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HECTIC— A LORAN Grid Computation
Program for Irregular Terrain

1. INTRODUCTION

Program HECTIC is a software system for computing time-difference coor-
dinates (TD1 and TD2) produced at specified geographic coordinates by a low fre-
quency LORAN iriad. The program, an updated version of HUFLOC, ! utilizes
algorithms originally developed by Johler and Berry2 and later implemented by

Horowitz in LORANCO" to compute secondary phase correction factors via Hufford's

integral equa'cion.4 A data base is required which specifies the earth impedance
and terrain elevation at points within the geographical region of interest. As
implemented on a CDC 6600 computer, HECTIC incorporates the following modifica-

tions to the LORANCO system configuration:

(Received for publication 29 January 1980)

1. HUFLOC (1977) Computer Program from USAF, Tactical LORAN SPO,
Hanscom AFB, MA 01731.

2. Johler, J.R., and Berry, L.A. (1967) Loran-D Phase Corrections Over
Inhomogeneous, Irregular Terrain, echnical Report TER 59- A 56,
(Suptd. of Documents, U.5. Govi Printing Office, Washington, DC 20402).

3. Horowitz, S. (1977) User's Guide for ESD LORAN Grid Prediction Program,
RADC-TR-77-407.

4. Hufford, G.A. (1952) An integral equation approach to the problem of wave
propagation over an irregular surface, Quart. Appl. Math, 9(No. 4):391.




(1) OQutput has been limited to data necessary for comparing time-difference

predictions with measurements,

(2) New error messages and error recoveries have been added,

(3) Database handler code no longer is hard-wired for a specific geographic
area,

(4) Targets below the earth's surface are rejected,

(5) The input card stream was revised, and

(6) The use of blank and labelled COMMON was made more economical,

2. COMPUTER CODE

2.1 Time-of-arrival Function TOA

LORAN time-difference coordinates TD1 and TD2 for a prediction grid serviced

by a 3-station chain are given by

TD1 = TOAl - TOAM

TD2 = TOA2 - TOAM

where TOA1l and TOA2 and TOAM are the signal time-of-arrival for Slave 1,
Slave 2, and Master stations, respectively. Time-of-arrival is determined in the

main program HECTIC via

6
UES 10 ¢
TOA—~—C- 4 ED (usec)
where
1 = atmospheric index of refraction at the surface (= 1.000338),
x = geodesic distance from transm:jtter to target's projection onto
a spheroidal earth of equatorial radiusa, and polar radius bo (m),
¢ = vacuum velocity of light (= 2, 997925 X 108 m/usec),
w = radian frequency (= 2rf = 27 X 10° Hz),
ED = emission delay (u sec),
¢nd
9. = secondary phase correction factor,

~ arg(FW) + k(ro -~ x),
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where

’ ¥ o= induction field function FZ or FH,
W = secondary wave attenuation factor, ‘
k = wave number in air (wn/c mY), ]
and
£, = chordal distance (m) from transmitter to target's projection onto a

spherical earth of effective radius a/o where a = 6,36739 X 106 (m)

and «r is the atmospheric vertical lapse factor,

2.2 Induction Field Function F

The induction field is formulated in subroutine INDF as either

aa sin” @ 1 1 2 3a a, sin29
o0 () [ s on

D
or
a, sin @ 1
FiH=—7p— |1+ %D
where
a = a+h,
r r
h, = target altitude (m),
- D2 = a2+ az—Zaa cos @,
o r r
o 2] = X/aa v

i = \}-l, and

uoleo =377 .

N
1l

FZ is used when the phase of the vertical electric field is to be found, and FH is
used when the phase of the azimuthal magnetic field is required.

< .
Although x is the geodesic distance on a spheroidal earth, ¢ is calculated as if
x were the distance on a spherical earth.




2.3 Secondary Wave Attenuation Function W, Surface Case

When the turget is on the earth’s surface, the quantity W is calculuted in sub-

routine INFQ2F from the following integral equation:

Wix)=1 - IN/4J— J ds + W(s) #a};fsy

(ahs>2 -1/2 . or,
és 1+ 75 + 1+ikr2 T

5 1/2
r oh .
.slx-s) ol g, s> e ikr
r. r X Js
1°2
where
s = distance along the transmitter-to-target geodesic (0 = s = x),
65 = normalized impedance at point s,
= (/i (1 - K27k H Y2
_ . 1/2
kiky = (e, 1o/weo) ,
€, = relative dielectric constant,
€, = 8.854x 1072 F/m,
o) = conductivity (mho/m),
8hs
75 C terrain slope at s,
r = ri+r,-r,,
r.2 - a2:a%_2aa cos(s/a)
1 s s
a = a+h,
s S
hs = terrain elevation at point s relative to terrain elevation
at the transmitter,
r2 - a?ia? 2aa cos 325,
2 X S X's
a = a+h,,
X X
hx = terrain elevation at point x relative to terrain elevation
at the transmitter,
r2 - a2+az-2aacos(§).
o) X X a
10




ST ARIPY IS

"
nl = . Mvative 4 I g a3 gt [P— . >
L normal derivative of r, with respect to the curth's surface,
on) 2] 1 B
- 14 = % : co a —.—-hs d sm(\
= = — @~ Q - —
r, ay ERS 3 > ds q a

2.4 Secondary Wave Attenuation Function W, Elevated Case

If the target is above the earth's surface, then subroutine INEQZE also cual-

culates
X
in/4 r
_1 _ e ‘/£ o . " X
\\,_.2. —— o Tg ds * W(s) <5
-1/2
. GS 1+ T + 1+1kr T
51 1/2
2
. 5 (x~-3) Iqo 14 ahs -ikr
r.r x Js €

where W(s) is the previously obtained surface function W(x), and the quantity a,
which enters into calculating Fys Tge 0o and 9 ry /3 is replaced by a.=a+ h

where hr is the target altitude relative to terrain elevatxon at the transmitter,

3. SYSTEM DESIGN

Program HECTIC is divided into 3 modules: Driver, Database, Handler and

Secondary Phase Calculator.

3.1 Driver Module

The Driver routine HECTIC reads data from input cards, checks their validity
and converts them from user to internal format via routines CORDAMS and CORRAD.
It sets up the three geodesic propagation paths from the stations to each target via
routines GEODI and GEOPTS. It retrieves impedance and terrain data from the
database via the Database Handler routine GEORET. It also calls the Secondary
Phase Cualeculator routine INEQ2IE and prints the final results for TD1 and D2,




3.2 Database Hundier Module

The Databuse Handler routine GEORET reads the datubuse tupe and trunsfers
the impedance and terrain data to mass storage via routine GETELV. It also
retrieves these data from mass storage via routines GETELY, INDEX, INT, and
UNPACK.

3.3 Secondary Phase Caleulator Module

The secondary Phase Calculator routine INEQ2E performs initial flat-eurth
calculations via routines FLIAY and WERF, It interpolates the impedance and
terrain data via routines CNEVKEN, GROUND, INT, and OMCOS. Then it evaluates
Hufford's integral equation and computes the secondary phase via routine CANG

and INDY., These operations are diagrammed in the System Flow Chart inFigure 1.

+. USER'SGUIDE

Program HECTIC reads input cards and a database tape. It produces printer

output. These data sets are described below.

4.1 Input Cards

The input file consists of Control, Map, Station, and Target cards. Figure 2

shows a sample input card sequence.
4.1.1 CONTROL CARDS

Cards numbered 1 through 11 in Table 1 are program control cards. These
cards specify f, 5, a, A bo’ ¢ and o which were defined in Section 2, In addi-
tion, the flat-earth distance Fe (~ 1000 m) specifies how far along the path, flat
earth theory is to be used to initialize W(s) before round earth code begins. There
are also two control switches: one selects either the electric field or the magnetic
field; the other allows the selection of either a rough or a smooth, inhomogeneous

earth model. (In the smooth model terrain variations are ignored. )

4,1.2 MAP CARDS

The database tape format does not include geographic coordinates because
HECTIC automatically kevs location to data via the database sequence structure (to
be described in Section 4, 2), In order to implement this keying operation, the
user supplies the location of the first data point via Card 12, and the location
30" east and 30" north of the last data point via Card 13, These locations are

referred to as the southwest and northeast map corners, respectively, The input

12
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card format for all geographic positions is ddd-mm-ss.sss A, where ddd = 0 to 90°
latitude, or 0 to 180° longitude, mm = 0 to 59 min, ss.sss = 00, 000 10 59, 999 sec,
and A = N,S,F or W, The map corners must lie on integral latitude and longitude
lines:
dd-00-00.000 N or S
ddd-00-00.000 F or W

with the ftollowing restrictions: (1) the northeast corner cannot lie north of 84°N,

(2) the southwest corner cannot lie south of 83°S, (3) the map cannot straddle the
180> meridian, and (4) the minimum map region is a zone 1° latitude by 2° longi-

tude, with larger map regions being multiples of this basic zone,

| §
START

MODULE | READ CONTROL, MAP, AND
STATION PARAMETERS
MODULE 1
DATABASE TRANSFER DATABASE TO MASS
TAPE MASS STORAGE STORAGE
4 r
MODULE | READ TARGET
PARAMETERS
' MODULE 11 GET IMPEDANCE

AND TERRAIN DATA e

i MODULE 111 COMPUTE SECONDARY
.. ' PHASE
B s D —
y
MODULE !

PRINT TD1and TD2

NO L- END OF DATQ

t FOEND YES
MODLE Tt DHIVER

MODULE G DATABASE HANDLER END

VODULE 1 SFCONDARY PHASE C__. — ___/

CALCULATOR

Figure 1. Svstem Flow Chare
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Figure 2. Sample Input Card Images

Table 1. Input Card Formats

Card Card Read
Number Column(s) Format Data Entry
1 5 15 1
6-16 E10.0 Loran transmission frequency f (kHz)
2 5 I5 2
6-16 E10.0 Air index of refraction at ground 7
3 5 I5 3
6-16 E10.0 Spherical earth radius a (m)
4 5 15 4
6-16 E10.0 Spheroidal earth equatorial radius a_ (m)
5 5 I5 5
6-16 E10.0 Spheroidal earth polar radius b0 (m)
6 5 15 9 !
6-16 E10.0 Vacuum speed of light ¢ (km/ usec) |
7 4-5 15 11
6-16 E10.0 Flat-earth distance Fe (m)
8 4-5 I5 12
6-16 E10,0 Vertical lapse factor «
9 4-5 15 14
6-16 E10.0 1. 0 for electric field prediction;
0. 0 for magnetic field prediction.

14




Table 1. Input Card Formats (Cont)

S s s a  ank BERR aSRSAR

Card Card Read
Number Column(s) Format Data Entry
10 +-5 15 15
6-16 F10.0 0.0 for data base rough earth terrain;
1.0 for smooth earth,
11 1-5 Blank. Terminates Control Card
stream,
12 2-12 Al0 MAP SW.,
13-17 15 Map SW corner latitude degrees,
18-20 13 Map SW corner latitude minutes,
21-27 F7.3 MAP SW corner latitude seconds.
28 Al Map SW corner hemisphere, N or S,
29-33 15 Map SW corner longitude degrees.
34-36 I3 Map SW corner longitude minutes,
37-43 F7.3 Map SW corner longitude seconds,
44 Al Map SW corner hemisphere, F or W,
13 2-12 Al0 MAP NE,
13-44 Map NE corner. Use the formats of
Card 12,
14 2-12 Al0 MASTER.
13-44 Master Station position. Use the
formats of Card 12,
15 2-12 Al0 SLAVE 1.
13-44 Slave 1 position. Use the formats
of Card 12.
45-53 F9, 2 Slave 1 emission delay (i sec).
16 2-12 A1l0 SLAVE 2,
13-44 Slave 2 position. Use the formats of
Card 12,
45-53 F9,2 Slave 2 emission delav (jisec)
17 2-12 A10 Target identifier.
13-44 Target position, Use the formats
of Card 12,
45-53 9, 2 Target altitude h,. (m)
54-62 F9, 2 Hufford's integral equation path
increment As (m)
63-71 F9.2 Measured TDI1 (iusec)
72-80 F9,2 Measured TD2 (jisec)
18, 2-80 Next Target Cards. Use formats of
ete, Card 17,
ILAST 54-62 Blank., Terminates the Input Card Stream.
CARD

4. 1.3 STATION CARDS

Cards 14, 15, and 16 specity the positions of the Master, Slave 1, and Slave 2,

respectively, Cards 15 and 16 also contain the emission delays for the Slaves,
4,104 TARGET CARDS

Card 17 contains target identifier, position, altitude hr' integration path in-

crement size As, and measured TD1 and TD2. The latter pair may be omitted. 4

15




Vo number of additione! tirgets may be speceilicd, one to o ordy s tarpget card
St A 20wl prematurels stop the propraon. Lo propeslv end U Drogeiat, s
3 . ! f i i !

bionak card sboutd be tnserted atfter the fust tareel catu,

L2 Database Fape

Progran HECTIC reads terrain elesainog, impedar. o g pictde, an s pnoedance
chase from the Jdatabuase tape, L he tape contidns one suon Tdata triad Tor svery
50 sec of latitude andd tongitude,  Fach triad is packed iuto 30 bits, and smee the
word size availazhle on a CDC 8600 computer is 60 bits, two data triads fit into
each 60-bit word, The right half-word always contains data for the geographic
point 30~-sec north of the point in the left hall-word, as indicated in Tabhle 2.

