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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 (TDl and TD2) produced at specified geographic coordinates by a low fre-

quency LORAN triad. The program, an updated version of HUFLOC. 1 utilizes
algorithms originally developed by Johler and Berry and later implemented by

Horowitz in LORANCO 3 to compute secondary phase correction factors via Hufford's
4

integral equation. 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, ESSA Technical Report IER 59-ITSA 56,
(Suptd. of Documents, U.S. Govt Printing Office, Washington, DC 20402).

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

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

aCea,

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

(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 Tirne-of-arrival Function TOA

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

by a 3-station chain are given by

TDl = TOAl - TOAM

TD2 = TOA2 - TOAM

where TOAl 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

160106o

TeA + + ED (g sec)c W0

where

7k atmospheric index of refraction at the surface ( 1. 000338),

x = geodesic distance from transmitter to target's projection onto

a spheroidal earth of equatorial radiusa o and polar radius b° (m),

c = vacuum velocity of light (= 2. 997925 X 106 m/ sec),

= radian frequency (= 2af = 27r X 105 Hz),

ED = emission delay (lisec),

rnd

9c = secondary phase correction factor,

= - arg(FW) + k(r - X),

o8
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where

F = induction field function FZ or FH,

W = secondary wave attenuation factor,
-Ik = wave number in air (auq/c ni ),

and

r chordal distance (m) from transmitter to target's projection onto a

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

and o! is the atmospheric vertical lapse factor.

2.2 Induction Field Function F

The induction field is formulated in subroutine INDF as either

a ar sin2 0 a D) 2 3 a r sin2 0  2 cos 0
F+ k k Dc

or

a sin
FH r +o1

where

a = a + hr,

h = target altitude (m),

2 2 2D = a + a - 2aa cos 0,r r
: x/a,

ii = -, n

Z = 7/T- 377 1.

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, (I is calculated as if
x we-re the distance on a spherical earth.

9
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2.3 Secondarv Wa~e Attuatiosi Funcion W, Surf'ae C:ase

k henthe tatget is on the earth's surface, the quantity IV is calculatted in sub-

routine INFQ2F from the following integral equation:

x

W(x)= 1e- i  7° J4 ds • W(s)0

a h + ( -1/-2- + [1+ 1 b]

___ [ (ah)s2 1/2

S(x- S) r0 e-ik r

r x L's
where

s = distance along the transmitter-to-target geodesic (0 5 s !5 x),

6 = normalized impedance at point s,

2 
2)1 / 2

= (k/k 2 ) (1 - k2/k2

k/k 2 = (E 2 - i/2 ) ,

E2 = relative dielectric constant,

= 8. 854 X 10
- 12 

F/m,

= conductivity (mho/m).

8h
s

_-_ = terrain slope at s,

r = r + r - r,1 2 0

2 a2 + a2 - 2a a cos (s/a),
aI = ashs

as  a + hS,

h s terrain e.evation at point s relative to terrain elevation

at the transmitter,

2 2 2 x-sr2  ax + a - 2aas cos( ( ),

ax  a + h,
x x,

h terrain elevation at point x relative to terrain elevation
x

at the transmitter,

r 2 a 2 + a
2 -2a a cos (x

0 xx a

10
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Tn -normal derivative of r2 With respect to the earth's surface,

a 0 h "a h a

Lk ( , s sin

2.4 Secotidar% \Aaie Atteiuatioi hatiction UA,, I.haleed Cas,

If the target is above the earth's surface, then subroutine INEQ2E also cal-
culates

1 eiiT/4 k r_ - x

2 2, o ds W(s)

S[+ (3h2-/2 + [I arj

s (x -S) ro -i k r
r 1 r2  x 1+ 2]'1/2 e

where W(s) is the previously obtained surface function W(x), and the quantity ax
which enters into calculating r, r re, r and a r2/an is replaced by a a + h
where h is the target altitude relative to terrain elevation at the transmitter.

3. SYSTEM IESIGN

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

Secondarv Phase Calculator.

:3. I I)rier Module

The Driver routine HIECTIC reads data from input cards, checks their validity
and converts them from user to internal format via routines CORIDMS and CORRAD.
It ,;ets up the three geodesic propagation paths from the stations to each target via
routines GE'ODI and GEt)PTS. It retrieves impedance and terrain data from the
database via the Database Handler routine GLtOtET. It also calls the S.condary
Phase Calculator routine INEIQ2L and prints the final results for TD1 and TD2.

11
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:1.2 iatabase ll6idler INoduh,

The Database llandler routine lX)lE'I" reads the database tape and transfers

the impedance and terrain data to mass storage via routine CTEI,. It also

ret rie\es these data from mass storage via rLoutines G ETJI '', INDEX, INT, and
tL N 1':\(K.

3.:1 Secomdar- P1iae Calculu lor Module

The secondary Phase Calculator routine INEQ2E performs initial flat-earth

calculations via routines FLEAF and WERF. It interpolates the impedance and

terrain data via routines CNEVKEN, GROUND, INT, and OMCOS. Then it evaluates

Ilufford's integral equation and computes the secondary phase via routine CANG

and INDF. These operations are diagrammed in the System Flow Chart in Figure 1.

4. ISLR'S(il)E

Program IIECTIC 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 I are program control cards. These

cards specify f, i) , a, a., b , c and (Y which were defined in Section 2. In addi-

tion, the flat-earth distance F e (- 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

HCTIC automatically keys 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



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 nin, ss. sss =00. 000 to 59. 999 sec.

and A =N, S, F or W. The map corners must lie on integral latitude and longitude

lines:

dd-OO-00. 000 N or S

ddd-OO-O0. 000 F or WV

with the following restrictions: (1) the, no rtheast couivr cannot lif- north of 8,' N,

(2) the ,outhwest corner cannot lie, south of' 89'S, (3) the nap c'annot stradldle the

180' m ci dian, and (4) thp uninintum in ap region is a zone I' latitude by 2' Longi -

tude, with larger ,rap regions being m-ultiples of this basic zone.

CSTART

MODULE I READ CONTROL, MAP, AND
STTION PARAMIETERS

~MODULE r11
DATABASE TRNSE DATABASE TAOLE MAND

MODULE EIIICOMPONEAEYOPDASE

NACJAo E-OR AA

Fig~rc 1 Svseir ~ou Yni

Vu~k'i FI DI;IVt
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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 El0. 0 Loran transmission frequency f (kHz)

2 5 15 2
6-16 E10. 0 Air index of refraction at ground ij

3 5 15 3
6-16 ElO. 0 Spherical earth radius a (m)

4 5 15 4
6-16 El0. 0 Spheroidal earth equatorial radius a ° (m)

5 5 15 5
6-16 Elo. 0 Spheroidal earth polar radius b0 (m)

6 5 15 9
6-16 EIO. 0 Vacuum speed of light c (kin!m tsec)

7 4-5 15 11
6-16 ElO. 0 Flat-earth distance F (m)

e
8 4-5 15 12

6-16 EIO. 0 Vertical lapse factor a

9 4-5 15 14
6-16 El0. 0 1. 0 for electric field prediction;

0. 0 for magnetic field prediction.

14



Table I. Input Card lorimats (Cont) I
Ca l ard Read

Nuimher C('olum(s) Fo rm at Data Entry

10 4-5 15 15
6-16 F 10.0 0.0 for- data base rough earth terrain;

1.0 for smooth earth.

11 1-5 Blank. Terminates Control Card
stream.

12 2-12 A10 MAP SW.
13-17 I5 Map SW cornet latitude degrees.
18-20 13 Map SW corner latitude minutes.
2 1-27 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 13 Map SW corner longitude minutes.
37-43 F7. 3 Map SW corner longitude seconds.
44 A1 Map SW corner hemisphere, F or W.

13 2-12 AlO MAP NE.
13-44 Map NE corner. Use the formats of

Card 12.

14 2-12 A10 MASTER.
13-44 Master Station position. Use the

formats of Card 12.

15 2-12 A10 SLAVE 1.
13-44 Slave I position. Use the formats

of Card 12.
45-53 F9. 2 Slave 1 emission delay (,' sec).

16 2-12 AlO SLAVE 2.
13-44 Slave 2 position. Use the formats of

Card 12.
45-53 F9. 2 Slave 2 emission delay ((isec)

17 2-12 AIO Target identifier.
13-44 Target position. Use the formats

of Card 12.
45-53 F9. 2 Target altitude hr (1
54-62 F9. 2 Hufford's integral equation path

increment As (m)
63-71 F9. 2 Measured TI)1 (tise(-)
72-80 F9.2 Measured T1)2 (I sec)

18, 2-80 Next Target Cards. Use formats f'
etc. Card 17.

LAST 54-62 Blank. Terminates the Input Card Stream.
CA HI1)

4. 1. 3 STATION CA IS

(a rd.s 14, 15, and 16 specify the positions of the .Master, Slave 1, and Slave 2,

rcspcctivel.v. Cards 15 and 16 also contain the emission delays for the Slaves.

4. 1. 4 TA Gl 1 .,\ I 1T)C

a;,rd 17 contains ta,'get identifier, position, altitude hr. integration path in-

cr,ement siz. As, and meaisitred D1 and '1 1)2. The litter pair may he omitted.

15



\:I,, u nb ,* :iddition'.. t:irt, 1. ',1:i\ hc ( ,,t i.! mi to i, .. ,. . ',',trJ + .rd

\. 0i "" 0 :., il jtje o.lt :r Fl -,t, hr t , , ' iin , 11 tr.,.1v 4,1i, ' t 4 1p,1:W I

-: r.n c d ;;lw ,[d bt. irlsertv k-; t:'l, t h t as-t 1 a t' t.t .- , 1.

to, rain 1:, ie. ill,

1.2 i 1 l , a.

1,' s toln thle .lat.ali-,0 tape. I he ",1;)0 U(,)l i It 1 o :1u. )n ",t 1! : ', -, ,V

0 set" tC latitule -a i ngituor. I- h trial -11 t .IlK i i it,, j t , :M h l. II !I the

a%,,rd size availahle on a (M' 66010 , ;,lputer is 60 hits, two data t:rials fit into

ea"lh 60-bit word. The riri!t ha!,'-word ala a's contains data !ow the eographi(,

point 30-se" north of the point in the left halt-w ord, as indicated in Table 2.

One database re ord contains sixtv 60-bit words, f)r a total of 120 data iriads.

A record thus spans 1 of latitude from south to north, as shoown in Figure 3(a).

Two-hundred-fortv surh records fill a database zone which spans 2' of longitude

11rom weost to east in 30-sec steps.

