• "-It JPDATE ••• ) 
~ C ce"TI '\L.( 

C ~EA~ A'C P~r'T £~ALUArr~' rA~J'TI~~ 

c 

~E.D(5·3)FS,~LATIF~e~ 
3 Fe~~AT'FIC.~.2.1t.;) 

IF(FS.~T.~~ ) ib Te IcC 
~EADt5'4)E~~v,A2,~5.E~~T.M~~1 

- F'eq"'!ATt2r:1C.f'~10.~,2E15.8) 
~EAO(S,5'IY~.~~~,J~AY,TIYE 

5 Fe~~AT'31=,FI0.7) 
AQITE{~'f)~S.FLATIFl8~,£LE~.~Z.4S,~CPT.tYR#~e~,IDAY,TI"'!EIHr~T 

b F~~~Al'l~l'll~ •• t'PUT •• ,1 
* 11~ ~~E~wr~CV.,Ft:.4,1~H ~MZ, LATrTU~E •• ~10.5, 
.27~ C£b, L~'3ITJCF eF ~TATrq~ •• FI0.5#4~ ryE~/l1~ ELrVATI8~.'F'1~.61 
*15w CE~, All~JT~.,F'lC.6127~ :~1. ~F!I;~T PF SATELLITE_,FII.I, 
*21- ~M, ELEvArrt~ kATi_,fl~.~'~~ ~AC/SF:/~~ Y~A~.,12,~h, v~~T~., 
-I?,6 M ,).'./I2,lCH, U.TI~F •• ~ln.7.5H ~~~,,39X,15w ALTtTUJ~ ~ATE., 
*EI~.~,e~ ~/S'Cl 
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ION,CPC No. 1 

c ce~~tRr ~~rTS 

FLAT·FI..A~·ij" 

c 

FL ~N.F'Le'J. ,"'R 
£LfV&ELE\i·.'~ 

AZ·"Z*0R 
HS.f-IS*Q10CC 
TI"E.TI:'1F..l.i~ 
!YQ~B·IY~·lCQ+~8~ 

( ~EAD ~~D S~L~CT SfLAR r.ATA 

c 

rr'IY~~~.l~._Y~~b) G6 re 30 
R!AD(517)IY¥1,(F'LX(IJ,J.l,16),IY~2,(F'lX(I),1·17,31),IY~3,StS,SIF' 

7 FeQ~AT(I~'~~,1~~4.1/I411~F'4.1/I4'2F'5.1) . 
I~'IY~1.F'.IfM2.A~~.tY~2'E1.IY~3'A~D.IY~3.FQ.IY~M6) 66 16 Pc 
AR!Tt(6,~)!yq,~B~ 

b F'~g~AT(/'3Q~ ••• [~~PQ J~ S~lA~ INPUT DATA F'~k YEARa,I2,11H A~D MeN 
.T~=,I2' 

Ge To l~v 
20 LYR~e.IY~~? 
3~ FL~D=F'LX(IJAY) 

~QrTE(6'15)F~AJ,SJF'iSIS 
15 ~bR~AT(lf~ OAIL~ FLUX.,F6.1,.1~, 12.~6~TH ~lJ~~JNG AVlRAGE PF S8lAR 

• F'lUX.,F'6'1,2C~, AF' SU~SF8T ~U~9EM.,F'6.1' 

( ~EAD A~D PPl~T JFrATE DATA 
I"lwFDT.E~.C) Ge 1e 5c 
REAC '5, 1 HuP,)l 
I~(~UPDT.E~.~' Gt TP 50 
MtJf'ChI'-UF'CT-8 
I'(MUPDT.GT.C) ~~P~1.8 
"'RIT£(6 .. 9) 

c. 

9 F'eRMAT(/13~ JPJATE CATA.) 
De 4G 1.1, '~UI:)OT 
QEArf5111'~LAT(I> .. ~l~NrI"~llV(I) .. UIJM(r),JT'I) .. 6~S(I),1TyPf 

11 F6~MAT(2~1~.~,?F'lC.6'FtC.7,~15.A,t~' 
NQ ITt( 0.12) I ,ULAT (t hllLBP':( t, ,ULfvt t) gUll"! ( r hUT (I), (ME-S(l. tTYPE) • 

• L·l,4),ebS(I) .. ~EAS(5.ITVPE' 
Ie: F8::<"'AT« 1>.. 11,5" JLAT.,FI0.5,7Iig l~~C;.,FI0.5'7"'" ElFv ... nO.6, 7H# AZ J 

.~ •• F'10·61~ • .j ')£.1 L:T.,FIC-7,l,rl ~·QS, ,41.",11-1.,£15.8, lX,"It) 

c ce'~vHH ;;" ITS E'~ {lPrATE: rATA 
UlAT(I)-VLAT(I)·D~ 
ULA~(I).ul~~fI)·D~ 

UlfV'I).ulf~(I'·DR 
UZJM(I)·~zr~(I'·CP 
UT{!)·I.,T(!)·~P 

4L ITvP(I).rTyI:)F 
1~(~UPCT.l(.C) G~ Te 43 
De 41 J-l,"Iu;:)Or 

41 READfS,ll) SKI;:) 
",R!lEt 6, ~2) 

3.2 F8QM,AH 3lh ~P'A 1"'1'6 U;:,[,}Tf )1\1& P.'PT USf!'ll 
~~ e6':T P·."E:. 
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ION. CPC No. 1 

c 
c Ce~PUTl 4~~ p~r~l Ie~eSP~FR)r_nATA 

,. ... 

SC (I·LL REFI.IAC 
I~(JYR-Ll.JJ Gq TP le 
lU",MaHM/(J!(;CO 
~RJTE(b,2!' X~~,FC~2 

~1 FeRMAT(//:]H •• tUTPUT 
.10X,3MM~ •• ~8.3,3GH K~, 
I~(JSEL(1 -~E.~) G~ TA 
XY"iaYM/-. .i10~: 
XYT-Y";' /!;100C 

*·/11~H ~Er3~T AT MAXIMUM ELECT~BN DE~SJTY, 
CRITICAL FqE~uf~CY FOF?,~7.3,~M M~Z} 

17 

IdU TE (6,2,' ) T~T'" T~T~ A, XY"·, X VT, XI( 
22 FeQ~Al{4~H T~TAL I~TEu~ATcL EL~CTRA~ C'~TE~T, vERTICAL ~T.'E13.6, 

.25~ E/(~.~). ANGULAR 'TAs,E13.6,1~H E/(u.M CBLU~~)/ 
if481-' I-<ALF ··"r:I(~-ESS f'F ~PTTt:v:;!f'r 8IPAR"BALA Y"'s,FS_3, 
.3Cl.J o(M, (I': Tf';:)Slf'E PA~A;:"~L4 VT.,~8.3,1~ 1("1/ 

if5P~ DECAv CJ'STA~TS rB~ '~P~I~~ EXOA~E~TJAL LAYEHS, L6~ER ~1.' 
-El?5,12N. ~ID~Ll ~2·'EI2.5.1l~, uPPFR 1(3 •• F12.5,~~ 1/~) 

17 IFCISEL(3 .~F.O) GA TO 18 
TELEV.DELI:v.Q3~C(. /DR 
~RJTl(6'2J)TfL~V 

23 FpR~.TC541 I~~~SP~fRIC ~EF~ACTT~~ C'RR~:Tre~ T6 ELFVATIB~ A~GLF., 
-~13.6,11H Sf: QF ARC) 

ld I~(ISlL( •• E~.') ~RITE(6'24) :~4~G 
2~ FeQ~AT(.~· I~~~SP~ERIC R~~hACTI9~ ~~~Rr:TIQ~ T~ MA~GE'lCX,l~:, 

*e:l":l.6,l:?,.. I~) 

I~(ISEL(5 .~~.C) ~QITE(6'?=1 )~~T~ 
25 FeR~~T'~.'. r~~nSP~E~IC ~E~~4CTJ~~ CA~Q[:TI~u T~ RA~GE QATE ., 

ifE13.6,1:>..; :~/S!:C' 
I~(ISEL(2 .E~.n) CALL ~L~T~~(FCF2.~~,YM,YT,Xk' 
I~(IC~OAV·~l.l) LA rb 1t 

C C6r.cPl,:TE. ;.,\',,:;r ::?A1r C5~:". r:!c~ ~~<3r;;\("TIq" 6vrF. ~rNJi:j IMf 
f;T II T I:"It. 
~EAf"5'131 ELE~,~Z.~S'TIPF 

13 F8RMAT(21= .C.6'::lC.O,~1\.c.7) 
s..Q IrE:. (6,1-' IE.LEv, AZ. "'5, T I '"E 

14 F(tQMATl//"7,.. •• !f"oliT.. s~ce~,c SATELLTTE p{lsn!ol'; usrD FFiR rUNGE 
• C JFFEiiE '.:r f"':3/13)., 111-4 rLn· A Tl~··,Flr;.6.15H !1(G, AlIf":lin.·'~l 0-6, 
.l"~ DECi, ;'·ftG,·T·,~11.1,13.· ,,~, t,.Trl"[a,FI0_714r1 "'R5) 
ELF\isl!..lv·t,,,,, 
AZaJ.leV" 
"'5 s ... s_r..l 1 v '0 
TtuE.' Ir:E Ok'" 

Dr.T P"t.-f; r 
I~(Dr.Ll.;C) ~T.~12.JT 

~)T.!) i *:J3b-: ~ I~O 
0" At"GS-uR ~'d 
leRD:l 
(ALL ~t:.~h1C 

IDk~·C 
n~"AVc·'~iA'~-~~A~~S)/~T 
A=!Tt(h.2~)~',~~DAV 
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REFRAC. CPC No. 2 

c 
C Ie'.t'S?h~ ..(IC .?t-.rQICTp,l' • Q;;H 

SU~ReUTI~r ~~~CAC 

C 
( 1 !\iPUT: (f''1''ht '' If V AL.,I I ([lyra'''. IVpr r I 
C fl'IJTPUT: ttl'1'1"'. ICt;r<P I 
t 

Cft~~e~ IFV?L.,I ~5.~I,&!/~LQ~,~LEV.AZ.~S,r'PT,~DOT,TJ~['FLXD/~fS,SIFI 
·lYQ,M~N,InAY,tAPT/lrEL,:r~r,I~D~T,!TP 

C r;."S - 'TRA'jS¥tSSI"'~ ;'"0r-:",r.r.('"y T j "~',l 

C F'LAT. S1~TIf.'; :..ATtTUr'( :'. PA0n',~ ~F'AQC-
C F'L.~N. STATJ~~. ~~':l!Tur:E !r~ ~A"'I!A,~~S ~F' ItR( (P"<;ITIvE £AST,D TA 36C D) 
( ELEV .. E.t.["Alt:1·~ ':'1=' <;ATElLIlE !'.: PA'1TAf,jS ~::- A;;;r 
C AZ :: All''IdTI. .~F' <;ATrLL! H: H. 'CAr r M-le; AF ,,~C 

