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Users Guide for
ESD LORAN Grid Prediction Program

I. INTRO D ( ( TIO\

The abil i ty to precisely deliver ordnance or men and materia l  under all

weather conditions in an adverse battlefield environment, is one of the most

severe requirements imposed on U. S. Worldwide Tact ical  Air  Forces. A key

element in meeting this requirement involves obtaining and providing position

data in a specified coordinate system, to allow navigation of tact ical  a i rcraf t  to

desired locations wi th  sufficient accuracy for rendezvous or weapon release. The

LORAN radio navigation system is being relied upon more and more as a princi ple

source of navigation information in tact ical  airborne operations. Position indica-

tion is given in terms of LORAN TD’s ( t ime di f ference)  which , because of propa-

gation anomalies , do not correspond precisely to earth fixed geodetic coordinates.

Therefore , each LORAN chain requires a grid prediction for i ts  coverage area.

Such a grid prediction computer  program package has been developed at RADC /
EEP and is described h e r e w i t h .  This manual contains suf f ic ien t  information to

enable the experienced programmer to understand the programming aspects of

LORAN grid p red ic t ion  and includes a detailed functional  description and its

operation.

(Received for publication 8 December 1977)
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The operation of the ent ire  LORAN Grid Predic t ion  System from obtaining the

required input data off maps to the calculat ion of the ou tput  t ime  difference is

i l l u s t r a t ed  in Figure 1. The system has been divided into the four following part3:

PART I: Formation of map digit ized .
PART II: Calculation of surface  impedance data base.

PART III: Field LORAN predict ion package.

PART IV : Updating data base by comparison of calculated and exper imen ta l
results .

A suff icient  description of the various computer  program is presented so that

the user  can obtain the required LORAN coordinates.  The data base is generated

in PARTS I and II and updated when measured data is available in PART IV. In

PART III of the systems, the main set of calculations are performed and this is

described f i rs t  in Section 3 . The technique for t ranslat ing the ear th’ s electr ical

properties into a surface impedance and properly sequenced onto a rap id access

magnetic disc is described in Section 4 . Brief descr ipt ion of map data di gi t iza t ion

and system tuning or data base updating is given in Sections 5 and 6, respectively.

PARI 1 PART 11 PART 1I1

ElF/AT ION 

OFF 
- 

CONVERSION

_

~

Hj

~~~~~~~~
0R

, 
:

1 TAPE

Ill lit.
XMTR TARGET I

I ALT
I ED ANT

PART 1V

SYSTEM

L
FIELD I I
TEST L_ J
DATA

Figure 1. Total LORAN Grid Prediction System
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3. uF s( :nI P’I’IoN OF P ~IlT III

3.1 (i’t e r s l e i %

A block diagram of the PART III LORAN prediction package is shown in

Figure 2. Its purpose is to furnish the LORAN TD’s for a desired target  given the

ground properties of the system coverage area. For each LORAN chain , the geo-

detic location of the master and two slave t ransmit ters  must be known in addition

to the two slave emission delays . A magnetic tape of the ground electrical prop-

erties for the given coverage area is also required. The la t i tude and longitude of

the desired target and delivery altitude are inserted into the program and a t ime

of arrival (TO.A ) f rom each of the t r ansmi t t e r s  is computed . Subtracting the

master TOA from each of the slave TOA ’s y ields two TD’ s which determine the

LORAN coordinates of the target .

TAPE INPUT
OF cR OuND
PROPEHTIES

ALTITuD E ED1 ED2

- 

EODES ALCULATRDN O F t , TIME 0 

L~~T~~N

LONG M Si S2 LOOP 3 TIMES FOR EACH TARGET

Figure 2. LORA N Prediction Package — Part III

The opera tion of this program can be followed by referr in g to Figure 2 . The
input tape contains the ground electrical properties which consist of elevation and

complex surface impedance for the area of int erest.  This is in the form of a

matr ix  of data points every 30 arc sec in lat i tude and longitude. The informat ion

is recorded onto a disc for rapid access of data between any two points in the serv-
ice area as required by the geodesic retrieval .

9
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The input data cards contain the following: (a) t r a n s m i t t e r  (‘( . ( I~’c I fn at e s  w i t h

associated emission delays , and (b) target  coordinates , del ivery  a l t i t u d e , inte-

grat ion step size , and type of rece iv ing  ante~mna for each ta rge t . This data is f ir s t

used in the geodetic calculat ion to de te rmine  path length (D) between each of the

t r a n s m i t t e r s  and the target , and to d e t e r m i n e  points  along the geodesic path

governed by the d i s t ance  i n c r e m e n t  or integrat ion step size.  The points along the

geodetic path are input to the  geodesic retr ieval , which  in tu rn  ot tains the ground

electr ical  properties of the points  f rom the mat r ix  on the disc. This in fo rmat ion
is used to calculate the t i m e  co r rec t ion  or secondary phase fac tor  due to the

decrease in propagation veloci~v , compared to free space, when a signal propagates

over the  earth’ s surface.  Time of arr ival  calculations can then be made f rom the

fol lowing equati rn :

T O A = a D + t  + E D  ( 1)
C C

where

n = a tmospher ic  index of r e f rac t ion  = 1.000338.

c = velocity of l ight 2 . 9 9 7 9 2 5  x io 8 me te r s/ s econd .

D = lengt h of geodetic path from t r a n s m i t t e r  to receiver ~n mete rs .

t = i n se  correct ion or secondary phase fac tor  for p i ’op  S c t I j n  ver a givenc path length in ~,t sec.

ED emission delay in psec.

Three such calculat ions , one from each t r a n s m i t t e r  to ta r 4et , a re i equ ’ ie d

for each predic t ion .  Subtract ing the rna~ ter  TOA from each of the s l ave  T( o~~s,
one obtains the LORAN coordinate predict ion.

:i 2 I’ re i l i  I I I  on P ro~irlSln Il ls C h art

A f low char t  i l l u s t r a t i n g  the operahon  of the LORAN Grid Predic t ion  package
is i l l u s t r a t ed  in Fi gure 3 and subrout ine  r e l a t ionsh i ps to the d r i v i n ~ program
I h ~l-l A \( ’ O  is sh own  in Figure  4. This package consists of a deck wi th  ~ o ni x i _

ma telv  1300 cards and r equ i re s  a core memory  of 120K ha~~ I= e ight  ( 8 ) .  The  th r e e

tr~ n s m s t t e r  ( T\ 1 , Si , 52) c o o r ’h n o t e s  w i t h  cor responding  e m i ss i o n  delays are read
into the  program from the  input  data  derk . For computa t ion  purp , t h e  geo-
graphic c o or d i n a t e s  are  converted into radians by a call t o  s u b r o u t i n e  ‘L~FlH.A D.
The ta rge t  co o r l ] i n a ’e ,  i r e  then  read into the  pr l g r a v  w i t h  r or r e-i~~ ndin g  i n f o r m a —

t n  i n  h e l  es~ a l t i t u d e  in meters , I- n~pu t a t i  a ~tep  t , ize  in k u o v l l t e r s , and ‘ne

of receiving a n t c n n a  ( E i r o - t r i c  dipole = 1, Loop 0) . Si i i i i l a r l v , t h e ~ e coord ina tes

are conver ted  to r a d i a n s .  The program is t e i ’ i ~~ ifl~ i~~e~ when t h e  s t ep  s ir e  (ADEL S1

10
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I
READ THREE Xm tr Coordinates And Coding Delays

READ Receive r Coordinat es . Altitude , tet Size And Antenna Type

(Z Al t) (ADELS) (NUT)

ADELS ,LE .O GO TO 700

r CONVERT LAT /LONG TO R A D IA NS
SUB CORRAD

_ _ _ _ _ _ _ _

Def ine Total Distance from Transmitter to Receiver 0

by Sadano SUB GEODI

Define increm ental distance by Ilufford

SUB GE O PTS

Obtain Geodetic Data from Disc Data Base

SUB GEORET

Calculate Secondary Phase Factor t~
SUB INEQ

For Ground or Altitude Define

T0A ° ’
~~D + t + E [

~~~~~~~~~~~ L2
Define True Time Delays and

AT 1 = TOASI - TOA M

A T2 = TC~S2 . TOAM

G o T ~~~D

Net ke ce i t ~ r oDr e l nates

i t pur I ’  ~~. LORAN Program Flew C h a r t
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ANT I SETUP ]

~~
XMTR COORD —c. ToMI ~ M + 1CM F—° ~ T I

TARGET COORD -c. 
L 0 R A N Co : : ~ 2

1-~~~1 
_  _ _  _ _

a HEO~~1~ INT 
~ 

F~~~~~
J

GETELV 
IND~~

J E}fl~1I
- DAfA - - - 

~DATA ~~ J s~~)j
I
I _

Figure 4 . ESD LORAN Grid Prediction Program

is equal to or less than zero. Therefore , a blank card af ter  the last desired tar-

get card causes the program to exit .  With  information on t r a n s m i t t e r  and target

location , the program can now determine the propagation path. The total  geodesic

dis tance for pr imary  wave delay is calculated in subroutine GEODI which uses the

Sodano formula t ion .  1, 2 The coordinates of incremental  points along the propaga-

tion path are defined in subroutine GEOPTS. The ground electr ical  proper t ies  for

these points are obtained through subrout ine GEORET which in turn calls subrou-
t ine GETFLV. In the la :ter subroutine, the required points are indexed to address

data for the random access dis c . Upon return from the disc , the data is unpacked

and returned to GEORET . With a detailed description of the points along the prop-

agation paths available, one can now calculate the secondary phase factor or t ime

correct ion, t~ , due to the dis turbing influence of the ear th  using the Hufford lrite-

gral fo rmulat ion  equation. ~~, ‘~, ~ Ninety-f ive  percent of the compute  t ime  is re-

quired for this calculat ion in subroutine INEQ . The t ime  of arrival  is the sum of

the p r imary  wave travel t ime , secondary phase factor , and emiss ion delay. All
the requi red  informat ion for this calculat ion over a given path is now available and

the resu l tan t  calculat ion is stored.

Due to the large number of references  on this page , the references w i l l  not be
footnoted. See references , page 83.

12
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The above procedure is repeated three  t imes , once from each t r a n s m i t t e r  t i

receiver by loop ing back to st a t emen t  15 a f t e r  each comp leted TOA . W ith the

completion of the TOA calculations , the predicted t ime di f ference  for a givers geo-

graphical coordinate is calculated (T , T2) in the dr iving program LORANCO arid

output  pr inted.  Control  is then t rans ferred back to s ta tement  5 where  new target

coordinates  are read into the system , and the ent i re  process is repeated unti l

A D E L S  is made equal to or less than zero.

Figure  4 is an additional flow chart  i l l u s t r a t ing  the subroutine relat ionships

to the driving program LORANCO.

3.3 Data Inp u t  and O u t p u t  setup

3 . 3 . 1 INPUT

Program LORA NCO requires a data deck and data tape for operation loaded

as shown in Figure 5. The data deck supp lies the geographic locat ion of trans-

mi t t e r s  and targets  and additional required constants such as emission delay,

a l t i tude , s tep size, and type of receiver  antenna. The data tape supplies the
ground electr ical  proper t ies  for the en t i re  service area covered by the t r ansmi t t e r s .

The f i r s t  th ree  cards in the data deck describe the t r a n s m i t t e r  input data as

fo l lows :
Cols Data Format

1-2 Blank

3-6 Al pheric numer ic  3A8
ident i f ier  for
t r a n s m i t t e r

26-42  La t i tude  data 15 , 13 , F7 . 3, A l
26-30 Lat i tude , degrees 15

31-33 Lat i tude , minutes  13
34-4 1 Lat i tude , seconds F7 . 3

42 La t i tude , N or S Al

43-58 Longitude , data 15 , 13, F7 . 3 , A l
43-47  Longitude, degree 15
48-50 Longitude , minutes  13
5 1-57 Longitude, second F7 . 3

58 Longitude, E or W A l
59-78 Emission Delay F20. 3

Al l  degrees , minutes , and seconds are ri ght jus t i f i ed  in the i r  respective f ie ld .

Emission delay is in units  of ~~sec . The order of t r a n s m i t t e r  cards are master ,
slave 1, and slave 2 . The master  emission delay will  always be zero. Slave 1
emi s s ion  delay is a lways  less than that of slave 2 .

13
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DATA BA SE
ON MAGNET IC

T A PE
BLANK (TO TERMINATE PPC~ Rdi5 )

I— SC~ dE INF UR1 LAT LONG ALT~~X N UT
RECEIVER CARDS FOR TARGETS

LOAD ON FORMAT
TO DISC 2X , 348, 2 (15, 13 , F7.3 , A l ), F 12 .l , F5.2, 13

BA UMMOLDER LAT LONG ED
3 CARDS FOR XMTRS

FORMAT

I.

/ H
PROGRAM LORA NCO 

I A’

Fi gure 5. Deck Setup for P rogram i.~~l I i ~ N ( (

The next  set of cards contain the target  input data .  It  t s  read in as one 1: -i r get

per card so there  wil l  be as m any  receiver cards as t a rge t s  w i th  the fo l l owin g

fo rma t :
(o ls  Data Fo rma t

1-2 Blank

3-26 Al pher ic  numer ic  3A8
i d e n t i f i c a t i o n  for
receiver ident i f i -
cation

2 ; - 4 2  La t i t ude  data 15 , 13, F? . 3 , A l

26-30 Lat i tude , degrees IS

3 1-33 Lat i tude , minutes H

34-41 Lat i tude , seconds 1 7 . 3

42 l a t i t ude , N or S A l

43-58 Longitude data IS , 13, F7 . 3 , A l

43-47  Long i tude , degrees IS

48-50 Longitude , m inu te s  



(‘ols Data Format

5 1 — 5 7  l.ong i tude , seconds F7. 3

58 l ongi tude , E or \V A l
59-70 Al t i t ude , meters  F l2 . 1
7 1-75  Step Size , kM 1 5 . 2
76-78 Type of Antenna 13

O o r l

The a i r c ra f t  a l t i tude  at the release point is specified in meters  and the dis tance

inc rement  or step s i ze  in k i lometers  typ icall y 0. 5 ki lometers . N I T  defines the
type of receiver antenna.  For a ver t ica l  antenna , a 1 is p laced in column 78 , for
a loop, a 0 in column 78. A blank card or zero in columns 7 1 - 7 5  wi l l  t e r m i n a t e

the program.

The data tape contains in format ion  on the electrical  propert ies  of the ground
and covers the entire service area. Points selected ou t s ide  this area w i l l  cause
the program to print  “ OUT OF ACCEPTABLE RANGE , FURTHER C A L C U L A T I O N S
FOR THIS PATH HAVE BEEN DEI FTED. ” The supplied magnetic  tape contains
3760 records of 60 words  each w i t h  each word represent ing 120 data points or one
degree of l a t i t ude . Each data point is defined b y a comp lex surface impedance and
an elevation. The cur ren t  area covered is 66 to 14 degrees in longitude and 48 to

54 degrees  in l a t i t ude .  This tape is read into the random access data base disc

unchanged in format  w i t h  the sequen t ia l  record number  on the tape becoming the
random access index a r ray  address number .  No operation on the tape is required.

3 . 1 . 2 OUTPUT

Program L O RA N C ( )  produces the fo l lowing  pr in ted  output :
(a)  For each t r a n s m i t t e r , an echo p r in tou t  of columns 3-58 , of the input  card.
(b) For each rece iver , an echo p r i n t o u t  of columns 3-58 of the inpu t  card .
(c)  or each t r a n s m i t t e r  to receiver path , geodesic path  in format ion , and a

pr in tou t  if  the  pa ramete r s  used by subrout ine  I\EQ.
(d) Resul t s  of the gr and wave t ime  delay calculations in the form of the  l is t

\A \ I l .  The l i s t  N A M I  contains in fo rmat ion  on t ime  of arr ivals  (TOA ) , t i m e  d e l a y s
(TD 1 , TD2) , emiss ion delays (EDI , ED2 ) , geodesic d is tances  (DIST’~ D) , p r in  arv
wave t i m e s  (TPW) , and secondary phase fac to r  t imes (T IM D U S I ) .

1. I I’ roi ~ra,n ~uI,rouiI,,,’ = and I’ uli , ij o , , =

l . ( 1I I A N ( h - Reads inputs , def ines  three  paths , calls da ta  base and INEQ,
ca lcu la tes  TOA and ‘fD.

C O R R A D  - Degrees ( l~at , Long) to rad ians .

CORDMS - Radians to degrees (Lat , Long) .
GEOPT S - Defines points along geodetic from t r a nsm i t t e r  to  receiver .

13
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INT - Calculate f i r s t  and second derivative of elevation.
GETELV - Read geophysical data off disc.
UN P A C K  - Unpack dat~ from disc .
GEORET - Returns  geophysical data to driving program.

INEQ - Solution of integral equation for secondary phase factor .
INDF - Induction field calculation (E or H field).

CNEUKE N - Interpolation routine for integration.
GEODE - Calculation of total geodetic distance by Sodano and back azimuth.
SETUP - Constants for sp heroid to be used.

GROUND - Introduces variable ground impedance and variable ground terrain
into integral equation formulation of the ground wave ,

CANG - Calculates argument of a complex number.

INDEX - Calculates index values of data base variables from LAT/LONG.
WE R F  - Calculates error function .
OMCOS - Calculates 1 - cos (X) .

FLEA F - Calculates ground wave at tenuation function over flat ground
using flat earth theory.

3.5 Subroutine I)e ser ipti on

3 .5 . 1 LORANCO

This is the driving module for the entire program. It reads the input coordi-
nates of both t ransmit ters  and receivers, defines the geodesic path , receives data

base parameters and calculates the secondary phase factors , t ime of arr ivals , and
t ime difference. The firs t three read cards , one for each sta t ion , furnish the
t ransmit ter  locations and associated emission delays . A call to CORRAD changes

the units of the input data from degrees to radians . The f i rs t  target or receiver

geographic coordinates are then read in degrees , and changed to radians by a call
to CORRAD. The various paths from t r ansmi t t e r  to target and then defined
(R LA (ITCT) , RLO(ITCT)) , and a call to subroutine GEOPTS defines the incremen-

tal path coordinates. The call to subroutine GEODI returns the to ta l  distance from
transmit ter  to target  (SBKMS) by a Sodano calculation . 2 This value is later used
to calculate the primary wave delay. With the incremental geographic coordinates

known along the geodesic, the call to subroutine GEORET returns  the ground elec-

trical properties of elevation and impedance through common blocks / GR OU N D , ’and /
SDRDI/ for use in subroutine INEQ . Subroutine INEQ determines the secondary

phase factor , TIMSAV. The time of arrival (TOA) for a given path (ITCT) is

determined from the relationship:

TOA (ITCT) ENC * SBKMS + TIMSA V (2)

16 
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wti ( ’ i ’ (  I N C  = ground ref rac t ive  index divided by the veloci ty  of l ight.  ITCT is
i } 1 1 t 1 1  in c r em e n t e d  for a new path between the next t r a n s m it t e r  in the chain and the
same r e c e i v e r , and program cont rol re turns  to s t a tement  15 where RLA(I TCT)
and RLO(ITCT) are r edef ined.  The above process is then repeated unt i l  three
TOA’S are calcula ted . The required t ime d i f ference  (TDI) then computed from the
relation:

TDI EDI -+ TOA(2)  — TOA(l )  (3)

where

EDI emission delrmy for slave 1.
TOA(2) = Time of a r r iva l  for slave 1 at receiver, TOAS1.
TO A( l )  = Time of arrival  for Master  at receiver , TOAM .

When the calculations are performed for airborne locations , the secondary phase
factor  contains an al t i tude correct ion derived in subrout ine INEQ and defined as
ALTTMSV.

Upon completion of the t ime d i f f e rence  calculat ion , control  is trans ferred
back to s ta tement  5 in the program where  the information for the next target  is
read in and the entire process repeated. The program exits when the step size
(ADELS) on the target  card is equal to or less than zero.

3 . 5. 2 SUBROUTINE CORRAD

Subroutine COR HAD trans forms degrees into radians for a given la t i tude  or
long itude. The subrout ine  s ta tement  is SUBROUTINE C O R RA D  (RCOR , IDEG ,
IM I N , SEC. ID, IS, lE ER)  where :

RCOR = Location in radians .
IDEG = Location in degrees.

IMIN = Location in minutes .

SEC = Location in seconds.
ID = Character  for nor th , south , east , or wes t .
IS = Lat i tude  or longitude indicator .
IERR = Error code.

This subroutine is called from the driving program and returns radians I t ,  the
driving program through the argument l is t .  It is used to t ransform the input
t r ansmi t t e r  and receiver coordinates into radians .

17
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3.5. 3 SUBROUTINE GEOPTS

Given the distance S~, from point A to a point P on the geodesic between two
prescribed points A , B, on the surface of a spheroidal earth , the FORTRA N sub-

routines GEOPTS returns the lati tude and longitude of P, and the forward

azimuth  of the geodesic of P as shown in Figure 6.

NORTH C
POLE

90
GEODESIC

OP

A
4’

B B

(/)

P

.
~~
~ 1 A0 A

Figure 6 . Geodesic Geometry

The derivation of the equations under the subroutine are described by Spies. 6

The subroutine s ta tement  is:  SUBROUTINE GEOPTS (SMP, RLA TP , RLONP ,
BA ZP) where

SMP S~ = distance (in meters) of P from A ,

RLATP = O~ = lat i tude (in radians ) of P,

RLONP - = long itude (in radians) of P,

and

R A Z P  = s~~ = forward az imuth  (in radians)  of geodesic of P.

Latitudes 0A’ 0 B and longitudes 0A ’ ~B of the prescribed end -points A , B are
stored in the COMMON block PATH , along wi th  certain output parameters .  We

6. Spies , K. P. (1975) The Analytical Basis of Ij u f f o r d ’ s Computer  Technique for
Determining Topograp hic Profiles,  I n s t i t u t e  for Telecommunicat ion  Services
Memo dated Nov. 4, 1975.
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have the s ta tement : COMMON/PATII/PLATA . RLONA , HLATB , R I O N B , HAZA ,
RAZB , SIvIB, where

RLATA 0A lat i tude (in radians) of A ,

RLONA = 8A = longitude (in radians) of A ,

R L A T B  = = l a t i tude (in radians) of B,

RLONB 9B = longitude (in radians) of B,

R AZA = t A = forward az imuth  (in radians ) of geodesic of A,

R AZB = ‘1B = forward az imuth  (in radians) of geodesic of B,
and

SMB = SB = length (in meters) of geodesic from A to B. - ‘

North latitudes and east longitudes are positive, whereas south latitudes and west
longitudes are negative. Positive azimuths  are measured clockwise from north.

Parameters which specif y relevant dimensions of the spheroidal earth are
defined in the DATA statement:  DATA ASPH, E~~~, CESQ/6378206 . 4, 0 . 006768658 ,
0 .993231342/  where

ASPH = a = length (in meters) of semimajor  axis of spheroid ,
2 2 2 2 . .ESQ e = (a - b )/ a  (where b is length of semiminor axis of sp heroid) ,

CE~ 1 - e 2,

and the numerical  values correspond to the Clarke spheroid of 1866 . Any other
desired spheroid can be used in GEOPTS simply by replacing the above DATA
statement  by one containing the appropriate numerical values. For example, for
the International spheroid , one would use:

DATA ASPH, ESQ, CESQ/6378388. 0, 0 .006722670 , 0 . 993277330/ .

As we shall see in the following section, the quantities 
~~~ 

~~ 
~~~~

. are approx-
imated by esculatory cubic pol ynomial functions of the distance S~ of P from A; for
a fixed spheroid , the coefficients in these polynomials depend only on the location
of the end-points A , B. To achieve computat ional  efficiency in situations where

~~ ~~~
,
, 

~~ 
are to be calculated for more than one point P on the geodesic between

a fixed pair of end points , GEOPTS is provided wi th  a second entry point PCOORD
(by including the ENTRY statement  ENTRY PCOORD) , whereby the subroutine
skips tIre coefficient calculations and proceeds directly to the evaluation of the poly-
nomial expressions for 

~~~ 
os,, 

~~~~

. For a given pair of end-points A and B, the
initial call to the subroutine must use the main entry point GEOPTS: that is , the
calling program reference must be

19 
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CALL GEOPTS (etc . , etc .) .

Since the pol ynomia l  coef f ic ien ts  have alread y been evaluated , subsequent  calls

(fo r that  path)  should then use the ent ry  point PCOOHD: that is , the calling pro-

gram refe rence  should be:

CALl  PCOORD (etc . , etc 

It is thus evident the subroutine GEOPTS is par t i cu la r ly eff ic ient  in those cases

where O~ , 9~ , t~~ 
are desired for several to many points  P on a single geodesic.