The database tape must contain enough zones to completely cover the region

specified via the nap 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

18-11 f sequence for
geographic pointJ (as above)

10-0 (30 sec north /

1.3 Printed OutpuW

The printed output consists of Normal Output and Error Messages. Normal

(nitput inctudcs Control, Map, and Station parameters, TI) I and TI)2 predictions,

,nd tlic l:nd \lr ssage. Figure 4 shows at sornple normal output listing. L.rPOi'

o-s.. cs m,-ar t 'pp r in this listing in the eve nt of eithr fatal or nonfatal Orrors.

16
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RECORD I RECORD 2 RECORD 240

TO NEXT ZONE

WORD POINT 1 O POINT 120 POINT 120 - 48 59' 30"N
60 POINT 119 POINT ONT119 -48 59 'N

WORDS RECORDS
2 TO 59 I 3 TO 239 LATITUDE

WORD POINT2 J POINT?2 POINT 2 -- 48 00'30"N
FPOINT 1 I . POINT 1 48 0000N

FROM PRIOR ZONE LI

LONGITUDE

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

N.E. MAP CORNER

+-4-54 00' 00"N

- 53 59' 30"N
ZONEZN

6 --- 53 00 00"N

ZOEZONE ZONE-4 3D

LONGITUDE

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 numlber of zones in each direction

17
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------- --- --- D 0 ---- .3 0700 b0600A 00 0 O3350o30--76o
TI.oVT I Z9 3 . 1 1 .. bF 3 t, 0. 0 10.011 0.00 o.o0 1 3 .9 ?!.3 49.4 13 ,9. 23 26493..3

.T I .6 U! *7. -|. ' OT i.3 0.00 o , 10.00 0.00 V.00 131..5 .71 630 .6 13515.11 , 6 38. eT , DrT V '. 3- 33.1 51. V , oo o'.49 30..0 o00 ....00 731A ? 3.,3 31.E1..7 ob370.93
TPF7 6 'E 43..06 0 1 : 1",3) .0 10.0 0.1100 1.0 1 3010 ?7064.93 3501:3o e ,?64 93

TA'0, VO 9 i 14 601% '3 4V~9 0.0n 0 0 10 00 0.0 00 l'.3 1 ?53.69 34q.VV63 2 2,3.66
TAQGOT F '. .1.13N. V 3 1 .' o* 0.0 I00 0.0 0.0 13090 o662 13. 0 1 926
TA qOIT 4 ?.6 0- 60.9 6N o, o.0 0.00 10.00 0.00 0.00 131oEE.00 7 0 19.37 14110.00 26169.t7
TARGFT I0 '. 2 .6 193N. ? 2 .2dI 0.00 10.00 0.00 0.00 136.419g 26, 1.1 l3b3o8..9 2 P1..1 6
T P.INATOP U n, 0.000 0 0 0.000 0.00 0.00 0.00 0.00

r10 (IF N'PUT DATAo

(b)

Figure 4. Sample Normal Output, (a) Control, map, and station parameters
corresponding to input sequence oi Figure 2. (b) LORAN time-difference pre-
dictions for target cards of Figure 2

4.3. 1 CONTROL PARAMETERS
The control parameters are f, 17 , a, ao , bo , c, F e ot, 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/(y (effective earth radius), and the spheroidal flattening

f I 1 - /b
e' 0 o

5 ind the fiI-st sphcroidal eccent ricity sqti rcd

22 2
a /bo 0

18
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4. 3.2 MAP PAR{AMETERS

Thle Map parameters are the southwest and northeast map corners defined in

Sction 4. 1. 2.

4. 3. 3 STATIONS PARAMETERS

T1he station parameters are tile positions and emissions delays of the Master,

Slive 1, and Slave transmitters defined in Section 5. 1. 3.

4. 3.4 TDl AND TD2 PREDICTIONS

[or each target there is one printed line which includes identifier, latitude,

longitude, altitude, numerical integration step size, and measured TDl and TD2

defined in Section 5. 1. 4. Also included are the computed TDl and TD2 and the

time delayv 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 MSAE

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 otl~er 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

( tphameric) 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 target.

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

(-i/2, n/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

(-21r, + 27T). 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 9700 (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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Message 9701 (Nonfatal)

"Lat, Ion requested are outside map region - no elevation returned. " Fault:

The prtog r1[a totaMtiC-ullY in, rtments anyl giveii path by two stepsizes beyond the

t ,r I'le(Aitj. C Umseq aent]., the p. Ith for a target that initi A ly % :as w ithjtr the-

IMP f p091011on eded up tvoss iii a_ :nap 0ounda ry. AXctionr: Thue program roceds

but the. resuLlts f or this t:1 eget a re questionuable. Thie user may try t inialler step

51t/( -lrt this target.

_jessage '02 \onfataI)

Index requested exceeds scanlines generated, thus previous elevation will he

used.' "F-ault: The rekord pointer returned by subroutine INDEX to (AEl EL\

oxceeded the nutmber of records on the database tape. Action: The program pro-

ce(,dt, blut the results for this target are cluestionable.

.1 ~6.4 Subroutine CNEVKEN Error Messages

Message 9602 (Fatal)

'There are not enough points in the given array. " Fault: CNE\KEN tried to

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

Message 9600 (Fatal)

"The X values are not arranged in ascending order.

1I .X(I)r.. J=...AJ

X F (X)

Fault: ('NEVKEN interpolates the funxtion F(X) over array X from a given function

F(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 INDY, 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.PRO(;RAMt LISIMN

*MOD0ULE 1. 4122180
*DECK HECTIC

PROGRAM HECTIC (INPIT=28OUTPJTI?H.TAPf.3ie8,TAPtdI1?d)
C INSTRUCTIONS FOR USE:---------------------
C ATTACHIN, INPLJTCAPDS, ID=TICHOMR1l.
C ATTACH9HECTICID=TICHOMR~1.
C FTN#I=HECTICgEL=F.OPT=1.L=O.
C VSNoTAPE13CC362S.
C LABELTAPE13,RNORINCLDATARASI.
C LGO9IN.
C END OF INSTRUCTIONS.
C PROGRAM DESCRIPTIONS---------------------
C MODULE 1 READS INPUT CARDS, CALL MODULES ? AND 3- AND PRINTS
C FINAL RESULTS.
C ROUTINES: CORDMS.CORPADGEODI*HECTIC.
C MODULE 2 GETS ALTITLIUF!; AND IMPEDANCES FOP A STMTION-TOI-TARGET
C PATH. READS DATA8ASE TAPE IN FIRST PASS ONLY.
C ROUTINES: GEOPTSPCOOPToGEOPETO;ETELV91NVEXINTUNPACK.
C MODULE 3 COMPUITES THE SECONDAPY PHASE FACTOR.
C ROUTINES: CANGCNFVKENGEOMGourjn.FLEAF. INDF,INEU2E,
C OMCOS9WEkF.
C FILES USED:---------------------
C INPUT - FOR INPUT LA~RDS.

C OUTPUT - FOR RUN STATUS, ERROR MFSSAbES AND DEbUGGING.
C TAPE2 - FOR MASS STORAGE.
C TAPE13 - FOR DATABASE INPUT TAPE.
C REVISED BY:---------------------
C ELI TICHOVOLSKY, ARCON CORP., WALTHAM, MA.# 4lee/80.
C ORIGINAL BY:---------------------
C J. R* JOMLER9 ET. AL.
C ENTRY POINTS3------------
C PCOORD IS IN GEOPTS9 GEOM IS IN GROUND.
C-------------------------------

DIMENSION TPW(3),EO(2),TD(2),IDENTF(4),TDMEAS(2),TDERP(2),TOA(3)
DIMENSION LDUM(394),ADUM(3,4),RLA(3),RLO(3)9LATA(3),LONA(l)
COMMON /ZOTA/APRAY (15)
COMMON /PIs/TwOP19PItHAFPrQPTPI
COMMON /MAP/LATSW9LATNELONSWLONNE
COMMON /PATH/RLATARLONARLATB.RLONRRAZARALB, SBM

COMMON /CITCT/ITCTLTOPgNPTCTZXMTRZMINALTSw(3),TSW(3)
COMMON LAT(999) ,LON(999) ,MSINOX(SBOO)
EQUIVALENCE (ARRAY(2)sETA),(ARRAY(11),FLAT)
EQUIVALENCE (ARRAY(12),ALPHA),(ARRAY(14),EONM),(APRAY(15),SMOOTH)
EQUIVALENCE (APRAY(1),FKHZ),(ARRAY(13),RAD)9(ARRAY(3),SPHPAD)
EQUIVALENCE (ARRAY(4),AO),(ARRAY(5),BO),(ARRAY(9),C)
EQUIVALENCE (ARRAY(6),FL),(ARRAY(7),ESO),(ARAY(10),WAVE)

L. SEMI-MAJOR AND SEMI-MINOR AXES (METER) OF THE INTERNATIONAL SPHtEROID.
DATA AOBOoSPIIRAD/6378388.O, 6356911.94619 b367390./
DATA LINE*ITCTYPI/509 19 3,1415926535b98/
DATA FKHZETAC/100.,1.00033R,.2997925/
DATA FLATALPHAEORHSMOOTH/1000,.B5,1.9,/
DATA WESTSOUTH.LWESTLSOUTH/IHW,1HSIHWIMS/
TWOPI=2.4Pl SHAFPI=PI/2. SOPTPIMPI/4.

C--------------------------- - - - ----- - - - - - - - - - -----
C READ PROCESeING CONTROLS.

120o
?o READ 9919919AVALUE $IF (I .LE. 0) 6O TO 21
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AI-WAY (1I) =AVALL~r" TO ()
el Cm, T I ri i
C wAf) FFI CTIVF -APRi-, qAU ltJ. '&MV0 =.,AVEtlmk4P I, Air, AT I: AWTH cIIAACF

RAC. = SPHkAU/ALPHA $WAV = T-jo*rH4FT*--/
(C FL=SPHEPOMrAL FLATTE!INC,. ESO=FlwST EC NT6CITI S(OUA'-H).

FL =1. - HO/Afl $ESQ = 1. - (H0/A0)**i,

PPINT 9921. (APP AY(I),h71L)

PRIN'T 9925
C PEAL) WAP CoQNFIPS.