( HS :I HF.I~i ... T ~~ ~"l;::LL!T. I'; ·'r-.HRS 
C EC~T - EL.l~A~'~' ~Al( r~ WA~!/'S "I=' A~C/SE:Q~~ 
C HDaT & RATE J~ C""""\'Ut i"'" '~i-! G,.... -r e~ S,\ r[L L: rr r \" ~r;E~!:/~[::!~,;:) 
c TI~E .. U~Iv~~S~L Tr~F' r~ rAfIA"S ~r A~[ 
C FLXD. DAILY S~~A~ ~LUX 
C SIS & 12 "1f-1' T'1 "d"~,!":G AVli=Af.J:'" r.c' S\JI':Sl"fiT 'U"'fl[R 
C SIr: - 12 '.<If.f, Tv. ~,!'l\. "G Avr~.\:,~ t·f' S"LAQ FLJX 
t Ivq - YLA~ _(L,..ST ? "'IGn.., F',I"~ 
( ..,e", • "lft",T,... (al T·.~"Ur.;.., 12) 
C ICAY. DAY 1 a l T~~~~~H 31, 
C 1:'PT. tluT~\.;r ~;L~cTrqr, FL"r, =1 r<~"'J.'UTf· FO;:"2,.,.I", 
C -2 AL5~ :e~p~T~ p~~ri~f FAQ''''rTE~S, rLFCTR~~ C~~TF~T 
C s3 AL~'" CP'<1puT€ QA',:.f rJ.;<;(~ rT,ft'l, 
C &4+ AL';f< :r,,,,pv"'~: ~A',f,F !-ATF C~"PCC1I'l~-

C t~EL - SlL~C'J~' ~LAG T~ ~LrYAT,n· C~QR~CTtA~,~O ~6MPUT[, -1 ~~T 
C I~RD. FL.S '~Q CqQH~CTt9~ T~ ~A~GF ntFI='ERF~ct~G,.~,r:eR R~~GE 
t C~W~F TI~~ Ttl 2- PAI·T, :C ~T~Ek~ISF 
C {\.IPOT: IJ?!]AT 1=':"1." -r; -IA l,;:')ATL, -1 ljP!"ATf 
( PP :11 v:-.I r ~S!:l' ·1t.!'T ~f :""i~'~p", ~tc C"EF:'tCTr".T TAPr 
l 

C""'Mer-.; IUr:; T I Ii.." T ,uL.~·.' l. ... ;. v ,.Jl I"'" VT • HAC;, JTyP ,·"UPDT 
( UL.AT:I AR~AY ~!TH LATJTUDfS ~J ~P~ATl ~TATIPr-.;s (~AOIA~S) 
C UL.6~. AN~AY .rT~ Lfi~~ITUDE5 t~ ~P"ATr 5TATt~~~ (Q.OI_HS' 
( UL.(V. A~"'~v ~ p'~' rl~"AT1":lC: fl', SATELLITE rRA"yA"IS) 
( UZI~ c AN~Av ~'Trl Ai!u~T~S yq ~.T~LL!lE (QAOIA~S, 
C Uf • '~hAY :T~ j~!V~QS&L l:v~S A~ ~A~EQV~Tt~~S (RADIANSJ 
C ~a5 • Aq~AY IT" 1~'~SPH'WfC ASSFQV~TrQNS (~WZ ~A E/M •• 2) 
CITY? • AR~AY 4IT~ Jb5FRVATI~' TYPFS._t ~6F2,_2 V[QT.E.C_I_3 "'GLoE.C. 
l "I,,'::Ii)T_ ""li"';;E~: !"\=- ~;PDATt CHo,"" !TT~';C; 

C 

c 
c 
c. 
C 
l 

C~~t·~~. IC·r,.,.; IJ'., i\'Vi, r-~A r t:, 'f I ['I .ro~;>,., ~1 -' y .. , 'liT, Xrf , Tf>TN, Tf'T"A 
r>",.';;j- ;';M~j~ r !~lk:-r:T!A', h ~TTP,S 

U"'AT(:. w ;'''~:;r: r,., A n_ C~POE::T f ';' P_ '" TH?'Uc:r: !:~~ !) 
I)E.Lfv. fLt: vA . Itl'! !NbL£ Cb.~,rCT f!}. to., "<APOl A\lS qr: AQC 

~A~~f. ~A~3l q,TE, A"J rL~VAT'~' A~1LE CbQqEC'J~~S ADE TA PE 
SuHTc.".!,:Tr" r: ... q ., r;"J rc.' J. r-:.;j:lt ('1 t vJ.:' ",r.<;P~\'A TH'NS 

l -F' ~r:2 II [iii 11 CJ.L :::: [t.! 'f' C" "Hi' 
( ..,~ • t1£,I;"1- ;.1 "AX!"'I'~ ,~! t'::"D~" f\r:t.~JTY '''') 
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REFRAC lO CPC No. Z 

C y~ - ,..ALJ:' THlc<~lSS 6F THE ~BTTtJII1SIOf SJPAQABtJLA ("'J 
C YT - kALJ:' THIC(NESS 5F THE T8PSIOE PARA88LA (111) 
C X~ - AHRAY C6NTAI~I~G DECAY C6~ST.NTS FeR THE LtJWER, M!DDLE AND 
C V~PER S£CTI6N 8F THE T9PSJOE EXP8N£NTIAL LAYER (11M) 
C T8TN. v~~TICAL ELECTR8N C!NT£NT (E/II1 •• 2) 
C T6THA- A~GuLAR ELECTQeN CB~TfN1 ([/M**2) 
C 

c 
c 

C 

OJME~SIe~ ULAT(b),UL6N(8);ULEV(~),U1IM(R),rTYPC8),88St8' 
OIMENSI8N UT(8J'FACF2(8),~(8,3,,~T(~),X~(3),03'3' 
OIME~SI8~; wC6EF« 3, 13, 76),t.. f 13,76) ,U"l(',.'hUl'tl (9,." 
CATA M8~Dv l~e";D,LYRlI1e/O, 1'000,01 
O~TA H,STRS,T9L/6371-2£3,36_[6,l_r-61 
DATA YU,~1,Q1CO,Q130'~Pl,Q~H,RN3,PI,PI2/0. ,I. ,100. ,130- , 

*-1 ,1-24(10,_.9972 ,3-14159?6536 ,6-2831853072 1 

!~!r%AL;ZE C~NSIA~j~ 
OfLE."·QO 
O~J.NG·QO 
ORATE·;'}c 
T8TN -uo 
TeTNA-~O 
!F'LAGaO_ 
ISKlpaj 
IVR!I18·1¥R~100+M~~ 
J~60Y-MSN*100+10AV 

C RE.~ cf"[I:"F'rClf",r TAPf A\iO ~e~~ Ct'lFt"tC':£!,'1 A!oUUY5 
10 II:"(IMb~Y-LE.M6NDY •• ~OeIM6CY_G~e"le~o, ~e TA?9 
20 RF'ADCITP) L,~"L~~OY'4C~Ef,U~,U!l11 

JJ:"Ee~,tr~'~23,22 
22 ISI(IP-l . 

1'!6~O-l.el'.io 
III!'NOYaL6N')Y 
G" T8 Ie 

~3 ~e:wI~iJ 11'" 
J~LAG-I-FL~(j+1 

1~(IFLAG.LE.l) ~~ 18 20 
_QITEC6,c5J tYR'"'~,JDAv 

25 FlltRHATrr; ....... ceFJ:'FICrf"TS ... aT Ft-UNO Ita..; T.PEF8R YEAR~f':eNT ... ,OAY_, 
-313) 

IYR-.l 
G't TB 1 .. 0 

29 IJ:' (ISI(IP.E'1 e O.ANC_IYR'Ifh£:;.L "~P1e, Gl! Tft 80 
LYRHe-IYR"'B 
0' 62 .J-l,.!: 
06 62 1-1.9 
u" ( I ,.JJ _U"J ( I, JJ +(~Ml , r .. ..I) .IJ~( J, J) , .SIS.lQl00 

62 C'tNTlIvUE 
Of; 70 J-l.lt. 
D~ 70 1-1,13 

70 a'I'.JJ-~C8EF(1/1,J)·(~'PEF(2,I'J'+WC6£F'3'!IJ'.Slr'.SJF 
80 C"":T!r':UE 
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REFRAC, CFC No. Z 

c 
C PREPARE S~LAR DATA 

,. ... 

FLu)'aFL.XD 
I~(~LUX.lT.QPI' ~LUX.STF 
D~LI:X-FL.ux.S I~ 
Ir(~L.UX.GT.Q130) FL.UXaGI30 

c ce-"~'un. p I QS T PART eF PRfJF' r lE 

c 

CAll PReFL.l{~L.ATIFL6N'£LEV,AZ,TI~f,DFLUX,U,UM, 
• ~LATleLe~,~CF2.~~,~LAT) 
Ir!:~PDT.E~.O) ae TP 115 
I"UiUPOT.E:J.OJ 36 T8 115 

C UPDATE C~~PUT~D FOF2 ~IT~ A~Y ~F F6L.Lewr~G leN. eBSERVA1!~~SI 
C : TV? ( I' -I FOF21 _2 VE.~T .fLlCTQe·: C8NTfNT, -3 AI'.,/5L .ce,..TE":l 
c uP Te e MEASURED E~TR!E~ CA~ BE USED ~eq T~r UP~A1E PR6rFSS 

C 

De ~JO 1-1, '>UPDT 
6SS[R'V a BbS(I) 
I', TyP(I).LE.2) G~ T6 ~= 
8eS[Ny-e&SFRv· SQRT(Ql-(P. r6S(U~EV(I»/'R.~M') •• 2' 

8:: CAL!. FRen.l (:JLAT( t hULf.""!' ,liLJ:V( t ),Ull"!( O,llT( I ),CFLU)(,U,li~. 
• TL.ATITLeN,STF2.~THM,ST~LAT) 

1 ~, ; TY? t I ) .flT.1 )- C ALL p~eFL ~(Tt.l T , TL~N, ST~S, uTe fJ, fD.''', M8N,FLUX, 
.STF2,STH~,STHLATI 01,C2,[3,04,SlAS) 
FAC~2'I)aO~SERV/ST~2 
I", [TYP(I).ae..p) FACF2(t). ~~RT'FJCF2'I"(~~~.STF2.SLA~l} 
Ir( ~uPDT.['.IJ Ge Te 11C -

C:6AM .EIG~TS FAQ MULT!PLf up~.TE STATle~s 
~'I'lJ:4RS(Tl~E~UT'I)) 

c 

I~(~(l'l).GT.P~' ~CI'1'aFI2.~(tlli 
CA~13· SI~ITLAT'. SI~'9lAT'+ ceSeilAT). ceSCBLAT}. ceSCTL6N-~L6N) 
SA~3. S~~T(~!.CANA •• 2: 
~(r,?l· A~S( ArAh'SA~G/CA'G) 

90 ~rt,31~A(!,1;.A(I,?) 

c. ::::ll!;" 1"£ ~F IUi-oTS Tt ['£ uSEn 

t 

M1-:1 
~?·o 
C~ 95 Ia",'I" ... ='~T 
I~: A8S'4liI1i-~CI,1)'.uT.l~L! ~1.1 
I", AeS(~(1,2)-~'t,2)).GT.TBL' ~P.? 