One database record contains sixty 60-bit words, for a total of 120 data (riads,
A record thus spans 1° of latitude from south to north, as shown in Figure 3(a).
Two-hundred-forty such records fill a database zone which spans 2° of longitude
‘rom west to east in 30-sec steps.,

The database tape must contain enough zones to completely cover the region
specified via the map corner coordinates. An example of the ordering of zones on
the database tape is diagrammed in Figure 3(b). Data pertinent to zone 1 appears

in records 1 through 240, to zone 2 in records 241 through 480, and so on. '

Table 2, Database Word Packing

, Half Bit Numbers Data Description Least Significant Bit
Left 59-49 Terrain Elevation 8 m
, 48-41 Impedance Amplitude 0.001 Q
40-30 Impedance Phase 0,001 rad
Right 29-19 Repeat above
_ sequence for
18-11 geographic point (as above)
10-0 30 sec north

.3 Printed Output

The printed output consists of Normal Output and Error Messages., Normal
Output includes Control, Map, and Station parameters, TDI and T2 predictions,

ind the Bnd Message. Pigure 4 shows o sumple normal output listing,  Lirrov

mes<iges miy appear in this listing in the event of either fatal or nonfutal errors.




RECORD 1 RECORD 2 RECORD 240

rﬁ f—. TO NEXT ZONE

woro §{ PoINT 120 POINT 120 POINT 120 | — 48 59’ 30"N
60 )| eomtrio ] § [eomTuie] POINT 119 | — 48 59" 00"N
T !
t i
1 ]
WORDS 1 ) RECORDS ;
27059 i ' 370239 : LATITUDE
!
]
t ! -t '
: 1
worp J[_POINTZ | § POINT 2 ! POINT 2 | —— 48 00°30"N
T ] POINT) POINT 1 POINT 1 | — 48 00’ 00"N
FROM PRIOR ZONE !

6 00" 30"E — -.J

6° 00'00"E —
7" 59'30"E

LONGITUDE

Figure 3(a). Sample Database Zone Structure, Showing Ordered Sequence
of Database Words and Corresponding Geographic Coordinates

N.E. MAP CORNER

/ [

54 00° 00N
— 53 59'30"N
ZONE ZONE
6 24
3 — 53 00'00"N
;
. | 3 LATITUDE .
ZONE ! ZONE )
P 2 1 20
¥ t } — 48 59'30°N
ZONE L- ZONE ]__ 20NE
1 19
— ! 48 00 00"N
SW. MAP CORNER — | I | |
w wow w W
8 8 8 8 g8
8 32 8 2 2 3
w ~ «© [ [
LONGITUDE
1 Figure 3(b). Sample Map Structure, Showing Ordered Sequence of Zones and

Corresponding Geographic Coordinates, The coordinates of the southwest
and northeast map corners determine the number of zones in each direction
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IDFSTIFIFR CATETEHE LMOITUOE  ALTITUOE STEMSEZF ==MEASURED(USEC) = ==(NMEUTER(UYSEC) = ==~ERRIRI(USEL) ===
thr G=mIN=SEC) (NEGeMIN=QEC) (MFTEF) (xm) ™m Tz TO) T Tl 10
TAIGETY 1 w9 v AT,BIN P 6T AT e, 00 10,00 0,00 Cel 13500,49 26990,87 ]3560,49 z6ROK, 87
TARGF T 2 w9 we 32.665N W e 11,276F  304E,00 10.00 0.00 0400 14570,67 2h504.72 13530,67 26504,72
TAEGET 1 w9 e 23,]1%N 165 25.066F  364b,00 10.00 0400 0400 13529,23 76496,36 13529,23 26494.3
TADGEY & 4y 3w SO G 2M 4b,I54F  3I0aes,00 10,00 0,00 0,00 13515.71 2R380,h8 13515,7]1 z63H80.6¢
TARGE T < @G 34 33,1858 G 29 B4 ,.,489F  306b.0D 10.00 0,00 0,00 13516.57 21537093 13514.,57 ¢5370.93
TARGFT 6 % 33 39,6206N v 2 T.RO3E 0,00 10.00 0.00 0,00 1350).40 26266.93 13501.30 &0266,93
TARGET k4 49 33 B.RZ2iN v 43 24,RKGF 0.n0 lo0.00 0.00 0,00 13499,R3 26253,69 134949,83 26253.69
TAAGETY e a9 ¢v 17.213N8 4 53 ll.%dvt 0.00 10.00 0.00 0,00 136R9,05 26169.26 13469,05 26169.26
TARGET 9 44 2- S0,H96N 9 86 4,95AF 0,00 10.00 0.00 0400 13418,90 26159.37 14483,00 26]159.87
TARGET |0 49 26 K R93N v 7 22.280F 0.00 10.00 0.00 0,00 136Rd.19 26515.16 13688.19 26515.16
TERMINATNP U ¢ 0,000 0 0 0.00v 0.00 0400 0.00 0.00
FRD OF INPUT DATA,
(b)
; .
= Figure 4. Sample Normal Output, (a) Control, map, and station parameters
: corresponding to input sequence ot Figure 2. (b} LORAN time-difference pre-
' dictions for target cards of Figure 2
g
e |
i
. 4.3.1 CONTROL PARAMETERS

The control parameters are f, 7, a, a_, bo. c, Fe, a, electric/magnetic field
control switch, and rough/smooth earth switch. These were defined in Sections 2
and 3., Also included in this listing are the calculated quantities k (wavenumber),
a/w (effective earth radius), and the spheroidal flattening

f =1 -=-a/b
o' o

and the first spheroidal eccentricity squared
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4.3.2 AIAP PARAMETERS

The Map parameters are the southwest and northeast map corners defined in
Section 4. 1. 2,

4.3.3 STATIONS PARAMETERS

‘The station parameters are the positions and emissions delays of the Master,
Slave 1, and Slave transmitters defined in Section 5. 1. 3.

4.3.4 TDiI AND TD2 PREDICTIONS

For each target there is one printed line which includes identifier, latitude,
longitude, altitude, numerical integration step size, and measured TD1 and TD2
defined in Section 5. 1.4. Also included are the computed TD1 and TD2 and the

time delav errors (computed minus measured) in microseconds.
4.3.5 END MESSAGE
The message ''End of Input Data' indicates normal run completion.
4.3.6 ERROR MESSAGES

A fatal error is one from which there is no reasonable recovery. Hence, the
program must abort. The user merely corrects the fault described below and re-
runs the program. On the other hand, for a nonfatal error the code either takes
remedial action or it abandons the current target and advances to the next one.
Error messages are grouped below under the routine which generates them. The
message number refers to the FORT RAN statement number of the message.

4.3.6.1 Program HECTIC Error Messages

Message 9900 (Fatal)

"'...Station lies outside map area. Run aborts.' Fault: Input station coor-
dinates exceeded the boundaries specified on the map input cords. All three
transmitters must lie within the map region.

Message 9910 (Fatal)

"Error in data for ... coordinates. Run ends.' Fault: Map or station coor-
dinates on input card were not correct. Either the specified latitude degrees
exceeded 90, longitude degrees exceed 180, minutes exceeded 59, seconds exceeded
59.999, latitude symbol was neither N nor S, or longitude symbol was neither
E nor W,

Message 9912 (Nonfatal)

"Error in end-point coordinate. Calculations for this path have been deleted, "
Fault: Target coordinates on input card were not correct. For diagnosis, see
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message 9910 above. Action: The program advances to the next target.

Message 9916 (Nonfatal)

"Error detected during conversion of coordinate for point—from radians to
{ulphameric) degrees-minutes-seconds.'” Fault: A point on a station-to-target
path was not correct. Either latitude exceeded 324000, 0005 seconds, or longitude

exceeded 648000, 0005 seconds. Action: The program advances to the next turget.

Message 9922 (Nonfatal)

"Target lies outside map area. Get next target.' Fault: Input target coor-
dinate exceeded the boundaries specified on the map input cards., Action: The

program advances to the next target.
4.3.6.2 Subroutine GEOPTS Error Messages

Message 9800 (Fatal)

"Subroutine GEOPTS called with end-point latitude out of acceptable range
(-n/2,m/2). Latitude of A = ... radians, latitude of B= ... radians, Program
execution terminated."” Fault: GEOPTS encountered a bad latitude.

Message 9802 (Fatal)

"Subroutine GEOPTS called with end-point longitude out of acceptable range
(-2m, +27). Longitude of A = ... radians, longitude of B = ... radians. Program
execution terminated." Fault: GEOPTS encountered a bad longitude.

Message 9803 (Fatal)

"Geodesic path includes a geographic pole—subroutine GEOPTS cannot handle

this case.'
4.3.6.3 Subroutine GETELV Error Messages
Message 970 (Fatal)

"Database has nnn records. Increase array MSINDX and variable INDDIM to
accommodate. Run Aborts." Fault: Subroutine GETELV computed the number
of records which the database tape must contain in order to be compatible with the
specified map region. This number exceeded the number of mass-storage record
pointer locations available. Consequently, the database could not be loaded,
Remedy: the user should increase the size of array MSINDX to nnn + 1 and reset
the value of INDDIM to nnn + 1. Array MSINDX is in blank common and INDDIM
is in a data statement in routine GETELV.
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OO = 13

Message 9701 (Nonfatal)

"Lat, lon requested are outside map region — no elevation returned. " Fault:
The program automatically increments any given path by two stepsizes beyond the
torget location,  Conscquently, the pith for a target that initiclly was within the
mup region ended up crossing a omap boundary.  Action: The program proceeds,
but the results for this target are questionable.  The user may try 1 smualler step

sizc tor this turget.

Messuge 9702 (Nonfatal)

"lndex requested exceeds scanlines generated, thus previous elevation will he
used.’’ ['ault: the record pointer returned by subroutine INDEX to GETELY
exceeded the number of records on the database tape. Action: The program pro-
ceeds, but the results for this target are questionable,

4.3.6.4 Subroutine CNEVKEN Error Messages

Message 9602 (I'atal)

"There are not enough points in the given array.’ Fault: CNEVKEN tried to

interpolate a function which was defined over an insufficient range of values.

Message 9600 (Fatal)

"The X values are not arranged in ascending order.
I=.., X(D=..., d=..., A(J)= ...