00 911 1=1.2

1 LDtIPMl3).LDUM"(194),ADUM(193).ADUO(I.4)

CALL (fl.4AU(RL-A(I) .LrUM(1,1 ) .LOLJM(I 2) ,A)IM(1 .1) ALj~M(J.2) ,0,M1S;)
CALL CnPWAO)(RI 0(1) ,LOUM(I .3) .L!)UJm(1I .) pAi)UM(1 93) *AI)UM(19.4) * 1 .MIS)
IF (MIS *Ff. 0) (,O TO 911

C IF MAP ConPDINATE5 APE OIAD, AHOPT.
PPINT 9910. IDFNTF CI) $STOP

911 CONTINUE
LATSW=LDIJM(1.1) *10000.LLJM( 1.2) *100,IF IX CADLJ (1,1))
IF (ADUM(1,?) .EO. SOUTH) LATSw=-LATs;6
LONSWLnL)mC1.3)*10000,LDUm(1.4)*00,IFI2CADJr(1.3))
IF (AfDIJM(j,4) *Et. 14FST) LONSqi=-LONSk.'
LATNjE=[OUmC21)*10(Ol4LDUm(?,2)*100,[FIACAlL~tC2.1))
IF Canu,(?92) .E0. SO(UTH) LATNF=-LATNF
LONNELLI(2.3)*1000O4LDUlm(2.4)*00,IFIXAf.kr(2,3))
IF (ADI'(2#4) .Ew. wEST) LOM'I =-LONNF

C READ. TPANSMITTFR COOkCIINATES FOR MASTEk. SLAVHq ANO SLAVF?.
PPINT 992b
00 950 1=1.3

I Lf)L(') 1.3) .LDLJ~MC 14) ADIN'T1 3) *A[)UI.14).*OATUim
it .I e ) V0 (I -I DATUM~

CALL CrPP Ao CR1 (1) .LI)MC 1.3) .LUUM(I .4) ,AtOItP(i 3) ,ADUM(T .4) .1,MIS)

IF OATS .EO. 0) G0 TO (140
C IF STATI'~ COnpRDINATES; WE~ tAD* AH40RT.

PPINT 9ql0IOI~hTF (I) %STOP
940 LATA(I)LUkm(.1)*10l0l.PUimU.2)*00,1FI)C5IUUMCI91l

IF CADlljM(I,2) Eo1. SOUTH) LATA(I)=-LATtCI)
LONA( I)=LDIJMC1,3) *1 Ion.Lr~lt.i( 1,4) *1O0.IFI (MI)LJm(1.3))
IF (ADLIMCI94) *Eti. WEST) LONA(I)-Lo1 IAMI
IF CLATACI).GEF.LATv; *Af~u. LATA(l).LT.LATr.t *AND.

1 Lor\:A ( I) .6F LOrS-l. *ANC'. LONA ( I) . L T.-LOMKL) GO TO 950
CIF STATIW LIIFS (O'ISIDF M1AP AIHZA, AtIORT.

PW-INiT Q99OC.IDOtTF (I) SSTOP
950 C0ONial

C SIT~T LOOP ON TAPGFTS.

IF CLBfi L T. c 0) Y)O TO Y5
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'1- V 1' .V- T C00140 I "l F /M f A I eH.-O;414 - TA. (GF T ALT IT It OF (M~) AmOvt
(. 14a '1IA LI VtL IF N(Nj-?FPQ. AIIFI.c, = PATH~ IriCPEmt NT SI ?F ( K m)

LoOirF(;P-o . f,!4t C.)N ,~tMIkNi~t,ADELST)MLAq

L)II 4,LOfNTF (4.L~4IAI"' FLTNM.St.IILk, 7MINADFLS.TDM A

L INt .I N 4 1
L STOPt IF PATH IINCWf-4 ;I /$: 1' 7F PO Ow [.fS.

IF AL41( t. 0 W ) TC I) 10

CALL CpCp~' A(W1AT.1 ATF , LAT IINH. .FCLATH -LAI IWb,(1MIS)
CAOLL ( .dON, L ljU' 'r*LNM INH qSFCLeb4,iL I 108 I *MIS)
IF (mIS Fi. V) Ol, TI) IS

L If TAW(' FT C)OOINATI1 A,,F RA~ CP T ANnTHFIP TARGLT.

C STM-T LOUP "IN 3 STATIOI -T0-TAH(.FT PATHS.
1I) CrONTIMIuF

~t(.ATA=PLA (ITCT)
PLONA=I LO (I TCT)
LTVP=O
ALTSW(ITCT) =TSw(ITCT) = SHKMS = 0.

C ';KIP THIS PATH IF IT Is) TOO SHOqT.
IF ((AFS,(QLATA-L.LATI) .LE. AfFLS/ SPhQAD) *ANU.

1 (Af--(PLONJA--LONR() .LE. AfELS/S;PHQAD)) ('.U TO 16
C COmPLJT SPHER~OIDAL iAqELTNE AND FORWARD AND F3ACI\ A7IMLITHS.

CALL COFOP-TS (0.09t IATP9RLONPPAZP)
C COt 'PUTE SpHFPrIDAI_ 5ASELINE AND FORWARD AND 8ACK AYMOTHS.

CALL GFODI (PLAq~PLONAPA7A SMSPLAT. I-IO1dRAZBS)
SkK MS IHMS* .001

=HK SHI .*1.VF-3
D0SmNPTCT=SHKPV/ADELS.1 .0

D;M= rOSm.1.OE-3
C SFT T~kNSMITTEP COtOINATES AS POINT NUMHER 1.

LAT (I )LATA (ITCT) SLON(I)=LONA(ITCT)
C ADD 2 POINTS H YONDt IkFCEIVER.

NPP?=NPTCT+2
,PM = 0.0

C COMOtJTF LATITUIUES Atli) LrONG-ITUOFc ALONG HitFFOPDvb HASELINE.
00 100 1P=1,NPP2
SPm = sPm~r~sm
CALL PCOOPD (SPtHPLAT0,RLONP9PAZP)
MIS =01.
CALL COPDMS (PLATPLATDEGPLATMIN4PSFCLATP.LAT IDP,0.MIS)
CALL CO'4DMS (,ILtPLONDEPLONMINPSECLOINP.LUNID)P, 1 mIS)
IF (MIS *FQ. 0) GO TO 35

CIF PATH COOPDINATF IS RAn., GET ANOTHEP TARGET. I
PPINT c916.IP -tLINE=LINE#4

GO TO 9
35 CONT I'NIE

CAT (IP.1)=LATDFGiP*10000,LATMINP*100.IFIX(SEC-LATP)
IF CLATIDP .EO. LSOIJT4) LAT(IP*l)=-LATCIP.1)
CON (IP+l) =t ONP)FCP*100 00*L ON.MINPI 00. IFIX( SF CLONP)
IF CLONIOP .Erj. LwFST) LON(IP+l)=-LON(IP+fl
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100 CONTINUE
C %OD I POINT FOP TRANSMITTER.

IP=NPTCT+3
C IF TARGET IS OUTSIDE MAP ARFA. GET ANOTHEP TAkGtl.

IF (LA,(IP).GE.LATSW *AND. LAT(IP).LT.LATN. ANI).
I LO(NIP).GF.LONSW *AND. LON(IP).LT.LONNE) GO To 8H;O
PRINT 992?,IDFNTF14) SLINF=LINFl %~GO TO r)

C COMPUTE ALTITUDES AND IMPEDANCES ALONG HUFFOPDIS BASELINE.
850 CALL GFORET(OSKM#IP)
C ADJUST NUMBER OF POINTS FOR ROUTINE INLO?E.

NPTCT = NPTCT + 1
C COMPUTF HUFFORD'S EQUATION.

CALL INEQ2F
16 CON T INUE

TPW(ITCT) = ETA*SBiKMS/C
ITCT=ITCT.1
IF (ITCT .LT. 4) GO TO 15

C END LOOP ON 3 STATION-TO-TARGET PATHS.
C - --------------------------------------------
C PRINT FINAL RESULTS.

DO 9 I=1.3
IF (LTOP.EQ.O) TOAd)? = TPW(I) + TSWUI)
IF (LTOP.E~o.) TOA(d) =TPW(I) + ALTSW(I)

9 CONTINUE
DO 710 1 =1.2
TD(I) = EO(I) + TOA(I.1) - TOA(l)

710 TDERRM = 70(1) - TOMEASII)
PRINT 9923,TDTDERP

C GFT NEXT TARGET.
I TCT= I
GO TO S

C END LOOP ON TARGETS.
C----------------------------------- ------ - -- -- ----
10 PRINT 9918

STOP
9900 FORMAT (* *Al1O* STATION L11.S OUTSID)E t'AP ANLA. RU, AHoRT,,.*)
9909 FORMAT c2X.AIO.?d15.T3.F7.3.AI ) 4F9.?)
9910 FORN4AT(*0 ERROP IN DATA FOP~ *AlO* COOFWINATLS,. Plt. 'iS*
9912 FORMAT(//IIX, 3H-***, g4X, ?G4HERPOW IN FN(U-POINT COOPOVPATE. 1Iv. -

+***/11X.54H~*** CALCULATIONS FOR THIS; PATH HAVE kitN flELF-Tw1 *)

9916 FORMAT (//?X9 AP2H*** FPPOP DETECTED) (niPINf, L'NVEPSION OF CYJA
#ES FOR PoltjTt IS. 5H ***/2X# ?H** 7X. -2?H OM RAUIANS Tr (At~.A
*EPIC) nEGkEES-mIN(1TFS-qFCONnS, 7x, 3H-***/?xo 3H'**q h~x
*3H***, 7X* 52HEIJPTHER CALCULATIONS FOPR THIS PATH H'AVE tE"- 'P L T

*b. 7x. I-1***)
9918 FnPmAH*(O END OF IMPUT flATA.o)
99j9 FnPt'AT (I9.E 10.0)
992n FnPM4T (1H1//1',(?H4 -.)*CONTTWL P~A )/~,*b(H

=ETA AIR INL ) Q& fKACTION' AT
?E?2.I4.5jX*+APPAY(3) SPHPAD = RPHI.RICAL FAI-IH PA['IIJR (1-)*/
4F2?.j4.S3X*.APPAYj4) =AO = qPHEfqoIDAI FAwTH tfA2LAToU-IAI qAl)TII (k.)*

5/E2?.14.9x*.APPqAY(q) = HO = L HFPOIPAL E,T11 POLAk PAFLIUs (m)*/

E?.45*A. PAY(ft') =FL = qPHfiPOIOAt LATt I(*
99?1 FoPMAT (?J.*APLQAY(7) = = SPHF-P'L Al- FI"'ST FLU JTOIL1JTY

2 Sr(AJA~t fl/
?E??.I~.,SX* APPAYuQ) =NOT I.F)/
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4E22.j4,SX*+ARPAY(9?) =VAC14um SPFED OF LI'THT ( M/u14C)*/
SE22.14,5(* ARRAY(1O) WAVF = t,,AVENIJMf-Q (IltlI IN AIR AT FAPTH SUQ
7FACE*/
6E?2.14,5X*+APAY(1fl FLAT = FLAT AkTH FALTOp (M)*/
8E22.14#SX*+ARPAY(1?) ALPHA VERTICAL LAPbt FACTOR*/
9E22.l4.Sx* A~PAYCI:3) EFFFCTIVE EARTH -' Ani~is (m)*/
IE22.14.5X**ARPAYC 14) EOPH = 0. FOR H-FIELU, NON-0. FOq E-FIELO*,
9E?2.l4o5X*+ARPAYvcS) SMOOTHl = 1. FOP qMOO~tI EARTH. NON-I. FOP W~O
200H F.&RTH*/
327X*+ ITEMS MAPKED WITH + MAY JE CHAN6EID VIA INjPUT CAPDS.*,)