3 . 5. 4 SUBROUTINE GEORET

This subroutine is called from the driving program LORANCO.  Subroutine

GEORET obtains from the data through GETELV the values of e levat ion and imped-

ance which  occur at intervals along a geodesic specif ied  by arrays LAT and LON .
The path elevation and impedance data are t ransmi t ted  to the driving program via

blocked common statements .
The subroutine s ta tement  is SUBROUTINE GEORET (LA T, LONG , DSKM ,

NP ) where:

EAT = Array  of lat i tudes along a geodesic path.

LON = A r r a y  of long itudes along a geodesic path.

DSKM = Distance along geodesic path in KM.

NP = Number of points along the geodesic path .

To obtain elevations and impedances from the data base , GEORET steps

throug h NP lati tude and longitude points calling GETELV each time. Amp l i tude

and phase data are returned , converted to real and imaginary values , and stored in

arrays DR and DI. Elevation information is stored in array Z. Subroutine

GEORET then calls subroutine INT to obtain the f i r s t  and second der iva t ive  of the

elevation data.
Support informat ion required by GEORET and supp lied by common blocks

include:
(1) Common/ GR OUND /

(2) Common/ INDUCT/

(3) Common ’TE/
(4) Common/ SDRDI/
(5) Common/CITCT/
By use of common blocks , certain of the in fo rma t ion  can be d i r e c t e d  to the

double integral subroutine (INEQ) and its support subrout ines , whi le  other control

data are t ransmit ted  to the dr iving section of the overall p rogram.
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3. 5. 5 SUBROUTINE GETELV

This subrout ine  is called f rom subrout ine  GEORET.  Subrout ine  GETELV
indexes the  input  l a t i t ude  and longi tude  coordinates  fo r’ s u b r o u t i n e  UNPACK to
obtain the proper ground electr ical  proper t ies  off the disc .

The subroutine s t a t emen t  is SUBROUTINE GETELV (EA T, l ONG , AMP ,
FAZ , E L V T N )  where:

LAT , LON - The input coordinate of each incremented  point along the
geodesic path .

A M P , FAZ , ELVTN = The output comp lex impedance (AMP , FAZ) and
elevation (ELVTN) from the disc data base.

Two indices are selected of adjacent longitude records , NPACK , which encom-
pass the input coordinate.  These two records are separated by 30 in . in longitude
and cover a la t i tude of one degree or 120 points. The elevation data , ELVTN , is
obtained by a linear interpolation wi th in  the 30 in. square surrounding the desired
coordinate , and is stored in eleven bits of the available th i rty  bit word.  The
impedance data of the southwest corner of the 30-in,  square is used to represent
the entire square . No impedance interpolation is required. For the complex
impedance data , ei ght bits are used for the magnitude and eleven bits for the
phase.

The impedance and elevation data are returned to subroutine GEORET through
the argument list.

3 . 5 . 6 SUBROUTINE SETUP

This subrout ine  provides the spheroidal data for subroutine GEODI. Inputs
are the semimajor  (AC)) and semimiror  (BO) axis of the earth in meters . The
spheroidal  f l a t t en ing  (FL) and eccent r ic ity  square (ESQ ) are calculated.  The
spheroidal constants  for various ellipsoids are:

Ell ipsoid Semirn aj or Semimino r

In terna t iona l  6378388 . 0 6356911 . 9
C l a r k e  1866 6378206 . 4  6356583 .8
Clarke 1880 6378249 .1  6356514. 9
Bessel 63773 i~7 . 2 6356079 . 0

Subrout ine  SETU P is cal led from subrout ine  GEODI and returns the required
constants  through the ( ‘OMMON G E N E R A L/ b l o c k .

3. 5 . 7  SU BROUTI N E IN T

Subroutine TNT is railed by subrout ine  GEORET and calculates the f i rs t  and
second de r iva t ive  of the elevat ion at each point along the geodesic path . The sub-
rout ine  s t a t e m e n t  is SUBROUTINE TNT (I , K) where :

21 
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I = Position in x and z arrays on which to center  ca lcu la t ions .

K = Position in arrays Z and ZP to store calculated values .

An analytical expression for a parabolic fi t  to three data points closest and
including the required point along the geodesic path is derived by Sheed . Differ-

entiating this curve twice yields the required f i r s t  and second der ivat ive  of the

elevation at the position on which the calculations are centered . The results  are

returned to GEORET for use in subroutine INEQ via Common/ Ground/b lock .

3. 5 . 8  SUBROUTINE UNPACK

Subroutine UNPACK takes each sixt y word record from the data base and
unpacks each word into two comp lete data points composed of elevation and imped-
ance information.  Each called record contains the data for 120 points. The
original s ix ty-bi t  words when unpacked, allow th i r ty  bits for each data point.

These are allocated as follows:

Elevation in meters , ELEV , 11 bits , ±7 meters .

Magn itude of Impedance, A M P , 8 bits , ±2 ohms .

Phase of Impedance , FAZ, 11 bits , ±0 . 001 radians.

The information obtained is returned to GETELV.

For machines wi th  32 bit words , the UNPACK subroutine is al tered so that  one

data point is obtained from each word .

3 . 5 .9  SUBROUTINE INEQ

Subroutine INEQ is called from the driving program , LORANCO , and re turns

the secondary phase factor  or additional t ime  correction . The EAT and LON in
the calling statement are the array of path length lat i tudes , and longitudes
respectively.

The following constants are f i r s t  set for the operation of this program:

NUT = 0 or 1 depending on t ype of receiver antenna .

BAD = radius of earth = 6 , 36739 X l0~ meters .

A LPHA = Vertical lapse factor  = 0. 85.

FREQ = Frequency = 0 . 1 MHz .

NSTA RT = Index of f i rs t  distance at which the field is to be found as a funct ion
of al t i tude 0. 5 km.

ETA = Ref rac t ive  index = 1. 000338.

7 . Sheed , F. (1962) Theory and Problems of Numer i ca l  Anal ysis , Shaum ’s Out-
line Series , McGraw Hill Co.
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The a t t enua t ion  funct ion is calculated at d iscre te  points as a func t ion  of geo-

desic distance.  8 The ampli tude or modulus of the complex a t tenuat ion funct ion is

the field in tens i ty  and the phase or argument is the secondary phase correct ion in

radians . To solve for this at tenuat ion function , the boundary conditions mus t be

known , then the solution can be extended s tep by step by numerical  in tegra t ion.

By assuming  that  the ground is smooth jus t  in front of the t r ansmi t t e r, the
• . • 9 - ‘f i r s t  few points can be calculated wi th  classical formulas . For the remain ing

points , an integral  equation approach is employed which allows one to introduce
variations in ground elevation and var ia t ions  in ground impedance relative to a

classical spheroid. Special care must  be exercised in the integrat ion near the

beginning and end of the in tegra t ion  path because the integrand approaches inf ini ty
• - - • 1 0 .  -at these points. A Gaussian quadrature integrat ion formula is employed in the

- 
area of such s ingular i t ies, and Simpson ’s rule is used in the rest of the interval .
The effect ive ground impedance which combines the elevation and impedance varia-

tions is obtained through a common s ta tement  from subrout ine GROUND. A f t e r

the calculations along the groun d are completed for a given t r a n s m i t t e r  to receive

path , a hei ght gain loop 4
’ 11 is act ivated if the a l t i tude  input data is other  than

zero. Upon comp letion of the integration, the results are re turned to the dr iv ing

program through common b lock /DELAY! .
Input in fo rmat ion  init ial l y obtained by the driving program from the s tored

disc data base is t r a n s m i t t e d  to subrout ine INEQ via common blocks :

C o m m o n/ G R O U N D/ a n d  Common/ TEl
Transmit  t er - r ece ive r  path increment  data  enters via common blocks:

Common/ SS/and Common/ SDRDI/
Integral  equation control of variables from the driving program into subrout ine

INEQ enter via:

Common/CITCT /
Calculations of secondary phase factors in units of microseconds are returned to

the calling program via:

Common/DELA Y /
8. Johler , J. R. , and Horowitz , S. (1973) Propagation of LORAN-C Ground and

Ionospheric Wave Pulses, Office of Telecommunications Repor t  73-20
(Superintendent of Documents , U. S. Government Pr in t ing Office ,
Washington, D.C.  20402).

9. Johler , J. R. , Keller , W . J. , and Wal ters , I .  C. (1956 ) Phase of the Low
Hadiofrequency Ground Wave, NBS Ci rcu la r  373 (Superintendent  of Docu-
ments , U. S. Government Pr int ing Office , Washington , D.C.  20402

10 . Abramovi tz, M. and Stegun , I. (1964) Handbook of Ma themat i ca l  Functions —

NBS — A p p l i e d  Math Series 55, U. S. Government  Pr in t ing Of f i ce .
11. Scott , H . (1966) Phase of the Heig h t -Ga in  Func t ion  of the Lov. l ’ requenc~

Ground Wave, Report  2900- 156-T of Project  Mich i gan (Willow Hun
Laboratories, Ann Arbor , Michi gan 48106) .

23



:li~ 
I) r,,gr ~,,n I i = t i r i _ or l’art III

Pk ’~GF A~’ ICFA NCO ( I NPUT= 12 E ,CUT PUT=j . .~9 ,T A P E 2 )
r~l~’=t ~sr o N T(ENTF (3)
[1I h E N S T O P .  L A T  ( 9 9 9 )  ,Lfl~ (999)
u I M E N S I O I ’, C I S T L U M ( 3 ) , T IMCU’~( 3 )
rI MENsIo,~ IOA (3)
D I M E N S I O N  C T S T S O O ( 3 )
0IP~E N S T C t~ TP W ( 3 )
DIhE N5ION A LT Tr S ’1(,3,2)
DI MENSION FAIHL (3)
D I H E N S I C I ’  1CUM(3,.,),ADUM(3,~~),FLA( 3),~~10(3)C)MMCt ./El T I - / R1ATA ,RLONA ,PLA T 8 ,1~1ONR ,PA Z A ,RA ZB ,’ B M
COMS ICI’ /CITCT/ITCT, LTOP ,ALTT MS V
CDMM 0N/C~ LA ~/NP ,DI~~TSAv ,T1 M ?Av
COM ICNI ZOTA /A PPAY (L.0)
NAMFLTST/Ntrflh /TOA,TD1,TD2,F01,E02,OTSTOUM,TIMOUM ,DIS1’SCD

1,Trw
DA 1A ~T 0O EC/ 57 .29~i7795 130b23/
DATA ITC •T/l/
D A T A  A~~P~~Y / 1 O U . , t .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,C . , 10 0 0 . ,

1 .~~5 ,C. ,1. , 26~ C. /
C: • 2 99792
EN : 1. t.C 338
E N C = E N / C

C ~ L A O  T RA N SM I T T E R  CO 0ROI P~IAT ~ S FOP MASTER, Si,52.
PRINT 101
NINT 13

101 F0 PMA T ( ~~1T P4N SMI TT F2  C00PO INATES ~~)
MIi~KO0 C
03 913 1=1, 3
f.EAO 1C2,ICENTF,LOUM (I,i),LCUM (I,2) ,ADUM (I,1),ADUM(I,2),

I LUUM (I,3),L0UM(T,~~),ACU M(T ,3),ADUM(I ,~~),T[A(I)
PR1hT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 LDUM (I,3),LOUM( I,L),ADUM(I,3),A DIJM (T ,i.)
i0~ FQ FMA T(E X ,3A8, (I5,13, F7. 3,A l) ,F12. 1,F~~.2,l~ )
103 FOrMAT( 2X ,’3A8,~~(2 X ,t5, 13,F7.3,AI)
it~’+ F ) t~MA T (~~.kECEIV Lt~ C0OR0INAlFS~~)

CAL L CC0PAC (RLC(T) ,LDUM (I ,3),LfltJM(T,~+),At )UM(T,3 ),APUM(I,4+),1,MtSKO
iii)
C ALL CCR°AC (PIA(I) ,LDU M(I,1),LD U~~(T, 2),Af’Uh(1 ,1),ACUM(I,2 ),l, M l ~~K0
10)
iF (MI~,’<flC.EQ.O ) GO TO 913
P~~It’iT 23
GD T O  10

913 CO~’ I T T N U F
r ’ D 1 : T O A ( 2 )
i 0 2 = T C A ( 3 )

5 C . J N T I t - IJE
~~ A 0  ii ? , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L 5~~C 1 ON E , L t JhI [ ’~~,A L T ,A D E L S , NIJ T
I F ( A D E L S . L E . I . ) GO TO 10
P ’I ! ,T  II 1~~
P?INT 1 ’

~P~z 1P ~T 11 ~3 , I O E N T F , L A T D E G B , L A T M I N € ’ , S E C L A T P ,L A T 1 O B ,L 0 N D E G ~~, L C N M I M € ,
lS~~C L O N B , L c N T [ - 9
A ?. F A Y  (iT ): ALT
A~~Q A Y ( 1~,)= NiJT
MI~~KO1j: C
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CAL l . COR RA D ( R LAT B ,LAT DEG B, IA T NINB, S ECLA T 9, LA T I DB,0 , M T S K OD )
CALl.. CORP*~~(RL ONB ,LONDE&B ,LONNIII8 ,SECLON8,LONIOB,t,Il TSKOD)
!F (MISKOD.EO .0) GO TO 15

20 P R INT 23
23 FORMAT (//IIX , 3M”, 9k, 29HERROR IN END— POINT COO RDINATE, lOX , 3M
•“/IIX ,SA)1” CALCULATIONS FOR THIS PATH HA VE BEEN DELETED “)

GO TO 5
15 CONTINUE

R L A T A RI_ A (ITCT)
RLONA—RLO(ITCT )

13 FORNA T (12H0 LO CAT !ON ,22X ,BHLAT ITUOE ,9X ,9HLONG ITUOE/
I 2GX ,2 (SX ,13M(DEG— NI$—S EC) 1/)

LIOP O
25 CALL GEOPT S(0 .0 ,RLATP ,RLONP ,RAZP )

CALL GEOOI (RLATA ,RLONA ,RA ZAs ,sBNS ,RLAT8 ,RLONO ,RAZBS)
SBKNS=SBNS’.OOi
0*1* = RTODEG’R*ZA

= RTOOE&’RA lH
SBKM = SBN’i.OE—3
OEL SBKN-SBKII S
PRINT 2,ITCT,SBKI1S,SBKM ,DEL

2 FORMA T (’OGEOOESIC DISTANCES , TRANSHI’T’TER’I2’ (POINT A) TO RECE IVER
I (POINT 8) ‘/TX’SOOANO’9X’ P4UFFORD’GX ’OIFF€RENCE ’/ 3Fi5.S)
NP SBKN /AOELS +i.0

= NP
0511 SBH/DSKPI
DSKN = DSM’1 .O E—3
PRINT 33,S8KN ,DSXM ,DA7A ,D*zB

33 FORMA I(//1 8X , 2ONL ENGT H OF GEODESIC , P1.1.5, IIH KILOI (ETERS/f18X ,
• 2OHOIST AN CE INCREMENT , F1i.5, u N  KILONETERS//~~12X , 3I,HF0RWA ~ O
•AZIMIJTH OF GEODESI C AT A =, P12.6, 8)1 DEGREES/~ 12X , 34HFORWARO AU
#MUT$ OF GEODESIC AT B s , P12.6, 8)1 OE1~REES)
LAT (1)’L DUP4 (ITCT ,1)’10000 +LDUM(ITCT,2) ‘lOO+IFIX(ADUM (TTCT,l))
LON(i ) LDUN (ITCT ,3) ‘1O 00O+LDUPt (ITCT ,~ ) ‘IOO +IFIX (AO UM ( ITCT ,3))
NPP2 NP +2
SRN = 0.0
DO 100 IP I,NPP2
SPN SPPI+USM
CALL PCOORO (SPM ,RLATP ,RLONP ,RA ZP)
MI SKOD = 0
CALL CORDWS (RL AT P ,LATOEGP ,LATMINP ,SECLATP .LA TIDP ,Q ,MIS~ OD)
CALL CORDMS(RL ONP,LONOEGP ,LONMIN P ,SEa..ONP ,LON IDP,1,MI SKOD )
IF (MISKOD ) 30,35 ,30

30 PRINT k3,IP
k3 FO RMAT ( I~~2X , 62H” ERROR DETECTED DURING CONVERS ION OF COOROINA T

+ES FOR POINT, 15, SN “ /2X , 20” , TX , S2HFROM RAOT ANS TO (ALP HA PI
+ERIC) DEGREES—MINUTES—SECONDS, TX , 3H” 12X, 3M” -’ , 6 6X , 3H” /2X,
• 3)1” , ?X , 52HFIJRTHER CA LCULAT IOO~ FOR THIS PATH HAVE BEEN DELETE
+0, TX , 3)1”)

GO 10 5
35 CONTINUE

LAY (IP +i )=LATDEGP’iSSOO+LATMINP’lOO+IFIX (SECLATP)
LON (IP +1 )~~LONOEGP’10000+LONMINP’100+IFIX (SECLONP)

100 CONTINUE
IP=NP+3
CALL GEORET (LAT ,LON ,DSKM,IP

C ADJUST NO OF PTS TO MATCH INEQ2E.

25
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NP~ NP +i
CALL INEO2E(LAT ,LON)
TOA(ITCT)=EPC’SBKMS +TIN SAV
TP W (ITCT)=ENC ’SBKMS
DtSTSOU (ITCT)~~S8KMS
PA TH L (IT CT)=SRKMS
DISTDUM ( ITCT)=DISTSAV
TIMDUN( ITCI)=T IIISAV
IICT ITCT +i
IF(ITCT .LT .4)GO TO j5ttF (LTOP .LT.1) PRINT ~ 1.O

kIO FDRMAT( ’O GROUNO WAV E  TIME DELAY CALCULAT ION’)
TD I=ED1 +TOA (2) — TOA (I.)
T02=E02+TOA (3) —10* (1)
PR INT W AN t
IF (LTOP.LT .i) 60 TO 6
DO 8 L=I ,LTOP
PRINT 7

7 FORMAT( ’O ALTITUDE TIME DELAY CALCULATIONS’)
DO 9 1=1,3
TOA (I )=ENC’PATHL (I) +ALT TMSV( I,L)

9 CONT INUE
TDI EO1 +TOA (2 )—TOA (1)
TD2=E02 +TOA (3) — TOA (1)
PRINT W A N t

8 CONTINUE
6 CONT INUE

ITCT=l
GO TO S

10 CONTINUE
PR INT 11

1.1 FORHAT( ’C END OF INPUT DATA.’)
E tID

SUBROUTINE GEORET(LAT,LON ,DSKM ,NP)
DIMENSION LAY (999) ,LON (999)
COMMON /GROUND /ZDUM , 1, ZPDUM , ZP, XOU M, X , P0, DEN , R, U , OP IX, wA

I VE~ P2, ZPP, D, 0001, ODD2
COMMON / INDLCT/ WA V
COMN O P4/TE/TLA ,TLON ,RLAT,RLON ,HLA T,HLON , ZPP1, DINCI,TPI,P4P1S
1, 1 NA Z, NT H

COMMON /SORrJIFS(999), DR (999), 01(999), LLM
DIMENSION ZOUN I6), Z(1009), ZPDUM (6), ZP(1009), XDUM (6), X (IOSS) ,

1. Z PP1( 1009 )
CONMOP4/ C ITCT/ ITCT
COMPLEX C,CEN ,D001,0002
T~ I= 6.28 3165307
TLA = LAT ( 1)
TLON LON (1)
RLA T= LA T (NF)
RLON=LCN (NF)
D INC 1=DS KM
NPTS NP
S (1)=0.
X(l) 0.
00 1 I=1,N P
A A M PZ .O7l.l.IFAZ .?l.i09$Z(j ):2.