X F(X)

Fault: CNEVKEN interpolates the funxtion F(X) over array X from a given function
¥(A) over array A. Both X and A must be in ascending order. The X array was

not in order.
4.3.6.5 Subroutine INDF Error Messages

Message 9500 (Fatal)

"In IND}F, distance is zero or negative, XX = ..." Fault: INDF tried to

calculate the induction field for a meaningless distance stored in variable XX.
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5. PROGRAM LISTING

#MODULE 1e 4722780
#DECK HECTIC
PROGRAM HECTIC (INPHT=12840UTPUT=12KsTAPt13=1cRyTAPE2=128)
INSTRUCTIONS FOR USElvccrmecccecncacrcax
ATTACHyINy INPUTCARDS+ID=TICHOyMR=],
ATTACHIHECTICoID=TICHOWMR=1,
FINs I=sHECTICJEL=F OPT=1.L=0,
VSNs TAPE13=CC3626,
LABEL+TAPE13+sReNORING,L=DATARASE «
LGOOIN-
END OF INSTRUCTIONS.
PROGRAM DESCRIPTION}=wwwn—- fererececa=-
MODULE 1 READS INPUT CARDS, CALL MODULES 2 AND Je¢ AND PRINTS
FINAL RESULTS,
ROUTINES: CORDMS+CORRADGEODI HECTIC.
MODULE 2 GETS ALTITUDFS AND IMPEDANCES FOR A STATION=TO=-TARGETY
PATH, READS DATABASE TAPE IN FIRST PASS ONLY,
ROUTINES: GEOPTS+PCOORD «GEORET oGETEL Ve INDE X INTeUNPACK
MODULE 3 COMPUTES THE SECONDARY PHASE FACTOR.
ROUTINES: CANGsCNEVKENyGEOMsGROUND o F LEAF « INDF ¢ INEG2E »
OMCOSeWERF
FILES USEDimwwerrreccccaa —————
INPUT = FOR INPUT CaRDS,
OUTPUT ~ FOR RUN STATUSs ERROR MFSSAGES AND DEBUGGING,
TARPE2 = FOR MASS STORAGE.
TAPE13 - FOR DATABASE INPUT TAPE,
REVISED BYleeremrcaccnceacaaa
ELI TICHOVOLSKYs ARCON CORP.s WALTHAMy MA,4y 4/cc/80,
ORIGINAL BY!e=weeccwrccccccncaaa
J. R. JOHLER' ET. AL-
ENTRY POINTS!=memcerccccocacrcacana--
PCOORD IS IN GEOPTSs GEOM IS IN GROUND,
DIMENSION TPW(3)+ED(2)9TD(2) ¢ IDENTF (4) s TOMEADS (2) s TOERR(2) 4 TOA (3}
DIMENSION LDUM(344) sADUM(3¢4) oRLA(3) ¢RLO(I) sLATA(3) sLONA(R)
COMMON /ZOTA/ARRAY(1S)
COMMON /PIS/TWOP1 Pl HAFPIQRTPIL
COMMON /MAP/LATSWoLATNE +LONSW ¢ LONNE
COMMON /PATH/RLATAJRLONAWRLATB9RLONRJRAZARALBySBM
COMMON /CITCT/ITCToLTOPNPTCT+ZXMTReZMINSALTSW(3) o TSW(3)
COMMON LAT(999) +LON(999) ¢+MSINOX (S5800)
EQUIVALENCE (ARRAY(2)+ETA) + (ARRAY(11)FLAT)
EQUIVALENCE (ARRAY(12)+ALPHA) 4 (ARRAY (14) sEORH) ¢ (ARRAY (15) 4 SMOOTH)
EQUIVALENCE (ARPRAY (1) +FKHZ) s (ARRAY (13)+RAD) » (ARRAY (3) ¢ SPHRAD)
EQUIVALENCE (ARRAY (4) 9A0) » (ARRAY (5) ¢B0) ¢ (ARRAY (9) ()
EQUIVALENCE (ARRAY(6) +FL) ¢ (ARRAY(7) +ESO) s (ARKAY (10) sWAVE)
C SEMI=MAJOR AND SEMI-MINOR AXES (METER) OF THE INTERNATIONAL SPWEROIDN,
DATA A0+sBOsSPHRAD/6378388,0y 6356911,9461y ©367390./
DATA LINE«ITCTsPI/S0s 19 3,1415926535698/
DATA FKHZ4ETAC/1004+1,0003384,2997925/
DATA FLATsALPHA+EORHsSMOOTH/10004948591400,7
DATA WESTeSOUTHeLWESTsLSOUTH/IHWe 1HS s 1HWs 1H5/
TWOPI=2,.,#P] SHAFPI=P1/2, $QRTP1=Pl/4,
Co @ =@ @ @ o0 @ @ @ ¢ = 0 o @« @« @« 0o & ¢ @ @ o = = T & & @ © a @ c = =« =
C READ PROCESSING CONTROLS.
I1=0
20 READ 99194+1¢AVALUE SIF (I .LE. 0) GO TO 21

OO0 0O0N
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ARRAY (J)=ayALUE 60 TO 20
’ el COMTIMLIE

C RAD=t FFECTIVE FARTH RADIUS, wWAVF = JAVEMUMKER 6 ALK AT S ARTH SI1oFACE,
KADR = SPHKADZALPHA fwAvE = Ta2JufrW74FTA% ] eb=6/C

C FL=SPHERQIMNAL FLATTENING. ESOSFIWST ECCENTRICITY SGUARED,
FL = 1, = HO/A0 3ES) = le = (HO/ZAQ) war
PRINT G9204¢ (APRAY(I)21=196)
PPINT 9921e (ARRAY(I)eI=Telh)
PRINT 9925

C READ MAP CORNERS,
DO 911 =12
READ 9909« TUEMTF (1)« LDUMITa 1) o LDUM (T4 2) o ADUM (T4 1) oDl a2y

T Al e,

1 LOUMT o3 oLDUM{T b ) o ADNIM (T ¢3) s ADU (] 0 4)

PRINT YS0G4INFMTF (1) 4LDUM(Te1)eLDUM (] «2) «ALUM(T o)1) sADUM (] 4P)
1 LOUM (T 43)oatDUM(T es4) o ADUM(T+3) s ADUM (T 44)

MIS=(

CALL (NRKAD(RLACI) «LPUM(I o)1) oLDUM(Te2) «ADUMIL 41) 4 ALUM (] 62) 40 eMIS)
CALL CORRANI(RIO(I) oLLOUM(I43) LDUM(T ) o ADUMIL 43) ¢ALUM (T 04) 41 oMIS)
IF (MIS JFie 0) OO TO 911
C IF MAP CONRDINATES ARE BAD. ARQORT,
PRINT 99104 IDFNTF(I) $STOP
911 CONTINUE
LATSW=LDUM (1413 #10000¢LDUM(142) %100+ 1FIX(ADUM(141))
IF (ADUM{142) LEQs SOUTH) LATSw==LATSW E
LONSWSLDUM(1+3)1910000+L0UM(] 44)#100¢TFIX(ADUM(],43))
IF (ADUM(1ls4) LEW. WFST) LONSw==ONSwW
LATME=LDUM(291)#10000+LDUM (P4 2) #1000 IFIX(ADUM(241))
IF (ADUM(242) LEQ. SOUTH) LATNE==LATNF
LONNE=LDUM(2+¢) #10000+LDUM(244) #100+TFIX(ADULN (243))
IF (ADIM(244) LE0, WEST) LOMNE ==L ONNF
C READ TRANSMITTER COORDINATES FOR MASTEK. SLAVFLY END SLAVF?.
PRINT 9926
D0 950 I=143
READ GONIGIDEMTF(T) oL DUMCT ol L DUMIT 42) eaDUMITo1) «ADUM(L92) o
1 LOUMIT o oD (T va) dALUS(Te3) «ADUMT 44) +DATUM
CRINT 9G0GIDFE TF (1) o LuUAM (T a1} abDUM(Te2) e ADUM(T41) e ADUM (T 42)
1 LOUMIET a3) oLDUM(T 34) « ADUM (T 43) o« ADUM ([ 44 ) « DATUM
IF (1 5. ¢) FO(l=1) = DATUMm
Mle = i}
CAaLL CORRADIRLOCI)I aLDIMIT «3) yLDUM(T 44) s A0UMITa3) 4 ADUM (T e4) o1 4MIS)
CALL CORWAND(RLA(T) aLNUM (L1 ol) o LDUM(T 42) 9 ADUMIL 1) gADUM (T ¢2) « 0eM]IS)
: IF (KIS JEne 0) GO TN 940
‘ C IF STATION CONROIMATES ARE HADe ARORT.
PRINT 9910« IUERTF (1) $STOP
940 LATA(T) =LDUM(TI 1) #10000¢LDUM(T42) %100« IFIX(RUUM(T 1)) -
IF (ADIM(I4+2) LEQe SOUTH) LATA(L) ==L ATA(I])
LONA(T)=LDUM(T 4 3) 210000 LT (140} #100«IFIY (AUUM(T¢3))
IF (ADUM(Te6) LEue WEST) LONA(I)==LOMA(T)
IF (LATA(I) «GE.LATS: oANG, LATA(D) JLTLLATHE  LAND,.
1 LONA(T) «GEJLONSH  JANE,  LONA(DI) JLTLLOMNE)Y GO TO 950
C IF STATION LIFS QUTSIDF MAP AWEA, ARORT,
PRINT 930C«IDEMTF (I) $STOP
950 CONTINUIF
(o = = = = = = = = =« = = = = L R B R O
C START LOOF ON TARGFTS.
5 CONTINLE
IF (LILE L Te 80) 60 TO 55
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FRENT G926 G TME=0
COoREAD TARGHT COORDINATES, /MIN = AIWRORNE «TARGFT ALTITIUDE (M) AROVE
C MEal SEA LFEVEFL IF NON=7FRD, ALFL S = PATH INCREMENT SI7F (KM).

L HELD GUNSeTDEMNTE () o LATLE G o LATMINE o SECLATHILATID
. LONPFGH oL ONMINR G SECLONB o LONMIUR s 7MINGADELS ¢ TDMEAS
PRINT GGNG o IDFENTF (4) ot ATDFOBGLATMINKGSECLATESLATI it
1 LONDF G GUNNMINF e SFCLONR o LOMTiIH 4 7MINGADFL S o THME AR
LINE = LINE ¢ )

COSTOR IF FAaTH IMCREMFNT STIJF IS 7FRO OR LESS,

TF (AUEL S otEe O4) GO T 10

Ml =

CALL CORRAD(KRLATHGLATUFGHGLAT IINMGSFCLATH LATIDB ¢ 14M]S)

CALL COmrRAN (REONR gL N0 1R G o LONMINK o« SECLONR o LUNIDB s 1 ¢ MIS)

IF (MIS Fue £) GO TO 1S
C IF TARGET COOFPINATES AWF RBALLY GFT ANOTHEK TARGET,

PRINT 9912 FLINE=LIHF 2

(SIS I AN

Com = = = = m m e e e a e mm e . e =.. -

" e e e e e ® oa e e o=

C START LOUP ON 3 STATIOM=TO=TARGFT PATHS, 1
15 CONTINUF ;
RILATASRLA(ITCT)
PLONAZELOCTITCT)
LTOP=0
ALTSW(ITCT) = TSw(ITCT) = SRKMS = 0,
C SKIP THIS PATH IF 17 IS TOO SHORT.
IF ((AFS(RULATA~RLATR) LLE, ADFLS/SPRRAD) ANV,
1 (AFS{RLONA~wLONR) LLE., ADELS/SPHRAD)) GU T0 16

C COMPUTE SPHERCIDAL SASELINE AND FORWARD AND BACK AZ IMUTHS,
CALL GFOPTS(0.0eRILATP«RLONP ¢RAZP)

C COMPUTE SHHERCTUAL nASELINE AND FORWARD AND BACK AZIMUTHS,
CALL GEODIT(RLATACRLONAGRAZAS,SEMS RLATRRI.ONS,RAZBS)
SRKMS=GRMSH , 001
SHKM = SRMue] NF=3
DSKm=MPTCT=SHrRM/ADELS+]1.0
DSM = GRM/NSKM
NSKM = NSM#] NE=3

C SFT TRANSMITTEP COORDIMNATES AS POINT NUMRER 1,

LAT (L) =LATACITCT) SLONCLI=LONACITCT)
C ADD 2 POINTS REYOND KECEIVER,.
- NPP2=NPTCT 2
o SkM = 0,0
N C COMPUTE LATITUDES AMD LONGITUDES ALONG HUFFORD'S HASELINE,
00 100 IP=1+NPP?
SkM = SPMelSM
CALL PCOORD (SPMyRLATO W RLONPWRAZP) P
MIS§ = 0 :
CALL CORDMS (RLATPGLATDEGPsLATMINPySECLATR L ATINDP,0+MIS) 3
Capl CORDMS(RLNNPSLONDEGP L ONMINP s SECLONPJLUNIDP 41 eMIS)
IF (MISs FQe 0) GO TO 35
C IF PATH CNORDINATE 1S BAD, GET ANOTHER TARGET,
PRINT 9916.IP RLINF=(INE+4
60 T0 5 .