55 ce..-nht.;E. 
MA;'<l(aMl+lVc 
!~(~ARK.EC.C) ~e Te 11~ 

C. Ck~~I·.f' AFJ3!o1TS """D ~PPl" TA :,;Pf)AT[ ~Ht" 
C~ ICC I.l,~~POT 
A'J( IJ .:..11 
~6'10C Jal,'JP)l 
I~(T.Ea.~, ~ft Te !Oo 
~~'I)·~T(!l.fttJ,~AQK) 
(fI' r : "'~t'l 

In 

,/ 



C 

C6EFaQL 
FU~CaQO 

D~ 105 Ial.'JP~T 
C~FFaC~[~9AT(I) 

llEFRAC, CPCNo. Z 

105 F~~C.F~~C.~1(I)*FACF2Ct) 
FACF2(1)aFV~:ICAlF 

t UPDAT~ FC~2 AF EVALuATI~~ CP~~tTIPN 
110 FGF2.FCFr.FA~r~(1) 
11 ~ Ce-eTJNI..iE 

J~(I'::Pl.fr;.:.) ',A T01I 14r; 
c 
C C9f1PuU !'.FCfl',tl PM~T N Pof)F JLE 

CALL F~&~L?(~LAT.Ple~'kb,TI~[.J~A~'~P~'~LU).,FOF2,H~,HL~T, 
* Y"', YT, XI< ,R~~:,)(~ T.,IM' 
I'(X~T~~.Lr.CO) ~~ 1~ 1-~ 

C 
C cetpuTf £LEV4T'p~ A~GLE :ft~RECTle~ DflEV 

FRATa'FC~?/FS)*.2 
SEa SP"nLE\') 
cr a C~S (U .. F " , 
IFrJDlL.··J.C·rr-"I"'or.E'J"l) ~!. TA 120 
CALL f4t. T ~ (FI'U, 1 ,,', T. M. MS. h'1, y,." ~r: ,Cf , ~~U .. V 1 

( 

C C5~F,JTf '/F.I.CT reAL ""'D Al'!GlILAR flECTRf!'~ C~"'TEt¥T TPTI'II" TPn"A 
( C~~FUlt ~4~1E r~PRfc'JH~ DR~~G 

c 

12C C8'JT H"lf.. 
k/or.Ool/H·· •• "'J , •• 2 
Dt'2·~1.~~T.CF.·? 
DE~i.SI;FiTC ~t.. '2) 
T'TNa"""T' "'.I~'~"1.FOF"?'2 
T8T~A·Ttnt./Gf"" 
IrcJ~PT.Lr.3' ~? TA 1-0 
DRA'G.Fk.~.~~3.~~T~M/Cl~ 

C. COMPuTE Joi4"':3E r:PATE C61011UrTlfUj OQATE 
1'(Iep'.L~.~.6Q.l~RD.E~.1' AU T~ 1-0 
D~.TE.D~~~j·£PPT.DAT.Sf.CE/~~h? 
DRjTE.Ok~TF".~RA,.Q'J.HrfT.~PM/"r~ 

l~C C8",,11"';';E 
Joll TU~'. 
E,,:n 
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PLOTNH, C PC No. 3 

c 
C PL~T A~n rr J~T rLrcT4~L rF'~Jl~_~f~SUS ~fr~HT PRHFtLl 
C I~PUT: PLF? t~ ~hl, ~~~~~,vT I~ ~FTEo, XK IN 1/~ETEQ 
C 

c 

SURR6UTl~l PL61~H rFOP2, Ht,Y~,YT,XK' 
DI~E~Sl~' aK(3),~(73),~(?),'h'?)'X~(?)'~TC~',ED(~) 
DAT~ CO,~l,t~LA~k,~AR~,C. ,I. ,tH .tH., 
DATA C3,~lC,~27,tt24E,~trl~~,tln?~f,~2C?5E,n25('3. 
.1.?-E1G'lC12.l1,t~2~·f3,20L~·(~';~·E11 
~~YT(6,1' 

( C6~PUTl ~~~FtLr C~~STA'T~ 

c. 

D .. ·eCl- ~lQT(~l.(XK'l'.YTI •• ?')/X~(l) 
I>4T (~) if >,".Yr<'. 
HT (I.}'" ..... . 

-iT (3)" ........ :" 
DELH=( Glrlcf·~T(3»/~3 
HT(21.HT(3'+1FL~ 

HT(1)·HT'2'.~fL~ 
EO(S). ~12.£ *PCF; •• ? 
fOP.'.l C(~, 
(O(3)·~C(~'·(:!-'C'Vl) •• r) 
EO(2)=i~(). [xP'X~(lJ.~~!(1'.hT(2'" 
(O{l)=~D(~). l)P('~'2}.'~T(?)-~T(!»' 

~. C It .. tTI JoL 17£ Ler o Ff<Q PL'!'! 

c: 

Htl)·r.1C?~f 
Ht~)=c;!:".::?~r 
!Hll) .. 1025 
!H(7)=20,,5 
Ol' 130 I.l,lt(' 
De '10 "=l,? 
HI If) • .,H ~ ) -';2C";E. 
hot( K hI", , !( ) • r':, 

( ce~puTt ~l~CTq~~ C[~SIlv AT "EJ~l H 
tie 10 &"=1,5 
I~f"'(lo.r,E .... T(ln .... ~ Tt, 70 

1e C6' T IM..:E 
l .... r;o 
~e T!' ~~ 

2C ~".~C~)·~T'Lj 
ue T~ (3t,~C,5:,eO.7C).L 

30 l~= EXU (-)«3J.''''' r;, Tt* -"C 
4t Z,= ')Pr.A~'~)."") 

Ge f" 8::,) 
50 l~. fk~(_~~'1'.J~' 

:,~ H N.I 
6C l~.Cl-'~~/vr) •• ? 
_~J'j' ftJ ... ~ 

7C Z,.( ~1-'~1-~~/Y~' •• ?) •• ~ 
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C 

~O X'(K).~D(l'.ZN 

9C C6'.T I Mil 

PLOTNH. CPC No. 3 

C Pl~T ~~~ P~I~T 
.lI.Nl-IJC 
IF'X~(l).Lr.'Q) ~~ T6 100 
X'L- l~alC((~(lJ) 

lCO Cfta,TINul 
Oft 110 l.l,73 

11C .JrL"IHLAfo.;~ 
~~.C.~L-~lc)·a?7·01 
I~[~6.lT.l."q.'~.~T.73) AA T6 120 
.J(" e) .M~fi" 

lZO wQITE(6,2) IWC1".J,XNtl).1~(2),X~(2) 
13C C!!'.:T! ..... t!f 

hQfTF{6,:;} 
1 F8Q""AT (l"l'll,",l1ftc~"'T (".~),5!)r,57HVF"S.JS rtECTQ6P1. DlN~ITY ([/"" .. 3 
.) "'UCr.7 .::;. LL.OEN5ITY) 

2 Fe=~ATClx,J~,2H .,73Al,_~--- ,~tl.~,5X,J_,~~ - •• '~11.~) 
3 ~~~v~T'7A,?(lw+,17(1~.),1~+,8(lH-)),lH+,17(1"'.),1~+1 
."X,5~'1·l1 C ,22): ,'5H1 .Ell,2?X,c;lil·n21 
.JCX,J7~L[~.SCAlf - rLlrTR'~ OE~SJTV (E/~ •• 3) 
"ETlil:,.. 
e~~ 
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/ 

PROFLI. CPC No. 4 

( 

C C~~P~TE FI~ST ~A~T p~ O~qFILF: C~tIt:AL FQ£JUE~CY FeF2 Ak, 
c c~oRrSP~'~J~G H~IGHT "~ 

c 

r ... 

Su'"~tJl. r I-.t ~~e==-L l(~LAT IF L6' .• t.Lr V • .A 7 "Tt ME" "O==-tUX.UIlW" 
• qLAT.6l5~.==-CF2.~~.~LAT) 

Dl"'ll '5 lB', '< ( 10' • !..I ( 13,76) .l(. (10) IV" [<1.49) ,C'1T(6) .SIT (b).F' (3' IC(';'"I( 3' 
., C ( 3' "u (7f ) ,1F ( 7t: J "G"1( 49 J "r v C 4Q) 
Jt"P,S!5~ 1':''') .C;:-"'T(3) 
DATA ~/ll,j~,~J.63,671~!,71.73.75.~/1 ~~'O/~/ 
~ATA K~/lj7,13.?~.371.~,~5.bOl6S.72/.N~~'~"F/7bl49/ 
)ATA C1,f.: :JCO,,':3T5/1. ,leer- 1300COO- I 
JAT~ D180~~3/3.141~q2653~ - ,1.0297-426 •• _g869219 I •• 575q5~65 / 
J~TA ~ISP\.AT,C~LAT'Pl6'/~371.2f3".97Q9246t.,99368415.C7890PI 
'1,.y/.. ... 1'·i'·".·3/!1 .. ~,.92 .~?t-.'+ 'C:9.~?5 / 
JATA ;.~ .. ,,~::\.T/.OC!33 .1.~3c; •• C;:;7 •• a I 

n(3)=t;3f5 
5L" Til 5 I '. ::'l. A 1) 
CL,t. Te ceS i="L A 1) 

3n. Sh,;~! F:V) 

CEL .• c~S:r_t:Vl 
5,.7. Sl'q P) 

C,.z. Ct:~( \!) 

C C~~PuT. TJ~F ~FDE~D~~T ~ :~CTT~'S ~eR·~C~? A"'D ~3COC 
_ T.TI~E-01l~ 

c 

:"LL SlC~;T(6,~~ll~ITIT) 
CALL D~SI:~(~F==-.A(1:J.~,,~rl,C~1.~F1 
CALL O~St:~(,¥~ •• ul0 ,~~.~TT.~~T,D¥" 

C C~Y~vl~ L~TIT~Df, Lt'GTT:;JE "V 19'6S~HEet( P'I~T ~L~I.61e~ 
23 :5'TI~~~ 

S~s~~Ctl/(;'+~(~') 

C~e SC~T':1.SF.S~) 

t 

SA • eel • C~ - ~tL • ~~ 
CA • SEL • C==- + eEL • ~p 
S'~~T.5L~'·C·+:L~T.~A·~~1 
:'L_r. s~~r(~l-S~L'T.S~LIT' 
~L-T= AT~'(5~L~T'C'LA1) 
SClF~·~"Z·~A/C·LJT 
CDLE's S:~T(~l-S~L~'.SCL~~J 
'L~~lIfL=~. ~r"'(5DLf~/C~L~') 

C c~--J.' .. :n pqS!TIA, JE;::P:'F' T t"~l'TTJ"'~~ n:'Q FOS::2 ."·0 "'3(;0( 
P(l)·CLAT 
P(C')·fJL'J~ 

CALL ~~~FJ"o.:q~) 
T¥'r .Cfl"' (c ) .. C ~,... ( ;) +C~ • ( j) • Ct- '1, .:?J ) 

Ctc)a"(2) 
CC?ld":') 
C(!). ""'i ~T~~'-(~~(!)/ !'~Tt'u;::,)/ $i~T(r~L~T" 
C.ALl \.I';' (-~ , r , j) --
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t 

l(K = C 
oe 15 I Ia 1 , 1" .. 2 
u=","", I J) 
I2·1C~' II+l) 
De 1 c;, ..,a tl , t? 
i(!( = KK + 1 

150-'(I('I()a=,c .. I) 

PROFL1. CPC No ... 