26

~



- ----~~-— - ~~~-- - —~~ 
—

~~~ -~~~~~~~~

CALL GET (LV(LAT(I) ,LON(I) ,A AM P ,FAZ,Z(I) )
IF( I .GT .1) S(I)=S(I—1)+DSKPI
DR (I) AA $P ‘ COS (FA 1)
01(1) = AAI4 P ‘ SIN (FA Z)

I CONTINUE
LLM NP

C GEN ERA T E INDEPENDENT PATH TERRAIN ELEVATIONS RELATIVE TO TRANSMIT
Q Z(t)
Z ( i ) = 0 .
00 2 I 2 ,NP

C FOR NOW , CG~VERT DISTANCE TO METES.
S(I)=S(I)’1000.
X ( I )  =5 (I)
Z(I)=Z(I )—O

2 CONTINUE
C OB RA IN ELEVAT ION OERAVI T1VES.

N PM1 NP—1
00 3 L=2~~NPM1
CALL INT (L,L)
ZPPI (L)=ZPP

3 CONTINUE
ZR (1)zO.
ZPPI (i) 0.
ZP (NP)=ZF (NP— i)
ZPPI (NP) =ZPPI (NP—i)
RETURN
EN D

SUBROUTINE CORRAD(PC OR ,IDEG ,I$IN,SEC,I0,IS,IERR)
DIMENSION IDS (4)
D A TA IIDS=IHN,IHE, 1HS ,IHW)
ISS = IS
IF (ISS) 10,5,15

5 IF (ID.EO.IOS(i) ) GO TO 25
IF (ID.EQ.I0S(3)) GO TO 30

IG IE RR I
RETURN

15 IF (155—I) 20,20,10
20 IF (IO.EO.IOS(2)) GO TO 25

IF (ID.EQ.IOS(’.)) GO TO 30
I E RR = 1
RETURN

25- SIGN = 1.0
G0 T0 35

30 SIGN = — 1. 0
35 IF (IOEG—180 ) l.O ,)iO,10

‘~0 IF (IMIN—60) 1,5,10,10
1,5 IF (SEC—60.O) 50,10,10
50 RCOR = SIGA’FLOAT (IDEG)’( t.71.5329251991.33E—2) +FLOAT( IMTN)’

+ (2.90886208665722E—l,)*SEC’4.81,813681109536E— 6
RETURN
END

27
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SUBROUTINE GEOPTS(SNP ,RLATP ,RL ONP ,RAZP )
COMHONFPATH /RLATA ,RLONA ,RLATB,RLONR ,RA ZA ,RA ZB ,SNA
DATA ASP)l,ESQ,CESQ/6378388.001, 6.722670022E—3, 9.932773300E—1/
DATA P102, PT, TW OPI/t.570796 32679490, 3.1415926535097C,

+ S.28318531717959/
IF (A 8S (RLA TA)—P102) 5,10,10

5 IF (A0S(RLATB) —P IOZ) 15,10 ,10
10 PRINT 3,RLATA ,RLATB
3 FORMA T (1Hi , 89H SUBROUTINE GEOPTS CALLED WITH END—POINT LAT ITUC

•E OUT OF ACcE PTABL E RANGE (— P1/2 ,PII2)I/13X, I6HLATXTUCE OF A =,

•FS .2, 29)1 RADIANS LAT ITUDE OP 8 s , P0.2, OH RADIANS)
PRINT 13

13 F ORM AT (33X , 2BM PROGRAM EXECUT ION TERM INATED)
St o p

15 IF (A B S ( R L ONA )—T WO P I)  20 ,20,25
20 IF (A BS ( RLOP )—TWOP I ) 30 ,30 ,25
25 PRINT 23,RLONA ,RLONB
23 FORMAT IIHI , 8811 SUBROUTINE GEOPT S CALLED WITH END—PO INT LONG ITU

•OE OUT OF A~~ EPTA8LE RANG E (—2PI,2PI)~~F10X, I7HL ONGITUOE OF A =,
•F9.2, 31H RADIANS LONGITUDE OF B = , P9.2, OH RADIANS )
PRINT 13
STOP

30 ALONR = RLONA
BL ONR z RLONB
IF (ALONR4PI) 35,35,1,0

35 ALON R z A LO 0~~+TWOPI
40 IF (BLON R+PT) 1,5,45,50
45 ~~ONR BLO0~~+TWOPI
50 BLON = BLONR-ALO NR

IF (BLCN+PI) 55,70,75
55 IF (BLCNR ) 60,65,65
60 BL ONR z BLO0~~.TWOP I

GO TO 95
65 A LONR AL Ot~~—T WOPI

00 T0 95
7$ PRINT 33
33 FORMA T(ib 41, 88H GEODESIC PATH INCLUDES A GEOGRAPHIC POLE — SU8R

+OtIT INE GEOPTS CANNOT IIANOLE THIS CASE)
P R I N T  13
STOP

75 IF (BLON—PI) 95,70,80
80 IF (BLONR—P I) 90,9S,85
85 BLO NR 8LCP~ —T WOP!

GD TO 95
90 ALOW R AL ONR.TWOPI
95 SIl O = RLA T*+RLATB

HETA SIN(0.5’SNB)
HETA (1.S—ESO’ HETA ’ HETA )~~CESQ
HLAT ASPP/ ( HETA ’S~ RT ( H ETA ’ C ES O) )
BLON BLOOI R-ALONR
ALOW HETA’BLON
O = SIN(AL ON)
BLAT — COS (~~.A TB)
ALAT COS (~~.ATA )
SAZ A • O’BLAT
SA ZB • O’A LAT
o S IW(O.S’ALON )
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a = a’o
A A Z • RL A TB— RLATA
C A Z B  = (1.0—Q)’SIN(AAZ)
0 = O’SIN (S$B)
C A Z A  = CAZ B +Q
CAZB • CAZB—Q
Q = SQRT(SAZA ’SAZA+CAZA’CAZA )
5)18 = HL AT’ASIN(Q)
S A Z A  = SAZA/Q
CAZA • CA ZA /Q
SAZB = SA ZE/Q
CAZB • CAZO /Q
RAZA = ATAP4 2(SA ZA,CAZA)
R&ZB ATAN2 (SAZB,CAZB )
ALON = RA ZE—RA ZA
IF (ABS (AL CI4)—P I) 120,105,105

105 IF (ALON ) 110,110,115
110 RAZB RAZB +TWOPI

GO TO 120
115 RA ZA = RAZA+TWOP I
120 H..AT = CESC+ESQ’ALAT ’ALA T

HLON z ASPIII~SQ RT( HLAT )
HLAT = HL0W’CESQ~ H L AT
HL ON HLON ’ALAT
CLAT = CA Z*/HLAT
CLON = SA Z*/ HLO PI
HLAT = CESO+ESQ’BLAT’ALAT
HLON = ASP II/SQRT (HLAT)
HLAT HLOPI’CESQ~HLAT
HLON z HLON’BLA T
A L AT = C*Z E/ HLAT
BLAT = (3.O’AAZ/SIlB— ALAT—2 .O’CLAT)/5N9
AL ON = S*Z8/MLON
BLOS • t3 .0’8LON~ SNB—ALON—2.0 ’ CLON )/S p I e
A A Z = 3.0’SP~
A L A T  ( ( A LAT — CL AT )~~SMB—2.O’8 L A T ) / A A 7
ALON = ( (ALO N— CLO N) /SMB—2.Q’ BLO$fl / A A Z
AAZ (RA ZB—RAZA )/S118
E N T R Y  P CO ORD
RLATP = ((ALAT’SNP+BLAT)’SMP+CLAT)’SNP +RL AT A
RLON P = ((*LON’SMP+BLON)’SMP+CLON)’SNP ,ALON R
RAZP • AAZ ’SNP .RAZA
RE TURN
END

SUBROUTINE CORDMS(RCOR,IDEG,I$IN, BEC ,I0 ,IS,IERR)
DIMENSION IOS(4)
DATA (IOSz lI04,1HE,IHS,IMW)
R A N G  = RCOR
SEC ABS (RANG)’20 6264.6062k?0 96
ISS • IS
IF (ISS) 5,10,15

5 IE RR • I
RETURN

- - 10 IF (SEC—324000.0005) 25,5,5
IS IF (ISS—I) 20,20,5
20 IF (SEC—648 0 00.0005) 25,5,5

29
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25 IF (RANG ) ~0,35,3530 ISI • 2
GO TO 40

35 151 • 0
40 IDEG = SECI3GOO .O

1)115 SECI6O .0—61.O’FLO*T (IOEG)
SEC = SEC—3600 .O’FLOAT (IDEG)—60.O’FLOAT(IMIN)
ISEC = SEC
SEC = SEC—FLOAT( ISEC)
IF (SEC—O .9995) 68,45,45

4S SEC O.O
ISEC • ISEC41
IF (ISEC—60 ) 60,50,50

50 ISEC • 0
1111$ • IMTN+1
IF (IMIN—60 ) 60,55,55

55 IMIN 0
IDEG = IOEG+1

60 LOX = ISI+ISS+1
BEC FL CAT (ISEC) +SEC
ID IOS (LDX)
R E TURN
END

SUBROUTI NE TN EQ2E(LAT ,LO N )
DIMENSION LAT(999),LON (999)

COMMON /55/UISS (999 )
COMMON /GROUND/ZOUN , 7, ZPOUM, ZP. XOUN, X, RO, DEW , R , U, ONX , WA

IVE , R2, ZPP, D, 0001, 000 2
COMM OW /IPi C~ CT/WA ~
COMM 0NfTEfTLA ,TLON ,RLAI,RLON ,HLAr,HL ow, ZPPI,OTNCI,TPI,NPTS

L ,ZMA Z,WT PI
COMMON /ZOTA/ARRAY
C3NMON FSOROI/S (999), DR (999), 01(999), LLM
COMN ON /C ITCT/ITCT ,LTOP ,AL1T M SV
COMM ON /DEL AY/NP , OISTSAV,T XM SAV
DIMENSION ALT TMSV (3,2)
DIMENSION E (999 , 2), F(999 , 2)
DIMENSION 27 (5), H(5)
DIMENSION ZOUMIG), Z(1009), ZPDUN(6 ), ZP(1109), XD UM(6), X (i009),

ITZER(1) , T(1000), GW(5), GX(5 ), EW (9), EX (S), WG (5), XS (9), WE (S),
2 W (10000,ARRAY (kS) ,ZPPI(i019)
COMPLEX 0, DEN , 0001, 0002, FLE A F , Fl, F?, F3, 61, 62, 63, SUN, TE
1PM, N , WE, WG, WW , W X
COMP LEX TS,F1ND,FIND M
EDU IIALEW CE (ARRAY (I), FKHZ) , (ARRAY(2) , ETA), (ARRAY(3), OMAX), (

IA RRAY (4) , CINC) , (ARRAY (t), ZM IN ) , (ARRAY(S) , ZINC), (ARRAY( 10)~ 7
2MAX ). (AR RA YCII ), FLAT)
DATA IARRA /0/
DATA ((GX(k), K z j, 5) • .02216356881, •1878315676, .4615973615,
1.7483346284, .9484939262)
DATA ((GW (K). 1< • 1, 5) • .5910484494, •5 385334386, .438172725 ,

1. .29890 26983, .1333426886)
DATA ((EXI K), K • 1, 4) • .1051402826, .3762245145 , •6989480124,

1 .9373342493)
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DATA ( ( EW ( K ) ,  K • 1, 4) • .06568051989 , .1960962655, .2525273456 ,
1.1523625 357)

DATA (TZ ER(1)z i .0)
6 FORMAT (/ /E20.7,5X,’A RRAY ( l )  = F~iIZ = FREQUENCY IN KHZ’/
I E20.7, SX, ’A RRAY (2)  • E TA • AIR INDEX OF REFRACTION AT GROUND’/
2 E20 .7,5X,’A RRAY (3) = OPI AX = MAXI*J M DIST ANCE BETWEEN TRA NSMITTER ’
3 ,‘ AND RECEIVER IN KM’~
4 E20.7,5X,’A R RAY ( 4 )  = DINC = DISTANCE INCREMENT IN ICM’/
5 E2$.7,5X,’AR~ AY(5) = NSTART = INDEX OF THE FIRST D ISTANCE AT’,
6 ‘ WHICH TP~ FIELD IS TO BE FOUND AS A FUNCTION OF ALT ITUDE’F
7 E20 .7,5X,’ARRAY (ô) = NZINC = THE FIELD IS TO BE FOUND AS A ‘,
8 ‘FUNCTION OF ALTITUDE EVERY NZIWC INCREMENT S IN THE ‘I
9 4 0 X , ’DISTANCE ARRAY —— NZINC MUST NEVER BE LESS THAN 1’)

7 FORMAT (E20.?,5X ,’ARRAY (T) INDEX OF THE LAST DISTANCE AT WH ICH’ ,
1. ‘ THE FIELD IS FOUND AS A FUNCTION OF ALTITUDE’/
2 E2O .7,5X , ‘AR R A r ( e )  = ZM IN = THE MINIMUM ALTITUD E ABOVE THE ‘,
3 ‘SURFACE AT WHICH THE FIELD IS FOUND, P)E1 ERS’/
4 E20.7,5X, •ARRAY( 9) = ZINC THE ALTITUDE INCREMENT , NETERS’/
5 E20.7,SX,’ARRAY(iO) = ZMAX 2 THE MAXIMUM ALTITUDE, METERS ’/
S E20.7,SX,’ARRAY (li) = FLAT = THE FACT OR USED IN THE FLAT EART H ‘,
7 ‘TEST , METE RS’/
8 E20.7,EX ,’ARRAY(1 2) = ALPHA = ~ERTIC A L LAPS E FACTOR ’I
9 E20.7,5X,’ARRAY (13) = EFFECTIVE EARTHS RAOIUS’/
A E20.7,5X ,’ARRA Y(ik) = NUT ’~ /)IF( IAR RA .GT.t )  GO TO 9999
IARRA z2

C SET CONSTANTS
NU T ARRAY (14)
PAD = 6. 36739E+6 / ARRA Y ( 12 )
A R R A Y ( 1 3 )  RAD
FREO = FK HZ ‘ 1.E—3
NSTA RT = A R R A Y ( 5 )
NZINC • ARRAY (S )
IF (ARR AY (6) •LT. I.) NZTNC = I
NZERO= 0
T ( NZERO )  =j • f l
W A V E  • 2.0C5641,729E_2 • FREQ
W A V E  = W A V E  ‘ ETA
W A V = W A ~ E
AMIC RO 2 1.0 / (TPI ‘ FREQ)
TX = SORT (FREQ • ETA ) ‘ .0408389549
X(l) = 0.
W(t) • 1.

9999 CONTINUE
D ECT X~ X (2)
DPI A X= X (N PTS)~ 1000.
DINC OECTX/i000.
ARRAY (4) =0 INC
DINC1~~OINC
A R R A Y ( 7 )  = OMAX I DINC + 1.
NZENO = ARRAY (7)
PRINT 6,(A~ RAY (1),Izl,6)
PRINT 7, (ARRAY(I ),I~ 7,t4)
NOFLAT = 1
N G O • I
O = CMPLX(DR(t), DIII)) ‘ SORT(FREO / 0,1)
IMOST • UMAX I OINC + .01
D E LT X = 1000. DINC
T ( 1)  • 1. I SQRT (OELTX)

31



31 00 32 K = 1, 5
X I  — K) = OE L TX ‘ G X ( K )
CALL GROUND ( —K , 2, 0, 0)

32 W G ( K )  = F L EA F (W A ~~E, 0. ,  0.,  X (  — K ),  0)
1 = 2

37 CONTINUE
ZPP Z PPI( I)
1(I) = 1. / S Q R T (X ( I )  + DELTX )
OPIX = OM CO S (X ( I)  / PAD )
IGO = 2 — N O O C I ,  2)
IL = I — 160 — 1
RD = S Q RT( 2 .  ‘ RA D • (RA D + 1(1))  ‘ OMX • Z ( I )  ‘ ‘ 2)
GD TO (40,  45) ,  PIOFL A T

40 IF (I •L E, I. .OR. ( FLAT •GT.  X ( I ) ) )  41, 45
41 W ( I) = F L E A F ( W A V E ,  0.,  0 . ,  X C I) , 0)

GO TO 90
45 Sli M = 0.

NO FLAT • 2
48 DO 50 K = 1, 5

CALL GEOPI(I ,  — K, 1, 0.)
IE.O4 = W G ( K )  ‘ CMPLX (COS ( WAVE ‘ R) ,  — S I N ( W A V E  ‘ RI)  • DEN

50 SUM = (U ‘ GW ( K) ) / S Q R T ( X ( I )  — XC — K ) )  ‘ TE RM • SUM
SJ M = 3. ‘ T ( I )  ‘ SUM
XX = 1
IF (IL •LT. 3) GO TO 100
DO 60 K = 3, IL
CALL G E O P U , K, 1, 0.)
TERM = U ‘ T (K — I) ‘ W (X) ‘ C M P L X ( C O S ( W A V E  • R) ,  SIN( — W A V E  • RI

I) ‘ DEN
GO TO (53 ,  55) ,  XX

53 SJ M = 4. ‘ T(I  — K) • TER M • SUM
XX = 2
GO TO 60

55 SLI M • 2. ‘ T( I  — K) ‘ TERM • SUM
XX = 1

60 CONTINUE
100 CONTINUE

CALL GEON( I,  2, 1, 0 .)
SUM • T ( I  — 2) ‘ T (1) • U • W ( 2 )  ‘ C N PL X ( C O S (WAVE • P) ,  — S T N ( W A V E
I ’  R))  ‘ DEN + SUM

62 C A L L  GEOPI( I ,  I — IGO , 1, 0.)
F? = U ‘ TIlL ) • W ( I  — 160) • CMPL X ( CO S (W AVE ‘ RI, — S I N C W A V E  ‘ R)

1) ‘ DEN
SUN = (SUM + T(IGO) ‘ P2) • .333333333 • DELTX
GO TO (65, 66 ) ,  160

65 Ft = P2
F2 = T ERM
GD TO 70

66 CALL GEO M( I , I — 1, 1, 0 .)
Ft = U ‘ T(I — 2) ‘ NIl — 1) ‘ CMPIX(COS (WAVE ‘ R), — S I N ( W A VE ‘ P

1))  • DEN
SUN = SUN + •0 8333333333 ‘ OEL TX ‘ (5. ‘ T (1) ‘ Fl + 6. • T ( 2 )  • F

12 — T ( 3 )  ‘ TE RM)
70 0 TX / T(I — I)

PIO = 1. + ZP(I) ‘ ‘ 2
R I O  • ZPP I R H O

75 TERM = 1.2 / T ( t )  ‘ TI! — 1) • CMPLX(Q, 0) ‘ (0 + CNPLX (0 .,  — RH O
1/ W A V E ) )

MX = 1. — CPIPLX (Q, 0) • (SU M + 2. ~ T (1) ‘ (.4666666F 7 ‘ Ft — .066
1666667 ‘ P2)) I (1. + TERM)

32 
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85 W ( I )  = WX
90 01ST = .001  ‘ X C I )

CALL INDF(0., X ( I) ,NUT ,FIND)
TS=W (I) FIIdU
AM P= CAB S (TS )
PPI A~~C* NC(TS )
PI IC = — (PHA — WAVE ‘ (P0 — XCI )))
SEC = PHIC ‘ A MICRO
IF( I .NE.NP) GO TO 96 76
DI STSAV DIST
TI MSAV=SEC

• 9876 CONT INUE
1 = 1 + 1
IF(I.LE.NPTS) 60 TO 37

— 150 N G O = 2
IF (ZMAX.LE .0.) RETURN
h O P  = (NZEND — PISTART ) / NZINC + I
IF ( ITO P •GT, 1500) 60 TO 260
L IOP (ZM AX — ZN I N)  ~ZINC+l.I
IF (LT OP. 61.5) 60 TO 280
F2 = ( 0 . , 0 . )
G 2 = ( O . , 0 . )
DL 0R 0.
IF (ITCP .11. 1) GO TO 10!

P4PALT )1P—NSTART+1
D~ 200 IS = 1, ITOP
I NSTA PT + (IS — 1) • N ZINC
11=1
IF CI .GE. NZ EN D) II=NZ EMD—l
IGO = 2 — P00(1, 2)
00 155 K = 1, 4
X (t000 + K) XCI) — DELTX • E X CK )
X S C K )  = X ( 100 0 • K)

155 C A L L  GRO L NO ( I000+K, It ,C,0 )
CALL C NEV KENC X , N, IMOST , XS, WE, 4, 5, 1)
IF (LTOP .LT. 1) GO TO 110
DO 195 1 = 1, LTOP
11( L )  = Z NIN 4 CL — 1) • ZINC
IF (11(L) .LT. ZC I )) 156, 154

156 NW = 0.
60 10 193

154 Z Z ( L )  = RA D • 11(L)
RD = SQRT (2 ,  ‘ RAD ‘ ZZ(L) • OMCOS(X(I ) / RAD) + 11 (L) • 2)
SJ M = 0.
DO 157 K = 1, 5
CALL GEOM(I, — K, 2, 11(L))
TERN = WG ( IC ) • CMPLX C COS ( W AVE ‘ R), — SI N (W AV E ‘ R) ) ‘ DEN

157 SUM = U ‘ 6)1(K) ‘ TERM / SQRT (X( I) — X C  — K)) + SUM
SUN = 3. ‘ T (t )  • SUM
CALL GEOM (1, 3, 2, 11(L) )
Ft = T(1) ‘ T( I  — 2) ‘ U ‘ DEN ‘ $12)
61 = CMPLX(COS(WAVE • R) , — SIN(WME • R) )
SUM = SUN + FL ‘ 61
ILO = I — 160
K6O = I
IF ( ILC .LT. 3) GO TO 115
09 182 K = 3, ILO
F3 = P2
63 = 62
F2 = F 1  

- - 
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67 = 61
CALL GEOM( I,  K , 2, 11(L))
61 = CNPLX(COS(WAv E ‘ R), — S I N(WAVE ‘ R))
Fl = T (K — 1) • TCI — K) ‘ U • OEN ‘ W(X )
DE LTG = WAVE ‘ (P — OLUR)
GO TO (156, 159, 172), KGO

158 SLJM S SUM + 1,.’Fi ’Gj
K G O = 2
GO TO 182

159 SLi M = SUM + 2. ~~ pj ‘6 1
KG O 2 j
IF (ABS (DELTG) .GT. .2) 170, 182

170 K GO • 3
SUM = SUM — Fl • 61
GO TO 162

172 SLIM = SUM + CMPLX(0., 3. / DELTG) • (61 ‘ (Ft — .5 ‘ (f t  • C H P L X C 2
1., 3, ‘ OELTG ) — 4. ‘ F2 ‘ CHPLX (j., DELTG) • P3 • CIIPLX(2. , 0ELT G
2)) / OELTG • ‘ 2) — 62 ‘ (F2 — .5 • (Fl • CM PLX C2. ,  OELTG ) — 4.
3F? + P3 ‘ C*LX(2. , — OEI.TG)) / DELTG ‘ ‘ 2))

18? OLOR = P
115 CONTINUE

GO TO (168, 183) , 160
183 F3 P2

63 = 62
F2 = Ft
62 = GI
CALL GEOM (I, I — 1, 2, H(L))
61 = C P PL X ( GO S (WAV E ‘ RI, — S I N C W M E  ‘ R ))
F i x  1(1 — 2) ’ T(1) ‘ U ’  DEN ’ W (1 1)
DELT G = b AV E • CR — OLDR)
IF (ABS (OELTG ) .GT. .2) 184, 185

164 SLI M • SUP + CNPLX(0 ., 3. / OELTG) ‘ (61 ‘ (Fl — .5 • (Fl • CMPLX(2
1., 3. ‘ OELTG ) — 4. ‘ P2 • CMPLX(j . , OELTG) + P3 ‘ CNPLX (2 ., DELTG
2)) / DELIG ‘‘2) — 62’ (P2 — .5’ (Fl • CMPLX (2., DELTG) — 4 .  ‘
3F2 + F3 ‘ CI~~LX (2., — DELTG)) / DELTG ‘ ‘ 2))
6O T0 188

165 SLIM • SUM + 1.25 ‘ Ft ‘ 61 + 2. ‘ F2 ‘ 62 — .25 ‘ P3 ‘ 63
188 00 190 K 1, 1,

CALL GEOP (I, 100 0 + K, 3, 11 (1))
SUM : SUM • 3. ‘ EW (K) ‘ W E ( K )  • C M PLX (COS (W A VE ‘ RI , — SIN(WA dE ‘

I R)) • DEN • U / CSORT(XS(K )) ‘ T(I))
190 CONTINUE

SUM • .33333333 • OELTX • SUM
O = TX / T(I — I)
WW = (1. — cNPLX (O , 0) ‘ SUN) ‘ .5193 CONTINUE
CALL IP4DF (H(L),X(I),NUT ,FXND H )
TS=WW ’ FI NO H
ECIS, L) • CABS(TS) • 1.257 ‘ FREQ / RO
F(IS, LI = — (CANG(TS) — WAVE • (P0 — XCI)))

195 CONTINUE
110 CONTINU E

OISS (IS) • .001 • X CI )
200 CONTINUE
105 CONT INUE

IF (LTOP .LT. 1) 60 TO 120
DO 250 L • 1, LTOP
IF (ITCP .LT. I) GO TO 125
DO 240 IS = 1, ITOP
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F M F(IS, 1) • AM ICRO
IF(IS.N€.NPAL T) GO TO 9877

A L . TT NSV ( IT CT ,L )  =FM
9877 CONTINUE
240 CONTINU E
125 CO NTINUE
250 CONT INUE
120 CONTINUE
280 CONTI NUE

R E T U R N
END

SUBROUTINE GROUND( I, K, 160, NH)
COMMON IGROUND/ZOU M, 7, ZPDU M , ?P, XOU N, X , P0, DEN, R , U, OM X , WA

1~~E, R2 , 2FF , DELTA , DELTA I , DEL TA2
CO MMON / iOTA/ARRAY
COMMON /SO~ 0I/S(999), OR (999), 01 (999) , LLM
D I M E N S I O N  ZDUH(6) , 7 (1009), ZPDUM (6), ZP (1009), XD CJMC6), XC 100 9),

IARRA Y (40 )
COMPLEX DELTA , DEN, OELTAI , DELTA2
EQ UIV AL EN CE (A R R A Y ( 1 ) ,  FK HZ ) ,  ( A R R A Y ( t 3 ) ,  A )
CA LL TNT (K,!)
FRE O = F KHZ ‘ i.E—3
RETURN
ENTRY GEOM
HIT = 7 ( 3 )  + 1111
IF (I ,EO. K) GO TO 2C
I = C X C I )  — X(K )) / A
65 = A + Z (K)
6K = A + HIT
CT = COS (T)
ST = SIN (T)
01 = OMCOS(T)
P2 = SORT (2. • GS ‘ GX ‘ OT + (HIT — 7 (K)) ‘ • 2)
RI = SORT (2. ‘ A • GS ‘ DMCOS(X( K ) / A) + 7(K) ‘ ‘ 2)
R RI + R2 - RO

U = X(K) ‘ RO ‘ SQRT(1 + ZP(K) ‘ ‘ 2) ~ (RI • R2 ‘ XCI ))
IF (IGC .LT. 3) U U • (X(I) — XCK))
PD = (A • OT + 7(X) — HIT ‘ CT + GX ‘ ZPCK ) ‘ A ‘ ST / GS) / P2
XX = X(K )
IF (XX .GE. 5(LLN ) ) GO TO 12
L L L  = 1
IF (XX .LT. SCi ) ) GO TO 10
LL PiO ILK — I
IF (LL MO .LT. 1) GO TO 100
00 13 LLL = 1, LLHO
IF (X X .LT. S (LLL + 1) .ANEJ. XX •GE. S (LLL)) GO TO 10

13 CONTINUE
100 CONTINUE

GO TO 21
10 D E L T A  = C PP LX ( DR( LLL) ,  DI (LLL)) ‘ SORT (FREQ I 0.1)

GO TO 21
12 D E L T A  = CMF LX ( DR( LL M ) ,  D I( LLM ) )  • SORT (FQEQ .‘ 0.1)
21 CONTINUE

DEL TA2 ‘ CPPLX( 1.,  — 1. / (WAVE ‘ R2)) • PD
OEL TA I  = DELTA — OELTA 2

19 DEN • OELTA2 + DELTA
RETURN
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20 U = 0.
R2 = CX — A — Z(l)
R E T U R N
END

SU 8ROUTINE GETELV (LATX ,LOPCX ,AMP,F AZ ,EL VTN)
COMMON /GETE LV /L (120) ,II PP(12Q)
COMM O N/ UNPACK/N PAC K (60 )SCO MM ON/ F LA GS/ IXPT ,NFLAG
DIMENSION NSINDX (5800)
DATA KPS1/j/
INDDIM=5800
IF(KPS I .  60.1) CALL OPENMS(2 ,MSINDX ,INOOIN,0)$KPSI=0
M II=3717 0$N8=3776
IF(LATX. LT.480000 .OR. LATX.GE.540100) GO TO 190
IFCLO NX .LT.060000 .OR. LONX .GE .li.0000) GO TO 190
NF LAG = 0$LA ISEC= MO D (LA TX ,100)$LONSEC=MO 0(LONX,i00)
L A T D M z L A T X — L A T S E C ~ LO N0PI=LONX~ LONSEC!IF CLATSEC.GE.3 0 )G O IO4O
LA TS=LAT OMI LAT N= LA TD N+30$G O TO 60

‘.0 LA T S L A T O M 4 3 O $ L A T N LATO M+I O0$ LAT N=MODCLAT OM,10000 )
IF (LATM ,EO.5900) LATN=LA TON +1,l00

60 IF (LONSEC .GE .30)GOTO8O$LONW=LONDM$L OPE=LON0N+30$GOTO100
80 LDNW LONOM+3OSLONE LONDM+100

LON N =MO 0 (LONDN,l0060 )
I F ( L O N M .  (0 .5900)  LON E=LOND N+4lQO