35 COMNTINUIE (
LAT(IP+1) =L ATDFGP210000+LATMINP®]100+F IX(SECLATP)
IF (LATIDP JEOQ, LSOUTH) LAT(IP+]l)==tAT(IP+})
LON{IP+1) =L ONNFGP2) 0000 +LONMINP®) 00+ IFIX(SFLLONP)
IF (LONIDP JEG, LWEST) LON(IP+1)==LON(IP+])




100 CONTINUE
C ADD 1 POINT FOR TRANSMITTER.
LP=NPTCT+3
C IF TARGET IS OUTSINF MAP ARFAe GET ANOTHEW TAKGET,
IF (LAY (IP) «GELLATSW JAND. LAT(IP) LT.LATNE LANU,
1 LON(IP) oGF ,LONSW <ANDs LON(IP) LT.LONNE) GO TN kSO
PRINT 9922 IDENTF (4) SLINE=LINE+]} %GO TO S
C COMPUTE ALTITUDES AND IMPEDANCES ALONG HUFFORD®S BASELINE,
850 CALL GEORETY (DSKM,IP)
C ADJUST NUMBER OF POINTS FOR ROUTINE INEQZE.
NPTCT = NPTCT « 1}
C COMPUTE MUFFORD'S EQUATION,
CALL INEQ2E
16 CONTINUE
TPW(ITCT) = ETA®SBKMS/LC
ITCT=1TCT+1
IF (ITCY .LTs &) GO TO 15
C END LOOP ON 3 STATION=-TO-TARGET PATHS,
C-.._- ........ - o ® e w m W = m w = =
C PRINT FINAL RESULTS,
DO 9 I=1.3
IF (LTOP.EQ.O) TOA(I}) = TPW(I) + TSw(])
IF (LTOPJEQe1) TOA(I) = TPW(I) ¢ ALTSW(ID)

g CONTINUE
DO 710 1 =1s2
TO(I) = EDUtI) ¢ TOA(I+]l) - TOA(])

710 TDERR (1) = TD(1) = TDOMEAS(I])
PRINT 9923+TD«TDERR
C GET NEXT TARGET.

ITCT=1

GO T0 5
C END LOOP ON TARGETS.
Co = =« = = 0« = = = = = = = = - e e - e e e e e e " mem = m = oae = =
10 PRINT 9918

STOP

9900 FORMAT (# #A)0# STATION LIES QUTSIDE tAp AKEA, RUN ARNRTC,®)

G900 FORMAT(2XeALl0e2(15¢T134F743281)04F9,2)

9910 FORMAT(#0 ERROR IN NATA FNr #A10% COOKLINATES, RUN FNNSw)

9912 FORMAT(//11X, 3420, GXy PUHEREON [N FNU=PQOINT COOROINATE. 10Y, 13-
+060/11XeSapmeee  CALCULATIONS FOR THIG PATH BPAVE BEEN DELETFD  wuas)

9916 FNRMAT(//2xy APH®ss  FRPOR NDETECTED NURING CUNVERSION nF Copwu]tial
+ES FOR POINTe 15 OH  #v8/2x, 2Ha®, 7x, SPHEROM RAGIANS 10 (A[F Al
+ERIC) DEGREES=-MINUTEG~GECONNSy TXs Inaeb/2Xe 3JH8as, 6AXs ISR/ 00,
e 3HeRa, TX, S2HFYURTHERNR CALCULATIONS FOR THIS PATH HAVE BEFM 0H{oTH
sDe TXe 3IHtaw)

I91B FORPMAT (20 END OF INPUT DATA )

9919 FOPMATIIS«H10.0)

9920  FOMMLT  (1HL1//15(2H «)8CONTROL PARAMETERS#]15(2m= )/
AE22, 10 5X®s ARPAY (1) FhHZ = FREQUFNCY (KHZDI ¥/
B2 e lueBXReBLAY () FTA = ATR INDEX OF REFRACTION AT ki N#y
PEP2.10.5X#+ARPAY () SPHRAD = SPHERTICAL FARTH RADIUS (M) ey
LEPP o 1beSX T+ ARRAY (4) AN = SPHENOIDAL FARTH ECQUATORTAL =RANTHS () &
G/E22416 ¢SXPeARKAY (T) HE = SPHEROIDAL FowTr ROLAR RARTUS (M) &,
AEP2e1635X® ARFAY (RY = FL = SPHERQIDAL FLATTIL ¢ING#)

9921 FoRMAT (EP2.)0emxe ARRAY (7)) = ESw = SPHERMLUAL FIVST FLCFYTRICTTY
2 SUUAREDw/
PEP21b4BHxe ARRAY (R) = NOT NSFN/
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SRR g

i

i

|
4F22.16¢5X%+ARRAY (G) = VACUUM SPFED OF { JOUHT (KM/USEC) &/
SE22,1445x% ARRAY(10) = WAVF = WAVENUMEERQ (1/M) [N AIR AT FARTK SUR
TFACE®/
6GE22.14¢SXeARRAY (]11) FLAT = FLAT +ARTH FACTQR (M)ey

BE22,1445X®#+ARRAY (12)

9E22.1445x% APRAY(13)

JE22 .14 45X#+ARRPAY (14}

4 JE22,1645X#+ARPAY (]15)
2UGH EARTH#/
32Txwe JTEMS MARKED WITH + MAY 4E CHANGED VIA INPUT CARDSe#/) |

9922 FORMAT (& #Al0% TARGET LIFS OUTSIDF MAP ARLA, GET NEXT TARGE T, #) i

9923 FORMAT (1H+s79x4,4F9,2)

9924  FORMAT (1H1//22(2H =) %L ORAN TIME NIFFERENCE FREDICTIONS#®#2] (2H=- )/
12X+ IDENTIFTER®7X#LATITULE#7X# L ONGITUDE ALTITUUE STEPSIZ2E —=MEASUR
CED(USFC)~ «=COMPUTED (USEC) = ~~~ERROR(USEC)==* &/
312x.2(3x”(DEG-wIN-SEC)¢).(xa(ngEu)nSXé(KM)“J(bxcrnlasx“Tn?')/)

9925 FORMAT (//B(2H =)#MAP PAKAMFTERSH#MH (PHea )/
12X®IDENTIFIERST XL ATITUDE #TX 2 _ONGITUNE %/
212X 92 (3IX# (DEG-MIN=SEC)I®#) /)

9926 FORMAT (//11(2H =)#STATIQNM PARAMETERS®]1 ] (2H" )/
12X*IDENTIFIER®7X#ATITUDE #7 X+ ONG 1 TUDE EMISSION DELAYS/
212X 92 (33X (DEG=MIN=SEC) #) ¢ IX¥ (USEC) /)

END

ALFr& = VERTICAL LAPSt FACTORe/

EFFFCTIve EARTR RADIUS (M) ey

EORH = 0, FOF H=FIFLUs NON=O, FOR E-FIELD®/
SMOOTH = 14 FOR SMOOTN EARTHe NON=), FOR RO

LIS LI | B TR}

¢DECK CORRAD

SUBROUTINE COPRAD (KCORWIDEGe IMINGSEC 10+ 1Ss lERK)
DIMENSION IDS (4)
DATA (IDS=1HNGIHE « IHS s 1HW)
1ss = 1§
IF (ISS) 1045415

S IF (IN,EN.IDS(1)) G0 TO 25
IF (10,E0.105(3)) Gn TO 30

10 IFRR = 1
RE TURN

1S5 IF (1SS=1) 20420410

20 IF (IDLENLIDS(2)) 6N TO 25
IF (ID.EQ.IDS(&)) 6y TO 30
IERPR = 1
RE TURN

25 SIGN = 1,0
G0 TO 3%

30 SIGN = =1,0

35 IF (IDEG=140) 40440010

G40 IF (IMIN=KU) 45410410

45 IF (SEC=60,0) 50410410

50 RCOR = SION®(FLOUAT(INEG)®(1.764532925199433E=C) +FLOAT(IMIN) =
+ (2.90HRABZOROALTLPF =4) +SEC#G,B48136R1109536L6)
RETURN
END

e AT VRN R i TR R




“DECK

10
18
20
2%
30

35
40

o5

50

5%

A0

SRR e T e PesYie dua e 51 Ry
r e eueny - Woremy.

CORUMS

SURRQUT INE CORNDMS(RCOP ¢ IUEGe TMINSHEC Il 0 IS IEKK)

DIMENSION 1DS (4)

DATA (INS=]IHNG]IHE ¢ JHS el HW)
RANG = RCNOR

SEC = AHS(RANG) #206264,806247096
ISS = 1S

IF (ISS) 5,4,10415

IERR = ]

RE TURM

IF (SEC~3264000,0005) 254545
IF (ISS~=1) 2042045

IF (SEC=648000.N008) 254545
IF (RAMG) 30435435

Is1 = 2
GO TO 40
IsI = 0

IDEG = SEC/360040

IMIN = SEC/60,0=-60,05FLOAT (IDEG)

SEC = SFC=3600,U#F NAT(IDEG) ~60.,0%FLOAT (IMIN)
ISseC = SEC

SEC = SEC-FLOAT(ISFC)

IF (SEC=0,9995) 60445445

SEC = 0.0

ISEC = ISEC+]

IF (ISEC=60) 60950450

ISFC = 0

IMIN = IMINe]

IF (IMIN=60) 60955455
IMIN = 0

TUEG = 1DEG+L

LEX = ISI+15%e]
HBEC=FLCAT(ISEC) +SEC
I0=1DS(LDX)

RE TURN

END
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SUR=OUTINE GEODL (Rl

PLIREOGE ¢

CALCULATFS TRVERSE COMPOTATION PFORM
COUTRENN LATITUDES At WESTERN LANGITULFS AwF

{reuTS:

] oz CEONETIC LATITODE
A1 = ORONETIC LONGITUNE
KA = GEODETIC LATITUDH
ALZ = CREOMETIC LeMGITUNE

DUTPUTSE

A7l2 = FORWAKRD AZIMUTH

A72]1 = BACK A7ZIMUTH

S

16

17

GEODFTIC DISTANCE

COMMON /PIS/TWOPT «P1ehAFF L4 TP]
COMMON /70TA/ZARKAY (15)
HUZARRAY (5) $FL=ARKAY (6)

IF (ArS(H]) LCT.
THET] = TAN(B1) #
HETL = ATAN(TBET])
v YO 2

CHETI = 1.0 / Tan(81)
“ET1 = ATAN(le / CHETI)

CONTIMUE

ALL]l = ALZ? - ALl
IF (aL2 - ALLl .FQ0,.
ALLZ = 0.

G0 70 3

CONTINUE

ALL? = ALe - ALl
¢ (ARS(ALLI) .GT,
ALL = ALLZ
60 70 7
alLL = ALL]
CONTINIE
IF (AFRS{ALL) «FNaGo
ALL = anS(ALL)
CONTINUE

IF (ARS(R?2) +GT.
TRETZ = TAN(H?) #
BET2 = ATAN(THFTZ)
6O TO 17

CrET2 = 1.0 / TANM(K2)
BETE = ATAN(l. / CHETZ)

CONT INUE

CHETL = CNSHRBFTL)
SEETL = SIM(KFTI)
CRET? = COS(BET)
SRETE = SIN(eETZ)

A = SEETL & SHETY
M = CRFT) & CRETZ
AP = CHETL @ CLFTP
HA = SRETe ® CHFT]

COSL = (NS (AL
SINL = STeALL)
Tl = 4 o B & COC
Sk = SORT (ST

uF F1#ST FOINT,
OF FI#sT »OIrT,

OF SECOrY POINT.,

FROM FI5WT ~GINT,
Foon St (O

ARS (BLLP))

ORGBRSALL) oENaPT dORGARS (ALY oF v T HIPT)

e COSL)Ywe/l)

¢ ChET o yuep

3~




el

21
24

23
4

EIS
'ds

27
S0

w6

57
SH

34

[t (SEh] JGEe D4 JAND, (ke
PRl o= ASTN(SERT)

[P (Si el W6T, CPRTY O]
a0 TO A0

IF (SPH] ofFe. N, J280h, CEn]
Ph] = 1 - ASIM{serD)

IF (ST oGT, ARC(Con]))

S0 T0 W
IF (SErel ol Te 0. AN, Civn]

PRl = ] = ASIMN(SPR])

I (ARS(SERT) LT, AHS(CFH]D)

GO T 36

It (SPeD T, 6, JE&NDe CHPT

Pl o= TWORD ¢ ISTIN(SP=])
[t (aRg(SPR]) 6T, CPH])
G TO 30

CopL ExIT

COMTIRLF

C = »m = SINL / SPHI

FLe = FL = FL

Chta]l = Fi_ + FL?

CONE = 0,5 # kL2

CON3 = Sph] % (Fp]

Cotie = PR]ee2 / SPHI

(ONS = CNONG = CPnl

fFM = 1, = C & & 2

WATIOL = (1e ¢ CoM1) & BHI

o BM s (=045 # CON1 # (PHT
2 ® COMNA + EM % EM & CONZ *
3 CONI & CPmles?) o A & EM # COLe #

S = WATIOL & &0
IF (S oLFe lef=0) & = 0.