C C'~P0Tf h3~CO A~r ~rIG~T eF ~AX. ~Lr=TRt~ OFhSITY HV 

, 
( 

CALL U~~,(·~~,~~ .. D~,H30CO' 
~.., = ( ... 1 .... 2 ..... :1C{,O.~J.H3:)(I') •• :100l1} -r: 1 O~O 
IF( Ae~(~(3J- ~"').LT.Ql~CO) G8 T8 2-
P( '3) ....... 1 

Gf.' i~ ?3 

cer~J'vn F'rF'? ~"'r ADJuST FOF? FOR ~AILY v4f<lATif'p,. ~l'fH Fl u> 
2" Cf""Tlv·~ 

CALL CK~k'~F'F .. 3.DF,F'Or2) 
S"1L • ~~L~T • ~PLAT + C~lAT • CPLAT. CAse PL~~.PlA~) 
C~L: sr~F. T C ~.l·SYL .S"'LJ 
... L" T= AT ".; C S"!l/Ct'L, 
I..,\T1 = 1 
L"T2 • 1 
1~(HLA1.uE.D3(L~'2») On T8 ~1 
LAi2 • ? 
IF('·LU.r,T"jJ!HLJI,T21J G~ T~ ?1 
LA'l • :: 
IF(~LAr.rQ.Dr,(~4T2') Gr T~ ~1 
LAT? • OJ 

IF'~LAT.~T.~"LJI,T2') Go T~ ?1 
L~Tl • J 

21 C~T • Cf.r.T(LATU 
IF{LAT1.ra.L"T~) Gq 1~ ?? 
C'IT a C· T + CCr~4T(LAT2l.n:r T(L"·T1') • "G(LATt)-HLATt 

• I i r-·jCLATlJ.I;3fUI.T;?} ~ 
22 FOF2 • Fvr~ - (PlR-OFLux + r~T' 

;.cf:TI)RN 
e:~1" 

177 



• 

PROFL2, CPC No.5 

c 
c :e"1PJtl Sc:':AO,i) °AQT .}t' P!')~l:"fI c: PARA'1r-rf'QS Yf",VT,XK" qATt., SF' 
( E~.Ch,!r'T T~ FL.DE'~ITY KNT~~" qANGf RATE ~ULTJPLIFR RW~ 

SU~~~UTI~l ~~e~L2(nlAT,~Le'I~S,~I~E"tDAY;~e~"FLUX"F~F2IHM,,~LA?" 
.. YM"vT"X~I~qM'X~T~~' 
OT~r~Slp~ Y~TA~'12.9J,CEPT(.13,3)"SLAP( •• 3#1),H(~)"D~C1J"X~(3J 
OI~E."'SfO·. "(3(1) 
Df~£~Sl~~ ;~TK(."4,,~) 
OP'f·.S bi\f''''iAT (7,,6) 
OA T;. ~tl, ~.l. J2" -=3,,14, 'J5, ~jt-I'J,{, J~4 ,:137, funno, 1P05,OP1333" QP9~".P2P5, 

.;;ar:""5":,,x~E;1 c. 11· ,~. 13. "l;.,,~. ,6- ,8. ,Z4. , 

.31. "tooa. ,.J~ ,,133333 ,.q~ ,p.s ,,10-S "~33333333 / 
DA1_ O~,~7~~,D~,~tCI'lh"~3('~1]~,0180,PI~,,pr2,~£G/ 
.·OF7?~~~f25 "13c~q36917~ ,.1196?~'4 "11453Z925 , 
.·27'?S26~ ,.~~lS9~17~ ,2.15619 •• 9 ,,3".15926536 " 
.1.~707Yo3~~~ ,h.~~31~~A~7~ ,1.3n~qq69315 ,.7~S3981625 , 
.. 2F-17993~13 I 

JATA S~1ISA2,Q~.'~lCl?/ •• Oo·74q~ql ,,0172142063 ,.9375 , 
·10!2~C:J. / 
a.~A CEpT/!2.2.-e,~.73~~f,~~.~~E-h'1~'4~f.~,A.~8E·~'10.38f.e,'.E-6 
·'lr.94l-h,?3E.~ .. 9.~dE-~'1:.~f-~'1?·a4E-~17.6Zf·6 .. _.67r.b,~.~6f.6, 
.5.Sf~.b'1··~·b,].~.~-~, ••• ~~.b#3.~~E-6'.~E-h .. 3·16E.~, •• 41E-6 .... 5_£ 
•• 6,3.9lL-~.J-5~[·6.4.0~l-6,_.a~~-6~.~5E.f".5ZE.6 .. 1.~.~-~,l.95E.6 .. 
•• 5~-6,~.7.~.h".2~~-6'l·K~f-~/ 

DATA SL~P/-7.SJ-.,-3.6f-.,-~.~.~,-9.f.~'.3.1l.~, 
·-3·~~-~'-!.€-~,-1.~f-~, 
.~.~f·81·1·~€-&,-~·~~-81-?,r-~,-, •• ~-R'·'4~-~'-1·2£-8'-1'2~-@' 
.J.f: -5, l.c::-'i, ';!'t -~,1'~; -?, '2 .SL- R , l' 3f"~, 1.3F-8,l.1F -~, ... 'lE"'8, 
.·.6~-H/-.7r.~,-.7F-8'1.5~-~.1·1(·R'1.1r·p'1.l-K'1.r-R,.8r.~'l.6E-8 
·,l·5E-c/ 

DATA '1ATIt/.~Z,.t)~ .. 1.01,t.l~ •• '!':".Ac:.,.911.0c.; •• 88 ... 975'1.05,1.tZ!;, 
··9.'1·1'1··1~ .. 1.1",·9~,.Q7,.9~'1.n~,.q4,.~~~,.975'1·cc5,l-125, 
.1·11'1·~~~#!·O~~,·n9'1·1?S'1·0g,·q4,.9~~,.~,·861'9Q5,.q2S,t.~~~ .. 
•• 97,.9~'1·:~5,,·~q,1·C~~'.~1"~4~,·~~5'·fl,.84/ 
,ATA y~TA1/~7.,,93.C,q7'~'l~2.C'102.l,9q.~.q~'l,91.3.~~.O,'~.8, 
.86.0'~~'~' q~.~,g&.~'1~1.g'lCq'5,11~.5'112.S'lC7.SI101.2196.Z, 
.95.~,97·t,A~·1, lC7.~'1t7.7.1.~'l'l~n •• ,1~3.3"5~.D'15C.o' 
.14~.2'121·1·11~':"1'9·?"0b.S, '14'-'1?~.5'144.2'162.1'175.b, 
.18r.~,!7~·~.lS7.~ .. '3 •• 7,tl~.J .. l10.1.11r,._, 113.3,l?O.7,134." 
.15~.2'l~1.~,'9~.~'!'l.~,15?~,'~3.ry,~I'·~'!11.5,11~.3, 113.5, 
.125 •• ,13q·~'15~.b#t~3.~,t8S.3#1~~.3,166'~111&.9'11Q.91111.Q,l08'0 .. 
• 11·.~.118.~,t~5.6'l~1.n,211·4,~32·"2!1·Z,188·"l.2.5.!2-.8, 
.11~·~,11c·~, 12~·7'132.~'1·""1~8.3'l~7'1'21~'4 .. tq6.8'185.5 .. 
• 15?5113~.A,12~.7,1:7.~, 141'~'147.5'l~~.O'lb1.8'2QO.J'lq5.6, 
.'87.J,lh~.~,144 .... t38·',137.7,111.5/ 
DA1~ Y-~T/:.25,1'1~,l'J~,.o~,.q~,.~?,.9?, 

11.1,l.L~,.~J,.a~,.18"73,.7# 1.],1.~I,'.02,.88'.&11.78'.78, 
21.r9'1·'."·Oll.~~,·~8 •• q9.!., .Q5,.Q6,.97,l',l.04,1'OQ .. l.13, 
31'?·'!~~.'1·~·;1·?4.1'ij'1.'3,l.6./ 
"'l..AT" ,.l3~1"L.ATl 
rl..~c··I~I·"L.q~.~12 
Tl.. Q ': • A NO,; .: , T '-~ c , ;, I ~ ) 
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PROFLZ. CPC No. 5 

C 
C C8MPUTE HAL' THICKNESS V~ 

C 

T12.TL,8C/OJO 
LTl·T12 
Ti-LTI 
LT2-LT1+1 
I"LT1.Eg-t2) LT2aLTI 
I'CLTI-GE-IJ ae T8 55 
LTI-12 

55 TI-TI2-n 
II'1-FOF2-gP:l5 
I'2-FOF2-gP05 
IFCI FI-LT-IJ IF1-1 
~'CIFI-GT-9) IFI-9 
I' crF2.LT_l) IF2-1 
I"IF2.5T-9) IF2-9 
V~.CYMTAR(LT1.IF1'+'Y"TABCLT2.I'lJ.Y~TAa(LTIIIFl'J.Tl'-g1000 
r'CIF1·Eg.IF2) G8 T8 60 
V~2_(YMTAB(LTIII'2)+CY"TABCLT2.IF2)-YMTA8CLTIIIF2)'eTl,egl000 
FI-IF1 
Y~- YM+(YM2-YM'.(FOF2-FI-Ql) 

60 C8NTINUE 

C C8MPUTE DIFFERENCE BETwEEN AYEQ. A~D DAILY S8LAR ZENITH A~GLE DSZA 
OAY_'M8N-l,·JO+IOAY-SO 

c 
C 

DSlA-sel- SfNCS82eDAY) 
I" ABS(eLAT"L~.S81J G~ T8 61 
I" 8LAT.LT.gO) OSlA-eOSZA 
Gf) T8 62 

61 SANG-8LAT/Sttt 
CA~G- SQRTCQ1- AHSfSANG-SANG" 
DANG- ATANCSANG/CANG' 
AS1A-Sel-(CANa+SANGeDA~'/PTH 
DSZAaA5lA- A3S1 BLAT-DSZA) 

A~PLY SEAS8NAL EFFECT er 051A T~ HALF THIC~NESS YM 
62 S12-g.-0SlA/OS 

1'laS12 
St-I,1 
Sl-512-S1 
1'2-IF1+1 
RAT-caO 
I'(kLAT_LE.OS) ae T8 63 
T12-(TL8C+D1D5)/PIH 
LTl-TI2 
TteLTI 
LT2-LT1+1 
r'CLT2 o GT •• J LT2-1 

,. 

r"LT1.LT.IJ LT1·. 
RATI-YRAT'IF1.LT1'+'YRAT(rF~ILT1)_VRAT(I'l,LT1".Sl 
RAT2-VH,IT (IF1'l.T2) + (YRAl( U'2,LT2) .VRAl( IF1,LT2' "SI 
RATaHAT1+CRAT2.RAT1'·CT12-TSJ 
I"HLAT.nE.OEGCJ) G8 T8 64 
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PROFLZ. CPC No. 5 

63 T12e 'lL8C+013S,/0180-Ql 
1~(T12·GT.Ql' T12e02!T12 
1,(T12'LT'QOJ T12 •• T12 
RAT1"YRAT'tFl~5)+(VRAT'IF26S)·YRAT(tF1~5"*Sl 
RAT2-YRAj( tFl,6)+(YRATr IF'2 .. 6'.YRATC tPl,6) )*SI 
~ATM~RATl+(RAT2.RAT1'·TI2 
RAT-~AT~+(RAT.RAT"J.fHLAT.O~)/DtO 
I'(HlAT.LE,05' RAT_RAT" 

f'+ Y"'_Y~'*RAT 
C 
C CfMPJTE (-PARAMETERS XK 

c 

FQF2 • RN4 • FOF2 
11-2 
12-2 
IFCHLAT-OEG(2"28,30,29 

28 11.3 
Ir,HLAT.LE.OEG(3')I2-3 
G8 Te 30 

29 12-1 
I'CHLAT'GE.OEG(1»ll·1 

30 J • (FUF'2 + QI)/Q3 
Xr-QC 
I'tJ.GE.l) G6 Ta 35 
Jet 
G8 Te 45 

35 I'fJ.LT.4) G~ T8 40 
J.4 
G8 T6 45 

4C' FI-J 
X, - (FQF2 + 01l/Q3 • 1='1 

45 08 51 '''-1,3 
SLP-CSL6PCJ+l,ll,M)-SL8PCJ .. Il,M).XF+SL8P(J .. Il .. M' 
CPT_(CEPT(J+1,ttIM'·CEPTCJlrl,~)'*XF+C£PTrJ~Il,"' 
Ir(II.EQ.t~J GS T8 50 
OEl.(~LAT-OEG(rl')/COEGCI2)-OEG(lt)' 
SLP-S~p+('SLePfJ+l,12'M).SL8P(J .. 12'M')*XF+SLePfJ~12,"J-SLPJ*OEL 
CPT-C~T+(CCEPT{J+l,i21").CEPTCJI!2IM')*XF'+CEPT'J,J2IM'-CPTJ.OEL 