9922 FORMAT (* *Al()* TARGET LIFS OLJTSIDF. M-AP APtA. GET NEXT TARGET.*)
9923 FORMAT (IH.,79X94F9.?)
9924 FORMAT (lI//I?2(2H -)*LOWAtl TIME OIFFE9dZNCF IPEOICTIONS*21 (2H- 1

12X*10ENTIFIER*7X*LATITUE*7X*LONGITIDE ALTITUDE STEPSIZE -- MEASJP
2F[PUSFC)- --COIMP'JTFD(USPC)- --- ERROP(tSEjC)--- */ 1

9q25 FORMAT (//S(?" -)*MAP PAkPAMFTFPS*m(?H- )/
12X*IDENTIFIER*7A*LATITIUE7X*DNITLJOF*/

v9246 FORMAT (//11C?H -)*STATION PARAmETE~pS*jI(2H- 1
12X*IDENTIFIER*7X*LATITUUE*7X*LONGI WO)E EMI SSION U LAY*/
212X,2(3X*(DEG-fN1IN-SEC)*),34X*(UJSEC)*,)
E ND

*DECK COPRAD
SUBWOUTINF COPPAD)(RCOR, bEG, IMINSECtILvIS, ItRR)
DIMENSION 10S4)
OATA (IDS=lHh.1Ir-IEHiS, INWI
ISS = IS
IF (155q) 1095*15

S IF dlfb.FrO.IDSfl)) r7O TO ?5
IF (IO.EQ.IDS,(3)) GO TO 30

10 IFPW = I
WE TURN

15; IF (155-1) 20,20,10)
?0 IF (ID.Eo.IDSC2)) GOr TO ?b

IF (ID.EO.IDS(4) ) r, TO 0
IEPR = 1
RE TUPN

25 SIGN = 1.0
GO TO 3S

30 SIGN = -1.0
35 IF (IEC,-1P0) 40940*1l
40 IF (IMIN-hO) 4r--,l0,10
45 IF (SEC-60.0) c-0410910
b0 RCOR = S16,NCFLoAT(Ir) G)*(1 .745329?Sl199433E-e .FLOAT(IMIN)*

* ?.90 I2C%8667??-4) .SEC*4.848136RA1c536L-6)
RETURN
END
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*DECK~ COWUMS
SUf-'PUUTINE CORnMS(RCO' 1LG,!'ITNECI[.,IS.IERP)
1)ImENI)N lL)S(4)

Is.s IS
IF (155s) 5910,15

S IERP 1
kETURN

10 IF (SEC-324000.0005) 2595-P5
I'; IF (1-l20*?09S
?0 If (SEC-648000.0005i) 2595o5
2 , I F (PAM(3) 3093'.35
30 1IS!=

50 TO 40
3S 151 0
40 I0EG SFC/3600.0

IMIN~ SEC/60.0-6n.O*FLO.T(IDEG)
SEC SFC-3b00.U*FLOATCIDEG)-60.0*FLOAT1N1IN)
ISEC =SEC

SEC =SEC-FLOAT(ISFC)
IF (SEC-0.9995) 6094994b

4c SEC 0.0
ISEC ISEC~1
IF (ISEC-bO) 60950,50

50 ISEC =0

IF (ItPTN-60) 60,b555
,5IMIN 0~N.

IlF6 lEG+I

HEC=FLCAT (ISEC) SFEC

RE TURN
END
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0, )FC cx U('01
,.(jt-Ok-T1N b E Efi ('-I ALI* A71?i '5. i'?t AL?'. Al'

C ptwpISF
k CALCtrLATF I- I' P.~F ComP I TAT ION~ &OnPA S"'Jtt4O, l'ib)

C 1-uT-E -N L AT I TOOFF At:f WEST F 14.N L 9NGI TOF' A.'F '4F(,AT I V
C ItLLTS :
C -i 0O()- T TC LAT I ,114 IUACl W,) oF FI Sl Polj T.
C "L I =u& Ofr'T IC Lct'l 7) P-tP I Al') OF F I . 'T -10] t<T

k-H-' = (,E')fj T IC LATI T kF; (PAD) At)) iF SCC)(f[ P-')1f' .
L. AL?' = CEWrWT 1( L(W'6I T(unE ( Af)IAt) OF S (OUr !) POINT.
C 0IJTPJTrS:
C A71? =FO);.iA)Q AZ1IuTH. (WALIAN) F40m F!'-.~1 -INT.
C A72'1 = HiACK A71f.O-Ur1 (A)IW4) FWIom SF ol(T POPiT .
C S uEODF TIC rASTANCE V-4ETF P) -AtiTvEFri (IJS

COS'MON' /PIS/TW0PI.PT.hAFPI.")PTPI
COMIMON //OTA/APRAY (15)
H-I=APPAY(5) $FL=Awi.AY(6)
IF (A-S (HI ) COT. CQTPI) GO To I
THET1 T ANufl) * (1. -FL)

HF TI ATAI'j(THE Tj)
60 TO ?

I CH'ET1 =1.0 / TAN(Rl) I (. - FL)
t4ETI ATANI. / C F TlU

? CofrT I PA tE
ALLI = AL? - ALI

IF (AL? - ALI .F0. 0.) ~.9
H) ALLL' = 0.

00 TO 3
9 CO T I NiE

ALL2 = AL?' - ALI - S;ICN (Tw.()PI. At? - LL)
3 1 (A~c (LL 1 GT . APsrAL L~ ? . 6
L) ALL = ALL?

60O TO 7
6 ALL = ALLI
7 CONT~iliF

12 IF (APF (IALL ) F0.u. .OP.Ar-S (ALL).I-F .PI .().4.A-S (ALI_) V -. Ti.)Pl)Ii]
10 ALL =A-))(ALL)
I1I CONT I NUF

IF (A'-S (w?) GT7. (GWTPI) 61) To lt
T'F T2 TAN b?) * (I. -Ft

HFT2 =ATVr (THF T?'
6,0 TO 1 7

16 Ct-bIT2 1 .0 / TANP-2) I (. - L)
HET2 ATAN~l. / CHRET2)

17 C'iNTIWoE
- = T Ct~$(HtFTI)

5~t-Ell SIttO-iFTI)
C P T? CoS UETe?)
5,-47? C-NLFe
A St-ErI1 S'-iF T,

ii= CF-FTI CRL
Ai' = C-FTI CLFT?
PiA = rkTe CH-FTI
C(Ct CIOZ.(AL(-

I PjL S;1'4ALL)

SOrPT (5,1"Li C4 L.- E~ f (-iA C ()- CL 0
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j. (C2i r~ (-,T. CP -! ) Lrj 4 C0'(CP'ti I

Ip (p ,I *r-. n.* r.-,'n. Ci.,T .F. 0j.) ~. A
PHI Pt-i - SI
IF (SI--i *.T. A'hl =Ci) ALOI ([P-l)
,; TO 10

?,4 IF (rI .L T. 0. CA& (ilr IT. . ? e

ei4 PHI = 'l A5JI, (SO"l)
If (.S()-I1) uT.AH-S(LI--l ) Lrl =TL(0I-j - ACS,(I-'I)

(', TO i36
I 1- ( I .1 T. 6. fAN). CPt-1 t,,&. (,.) ?tV. ?7

? 1'-'1 = Tw3)Pl - Il&jt(SP 1)
If (a fc ( C;Pt-I I fT CPPI1 P R-I T,40 f-I~[~I~-

(,fl T O 3 0

7? CiLL & xtT
-5 P COnjT I t:O

= L FL
CrrjI = FL *FL?

CO3= -HI C.PP
C orL. P" 1t-I2 / )PH!
(01,5 =C.lTh4 *Cir

;,AT 131 (I. 4 iNiI) * PHI + A* (COI Y* '1.-I ON u Ii P COP114)
j.I E ("((*0.5 4 (Ai" (PHI * fCOr. + A) e * (3? ; - A * t~ * C(',,?

2 CON3,- . Em* EMi c- CON? * (0.1AS HP-l + C0143) - -N r.?N*

3 CON~3 * CPkl**?) A Em- Coe 1, +( C. C"N D" CI

1,= ATI3I * (
IF (S .0-- 1.F-4) 6 =
RATIOe C(Al * V-i- t el.~? ~-.

. 0.1- * FM * ('ON? '0 t- ,O i' p"Il Cr(N _ 4.

4LAM = NxTIO2 * C + ALL
StLtAM = NN(ALA')
CALAM =CO,(At.At-)

CTAII1? = 1-- C. t> I-
CTA? = r-A " C4LArA - A

If (ALI - AL? t)~. 0.) 3L)9 39
31. A712 0.

Y4' CTAZIr CTA71? (Sk~~-0- * r l

IF (CTA71i? EI:. 1; '4. bc
SA112 = HAFPI

~oo To S#*.

16 CC0-T Il'4 1

CTAIL'I CTA/?l /(SALfV C"E TI)
I F (C T AI .E n. I .) Li7 . -

57 A7?1 HAFPI
GO TO 34

5S Cwl' I hJIE
A7?1 = ATAN(l. /(TA'?lI

34 CONfTIPP'

2f)



IF (AIL .( F * , .AP'). CTAIJ? .bE. U.) 40. 41

40 A/12 ? I
00O TO 50

41 IF (AU. .6f. 0. .aO. CTA71? .LT. 0.) 4?. 43
4? A712 = PI * A/IH

.,() TO 50

43 IF (ALL L. 0. A.ND. CTA71I .GE. 0.) 44. 45

(,() TO S1

45 Allt? =T4CIPI + *

,3o IF (AuL GCF . 0. .AND. CIm7?1 .GE. 0.) 469 47

bfO TO r1

47 IF (ALL C+. 0. .Av'(O. CTAI?1 .LT. 0.) 4d, 49
4) A?1 = TwO7I # A721

GO TO 51

5P AM?= A721
(an To 51

53 A721 = PI * A7?

b1 CONTINUE
A212 = AMOU(A712, T4OPI)

IF (A12 .LT. 0.) A712 = A712 + TWOPI
A/2I = AMOo(A? 21 TWOPI)
IF (A7?1 .LT. 0.) A7;.?I A721 + TWOPI

P1- TURN
EK.D
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*DECK UELORET

SURROUTINE 6EOQET (PSKM.NP)
COMMON~ LAT(999),LON(q?99).mSI'I)(?0()
COMMON /GNl7P-06 1Ob 7P104 )06 x(n,~
COMMON /TE/ZPPI10bO), IT
COMMON /'DD/~9)sRP4)0 9c)*L
COMMON /CITCT/ITCTLTOpNPTCT.7xMTP,71-'NALrS(3,TSYL3)
N PT S: NP

X (1I) =nl.
Do I 121.NP
CALL (FTELV(LAT(I),LON(1).AAM-P.FA/(I))
IE U .GT. 1) S (I) =S (1-i ) .KM
DR(I) =AAmP * COS(FA?)
01(l) AAMP * SPIj(FA7)

1 CONTINUE
LLm=NP

C COMPUTE rASELINE TEkkA1N FLFVAT10rNS RE-LATIVE TO TWAK'St-'11TEP AITITI)P.
ZXMTR=7 (1)

00 2 1=2NP
C FOR NOW9 CONVEPT nISTANCV TO MFTEWS.