100 CONTINUE
IND NE= I N DEX CLATN ,LO N E)
IF( NF LAG. EO.t )  60 TO 120
CALL REAOMS (2,N PAC X ,60,INONE)

CA LL UNPACK
IWE L
I F ( MO O ( LAT N ,l0000) .EQ.6 .OR, MOD CLONE,20000).(Q.0)60T0120
I~~E = I ( I X P T — l )
CALL READPIS (2,NPACK, 60,INDNE— j)$CALL UNPACK
IMW=L(TX PT )$ISW =L (IXPT—1 ) AGO TO 180

121 CONTINUE
IN 0 N W INDEX (LAIN, ION N)
IF (NFLAG.E0.1) GO TO 140
CA LL READM S (2 ,NPAC K ,60,I NONW)
CALL UNPAC K
I N W L ( I X P T )

140 CONTINUE
IMDS E=INOE X ( L A T S , L O P 4 E )
T F( NFLAG . EQ. I )  GD TO 160
CALL READ M S(2 , P4 PA CK ,60, INUSE)
CA LL UNPA C K
ISE=L CIXPT )

160 CONTINUE
IN DSWx INC EX ( LATS,LO NW )
IF(NFLA G.EG .1)  GO TO 180
CALL READNS ( 2 ,N PACX ,60,INDSW )
CA LL UNPACK
ISW L (IXPT )

180 CONTINUE
AM P FLCA ICSHIFT C IMPCIXPT ) ,—11 ) .A.N6)’. 001
FA Z=FLOAT CIMP(IXPT) .A.N1 j)’.flOj

IF (NFLAG .EO.t) PRI NT 3100
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ELEASTxct.OAT (1SE)4ctOATt (t$E—ISE)~~(LATS €C— (LATSECI30)~~30)),3o.
ELWESTaFL0AT (ISW )+FLOAT ((INW—ISW )~~(LATSEC— CLATSEC/3O )~~30)),30.
EL VTN2EL WEST+ (ELEAST ,ELWEST)’FLOAT(LONSEC~~(LONSEC/30) ‘30) /31.
RETURN

195 PRINT 2070
RET URN

2570 FORMAT(’ • ,4H”~,’LAT, LOM REQUESTE D ARE OUTSIDE MAP REGION — NO 6
i LEVAT IOW RETUR NEIP’,~~F)

3100 FORMAT (’ •,4H”,’IIE EX REQUESTED EXCEEDS SCANLINES GENERATED , TH
ILlS PREVIOUS ELEVATIONS WILL BE USED’)

END

FUNCTION INOEX (LAT ,LOPI)
COMISON/FLAGS/IXPT, NFLAG
LATS KOD (LAT, 100)
LATM ~ MOD (LAT,100SO)—LATS
LATD= (LAT—LATN—LATS) /1000 0
LATM ~ LATN/100
LONS NOD (LON , 1000
LONM MOO (LON ,t0000)—LONS
LONOZ (L O S—L~ Il— LONS) /10000
LONM LONM /iOI
ISUBLNz (LONO’5)
ISUBLNZ (NOO (ISUBLN ,tO) /5) ‘120
IL OWD= ((LONO-6) / 2) ‘1440•!SUBLN+L011I’2+LONS/3S +1
INDEX=ILONO +(L ATD—41 ) ‘245
IXPT LAT M’2 LATS I3O+1
IF (I NOEX. 61.57600 NFL AGzI
RETURN
END

SUBROUTI N E I~ PACK
CORN ON IGETELVIL (120) , II ~~ (120)C OMM ON /UNPACK /NPAC K (60)
DATA NSKl/3777B/ ,MSK2/17777778/
00 20 NA*1,60$N=2’(NA—I)+l
LOU—AND (RS Kt,SHIFT (NPACK (MA) ,—49))’6
IMPC M )=ANO (?~ K2,SHtFT C NPAC k(NA),30))
L($+1)ZAND IIGKI,SHIFT (NPACKIMA) ,—lSfl’e

IMP~N+1) xAND (NSK2,NPACK (NA ))
20 CONTINUE SEND
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• SUBROUTINE GEODI(Bl, ALL , *712, S, 92, AL2 , AZ2I )

C CALCULATES INVERSE COMPUTAT ION PORN CSODANO , 1965)
C———— Bt ,AL1,B2 ,*L2 ARE GI VEN DATA
C————A ZL2 ,S, *721 ARE CALCUL ATED DATA
C 81 = GEODE TIC LATITUDE, RADIANS, OF FIRST POI NT
C A L t  = GEODETIC LONGITUDE, RADIANS , OF FIRST POINT
C————B2 = GEODETIC LATITUDE, RADIANS , OF SECOND POINT
C AL 2 • GEODETIC LONGITUDE , RADIANS , OF SECOND POI NT
C A712 z FORWARD AZ IMUTH, RADIANS , FROM FIRST POINT
C A72 1 BACK AZ IMUTH ,RAOI A NS, FROM SECOND POINT
C—-—S = D ISTANCE (LENGTH OF GEODETIC LINE) BETWEE N POINTS , METERS
C———SO UTHERN LATITUDES AND WESTERN LONGITUDES ARE NEGATIVE

COMMON /G EP4E RAL /TP I, P1, P12, P14, AD, 90, FL, ESO, TFLAG
DATA (IFLAG 1)
IF (IFLAG .EQ. 1) CALL SETUP
IF (ABS (B1 ) •GT. P14) GO TO I
TBETI = TAN (81) ‘ (1. — FL)
BET I
GO TO 2

I CBETI 1.0 , TAN(BI ) ~ (1. — FL)
BET I = ATA NCI. /

2 CONTINUE
ALL1 = AL2 — A LL
IF ( A L2  — ALl •Eq. 0.) 8, 9

8 ALL2 = 0.
GO TO 3

9 CONTINUE
ALL2 = AL2 — ALL — SIGN (TPI , AL2 — ALl)

3 IF (ABS (ALLI) .61. ABS (ALL2)) 5, 6
5 ALL = ALL2

GO TO 7
6 ALL = ALL I
7 CONTINUE
12 IF (ABS(ALL) •EQ. 0. .OR. ABS (A I.L) •EQ. P1 .OR. ABS (ALL) •EO. TPI)

1 10, Ii
10 ALL = ABS (ALL )
11 CONTINUE

IF (*95(82) .GT. P18) GO TO 16
TBET2 = TAN (02) • Ci. — FL)
86T2 = ATAN (TBET2)
GO TO 17

16 CBET2 = 1.0 , TAM (82 ) / (I. — FL)
BET? = ATA N (l. / CBET2)

17 CONTIN UE
CBET I = COS (BETI)
SBETI = SIN(B ETI)
CBET2 = COS(BET2 )
SBET2 = SIW(BET2)
A = SBETI ‘ SBET2
B = C8ETI • CBET2
A B = SBETI ‘ CBET2
BA = SBET2 • CBETI
COSL =
SINI = SIW (ALL )
CR111 = A + P ‘ COSL
SF 111 = SORT ((SIOD. ‘ CBET2)” 2 + (BA — *6 • COSL)”2)
IF (SPHI .GE, C. ,AND. CR111 .66. 5.) 20, 21
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20 P Ill ASIPI (SPHI)
IF (SPIl T .61. CPHI) PHI = ACOS (CPIII)
GO TO 30

21 IF (SF111 .GE. 0. .ANO. CPHI .LE. 0.) 22, 23
22 PIll = Fl — ASINCSPHI)

IF (SPO Il .GT. ABS (CPHI)) PHI = A COS(CPWI)
GO TO 30

23 IF (SF111 .LT, 0, .AMD . CPHI .LT. 0,) 24, 25
24 PIll Pt — ASIN (SPHI)

IF (ABS (SPHI) .GT. ABS(CPHI)) PHI = TPI —

GO TO 30
25 IF (SF111 .LT. 0. .AND. CPHI .GE. 0.) 26, 27
26 P111 — TPI • AS IN (SPHI)

IF (ABS(SPHD .GT. CPHI) PHI = TPT — ACOS (CPHI)
GO TO 30

27 CALL EXIT
3D CONTINUE

C = B ‘ SINL ,‘ SP111
FL2 = FL FL
CONI = F L  + PL2
CONZ = 0.5 ‘ P12
CON3 = SPOIl ‘ CPH1
CON’. = PHI”2 I SPIll
CONS = CON’. ‘ CPHI
EN I. — C ’ ’ 2
R A T I O I  = Cl. • COWL) ‘ PHI + A • (CONL ‘ SPIll — CON? • CON4)

I + EM • (—0.5 • COWl . ‘ (PHI • CON3) + C0N2 • CON5) — A • A ‘ CON2
2 ‘ CON3 + EM ‘ EN ‘ CON? ‘ (0.125 • (Pil l • CON3) — CONS — 5.25 •
3 CON3 • CPMI” 2) + A ‘ EM ‘ CON2 • (~ON4 + CON3 ‘ CPHI)
S = RATIOI ’BO
IF CS •LE. I.E—k) S = a.
RAT IO2 CONI ‘ PHI — A CON2 • (SPOIl + 2. ‘ CON’.)
I + 0.5 ‘ EM ‘ CON2 • (— 5 . 0  ‘ PHI + C0W 3 + 4.0 ‘ 00N5)

A L A M  = RA T IO2 ‘ C + ALL
S A L A M  =
C A L A M  = COS (ALAM)
CTA ZI2 = 8* — CALAM ‘ AG
CTAZ2I = BA • CALA M — AG
IF (ALl — AL2 .EQ, 0.) 35, 39

35 *212 = 0.
*721 = 0.
GO TO 34

39 C T A Z L 2  = CTAZI2 I ( SALA N ‘ CBET2 )
IF (CTAZI 2  •EQ. 0.) 54, 55

54 *712 = P12
GO TO 56

55 CONTINUE
A Z I 2  = ATAN ( l .  / CTAZI2 )

56 CONTINUE
CTAZ2 I = CTAZ2I / (SALAN ‘ CBETI)
IF (CTAZ2I .EQ. I.) 57, 58

57 A Z2L = P12
GO 10 3’.

56 CONTINUE
AZ2 I ATAN(1 . / CT*221)

34 CONTINUE
IF (ALL .GE. 0. .AND. CTA ZI2 •GE. S.) 40, 41
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40 *212 — *212
GO TO 50

‘.1 IF CALL .66. 0. •AND. CTAZ12 .LT. S.) 42, 43
‘.2 *212 — P1 • A112

GO TO 50
43 IF (ALL •LT. S. .AND. CTAZI2 .GE. 0.) 44, 45
‘.4 A ll? z Pt • *212

GO TO 50
85 *212 z TP! + *712
50 IF (ALL .66. 0. .AND . CT*Z21 •GE. 0.) 46, 41
46 *221 = P1 • *221

GO TO 51
I~7 IF (ALL .66. 0. •AND. CTAZ2I .LT. 0.) 48, 49
88 *721 • TPI • *721

GO TO SI
49 IF CALL •LT. 0. .AND. CTA Z2I .GE. 0.) 52, 53
52 AZ2I AZ2I.

GD TO 51
53 *721 z Pt + A22i
51 CONTINUE

AZ I2 — AKOO (A ZI2, TPI)
IF (*212 •LT. 0.) AZI2 • *712 + TPI
AZ2I z APlOO (A221, TPI)
IF (*721 .LT. 0.) *221 • *721 + IF!
RETUR N
EN D

SUBROUTINE SETUP
COMM ON IGENERAL/TPI , Pt, P12, P14, Al, 80, FL, ESO , IFLAG
DATA (TPI=6.2831853071795 9)
Pt * TRI / 2.0
P12 = TPI / 4.0
P18 TPI / 8.0

C A 0=SE MI MAJ OR AXIS OF CLARKE SPHEROID OF 1866, METERS
C———BS SENIM INOR AXIS OF CLARKE SPHEROI D OF 1866, METERS

A G = 6.3782064E+6
80 • 6,3565838E+6

C———— FL SPHEROIDAL FLATTENING
C———— ESQ SECOWC ECCENTRICITY SQUARED

FL = 1.0 — 00 I *0
ESQ z (A S • • 2 — 86 ‘ ‘ 2) / 85 • • 2
I F L A G  0
RE TURN
END

40
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FUNC TION O M COSCX)
C ONOCOS (x)= 1 — COS(X)

IF ( A B S C X )  .GT. .15) GO TO ‘.0
IF CX .E0. 0.) GO TO 50
S = X ’ x
ON C O S = T = .5 ‘ S

= 4.
10 T — T • S / CR • CR — I.))

OMCO S = CHC OS + T
IF CT / ONCOS •LE. .5E—9) GO TO 51

-
• 

R = R + 2 .
GO TO 10

40 ON COS = 1. — C O S ( X )
RETURN

50 ONCOS = 0.
51 RETURN

END

SUBROUTI NE TNT (T,K)
C I = POSIT1CN IN X AND 2 ARR AYS ON WHICH TO CENTER CALCULAT TO0~
C K = POSITION IN ARRAYS Z AND iF TO STORE CALCULATED VALUES

COMMON /GROLND/ ZDUM ,Z,ZPDU M ,ZP,XOU M,X ,RO,DEN,R,U, ONX ,WAV E ,R2, ?PP
1, 0, 00D1, 0002

COMPLEX OEOI ,O,000t ,0002
DIMENSION ZDUM (6),Z(1009) ,ZPDUM(6),ZP(1009) ,XDUN (6),X(1009)
1110=1—i
IPO I+l
C ( ( Z ( I P O ) — Z ( I M O ) ) — ( Z ( 1 ) — f ( I N O ) ) ’ ( X C l P O ) — X ( I M O ) ) / ( X ( I ) — X ( I P I O ) ) ) /

1 C (X ( IPO)’X(IPO) —X CT MO ) ’ X (INO) )— (X ( 1) ’X ( I)— X ( INO) ’X ( IP lO )  0 ’
• 2 (XCIPO)— XC INO)) /(X(I)—X( IMO)))

8 ((Z(I)—7 (IMO) )—C ’ (X(l)’XCI)—XCTMO)’X (INO)))/(X (l)—X (IMO))
A=Z (I)—X (1)’(B+C’X (T))
Z(K) =A+X (K) (8+C’X (10 )
ZR (K)=8+2 .’C’X (K)
ZPP=2 .’C
RETURN
END

SUBROUTI NE CN E V K E N ( A , PA, NA, X, FX, N !, NFl, KA SE )
COMPLEX FA , FX , FUN CT , POLY
D IMENSIO N A( NA) , PAUlA) , XCN X ) , FX (NX) , F UIICT(15), ABSC(i5), DIF(1

15), POLY (15)
I FORMAT (1111/50 II THE X VAL UES ARE NOT ARRANGED IN ASCENDING OROEQ ./
I/5X,4H1 = E20.9,5X,TMX (I) E20.9,5X,’.HJ = 620.9,SX ,7HA (J) = E20.9
2/~ I l4X ,lIlX ,20X ,8HF CX))

2 FORMAT (5X,2E20.9)
200 FORMAT (1111’ THERE AR E HOT ENOUG H POINTS IN TIl E GIVEN ARRAY. ’)
205 FORMAT (till’ THE GIVEN VA LUE OF NPI WAS GREATER THAN NA .’I’ THE SU

IBROUT INE REDUCED NPT TO WITHIN THE LIMITS OF NA .’)
210 FORMAT (1111’ NPT WAS INITIALLY GREATER THAN 15 — NPT =15 .’,” THE S

IUBROUTINE SET NFl TO 15 AND CONTINUED .’)
LOOP = 1
IF (NPT — 15) 3, 3, 9

9 PRINT 210, NPT
04PT 15

4 1
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3 IF (NPT — NA ) 8, 6, 1
4 lIFT = WPT — 2

IF (NPT — 1) 5, 3, 6
S PRINT 200

CALL EXIT
6 GO TO (7, 3), LOOP

• 7 L O O P— 2
PRINT 205• GO TO 3

8 NPT2 = N P T / 2
GO TO (11, 12), KASE

It NST ART — I
MX = I
GD TO 16

12 HSTART = N A —  3
TEST = A (NSTART ) + (A (NSTART + 1) — ACNSTART) ) / 2
IF (MX .LT. 1) GO TO 170
DO 14 I z j , MX
IF (XCI) — TEST) II., II., 13

13 MX — I
GO TO 16

1’. C ONTINUE
170 CONTINUE
16 NSTOP N A — I

IF (NX .LT. MX ) GO TO 175
DO l25 I~~~~~~, N X
IF (X (t I  — MI)) 135, 15, 10

10 IF (XCI) — A (NA )) 25, 20, 130
15 FX(1) = FA (l)

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

GD TO 12 5
F 25 IF (NSTOP .LT. NSTART.) GO TO

DO 85 J NSTART , PISTOP
IF C X C I )  — A (J)) 32, 35, 30

30 IF (X(I) — A (J + 1)) 45, 40, 65
32 I l — I — I

PRINT 1, I, XCI), J, A (J)
IF (II) 3’., 38, 33

33 PRINT 2, (XDI), FX (N) , N • 1, II)
38 CALL E X IT
35 FX (1) • FA (J~

NSTART = J
GO TO 125

80 FX (1) — FA (J + 1)
NSTART — J + I
GO TO t2 S

45 NST*RT • J
IF (AOS(X (I) — A(J)) — ABS (X(I) — A (J + 1))) 50, 50, 55

50 JJ — J
GO TO 60

55 J J = J + i
GO TO 60

85 CONT INUE
180 CONTINUE
60 IF (JJ — NPT2P 135, 135, 70
70 IF (JJ + NPT2 — MA) 80, 60, 130
80 K K —  JJ — N P T 2— l

42
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90 IF (NPT .LT. 1) GO TO 185
DO 95 K = 1, lIFT
KK — KK + I
FUNCT(K ) = FA(KK)
ABSC( K ) = A (KK)

95 O IF ( K )  z AB SC(K) — X (I)
165 CONTINUE

NT OP N P T — t
LI I

100 IF (NTOP •LT. I) GO TO 190
DO LOS L = 1, NTOP
LLL — L + LL

105 POLY (L) = (FUNCT (L) ‘ OIF (LLL) — FUN CT (L • I) • OIF(L)) / CAB SCCLL
IL) — ABSC (L))

• 190 CONTINUE
IF (NTOP — 1) 120, 120, 110

ito oo 115 N = I, NTOP
115 FUNCT CM ) — POLYC H )

NroP • NTOP — I
LI — LL + I
GO TO 100

130 INC z —

KK N A + l
GO TO 140

135 INC = 1
KK a 5

11.0 IF (NPT .LT. 1) GO TO 215
DO 145 K = 1, NPT
KK • KK + INC
FLJN CTC K ) FA (KK)
ABSC (K) = A (KIC)

11.5 D IF( K )  = ABSC(K) — X CI)
215 CONTINUE

NTOP — NPT — I
LL = I

150 IF (NTOP .LT. 1) GO TO 220
DO 155 L = 1, NTOP
LLL a L + LL

155 PDLY (L ) = (FUNCT(I) ‘ DIF (LLL ) — FUNCT (L + I) ‘ OIF(LL)) / (A B SC ( L
ILL) — *BSC (LL))

220 CONTINUE
IF (NTCP — 1) 120, 120, 160

160 00 165 N = 1, NTOP
165 FIJNCT (N) POLY (M)

NTOP — NTOP — I
LL L L G I
GD TO 150

120 FX (I) = POLY(1)
125 CONTINUE
175 CONT INUE

RETURN
EMD
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COMPLEX FUNCTION FLEAF(WA VE, HI, H2, X C , DELTAR )
-
• COMPLEX TEMP . 0, 7, 22, 72, HWERF , WERF Z , W E R F , ZWE RF , DELTAR

• 110 H2 — H1
TEMP = (O.7S71.)678I2, — 0.7071067812) ‘ SQRTC .5 ‘ WAVE)
X02 = SORT(XD)
Q = — TEMP • HO I XD 2
2 = TEMP ‘ DELTAR ‘ X02 + U
Z 7 x — Z
71 • A I M A G ( Z 2 )
IF (it .LT. 0. •OR . (ABS C REAL (ZZ)) .LT . 6. •ANO. 11 .LT. 6.)) GO T

10 10
22 = 22 ‘ 2
HWERF = (22 — 2.) I (72 ‘ (72 — 3.5))
GD TO 12

C W ER F — CO I~PLE 11ENTARY ERROR FUNCTION
15 WE RFZ = WERF (Z2)

11W ERF = 22 — 0.5 ‘ WERFZ / CZZ ‘ WE RFZ + (0., — 0.56411956))
12 ZW ER F = 2 + 11WERF

FLEAF = CU ‘ ZW ERF — 0.5) I (7 ‘ ZWERF — 0.5)
R E T U R N

• END

COMPLEX FUNCTION WERF (ZZZ)
COMPLEX 2, 272, ZV, V, 22, C, W, S
DIMENSION C(12), W (5 , 4)
E Q U I V A L E N C E  C S,  C C I ? ) )
DATA (C(1) = (.0, — .5641895835) )
DATA WI(1.,C.O),

1 C3.6787944117t 4423E—OI .6,0715770584I3937E—01),
2 Cl.831563888873418E—02,3 ,400262170660662E—0l),
3 (1.23409 8040866788E—04,2.0ij573j70376004E—Il),
4 (l.12535l747 192 646E—07,I,459535$99001528E—Oj),
5 (4 . 2 7 5 8 3 5 7 6 1 5 5 8 0 7 0 E — 0 1 , 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E + 0 0 ) ,
6 (3.0474420525 69126E—O1,2,082189382028316E—0t),
7 (1.4023 c5813662779E—0I,2..222134401798991E—01),
8 C6 .531777728904697E—02,1.739183l54l63490(—0j),
9 (3.628I45€48996861.E—02,1,358389510006551E—01),
A C2.553956763105058E—i)1,0,000000000000000E+0O),
B (2.1 849 26152748907E—Oi ,9.299780939260186E—02),
C (I.479527S95t2O158E—UI,1.3I1797170842178E—Ol),
D C9.27107€642644332E—02,1 .283I69622282615E—Ol),[ E (5 ,9686 92961041.590 E—0 2 ,1,132100551244882E—Ol ) ,
F ( 1 . 79 0 0 h i 5 i 1 8 1 3 9 3 0 E — 0 1 , O . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E + O Q ) ,
6 Ci.6426I1363929861E—01,5,0197 13513524966E—02),
11 Ci .3O75 7’.696698522E—0i,8.l1126504771.S~~72E—0 2 ) ,
I C 9.64.0250S583Ij4439E—02 ,9.I23632600421258E—02),
J (6.979096161.964750E—02,8.934000024036461E—O2)/
XX = REAL(2ZZ )
YY = A I N A G ( Z Z 1)
X = A 8 S ( X X )
Y A8S( YY )

r 2 = CMPLX (X ,
LZ2 0
IF (X .GE. 4.5 •OR. Y .GE, 3.5) GO TO 100
I = X + .5
J = Y , . 5
V = CN PLX(FLOATC I) , FLOAT(J ))
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iv • 2 — V
CC2 ) = W (I + I, .j  + 1)
A l = 0.

• 0O 1 0 1 a 3 , L2
A l = Al — .5
CCI ) • (V ‘ CC I — 1) + CC I — 2)) / Al

10 CONTINUE
J • 12
DO 11 I = 2, Ii
J = J — 1

11 S = S ’  ZV + C (J)
20 IF (YY •GE . 0.) GO TO 30

IF (LZ2 .60. 0) 22 = 2 ‘ 2
S = 2. ‘ CEXP ( — 22) — S
IF C X X .GT. 0.) S = CONJG(S)
GO TO 200

30 IF (XX •LT. 0.) S = CON J GC S)
200 W E R F = S

RETURN
100 L i ?  = 1

Z2 = 2 ‘ 2
S = 2 ‘ ((0., 0.4613135279) I (72 — 0.1901635092) + (0., 0.0999921

16168) .‘ (22 — 1.78449271.85) + (0., 1.0028636938748 ) I (22 — 5.5253
24374379))

GD TO 20
END

FUNC TION C A N G ( Z )
COMPLEX 2
DATA (P1 =3.14159265358979),(PIMA I.57079632679469)
X REA L C Z )
Y A I M A G C Z )
IF CX ) 20,30,10

10 CA NG= A TAN2 (Y,X)
RETURN

20 IF (Y .NE.O.) GO TO 10
CAPI G PI
RETUR N

30 IF (Y.Gl.O,) GO TO 40
IF (Y.LT.0.) GO TO 50
CA NG 0.
RETUR N

40 CA N G PI11A
RET UP N

50 CANG=—P IHA
R E T U R N
END
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SUBROUTINE IND F (HH,XX,NUT ,F)
C THIS SUBROUTINE CALCULATES THE INDUCTION FIELDS FOR £ SUB R AND
C H SUB PHI
C T h ESE INDUCTION FIELDS ARE FOR POSITIV E TIME FUNCTION
C NUT — I GIVES INDUCTION FIELD FOR E SUB R (TAU BAR)

• C NiT — 0 GIVES INDUCTION FIELD FOR H SUB PHI (LOOP)
• C El = INDUCTION FIELD FOR 6 SUB R

C FM = INDUCTION FIELD FOR H SUB PHI
• CONNOM /IW OUCT/WAVE

DOUBLE THEIAO ,SINT H,COSTH ,R,CONS
COMPLEX GZ,FZ,FH,F
A 6.36?39 €6
TPIz6.26~ I653O7
C 2  • 99792568• IFCXX.LE.Q.)3,4

3 PRIN T 5
S FORMAT C//’ IN hIDE , DISTANCE IS ZERO OR NEGATIVE, XX ‘ ‘,E2 0.1O)

CALL EXIT
I. TMETAD—1.Ol’XX IA

SINTH OSIN (THETAD)
COSTH DCOS CTHETAD)
R=A+HH
CDNS—A’R’SINTH”2
D2—R ’R +A’*—2. ‘A’R COSTH
IF(02.GT,O .) GO TO 30
DO= XX
D2zXX ’XX

• 60 10 40
30 CONTINUE

DD=S QRT(02)
80 CONTINUE

03=DD’02
04=02 ‘02
FZR=—2.’COSTH/DD +3.’CONS~ O3
ElI— CWAV E ’Cl MS+2.’COSTH/WAVE )FO2 3.~~~ NS/(04 NAVE )
FZ=CMPLX(F2R ,FZI)
G?=CN PLX (0.,WA VE )
Fl=F2/GZ
FHR=R’SI NT P’DDIO3
FhII=WAVE ’R’STNTH’ 0O/02
P11— C NFL ! (FHI, —FHR )
CI=2.E—7’TPI’WAVE’C
F$I FH/Cj.
IF (NUT)t,2

I F.F2
RETURN

2 FsFH
RETURN

-

• 

END

3.7 Sample Test Run

A typical data output listing is illustrated below. The transmitter coordinates
which are read in from the data card deck are printed for verification purposes.
The geographic coordinates of the desired target or receiver are next listed. Array
data used in the calculations are then printed. TOA is the travel time from trans-
mitter to receiver in psec and recorded in order of master, slave 1 and slave 2 to
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t ar get respec t ively. TD 1 and TD2 are the final desired LORA N coordinates in

~isec. ED1 and ED2 are the slave emission delays in js sec obtained from the trans-

mitter  card input data. Additional output data recorded as TOA above include:

1: DISTDUM - Calcula t ion of dis tance by Hufford ’ s technique in KM.

TIMDUM - Calculation of secondary phase factor in Msec.

DIST SOD - Calcu lation of distance by Sodano technique in KM.

TPW - Travel t ime of primary wave in ~ sec.

3.8 Output Listing

—_________________________ •—-•-- 