50 XK(M) - SLP • FLUX + CPT 
51 C8~Tf\lUE 

C APPLY S£4SeNAL EFFECT 8F OSZA T~ DECAY C8NSTANTS XK 
Tl~_T_6C/OEG(3)-Q8 
I'(T12'LT'QO' T12-T12+024 
Tt2aTI2/Q6+Ql 
L n-T12 
TtalTl 
LT2aLrt+1 
1'(LT~.GT'4' LT2-1 
S12aQ:P5·0S!~/'16 
I"'.S1~ 
Sl-IFI 
Sl·S1~·Sl 
1'2-1:1·1 
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C 
r .. 

c 
c 
c 

PROFLZ, CPC No.5 

OS 52 H-l,3 
RATI-RAT~{tFl'lTll~)+\RATK'tF2.LT1'H'·RATK,rF1.LT1'H».S1 
R~T2.RATK(IF1,~T21~)·(R~TKrrF2ILT2.M).RATK(!F1.LT2IH».S1 
RAT a RAT1 + (QAT2.QAT1) • (T12-Tl) -

~2 XK(M)aXK(M).qAT 

CBMPUTE ~~L~ THICKNESS SF TSPStDE PAqAB~lA YT 
CSNVaQ1 
I'(~OF2eLE.JI0P5) a8 Te 71 
CS~V.QP1333·(~OF2·QI0P5)+Ql 

71 C8NTINUE 
YT-C8NV.YM 

C8MPUTE HD8T MUlTIPLIF.R FeR RANGE RATE C6MPUTATI6N qRM 
C6MPurE fBTAl ElECTQ6N C~~Tf~T / ~LECTR~N DENSITY X~TN~ 

XNTI\MaUO 
RR~.QO 

0··(~1-Sa~T'Ql+(XK(I)·YT)*·2»)/XK(1) 
I1f1)·H"'+!:) 
I'(HS.lEeHC1') a8 T8 80 
RRMaQl 
OELH • (HI012 - HellJ/Q3 
11(2) • H(l) + OElH 
iif3,aH(2'+DELH 
Hf") eMS 
He3 

65 I"MSeGT.H(~» 36 T6 70 
HIM).H(M+U 
M·~·l 
I'CMeGTel) a6 T6 65 

70 OW(H).H(M+l).H(~) 
RlhQl/XK (/,1) 

E)r-gO 
~RG-XK'·1)·OH(M' 
I"ARGeLTeJ37) EX a EX~'-ARG' 
RRMaRRI't*EX 
XNT~l'taRK+EX.CX~T~H.RK) 
Ma~·l 
I"H.GTeO) GS T6 70 
TEMP-Q8815.Y~+'·D •• 3/C~3·YT.YT' 
TE~Pl.Ul·(~/YT).·2 
qR"'.RR".TE"1P1 
XNTNH.T~MP1.XNTNM+TEMP 
as T6 110 

80 I'(HS.L~.( "~-VM» G6 T6 110 
DISh ... "'-.... ~ 
IF(HS.LT. HM) 3~ ,~ 90 
XNT~M.C8815.Y~.OlST+DIST •• 3/CQ3.YT.YT) 
RR~·Ql·((H~.HS'/YT)··2 a" T6 ll:: 

90 CSr.:TII'.iUE 
XNT~i~.U8~lS.VM-OIST+~2.DIST •• 3/CQ3.Y~ •• 2'·'tST •• 5/CQ5.VM ••• ' 
QR". ( r' 1-' 'hM-HS) I~V~)"'2 )-•• c 
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BET A. CPC No. 6 

( 

SURR6UTJNE o~TA(F~ATIX~TN~,HSIH"IVM,SE~CfIOFLEv' 
c 
C BETA C6~PJTfS f~~6SPI~EqrC. ELEVAT!~~ ANGLE C!RRECTI8N TB BE 
C SUBTRACTE~ ~R8~ MEASUREO ELFVATieN ANGLf 

C 

JI~ENSI6~ XAX(5).VAXCS, 
DATA RIQOI Qt,U5333IQ2/6371.2E3,0. I 1.EO •• 5333EO,2.EO/ 
DATA XAX/O.EO, .2EOI •• EOI .6EO, .S!EOI 
~ATA VAX/l.EO,.924EOI.82.Ec,.7EOI.553EO/ 
~2.~·R 

~SaHS+R 

C caMPuTE S~UAREO DEVIATIe~ FACT6R XCB~ 

c 

Rttl'olaR+ ..,!'! 

SFJMaR*CF"/R6"1 
CFI~. SQ~T(wl.S~IM.*2) 
XCfl'olzFRAT/CFtM.*2 

C INTE"P8LATE TABULATr.O VALUES VAX T8 afT Ve8H 

C 

Ott 30 I a l15 
IFeXC6M.XAXCI»20,10,30 

10 YCfMaVAx(I, 
Gtt Ttl 40 

20 YC6M.VAX(I)+CYAXCI.l)·YA_'J).CXC8M.XAXCI)/(XAXe!.1).XAXCIJ, 
(.;8 T6 "0 

30 C8~T1NUE 
G8 TA 50 

40 yceMaQl/yCp"" 

c :bMPU1E oEVtATIe~ A~GLE ALP~A 

( 

ReezR6M+t5333.Y~ 
:)~I6aR*CE/R66 
C~te. SQ~T(~1.S~le*.2' 
ALFHA.FRAT.YCB~.~~T~"1·SFIB/IJ2*qe8·CF"IB·*3) 

C COMPUTE ELEvATIe~ A~GLE ceRRECTI8~ 
CA- CeSULPHA) 
SA- stNc'~LP"'A) 
X3-R*Ct*SA/{~1+CA' 
X2-q*SI:.-).3 
Xl- SQRT(RS**2-R2*CE.*2'.X3 
CTf-{Xl.CA.~2)/ SQqTCX1**2+x2.*2.Q2*Xl.X2*CA' 
5T£- SQRT{ A8S,QI-CTE**2" 
~ELEV- ATA'(STF/'T~) 
~ETUl;:t.I 

50 w~ITE (6,1) 
1 ~9RMAT( 112~ ••• QAY IS ~r~LECTEO AT leN8SPHE~E SR NE~R REFLECTI8 

-1'0 :B~,DITI8', ELEVATI8N A~GLe: C8RR£CTI8~ IS N8T C8PfPUT£O ••• ) 
~!i_EV·\.,lO 
~~TJRN 

Ef' 
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SICOJT. ("PC No. 7 

c 
SVRRBUTI~E SJCP4TClIC,S,T) 

c 
C C8r~PUTE. SIiI.(J1)ICf'S{JT),J-l,,,.,L F"8R A"GLE A 

c 
OI"ENSI8~ 5(1),C(1' 
C C. ) - ceE ( TJ 
Sf:'- SI~CT' 
De 10 I-cll 
C{:)-C(1)·C(J-l)-S(1)·S{1-1, 

10 Sf1)-C(1)·5(1-11+S(1)·C(I-1) 
~ElUQN 

EJIor 

184 



581-·--

1.1""3 
"'dl1.i.3t:! 

(1) 3 ... lJ.gJ.( )If'l) ", ... (113 ... 1 J. IS-( ~-> . .) L+ ()I) >'Ja Dn)lO S 
~.,+>,i·lIN 

·1~"t.1 S .. 0 
()l1) oa oO)le 
XVh1"'>l1-:-1 

x .. '!a)l S GO 
)("~1-tall1 

t ... 2 .... ,-XV ... ' 
(t)>'O'(t)j~111S'(t)3Hl!~:'{1)U ~QISN3~IC 

J 
3hl! (3X13 y auJ ~1~JIJI~33d1'> Ens C 11nd~gJ J 

J 
()lO'3WI1QJ'3Wl11S'C'H1,xw) gJIS~O 3~IlnQ~GaS 

J 



c 

( 
r 

... 

r 

MAGFIN, CPC No.9 

Su~~~'.J T! '.C: ":':';=-1:-' (;"~;'5, L:'.", 
C5: ... "l:li: '.z. .. :. ·"'IA:;r-.fT iC ;; It.LO CfWPI:l"Jf'lTS 

D P I-:~, ~ l~·. c ( 7" 7J , CD ( 7,,7) "CP (7) ,,~"'I:( 7)" SP (7) ,,;:::~S ( 3) ,..!xE (3 J I CT C7, 7), 
• ~'717J,~(7,,7) 

DATA ~T/~.:.".~331~313,.~6f~66~7".?~71-2J6,.~53!6825".?5?5?5?5, 
• 3·C·;·?OCCGOOC,·c2~~71~21.23~O~523,.c42~2~241 

4·(,1.14c8S71~,.19(4761~,.~1?12121" 

• ~·C,,·:l111111,.1~1~lb!6, 
• L·C"·~909C909,, 
• 7·~·,,7.0·/ 

DATA ,i/ e" .:O~112" ,~c4r~5,-.C31S!~"-'04t79~1 ·:lc2~61-·rytS~23, 
• e., .r21474,-.C~!r'3, .C621!C,-.04~L9~'-·C344C71-·~C4~53, 
• 2.C"-'0133~1'-.~Z~T18'·'C2!7~5,-.Ol~4471 ·(C3212, 
• 3.C"-'CD64?~' .CC7(~BI-.CCCbr8, -021 4 13, 
• 4.C.'-.C~C044" .CC2775, .CCle~l, 
• ~.C., .:~06<.?7' .CC'C2~7, 
• 6.C., .r~1115/ 
D41. ,~/l.{,.# 

• O"-'~S79~Q, .~33:'., .C14870'-·01112~'··0CC7~6'-·~~575~, 
• 2.0,,·,:01579'-.OC4(75, .Ol~C06/-,0~2CCOI-.CCt135, 
• 3.0., ':OO?10, .QC04'O, .CC45a7,-.003~06, 
• ~.O., .C013~~, .OC24?1,-.CQC118, 
• 5.c •• -.r012181·.~011t61 
• 6.0 •• -.~003~5/ 

DATA ;~('!ll)#')p(1,1',~P(1)"(n':'1/1.,,C.,'J.,1.1 
~A1A .(f ,r:.:J.~S:<J~/t'371cC;:..f 06l".EC',1.~~'jO~JS<;f'EC/ 

P2=~·t· ,tC'l 
PI =f."'r;.;, 1) 
P: ( Ai,!. (PI! .L.E .rn~··l(i: Gr' 1'1 4 

Pl~ SI~'C~Ri~,Ol) 

P2=:;C 
.. Ce~:TII.l't: 

A~:'<E '(~F .. 300.E3) 
Cao SI'd='l) 
5= ~':;,T (c;-t! 1) -:-.c ) 
A~:"( 1: :;.:;.,~;;' 

( cr:"?Un SI~,:t;:: ffl::; "ULT1;:'t,.- L""GITU~E t.\~tr.:: 

l 

CAL L :JICtJT (fl :?( 2) ,SP (2),l-?, 
De ::; ~:2,7 

5 A~~C~I;~~.~"~(V-1J 

t CLrAW fUTE~ SJ~S A't ~Sl J' Lerp 

( 

:W=,:o 
"';::~:.i 
~;>~~ I:' ;r" 
J') ~; ,= 217 
f.",,, '. 