S (I )=S(I) *1000.

S(I)=7(1) -7XMTP
2~ CONTINUE

C COMPUTE ELEVATION OENIVATIVES.
NPMI=NP-1
DO 3 1=2NPA1
CALL INT(LoL)
ZPPl (L)=?PP

3 CONTINUE
ZP (I)=20.
ZPPI (1)=0.
ZP(NjP) 7P (NP-1)

PF T U N,
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C K (4 CPT,( LT)'A

-~~~I.I(~~~ I,/'A T~l Q- S). 1 ITP .'O T- c-L Ilk .~ ,p F 1; 1i

T Hul ' g~ TtL, :,)A ,t (-1, ~ -./j Y 1('-i Al

I.l\ I i I 16 1

STOP

ST Ck-

70 , 1It-NT , IO

AL PIN= ALI T.C1

1 F HLV-- PI ) ,U.9, (

(~5~ O~' iLON,-AT -QPl
(.0 -P 1 7-

9 0 L4 r LN.) if T (.lP

(W TO 95 4LA

70 Pi, I N7 I40

PPLAT 4=; COI-l

H j~ U I II' L0\J-PA) U-(4(

8', j I NIQ = iO~k-T WJ12

(,0 T



0= SIIY(0.5*ALot,)

AA7 LtATH-PIAI

CA/A = C.H(
CA/h 4/-

SA2A = q//
CAZA = CA/OP
SA7b = AI/C
CAMH = CA7H/0

wAA= ATAK2(SAZA.CA7A)

, l,= ATAN~2tlbZH.CA7E,)
ALON = WAIR-kA7A
IF (A-S(ALON)-PI) 1209105*105

105 IF (ALON) 110,110.115
110 RA7H = kA7H+TWOPI

('0 TO 120
115 LQA7A = A7A.TWOPI
120 HLAT =cF,ESO*ALAT*ALAT

H-LON =AO/SORT0-ILAT)
HLAT = HLfN*CFO/H4LAT
HLON = HLOKII*ALAT
CLA7 CA7A/HL.AT
CLON = SAZA/HLON
HLAT = CESQ+ESC*HLAT*BLAT
HLON = AO/SOPT(HLAT)
HLAT =HLON*CFSOI/HLAT
HLON = HLON*FitAT
ALAT = CAPA/HLAT
HLAT = 30A7S6AA-.*LT/M
At-OM =SA7P/HLflN

8LN= (3.0*4LfNFMRALO)N2?.0CLON4)/Smb
AA =3.0 *SMH

ALAT = C(ALAT-CLAT)/SMSH2.0*H4LAT)/AA7
ALON = (ALON-CLOrN)/St*EI2.0*RLON)/AA /
AA7 = (RA7HRA7A)/rMH
EIKTPY pcnnPD
RLATP = ((LAT* ,mP+LAT)*SMP.CLAT)S4P.LATA
WLONP = ((ALON*SMNLON~)*SMP4CLON)'SmF+ALONR

W P= AA7*SMP.RM;'A
V kFTURN

END
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*DECK GETELV
SUBROUTINE GETELV(LATINLONINAMPFA7,ELVTN)

C PURPOSE:
C COMPUTES ALTITUDE AND IMPEDANCE AT A GIVEN LATITUDE AND LON61TUDE.
C ASSUMES A DATABASE TAPE WITH 240 RECORDS PER 7ONE OF POINTS* 60
C WORDS PER RECORD, AND 2 DATA POINTS PEP WORD. THESE GPOUPINbq COVER
C THE FOLLOWING MAP SECTIONS$
C A ZONE SPANS I DEGREE LATITUDE (SOUTH TO NOPTH) AND ? [)EcREFFr
C LONGITUTDE (WEST TO EAST) OF THE MAP.
C A RECORD SPANS I DEG, LAT. (S. TO N.) AND 30 5LC. LON. (1. To F.1
C OF A ZONE*
C A WORD SPANS 1 MIN. LAT, (S. TO N.) AND 30 SF-. LON. (W. TO F.).
C OF A RECORD.
C A POINT LIES ON EVERY 30 SEC. LAT. AND EVERY JU SEC. LON.
C ALTITUDE IS INTERPOLATED WITHIN 4 POINTS WHICH LIE NORTHEAST,
C SOUTHEAST, NORTHWFST, SOUTHWEST OF THE INPUT POINT.
C INPUTS:
C LATIN = LATITUDE IN DDMMSS FORMAT.
C LONIN = LONGITUDE IN DDDMMSS FORMAT.
C OUTPUTS:
C AMP = IMPEDANCE AMPLITUDE.
C FAZ = IMPEDANCE PHASE (RADIAN).
C ELVTN = ALTITUDE (METER).
C CALLS ROUTINE INDEX FOP:

C INDEX =POINTER TO A RECORD IN THE DATABASE.
C IXPT =POINTER TO A HALF-WORD IN A RECORD IN THE DATABASE.

COMMON /MAP/LATSWLATNELONSWLONNE
COMMON /GETELV/L(120),IMP(120)
COMMON /UNPACK/NPACK(60)
COMMON /FLAGS/IXPTNFLAGNRPCNRPDB
COMMON LAT(99Q),LON(999),MSINDX(5800)
DATA KPASS1,MASK8,MASKII /I,377B,37778/
DATA INDDIM /5800/

C READ AND STORE DATABASE TAPE IN FIRST PASS ONLY.
IF (KPASSI .NE. 1) GO TO 630
KPASSI=O
NRPC=240*((LATNE-LATSW)/IO000)
NRPDB=NRPC*((LONNE-LONSW)/20000)
IF (NPPDB.1 ,LE. INDDIMP GO TO 610
PRINT 9700, NRPDB $STOP

610 CALL OPENMS(2,MSINDXINDDIM,0)
DO 629 IPT=INPPDB
BUFFEPIN(13,1)(NPACK(1),NPACK(60))$IF(UNIT(13))620,629b20

620 CALL WRITMS(2,NPACK,60,IRT)
629 CONTINUE
C IF LATITUDE AND LONGITUDE LIE OUTSIDE MAP, PREVIOUS DATA ARE 1USED.
630 IF(LATIN.LT.LATSW *OR. LATINGE.LATNE) GO 10 190

IF(LONIN.LT.LONSW .OR. LONINGE.LONNE) GO To 190
C CONVERT TO RELATIVE LATITUDE AND LONGITUDE,

NFLAG.=0
LATX=LATIN-LATSw
IF (LATIN.GE.0) GO TO 200

C CORRECT FOR NEGATIVE LATITUDES.
IF (MOD(LATXI0000).EQ.0) GO TO 200
LATX=LATX-4000
IF (MOD(LATX900).FO.O) GO TO 200

LATX=LATX-40
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c LAT
5
.(=A(P(AT I0

LaTi~l - 30

T Q.

I F (LA A MF~j. ')9, 0 L AT N=L ATOM 4 100
2f60 L ON X=LoNI N-LO'S N

IF (LONIN.GFi.Oy 60 TO 300
C COPOECT FOW NE6,ATIVE LONGITUDES.

I F (MkO[p(L ONX.Iv(10 0) FO..0) GO TO 30 0
LONXZLC ('X -400 0
IF (mon(L0NX,10)0).Fl.0) CO TO 300
LONXmLONX-40

C PROCEFO WITH4 POSITIVF Ln'4ITtjDFS,.
300 L01,SEC=mOO)(LONX 9 10)

LDDM=L ONX-L0t"SE~C
IF (LONSEC.6E.30) 6O TO 340

LONW=LON'UM
LONE=LONDM+30
GO TO 3F30

340 LONW=LONDm+30
LONE =L0Nnfm'.00
LONM=MOD(LONDm. lOflO)

IF (LONM.EO.5900) LONELONl'4l4100
360 CONTIN~UE
C GET A DATA POINT 1 10-THFAST OF THE INPUT P01rT.

IND)NE=IN0FX(LATN*L0NE)
IF(NFLACG.EO.1) GO TO 120
CALL PEAf)MS(?*NPACK960.INDNF)

CALL UN~PACK
Il ;F=L (I APT)

C GET 3 POINTS SOUTHEAST. NOPTHWFST, AND SOUTHWEST OF THE INPUT DOINT.
IF(MOD)(LATN1910000).EO.OP.Mur)8.ONF.20000).tI.0)GOTOI?0

C ALL 4 POINTS LIE IN TH. SAME lONE.
ISF=L(I APT-l)
CALL PFAOl MS(2.lNPACKq60,INDNF-1)

2 CALL UNPACK

IN=L (I KPT)
ISW=L(I APT-1)
GO TO ignf

C THE 4 POINTS LIE IN DIFFFPENT 70NES.
120 CONTINUEF

INDNW=INDFX (LATN.LONW)
IF(NFLAG.EO.1) (0 TO 140
CALL PFADMS(29tXPACK,60oINDNW)
CALL UNPACK
INWL ( IAPT)

140 CONTI N1 E
I NOSE = I KDE X (LA TS,9 LONE
IFlNFLA(G.E(:.1) ('0 TO 1Ifl
CALL PFAJ)MS(2, L)ACK1.60,IN[,cE)
CALL UNPACOK

:15



ISE=L CIxPT)
160 CONTINoE

INf)SW=IND)EXE(LATSqLONW)
IFCNFLAG*EO.1) UO TO 180
CALL PEADMSC2qNPACKv6O.TNDSW)
CALL UN'PACK
ISW=.( IXPT)

IPO CONTINitE
AMP=FLOATCSH.IFT(IMP(IXPT)..11).A.MASKS)* 001
FAZ=FLOATCIMPCIXPT).A.MASK11)*.001
IF(NF1AG.H0.l) P04INT 9702
ELFAST=FLOAT(ISE).FLOATCCINE-ISE)*M0OCLATSEC,3O))/

3 0.
.LWEST=FLOAT (ISW) ,FLOAT( (INW- 15W) *MOD CLATSEC, 30) )/30.