RATIO?Z = CONL # Fr1 = & % CONP #
e Db # M % (CONP & (=5,0

aLaM = rRaT[02 # C + ALL

SALAM = SIN(ALAM)

CALAM = COS{ALAM)

CTAZ17? = &b =~ CALAM # ak
CTAaZ2?2]1 = ra & CALAM - a+
I+ (ALl = ALZ2 osbde 0.}
A712 = D

Azl = N,

o TU 36

CTAaZl” = CTAZ17 / (S4LAaM
[F (CTA7Z17 WJE0. Do) S4,
a7l = HAFe]

Gl TO &#&

CONTIMNE

A212 = ATAM(Ll, / CTATL?)
COMTINIIF

CTalzl = CTAZ21 / (SALaM
IF (CTAZ22] N, 1) H7a
A721 = +HAFP]

60 TN 34

COMTINUE

A721 = aTaN(l, /s (TA721)
CONTIMNUF

ACHK(CPH)

ACOHS(LP-1)

aCusS(Crel)

alOS(Crr])

~ CONZ & CONG)

« (ONe ® COr]) a e p B (CONP

(e ¢« CNHNI & COHT)

bl & CONY)




40

sl
42

“3
Ga

oY
50
46

w7
“B

o9
57
53
51

IF (ALL oGFe 0, <AND, CTA/)2 LOE. V)
Asle = a7Y?

w0 TO S0

lf (ALl Q(‘Et [ o« AN o CTA]].? .LTo 0e)
AZ212 = Pl + 4712

50 70 S0

IF (ALl .LTe 0. oAND, CTA712 .GE. 04}
A7le = Pl + A71°

GO TO Hu

LZ17 = TaCk1 + A712

IF (ALL <GFe D. «AND, CTa7?21l GEe 0O)
A7721 = ©1 + A721

60O TO 51

1F (ALL +GEe 0. oAND, CTA/ZP] oLTe 04)
A721 = TwOPl «+ A72]

GH TO 51

IF (ALL oLTe 0. oANU, CTA72]1 GEe 04)
AZ221 = Az2]

o0 TO S1

a7zl = P1 « A721

CONTINLE

A212 = AMODA712s TNOPI)

IF (A712 oLTe Do) AY12 = A712 » TWOPI
A721 = AMOD(AZ21e TwOPI)

IF (AZ71 oLTe 0s) A721 = A721 + TWOPI
RETURN

EnD

30

40

4l

4by

b6

“He

52

ul

43

45

47

“9

53

» dasavinitalon,
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*MODULE 2
#DECK GEORET
SUBROQUTINE OGEORET (DPSKMNP)
COMMON LAT(999) +LON(99G) ¢MSI* DX (5500)
COMMON /GRNDL1/7ZPP70D(6) 27 (1003) 87 (6) o 72 (1D09) o%it(H) 4 X (1069)
COMMON /TE/2PF1(1009) 4MPTS
COMMON /SDRDI/ZS(999) oDR(9YG) DT {Y9Y9) o LLM
COMMON /CITCT/ITCToLTORPGNPTCY«2XMTIR G ZMINGALTSH () o TSR (3)
NP TSNP
S(11=0.
X(l1)=n0,
DO 1 I=lenp
CALL GETELVILAT (D) oLON(]) sAAMPFAZez (1))
IF([eGTal) S(I)=S(1-1)¢DSKM
DR(I) = AAMP # COS(FA?)
DI(L) = AAMP # SIN(FA7)
1 CONTINUE
LLM=NP
C COMPUTE BASELINE TERRAIN FLEVATIONS RELATIVE T TRAMGMITTER AL TITHDF,
ZXMTR=72(1)
Z(1)=0,
00 2 1=2«NP
C FOR NOws CONVERT NISTANCF TO METEKS.
S(I)=S(1)+#1000,
X(I=s(
2(1)=Z2(1)=Z2XMTR
¢ CONTINUE
C COMPUTE ELEVATION DERIVATIVES.,
NPM]=NP~]
DO 3 L=2«NPM]
CALL INTiLsL)
ZPPLL)=2PP
3 CONTINUE
ZF (1)=0,
ZrPl1(11=0,
ZP (NP) =P (NP=])
ZPP)(NP)=7PP] (NP~])
RF TURK
END
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cu
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30

35
4
45
“n

€S
6l

X

70
a3

75
iy
o

90
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(E kTS

SUARDUTINE GECP T (SMUGRLAT s LNNP kA ZP)

CoMMOr /0 TC/Tu R ot Lar2FE e smTm]

SO Ob Lol TRl QTR gl 1 b AT g W I grtu /L awiasiytvr

COMMOP  220TAZBRKAY (}m)

Al T AuSAY (W) FRT T AWRAY (/) WIESD = 1. = F&C

[F QeSS ATA)=»akw]) Yallielh

IF (20 (AT =mab ]y 1heldeln

P IR Qe AT R FL AT

FLOa?aT (mly RGOk s OTIrRe HEOPTS (4Lt v 1T PP D<enpT

]t)w\ LY T% oF

M RAp ] ARG

b 0T
LBy
FRIAT whyl
FORMAT { 444,

STOP

(F (AR (BN ~Tp O] FUarfeln
TP fAnsS(ri R =Tal= 1) 300 3025

FrRINT 9RO el Crib gk I

FORMAT ([H0y rrrs EULTZEIER S SNl
sF OuT gf ACCERTAMLE b 4lvihe
sFu,2e 310 wAalTans

PWINT 980}

STow

ALONR =LA

rLONWSRLGNYS

T (Al Ciwksp ) 39436400
ALONE S BN e To(R]

IF (LM e T} LhebSe30
MONREFLONR s TROR]

LACCER ThL-f +
Gl ANS

Rhtot (=n) /e /Y SN
LATIT  r OF 4 ®e r e, 2

EHEPe NG AM PR T OY TN T« INATE ()

CEQHTS Chuit
{=r/vTerelysr1Gaa
LCrOITUOE O - Ty FMYace

vwITr FR=PN] 0T
170 0L THOE O
HH WAL ANS)

HLON = SLOMNR= AL ONE
It (1 OnsRY)Y LS eT0e7h
IF (ulOn=) BN ebbakS

HELOMY = RLONR T 40w
GO TG Yh
Ly ONw =
GO TO 95
PRINT 9=03
FORMAT {1HO, bbH GFGOESTIC PATH INCLUGES A& GEQGKAFNIT ROLE

+OUTIRF HBEORTS CANMQT HanULF THIS CASE)
PRINT 9801
STNR

ALONN=TWOFT

18 (HLON=PT) 954 70e8B0

IF (RLONR«E ) GUGQ e8RS

HLONE = SLONF=TWOR]

o TO 95

AL O = AlLONReTWOR]

GMr = L ATASKLATRH

NETh = SIN(Q.-8S9H)

HETA = (LoO~ESO#mFET AR TA) /CF SO
HLAY = A0/ (METARSERPT (METASCESY) )
SO = H_OhR=AL O

ALGMN = AETA®RGL Oy

G = STo(oapoN)

HLBT = CON(PLATY)

AL AT = COS(kLATR)

Shsd = ekt AT

SAs/H = el AT

32
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LONGT T

A =,
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105
110

115
120

Q SIN(0,S#*ALOMN)

(] oue

AA7 = RLATH=R| ATA

CasB = (1,0=-Q)#SIM(AAT)

3 = G#S [N (SMY)

CAZA = Ca78+(

CAZts = CA/E=0

T QUYT(SAZAeSAZL«CAAWCAZN)
GMe = L ATHEASTM ()

SAzA = SA7B/G

Caza = Ca/A/0

SA7b = SAZK/G

Ca/B = CAZR/Q

RAZA = ATANZ2(SAZ7A+CA7a)
RA/B = ATANZ(SAZHSCAZER)
ALON = WA/R=~RAZA

1# (ARS(ALON)=PI) 12041054105
IF (ALON) 1104110115
RAZH = RA7ReTWOPI

GO TO 120

WAZA = RAZA+TwOPI

MLAT = CESQeESQH#A[ AT#ALAT

HLON = A0/SORT (HLAT)

HLAT = HLON®CESQ/HLAT

HLON = HLOM®ALAT

CLAT = CAZA/ZHLAT

CLON = SAZA/HLON

HLAT = CESQ+ESG#BLAT#BLAT

HLON = AO/SORT (HLAT)

HLAT = HLOM®CESQ/HLAT

HLON = HLON®BLAT

ALAT = CAZR/HLAT

BLAT = (3.0%AA7/SME=ALAT=-2,08CLAT) /SMA
ALOM = SAZH/HLON

BLOM = (3.0%BLON/SMB=ALON=2,0%CLON) /SME

hA7Z = 3,0#SMHB

ALAT ((ALAT=CLAT)/SMB=2,0#4AT) /A7

ALON ({ (ALON=CLOM) 7/SHE=2 ,0#BLON) Z/AA7

AA7 = (RAZR=-RA7A)/SMRB

ENTRY PCNORD

RLATP = ((ALAT#SMP+R| AT)#SMPCLAT) #SMPRLATA
RLONP = ((ALON®SMP+RLON) #SMP+CLON) #SME+ALONR
WA/P = AA7#SMPeRAZA

wFTURN

END




PUCPY PSP TN ook |

T

#DECK GETELV
SUBROUTINE GETELV(LATINSLONINCAMP4FAZFLVTIN)
PURPOSE ¢
COMPUTES ALTITUDF AND IMPEDANCE AT A GIVEN LATITUDE AND LONGITUDE,
ASSUMES A DATABASE TAPE WITH 240 RECORDS PER ZUNE OF POINTSs 60
WORDS PER RECORDs AND 2 DATA PNINTS PER WORD, THESE GROUPINGLS COVEW
THE FOLLOWING MAP SECTIONS®

A ZONE SPANS 1 DEGRFE LATITUDE (SOUTH TO NORTH) AND 2 DEGREFFS

LONGITUTDE (WEST TO EAST) OF THE MAP,

A RECORD SPANS 1 DEG, LAT. (S, TO No) AND 30 SECe LONe (e TO Foi

OF A ZONF.

A WORD SPANS 1 MIN, LAT. (S. TO Ne) AND 30 SFCe LONe (We TO Fo).

OF A RECORD,

A POINT LIES ON EVERY 30 SEC. LAT. AND EVERY 3U SEC. LON,
ALTITUDE IS INTERPOLATED WITHIN & POINTS WHICH LIE NURTHEAST,
SOUTHEASTs NORTHWFSTs SOUTHWEST OF THE INPUT POINT,

INPUTS? '
LATIN = LATITUDE IN DDMMSS FORMAT.
LONIN = LONGITUDE IN DDDMMSS FORMAT,
OUTPUTSS
AMP = [MPEDANCE AMPLITUDE,
FAZ = IMPEDANCE PHASE (RADIAN),
ELVIN = ALTITUDE (METER).,
CALLS ROUTINE INDEX FORS
INDEX = POINTER TO A RECORD IN THE DATABASE,
IXPT = POINTER TO A HALF-WORD IN A RECORD IN THE DATABASE,
COMMON /MAP/LATSWLATNE o LONSW ¢ L ONNE
COMMON /GETELV/L(120)4IMP(120)
COMMON /UNPACK/NPACK (60)
COMMON /FLAGS/IXPTNFLAGsNRPC +NRPDR
COMMON LAT (999) sLON(999) yMSINDX (5800)
DATA KPASS] sMASKB4MASKI1 /1.3778437778/
DATA INDDIM /5800/
C READ AND STORE DATABASE TAPE IN FIRST PASS ONLYe
IF (KPASS] NE. 1) GO TO 630
KPASS1=0
NRPC=240% ((LATNE=-LATSW) 710000}
NRPDB=NRPC#® ( (LONNE~LONSW) /20000)
IF (NRPDB+] JLE. INDDIM, GO TO 610
PRINT 9700, NRPDB $STOP
610 CALL OPENMS(24MSINDX s INDDIM,0)
D0 629 IRT=1.NRPOB
BUFFERIN(1391) (NPACK (1) +NPACK(60))SIF (UNIT(13))620+1629.620
620 CALL WRITMS (24NPACK 4604 IRT)
629  CONTINUE
C IF LATITUDE AND LONGITUDE LIE QUTSIDE MAP, PREVIUUS DATA ARE 1SED,
630 IF(LATINGLT.LATSW LOR. LATIN,GE.LATNE) GO 10 190
IF (LONIN,LTLLONSW L,OR, LONIN,GE.LONNE) GO TO 190
C CONVERT TO RELATIVF LATITUDE AND LONGITUDE,
NFLAG=0
LATX=LATIN=LATSW
IF (LATIN.GE.O) 6O TO 200
C CORRECT FOR NEGATIVE LATITUDES,
IF (MOD(LATX¢10000),EQ.0) GO TQ 200
LATX=LATX=4000
IF (MOD(LATX4100).F0.0) GO TD 200
LATX=LATX=40

OOOOOOOOAOOOOOONOOO0OOHOOONON
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F A

C WROCEFD wlT= LOSITIVE LATITUDES.
cUu LATSE =GN (LATX«10U0)
LATDM= ATXx=L ATSE C
[F (Larteric ,GEa30) N To 240
LATS g ATOM

LAaTri=L 2 TNve 30
[CLANS RN TV

Sl LaTSs . M0
LATISl AT 10N
LATMam D (L ATOM G L0 0)