-~·!8lr· 



MAGFlN, CPC No. <) 

C CtEAR IN~ER SU~S A~D SET UP LOOP 
S!!~fl.gO 

50HT-gO 
SO"'P.gO 
oe 7 ''''l.N 

c 
c caM~TE FUNCTI8NS A~O DERIVATIY!S e~ ~LT.ASS.L£GENDR£ FUNCTION 
C IS THIS LAST CONTRtBUTIO~ Te I~N£R SUM 

I'C~.N£.~) Ge Te 8 
Pt~,~)·S.PC~·l.~-l' 
O-'N'h'·S·DP(N·l'N-lJ+C.P(~-l,N·l) 
Gft TO 10 

8 P1N,H'·C.PC~.1,~)~CT(N.M'.P(N.~."' 
C~'N,M'·C·OP'N.l,MJ.S.PCN-l.H'·CT(N,~)·'PCN.2,M) 

10 FIII-"'-l 
TS.G'N,~'.(~(~)+HC~'")·5P(~, 

C 
C SOH IhTe I~SER SUMS FeR Z,k,Y 

SWHR·SU~R.P(~,~).TS 
SUHT-SU~T.OP(N,~).TS 

7 SO~P.SU~F.~~.P{~,H).C-~(~,~'.SP'").H(N,~).Cpc~" 

C 
C SO'" tNT9 e~rER SUMS FeR 1,~,Y 

BV.BV.A8R(~'.FN.5U"'R 
BN.B~.AeRC,.,·su~T 

6 8~~I-BP~I·A9qC~'.SUMP 
C 
C SET HAC~ETTC ~TELO ceMPe~E~TS 1.VEPTICAL UP.k.N8RT~,Y.EAST 

UHE U '·-sv 
UNE(2)-BN 
UNE(3'··SP"-I/S 
R£TURN 
E~t' 
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GK" C PC No. iO 

c 
s~ppeUTI~E ~< r(,C,G) 

c 
c Ce~p~TE Ce~Q~t~ATE FUNCTr"~IG(r),l.l ••••• K.l 
C Ctl'a~~OIFtE~ ~ATITUOE.C(2),CC3'.GE8G.L8NGITUOE.LAtITUOE 
eGIS THE A~qAY F8A lE8GRAP"IC FUNCTI8NS 
C 

01YENSIe~ <CtJ,CIIJ.G(l) 
OATA ~1/1. /,,/8/ 
X.C(l) 
YeC (2' 
Z·r(3) 
KO-<Cl) 
Sx. SI"-{x) 

C Sf. T TER"15 ~~E r8 ""A I"'" LATI T'J01'AL "~~IATJ8" 
Gf2,-sx 

C 

GCIJ.Ql 
oe \0 I-2,o(C 

10 Gfl+1)-SX.3(IJ 
1(0 IF;' al( (2) -"'0 
,Je1 
ext- C65cZl 
ex-ex! 
-:-.Y 

18 KC."''';l._ 

C C~~PUT~ FI~ST ~ TE~""S ~~ J-~~ ~~OFQ L6~~!TJni~A~ V~RIAT!e~ 
GtKe-2i.CX_ ~eS(T) 
SI-C-ll.eX. SI,(T) 

(. 

C "~E 6P1.I,.Y 2 H'R~S TA BE Cf"'PdTE~ "SQ THIS eqOE~ L611iGITU'E 
IVfKOIF.fG.2) 16 T~ 28 
KNal«(,J+l) 

c 
c Ce"'puH 1([ ... A!NI .... U TERMS fF .j_ll.< "~O(Q L"fl.S!TUOE 

oe 22 I-!C.t":,<",? 
G(1'a5X-G(1-2) 

22 Gft+l)aSX.G(I-l' 
(. 

C ARE TE~"'S Fe~ ~AXt~UM HRCE~ Le~GITUOF C'~DUTEO 
28 I"'J.E~.N) jO T, 8e 

C 
c PRFPAfU. Fe'" '1E>!T "~OER L:,·wi!Tl,.iDr:: c"",puTATI'''fS 

KOJf.K'~.2)·~(J.l) 

I'CKOIF.EC.C' j~ TA ~o 
CXcCX*CXl 
J·J<tl 
FjaJ 
Tae:" J-Y 
Ge Te 1~ 

80 RE"TUQI\ 
END 
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DKCiK. CPC No. 11 

c 
SUJ:A6UT It.E DICGIC (f"!)("G"O<STA~#eMCGA) 

c 
c ce~puTl bHEG~# SU~~lNG T~E GEeGRAPHtC SE~tfS 
C 

Dl~Ehs,eN G(1)#D~ST~R(1' 
e~EGA.G(1}·O~STAR'1) 
oe 5 1(-2,,"X 

5 e~EGA.6MfGA+'KSTAR'KJ·u(k) 
RETU"~ 
ENC' 
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c ,.. ... 
c 
c ,.. ... 
c 

c 
c 
c 

TABGEN. CPC No. 12 

.~eGR~~ T~~3E'(I~gUTI~UTgl r,T.DE5.I~PUT,TAPE6.GUTPUTITAPE1,TAPE2t 
PRl~G8C£SS~q GE~ERATl~G ~O~2.~~ TABLES eN TAPE Ta SE ~SE~ 
wfT~ PQe~qA~ fe~1 

Il~.U~!f ASSIG~HE~T 8~ !NPUT TAPE WITN le~eSP~ER'C C~E~~rCrE~TS 
jTP.uNlr ASSIG~~ENT ~~ ~UTPUT TAgE .rT~ !e~. ~O~2.~" TA9LES 

,r~£~Sle~ ~AZf.)'!~~'1.#25)'~LX(31) 
O!~E~SI~~ ((10',(~:10',('T(6),StT(6),PC3),C8~(l' 
·,C(3)#d(7~J,J~(76),GHI_~)6'~(·9) 

OI~£~Sle~ OG(3' ,CE~T(3) 
DI~E~SIeN ":ee~(3,13176J.ur13"61'U~(9'.",U~lC9'49J 
OATA JAZ/l,.,@,~2/, ITP,JTP/l,2/ 
OATA ~'~OYI~8~"LvR~e'O,loo00.0/ 
,ATA K/l1,35,~3,63161.69,7t,73,75,6/' (~10/41 
9ATA '~'1"'1~.28.31._8.55,60165,72/'~~~'~~~/1~,4)1 
OATA Q1,~10,'100,Qll0.~3T5'~~l,QP5/ 1. ,10. ,100- ,ll0. 

• ,300GJC- ,.1 ,.5 I 
'ATA Ll~,pr2,'7,O~ql#O~~cl.017.532925 ,6.2~318~3u8 ,-1221730476 

.,.261 7 393!18 1-52359~775~ I 
DATA ~180,)1/~.1-i59265~6 ,1*0297 •• 26 , •• 8869219 ,·-57595865 / 
9ATA ~EQ,CE~T/.00133 ,J.C15 •• 957 1.9 I 
eATA SPLAT.:~~ATIPl8~/ .9799246,.1993614,5.078908/ 
,.TA ~1,W2,~3/13.6.92 ,52~.. ,59.825 I 
.(3)·~3T5 

Le~~ ~~E~ :'~~ITI!'S 
100 c~,nP",Jf 

C ~E.) 't.T£ j~~ STAT teN p~sITteN ~QeM CAQO 

c 

~£AO'o'll IYQ,~8~;I'AT.rLAT,~L'~ 
1 ~~Q~AT'31~.2~1~-5) 

I~(tY~.~E.J) ;~ TA 40c 
.~ITl(6,?' fY~'~~~IIC&Y'~lAT,~L'~ 

2 r8~~AT(//75~ 3ENEQATE qE:~qO ~~ 8JTDUT TADE :!NTAINI~3 I,~eSP~ERIC 
• ~C~2.~~ TA~~fS ~~~ 16~ YEAR·,I2.8W, ~eNT~·,!2.6W, DAY.,r2.11M, L 
.ATrTUDE.,~1C_5127~ ~E3, _8NGJTJ9£ 8~ STATt8N.,FI0.51.~ 'Ea, 
~LATaFLAT.Oq 
~L~~·~~~N.)~ 

I~LAG·O 
IS~IP·j 
IVR~ealyq·l00+~8~ 
J~8Dya~eN.I00+tJAY 

C REA) CP£~~I:IE~T TA?£ 
10 f~'IM6)v.lE.~~~)V.AND.t~8ty-3f.~8~O) a, T~ 29 
20 RrAOeIT?' L'N',L~~~Y'AC8EF.U~,U~1 

l~(EeF,:TP) 23,2? 
22 !S<JPa l 

190 



c 

4I!'",wl..'" 
"'~"!)Y·i..6""~ 
S, re 1t: 

Z3 Itt .. I~Q rT;:> 

TABGEN, CPC No. 1Z 

!C'i..AG-t.i,.A3+1 
~C'(IFL.A~.i..E.l) ~ T~ 20 
.01T[16,25) lvq,~~Nlt~AY 

21$ .!,q~AT'S.H ••• :e[C'FICt£"TS ~S'! .& ... ~O ft-. TAPE FSR YEA.,,.e~n .. DAY., 
·313) 
sr T8 .00 

29 1C"IS<IP.(~.O.AhO.IYRv.e.E:.LYR~e) Ge T& 10 

C -ql~) Sei..&q ,ATA 

,. 
"" 

!C'(IY~~~.£~.L~~v.e) 3~ Te ~5 
~fA)(~,7)'l~1,(C'LX(I,.[-1116"IY~2ICFLX'I',1.17131',fY"3,SIS,SfF 

7 .!,qv.AT'r.,.~'16C'_.1/1.,1!C' •• 1't_,2~.1' 
JC"IY~1.E2.IY~2.A~O.lY~2.f~.IY~3.ANO.IY~3.EQ'IYRMe, Ge Ta 50 
_OITE(668'JYR;~'~ 

8 ~·q~ATt"19~ •• ·EA~'R I' S-LA~ IN~UT DATA FeR YEAA.,12,11M ANO MaN 
+'"s,I 21 
se re -CO 

so Lv~~e-lyq~, 

C PRl=Aq. SPr:IC'IC C8EFC't~IE~T SETS 

c 

=5 O!' 62 J-l,.9 
9!' 6t! 1-1.,9 
~~(IIJ)-JY/rIJJ+(J~1'r,J)·j~(t,JJ)·SIS/~100 

~2 c!'-.;n"'uE ,e 7C J-l.76 
" 10 1-1,13 

10 ~(J.J) ... C~£:(1,I.J).'.C~EF(2ItIJ,+wceEC"3,r,JJ.SIF'.SIF 

C =AEPARf S8_AR ,ATA 

c 

~o .L.X,.FL.XCIOAY) 
_OITE(6,1~J~~X',StF,Srs 

15 ~!q~AT"1~ 'Ar~Y C'L~X.,C'6.1,_1~, 12."e~TM AU~~ING AYEqA~£ 8' SILAR 
- ~i..~X-.~6.1,2~~1 SF S~~S~~T ~~~eERa,F6.,) 
·~UX.FL.~' 
t~(C'L~X.LT.~Dl) FLUx.Sr~ 
9C'LUX·C'LUX·SI~ 
!~(~L~x.3T.~130J VLuX.gllO 

C 3£~E~.TE 2S Pel~T PATTSq~ Aq8u~D STATI8~ 
C L8bP e~E~ ~AqTM C£~t~Al A~GLES 

ECAa·(7 
"-0 
,~ 300 tC,al,. 
£(.-£(A+07 
SA. 51""1£(A' 
CAa C~S(£CA~ 
114'Z-.,JAZclCA' 
D"Z·~AZ 
~AZ·PI2'OAl 
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Z6t 