14ETURN
190 PRINT 9701. LATINvLONJN

RETURN'
4T00 FORMAT (* OATASF HCAS *1100 RECORDS. INCREASE ARRAY MSINDX AND VA

1PIAE4LF INDDIM TO ACCOMMODATE. RUN AfBORTSoe)
9701 FORMAT(* *94H****,*LAT=*I10*,LONx*II0* REQUESTED ARE OUTSIDE MAP R

IEGION - NO ELFVATION RETU)RNED*#//)
970? FORMAT(* *.4H4 1***o*INDEX REQUESTED EXCEEDS SCANLINES GENERATED* TH

lUS PREVIOUS ELEVATIONS WILL PE USED*)
END

FuN~CTION P-.,DtxCLAT,L0N)

L COMPOTES -)TEPS INTO DATAI;-SE FOP A GIViFN LATITIUDF ANID LON(-IIDF.
C 1l',PiJTS:
C. L4T =E WItTIVF LATITIC IN C)w"MSS V0DIAT.
C Li-N = PFt ATIVtE LC.NfGIlUfi)F IN 00r)>!mSS FOPMAT.
C NjkPC 1- im-ie-P OF PFCnOS') PFW CrOLUMN OF MAP APEA 2 f*GPEES D'Itf.
c WME
C r =Nj.m-IFP OF' 6qEfl~l),; IN T-iE OATAHASE*.
C OtTPT:
C P'uLEy = OT'qTFR TO ,FCOQO IN' 1;4TA-ASL.
C IEPT = POINTEP TO bATA POINT (z H4ALF-wOirfl IN OATAPASE RECORD).
C NFLA(, = 1 INL)ICATFS5 COMPl!TED QFCO ,r POINT Q IS OUT OF RANGE.

CO-mM)rt /wLAGS/I KPTqNFLA69NPPCeNPPbH-
LATS= -O')(L AT9100)
LATm~f(V)CLAT9100Cfl-LATS
LAT0=(C.AT-LATm-LmTl-/I0fO)
LATmC. ATM/100
LViS~mfr) CL ON * 100()
L ,t4=) CLON. I0000))-L'Thl

L(,k0 CLoN\-LONNM-L oN~) /1 00(3

11 (,i) C LO~ (/2?) *rjwPC.mop CLUt 0*~C12)* AO~LN/3

1I,,UEEXILrm, !.LATtu*?4-0
I 0PTL AT"*?*LATS/3n+ I
IF C Iti( XE T N P) ) F Ai
QF TOfP
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OE 0I. A('*

Ai T~ ((P

?' CrNT I t

*DECK( INT
SUbPO'JTINE INT (19K)

C INPUT',:
L I =POSITION IN X A'JP ', APPAYS Wr4 WHICH TO CFNTEw CALCULATIONI
C K =POSITION I!,, APPAYS I AND 7P To STORE CALCULATED 'iALiUE!

A=7IZ(I*(O)C*I)-(1?M)(IOXM)(IXK0)

Z (K~)=A*XK* c8.C*XK)
?P <) =R#2.*C*XK

ZPP=2.*C

RETURN
END



-s UPr ~ t iTT i ,

C Q )FQFNCFS?
Cr t , ,1 J . r wY. Lf4AV'-t, P-c C)W C T' I ,V

If P HO'lP4 tir I.L,15. I t.-i -!L T *4PA I Tr* F S 1~ ~' I(. > T
C TFP 1, IT- b, l4tVv -r4EoI19t7.

C(~~*(~~' /(u 9 1/ 1O'),~(F .~ 10'-F,~~' 10w4)

COMMON 171Ik4Y(1,
COMMON ~ .11 3)44 .01w vL

C 7P. 7Pr) ftNr XO t-,SVt1, STCkA(' FOj F (-"jIv5F X'-

COAPLFX D'ELI ,PEN.I- LEAF .F .I 0?.F 3.C1 (,- T-
I ~v.KTI(EI

I .74P3346?8-49. *Y443l?6?)
nA TA ( (rW( )1 K = 1 ':'F = * %41044494* S"3"j33Atltv .41 kI7?7? .

I *?96Qn2lse'J# .133'.6AO",)
F'ATA ((r>XAr)v r 1. 4) = .IQ 114(fi?6, 3tr?','~ P.~.~4

1 .9373:14?44%)
fliTA ((WW0.(r. K 19 4) = .U6566051ck' .1'AA(4i.f3'-

I . I q? 16 Ir3S 7)

04 0 FOPkAT (* AIN. O'NE~ Thi GET ALTITUOF (*F(.,,*) (Itc, 4L04 TH-flN -:Lt

FI(WAVF: ) =CmPLAIC(CAV P)o SPI-(4&-VF.))

Cv qTAPT FlPqT-F-ASS INITIALI ATIntj.
IF (FKP'cSI * F . I1) bo( To Q,,,
KPAq(:I =r

Cr IS~l P Vr r', -/It THIS PpoCiAm.
F.r= a~Ay ( I) *1k-3 wpitr1 = kPAY( 1) *FAT = AwAy I
FOH=A~PY(I) LsmonT =P~ Aw4~RY(1) IFAT A LAY())

T (i7FDnF l .(
C AVF t 1FI'PFr IN ITMOSPIFkt AT so4FACE OF PARTt.

AWlCP0 = 1.01/(T40w5I*PPFO)
TX = (rrT(F-t!41-TA)*.4OPji,)49

CIfTTALI~lF -t,4NTlTIFS,

C STil-T P!ITTL I/ATh)w FoJ4 CutF4(J ,,T PATH.

CJ'' 'T ) I TVCt A'JIl I -d aNCE 01m~~' F ( ) To lb LT
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LTOP = f
NrnhLAT = I

C IMPEDANCE SHOULD -4 RFEN9-CHU To 100 t94/

L VRkE')UfNCY OW1 r'UENCF C IMPEDANCE = *S,)PT (~F-k O. 1)
DALl CfAPLX(flP(Il. OI(1l*SO()kT(FPE0/0.1)
lliOST = MAX/DINC * .01
ULLX = 1000.*OBNC
T(Il = I./SPT(L4LT'X)

C FL AT F A14TH THEORY 0tS5CRI-3Er) IN QFFE PENCE 3
DO0 3e K =1 9.

L oTTP:NUATION FOP FLAT EARTH THEOPY
X(-K) =DFLTX*UAui,

CALL (,F-OJNO ( -K* it 0. 0)

C END INITIAL17ATION) FOR CURRENT PATH.
C--------------------------------- ------ - -- -- ----
C START LOOP- ON SURFACE POINTS; ALONG HUFFOiHO HAELINE.

37 cnNTIf'LIE
C TPEAT SMOOTH POUND EAPTH IF SMOOT=I.

IF (SMPOOTH .EO. 1.) /(I)=/P(I)=ZPP1(I)=6.
lPpZ7PQ1(I)
T(I) I./flRTcA(I) + r)ELTX)
OMA nMCOS-(X(I)/PA0)

160 =2-mOD(I 2)
IL 1 160 -I

C E011ATI(ON ?.1'it REFERENCE 1
NO = SO3RT(?.*PAIU*(FAD # t'(I))*OM~K + * )*?
IF (NOFLAT .E0. -,) GO TO 45

C FLAT DETEPmINES DISTAKCE To wHICm FLAT EAR TH THEORY IS USED FiFFOPE
C IPPEGLILAP, INHOMOC-fWtEk.S TENRAIN M~AY t F INISERTED.

40 1FI .F .4.(P.FL AT.CT.X (N)) 41,45
41 w(I) = FLFAF(t-AvE 9 0.. 0.. W(I) * DELI)

(,n TO Q()

L SPHERICAL FAg TH THEORY
45 StJt* = 0.

NOFLAT = 2
DO ')0 K~ = 1. 9

C P, DEN ANO tl APE FRom GLOulN1
CALL C-FOM(I9 -K- 11. 0.)

C EiJATIO'\' ?.27. REFFH ECF 1
TEWM = C()I(vsRp)fF

50 ';Lim = (jj*Gw(K))/SfQT(x.c1) -X(-K))*TFPO * SLIM

C SIMPSO)"S LI-ILF
SUM = 1.*T(1)*SlJM

IF (IL *LT. 3) 60 To 100
DO 60 K =39 IL
CALL 6ECe.M(1, K. I. 0.)
TERM = U*T(K-1)*M(K)*El(-r,AVF*R)*OE N
IF (KK *Eo. 2) bO TO 55
SUM 4.*T(I-K)*TFFA + SUM

= 2
(,O T 6

55 SL'9V ?.*T(I-K)*Tt(-m + SUM~

39
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100 CONTINUE
CALL GEOM(I, ?o 1. n.)
SUP T (I -* ( 1 )*t I* I(?) *!(v. AVE *) *bE' *s!1

CALL GEOM(I, I - 1619. Io 0.)
FP? U*TIL)OWU-10')*I (-WAVE*R)*UkN
SUM = (SUM *T(o)r).i33*Dv
IF (IC6O F(U. ?) Or) TO 66
FI F?
F? TFRm
60 TO 70

60 CALL GEOM(t. I - I- Is U.)

Som CLIM - O*03333333*')FLTX*(L).*T(I)*FI
I - T(3)*TFPm)

70 0 =TX/T I-1)
RHO = 1. + ZP(I)**?
WHO =7PPP HO
TERM =1.2/T(1l*T(11U*LPLX(.C,*(IWFLI + CmPL00.4 -Wi,4)/WAVF)
Wdx= 1. - CmPLx (f).P)*(Slim + ?./T(1)*(.466e666~7*FI

I - .06eb6666h?*F?))/(2. + TFOP.)
W(I) =w

90 DIST =.001*X(l)
CALL INOF 0.()EHt'P
TS=w (I) FINL)
PHA=CAN(TS)

C PHIC I; Tk-E qECOQKlAPY PH~AcE C(coq CTIiN IN PAOIA~jS.
PHIC =- (PHA - xAVF*(tP0 - x(I):)

C SEC 15 THE SECONDAPY PHAqE COL4 LCTIO!JjL IN ICPOC0ECONDOS.

SEC =PHIC*AMIC-2iJ
C SAVE SFCO;DAPY PHASE f ACTQf, Ar T4-.,ET 61~'iJOUN POINT.