1F (LATM FO5900) LATNZLATOM«u]00
260 LONX=LONTN=LONS N
If (LONINJGE.O) w0 TO 300
C CORRECT FOR NEGATIVE LONGITUDES.
IF (MOD(LOMX10000) .F0N,0) GO TN 300
LONX=[ ONX=4000
IF (MODILCNX4100)FN,0) GO Tn 300
LONX=| ONX =40
C PRNACEFD wlITH POSITIVE LONGITUDFS,
300 LOMSEC=MOD (LONMNX 1 00)
LONDM=| ONX=LOMSEC
IF (LONSEC.GE.30) GO TO 340
LONW=LONDM
LONE={ ONDM«30
GO TO 360
340 LONW=LONDM+30
LONE=LONDM¢ 100
LONM=MOD (LONDM« 10000}
IF (LONM,ED+5900) LONE=LONDM4+4100
360 CONTINUE
C GET A DATA POINT MORTHEAST OF ThE INPUT POINT,
INDNE=INOEX (LATNSLNNE)
IF (NFLAGLEQ.Y) GO TO 120
CALL REANMS (2eNPACK /0 ¢ INDNE)
CALL UNMPACK
INF=L (IXPT)
C GET 3 POINTS SOUTHFAST. NORTHWF ST, AND SOQUTHWEST OF ThHE INPUT BOINT,
[F(MOG(LATMN10000) .EQ.0ORMONILONF 420000).E,0)G0T0O120
C ALL & POINTS LIE IN THF SAME /ONE,
ISE=L(1XPT=1)
CALL RFADMS(2+MPACK A0 INDNF=1)
CALL UNPACK
IMW=L {I1XPT)
ISW=L(IXPT=1)
GO TO 180
C THE & POINTS LIE IN DIFFERENT Z0NES,
120 CONTINUE
INDNW=INDE X (LATN«LONW)
IF(NFLAG.EQsLl) GO TN 140
CALL READMS{2«NPACK «60¢ INDNYW)
CALL UNPACK
INwW=L (TXPT)
140 CONTINLE
INODSE=TNDE X (LATSLONE)
TFUINFLAGLECSY) O TO 1kD
CALL READMS (24MRPACK 4600 INLSE)
CALL UMPACK




-

160

1RO

190

9700

ISE=L (IXPT)
CONTINUE

INDSW=INDEX (LATS L ONW)

IF(INFLAGLEQ.1) GO TO 180

CALL READMS (24NPACK +60,4 INDSW)

CALL UNPACK

ISW=L(IXPT)

CONTINUIE

AMP=FLOAT (SHIFT(IMP(IXPT)e=11) A MASKB)#,001
FAZ=FLOAT(IMP (IXPT) ,A.MASK11)#,001

IFINFLAGLEGL]) PRINT 9702

ELEAST=FLOAT(ISE) «FLOAT((INE=ISE)#MOD(LATSFCe30)) /30,
ELWEST=FLOAT(ISW) +FLOAT((INw=ISW)#MOD (LATSECs30)) /30,
ELVINSELWEST+ (FLEAST=ELWEST)#FLOAT (MOD (LONSEC+30)) /30,
RETURN

PRINT 9701+ LATINLLONIN

RETURWN

FORMAT (¢ DATARASE HAS #110# RECORDS, INCREASE ARRAY MSINODX AND VA

IRTARLE INDDIM TO ACCOMMODATE, RUN ABORTS,.#)

%701

FORMAT (& #,4HB8ca 0| AT=#]10%,.ON22110% REQUESTED ARE OUTSINE MAP R

IEGION ~ NO ELEVATION RETURNED*®*,//)

9702

FORMAY (¢ #,4H#tede ¢ INDEX REQUESTED EXCEEDS SCANLINES GENERATED, TH

lus PREVIOUS ELEVATIONS WILL RE USED#)

R CE

PlH
com
InPY
LerT
LN
Pk P

el NaNaNalaloloNaNaN ale!

END

InGEX
FUMCTION IRDEX (LATCLNON)
NSk 2
MUTES #OINTERS INTO DATAKASE FOR A GIVEN LATITUDE AND LONGTTHDE .
¥s:
= RELATIVF LATITOCE IN DDMMGS FORBAT,
= RELATIVE LONSITUDF IN DDDMSS FORMAT,
C = mUMAER OF RFCOENS PER COLUMN OF MAP AREA 2 DEGFEES LONGITUDNE
wilt,

MePHR = NUM3ER OF wECNRNS IM TwE DATAHASE,
OuTPUTS:

INUE X = RFOTINTFER TO RECORD IN [ATA-ASE,.

IXPY = POINTER TO DATE POINT (= HALF-wORND) N DATAKHASE RECORN,
MNELAG = 1 INDICATES COMPUTED RECORD POINTER 1S QUT OF RANGE,

COMMOM /FLAGS/ZIXPTWNFLAGNFRC o NRPIR
LATS=M0D(LAT100)
LATM=MON(LATL10000)-LATS
LATD=(LAT=LATM=L AT<) /10000

LATM=L ATM/100

LOMSEMON(LONLON)
LOMMEMOD(LONGI000N) =L OMS
LONMD=(LON=LONM=L OMS)Y /10000

LOt s nNv/100

LLONDR LA 1721 #URPCoMOD (LU N 2) #1204 ONM® D4 ARG /304 ]
INDEX2ILNNeLATU2G0
IXET=LaTME2L ATS/7 300

TR CINGCE X, OT aNPRUR)NELAGE]

QF TUKA

FrD
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“OECK i AU
SUmes T IR N0 -
Cumiddh, ZF Yo v/ L A0 wtF (o
Comemn UG AR /NG S s
CATA MR LSBT AN NS (T T Ty
R S Y S ARy T B IR BN VP S SRRy A g RN
LN =M EMESr T S F T (M ML g =) ) g
JaR (MY = AND (MASK Y 5o CHIF Y (BrvA g 301 )
LML) =ati aMAEK T | o STk [ {kr “A(ml1G)jan
[NE (M) AL (MACR ]G o hin bRy
O CONTINUF
RE TURN
END

#DECK INT

SUBROUTINE INT (IeK)
NPUTS:
I = POSITION IN X AND 7 ARPAYS 0Ot WHICH TO CENTER CALCULATIONS
K = £OSITION [N ARRAYS 7 AND 7P TO STORE CALCULATED VALUES

1

oOCoO

COMMON JGRMDL/ZZPPoZD(E) 27 (1009) ¢ZPD(A)«/P(1009) o XD (6) ex (1109)

IMO=lel $XIMO=x(IM0) $7IMC=7(IM0) +71=7(1)
IPN=T+¢1 SXIPO=X(IPC) $XI=x(I) $XK=X(K)
C=((Z(1PO}=2IMO) = (ZT=7IMD)Y* (X]IP0O=XIMN) / (X]=XINO) )/
1 ((XIPCHXIPO=XIMO#XIMO) = (X1#X]=XIMO®XIMO) &
2 (XIPO=xIM0)/ (X]I=XIMD))

B ((Z2]=7IMO)=Co(XIH#XT-XUO*XIMO) ) /(X]~L]MD)
A=7T=-x1#(BeC#¥XT])

Z(K)ZASXK® (B+CoXK)

7P (K) =R2 ., #C# XK

2PP=2,%C

RE TURN

END




<.\r'r",|lLF 2
BNECR [MFOPF
SURQAUIT TG
C QFFFRENCES?
[ (1) JOHLT D sabh e mE WYt fee LOKRANSG PrASE COHRWF(TTONS Oy
e TEHOMAGEMNE 0USe TP CULBR TERRATN o8 FSSLe Trlr fCar =t ek T
C TFR 39=1TS6 Sbhe HoveMRER, 1967,
COMMOL JETS/TAOR ] ¢rmAFP ] «NIRTP]
COMMON LORMLILZTPE 2B o /(1009 o /F D {E) o 2R 11009 g (b)Y e 2 (100
COMMON  JORMND /RO sDEN e gl eDMX 9P 20 F 1]
COMMON /TE /7P (10UY) oA TS
COMMON /70TE/nRRAY (1Y)
COMMON /SDIFUI/S (999} DR (GGG s3] (UG 9) gL LM
COMMON ZCTITCT/ZITUT el TOPGMPTCT a2 XMT R 7ZMINGALTSW (3) 0TS0 (4
C 70e 700 AND XD Pe0oVIGE STORAGE FORK NEGRTIVE INbpXFS,
NIMENSTON T/ew (1) o TC1000) G (D) eGX(S) e w(9) af X (%) a W0 (D) e X5(Y)
DIMENSTINY vk (Y) e (1000)
COMPLEX DELISNENCPLEAF oF JoF2eF 300G glngenr3enUMeTE v,
1 WeWFabiBowl avXg TRoFINF ]
NPATA KPASSI/Z )/
DATA ((GX(R)y = 1le &) = ,022163%08k)le JIRTRIISETH. LuRlbyT3F)5,
17433462860 ,94B4LY3Y267)
NATA ((FPw(K)e K = [g 8) = ,591060K644Y4 ¢ 53HST3614K0 s 46 IR)1 72725,
1 +2980N2€9r3s o1333426bRF)
DATA ((Fx(r)}e K = 1o a) = 1091462826 37672051454 JAGRUL=1] 24y
1 .937334244%3)
NATA ((Frir)s < = lo 4) = 06968051089 (1YRUYA2ARS e (PR T30R6A,
1.15226°5357)
FATA (T7ER(})1=1.0)
Q600 FORMAT (# AINsORNE TARGET ALTITUDE (#FQ9.x#) L1tS L0V THRw&IN FLE
IVATTIOM (#FYec®)s RUN BBEORTS . #)
FI(WAVER) = CMPLX(COS(WwAVER) e SIti{aaVER))
T U, - - - -
C START FIRST=-FASS [INITIALIZATION,
IF (KPASS] MEe 1) GO TO 9999

[T

KPASS]=n

C FRES IS Hern IN ¥/ M THIS PROGRAM,
FRFD = ARFAY (1) %] b=3 $R4y = AKRAY(13) SFLAT = aRNAY(]])
FNPH = ARFLY (Ja) $SMONTH = ARRAY (]1S) $FTA = A2wAY (2)
tH7ZFC0=N

T(MN7FRMYy=),.0
C wAVFE NUMPREFE IN 2 TMOSERERE AT SORFACE OF FARTH
WAVE = ARKAY (1H)
AMICRE = 1.0/7(TwORI*FRENR)
TYX = SAPT(rwb #ETA)#,040M0339549
C IITIALTIZE ~UANTITIES
X(1y = D,
w1y = 1
C TOELT SMAQTH KGNy B ARTe [F SMONTHE],
IF (SMNAOTR L+, 1e) 7(1)=79(1)=ZFF1(])=0.
QAngy COMTIN'E
FOEMD FIRGT=PASS INITIALLIZATION,

o S o T S S

C START IMITIALIZATION Fuw CUKRKFNT PATH,

FOCIMENTE DIGTAN Cr Lt DESTaNCE INCWEMENT (kM) TO TAWAET,
FrHAysx (MPTS)Z71000,
FINC=X(2)/710U0,
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~ O

oo

[aN ot

LTOP = 9
NOFLAT = ]
IMPEDANCE SHOULD HE REFERENCED TO 100 KH7
FREQUENCY DEPERNDENCE OF IMPEDANCE = #SORT(FRFL70.1)
DELT = CMELX(DR (1) DI(1))RQNRT(FPEN/VL]1)
I[MOST = DMAX/DINC + ,01
UFLTX = 1000.9D1IWC
T(1) = 1./SQFT(LELTX)
FLAT FARTH THEORY DESCWRISED IN REFERENCE 3
NO 32 K = 1e &
LBTTENUATION FOR FLAT ELRTH THEOQORY
¥(=K) = DELTX#0GX(K)
ChoLl GROUND ( =Ke 74+ 0s 0)
32 WO(K)Y = FLEAF (wAVEs O,¢ Os0 X(=K)o DELT)
1 = ¢
END INITIALIZATION FOR CURRENT PATH,
START LOOF ON SURFACE FOIMTS ALONG RUFFORD RASELINE,
37 CONTIMNUE
TPEAT SMOOTH ROUND EARTH IF SMOOTH=1,
IF (SMNOTH +EQ. le) 7(1)=/P(1)=ZPPI(I)=0,
Rb=72PP1 (1)
T(I) = 1./80RT(X(]) « GELTX)
OMmx AMCOS (X (1) /kAD)
160 7 = MOD(I+ 2)
IL =1 =160 -1
EOUATION 2,14y REFERENCE ]
RO = SORT(2.%RALU#(FAD + ¢ ([))#0MX ¢ 7([)#82)
IF (NOFLAT +EC. 7) GO TO 45
FLAT DETEFMINES DISTANMCE TO wHICH FLAT FAKRTH THEORY IS USED AFFORE
[FREGULAKR . INHOMOGENE (LS TERRATN MAY RE INSERTED,
G0 TF(Tolb a0 CReFLAT, GT X)) 41445
4] WwW(l) = FLEAF(wavE s Os9 0oy x(I)s DELIL)
GO TO 9n
SPHERICAL FARTH THREORY
45 Ssum = 0,
NOFLAT = 2
DO %0 x = 1e &
Wy DEN AND I ARE FROM GROVUND
CALL GFOM(Ie =Ko le 04)
EVUATION 2,27 REFEREMCE ]
TERM = WG (K)RFI (~wAVEHR)4NFN
50 SUM = (URGWI(K))/SIRT(X (1) = X(=K}))#TERM ¢ SUM
SIMPSONS tLILE
SUM = A,u#T(])esUM
Krn = ]
IF (IL oLT. 3) GO TN 100
DO 60 K = 3 IL
CALL GEOM (e Ke 19 0,)
TERM = YT (K=])#u(K)4E] (=wAyF#R) #DEN
IF (Kr oEGs 2) 00O TO 55
SUM = 4,87 (l=K)®TFFM » SUM

KK = ¢
GO Tu 60

95 SUM = 20T (I=K)®#Tthkm « Sym
KK = |

a0 CONTItOFR

39
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100 CONTINUE
CALL GEOM(Is 2+ 1s 0,)
SUM = T(l=2)8T (1) #ien(2)RE] (=vAVE®R)&E', & QUM
CALL GEOM(lys I = IGNy 1o 041
Fe = UsT(IL)*Ww(l=10C0)*L ] (“WAVE®R) #DEN
SUM = (SUM & T(IG0)#FA) % 3333333330001 Tx
IF (160 JELe 2) OGN TO kb
Fl = F?
F2 = TFRM
G0 T0 70
66 CALL GEOM(Ts I = 1o 14 U.)
Fl = teT(l=2) 0w (=119 ] (=nAyFaL)sDtNn

SUM = SUM « (0A33IIIIIIILDELTXR(H,4T(LI#FL o BooT(2)0F P

1 - T(3)eTERM)
70 Q@ = TXx/T(1=1)

RHO le ¢ ZP (1) ®e?