~~~~~~~~~~ —--~~~ c~~~Iiuo~ - •

( f lE~~
_ M !N_ ~~Er~

- -• 

L.~ ~~ ~
Q .~~ i1N “ 1~ 3b . ’~~~~_SLA~LEL •.~ _ .  ~~~~~ _~~~_ ~~~~ ~~~~~~~~

V L A f ~~ j 4  
~•2f3 •~

- LDCA!1 CJ~._ ~
__ 

• _ ~~~~~~ •~~ 
_ L kT I f l l f l~ • _ i U~~G.I.IUD~~ _

( re G_ ~~IN_~~E~~) (O~~1_ M T N _ ~~C )

R EC V IV FP ~ ~~f 31 29.1~~~N e 71

• iCC fl’~ ft ~E + ~ 3 • IRE AY (iL FJ(H1 - a E2E3LL~flC~ . .t-t4._J(}AZ -- - - - - -  -

.1C~~0 ’ 3 q E + O 1  r~Ro~~’q(2 ) = ~ T A  = A T O  TN P~~X ~~ ‘~~F~~A C T TO~ A r  ~~~~~~~~~
_.-3.-! ? 78E.IDI __ _

~~ Q Li__=~~aMA.~L~ P4~~’~ IUlIU ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.9C7c~~2~~E+Q4~ iR P ~A Y C 4 )  = “INC = ‘ISTANCE INCFE’l~~NT T N KM 

~~~~~~~~~~~~~~~ _~~_- U1~~X O F  T~~~ EI~~~~T ~) I S T 4 N f T  AT
.11~’0~~~~E+fl 1 ~P~~A Y (~~) 

~JZI NC = ~‘-‘ E F IELD IS TO -1E ~ OUNO A 5 A 
- _ _ _ ~~~~~_~~~~~ S.! c~~~~~ a~~nL ~~-.= NZLMC • M U S T  N Z V E R  ~~

= TNDEY OF TH~ L A S T  r~TSTAN E ~ T W~-IIt- -I 1-

~~ ~~__.~~~ R 2.AY.L~ L 7 MT~~~~~ I NF H T~JT MU LL 1 UD E A9D~L~ TU ~~.1 0 fl’W+ (’2 ~~~ ? A V ( ~~~ = 7~~NC T~-4E A L T IT!JOE T NC°~~P’ :NT, M~~T E~~S
- - A~ RAY11!L 2. 1~ Z~ !iAxJ.~iLLM ~LuruoE ,_9Er~~~

A P~~~~Y ( 1 j )  . FEA T = TH~ FACT ’R U~~EO TN TNE FLAT ¶A ~~T H
•~~~! :flrE ~~~c~~ — - ‘~P Y 42J~~~~• M P H A  ~Ir R 7 T( ’ A !  LAP S~~..FA.CTDP -

.7i,Q 1’47 E + ~~7 ~ R~~ t Y ( j 7 )  = E FF ECTIVE E A F T H C  R A D I U S
~~~~~~~~~~~~~~ --_ -MRAXU~~~~~~~ Mt1T • -

t•PJ ANt ____________________________________________________________________________

T.O~ _.=_.1e~~’~ 7~ 7 C7~~~~43~L4~Z+ - ~~t • 1 1E322 ~_!~~E2~ 5.E+t ~- , . ~3193 7~~2i833 ,j~~.A. ,.._

—_____

tf l2_ .__ ~~~_i~~i.&S
_
~P 7~~ ~~~1 +,~~~~~~~

EOL •~ : .t 53J .2E+ ~S,_

~~ 2 _ ~~~ .‘.1 i±E~~ S.-__ — -________ ____ —
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T~~l~

c’~~ r’ f l~~ i~~c r  t’ 5 1’~~~ _________ __ __ _ ____ _ _~ -

I. L)I HIP Tl O ’~ OF P A R T  II

1 .1 O% ,rvie~

The electrical properties of the earth are converted into a ground surface
impedance in PART II of the program as shown in Figure 7. The data on the input
tapes from PART I are loaded on to a disc so that at each index point information
on terrai n, geology, and soil is available. This information is employed to de velop
a 3-layer model of the ground as shown in Figure 8. The t ime of arrival of the

LORAN pulse at the receiver is controlled by th e electrical characteristics of this
model through a parameter called the surface impedance. This parameter is the
ratio of the horizontal components of the electrical to the magnetic field components
assuming the ground is isotropic; the calculation of this parameter is described by

12 13Johier.
The development of the 3-layer ground model requires additiona l investigation,

in par t icu lar , the constants to be used in the postulated second or saturated layer.
The electrical characteristics of ground or other medium may be expressed by
three constant s, the relative permeability, the dielectric constant , and the conduc-
tivity. The relative permeability can normally be regarded as unity. From the
digitized data from PART I, the conductivity of the top unsaturated ground or soil
and basement rock can be determined. 14, 15, 16, 17, 18 Most soil maps also contain
information on top soil depth which is included in the look -up table. The rock
depth is assumed to be infinite since the 100 kHz wave does not penetrate below
300 meters. The conductivity and depth of the second layer are somewhat uncer-
tain and various articles in the journal titled Geoexploration ’9 ’ 20 have been used
to obtain information on second layer parameters as a function of the top laye r .
The values listed in Figure 8 are suitable for Europe. In Iran, fo r example,
sigma 2 is larger than sigma 1. The dielectric constant has been selected as 15
over land and 80 over water. An empirical relationship between conductivity and

dielectric cons t ant has been developed by Hanle, 21 and may also be used in the

Due to the large number of references on this page , the references will not be
footnoted. See References , page 84 .
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LOOK UP
I E R RA I N  TABLE

GROUND STRUCTURE
GEOLOGY COMPUTER ANALYSIS TO GENERATE

DISC SURFACE IMPEDANCE

SOIL

E L E V A T I O N . AMPLITUDE
PHASE

Figure 7 . Data Base of Ground E l e c t r i c a l  Proper t ies  - Par t  II

Zn

OFF MAP

d1 UNSATURATE D ~~ (MAP) E
~ 

. 50 °j 115 d1( MAP )

SOIL
d2 SATURATED ~~~~~ ~2 

50 ~~ IfS d2 3d1

d3 ~~ (MAP) 
~~ 

50 ~~ 1/5 d3
ROCK

l igure  8. Ground Model for Sur face Impedance Calcula tors

program.  The e f f e c t s  of t e m p e r a t u r e  changes , vegetat ion , bui ld ings , and o ther
objects on the s u r f a c e  of the -n r i b  have not been considered.

The input  da ta  to PART II is on a s tandard  one-half  inch , 400-foot  magne t i c
1 npe  conta in ing  i n f o r m a t i o n  (In elevation in me te rs , bedrock , and soil i d e n t i f i c a t i o n
number .  The input  f o r m a t  for the  data is as fo l lows :

Elevation — 11 bi ts  - ~7 meters

Blank - 3 hi ts
Rock Number  - 8 bits  - 256 types

Blank - 2 bi ts

Soil N u m b e r  — 6 bi ts  - I~ 4 types

4 f 1  
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This totals  to a 30-bit  data word.  Each CDC word contains 60 bits , therefore ,

two data words or points can be accommodated by a 5ingle CDC word .  For 30-bi t

word compute r s  (IBM 360 , UNIVAC , Honeywell) , one data point will  be accommo-

dated by each word allowing flexibil i ty between machines . There are 60 words in

each record or 2 X 60 = 120 data points. With a 30 arc second grid , each record

covers one degree in la t i tude  of the grid .
The data is recorded on to the tape in the following sequence: Starting at i 

-

60 E Long, 48 0 N Lat , in the southwest  corner and go north for one degree in
la t i tude (one record) , then repeat for an equal line incremented in longitude,
parallel and 30 arc seconds to the east of the f i r s t  line . This is repeated unt i l  the

last longitude line of the two degree standard longitude sectors is reached. For

this  par t icu lar  problem , this would mean af te r  2 X 60 X 2 = 240 records . The

la t i t ude  is then incremented by one degree , returned to the original longitude , and

the en t i re  process repeated for another 240 records. At  the east edge of the final

la t i tude sector (53 ° to 54°) , the pointer  re turns  to 8° N Lat and begins another 10

la t i tude  scan from 8° E to 10° E longitude. For the six degree la t i tude  and eight

degree longitude area coverage in Germany, there wil l  be a total  of 960 >< 6 = 5760

records which contain 5760 )< 120 69 1, 200 data points.
The output data tape of PART ii which is the input to PART III has the following

format :

Elevation in meters - ±7 meters  - 11 bits

Impedance Amp litude - ±2 ohms - 8 bits

Impedance Phase - ±. 001 radians - 11 bits

The elevation data is passed direct ly from input to output tape . The output imped-

ance is re turned to the disc for storage in the same location as the original dat a
and then recorded on magn etic tape for shipment  to the PART III computation si tes .

1.2 Suh r outi  fle I ) —~ r I p I io n

4 . 2 . 1 PROGRAM CONIMP

(a) Controls impedance program .
(b) Call subroutine SETUP.
(C) Reads and writes on disc soil , geology and elevation ident i f ica t ion  data

off input tapes.
(d) Call subroutine RE P K .
(e) Writes impedance data on disc and output  tape.

4 .2 . 2 -~UPROUTINE SETUP

(a) Sets relat ive pe rmeab i l i ty  of three  layers to un i ty .
(b) Reads and stores ground conduc t iv i ty  tables f rom input  cards into look-up

file .
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4 . 2 . 3 SUBROUTINE REPK

(a)  Determine  parameters  for 3-layer ground s u r f a c e  impedance .
( 1) Dielectr ic constant equals f i f teen overland and e i g l i t l v  over

(2)  Determine depth of f i r s t  and second layer.  Set t h i rd  layer to i n f i n i t y .

(3) Set sigma 2 as a function of sigm a 1.
(b) Call subrout ine GRIM for impedance calculat ion.

4 . 2 . 4 SUBROUTINE GRIM

(a) Calculates surface  impedance for 3-layer ground model .
(b) Returns complex impedance (AMP , FAZ) to subroutine RFPK via argument

l i s t .

1.3 Re~,i,t i~ it~ I’ables

For subroutine SETUP , a look-up table is required to convert type of soil and

rock into resis t ivi ty  values. The bibliograph y at the end of this section l is ts  avail-

able sources for these values. Table 1 is a list of average values for the top or

unsaturated soil. An approximate value is usually assigned in the map legend.

An inspection of the geological map of Europe reveals character is t ic  rock types

which include anorthosi te, granite gneiss , gabbro, Precambrian igneous , and

metamorphic rock . The associated resistivit ies for various rock types are defined

in Table 2.

Table 1. Ground Res i s t iv i ty  Values for Typical Soils

Conductivi ty Resis t iv i t
Terrain (mhos -meter) (meter -ohms)

Sea water  5 0 . 2

Fresh water  8 X l0~~ 123

Dry, sand y, flat coastal land 2 X l0~~ J’oo

Marsh y, forested flat land 8) <  lO~~ 123

Rich  agr icul tura l  land , low hills 1 )< lO
_2 

1, oo,o
Pastoral land , medium hills and 5 )< l0~~ 200

fore stat ion

Rock y land , steep hills 2 >< I O~~ 500

Mountainous I X 10~~ 1, 000

Cities , res ident ia l  areas 2 )< l0~~ 500

Cities , indus t r ia l  areas 
— 

1 X l0~~ 1, 000~
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-1.-i Program Ii ~ ii ng for Part U

PROGRAM CONIMP

j’—~~~ PROGRAM C0NIMP(TAPE3, TAPE2,INPUT l28,0UTPUT 1�~ Y 
- -  -

COMMON/THREE/F ,PHI,SI G M A I,,E21.,AMU 1,Zl, SIGM A 2 ,E22, A MUZ, Z~ ,SIGMA 3,
E23 ,
COMHON/CODE/SLCIHE5,3) ,G0 ,GLCD (14A )

5 DIMENSION NUPK (611),NDXEO (5S00)
D A T A  M~ K6/77B/,t’SKFl5/77?7700OO00000 0000008/-

~~~~~~~ LNLM 9E0~~LA T L M ~ 6
LNL 2C~ LA TL”1 l
NOXS IZ LNLM’LATIM+40 

-

-________ 
L SFT t ) °  

- - - -
CALL OPENMS(2 ,NDXEO ,58C0 ,0)
LNLM= 57~ U 

______

00 100 11N1,LNLM 
-—

NDXL IL N
BUFFERIN (~~,1)(NIJPK(i) ,NUPK (~~0))$IF (UNIT (~~))10,20,3~

30 PRINTI,ILN
1 FO~~M A T ( ~~0 P A R I T Y  ERR0R~~,I9)

10 CONTINUE _____

IF (MOO(ILN ,t4~ Q).LY .1O)PRINT
20 C A LL REPK(NUPK ,P-ISK6 ,MS K F I S )  

_______

IF( MO O C ILN ,1L.~e0) •LT .10) PRINT 99 ,NUPK( 1) , . 1u2V (?)
I O V E R I
IOVER=O 

-

70 CALL WPITMS(2,NUPK ,E,0,NtIXL,IOVER )
9 FORMAT (’O ‘,-~I~~,2O22)

99 F O R MA T ( 2 0 2 2 )
100 CONTINU E
20 ST 0P~ E~~D

SU3ROUT INE ~EP~(

1 SUBROUTINE REPK NUPK ,MSK ID,MSK F15 
CO M M ON / T HR EEfF ,PHI ,SIGMA1, E2 i ,A MU1 , Z 1 ,S IG M A2 , E 2 2 , A~~U2 ,Z 2 , S I G M A 3 ,

• E23 ,A~’~t t 1
_______ 

C O M ’4 0 N / C O O E / S L C D ( 6 5 , 3) , G 0 , G I CD ( 1’.8)
5 DIMENSION NIJ DK (60 ),IABt I2O ) 

- — - - - - -

DATA MSK8/3778/
M S l ~ 3 1= 37 770 0 0 0 0  0 37 7 70 0 0  00 09

00 100 T~ i , 60
LLEV NUPK (I) • A. M SKl0~~LEV=S HI FT (LLEV , 1)

10 LS2 N U P K ( I ) . A . M S K LG2 ~ MS K~c .d .SHI FT ( NU P K ( I), —€ ~)
LS 1 M SV 6 . A . S H I FT ( M U F K( I ) , — 3 C ) ~~LG1 r M S K8, A .SH I F T ( N U P K ( I ) ,— 3 6 )
00 99 I2=1,2$IF (I2.EO.?)L~~1=LS2~ Ir ( I  2.E0.2)LG1=LG2
E23 E22 E21 15.

______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
15 SIG~~A 1= SLCfl(1S1+1,1)

_______ 7 l=SLt ’(~ (LS1+~~~?)~~O. 7~IF (Z1 .11. 2.) 71=2 . 
- - - - -

I~ ( 71 .L I. SLCO (L S 1 + 1 , 3 ) ) 7  I SLC O (L S 1+1, 
_____________

IF (STGMA I.E1..01)E22=E21=~~O.
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20 SI G ~”A 2= 0. SI1 MA1 7?=~ .7 1
I C -  ( E 2 ~’ . E O . 3  0 . ) S I G M A 2 = S  I G M A 1

I L A T ~~2 T + I 2 — 2
S I G P - 4 A 3 = G 1 C f l ( L G 1 )~~CAL LG R I M ( A M P ,F A Z ) L I A M P = A M P Z I F # 7 = F A Z

_____________ ~4 O = 3 a ’  ( 2 — I ’ )  
______ __________

25  99 L C - V OR(S H IFT(IAMP ,NB +1i) ,SHIFT (IFA 7,NB) ,LEV )jN1iPK (I)=LE ~
100 CONTTNI JC ’TENO

SUIROUTIN F G cc I~

S 1) B () UT It’IE GRTM (AM P !M F , r47 IMC’)
C F IS i-~~E °JF~J~~

y IN HEPT 7
— C 0H1 IS TH~ ANGL E OF INCIDC”~CE IN RAOI A N S

C SIG” iAl IS T ’-ff C O N D U C T I V I T Y  OF THE U N S A T U R A T EO  SOIL .
- - 

s C E21 IS T hE DIELECT RIC CONSTANT OF ‘ J N S A T ’ J PA T E O  S O I L .
C 7j  IS T HE DE~ T N IN M ETE RS OF t i-I! U N S A T U RA T E D  SOIL)
C SIG MA ? IS T HE CONDUCTIV ITY  OF T H E S A T U R A T E D  SOIL.
C — — — — — — — E22 IS TH E DIELECTRIC C O N S T A N T  OF S A T U R A T E D  SOIL.  

!2  I~ THE DEPTH IP~ METERS OF TH~ S A T U R A T E D  SOIL .
10 C S IGM A ~ IS THE C O N D U C T I V I T Y  OF O E O P OC K.

C E ?~ IS T H E O I ELE’CT PIC C-Th~~T A N T  OF P EO PO C K.
C ?SOIL IS T HE T O T A l  DE PT H OF SOIL A B O V E  REDPCC K (Z i  • ‘)2)

COMPLEX T 2 - _________________________

- - - 
C C M P I E Y 4 1 0 ,  4 2 0 ,  A l l ,  4 1 2 ,  41 3,  42 1,  4 2 2 , A23 , 4 3 2 ,  A 3 3 ,

15 1A3 C., AC.2, A c e S , A le C. , A K I , A K ? ,  ET A I ,  E T A ? ,  E TA I 2 ,  E T A ? ? ,
- 

?7 !TA1, 7i -TA I2 , 7CcT4?, ‘i-TA?2, T E M P , RENUM , PEDEM , ~ E, P’~I, B E T A i
- COMPL EX S A V  1 ,S A V 2  , 5 A V 3 , S  A V I + ,S A V 5 ,  S A VS

COMP L FX AK 3 , F T A S , FTA3 2, Z E T A 3 , Z E P O I ,  A SC. , A S S , 464 ,
1A 6 5 , A 66 , T 2 ,  T3N , T3 0, T3 , 4 3 5 ,  4 L.5~ 4 56

2 0 -  COMMON /THREE / F , PHI  S I G M A I ,  E2 1,  AM U 1,  71, C’ I C M A ’,
- 

1E 22 , AM U ? , 7?, S I~~M A ~~, E?3 , A M U 3
DAT A (C = 7 •q97- ) ’ i-  ~~~~~ - - 

(TP I= F .  28 3 18530717 96 !  
- - -O A T A (  El = b . S 1 A C 3 3 5 7 1 2 1 E _ 1 2 )

r) A T A ( P I 3. 14 j 5 9 ’F 5 t ) , (P 1? = — 1 . 5 7 0 7 9 6 3 2 7 )
2 5 D A T A  ISKIP/1f

I F ( I S ’ T P . E C . 0 ) G O  Ti - gq
IS~<IP =

— - - Z F~~O1 = CMPI Y (0.,1.)
— 

1 COSPHI = CO S ( P H I )
30 S I N P W I S I N ( P H I )

“ C S2  = C O S P H I  C O SP H I
- —  - 

5 1 N 2  = SINPII I SINPH I 
-O M F G A  — C- 101

F IA C r 1 •
35 AKn OMFGA/ C ’CTA O

O’IFGAE = OMi -6 c • E 0 
_____________________ _____________________

E~~SIL i~.E—15
10 4 10  = C M p L X ( — r ~~~P H I , 0 . )

All = A l l ’

‘.0 - Al2 ~~ A l ’  A 3 C. 435 = C P-’PIY(—l.,I.) 
- — -

A5~~ = ruP Lx(1.,O .)
A ? l  = (‘ WP L’ (  ( i . , f I . )  

_____________ _______gc~ A K 2 :~~K(~~rc T ( C M p L x ( E 2 2 , — c I C ’ lA2 /o ’~EGA E ) )
E T A ?
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1,5 E T A 22 = E T A ?  • E T A 2
TF MP = ETA 22 — 51N2 

_______ ________ ________

ZEt A? = CSORT (TEMP)
A le c. = ZETA2 ( SIN? / (AMU2 • ETA22—SPI2) + 1.) /AMU 2
A’.S = — A C . ’ .  

-______________________________

so - 
AK3 = A K ’ ~ • CSQRT (CMPLX(E23, —SIG MA3 /OMEGAE )) 

____

E T A 3  = A K 3  / 41( 0
F TA3 ? = ET A 3  • E T A 3
TE MP = ETA 32 — SIN? - -

7ETA3 = I S O R T  (T E M P )
55 466 ZETA3 • (SIN? / (AM U3 • ETA32 —SIN ? ) + 1~~) / A M U 3

7O CONTT Nt’E
41(1 = AK ~ ~CSQ’~T( (‘MPI X (f,~~ — S I G H A I /  OM EGAE ) )

20 E TAI = AK1 /4K~ETA I2 !TAi ETA I 
- -

TE~4F ETA1 2 — SIN?
ZETAI = CS(~~T (TEMP )
A ?2 = 423 = —ZET AI ‘(SJN’~ (A MUI • ETA12—51N 2 ) +1.) /AMUI
423 —423
B C T A I  = A K O • Z E T A 1’ • Z1.’7EPOI

65 30 43? C!XP (—P~ T4l) __________ - 
433 = CEXP(~ ETA 1)
AC.? = A 22 _4 432 

_________

41.3 = A 23 • 433 
—__________

t~FTA1 = 41(0 • ZETA 2 • Z2 ZERO 1
70 AS’. = CEXP ( ilETAj)

455 = C E X P  (BETAI)
464 = 45’.
465 = 4 1,5 • A SS 

_______

T 2N= AS L.’ A 6 6 — A 6 4 ’ 4 56
75 T 2 f l = A 5 5 ’ A S 6 — A 6 5 ’ A S S

41=42=4 3=A4=ABS(SISMA2—SI GMA3)
IF (((A1.LT.EPSIL ).ANO.(A2.LT.EPSIL )).OR, 

____

1 ((A3.LT .EPSIL ).ANO .(Ak.LT .EPSIL )))GO TO 31
T 2=T2N/T20

80 GO TO ~2
31 CONTINUE

12=0 .
32_ CONT INUE 

________________ _________________ ______

T V N  = (432 • 441 — 41.2 43 ’.) — (A32 • A45 — 41.2 • 435 ) • T2
85 T3 0 = ( A 3 3 ~~~~A ’.4 —_ 443 43’.) — (433 ‘445 — 443 A35~ • T2

A2=A Le=A BS (SIG P142—SI GMA3 )
A1= 43=ABS (SIC,PIA I—SIC.MA2)
IF’(((A l.LT.EPSIL ).AMD.(A2.LT .EPSIL )).OR.
1((A3.LT•EPSIL ).AND. (Al..LT.EPSIL ) ) ) G O  TO 34

i~~ IF( A1,IT .EPSIL) T3 T2’A32/433
IF~~A 1.GE .EPS IL)GO TO 36 

__________ _____

Bj= REA L (T2)
B2= AI P-IAG (T2 )
83= RE AL ( T 3 )

95 8 1 . = A I M A G ( T 3 )
115 FO R M A T ( ’ ’,8( E13.5 ,2 x ) )

16 CONTIN uE 
____________________________________ _______

IF( A 1 . L T . E P S T L) G O  TO 35 —

~~~~~
13 = 13N f 130

100 DC 10 35
IL. CONT I I C I L I E  

________

T3=O.