'kO'l~J'I'S'~~' Olk»'Jh~JGJ'S~a ~~'J 
'~G'lGJ'11s'r'(OI)~'~~~'_JlS~a '~'J 

(1'11S'tQ:'9:lr~~IS "'J Ciile-3h fl'! 
oaO£h 0""" ~~o" bG" SN, IJ.~,...r j l'30~3c3C 3 ... I.t 31r dWG: 

'~Jc'3~11'~Gw'-3nll 
ZJc·~~'Q·J~;4-3ftJl 

~"'C.:::G'J.-:JG-:I 
lb~'-~~~ (L.3'·~I·C~'·-·3g.HIJ.I 

Zl;HCj-t:kC 
.,t 'Ia""l OOZ 80 

Zl'n"O··JG'l 
s~n," 'y:,' ~l ~3AG dGG' 

('kj/'kSJ~.J.y -1'1'''' 
"kS.'kS·tC)I~eS .-:k: 

(NGld-NG'8 JSG: • IY'=J • IY,""J • 1,'cS • I"""S -ikS 
lNl8d Jlb3HdSGNQI ~, ~~rlIl" JI13~t.k 31rdftGJ 

(r)t.C)>'Jk9 5. 
" + )!)! -» 

ZI 'u·r sa 8C 
't+II)~>-ZI 

cIl,I\j»-U 
2'e t ' t It I I Si GO 

o -»1 
Ct'J')fh9 'i'J 

(Cl"NJJlbtS ;(td.l'it:as l£l)h8J-)NYIY )""Vl' act': 
(t)d-eEIJ 
(2Jde'ca)J 

c£,,",a:::+lE)kQJ+(Z'h,J*CZJWGJ-dkl 
'hG:::'c)~I~t~~ "'J ~."8-(Z)d 

l"~_(l'd 
OOO£w ~, Z~O~ b8", SNGl1JNn~ 1""JCN3d30 N8IllS_~ 31r~W'::: 

'~G'Oj/~810~}"'Yl' ."""j.""_'G (NQ'OS.Nw1CS-lt).bCS -NG'" 
~Y'NJ/'S.Z'S-NQ'_S 

Cl"NJ/1Y1""SJNY1Y elY', 
'lY'NS.!"NS·ltJl~OS el"hj 

Z'J·'S.(J."~'S'J +'J.'!'-~)NlS .1"~S 
""g"'1"8 lNZ8d Jlb3HdSgN81 .w 3CfIISNU, '30rllJ..' 3lrdWGJ 

ezy)sG) +2'J 
(lYJ~lS .;?IS 

Z'042'Y_lY 
' .... 15 ... 

2y~'1·lyJ OCE " 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

Hln~i2Y bJA_ dQO' J 
J 



TABGEN. CPC No. lZ 

c 
C ,,"PUTE H3000 ~~O HEIG~T e~ ~AX. ~LE:T~'~ 'ENSITV H~ 

CALL O~3K(~~~'~~IO~#~30001 
~~ • H1.~2.~30~O+H3.H3000·~3000 

C 
C C~"PuTE FOF2 A~O ADjUST ~O~2 re~ JAILY VARIATI6N wITH FLUX 

c 

C_LL O~3~(~F~,310F,FQF2) 
l.AT1 .. 1 
l..AT2 • 1 
lr(H~AT.GE.03(LAT2') Ge T, ~1 
LAT2_ 8 2 
I~{HLAT.GT.~3(LAT2') a6 r, 91 
LAT1 • 2 
l~iHLAT.EQ.ol(LAT2)) Ge T9 91 
LAT2 • 3 
I~(HLAT.~T.~3(LAT2') G6 16 91 
LAn • 3 

91 C~T • C£~TCLAT1' 
I r lLAT1.EQ.LAT2) Ge 18 92 
C~T .. C~T • (CE~T(!...AT2'·CE~T'LAT1» • (~G(LAT1).HLAT' 

• / (n3(LAT1'·03(L~T2)) 
92 FO~2 • =O~2 • (PER-OFLUX + C~T' 

Ir~(lH'~}. "~.J10.~P5 
lr2.~0F2-Q100.~P5 
IrH(lHI~)·IF~'JHI~)-lCoOO+r~2 

200 C~"TI~UE 
300 C~"'T I · .. UE 

C -RITE 6~T'JT REce~o ,F r~~'SPWERI: FO~2.H" TABLES 
IY~'. I1Q.I0000+~'~.lOo+I)AY 
~~IT£'~TP) ;t~OIFLATIFLeN,F(UXllrH 
ae T6 100 

400 c:e'lTtNuE E-., ~ILE JT~ 
RE'''''I~D JTP 
STep 
t~' 
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c 
c p~e3RAM le~l (I~PUT,eUTPJT6TA~E5.IN~UT,TAPE688UT~UT,TAPE2' 
c Ce~PUTES 16~'S~~lqIC PR8FtL~ PARA~ETERS AN~ REFRACTI8N ce~RECTf8~S 
c UTI~Ill~u PREce~PUTEO FOF2.4M T~9LES c···.· 18 6[ USED 8NLV ~eR STRfNGE~T CeQE SPACE ANO/8R RUN Tr~E 
C ••••• REQUYREHr~TS, SINCE I~T~qpeLATI8NS 6F THE PREC6~PUT£O FOF2.HM c···.· TAoLlS CQEATE LESS ACCUQATE QESU~TS THAN THeSE eSTAI~EO 
C ••••• ~R8~ PR63QA~ IBN 
C 
C C8~TENT 6F c~~~eN 9L6CcS EXPLAI~EO t~ SJSqeUTINE REFRCI 

ce~~eN /EVALI/ ~S,~LAT,F~eN,E~Ev'AZ6~S,E06T,"D8T,TIME, 
·Iyq,~eN,J?AY,JT~ 

c 

C 

ce~~e~ IC6RR11 DQA~G'DRATE,~ELEv'FOF2'~M'YM6YT,XK,reT~,T6T~A 

OI~ENS:6N XI((3) 

DATA QO,~laOO,13bOOIDR,~R 
•• 2617993~75 I 

JTP.2 
N:lM-O 
WifITEf6,t?6) 

26 F'eS(~Ai(lioil' 
10 C8'JTI NUE 

/0. ,1000. ,3600. ,.0174532925 , 

C READ AND PRINT EVALUATI8~ (6NDJTI8N 
QEA'(5'3)~S,~LATI~L6~ 

c 

3 F6Q~AT(~10.4,2~10.5) 
I~(~SoLT.~D ) 36 T~ 100 
REAO(5'4)ELEV'AZ'HS,E06T,~C'T 

- FeQ~AT(2FI006,~lO.0,2E15.8) 
REAO(5,5)!VR,~~~,tOAY"I~E 

5 ~e~~AT(3r5,Flo.1) 
w~tTE(6,6)~S/~~AT,~LeN'~~:~:.!/~S,£~PT,IYR,~BN/IDAy,TI~E,~DeT 

6 ~~q~AT{ 12~ •• J~PUT •• /1 
• 11~ FRr~uENCY.,Fl0.4,15H ~HZ6 LATITU'E.,FI0.S, 
.21~ 0[5, LBN3ITJOE 6~ STATr~~.'FI005,4~ OEG/ll~ ELEVATle~.'F1006, 
.15~ DEG, AZI~JTH.,~1006,21~ OEG, HEIG~l eF SATELLITE.,Fl1_11 
·21~ ~M, ELEVATr6N ~ATE.,El~o&~8W ~A~/SEC/6H YEAR.,IZ,SH, MeNT~., 
.I2/6~, OAV.,I2,10H, UoTY~E.,F~O",5~ H~S#,39X/15H ALTtT~OE QATE., 
.EI508,6~ ~/SEC) 

C ce~VERT UNITS 
FLAT·~LA1·0R 
FLflN·FL8~·OR 
C:,.T\'·ELEv·OR 
Al.AZ*OQ 

.: 

HS· ... S·(HoOo 
TI ~E·Tl "'1E. .... R 

C CBMPUTE ANC ~RJ~T Ie~eSPHERTC DATA 
CALL REFKCl 
IFtIYRoLT.O' GP, T8 10 
XH",.HM/Q1000 
WQITE(6,21) XH~IFOF2 
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21 ~!R~ATC /13H •• eUTPUT •• 1/]5~ HEtGHT AT MAXI~UM ELECTRe~ DENSITY • 
• 10X.3HH~a,~8.3,30H K~I CQtTICAl F~EQU£~CY FOF2.~F7.3,.H ~HZ) 
XV~aYM/Ql000 
XVTaVT/QI000 
w.!TE'6,22)T'T~,TeT~A,~YM,XYT,XK 

22 F8RMAT(.8H f'TAl INTEGRATED ELECTR8N C8~TENT, 
.2S~ E/(~.~), A~GUlAR NTA.,E13.6,15H E/(~.M 
··S~ HALFiklCKN[SS e~ B9TTe~SIOE BIPARAS8LA 
.30~ K~, SF TaoSlnE PARAB8LA YT.,FS.3,]H K~I 

VERTICAL NT.,E13.6, 
C8lUMN), 

""".,FI.3, 
.5e~ DECAY C~~STA~TS ~~R T6PSI'E EXP9NENTIAL LAYERS, L8.ER K1 a, 
.Et2.S.12kl MI~OLE <2~IE12.5.11H, UPPER K3.,E12.5,4H 1/~) 
TELEv.D[lEv.~3600 lOR 
~.IT[(6.23)TELEV 

23 Fe~~AT(S.~ I9N9SPHERIC RF~RACTI8N C8RRECTI8N T8 ElEVATI8N ANGLE-, 
*E13.6,11H SEC SF ARC' 
".IT[(6,2.' '~A~G 

2._~~q~AT(.3·i 15NeSPHERIC REFRAcTte~ CeRRECTleN T8 RANGE,10X,lH., 
*EI3.6,2H "t, 
".'T£(6,25) '~ATE 

25 FeR~AT(5.~ I9N8SPHERIC REFRACTt6N C8RRECTteN T8 RANGE RATE 
*E13.6,6H ~/SEC) 

"'tJ"'!·NUM+l 
1~(NUM'LT.3) 38 T8 21 
w.ITE(6,26) 
"':';"'.0 
G8 T9 10 

27 w"tTE(6,28) 
2iS FeR~AT (/ / , a, T8 10 

100 CefllTIf',.UE 
STep 
£!\, 
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c 
C IB~6SPHERIC QE~QACTteN ~eDEL UTILtZI~5 PRECBMPUTEO ~O~2.HM 
C TABLES ~6~ I~TEQPeLATle~ 
C ••• 4. T6 BE JSE' e~LY ~BR STQI~5ENT ceQE SPACE AND/BR RU~ TIME 
C ••••• REQUIREMENiS 

SOBR6UTINE RE~qCl 
C 
C INPOTI ce~M~~ IEVAL11 
C eUT'UT: ceM~eN 1:~~Rll 
C 

CeMM6N IEVALll FS,~LAT,~L6~,ELEV,~Z,HSIE,eT,H,eT,TtME, 
.IVQ,MBN,IDAY,JTP 

C ~s • TRANS~ISSI~N FQEQUENCY TN ~HZ 
C FLAT 
C FL6N 
C ELEV 
C AZ 

• SlATteN ~ATITU~E IN RADTAN5 eF .RC 
• STATIe~ ~e~GITUOE TN ~A~IA~3 eF ARC (PBSITIVE EAST,O lB 360 0) 
• ELEVATte~ 9F SATELLITE TN QA~tANS er ARC 
• A!I~uTH eF SATELLITE I~ RADIANS 5F ARC 