HHO 7PP/KHO

TERM = 1,2/T(Iy T (I=11#(MPLX(eG) *(NFL] + CMPLX (04
WX = 1, = CMPLX(NN)Z(SUM & 2 /T (1) 2 (,46666666T4F ]
1 . 06666666TRF2))/ (), + TERM)

wil) = wx

S0 DIST = .001#x(I)
CALL INDF (0saX (1) oaEORHGF IND)
TS=w(])*F IND
PHA=CANG(TS)
C PHIC 1S THt SECONDARY PHASE CrRetCTIoN IN FaDTANS,
PHIC = = (FHA = yAVE#(RD - x(])})
C SEC IS THE SECONDARY PHASE CORRECTION [N MICROSECONDS,
SEC = PHIC®AMICRO
C SAVE SECONDARY PHASE fFACTON AT TVAwGET Gwrtihu POIAT,
IF!I-'\E .NF)TCT) G 10 9(‘7
Tow(ITCT)=SEC
987 CONTINUE
I =1+
IF(TaLEJHPTS) aho YN 47
C END LOOP CON SURFACE ROJMNTS ALGHG MUIFF b +aASELINE,
C----- ...... - w m m m e @ e e e e wm wm W™ = o =
C START &IRHORNE TARFT OO TATEI Y,
IF (Z»INGLE L0, We Tt
LToP = 1
Foz(G.e04)
G2 (0ers)
OLDR=0.
II =1 = NPTUTY
160 = 2 = MOD(Te )
00 I8% < = }+ «
X(1000 & K) = X(1) = DELTY®Fa(K)
XS (RY = ({1000 + n)
155 COLL GPOUND 11000 +re]Toale)
CapL (PEVAEN{Xe We T0STy XSa +be s He 1)
ML = /MM - JXMTE
C ARNRT IF TARGHT ALTITUDE TS Eby e Triwaln,
{F (ML \AT, Zt1Y: 60 T0 lba
PRINT SuOCeHL7 (11 ¥STOF
15¢ 77 = RAD « AL
RO = SORT 2R ATST 7o LS Ix (] /RAIT) & HL&#8,)
SLimo = r,

~REO/WAYE D))

- . = o = w -




157

168

159

170

182
11

184

18¢
Isp

C EQUATION
172
10'

21V /DELTGH#2)

3F2 « F3#CMPLX (240

C ECUATION 2,95

lee
2))/7UELTGRED) =
Fp +

L . : Cp e v R TIONRY

1B 197 » = Jle &

CALL (Hav(y L)

Tewh = A (rR)EE T {0y Fe )t
QUM o= EOu K )TV ST (R () -

-r e e

Y (=r)) « S1u

C SIMPSONS Fur

KPS N B AN
GFOM(Te e 2o HL)
T T (l=F)sneaf s (/7)
ul Fl(=wavt®k)

GUIV = QUM o« F )
o =1 = oo
K0 = ]

IF (ILo
DO 182 < = 3
Fi te
L3 £V4
Fe F1
2Y2 (3]

Call GFOM(Is e 2o
Gl = FI(=whvE#P)
Fl = T(Kel)#T ([=r)#URDENSEA(R)
DELTG = dAVE# (K = OLOF)

IF (KGO=2) 15He 1h%e 177

SUM = QM s 4 8F ] 8]

KGO = 2

GO TO 1Rr?

SUM = QUM & 2,.#F156]

RGO = |}

IF (ARS(NELTL)
KGO = 3

SUVM = SUM ~ F1#G]

GO TO 182

2e 350 REFFWEMCF )
SUM = SHM « CMPLX (D4

Sum =
CaLt
Fl

LT 3) 06O
Lo

T3 11%

wonoun

HL)

WOV, W72) LI0. 182

JOW(FlR(MEL X (2
DELTAR

/0 LTO)#(GL#(F] =
3.8DELTG) = @ 3k 2#CMPLX(1ae DELTGY + FI&CMELX (P
- GP#(F2 = JS#(F12CMPLX (2,0 NELTL) = &L #
=DELTGCY)ZDFLTGw#R?))

OLLUR = R
CONTINUE
IF (luo
F3 Fe
(S
F1
G
GFEOM(Ie 1 = 1o 2«
FEl(=wAVE®#R)
T(I=-2)#T (1) #neDFEN#w ([=1)
DFELTG = ~AVE# (P = OLDR)
IF (AFS(DELTG) LT, 2)
REFFwEt(E ]
SUM = SUM & CMPLX (0o F/OELTG)H(GLI%(F] =
A,#NELTE) = “o#FP#(MPLX (1o DELTR) & FA2CMELY (20
f‘{“(r? - ."\*(Fl“CMpLX(?.Q [FLTG, - “-Q
=NELTG))/IKLTO##2) )

FQe 1) 6O TN &k

-
~N oW
wanau

HL)

1H4e 18RS
JOR(FIe(MbLX (P
DFLTH

FRsCMPLX (P
6O TO 144
SUM = SUM + ] 20wk ]an]
0N 190 K = le 4

¢ PoBF RGP = L28%F 3201

41




CALL GFOM{]e 1000 « Ky 3y HL)
SUM = GUM + 5, 8Fw [R) 4y (R)#F ] (=WAVE ¢R) BDEN®L/ (ST (RS (K11 4T (1))
CANTIMIFE
SeM oz I3IZS s 43e0FLT xeSUM
= Tx/7T(L = 1)

W T (1 = CMelX(et) oSUM) &S
CRLL I'PE (hpLea(]) o OWHel J2D)
Tz wF INC

FOAT = = (LANL(TS) ~ NAVE®(RC =~ X(I)))

C FHUIFC IS THF krast [N MICKOSECONDS wHILFE FRAD IS THe PHASE In RADIANS

[N 3

FISFC = FRAL#AMICRO

EHACE AT TAROET POINT $OR TIME DIFFERENCE CALCULATION,
ALTSH (TTCT) = FAseC

CETI'RN

(X

42
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*DECK GROUND

C
C

SUBROUTINE GROUNU(Te Ko 1G0s HH)
THIS SUBROUTINE USES VARTARLE IMPEDANCE AND TERRAIN TO CALCHLATE
GROUND WAVE FIELDS

CUMMON /GRNDL/Z7PP /D (6) «7 (1009) 9 ZWD(6) o 7P (1009) o XD(R) o x (1009}

COMMON Z/GRND2/F Ok Nylvalls OMX s R24DELTA

COMMON /Z0TA/ZARRAY(1S)

COMMON /SDRDI/S(969) DR (699) 4 D1 (999) o LLM

COMPLEX DELTAWDEN

CALL INT (Kol
FREQ = ARRAY(1)®#] ,t=3 $nAVE = ARRAY(]10) %A = ARRAY(13)
RE TURN

ENTRY GEOM

HIT = 7(1) + hHK

IF (1 EN. K) GO TO 20
T = (X(I) = X(K))/A

GS = A + 7(K)
GX = A + HIT
CT = COS(T)
ST = SIN(T)
OT = oMCOS(T)

EQUATION 2,23, REFFREMCE }
R2 = SORT(2e#GSHOXEOT o (HIT = 7(K))uap)

EQUATION 2,229 REFFWENCE )

EGUATION 2,30« REFFREMCE 1
R1 = SORT(2,#A4GSROMCNS(X(K)/A) o /(k)uty)
R = R] ¢« R?2 = RO

EQUATION 2.30¢ REFFRENCE ]

U = PROJECTIOM FACTOR TN THE SURFACE OF It TEGRATION,
U = X(K)PRO#SNPT (1, + 7P(K)#92}/(R]eR2%K(]))
IF (160 oLTe ) U = UR(X(]) = X(K))

EQUATION 2.30¢ FEFESENCE )

PD = NORMAL PARTIAL DFRIVATIVF TO THE SUPFACE OF Tkt GROUND
PD = (A80T + 7(K) = AITHCT + GX®IP(K)GARST/GS)Y/R?

XK= X(K)
IF (XK .GE, StLLM)) GO TO 12
LLe = 1

IF (Xx LLT, St1}) GO 1O 10

LILMO = LM = ]

IF (Lm0 JLTe 1) GO TO 100

DO 13 LLL = le LLMD

IF (Xx JLTe SOLLL * 1) oAND, XK oGHe S(LLELD))Y GG TO 10
13 COnMTINUE

100 CONMTINUE

60 10 21
C FREQUENCY DEPEMDEMCE OF [MPFNOANCE = #SORT(FREO/061)
C DELTA = COVMPLEX LOCAL GRNAUNL IMPEDANCE THAT |[S ADDED TO A
C FUNCTION INVOLVING wavie w2 AND PD,
10 DELTA = CMPLX(DRULLLY e DIGLLLI)I®SURT(FREL/NL])
Gn 10 21
C FOP VALUES OF x GREATER THAN THF LAST S VALUF RFAL INg THe {ACT
C IMPEDANCE IS uUSED
C FREQUENCY DEPENDENCE OF IMPEDANCE = #SAORT(FREN/0.1)
12 DELTA = CMPLX(DR(LLM) s DIALLM))®SLRT(FREN/0,1)
21 CONTINUE
43
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C DELTA?

le

20

#DECK OMCOS
FUNCTION OMCOS (R)

C omMOCOS(X)= 1 = COS(X)

10

40

50
51

NERIVATIVF PART NHF IMPENANCE

C BQUATICON 21 PEFEWFNCE 2

w) o/ (WAVE #L2) ) 801,
C EQUATION 2Q0e REFEKFNCE 7

NFLTAZ « DELTA

Gx = A = 2(1)

~ToS/(R®IR = 1,))

SE=Y) GO T B

le -~ COS(X)




SPECR CNEVRER
SUMRQUTINE CNEVKEN(As FAy NAe Xo FXo tiXye T rASHE)

INTERPOLATION OF F(X) FOR AN X ARRAY USING AITAEN®S METHOD FOR

EXTRAPOLATTION OR INTERPOLATION NFAR THE ENDS OF Tht GIVEN ARWAY AM

NEVILLFYS METHOD FOR ALL OTHFR INTERPOLATION,

INPUT

A = THE AWRRAY OF GIVEN ARSCISSA IN ASCFAUING ORDER,
+A THE ARRAY OF GIVEN VALUFS OF F(A), FA IS COMPLEX,
NA THE NUMBER OF ELEMEMNTS 1 EACH OF Tme ARRAYS A AND F(4),

X = THE VALUFS OF x IN ASCENDING ORDER FOR w=ICH OME WISKES TO

ODFTERMINE F(X),

NX = THE NUMHER OF El FMENTS IN EACH OF THE ARRAYS X AND F(X),

NPT = THE 0ODD NUMKER OF POINTS USED FOR INTERPOLATICN, NPT CAN

NOT RE GREATER THAN NA,

KASE = 1o THE PROGRAM PROCEEDS NORMALLY

KASE = 24 F (X} 1S CAL.CULATED ONLY FOR THOSE X VALUES THAT REGUIR

A(NA) FOR INTERPOLATION

ouTPLT

FX = THE ARRAY OF VALUES APPROXIMATED FOR F(X)s FX IS COMPLFX,
COMPLFXY FAs FXo FUNCTs POLY
DIMENSION A(NA)y FA(NA) e X(NX}o FXINX)y FUNCT()S)s ABSC(1S)e DIFC(]
1)e POLY(1IS)