~5 CONTINUE 
______

REN U M = (410 • 4 2 2  — A20 ‘ 4 1 2) — (410 ‘ 4 2 3  — 420 • 4 13) • T3
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1.15 REDEM = (411 • 4 22  — 42 1 • 4 12) — (A l t  • 423 — 421 • 413 ) • 13
RE = REPIUM / REDE M
T EMP = U~~~~~RE ) L ( RE) -
PPII = TEMP ‘ COSPHI

50 AM PIMP = CABS(PMI ) _____

110 FAZIMP = CA NG (PPII)
IF (FA7IMP .LE .P12) FAZIMP = FAZIMP • Pt
IF (FA 7IMP. G~ . —P12) FAZIP4P FAZIMP — Pt
IF ( FA ZI P4P. LT. 3. 05 0 )  FAZIMP O. 3 5 0 $ I F( F  AZIMP .GT • 1. 1.00) FA ZI’-IP=l • ‘.00
IF(APIPIIIP. IT.0.0O1)AMFIMP=0.OOIIIF (AMPI)IP .GT.0.200)AMP1’1P 0.200

115 AMPIHP=1000. AMPIMP$F471MP 1000. FAZIMP
IF (FAzI Mp.lr.o..oR.AMpIMP.LT.3.J PRZP4T 1776

C 1776 FCRMAT( 0 AMP OR PHASE NEG ATIVE’)
RETUR N 

_______ - -  -

END

F U N C T I O N  C A N G

FUNCTION CANG (Z)
C _ _ _ _ _ _ _ _ _ _

C
COMPLEX Z ______________

S C
C
C
C . . . . . I N IT I A L I Z E  CANG FOR QUADRANT COR R ECTION,  GET RE(7) AND P4(Z), TEST
C.,.•.X FOR + O R —  TO FIND CORI~ECT HALF— PL ANE....,.....

10 DA T A  (C ~~~~~99792 5E 8 ,~~~ (1P1 6. 2831853071796)
P12 = IPI
P1 = TPT /2.
P102 = TPI / 1

___________ 
CA PIG=0. 0

15 X=REAL (Z)
Y = A I M A G ( Z )  

______________ --

IF (X) 10,50,90
C.. . . . X  .11. 0.0.. •.•.............. ....... ,••.••. .  • • • •. • •• • •  • • • • • •  • • • • , ,
10 IF (Y )  20, 30, 1.0

20 20 C A N G —PI 
_____________

G O  TO 90
30 C AIIG=+PI

RET U R N
40 CANG= +P I 

__________ _____

25 GO TO 90
C... ..X •EO. 0.0 • .. ... .....  . ..• . . •. .• •. . . . . . .• . . . . .•  • . .  .. .
50 IF fYI 60,70,80
60 CANG —P IO ? 

_____

R E T U R N
30 C. • .X=0 AND Y=0 IS REALLY UNDEFINED, BUT IN AGREEMENT WITH CDC WE.

C. • .~~~ TURN A V A L U E  OF C A N G = 0 . O  .

70 CA NG = 0 . 3
RETU RN

80 CANC.=4PIO2
35 C . . . . .X  .61. 0.0 AND x .61. 0 .3 ADJUST ED FOR COPPE d r ) UADPA NT .... .....,.

90 CA N G=ATAN (Y/ X) + CA N E ,
R E T U R N
E N D
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SU~~ROUTINE SETUP

I S U B R O U T I N E  SETUP
C O M P ~ON/ TH R E E / F , PH I , SI G M A 1 , E 2 1 , A M U 1 , Z 1 ,S I G M A 2 , F 2 2 ,A M U 2 , Z 2 , S I G M A 3 ,
E 23 ,AMI J3

__________ 
C O M M O P - j / C O D E / S L C D ( 6 5 , 3) ,G~~,G L C D ( i L e8) 

- -

5 DATA CFW/1.E—2 / ,CSW/5 ./,CWG/1.E—2/ ,00G/1.E—C. /
TPI= 8. ’ A T A N ( l . 0 ) ~~F = 1 .E 5$P H1 B 0 . ’( T P I / 3 6 0 . )
AM U 1=AMU? AM113 1.
00 1. 1= 2~ S5 

- _ _ 
- -

_ - _ 
- -

1 R~ A D 1C ,SLC O ( I ,1) ,SLC O(I, 1) ,SLCD( I,2)
10 t0~~~O R M A T ( 1 O X ,F10.t,F1O.1, F1Q.1I

Oo2I= 1, 19~ ID=( I— 1)’8+1$IE=IB+ 7~ IF(I.€0.19) IE=i 48
2 REAOI1, (G LC D ( K ) ,K I 8 ,IF) 

_________ ______ __________

11 F O P M A T ( 8 F 1 0 . t )
_______ 

DO 3 1=2 ,65  -15 PR !NTS ,I ,SLCO ( I ,1)  ,SLCO ( I,2)
3 SLCD( I , 1)= 1 ./SL CO( I ,1)
S FO R M A T ( 1 5 , 2F 15 .1)

P~~IwT6cOn’ .I=i,1L.81PRINT5, I,GLCD( I) 
______________—

C. G L CD( I ) = 1 ./ S L CO ( I )  
—

~~~~~

20 6 FORMAT (’0 EOLOGY RESISTIVITY ’,//) -- - - -
GLCO( 0) =SLCI) (1, 1) =C F W~ SLCO (1, 2) =20.

______ 
SLCD (1,3)=20• 

- - -
SLPD(65,1):OFW~ S1CO(65,2) 20.
SLCO (65 ,3)=20. 

____________

25 END

3- DESCRIPTION OF PART I

5 1  Overview

The lithology and terrain of the LORAN coverage area are di gi tized from maps
in PART I as illustrated in Figure 9. The required three maps are those which
contain information on the type t op soil or overburden, type or age of basement
rock, and ground elevation above sea level . The first  type of information is ob-
tained from soil maps usually published by the country of the interested area.
These are colored maps with a legend defining the various types of soil and associ-
ated depth. Geological maps are available for most areas of the world and the
colo red legend indica t es the t ype of rock . Terrai n maps wi th  elevation data are
readil y available for the entire world . Fortunatel y, these have been previo usl y
digitized by the Defense Mapping Agency, and magnetic tapes wi th  this  data in
proper sequence are available upon of f icial req uest .

The following equipment was required for data di gitization :
Calculat or - HP9830A

Digitizer - HP9864A
Cassette Memory - HP9865A
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TOPOGRAPHIC
MAPS
1:250 000

TERRAIN
ELEVATION

GEOLOGIC DIGITIZER
MAPS AND
11000 ,000 CONVERTER

ROC K TYP E
AND AGE

SOIL MAPS
1:2,500,000

SOIL TYP E
AND DEPTH

Figure 9 . Formation of Data Base - Part I

The maps are digit ized by recording, on a cassette tape , the contour table coord-

inates in inches using the southwest corner as the origin. The cursor cross hairs
are moved around each constant color contour and points are generated in incre-

ments of one hundred to the inch. The table coordinates and geographic coordinates

of the four corner points of t he -map  are recorded for later use in conversion of the
former  to the lat ter .  These casset te  tapes are t ranscribed onto a disc file by way

of the CDC 6600 . The merged cassette data is then cop ied on to a 1/ 2 - in .  2400-f t

800-b pi tape reel. The data  on this tape is converted to LAT/LON and color num-

ber , and then into scan lines by PROGRAM GGCI. The scan line output format
contains 24 bits for long i tude , 24 bits for la t i tude , and 12 bits for color , making up

the 60 bit CDC word.  These points will then be sorted in PROGRAM SOR with the

pr imary  key being the l a t i t u d e , secondary key the longitude, and ter t iary key the

color. PROG RAM DECODE sequences the sorted line points into a 30 arc second

matr ix  r the final output  tape of PART I. These programs ar listed in Section B.

Thr ee such magnetic tapes are required , one for each of the ground properties.
For a r verage area of 48 sq uare degrees , there will be almost 700 , 000 da ta points
recorded (In each 7- t rack binary magnetic tape.

The Defense Mapping Agency generates similar data tapes in a program titled

“ Lineal Da ta to Terrain Mat r ix .  This program is capable of forming a data ma-
tr i x f rom m a p  c o n t o u r  scans wi th  a three arc second to a one minute spacing. By
using the s tandard DMA format as input specification to PART II of the prediction
program , DMA and locall y generated tapes can be used interchangeabl y. The
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present program is setup for a t h i r t y  arc second grid . Changes in this spacing

will require changes in the incremental sequencing and storage allocations .

5.2 I’rogram Listing for Part I

°RODR4M SOR fl’APE3,TAPE?,T APE 4,TAP E1I
9 REAfl (1) IP

I F {E ~j r t 1 ) )  7 , 1
I W R I T E ( 2 ) I P ~ GO TO q
2 C O N T 1~~U E 9 E W I N D  2 j CALL SM S O P I ( 1 0) - 

CALL SMFILE (~~OUTPUT ,”8INAPY~~,3,”REWINO” )
CA L L  ~~~~~~~~~~~~~~~~ I$T-~~-€-R-~3-— — - -— —-— -

C A L L  SMEN’)
R EW IND 3

~ ~E A ~) (3 ) IP
IF( EOF (3) ) ’ ., 3

3 4 I ? ~~~~~
C. ST 0P~ EN~)14C€,O T 1S-O CM7777-7- ,~T P2-.~ - - ----- —----- --—- - - —- - 

~~~ -
- - - - --—fl% - -~~ ~ -‘CO~~TS$ - —

BL R=3 ,PL= 2 0 3 0 0 .
V S N ,TA PEI (3S U~~39. 

____________k~~CUtS1 T R.’tl I I T , t , NP( . - __________

VSN ,TA P~~2=OS 0t72.LaUEGT1 TkPEZ, ,L,RLN G~~~~~   - - - -
FILE (T APE2,RT=S , BT=C)
LOSET (FILES TAPE?)

- - _ _ _ _ _  _ _ _ _  _ _ _ _ _

PR 0G~ A~ OECOOE (INPUT CLIFtI T TAPE6=OUTPUT ,TAPE S=IN°UT TAPEI,TAPF2)
COMMON IO UT ( 7 2 1) , I C U~~PT ,IMI~~H,IM A X H , I M I N H2 , I MA X W 2 , INkOO
u ro- r - iSIUN ~~~~u u i ,  i t t~ o.~U i j  I’-’u’ (~~i~~,0 I P l F N S I C P ~ M 0 P ~E ( 7 2 i ) , M T l . O ( 7 ~~1) ,M S A V E ( 7 2 1 )

- - 
rs Tc~P~~o~x X 0E 3  6.
MC A S E  I — - —-- —— - --- -— --—- -- —

DO 11 16 1 ,721
11 I O U T( I 6 ) O

I 20=5i 3
LEN 512

- _ _
~

_ IT~~~
_
~~~~~~

_ _ _ 
_ _ _ _ _ _ _ _ _  

_ _ --~~-- -— - -_
~~ - - ---

X CU R= 0 .

IMINH O
P14 X~4 0 

________IHINH!— — 1000
I MAX H 2 — 1 0 0 0

- -~~-~-::~8- 8~ 
-~~~ ---- -- ---- -

IE2 0 
- - — - -

IPHAS E I
15 CONTI’I IJE

IF (It2.EO.1) I,-t-145 E= 2
1 

1E~~~ - _________________-I F I P~T 1

CONTINUE
IPCIFLOO 0

C 1. 1$ To READ IN ANuTNE~ SCAN LINE
IF(IFI R S T . E Q . i )  GOTO6

- IF(XCLIR.LT . (XXOEG— ,004)) ~Q TQ ~ _________ — -—

C -— - - - —‘-‘- - --D-EC4DE -MOO F~ CA-T 1ONS -.-.-. iST~ RT )
C ‘ — M O D I F I C A T I O N S  (BRUCE HA INES 8/18/76)

62



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
______ 

- — -
~~~~

--

00 800~ KA=1 ,721 -

8005 MSAVE(KA ) IOUT (KA)
IF( MCA S C . G T . 1)  GO TO 80 10
no 81107 KA = 1 721

8007 MONE (KA) IOUT(KA )
GO T-O- 81.0 0 - — -

~~~~~
--— --—

~~~~-
-——

~~~~
-
~~~~~

- - -

8010 IF(MCASE.GT .2) GO TO 80301)0 8015 1(4=1,721
8015 MTW O (< A = I OUT(KA)

GO TO 8250
C

~

NOR

~

A[

~

!CA

~

TS

- --80-3-0- 00 813~ KA~ 1,72 I -  - — - ----  -
I F ( M T W O ( K A ) . E D . 0 )  GO TO 8C50
10 UT (1(4) MT WO ( KAI
CO TO m i o g

8 050 I F ( I O J T ( KA ) . E O . 0 )  GO TC 8070
GO TO 8 1 0 0

O W T F T W O N  E (K A ) ~~~~~~~~~~~~ T0 8W8 0~~ 
-

lOUT (K A )  =MO N E( 1(A )  

8080 I F ( K A . E Q . 1 )  GO TC 8 100
lOUT (K A ) =  I O U T ( KA — 1)

8100 COr.TINU~00 8105 KA=1, 721
M O N E ( K A ) = M T W C ( K A )  - —— MT NO ( KA)= MSAVTTK 4T~~~ 

-

810 5 CONTINUE
- - - - —

C • —FOR L A S T  SCAN LINE ONLY 
_________________

8173 DO 820 0 1(4=1,721
IF (MTWO (KA ).EO .0) GO TO 8180
T~ UT(KA )=MTWC (KA )
GO TO 8200

8-18- 0—-I-F- - (M3NE (KA) .EQ.0) GO TO 8190 ——~~~~~~-—

lOUT (K A ) =MON E (1(A )
GO TO 8200 

_____6190 I F ( r ~A . f Q . 1 )  GO TO 8200
I O U T ( K A ) = I O U T ( K A — 1 )

GO TO 8300

C ‘‘ —FOP FIRST SCAN L INE ONLY 
--

82 50 110 82 70  1(4=1,721
IF(P 1ON Ek~~I.iO.0) GO TO 82 Sf -l OU T (K A~ =P(O N € ( K A )
GO TO 8270

---~~~~~— 4 $ -T~ -04x4~ .- E Q. 0) GO TO 8260
lOUT ( K A ) = M T W O ( K A )
GO TO 8270

62~ 0 IF(J’.A. EQ.i) GO TO 8 2 T 0
t OUT (K A)  = I O U T ( K A — 1 )

VE -.____

- W 1 2 ~--XC~~~S-- - - - 

612 FO RM A T ( IX ,521.1C.)
WR IT E ( 2 )  X CU RS 

________W~~IT!( 6 ~j j 5 }  TOU T
610 F O P ~M A T ( ~~5I1. )

WR ITE (2 )  ( I O UT ( K L M ) 1j~1’l 1,7 21)
84 00 XC URS~~~CUR

M C A S E M CA S E +1
IFt IST C2~~EO.-1-)—--S.-T-0-P — - - - - -

IF (XCU R.GT. ( X X D E G + .99 1)) GO TO 8 170

C •‘ — D!CODE I~OO IIICAT IO~1~ ... (rINI!H)
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~~OMINUE
X CN T =x CNT+ ( 1. /12 0 .)

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ GOTO C.
IF (IPIASE.EO .2) GOTO5
IF (IE’ .EQ .l) GOTO 15
I~ IE.EO.1) GOTO 94
DO 15= 1,5001
Y (15):Qi~rrsr4 -

9 C O N T I N U E
—— —IFLIFIQSI.€0.1) GQTO7

XCUR= X r,E N
V (1) =Y S AVE
IC(i)-IC !AV~ 

- - -—- ______- ________________

7 CO NTINUE
20 CO NT IN(JE- - - 

110 10 r3= J, 51101
IF ( 13. LT .500 1) G OTO ?
PRINI61)3~XCUR,V~~5~ 3fl,IC (5 3~~)6 0 3  F O R M A T ( ’  A R R A Y S  V AND IC T O O  S ’ IA LL’ ,2 0?1 .j L,,15)
S T O P

2 CO NT INUE
IF(IP~~AS E.N E.1)  GOTO ~1

— R EA O ( 5 ) X N E W ,Y ( 13) ,IC ( I1)-— - — IFTEOF~~5) )  1.9,32
C REA ~ IN A POINT.
31 CONTI NUE

REAO( 1 ) IP
IF( EO F( i ) )  ~ 0,1 - — -___________________

j XNEW=FL OAT (SHIFT (IP —36 ))/j20.
rFlXN~~~.LT.YcU~~) G0f031 

- -

Y(I3)=FLOAT (S)4IFT (IP —1 2 ).AND. 7777 7777 B) .0O1
- - - - l~ -~~~ 4~~IP.4~4C. 7777 ~~ - -  - -

IF (IC(I3).GT.300) 0010 220
C FOR G L I T C H ES

I!((X4EW.LT.~~).OR.(X1.Eb.GT.1~~)) 0010 221IF((Y (13) .LT.l+7) •O R .  (Y (13).GT .55)) COT O 221
2~~~ lF(J .E~~~j~~A ND 3,EO~. ~) XCL’~ = X N E W  - — - - - -I F x ~J R.N! .xNEW ~ OTo 3

IF(I3. EO.1) GOlD 10
I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 10 CONT INUE
PR INT (1)1.

604 ? O Ø r I A T ( ’  !~~~CP A T  801.’)
Sr OP

98 ~~ I~~I’ ,
‘~ ST~~T NO • 98 ENCO U N T E~~~O~~~fIN1SHEO. ”

220 PRINT ’ S’ IC.GT .100, PROBA B LE G L ITC HES. ’~- - ~~T~ - I- - -- - — - -- - --— - - -— -  -~~~~~~~- - --

2 21 W R IT E ( € , 2 6 0 I )
2601 FOR PIA T COORDINATES CUT OF RANGE.  PROBA B LE G L ITCHE S .”)

G uT O  3i
302  WRI TE(6 3601)
3601. FQ’~MAT (~ (‘ A - POLNL OI..T OF O~ OE~~ ))

Y ( 13) = V (  13—1 )
GOTO 10

C I,ITIALU& ITOH ~ OP P~ 0C~~!!IWG50 CONTINUE
OF DAj~~~~~J j - ”1 TQT

C IE=ENO tDF FILE S W I T C H
- -  GOTOI - — ---- - - - - —  —~~~~~~~~~~ — — -

1.9 1E2=1
3- C0r~T T ~~u! — - -

IFIRST=0
- ~~~~~~~ - -  - -C CO FROM 1 TO L WITH ARRAY ~~~V S A V E: V(  13)

lCSA VE~~I~~~I~~ - - 

Y ( 1 3 ) = 0 .
IC ( 13) 0

I F ( X C J R , L T . ( X X D E G — .0 0 1 . ) )  (~O TO I.

~~ PRINT S CA f t  LINE - - — — - -~~~~ -
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~ 
~~~~~~ -- - - - - -.~~~~~ - -~~~~~~~--~~~~- -~~~~~ ------- --- —--- --- - - - ---— - — --

~~~~~-- ~~ 
_

-C ~-€GI ~~ PROCESSI1I4C (F4.OWCHAR-T~ -

C ICURPT IS CUR RENT POINT
1SP 1=a
ISC1=0
ISC2=0
ICUPPT 1- 

~CURCL=!CUC tiRPT )
2 5 CON T I N UE 

~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~ -  - -

GOT O 3 05
30’. 13=13+10

ISP1=ISPlslO
IN FL 00 = 0

305 CONT INUE- 1 A ~~~(~~(IC RpT #i)—v (!rU~~ T)).2E..0t~~1) &010 ST - - -

C IF WITHIN .015, GO TO 51 
~~~TO 76 -- -— - - - - -  - - -

51 IF (IC (ICtJR°T-+1) .EO .ICURCL) GOTO77
ISPI=0
GUlp 73

77 CONTINUE
-- ~~ UP~~~ kCj~~pT+ 1 - - - - - - - -- - - - -

76 IF(ICURPT .GE .L) GOb 1.
-- -73- - - -I C P -T- -ICU-RP -T-4-1-- ---- - - —

~~~~~~~~
- ---- - - - - - - —- - - - -

IF (IC (ICURPT).NE.ICUPCL) GOTO 1.5
CALL FILL (Y(ICURPT—I ) ,Y (ICUR PT) ,IC(ICUPPT))
IF(A~lS(Y (1CURPT+1)—Y (ICtJPPT)) .GT..0151) GOTO7’.

C IF NOT WIT HIH .015 , GO TO 7’.
ICUR PT=ICURPT+1 

C T u ~ P T 1 Y ; E ~~.TC aruF~~~fl ~~ CTO 75 -  - -

102 ICURCL=IC (ICURPT )
- - --CO-TO-2-5 --- - - - - - — - - -  -

75 CO N T I N U E
G O T O  10 2

1.5 CONT INUE
ISCI= IC( ICURPT )- IF(A9 5 (~~(ICUPPT + 1)-V ( rC1JWPTY1~~GT. .0 15I) GOTO7 P

C IF HOT WITHIN .015, GO TO 78
- - - 0010 7 -9

78 I F ( IC U R P T . G E . L)  GOTO 1.
ICURP T ICU RDT — 1
GOTO 7’.

7~ CONTINUE
82 I C U R P T : I C U R P T + 1  ___________________ ___________

~~~~~~TF UI CWRCE~NF~~T C ( I C U P P T ) )  (0T0 80
GOlD 81

— 8 - 0 -~ CONTIN-1.~E-- — - - -_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _—

~~~~~~

-—— -—-

IF((199H1.EO .Iqq H2 ) .ANO .( 199H2 .EO . ICU PPT))  GOb 105
199H1= I99H?
I9914!-ICUPPT

106 IF ( ISPI.Nr .0 )  GOTO 83
ICURP~ ICURPT—1

~~~~~~~~~~~~~~~~~~~~~~~~~~~GOT 025
—40-5-— - - -ISP-1=I-S~~-e1-

GOTO 106
83 ICUPPT=ISPI

IC ti~CL=I5C2GO T 025
81 ~~ Al.j_ FILuyu~ URpj-2),y~~~~~ g.pn~~loi1cu ppTJ 1 _ _ _ _ _ _—

~~~~~~~ 

— —I~~UR~ L=I~~C1
G OT O 2S

_ _

C
72 C O N T I NU E
C MOL E ~ 5~ U’~E D ( C A ~~!1)7’. CONTI NUE

IF( ICU RPT .GF L) 6010’. - _______

TS ’T HTS E u O  OF SEA N LTNE
C 1 IS TO RE A O IN ANOT HE R SCAN LINE

_____-  - - - - - -

ISPI=I CUPPI— I
CALL FILL (V( ICU°PT—1) ,Y(ICU’?PT) ,IC (ICUPPT))
IFt A~S (y (ICURP T ,i )—y( ICUQ PT )).GT..Oi ~ i )  001u7?

C IF NOT WITHIN .015 , GO TO 72
ICURPT ICU~ PT +1- I~r,~=TCTfl~uD PTT  - -
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C (IN C A S E  B A C I ~W AR DS)
IC1JRCL=XC( IC UR~~T-~GOlD 2 5
EMO
!U~~~Ocj T INf P I L L  (VMIN ,’r ’44~~,1C)

C FILLING IN COLOR NUMBE RS
CO !~Pi ON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~INFLOO INF LOO + 1
IF (Y M I N . L T . 4 8 . ) Y M I N =4 8 .
IF(-V~44~ .-G-T, 5-4.) Y- MAX =5 1.. - - -

IF (Y MA X . L T . ’+8.)  Y M A X =’ .e.
I F (Y M I N . G T .5 1 . . )Y M T N 51..
IF (Vy,I”~.GT.~~r4A. ’C) COT OI
IARY MIN (V M I N — C . 8 . ) ’ 1 2 0 .+i. + .5
IA R Y M A X ( Y M A X — 6 8 . ) ’ 12 0  +1 +,5

C T T T ~~~ S~ UMED T’TAT 1’I~! ~ EAL ~ V~ L iJE WILL BE T RUNCATED
IF( ( IA PVMI N.EQ. IM IN H) .A tJO.  ( I A R Y M A X . E Q . T M A X H )

2 • ‘4 O~~~I-M3-~4H-.-E-Q-.-I-MV44t2)-.4JI0-. L I-M-A X$-.E 0. 1)44 XH2) I GOT 0 30
31 IM INH2 IMINH

IMAXH2= IMAXH
IMINH- IA~~YM Il4
IMAXH IA PYM A X

C FILL UP AN ARRAY OF LENGTH 72 1
DO 1 0 O 1 I T A R Y M I M , IA RY ~~AY -- -

lOUT (I) 1C
1001 COicLLLNUE - - _______- - — - - -

RETU RN
1 PRINTS 1
~1 F O R H A r ( ’  A 8O~~T E0 P E C A U S f  3U~~~pUT Iw€ W A S  CALL ED W I T H  Y’III4IYMA’ (’)

STOP
30 ICURPT=ICUPPT+3_______ - - -

NC64~ T 4 5 0 , C M 2 5 5 0 0 O  ,TP 2. 7096  MCCO M ISI~

~~~~~A E1=GGC 6 4 C.
RE QUEST , TA PE 1,H V ,L
VSN,TAPE 2 0S0139.
REQUEST , TAPE 2, H Y ,L ,RING.
LG ________

5K . 
—

EX IT S.
RE OUTRU T.
RE W IND ,T4PE8.
COPYCF ,TAPE8 ,OUTPUT.