IFfI.Q.NPTCT ) To 9,-7
TSw (I TCT) =cEC

937 CONTINUE

C END LOOP CN SUIDFACE PnOIJT' AL(,'. H-.)L-SL1l

C START 41WHONE TA~f.- rf q"P~iArT.

LToP 1

(,?= (o . ,I0

OLDR=O.
11= NPTCT

(1O 155 1#( 4,
X(1000, K ) = Xk I) - O!T~.s

xS,(t ) '(1000 ,* K
I5 CALL (,PO(JNt)D lf4 1.'

LAPOPT IF' 1JA(,)T A-T!71,1L TNS &JL

IF ZL. (.~ I) * r-.0 TO 14
PPTNT Y,(H.7 ST0P

154 71 PAO + HL
Po =eT(.IAA ( /A~

51im 0



CA~LL (40)A( I. '

1',7 ',- I .;i, T I r 7S~ X~() -

C SIMPS-(,NS WHILr

,, C = I ( I * l-. I

F I = T (I 'T ( 1-p )* 1 r . ,)

I~ L (I I o

IF( I L TII3WAJ T)

P ' = f

C, It? s=~ L

F I T - I ) *T I -N *I*) ,,
f)P1 TG A ,A VE * (F, - OL ' )

1S SuM =;U qijtM + 4.*Fl*nl

GO0 TO I P?

lcc 0U0 = IU

IF (AIIS(OFL76) -61. .?) Ilfl. I 1
170 K(,O =3

SlIM = SUM - F1*Gl
GO TO 18?;

C EOUATION 2.3'iq RLFIPEtCF 1
17? Skim= Sn.+ CMPLX(O.. 3./O)tLT(3)*(Gl*(F1 - ,(l(t'L(

1ot 3.*OELTG) - 4.0F?*CK'PLX(1.. DELT(,) + F3*CmFPLXi?.q Of.LTr
2))/[ILTG*~*?) - G2'*(F? - .5*(Vl*CMPLK(?., 9 OLT(-) -.

3P* F3*CfrPLX(?., -DELTufl)/DLT6**?))
18? OLUR = P
115 CONTI1IJW

IF (I" .UrJ0. 1) 60 ToIH
F3 F,
C,3 ( -?
F? F Il

? '(,I
CALL GFOm(Iq I - 1. R. HL)

F) T (I-?)*T(1*IrNw(I -i
DLO= iAVE*(P - OLOiR)

I F (AF S ()E LTG) .(3T. .2) 11M4. 1 45
C E(AIAT ION 2.~.REFv -ttI.LE 1
184 SOWP = SUM,+ CCMPL(4.. l./0FLT6)*(GI*(FI -. S*IFI*(MlJLX(C

I.* 3.*(PFLT(-) - 4.*F?*CMPLXI.* DE.LTr,) * F.3*CMPL) cc.. fOFLT',

2))/bELTCG**;) - ,e*(F? - L,*(FI*CMPLXii2.9 (FLTC,) -.

*F + ?*CmPLXI?.. fLT)/1LI,*)

G~o TO li-i
1 i'- St-PA = CUM + 1.?.*FI*5l * ?.*#?*G2 -

14e~ 00 190 K = 1* 4
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CALL (rFr(I- 100n 39 1. oL)

r,104 cIJM + 1. F%( )4# K * - A P O * /(iw ))(

S C'fY.JT JIir

*~~k .333.3 J .*11 LTX*c;Um
TX/TI! - 1)

( I1. - C'L~ X11.0, *5IUIN)*.
CAU I ' 4 I .A F 9 ) l~I, I':0)
~ -- -1, * I C

' '=- (L AU (TS ) - qAVE* (W -
C F~l.C, c I T&J'I P-1-4' IN MICP'OSECONDS ~iv4L. FRAD IS THr PHASE It) RADIANS

r ',L"'4 -HCF AT 1AWIET POINT 0ON TIME nIFFFPEN:F CALCULATION.
ALTS't( 'TCH VAsfC
;V T I '
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*EKGROUND
SUH90UhTINE GPOIINOTsI K, IG09 HH)

C THIS SUbPOU.TINE USES VA.~tAF(Lf IMPEOANCt AND TFkPAIN TO CALCULATE
C (GROUND wAvE FIELDS

COMMO /GPNDI/7?P~,,U(,'(1009!P(6)/(009)XD().xIOO9J
COMMON~ /G N2/~ ,NW.UOMXP2DELTA
COMMON /70TA/APkAY(I(5)
COMMON~ ~~Ic9,P;9,l99,L
COMPLEX DELTA.ofN

CALL INT (I .I)
FPEO = APPAY(l)*l.t.-3 IL-AVF APPAY(I0) $A ARWAY(13)
RE TURN

C
FNTRY CEOM
HIT = 7(1) + 1*4

IF (I .FQ. K) GO TO 20
T MXI) - ()/

GS5 A 7(K
Gx A # -IT
CT COS(T)
ST SJN(T)
OT OPmCOS(T)

C EQUATION 2.239 kEFFFJCE 1
P2 = SOQT(?.*GS*(,X*OT + (H-IT -7(K))**?)

C E01,ATION ?.22. REFF'JE~jCE 1
C EUjUATION 2.30. RFFFr ENCE 1

PI = S0PT(?.*A*GS5*0MCOS(X(K)/A) # * )*e
R = kI + P? - PO

C EQUATION 2.30s REFF,&NCE I
C U =PWOJECTION FACTOQ TO THE SOP~FACE OF 117E,,ATION.

U = (K)*PO*SfOPT(I. + 7 P(K)**?)/(wI4P2*xII))
IF (1,0 .LT. 3) 0 U (X XI(K)

C EQUATION P.309 PEFEWLNCE I
C PD NOkmAL PAPTIAL DFPIVAT1VF To THE SIJPFACE OF THE 01-OUN0X.

PD = (400T ?(Kp) - HI$T*CT + Gx*ZP(K)*A*ST/6S)/W?

IF (XK .6FI. S(LLm)) GO TO 1,>
LLL =
IF (XK *LT. SW)) GO To 10
LLMO = LLM -I

IF (LLmO *LT. 1) (,0 TO 100
DO 13 LLL =1I LLmO
IF (X'( LT. S(tLL + 1) .Af~r). XK .G.S(LLI-)) GG T( I'0

13 CONTINOE
10n CONT I NUF

C Ff-LOUENCY rpEPENHDEYCE OIF I4POANCE = ST (FWF'/0.I
C DELTA = COmPLFX LOCAL (.QOJNU, IMP11ANCE THAT IS ADOE TO A
C FuNCTION INVOLVIN6 wAVE, W? ANjO PD.10 DELTA =CMPLX(D(uLL)o UI(LLLfl)SqwRT(FtL/n.I)

GO TO 21
C FOP VALUES OF x GREATER THAN THiF LAST S VALIII QFAV, IN-, TI-t LAST
C IM'PEDANCE IS USED
C FkEUUENCY nEPENDENCE OF IMPEDANCE

12 DELTA = CMPLXCDR(LLM), DI((LM))*S(.PT(FRE./0.1)
21 CONTINUE
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C DELTA? = f)EQVATIVF PAIPT OF 1MP~FlA?,CF
C 1.(AAT Le ?J. PfE9F.INjCt 2

DFLT A? = Ct"Lx (I.* -I./( LAVE*1,?fl*Pv
C COuIATIO,. ?0. PFEkFNCE P

Ili UfN = OFLTA2 * IELTA

20 ) I 0.
kZ ; - A 7 (j)

PE TUPr~'
E NV

*t)ECK Omcos
FONCTION OMICUS(A)

C OMOCOS(X)= I - COSMx
IF (All'(9 .GT. .15) 60 TO 40j
IF (x .Ea. 0.) GOf To '0O
S = x
OPACOS T
P = 4.

10) T = -~/P~-I)

IF (T/CMC(~S LF. * E-9) G() TO S1
W= P ,2

(70 To 1n
40 'JMCOS =I. COS(Y),

'WETUWN
90 OMCOS =0.

- - 1 PFTIJPN
E ND
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*UEC Pk Ctl+ VK[-F

C lrNTEkPOLATIOP.' OF F ( X) FOP AN X API4AY USIN& Al TAF I-"S METHOD FOP
C xTMoAPOLATYON OW ltYTIEWPOLATION NFAR TH-E ENDS OF T'- r,1VEJ AWWAY Am
C NE VILLF M S tf-'OD FO)) ALL OTHF P INTEIRPOLAT ION.
C INPUT
L A =THE APPAY OF toIVFN AHSCISSA IN ASCFt,IN, OPUEP.
L A = THE AWPAY OF GIVEf, VALUES~c OF F(A). FA I; COPMPLEX.
C s;A =THE %M rEk OF ELEMENTS Iti LACH OF THiE APRAYS A AND F CA).
L X THE VALUFS OF x IN ASCE.NDOj OPL)EP FOk wiICt4 O ,E WISHES TO
C DETERMIN.E FIX).
C NX =THF NWJMPEP OF EIFMFNTS IN EACH OF THE ARRAYS X AND FIX).
L rJPT =THE ODD NUIJ'HEP OF POINTS USED FOP 1INTEIRP0LATION. NPT CAN
c NOT PE GPE.ATER THAN NA,
C KASF 1. THE PROGRAM PROCEEDS NORMALLY
C lPASE = ?, FM(X IS CALCULATED ONLY FOP THOSE X VALUES THAT WELUIR
C A (NA) FOP- INTERPOLATION
C OLUTPUT
L EX =THE ARRAY OF VALUES APPROXIMATED FOR F(X). FX IS COMPLFY.