9600 FORMAT (1rRO/50H THE X VALUES ARE NOT ARRANGED IN ASCENDING ORDER,Z
175xsaH] = F20e945Xe7HX(]) = E204945Xe0HJ = E20.94SXKeTHA(J) = E20,.9
2/7719Xe1HX e 20X o 4HF (X))

9601 FORMAT (5Xe2E20.9)

G602 FORMAT (1RO® THERF ARE NOT ENOUGH POINTS IN THE GIVEN ARRAY.#)

LooP = 1

IF (NPT = 15) 34 3¢ 9

NPT = 15

IF (NPT = NA) He By 6

NPT = MPT = 2

IF (NPT = 1) Se 56 6

PRINT 9602

CaLL FxIT

IF (LODP 0, 2) GO TO 3

LOOP = 2

0o TO 2

B MNPTZ2 = NPT/Z
IF (KASE LEQe 2) GO TO 12
11 NSTART = )
MxX = 1
GO TO 16
12 NSTART = NA - 3
TEST = A(NSTART) + (A(MNSTART ¢ 1) = A(MSTART))IZ2
IF (NX LTe 1) GO 70O 170
DO 16 ] = 19 NX
IF (X(T1) = TEST) l4s las 13
13 Mx =1
GO T0 16
1l CONTIMUE
170 CONTIANUE
16 NSTOP = NA = ]
IF (MY (LTe MX) GO TO 175
LG 125 1 = MXe NX
IF (X(I) = A(1)) 135+ 154 10
1o IF (X(I) = A(NMB))Y 2%e 204 170

it

cooOoOoo OO0 CcOoNCO

By £ W
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15
20
25

30

33
34
3s

40

45
S0
1)

8s
180

70

80
90

95

185

100

105
190

110
115

130

135

140

FX(1) = FAL(])

GO TO 125

FX(1) = FA(NA)

GO TO 1?25

IF (NSTOP LLT. NSTART) GO TO 180
DO 85 J = NSTART, NSTOP

IF (X(I) = A(J)) 32+ 35 30

IF (X(1) = A(J *+ 1)) 45¢ 40, 8S
11=1-=1

PRINT 9600y Iy X(I)s Je A(N

IF (11) 34, 34, 33

PRINT 9601y (X(N)s FX(N)y N = 1y ID)
CALL EXIT

FX(I)Y = FA(Y)

NSTART = J

GO TO 125

FX(I) = FA(J + 1)

NSTARY = J + 1

G0 TO 125

NSTART = J

IF (ABS(X(]) = A(J)) = ABS(X(I) = A(J + 1))) S0s S04+ 55
JJd = J

GO 10 &0

Jd =2 J e )

GO 10 60

CONTINUE

CONTINUE

IF (JJU = NPT2) 135, 135 70

IF (JJ + NPT2 = NA) BO0s 80y 130
KK = JJ = NPT2 = 1

IF (NPT .LT. 1) GO TO 185

DO 95 K = 19 NPT

KK = KK ¢ ]

FUNCT(K) = FA(KK)

ABSC(K) = A(KK)

DIF(K) = ABSC(K) = x(I)
CONTINUE

NTOP = NPT = ]

LL =1

IF (NTOP .LTs 1) GO TO 190

D0 105 L = 1+ NTOP

LLL = L « LL

POLY(L) = (FUNCT(L)®DIF(LLL) = FUNCT(L*L)®DIF (L)) 7/ (ARSC(LLL)
1 = ABSC(L))

CONTINUE
IF (NTOP = 1) 120e 1200 110
00 115 ¥ = 1, NTOP

FUNCT (M) = POLY (M)
NTOP = NTOP =~ 1

LL = LL + 1
GO TO 160
INC = = 1
KK = NA ¢ ]
GO TO 140
INC = 1
KK = 0

IF (NPT +LT. 1) GO 7O 215




) laRk K = | tRT
KK = KK + INC
FIINCT(K) = FA(KR)
ARSCIRY = ALKk
14 OLIF (X)) = BHSCU(K) = x(1)

215 COMTI*F
NTOP = MPT - |
LL =1
150 IF (NTOP JLTe 1) GO TO 20
DO 155 L = le NTOP
LLL = L « LL

195 POLY(L) = (FUMCT(1)®DIF(LLL) = FUNCT(L+1)®NIF (LL) )/ (ARSC(LLL)

1 - ABSC(LL)Y)
220 CONTINUE

IF (NTOP
160 00 16S M le NTOP
165 FUNCT (M) POLY (M)

NTOP = NTOP = |

LL = LL + 1}

60 TO 150
120 Fx(I) = POLY(])
125  CONTINUE
175  CONTINUFE

RE TURN

END

1} 120, 120, 160

*DECK FLFAF
COMPLEX FUNCTION FLEAF (WAVE. Hle H2y
C FLAT EARTH THEORY. REFFRENCE 3

XDe DELTAR)

CILMPLEX TEMPy Qe 79 720 770 HAERF s WEFFZe WERFe 7WERF,

H = H2 = H]

TEMP = (0,7071067812s = 0,7071067312)#SORT (4S#WAVE)

XD2 = SQRT(XD)

U = =TEMP®HRD/XD2

7 = TEMPRDELTAR#XDZ « O
2/ -7

21 ATMAG(ZZ)

IF (271 Tel0u oOna (QAS(REAL (77)) el.Tubo «ANDe ZIolTe6.))

22 = 729%2
HWERF = (72 = 2.)/(77%(g2 = 3.9))
GO TO 12

C WwERF = COMPLEMFNTAKRY EPBOR FUNCTION

10 WewFZ
HwF RF

12  ZwEwRF
FLEAF
RETURM
END

WERF (27)

27 = 0 94WERQF 7/ (77%WERFT7 o
7 * HWERF

(GHZWERF = 0,5)/(7%7wERF =

47

(Des = N.SHL4]1R9SH))

0.9)

DELTAR

G TO 10




D A AR e EREE T

#DECR wk WF
COMPLEX FUNCTION WERF (777)

V C COMPLEMENTARY ERROR FUNCTION

COMPLEX 2¢ 2276 ZVe Ve Z24 Cy we S

DIMENSION Cl1P)e W(Ss &)

EOUIVALENCE (Se C(12),

DATA (C(l) = (.09 = ,564]1895839))

UATA W/ (lee0a0)s
(3,67RTY646117]1w423E=016.071577058413937L=01),
(1.8319563888RT3418E=02¢3.400262170660662E=0]1)+
(1623609804 0666TBRE=0G92.011573170376004E=01)
(1.128351747192646E~0791,459535899001528E=01)
(4,275835761558070E=01e0,000000000000000E+00)
(3067442052569 26€E-01+2,082189382028316E=01)
(1,640239581366277GE=01+2.722134401798991E=01)
(6.53177772890469T7E~02+14739183154163490E=01)+
(3.628145648598864E-02+1.35R389510006551E«=01)+«
(2,553956763105058E=01+0,000000000000000E+00)
(2e1B4Y26152T74890TE=-01+9.299780939260)186E-02)
(1e479527595120158E=01+1,311797170842178E=01)+
(9.,271076642644332E=02+1.283169622282615€=01)
(5.968692061044590E=0241,132100561244882E«01)
(1.790011511813930E-01+0.000000000000000€E+00)
(1.642611363929461F=01+5,019713513524966E=02)»
(1.307574696A08522F=0198.111265047745472E=02)
(9.64025U5583064396=02+9,123632600421258€-02)
(6.979096164G60T750F=02¢8,934000024036461E-02)/

Xx = QEALI(222)

YY = AIMAG(277)

C=IQMMOOTPEPLINOU &HWN—

X = ABS(XX)
Y = AHS(YY)
7 = CMPLK(Ry Y)
L7¢ = 0
IF (X JGFe 445 .0Re Y JGEe 345) GO TO 100
I = X « .S
J=V‘.5
. V = CMPLX(FLOAT(I})s FLOAT(J))
' IV =7 =V
‘ Ct2) = Wil ¢ 1o U+ 1)
Al = 0,
, D6 10 1 = 3s 12
3 Al = A] = ,5
~ Ctl) = (voCH{I = 1) + C(I - 2))/Al
‘ 10 CONTINULE
J =12
DO 11 1 = 24 11
J=J =1
11 S = S=#7v « C(W)

20 1F (YY LGt. 0.) GO TO 30
I[F (L72 «FQ, 0) 72 = 7@/
S = 2,4CEXP(=72) - §
f IF (Xx 0Te 0.} S = CONJG(S)
60 TO 200
30 IF (Xx JLTe 04) S = CONJGIS)
200 WwbkwF = S
RF TURN,
160 L72 =1

>
o<




i
h
i
|

1

72 = 7#2

S = 79((0490.4613135279)/(72 =~ 0.1901635092) e«

(Nee0eN9YI92151A8)

J(22 ~ 1,7844927485) (0.40.0028838938748)7/(72 - $,52534374379))

GO YO 20
END

*DECK CANG

FUNCTION CANG(Z)

C PURPOSE :
C COMPUTES THE ARGUMENT OF A COMPLEX NUMKBFR 7 SUCH THAT

C

-p1

10
0

30

«0

oL Te THETA LLE., PI,
COMMON /PIS/TWOPIP1+HAFPI«ORTPI
CoMPLEX 2
X=REAL (2)
Y=AIMAG(Z)

IF (X) 20430510
CANG=ATANZ (Yo X)
RETURN

IF (Y.NE,OQ,) 60 T0 10
CANG=P]
RETURN

IF (Y.0GT,.0,) 60 TO 40
IF (YelT.0,) GO TO S0
CANG=OI
RETURN
CANG=HAFP]
RETURN
CANG=-HAFP]
RETURN
END
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*DECK INDF
* SUBROUTINE INDF (HH¢XXsEORHF)
C THIS SUBROUTINE CALCULATES THE INOUCTION FIELDS FOR € SUB R AND
C H SuB PHI
C THESE INDUCTION FIFLDS ARE FOR POSITIVE TIME FUNCTION
C EORH = 1. GIVES INDUCTION FIELD FOR E SUR R (TOWEL HKAR)
! C EORH = 0o GIVES INDUCTION FIELD FOR H SUB PHI (LOOP)
: C FZ = INDUCTION FIELD FOR E SUB R
C FH = INDUCTION FIFLD FOR H SUB PHI

COMMON /ZOTA/ARRAY(15)
COMMON /PIS/TWOPI +P T HAFPTARTFI
DOUBLE THETADWSINTH.COSTHeRsCONS
COMPLFX FZ4+FH4F
A =ARRAY(3) $C = ARRAY(9)*]1,F+9 SWAVE = ARRAY(1()
IF(XXsLE.0.)3 000
3 PRINT 9500
9500 FORMAT (//# IN INDF, DISTANCE IS ZERQ OR NEGATIVFs XX = #,F20.10)
CALL EXIT
4 THETAD=1,00#XXx/A
SINTH=DSIN(THETAD)
COSTH=DCNAS (THETAD)
RsA+HH
CONS=A#R#SINTH# &2
D2=R*Fe A A=z , #A#RECOSTH
IF(02.6T.0.,) GO TO 30
DD=xx
D2=XxexXx
GO TO 40
30 CONTINIUE
DO=SQRT (D2}
40 CONTINUE
D3=DD#N2
Dae=D2eD2
F2R==2,9COSTH/DD+3,#CONS/N3
FZI=(WAVE#CONS+2,%COSTH/WAVE) /D2=3.%#CONS/ (D4®WAVE)
, FZ=CMPLX(FZRFZ1)
E F2=FZ/CMPLX (0,4 WAVE)
FHR=R*SINTH#DD/D3
; ! FHI=WwAVE®ReSINTH#DD /D2
tlg FHZCMPL X (FHI 9 =FHR)
k Cl32,E«-7T#TWOP[#WAVE®C
} FH=FH/C1
= IF (EORH} 142
1 F=F2
RE TURN
2 F=FH
RE TURN
END
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MISSION
of
Rome Air Development Center

RADC plans and executes nesearch, development, test and
selected acquisition proghams in suppornt of Command, Control

Communications and Intelligence (C31) activities. Technical . 1
and engineerning support within areas of technical competence (® 4
48 provided to ESD Program Offices (P0s) and other ESD 2
elements. The principal technical mission areas are "
communications, electromagnetic guidance and contrhol, sun- 0,

veillance of ground and aerospace obfects, intelligence data
collection and handling, information Aystem technology,
Lonospheric propagation, solid state dclences, microwave
physics and electronic neliability, maintainability and
compatibility.
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