PROGRAri GGCI (INPUT ,OUTPUT ,TAPE8 ,TAPEi TA PE? )
COMMON/IN PUT/IRECNO P~UMVEC IXST ,IYST ,~~VCC (6000) ,IRECTYP ,IFEAT NO

- CO~1MO BLK~~~~I~~TV~~~, IAGE 1INOLD(t081) i  , I~~ECR.iS,L,JiOFTR~ C -COMMON XP ,Y P ,R C P ( c O )  ,SIOM E R ( 2 0 )  ,A ( 1 0 ) , P (10) ,48 ( 10) , B8 ’
~i0 ) , C C ( 1 0 ) ,

Z 0 0 ( 1 0)  04 850  0 5 0 5 2  0525 ’ .
PIMENS I- N--NO-X~AT463~~0) ,N0YLO$G~~~O0-C )- ,L-A T (5003) ,4.ONG(64~~0)

DIME NS ION N X X ( 5 )
OIMENSI O N R ( 6 0 0 0 ) , D 1 ( 6 0 0 0 ) ,N G E O ( 6 0 0 0 ) ,N O V EC ( 1 5 0 ) ,0 2 ( 6 0 0 0 )
DIMENSIO N TC CNT (~, 0 0 O )  ,~~LCF E(~~O 0 0 )

1 FORMAT ( I’.)
2 F O R MA T ( ’  NUMREC=’ I’.)
9~~~F~~ NAT1 5T ’LO~ 01T005 - - iATIflJO E~TX) T - -

106 FO R M A T ( ’  TAPE HEA DER ’ )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~-~-14 T IJ-R[ --NO.’ I ~~~~-RE .CO~-O- -T YPE ~ 14-, ~-X-,’

A R LOC K NO. ’I’. 4X ‘RECORDING RESOLUT ION= ’ Ii)
116 F O R M A T ( ’  RE~ OR~ NO. ’I1.,EX ,’ FEA T U R E NO. ’14 ,6X ,’PECORD TY PE’ I’.,SX ,’

1~~L0C1( NO. ’T4 )
135 F O R M A T ( ’  AGE= ’ 112 4X ,13’ RECORDS IN THIS F EA T U R E ’ )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--

37 1 F O R M AT ( ’  ERROR IN VECTOR ’ IS)
— 2O——-f O~~~4T-(-9--(4X-,~F12-.-8-)- ) -— - - -—--~~-- — -— —- - — - - —

921 FOR PIAT (7(2X ,Fi1.3))
93 0 F O R M A T ( 7 ( 2 X  16,IX ,I6, IX ,I3))
‘~~~~& Fup~r,AT (’ ~ NO~’u INTS or Y t C I U P $  T =L ONGI T uOE ,  ~~ LA T . )
935 FORPIAT (/ ’ TOTAL  NUMBER OF POINTS = ‘I5)
936 F 0 R MA T ( 5 ( 5X ,!LQN~!X ~LAI’lXfl - — -
938 FORMA T ( 12 ( 2 X ,13,IX ,I5) )
94g. FO RMA T (’ NU MBER OF POINTS IN FEATURE MAY EX C E E D  A R R A Y  SIZE’)
95a FOR MAT (1.(IX,F8.0,1X F4.-4 ,-1X-, F-7-.--0-,-1-X-,~ -7-.4 )- 1 - -
951 FORMAT (10(1X I5 ,IX ,f S))
952 FORMAT (6(2X , t~20))
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- -- - --- -- ---— ~— —-.--- ----~~—~ -.-~~~ 
-
~~~~~~~~

99g. ~
- j~~- ,AT i • jr,Cj.< ,< tuT St.~ u’E Cu”-jT A TIUN -, —

I PHIR6=50 .0 ~ PHIR1 1= ’?. ’~ I PHIR1E, = c5 ’ . . )
T9ETA 1~~6.Q I TMETA2 81C £ THETA3 rIQ. ~ 1b[Tt~’i zj~~ ~ THE TA5=j4.READ 1 ,N( IMPE C
PRINT 2 NUMPEC -

- - -
IRECNO -l
DO 60 ~:1 150 __________________________6 u  N UV E C ( ! ~ UZr 3

70 00 80 Krt, 6 0 0 0
- - N DX LA T (KJ~~fl - - - - -80 N DY L O ’ 4 G ( K ) 0

C READ IN NEW RECORD
1410- CALL INGGCF,~~IEOF ,NOJ.4O~~O)IF (IEOF .EQ .0) 104 ,102

1 0 2  NOFILE NOF ILE+1
IF (NprTL ~~.r~r .3)I3)9 100 ~~~~~~~~~~~ 

- -

~~~~~~~
- - - — -

104 :F (IREcN0 .GT.o )1o7 ,Ic5
105 PRINT 1 -- 

CO To I 
-

107 Ic ( IREC NO .EO .1) 108 ,110
- - 1-0-8- - - --S4~O$~_5~-=-&l~OMER 1- -~~~4-— 45 -~~ - ( -~~~~ ~ - - 0- 6- - R ( 9 )

SLOME 7 SLOMEP ( 1) ~ A 7=4 1) 1 P 7=6 (1’
SLOME 8=SLO M E R (  6) 1 A 8 A (  6) ~ B 8=B (6 ) 

__________SLu r,E 9 — S L ,T ’ , EP ( ~‘) I A 9—Af 2) ~ B 9-~~(2) 
—__________

SLOME IO SL OM E R( 7) 1 A 1O A 7) $ B1) B(7)
SLOME II SLOM ER ( 3) I AII A(  fl I -
SLOM ~ 12=SLO PER( 8) 1 A 1 2 = A (  8) 1 012 :B(5)
SLOME 13rSLO MER ( 4) 1- 4 1 3 A (  4) 1 3 13 = P ( 1 .)
Si ou~ 14 ÷ =S LGM E R- -9) -~~~— 41’.-~ 44 9-) -~~ gj4=g(9)
RC P48= (RCD (1)+RCP(?)+RCP(3)4P00 (4))f4.
RC PcO r ( RC P( c ) + R C P ( 6 ) + R C P ( 7 ) + P C P ( a ) + R C P ( g ) ) 1 5 .  

_________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-________

RCoc4= (RCP (15H- R~P (16)4PCF(17)+RCP(18)+RCP (19))/5.PRINT 9? ,j5LOME~,,S~~O~ F7 ,SLQMF8 ,S OMF 91SLOMEi0, SL ’-~E11, SLC~ EI2,0 eLOM E 13,SLOME1~.)PRINT  c~~1, ( R CP 48  RC Pc 0 ,P~~F5? ,POD5 C. ,O ’ . 8 5 0 ,0 5 0 5 2 ,  052514)
110 I F ( I R F C ~3O . E O . 2t 1 l 1  114
111 P R I N T  II? , IREC~~C ,~~F E A T N C ,IPEC IP ,I BLKNO , IREC P-: S

GO In 1 ’0
i i ’ .  PRINT i1,~~ T~~~ CWO , T f E A T ~~O, IQ~~r, T Y P ,  T P L K N O
120 IF(I~ ECN0.0T .4)12? 100
122 IF (IPE CTV P ,EC ,30 )i~~0,1l.O110 NT=~ 

-

PRINT 135 I AG E , NOFT PEC
IF( FT~ E4! .CT.f$ .P~� N-T 944 - - - - - - -- - - - -

GO T O  100
140 I F ( I B L X NO . EO . 1 )  141,142
11.1 N O X L A T ( 1 )  IX S T  I N O Y L O N G ( 1 ) =  I Y S T
11.2 PRINT 145 , IX ST , IV ET , NUMVEC, I~~T V E C

N :NUMVEC

F 
00 600 1 1 , N
Jz I+N T -
K= I ST V E C  + I
IV E C ( J )  = I N O L D ( K)  

______JV FC- IV FF( J )  +1 - — —
~~~~~ 

_____ _____ —

G O T O ( 2 1 0 , ? 2 0 , 2 3 0 , 2 4 0 , 2 5 0 , 2 6 0 , 2 7 3 , 2 8 0 , 2 ~~0 , 3 0 J , 3 1 0 , 3 2 0 , 3 3 0 , 3C. 0 , 3 5 0 , ’
860 370)JVEC

C OE LT~ X IS THF INCRE IENT OF LATITUDE FOP EAC-l SCALED VECTO R
C DELTA V IS  THE INCRE NT OF LONGITUDE FOP EACH SCALED VECTOR

210 I D E L X O ~ IJ EIY=2 ~ GO TO 59
220 IDELX=1 I IDELY 2 ~ GO TO SO
230 IDELX 2 I IIPLY= 2 I GO TO 50 

________________________240 IDELX =2 ~~1OF LY- 1 GO TO ~C’
250 IOELX~~2 $ Ifl FLY O I GO TO 50
260 JDELY 2 $ IOELY _ 1T GO TQ SC
270 IOELY= 2 I IDE LY=—29 ~ GO TO 50
28 3  Ir ) E LX = 1  I I D E L Y = — 2 I  GO TO SC
294 IOE LX=_ 10-  - IOfLY=2 ~ GO To ~ o
3 0 0  I D E L Y r — 2 1  ICE IV 2 I GO TO S C
310 I D E L X = — 2 $  IOELY I I GO io s o
3 20 IOE LX — —!! IO! LY—0 I C~ T O ~~C’ -J
330 IOELX= —21 IDELY —1I GD TO S C )
31.0 IDELX=—2$ IDELV=—?1 GO 10 c O O
350 IDE LY r-Il TO LV=-2I~~~O T O  5 0 0
360 I D E L X = 0  I I O E L Y = — 2 ~ GO TO 5 0 0

3-10- PRINT 371,J - -~~~ —
372 IDELX=0 $ IDELY O $ GO TO 500

500 NO X LAI (J41):NOXLAT(J) + IOELX
NDTLU’,G(J~ I)~’NDyLONG (J) IDEL! ’ — -
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~,~~~~~ _-- - —~--,- - - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____________

600  CONTINUE 
- - - - —-—- --- - - - -NT=Nf+ ~UMV E~I F U B L K W O . L T . N 0 F T P E D- 100 , I -C 2

- - - - 0-02 NO-~~C(-I 3=~.OVEC(14G-~ )-o~ NT - - - - - - - - -

N T 2 ~~NT +1PRINT 534
PRINT 93~P R I N T  930 ,(NDYLCNG (J) ,NDX IAT(J) ,IA GE,J= 1 ,NT2)
PRL~ T 9~~5,~{LZ -  - -

DO 701 Jrl,NT2
C - - - — - - -- -- — — - - - -  - - -  - 

C ICONT IS THE PACKED WOPO OF COOROINATES IN X — Y  UNITS (  LO NG . =24  BITS , L
C 24 BITS , AGE= 12 BITS ALL PIGHT JUSTIFIED

5’~0 IGUNT~ J) = $ N I r T ( r ~4’~vL uNb ~ ..n , ~b I . U R .  Sr1IFT (NO~ LA T j),12).CR.IAGF
R(J )=SCRT( (ND XLAT(J) —XP)’’2 + (NOYLONG (J)—YP)’’2 Ii F ( R ( j ) . G ~r . R c p ’ . 6 ) L A T ( J J = (’~b. —2 (R (J1. -RCP1.8)./(.04850 _ _ _ iJ ’if l0 _0IIF( P(J )  . G T . P C P 5 O  .ANO. R (J) . LE . ~‘~~P4 8 )  L A T  (J) (4 8 .  0~~2. 0’ (R 0 04 8—R (J) 1/

A (04850 ) )‘1000.
IP4~~4J ).-&T.RCP52.-8P4O.~ -(J) ~t€.1.c~P5O- 4-T =(- .~~42.4’4 C95-0—RtJ3I1

A (05052 ) )‘1000 .
I F ( R ( J ) . G 1 . R C P S L..AND . P( J . L E . R C P 5 2 ) L A T  ( J ) = ( S 2 . 0 + 2 . 0 ’ ( ~ C P 5 2 — R ( J ) ) /

A (D~~284 I )‘1001.
IF( R(J ) . LE.RC P’5 l + ) L A T ( J ) = ( 5 4 . , 2 . 0 ’ ( R C P 5 4 — R ( J ) ) / ( 9 5 2 5 4  ) ) ‘ 1 0 0 0 .S LO P E (J ) = ( V P — N D Y L O N G ( J )  Il ( X P — N D X L A T ( J )
IF(SLO (J ) .GE.S [ONF F ~A N D.SL OPEIJ) .LT S LO~4! 7 )  6f1,615 - -

C DIFFEREN T FORM OF TH E POINT—SLOPE DI S TANCE COMPUTATION F O R M U L A — — S A M E  RI
- - 0-11 - 014 - -A~0-S-4---L-5L-O$E F, ‘N0-X4-4T - 4-Jl---— - -- N0-Yt044144 )- - — - 44 & 1/41 0- 102 (J ) = A B S (  ( SLOME 7 ‘ N P X L A T ( J )  — NDVIOrJG (J) +A 7 )/B 7 )

LONG(J ) 4 6.0+01 (J) /(01 (J)+02(J)))’1000
GO TO 700

6 15 I F ( S L O P E( J ) . G E . S LO M E  7 .ANO .SLOPE(J ).LT.S1O4E 8 1 616,620
Si. 6 _ O 1(JJ A BS ( (~LOME 7 ‘NOX L~4T 1J) — NDYLOM G (J )  ÷4 7 )f~ 7 )

0 2 ( J ) = A B S (  ( S L O M E  8 ~ N0XL AT (J )  — NDV LON0 (J~ 44 8 )/ ~ A I
L O N G (J )  ( 7.0 + D 1( J ) / ( O 1 ( J ) + O 2 ( J ) ) )  ‘1000

- - - - - - —
6?0 IF (SLOFE (J).GE .SLOME 8 .AN0.SLOPE(J) .LT.SLOME 9 ) 621,625
621 O1(J)=ABS ( (SLOME 8 ‘Nfl~ LAT (J) — N DYL O NG ( J )  +A 8 ) / B  8

O2(J)—A83( ($ L OM~~ 9 ‘NDXLAT (J ) — NDYLCNG (J )  iA  ~ 1/8 ~ )
LONG (J )= ( 8 .0+O1 (J)/ (C1(J)+02 ( J) P ) ‘1000
GO TO 700 ______

~D2 5  IF(5[O F E T J) . GE.S LO M U B. 40.SL OPt(JT. LT .SLOMF j 0 1  6 2 6 , 6 3 0
6 7 6  D1(J) AB S (  (SLO M E 9 ‘ N O X LA T ( J )  - — N O Y L O N G ( J )  ÷4 9 )/9 9

02 -( J)-= 40-S- ( -4-SL-GM-E— 10 --~N0X4~- 4T- 4-J-)— - -~~~~ - -NO Y LONG ~4-J ) .4 l O O m 10)
LONG (J) r ( 9.0+01 (J) /(fli (J)+02 (J)))’i000
GO TO 700

830 IF($ LOP!(J) .GE.SIOME IC .ANO.$t. OPE( J ) . LT .5L0~! 11 1 631 ~5U
631 0i(J)rABS( (SLOME 10 ‘NOXLA T(J) — N DVL O HG ( J )  +4 16 )/B  10)

02(J)=ABS( (SLOME 11 ‘NDXL AT(J) — NDYLONG (J) +4 11)/B 11 )
L O M G TJ J = U U~~D1(J)/(CITJ)+0Z(Jfl)~~1000  - - -

GO 10 700
615 IF LSLOF5- LJ~ • GE • ~~ O~4E - -11 •4N0.S6OPJT-.-S4~0ME I-23 636 5-40
636 D1 (J) ABS( (SLO1~ 11 •NOXLAT(J) — NDVLONG(J) ÷4 i l ) /~~ 11)

fl2(J)=A)S ( (SLC ME 12 ‘HOXLAT(J ) — NOYLONS (J) +4 12)/B 12)
LO NG(J )~ (11.O+D1 (J)/ (Di (J)+(J~~(J) P 1  ‘1000
GO TO 700

640 IF (SLOPE (J).GE.SLOME 12 .tAND .SLOPE (J) .LT .SLOME 1 3 )  61.1 645
641 fli (J)rAB S ( (SLOME 12 ‘NOXL4TT J3 I4DVUONC(J) .4 12)10 1?)

02 (J)rABS ( (SIOME 13 ‘NOXLAT(J) — NDYLONG (J) .4 13)19 13)
LONG (J) 4 12 .44Ol1 J ) /LC ~ (-J ) -402 ( J f l ) ’ 19410
GO TO 700

645 IF (SLOPE(J).GE .SLOME 13 .ANP.SLOPE(J) .LT .SLOMF 11 . )  61.6 650
848 D1 (J)_ A f l~~( (SIOME 13 ‘NOXLA-I(J) — NOYLOr’IG(J) .4 13)18 1

02(J)=A0’ ( (SLOME 11. ‘N0XLAT(J) — NDYLONG (J) ‘A 14)/B 14)
~,

~- 5 0  I F ( S L O P F ( J ) .G E . S L O ’ 1 E 1 4 )6 5 1  655
66 1 O1(J) = A 9 S (  (S4 0P4 E 1-3 ‘NOX I JT4J )  — NOYLONG4J) .4 13)/4 13)

D ? (J)— A RS ( (SI OME 14 ‘ N DX L A T ( J )  — N OY L ONG ( J )  .4 14)/B 11.)
L0NG (J )~ (14.0#D? (J) /(01 (J) — 02_(J)))’1000
GO TO 700 -_________________________________

655 IFtSLOPE(J).LT .SLOME6 )660 ,~~93
660 O1(J) ABS ( (SLOME 6 HOXLA T (J ) — NOYLO~1G (J) ÷4 8 3/9 60 2 ( J ) = A B S (  (SLOME 7 ‘NOYLAT(J) — NOYLONG (J) .4  7 ) / 9  7

LONG (J) ( 6 . 0 — 0 1 ( J )  /(02 (J)—O1 ( J ) )  )‘t000
41-0 TO 704 - - - - - - - - -

693 PRINT 994
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C
C Ar’~~ p~ T ’ IAT TUN Fuic LONG(J , ~ i0$ E Si~OPf IS UNO!T~~RHTN! O

LONG (J)=LONG (.1—1)

~~Yoo NCEb(S STF (L. UW,36).OR~SHIFT tIATiJ),t2 ).0R.IACE 
-—__________

701 CONTINUE

C
C P R I N T  950 ,(R (J),SLOPE(J),O1(J),02(J),J=j,NT2)
C
C PRINT 951,(LONG(JI LAT (J),J=1,P4T2

~~~2Z17 FoRplAr (’ ‘ 5(18 2~O) _____ ________________________________
‘.~~~~~( 8 2 2 rE O,LONCT1T~ LAT (iT~~ A GE ,NT2
NXX (1) FEATNO$NXX(2 ) LONG(1)INXX(3) L*T (j)$NXX(4)=IA41E$NXX (5)=N12
8U~~~~ -O-UT-~-2-,1)(N~ X-41),NXX(5))$TF4UNIT (2))179j,j79j,I79j

1791 BUFFEROUT(2,1)(NGEO (1),NGEO(NT2))$IF(UNIT(2))j792,j792,1792
1792 C O N T I N U E

IF( IRE Cr,O. LI • NUHP~!C) 70,1000
1000 CONTINUE
_

~~~~~N1936.(I.NOVEC(I).I 1.1kB)

SUBROUTINE INGGC6( IEOF ,NOWO PO)
C THIS VERSI ON OF INGGC IS FOR THE ~ DEG REE TA PE

CO MMON/INPUT/IRECNO,NUMVEC , IXST ,IYST ,IVEC(6 000),IRECTYP ,IFEAT NQ
COM M ON I B L K N O,ISTVEC,I AGE,1P401O (j080),IRECRES,L ,NOFTREC
CuN’-,U~ ~P iP RCP~~,u) 3LON~ R (20J,A (10),~~(j 0) ,4A(j0~~,88(j0),Cb(j0),2 00(10) O!~656 05052 1~5254

~~~~~~ ~~ G~~ 69),LX (20),LY (2D),DL (I9 .OCP5O(5 .PHI(15)

5 FORNAT(4 (2X,PIE16.8))
—0-— FORP4AT (5(2X,P1Fl6.,8))

8 FORMAT( ’ DISTANCES BETWEEN PARALLELS’/5 (2X ,E1’..8) I
9 FORMAT(4 (2x ,P1EIO.’.))
1’.3 FuRr ~AT~~’ TA~ i..E CUUNOINATtS OF CONT ROL POINT3~ X (LATITUOf)~~Y (L Or4G)—)141. FORMAT (5 (2X ,I2,2(2X ,F7.i)) I
11.6 FORPPAT (5(2X,12 lx PUtS 10))
200 FOPMAT 2x ,’XP= 1Pjb4.7,~~X ,’YP=’P1Ei’..7 )436 FORMA l (‘ FILE SUMMARY RECORD ‘)L155 FORHAT( ’ INV A LID RECORD TYP E’ ) —
1.96 FO RHA T ( ’  END OF FILE’ )
1000 FORHAT (’ INVALID AGE NO.’)
1~ 00 r wd4AT(’ yApclTy E~ RuK ’)

C
C
log ~~~~~~~~~~~ UCGC (1), JGGC (69))

C TEST IF EOF OR PARIT Y ERROR WAS ENCOUNTERED ON TAP E
105 IF ( UNf l ( i ) )  120~~’s95 ,ii0

110 PRINT 1500
120 IEOF O

NUW ORD L E N G T U I ( i )
IRECNO = IRECNO+ I

130 R 3 ~~~~0~~~I0
IFEATN O = INOLO(71’16 + INOLD (8)+ INOL D(6 ) ’ 25 6
IREC-TY-P- = IHOLO(9)’ ( l ” .) + I N O L U C I O )
I8L KNO = INOLD(11)’ (2”4) + INOLO (12)
IF( IRECNO.EO .1) 135 ,150

i38 Gu i’.O 1 1,i’i
J=8’ I +253
LX(I) 1NOLD(J)’1.096+INOLO(J+l)’256+INOLD (J+2) ‘16+INOLD(J+3)

140 LY( T ) =  INOLO( J+6Y*~096 +INOLD(J+ J~756 +INOLD (J+6)~ 16 +!N OL D(J +7)
PRINT i’.3
PRINT 144 (I ,LX ( I) LY ( I )  I~~1 19)
XPN= ( LX ( 5~ ’ L X ( 19) ) 4 (LY ( 1~~) — L c ’ ( 9 ) ) + ( L X ( 5 p . L X ( 9 ) ) . ( L y ( j 9 ) — L y ( j 5 , ) .

A ( L X ( 9 ) ’ L X ( 1 5 ) ) ’ ( L Y ( 5 ) — L Y ( 1 9 ) ) + ( L X ( 1 5 ) ’ L x U 9 ) ) ’ ( L Y ( 9 ) — L Y ( 5 ) )
xP~~xP’l,xpOVP LY~ 5)+ cX F  —LX(5))’ (LY(15)—LY (5) )F (LX(15)—LX(5))
DO 144 1 H=5,1I.