COMPLEX FA9 09. FUNCTv POLY
DIMENSION A(NA), FA(NA)s X(NX). FX(NX)g FlINCT(15), AHSCC1q~e DIF~l

lb)q POLY(iS)
9600 FOkMAT (1-'0H THF X VALUES APE NOT ARRANGED IN ASCENDING ORDER.1

1/5Xo4HI = F20.Q,5X.7HXUI) E20.9,bXq4HJ = E20.9o5x,7"A(J) =E20.9
2///I IH -Xv20X .4HF IX)

9bOi FORMAT (9X*2E20.9)
'vbO? FORMAT (IHO* THERE ARE NOT ENOUGH POINTS IN THE GIVEN ARRAY.*)

LOOP = I
IF (NPT - 15) 3. 3. 9

9 NPT = 15
3 IF (NPT - NA) k'. H, 4
4 NPT = PPT - 2

IF (NPT - 1) S. 5. 6
5 PRINT q602

CALL FXIT
6 IF (LOOP .E0. 2) GO TfO 3
7 LOOP = 2

60O TO 3
P3 'PT2 = NPT/2

IF (KASF *F0. 2) GO TO 12
11 NSTAPT = I

Mx= 1
GO TO 16

12 NSTART =NA - 3
TEST = A(NSTAPT) + (A(rSTAwT + 1) -AIN START) 1/2
IF (NX .LT. 1) GO TO 170
DO 14 1 It NX
IF (XUl) -TEST) 149 14. 13

13 M X =I
GO TO 16

14 CONTIF.uE
170 CONTINUE

I t NSToP = NJA-
IF (?NY *LT. MY) 60' TO 171)
DO; 12F I =MX. NX
IF (X(I) -A(])) 135# 15. 10

10 IF ()((I) -AU <A)) 21;. 209 110
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15 FX(il) = FA(1)

GO TO 125
20 FX(I) = FA(NA)

GO TO 125
25 IF (NSTOP *LT. NSTART) bO TO 180

00 85 J zNSTAPT, NSTOP
IF (X(I) - A(J)) 3?. 359 30

30 IF (X(l) - A(J * 1)) 45. 40. 85
32 11 = I - I

PRINT 9600. I X(I), J, A(J)
IF (I1) 34, 3., 33

33 PRINT 96019 (X(N). FX(N), N 1 I )
34 CALL EXIT
35 FXI) FA(J)

NSTART = J
GO TO 125

40 FX(I) FA(J + 1)
NSTART J* 1
GO TO 125

45 NSTART = J
IF (ABS(X(1) - A(J)) - AS(X(1) - A(J 1 ))) 50, 50. 55

50 JJ = J
GO TO 60

55 JJ = J * 1
GO TO 60

85 CONTINUE
180 CONTINUE
60 IF (JJ- NPT2) 1359 135. 70
70 IF lJJ * NPT2 - NA) 80. 80, 130
80 KK = JJ - NPT2 - I

90 IF (NPT .LTo 1) GO TO 185
DO 95 K = 1. NPT
KK = KK # I

FUNCT(K) = FA(KK
ASSC(K) = A(KK)

95 DIF(K) = ABSC(K) - X(I)

185 CONTINUE
NTOP = NPT - I

LL = I
100 IF (NTOP .LTs 1) GO TO 190

00 105 L It NTOP
LLL = L LL

105 POLY(L) = FUNCT(LI*DIF(LLL) -FUNCT(L.1)4OIF(L))/(AHSC(LlL)

I - ABSC(L))
190 CONTINUE

IF (NTOP- 1) 120. 120. 110

110 00 115 m = It NTOP
115 FUNCT(,, = POLY(IM

NTOP z NTOP - 1
LL 2 LL + 1
GO TO 1d0

130 INC = - I
KK = NA + I
GO TO 140

135 INC = 1
KK = 0

140 IF (NPT .LT. 1) GO TO 215
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K?(= P *INC

FtINCT(K) =FAtKr\)

145 L)1F(K) 1-iSC(K) A(T)

,NTOP = "PT-
LL=

ISO I F (NTOW *LT. 1) UTOl IeO
DO 155- L =1. N.ToP
ULL= L *LL

11.5 kI)LY(L) (kiWCT(1)*njF (LL.) -FUN4CT(L+1)*f)IF(LL) (AisC(LLL)
1 - AbjSC(LL))

220 CONTINUE
IF (NTOP -1) 1209 1?09 160

160 D0 165 M 1, NTOP
165 FUNCT(m) POLYIM)

NTOP = NTOP-1
LL rLL + 1
6O TO 150

120 FXCI) =POLYMi
125 CONTINUE
175 CONTINUF

RET URN
E ND

*DE:CK FLEAF

CO!PPLEX FU)NCTION FLEAF(W.AVE, -ej. t.2o XD DiLTAP)
C FLAT EARTH THEORY. REFFPENCE 3

Cl'MPLFX TEMP. 0. 79 729 Z7. HAERFs WEPF19 WERFe 7WEPF, UELTAP
H,= H2 - HI

TEMP =(0.7071067812'. - O.707I067dl2)*SRT(.5*WAVE)
X02 =SORT(XD)
0= -TEMP*H)/)D2

7 =TFmP*OELTA5P*XD2 + 0

ZI =AIMAG(ZZ)
IF (7I.0T.0. .0m. (ARS(PEAL(77)).LT.6. .AND. 71.0T.6.)) GC To in
Z2= 72
HWFPF =(72 - 2.)1(77*(i? - 3.5))
GO TO 12

C WERF = COMPLEmFNTAkY EPOOP FUNCTION
10 WEPFZ =WEPF(77)

HWF.PF = Z7 0.5*WERF7/(7*wERF7 * to n .ch41P9 -))
12 ZWEWF = 7 *HWEPF

FLE.AF = ((6*ZWFPF - f.5)/(7*7v.EWF -0.5)

PFTUP
E ND
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COMPLEX FUJNCTIONJ ,FF(772)
C COWPLFMENTAWY ERPOP FUNCTION

COMPLEX Zt ZZ7v ZV. V. 729 C, Wq S

1-00IVALENCE (So C(l?),
DATA (C(1) = (.09 - .564.1895835))
t)ATA W/(1..0.0).
I (3.b7879441171'.423E-01.6.071577058413937L-01),
2 (1.83I,6388P7341E-0293.40026217060662E-01).
.3 U1.2340984Ob66786E-0492.01157317037O004E-0l).
4 c1.1?5351747l926'46E-0791.4599:35899001528E-01).
5 (4.?75835761b5r)070E-01..OOOOOOOOOOUOOOE.O0)9
6 (3.047'4252569126E-12.0821893820?8316E-01),
7 1.'4023958136E627?9E-O1,2.?221344O1798991E-01),
83 (t6.31777728904697E-O?,1.739183154163490E-01),
9 (3.628145648998864E-02,1.35R389510006551E-01),
A (2.5534567b3105O58E-01,O.000O00O00000O00E.O0),
'3 (2.1)4'J6152748907E-0199.29978O93926018bE-02),
C (1.479S2759S1?015SE-01.1.31179717O842178E-OI),
0 (9.271076642644332E-02.1.283169622282615E-OI),
E (5.968b9?Q6104459OE-O2.1.13?100561244882E-OI),
F U1.790011511813930E-0190.O0O00OO0000000O0E+OO).
G (1.64?b1136392Y'lblF-01,b,019713513524966E-02),
H (1.3f77469b9m52-0198.1112b5O47745472E-O2),
I (9.b402SOt558304439IE-0299.123b326O0421258E-02)9
J (b.97909blb4'q64750F-0?.)e.9340O00240364b1E-02)/

Xx= EAL(ZZZ)
YY =AIMAG(777)

X= ABS(XX)
v = AHs~'y?
1 CMPLX(At Y)

IF (X .6F. 4.5 OPQ. Y .6'E. 3.5) GO TO 100
1 9 - .5
J Y - .5
V CMPLX(FLOAT(I)t FLOAT(Jfl
IV 7 - V
C(?) = w(1 0 1- j * 1)
Al = r
Del 10 1 =3. 1?-
Al = Al -. 5
Cti) = (v*C(I - 1) + CUI - 2fl/AI

10 C ON T I tE
J = 1?
00 11 1 =2. 11

11 S =S*7V *C(J)
2nl IF (Yy .GL. 0.) GO TO 30

IF ML? .FO. 0) 1?
r, = .*CEXP(-7?) -

IF (XX .G7. 0.) S =CONJG(S)
GO TO ?00

30 IF Cx* .LT. 0.) 5 = CONJG(S)
200 WEfwF =S

NFTURN,
100 L72 I
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7?
S Z 7*((0..O.4613135279)/(,2 - 0.1901b3,92) *(n,,9q99p161A8)

11(72 - 1.78449274PS) , (0.,0.0028639938748)/112 - b.52534374379))
GO TO 20
END

*DECK CANG
FUNCTION CANG(Z)

C PURPOSES
C COMPUTES THE ARGUMENT OF A COMPLEX NUM4FR 7 SUCH THAT
C -Pl .LT. THETA ,LE. Pl.

COMMON /PIS/TWOPI.PIdHAFPI,'fRTPI
COMPLEX 7
XxREAL(7)
Y=AIMAG(Z)

IF (X) 20,30,10
10 CANG=ATAN2(YtXl

RETURN
20 IF (Y.NE.O,) GO TO 10

CANG=PI
RETURN

30 IF (Y.GT,0.) GO TO 40
IF (Y.LT.O. GO TO 50
CANG=O.
RETURN

40 CANG=HAFPI
RETURN

50 CANG=-HAFPI
RETURN
END
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*DECK~ INDF
SUBROUTINE IN)F (HNXXEORHgF)

C THIS SUBROUTINE CALCULATES THE INDUCTION FIELDS FOR E SUfi P AND
C H SUB PHI
C THESE INDUCTION FIELDS APE FOR POSITIVE TIME FUNCTION

C EORH =1. 61IVES INDUCTION FIELD FOR E SUBj P (TOWEL HAP)
C EORH =0. GIVES INDUCTION FIELD FOR H SUB PHI (LOOP)
C FZ a INDUCTION FIELD FOR E SUB R
C FH a INDUCTION FIELD FOR H SUB PHI

COMMON /ZOTA/APRA't(15)
COMMON /PIS/TwOPI.PIqHAFPIORTPI
DOUBLE THETAD*SINTMCOSTMR.CONS
COMPLFX F7,FH*F
AFX.EO =RA()3S.4 RA(9*.* WVEzAPY0
A ARPAY(O.3) C A9 Y9)IE9SAV PA40

3 PRINT 9500
9500 FORMAT (//* IN INDF, DISTANCE IS ZERO OR NEGATIVF, AX *t*F20.10)

CALL EXIT
4 THETAO=1.DO*XX/A
SINTH=DSIN ('HFTAD)
COSTH=DCOS (THFTAD)
R=A.HH
CONS=A*P*S INTH**2
D2=R*P. A*A-2 * A*P*COSTH
IF(02.GT.O.) GO TO 30
DD=XX
02=XX*XX
GO TO 40

30 CONTINusE
DO=SOPT £02)

40 CONTINUE
D3=DD*fl2
D4zD2*02
FZP=-2.*COSTH/DD+3.*CONS/03
F71=(WAVE*CONS.2.*COSTH/WAVE) /D2-3.*CONS,'(D4*WAVE)
FZ=CMPLX(FZRF7I)
F 7.VZ/CMPLX CO.o*WAVE
FHR=R*SINTHD/03
jFHIzWAVE*PeSINTHDl/D2
FH=CMPLX (FBI ,-FHR)
Clx2.E-7*TwOPI*WrAVE*CUFH=FH/C 1
IF IEOPH) I.?

1 F=FZ
RETURN

2 F=FH
RE TURN
F NO
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