C HS • HEIGHT e~ SATELLITE l~ ~ETERS 
C EDBT 
C HoeT 
c TIME 
C IYQ 
C MeN 
C ICAY 
C JTP 
C 

• ELEVATIBN ~A1E IN RADIANS 'F ARC/SECeN' 
• RATE e~ :HA~GF IN HEIGHT e~ S.TELLITE IN METERS/SE:eN' 
• UNIVERSA~ T:~E IN RADIA~S ~F ARC 
• YEAQ (LAST 2 DIGITS ~NLV) 
• M6NTH '.1 THR~UGH 12) 
• DAY (.1 TH~6UGH 31' 
• UNIT ASSIGNMENT eF IBNB5PHERlc TAPE wITH ~OF2.HM TABLES 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

ce~M6N ICe~Rll j~ANG,DRATE,~ELEV'FOF2,HM,YM,YT,XK'TeTN,TBTNA 
DRANS· 
ORATl· 
DELEV· 

FOF2 • 
H": • 
YM • 
YT • 
XI( • 

T6TN • 
TeT!>.Jh 

RANGE :e~RE:TTf.N IN ~ET~RS 
RA~GE RATE C6R~ECTI6N IN METERS/SECBNO 
ELEvATIBN ANG~( C6RRECTYBN IN RA~IA~S SF AqC 
RANGE, RA~3E RATE, AN, ELEVATt6N A~G~E C6QqECTl6NS AQE 16 9E 
SUdTQACTE' ~R6~ THEIR ~~SP~CTIVE 6BSERVATIBNS 
CRITICAL ~~EQUENCY (~~Z) -
HEt3HT AT ~Axt~U~ £LE:T~eN DENSITY (~) 
HALF T~I:<~ESS 6F THE 8~TTe~SIOE BI~ARABBLA (~) 
HALF TMI:K~ESS S~ THE T~PStOE PARAB'LA (1"1) 

ARRAY :6~T~INING OEC.Y CB~STANTS F6~ THE L6WER, MI'OLE ANO 
UPPEQ s£:Yt~~ eF THE TepSI~E EXP9NE~TIAL LAYER (1/~) 
VERTICAL E.ECTQeN Ce~T~NY (E/M**2) 
ANGULAR ELf:TRqN C~NTE~T (~/M •• 2) 

DIME~SI6N XK(3)ILY~DC~),ALAT(~),ALeN(~)'~LXO'~',IFH(14,25'4) 
OtMENSIBN LT(2),~P(2"FT(2).HT(2),FI(2),~t(2),FA(2),HAr2),JAZ(4)' 

-KlZ(4' 
~ATA JAl/l,4,8,12/, KAZ/l,2,6,14/, LYMD/O,O,O,OII N8,NR/4,OI 
DATA R,SPLAT,coLAT,PL6N/6371·2F3,.9799246,.1993684,5.078908 I 
D~TA RM,Y6L/6671200. ..008726~463 I 
DATA QO,Ql,Q2,~7,~!00,~3P5,~4P5,QN~'RN3,Pt2,O~,HR/0. ,1. ,2. , 

.7. ,lCO. ,3.5 ,4.5 ,1.24£10,.49972 ,6.2831853072 , 
•• 0174532925 ,_2617993878 / 
EQJIVALE~CE (LT(1),LT1)'(LT(2)'LT2,,(~P(1)'MP1"(~P(2),MP2' 
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c 

,. 
'-

J~ITIALIIE :bNSTANTS ,r: LE\taQC 
,qA"iG"'Q() 
'C<ATEa(JC 
Ten.;. Yo 
Ten'lAaQO 
I~LAGaO 

~v~~s!Y~·100C~+~~~*lCO+11AY 

• 

C ~EAJ ~~F?-~~ I~TERp6lA'TB~ TARLES ~~oM FILE, SELECT ~P.~PER SET 

c 

-1 ,~ ? I:1/'tl 
I~('Y~J.Nf.~Y~J!l» Gp T9 ? 
1~(A6~(AL~T(I)·FLAT'.JT.TeL) 3~ TR 2 
I~(AES(AL~N(I)_FLAN).1T.TFL) ~p TR 2 
~~ Te e 

2 ~C'T!~.Jf 

'Iw~ r:'.R+l 
I~(~R.3T.·H) ,~al 

3 Q~AD(~TF} LY~O(~R).ALATiN~)/ALeN(NR).FLXD(NR',((I~H(LILLINR) 
., _: 11 1,+ ) Il L: 1.25) 

I:"(EE:;:,,JT::11 .. ,1 
It Q:"r~.(· ..IT::> 

!~LM;: I~:"A\l+l 

I~(!FLAJ.lE.ll La T8 3 
w=>JTlq),5) 

5 r~~~AT( 6?H ••• FOF2·~~ TA~LES FP~ THIS STATl6N AND DATE NeT F8UND 
• !\iFIUl 
~YQ "-1 
~~T .J~r. 

6 ~_~Xc~UlJ(tl 

C F8h~ A1I~JT~ AZ, E&RT~ rE\iTQAL ~~GLE STATIeN T6 SAT. ECA. 
C !f1~;!lSPliE=<I:: ~AT.,Lt1·.J. f'LAT.PLe~I, MA3"JETJC LAT. SF t8...,. PSIN· 
c HL~T, ~,) _9CAL TI~l T\ RC 

Y=-(Alo_T."\) AZaAZ+PI2 
S_ATr: ST\i/F:_AT) 
::~ATa C~S(F_AT) 
S~L: SI,~(rLrV) 

eeL: (~S (~-Ln ) 
SAZ: ~T',i'\ll 

:Al= res ( ".l i 
S=-ct<ioCEL./''; 1 
:cor: Sr~:.(T (ll-S:*~I=') 

SA : eEL • :~ - SEL • SV 
:A a ~E~ ~ :~ + eEL • SF 
E:~c .TA~(i'/:A)/OQ 

S~~AT=SLAT.:A+:~AT·SA·CAl 
:"~AT= S:nrtJ1-S'lLAT.S'.jLATI 
'~AT. ATA~(S~_AT/C~LAT) 

SJle~·SAZ·SA/:~~AT 
::~L9N= ~n~T(~1-S~L6'l.~Jl'~) 
,_e\i:~L~'l+ ATA~(S'LBN/cn~~~) 

S~L • S~~\T • SPL_T + C~~AT • (PLAT· :65f ijL~N.PLBN' 
:~L: S~~T(Jl-5~L·S~L) 
~:"'AT. ATA~(S~~/C~L) 

T~BC·TI~E+6_~~+PI2 
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C 

T~aC·A~90(Tl9CI~I2' 

Ti..'CAL·TU'~/\.I~ 

REFRC1, CPC No. 14 

C INTE~pe~4TE ~C~2·~M TABL~S 
C ceM~JTE I~ji~ES lTl1lT21 INCQE~E~T ~~T ~~R 1..8CAL TI~E INTERPel_ 

c 

X~TaTL9:AI../J2+11 
lUaXLT 
O~ Tal T1 
~L raxl Te)L T 
Ir(XLT.3~.~3~5) ~TlaLT1+1 
Ir(X~T.3E.1~~51 ~Tl.I..Tl+1 
IrClTl·_T.3.'Q.~Tl.GT.6) Ge T6 10 
~L TaOL hQ2 
I r COI..T·3E.l1) )i.,T-DI..T·Jl 

Ie Ir(I..Tl·3T·1~1 _Tl-t 
I.. T2=1.. H+l 
I~(LT2'3T'1~) _T2 a l 

C C9MPJTE EAQr~ CENTRAL A~r,LE I~DEX 14L~, JNCRE~£~T OAL~ 
A~l:'aEC,1./::;7 .. Jl 
lAL:'aAL:-
I"'(IALF.GT.~l !A_F'w .. 
~A~~&A~::- ::L~A:(IA~F') 
Klal 

c 
C C9MPJTE AZl~JT\.I I~DJC~S ~P16~~2' I~CQEME~T ,ELAZ 

C 

2C ~Al.JAL(IALF') 
'1~la<AI(!ALF'l 

I~C'1Pl'3T.l) 3 A fB 30 
'ELAl.:~J 
"'1??·1 
Ge T'J ~O 

30 DA1I'1cPI?1 F'_BtT(~AL' 
AZ!'1 ace 
De "0 L:;5~1I1/"'''Z 
'11»2a",Pl 
'1l»l a "'1Pl+1 
IrcLBBP.EQ.NAZ] MPla'1Pl.~AZ 

AZI~·AlI"\+':'AZl"" 
IrCAZIM.GE·AZl 18 f6 50 

.. e C8'; TI t-.lJE 
50 OELAZaCAZI'1- AZ1/OAZI'1 
60 C,,,TINUE 

C I~TE~peLATE I~ TI'1E F'PQ pqeprq P6TNTS '1Pl,~P2 Ta GET F'I,HI 
De 8.0 I~Twl,2 
'1I'T a"'P ( r ~Tl 
De 70 Lalit? 
LT"'cLTlL) 
I~1.1F~(LT~,~PT/I'/100uO 
~T(L). FLehT(I~1).~100 
IrJaIFH(LT~,~PT,I'-I\.Il.10CrQ 

70 FT(L)c ~Le~T(I~ll/~100 
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• FtCIPT).~T(1)+'~T(2)rFT(1').OLT 
80 H!CIPT).~T(1)+(~T(2)rHT(1".OLT 

C 
C IN1ERP6lATE I~ AZIMUTh TA GrT FA,HA 

F'(~1'.FJ(1)+(~I(2).FI'1)}.'ELAZ 
H'(~1)-HI(1)+(~r(2).HI(1)}·'ELAZ 
I'CK1.EQ.21 36 r8 100 

C 

Kt-2 
IILF- IALF'+l 
I'CIALF.GT.~) 36 T6 90 
Ge T8 20 

90 Fa (2,.F A (1, 
Ha(2).HA(1) 

C INTERP8lATE IN EART~ CE~TRAL ANGLE Te GET FOF2,H~ 
100 FOF'2.FA(1'+{~A'2).~AC1».OAlF' 

H~.HA(1)+'HA(2).HA'l').OALF' 
C 
C C8MPJT£ SECBNO PART 6F' PR8FtL£ 

CALL PR8F'L2C8LAT,eLeNIHS'TI~E'!OAV'MeN'FlUX,FOF'2'HMIHLAT' 
• Y~,YT,XK,RRM,X~T~~) 

C 
I~(XNTN~.lr.~O) G~ T8 1\0 

C C8MPUTE ELEVATI8N ANGLE C&~RECTI8N OELEV 
FRATeCFOF2/FS) •• 2 

C 
CALL B~TA(F'RAT,XNTNM,HS,H~'YM'~El,CEl'~ElEV) 

C C8MPJTE vERTICAL AND A~GJlAP. ELECTR8~ C6NTENT T8TN,T8TNA 
C CBMPJTE RAN3E C~RqECTJe~ DR~NG 

C 

RAT.CR/eR+ H~» •• 2 
O!~2.Ql.RAT.CEL·CEl 
DEN. SQRT(OE'J2) 
reTN.X""rN~.oJ~~.FOF?.2 
reTNA.TeTN/DEN . 
ORANG.FRAT.~'J3.X~TNM/DEN 

C CaMPUTE RAN3E RATE Ce~R~CTI~N ORATE 
O~ATE.DRAN3.EDBT.qAT~SEl·CFL/OEN2 
O_ATE.tRAT~.~RAT.RN3.HOeT.~q~/DEN 

140 CePl:TINUE 
RETURN 
END 
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