1441 DL(N) SQRT((IX(M+5)—LX(M))-”2 4 ( L Y ( M + 5 ) — L Y ( M ) ) ” 2
D’.850 D5052 (DL(5)#DL(6)-~OL(7)- ’DL($)~~OL(9fl/5.D5254=(0L 10)+DL(11)+DL(12)+Dl.(13)+DL(1’.))/5.
PRINT 8 (OL(M) M=5,1k)
P~ I NT f 0~~, XF
DO 145 1=1

145 RCP (J)=SQRf ( ( L x ( I ) — X P ) ” 2  • ( L Y ( I )— Y P ) ” 2  ) 
________________

PRITJT [4E, ti ,RCPTIT, I 1,19) — __________________

DO 1443 M 1,4
—-—-—— DCP5-0-—(M~ =SQRT ( (-L.X4-N--’-S) — LX (M’ 1.) ) “ 2 ‘ (LV (M’5) -‘t,Y-L M 4 4 ) )  “2 1
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1443 PHI (M) ( ASIN(OCPSO (M)/RCP (M+4 ) ))‘(180./3.14159)
PRINT9,(PHI(Pl),M 1,4)
DO 11.7 H-I 9
AA (M ) YP —L~’(M) $ BB (M)=LX (Pl)—XP I CC (M):XP+LY(M )— LX (M ) YF
D D ( M ) S Q R T ( A A ( M ) ” 2 _+8 8( M )” ?)  
A l  UYflF )‘YP — ( LYTW -T’YP) 11(Lx(H )- XP)

147 B(M) SORT ((((LY (M )—VP)/ (LX (M ) — X O ) ) ” 2 ) + I . )
- GO- 148 M~ t,l-9 - — -- — —  - — - -- - -

11.8 SLOM ER( M ) ( LY ( M )  — Y P ) / ( L X ( M ) — X P )
PRINT 5,(SLO MER (M),M 1,4)
P~ T N T  8,(5LO N~.k(’1),M— 8,19)

150 IF(IRECNO.FQ.2)IRECRES=INOLcU23)’(2”4) + INOID(’4)

162 JM = INOLD(45)’(2”4) 4 INO L O(4 8 )
IT — I PIOLD( 1.7) ’ (2”.) ‘ IHOLD (48) - -— -—  - -—- — —— —

J U I NOLO ( 49) ‘(2 ’’4) + INCLO(50)
NOFTR EC=IBLKNO — I
IF (Ju . GT. ITS .ANO .Ju .LT • iSAl i70, 176

170 IF (JT.GT.175.ANO .JT.LT.i86) 172,188
-— 

~~~~~~

IF( IAGE GT Q .A N D . IA G E . L T  11.9) 500 188
—~76 -I-E~(JU .EÔ. i2-.-0-~ -.,JU.EQ.165) 177 18~ — __________

177 IF JT. GT.l75.AND.JT.LT.186)17~ , 180178 IF(JH.GT.176.AN0.JH.LT.186)i79,188
1T9 I4 .! ~~( JH— 1T8)’10 • ( J T — I T A )

IF (IAGE .GT.0 .AND.IAG~~.LT.1QO) 500,188180 IF (JT EQ .32 OR JT E0 ,160)1B1 188
181 IF(JH C I7~~.ANW~J R.LT . i8€ )  1~~2, [W - -

182 IAGE JH— 176
—--——— --X-F (IftGE • GT • 0 .A 0 4-A E.t~T. —~--S-Q-0--,40--8-—-——-—-—-- -—--—-—-—- —- - - - —-- - -

188 IAGE O
PRINT 1000
GO TO 80 0

189 I F( I R E C TV P . EC . 3 i )  190, 430

190 ~~~~~~~ ~~I ~~~ O?~~4 )?~~ O ~ ~~~~~~~ A
NUMV EC= ( INO LD( 18) . A N D . 07 8 ) ’ ( 2 ” 8 )  + IWO LD (19)’(2”4)  + INOL U(2 0 )
IXST (INOLD(21)’(2” 12) + INOLD(2? ~-~~~~f- - .—-I$ .-0~

(-2-34-’-L-Z~--’14_—
1 + INOLO (24))
IYST (IN OLD (25)’(2’’12) + I N O L D(2 6 ) ’ (2 ’ ’ 8 )  + IMOLD (27)’(2”4)

I • INOLD(28))
L = N OFT REC — T B LK NO
GO TO 509 _____ _____

1.30 IF( IRE CTYP.E Q.90)435,1.50 
-_____ — -  - - - - - _

435 PRINT 1.36
— NUM FFAT INOLO(21)’(2”12)’INO -(22)’(2”8)+I$OLO -42-34’~~~~~4)’LN0-L-O~$ 2 1.)

NU MBLKS=INOLO ( 25) ‘(2’’12)+INOLO (26) ‘ (2” 8)4 INOL) (27)’ (2”4)+ IP-IOLC (
$28)

GO TO SO D
1.50 ~~~~~ ~~~ -~~~~~~~~~~ - -—~~~~~~~- _——- --- — — _ - -

495 IEOF I
PRINT 4-96 - —--—— -- - — - - _ -

500 R E T U R N
END
3USROUT INe UNPACK1. (JG GC NWD ) $O IMFN3IOr’) JGGC (8~~)COMMON IBLKNO I ST V E C , IA ( ~E I NO L O ( 1 I 8 0 ) , I R EC Rt S L NO ETREC
COMMON XP YP 4C P (50) SLOM~ R 2 O  A( 30),B(30) A & ( 1 0 )  ~R B ( 1 O) j  C ( 3 0 )

~~~~~~~ z iyu3oJ,o48s6 uso52,~~5254 - ,uE4a o~4G 5u) , uE~ufr En - - - —

INX =0$D O 2 J=i, NWD $U O 2 1=1 ISZ I N X= I NX + 1
2 INOLO( IN X)=~178.A.SHIFT (JC,GCIJ),

_ _S—fl~ - - - -

10 FORMAT (5022)
9 FO R MA T ( ’ 0 INOLD’)

two
6999
MC 6GS ,T160,C11145000,TP2. 2096 MCCOM ISH
FTN,SL, A ,P,5L,R 3,Pt=1. 939,T~~~~~~~ ~~~

- - - -

M A R C O N I_ V ~ 7t, 1TA PE1=OS0i 3 9-.__ ~ _- - — - — -- - - --- -______ - - - -— - —-- ______—----— -- - — — —— - - - -
RE QUEST lAPE l HY ,L.
V SN ,T A P~~4=OS 0172.
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The purpo~ e of PART IV of the Ix RA \ Grid Pre- 1ict ion Program i- , to upclat-
the input data base to PAR T 10. fly compar ing  the t ime d i f fe rences  at  easured
and calculated f ixed  po in t s  in the service area , corrections are app liel  to th e  pos-

tu la ted  top soil c o n d u c t i v i t y  values t zero out the d i f f e rence  between t h e  forn c-n -

A technique descr ibe d  by E lk i n s 22 has been u t i l i z e d  w h i c h  emp loy s a C( r inuou ~
Kalman f i l t e r  w i t h  up da t ing  of references st a t e  vector.  The d c - t a ib ,  of his program
are described in Program EST IMAE .  2J r~ is po in t e ) ut  t h a t  -f  h -  n n i - -~~~~~ -

eters required to ca lcula te  the surface ic pe Iance , only the t a o  p r e d om in a n t  ‘ c
soil conductivi t ies  are a l te red .

The approach taken for sy s t em tun ing  or data bas - u p d a t i n g  is as fo l lows :
(1) Compute t ime  dif ference in PART 101 of P rogram for locat ions for which

measured data is available.
(2)  Iden t i fy  two values for top soil c o n d u c t i v i t y  tha t  cc-cur m c - - t  f e  ~uent l y in

the geographical area of in te res t .
(3) The va r i a t i on  in the LORA N t ime  d i f ference  due to a var ia t ion  in topsoil

conduct ivi ty  is computed by changing in tu rn , each of the t w o  c o n d u c t i v i ty  v a lu t - .s
where they occur in the geographical area of interest  and proceeding w i t h  the  step
outlined in 1’ above.

(4)  The dif ference between the observed and calculated data , the r a t e s  of

change in t ime di f ference  due to changes in each conduct iv i ty  value , est ima te  of the
error in the initially chosen values of c o n d u c t i v i t y , and es t imates  of the er ror  in
the observations are input to a Kalman f i l ter  program to produce an improved - s t  i-

mate of the value of conduct ivi ty .
(5) The improved values of conduc t iv i ty  are wr i t t en  into the data base.
For the  tes t  program , the conduct ivi ty  was changed by 10 percent  to form the

required part ial  der ivat ives;  absolute conduct iv i ty  was es t imated  within  a factor  of
two , and the s tandard deviat ion of the t ime  dif ference measurement  was assumed
to be 100 U sec . Ut i l i z i ng  for ty  test  points , this technique  reduced the predict ion
errors  by 33 percent.

A l i s t i ng  of the program is presented below.

22. Elkin - i , T . E. (197 6)  Empir ica l  Cor rec t ion  of Soil Conduc t iv i ty  Model ,
RAD C ’ (ET Pr ivate  Com m u n i c a t i o n .

23. Program ESTIMAE - Problem No. 4723  ( 1 P 7 5 )  Anal yses and Simulat ion
Branch , A I - ( R L  dated 1 Novembe r I~~75.
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6.2 Program Lis t ing  for Pa rt I~

I ESTH ATE 74/7~. 3PT L FTN ..5+qj4 Qb/~~o/77
P R O G k A  P ESTMATE (IN’JT~~’.i~ 8,OJTP UT= .013 , IAPEI=4318 ,1 AP [2=4013,

1 1APE3= 1.C18 ,tAaE1.~ ,013 ,T~~PE1O ,TAPE tj,r AP c20=1i01B )
C.... b IVEN (1) A SET OF DI FFERENT IAL EQUATIO N S DESCRIBING A DYNAMICAL
C S Y ST~~P., (2) AN EsIIM A r E OF Is: STAT E OF l IE  SYSTE M AT SOME IN.LTIA L
C TIM E A LONG WITH S T A T I ~~T IC 5  ‘ROV IDING A M .ASU RL OF THIS ~ST1 M Al~~,
C A W L ) (3) A DATA FILc. ~3NTA INING OBSERVATI)NS 8EAR I~ G ON THE STATE OF
C I t-I E SYSTEM AT S7E IFIED POI NTS OF TIME . COM PUTL THE B EST E S T I M A T E  OF

TM : S l A T E  OF T H E S Y S I E M  ALO N G W I T H  SOM E T A T I S T I C S  G IV ING A MLA SURt.
C OF I-ft i~STIMA TL Al EA;t-1 OF THE SPLCIFILO POINTS OF T IM E .  THE 3~ ST
C ~S1 1MA T E 15 BASED ON A L L  O B S E R V A T I O N S  PR~~ ESSEU UP TO THE CURRENT
C TIME. A BACKWARD SMOMIING ~tA TU R E IS PR)JIOELI AS AN OPTION SO THAT
C THE ESTIMATES AT IHE IRST ( POi NTS OF TIME WILL ~. EFL C T  T HE
C INCLUSIO N OF A L L  OBS:~~~V A T I O N S  UP TO TH E K 15 POINT OF TIME ,

CO MMON/CASE/CASE
C3MMON /RK/TI,TF ,N~ O+Ei78,SDT,DT,TOL,SP,NERR1,NE~ R2,ORO,

I N S T~. P ,Pik EJ,IS )2j
COMMON/S I RE F/IXR,X ~( 1)COMMON/STES IPI/ IXE, ( E( 1)
COM M O N /ST R SO L /  IX ,X (1. )

C3 ra lON/STCO V/ IP ,JP , P (1)
COMM0N /STNCOV / IQ,O~~0V
CO H M O N/ O8SH /I H, JH , 5 ( 1)

C OM M O N/O B S Y  /IY , Y (U

COi-iM ON /OBSCOil/1 k , R ( 1)
C DMMON/MEA SC )V /RC~ V (6)
C u1UN/ PA RAMS/KST

~~
DL,5S 1E P ,1I METOL ,K

~
JNC H ,K

~
Es IND,T OLPNCE,IOEP ,

I K F L OT  ,KENO ,< O N E ,<~~~,K SM u iT H ,M AX S , M AX l C ,M P T Y ,N G P S ,N L RS R , NLR S w ,

? NF ILF ,NF IL6 ,NSA T,  S A T , ’~GPSt , NGPS2 ,N~ S E O ,NRRA M ,W wSEJ) ,NW RAN , NPI~A N ,
3 I013 ,JZH,IST ,IS 1. ,152,KCRIT, KCBEGIN,KPUtT ,KWRIIE,KOATA, KTY ’E S,
4 M A X O A T A ,IA ,J A ,KA , IM ,JM, M,M3, KP LW D ,I FY ’ ES ( 2  ,a R I N FIO M (3 )  ,K Q K L O C K ,
5 IUERSET

C.... l s~ FOLLOWING COMIJN AND EOUIV AL ENC E TA TEMEN T . ARE DEPENDENT ON
C THE DATA FILE USED.

C i M ON/B1’FF/.BUFF(,),TIME
DI MENSION 10(1) 3 EOU IIAL tNC E (0,119
CUtIMON D(36),XRdO2) ,S (1-.’.)
LIMEM S ION X 0 ( 1 2) ,J IA G J ( I f l
£. X T L R N A L DE Ic
N A ME L I S l / V A ,J E S /C A S E , I S T A R I, T S T O P ,X a , )I4~~,0 , K P L J T ,K P R I N T ,

1 < W i ~~L Tt ,KkE W I I 4 U ,t(SIUOTH ,1A X S , K C R I T, H Aj( K , IKCBEGIN ,KTYPES, IAX OAT A ,
2 IA,JA ,KA ,IM ,JM,Ki , MRK45/ 8,S1E F’,TOL RN~ E,SP,N~ R?1,N :RR2,OR0,TST,
3 lal ,1S2 ,JZH ,KSTRS )L,QCOV ,RCDV ,TI METO_ ,KPARTS ,KPL WD, MO ,RUNPI AX ,
. KQKLOOK

C.... ~E AU iN  INiTIAL PA~~AMETE~ S, CALL SUB~ O J TI N E S  10 SET i N ITI A L
PAUMETERS AND TO SELECT UPIIONS.

I C AS E C A S E+ 1 .  I -
~~E AD  VA . U E S

IF (CA Sc. L T . L.. ) ‘.b .2
2 CALL F1LEIO (1)

CALL OBS E RVE
C A L L  ST A T S
CALL P A C K ( K P L W O ,I,L)
SUI S TC. P I T D L = 1 D _ R N C E
IDt.R=0

- S Ei R E FE R E N C E  ~T A 1  V E C I ) R  AND DIAGONA L STATr. LOVA R IANCE MA TRIX TO
C I N i T I A L  CONDITIONS.

CA LL DIAGNAL (IST ,X ) ,XR ,DI A GO ,IP ,P)
C.... sEl M A X I M U M  ~tJ t’i—TI’l E L IMIT.
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II E s T t ~A 1 E 7../7. ~l~T~~I F TtI ~~~~~~~~

CLOCKO= SECO h J (T
C. ., .  P~~~NT iNiTIAL PA p(AlETc. l~S,

PRiN T VA L UC~S
C. . . .  ~~ T S T A R T  A 4 ~u S T O P TIMES.

I I = T S I  ART
1 5 ) 1 = 1 5 1+ 1  1 I S I 2 Ir I S I ’I S l l

C.... R:AiJ iN TH c~ ~ EX T  J A T A  RE C O R D.

3 CALL FILE I O 1(T I ) ,  ~ETURN~~(4 - , ’.2)
~ 

IF~ T I M ~ .LI.TSTDP)5, 6
S ~END i I C) 10 4?

C..., TIME OF CAT A RECOR) LI:s WITHII’~ RLOUESTEO iNTERV AL.
B l~~II ME I K3PrU

Li. TF ~~1
sS I E P= A B S (T  F — T I )

C,... lES T WNc.THER OR NJ1 TI 4 4 0  IF 4~~E A PP~ O~~IM 4T_LY EQUAL.
1.’. IF (HSTt.P.Lc..tIIET)_ )21,1S

C... .  1t~I~~Gt~4TE FORWAtc O 10 IF.
L~ IF (KOP)3.~~,it.

C.... HA l -’ III L S T A T E  C u / A R I A N C E  M A T kIX  FOKWAU) .
te CA LL MAT R IX (D,IS T , [S1 ,0,’,IP,XR(ISII), IST ,O,O)

ii:RSET=2 $ C AL  RK~ 57~~C XF .,0LR)
CALL MAT RiX ((,,IST,IST ,u ,XR(1STL) ,iST,’,IP ,~~,i)
l~J TO ~i

I~ IF(KRESET.EO.i) GO TO 20. $ KRESEI=1
CALL M C J L E I ( X R, XR , , 1ST )

2~~ CALl .. ~ K’.57ô (Xk,OE< t
21. TI=TF

C.... SELECT THE tJA TA F~ D1 T HE RECORI.
I F ( K O P . E Q . u ) 2 2 ,2~

~E CALL 0~ 5c~,V1 ~ IT YPES(L )11Y°ES (2)=15
2~ KOV KOF-+1 F iF (<)P. ,T.(OATA)36,24-
2’~ t~~ r 1D’( KO P — i ) ~~1. S T = U ( N l  I I=ID(N+? )

IF (KOP. EQ. 1) Ba, 11
C.... INII IAL IZ E  SIAIE l~~A NSI T I O N  MA 1~~IX.

OC 00 1i~ M 1 , IS I I r IST I $ 00 9 K L , IS T I J K# L
~ X R ( J ) L . $ J M + _

I L  X R ( J ) = i .
K’~ CSET —0

~ L) ERSET 1 I DO 1) 11
C.... ~N1E R APPR(WRI~~T E  ;uB ~uu1Ir4 L TO F I N D  I H E  C O H P U T E O  O B S E R V A T I O t ~, t H E
C D1Ff~~kE N C~ E:IWEEN TIE G IJEN OBS ERVA TIO N AND THE COMPUTED
C O 3 S E R V A T  ION, AN D THE ‘A R T I A S OF ItI E COM’tJ rE D 03S~ RV A1 IONS.

25 i F(I.EQ .jJ~~E,27
2€, CALL SSENSO~c(KPARi ,D(N),S) $ GO TO 35
27 iF (I,EQ,2)~~o,29
26 CALL ES E .1 S O R( K ~~A R I , 0 ( N ) , S )  $ GO TO 35
2~ 1F( q .LE . i . AN O,I , L : .6 )3 . a ,S1.
3D CAi. L M 4&UAIA (KPA RT ,1J(M),S) S GO T O 3 5
31. L FL I , EQ .lb )3 4 - ,3 6

3. CALL ACCEL (KPART .S,)(N),S)
C,... S4~~: u~~StRd A 1I,N I PES F s k  PRiNTOUT .

35 IF (KPRIP4T .ANL.,12) 330,23
53 u J j ’KOP—i I ENC ))E (16,,31,Si J
53 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

:NCOUI (2 t. ,~~ ,l t Y P t ~~t ITY PESpI
GD T O  23

30 l I= I IM . I I F ( t 0 t 3 1 3 7 ,’.i
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I £~,T’l4I: 7’,/7L. ) P T r L  FTN ~~~~~~~

37 IF( K RESLT.t Q.1) CA .L r i O J _ EJ ( X R0., Xk ,IS1 >
C.... :NIEi~ THE FILTER.

IF (t<ONE)38,3g , 39
38 IN F I L3 = N FIL B + I  ~ ;o TO .0
39 NFILF=NF ILF+I
~.0 GALL F ILTER , RE T U R 9 S ( l.l.)

C.... C O MPUTE THE 3E S T E T IMAT : .
C A L L  MA IR Ix (at, I S~~,1,J,XR ,IXR ,X ,IX ,xE,IXE).... D:1~~~kM IN E  PR I N C I P A. .  IA L UE S  OF A P4GL:5.

4 L U j  03 .00 1=1 ,3

~~~~~~ 

R E I N I T I A L I Z E  S i A T E  R E F E R E N C E  V E C T O R.

C A L L  l - , u JL E J (X E ,X R , L S T).... L-ttCK FOR MAXIMUM ~UN TIlE.
C uCK SECON 0( T ) — C _ ) C K ~ I IF(CLOCK .G1.RUN PIAX ) KEND= i

C.... LA 1H:R APPROPRIA TE S T A T I S TIC S  ON THc ES t I M A T I O N .
CALL STATSI
I F( KENC.~~Q. 0) CALL F[LEIJ 2 (T 1 ) ,  RETUR NSt ~.,k2)

C.... I N I T I A T E  :Nti P R Q CE~~SIi4G .

~ 2 CALL F I L L IO3 (T )
‘.3 6)  TO 1
~~~ PRINT ~5 , NGPS, KL)ME
‘+5 F) R MA T ( ~~0S IN ULA R 1AT ~~IX EN C OUN TERE U. 15 X ~~G ROJP= ~~I,,,5X ~~KO NE =~~I2)

C.... S IM PLY  t QUA T E B~~S1 ESTIM0T~ SECTOR AN) STATE REFERENC E VECTOR .
‘+1. C A L L  M O V L E V ( X R , X E , C S T )  S PD ‘ + 5 U K =1,I T

k5 3 X(K )~~~. 5 30 TO +~~3,
s E  C O N T INUE I END

N PW,1t4JA L ~~~~~~ ~.PT:L FTN ‘+ .5+~.1’.

FJNC T IUN P R I N V I L ( A N G L E )
C.... P ,,1N/A L 1~ET U~ NS I-I: PI<IW IPAL ~ALU : 0 IHE GI V EN ANGLE.
C ( — ~i • L T .  Prs 1NVAL ._ E .  P1 )

C A l  A P1/3. ~ ‘.t5 s26~~3 5B~~79S /
A :~~NG LE

I. A A~~Ab S (A) $ 1F(sl .Lt~.PL ) GO TO 2
A : A — 5IGN(2.~~’ I ,A )  I Ci) TO 1

E PR I NJ A L :A  I rt:TJ~~N S END
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STAT 7’+/7’. UPTrL FIN ‘+.~.+ .j’+

SUt3ROUTINE STAtS
C.... RECORDS S T A T I S T I C S  IN ORJE P ID EV A L U A T E THE PER FO RMA ;4 CE OF T H E
C E~~11MA T l O N  PROC~ SS. ON TR D.S TH~ IN IT IAT ION OF THE BA C K W A R D
C SMOO T HING PROCES S ANJ THE ASSOCIATE D RAN~O1 FILE W R I T I NG. CON T R O L S

C ALL  Pr INTE D OUI’UT ON F IL c ~S 1,E .3, A N D  ‘..— 
COM M O N/ ST REF /  IXR, X R (  1)
C OMMON/S I ES I M / I A c , f t( 1)
C D M ’ ION /ST RSOL / L X ,X ( i )
COMMON/STCUV I IP , JP, P11 )
C J MMON/ S T C O V D / I P D , ) ( i )
C D t - iM U N/O BSY/ [Y , Y (1)
CO MM ON / PA + c A M S / I Q ( 7 )  ,K P L O I  ,Kt ND, KON E ,K ,K S M O O T H , M A X S ,M A X K C , M P T Y ,

~. NO PS,NL IcSR,NL’ ISW , IF1LF, ’ IFILB,NSA T ,NNsA I ,NGPS1, NG PS2, NPSEQ , 41(RAN ,
2 NW SEQ ,NWR AN ,NPRAN ,IOB ,JZH ,IST ,IS1, IS? ,K C R I T ,KC BEGIN, KPRINT ,KWPI T [
3 , J 0 ( i i ) , OB T Y P E S ( 2

C O M M ON/G R IT / CR1T ( it
C.... T r f t  FOLL OW IN3 C O M M O N  AND EQUIVAL E NC E S t A T E M E N T S  ARE DEPEND ENT CN
C THE ) I+TA F I L E  USED .

COM M UN / BU F F /L d UF F (,) , W (1 ? f l

u I M E NSION X 1 (1 )  I E Q U I V A L E N C E  (W ,Tt 1 E )  , (W ( 10)  ,X T )
OMMUN DX (i~ ) ,XO (1?) ,IS(Zl+) ,O (50)

DI ME NSION SIt) S EQUIV A LENCE (IS,S)
L O O I C A L  NRSL),M R R A t ,N W S E ) , NW R A N , N P R AN

D A 1A  M A X K / 5 /,tlO k t /sH MO~~ E/

C,... 51:1 INiTIAL  C O N S T A N T S .
N L RS NL R S W N G P S N I L F N~~ I LB N SA T t4NSA T~~~KST K E N D r C

NRSLQ .T, $ ~4kRA N NWSE)NWRA N=NPRAN .F.
K~~=KSMOOTH S KO NE L

C.... SEI PR i N T  OPTIONS. AT M~~S1 1 OPTION ‘ER FILE iS ALLOWED.
C KPi~iNI BIT U. ~RiNT r IME, S T A T E  VECTOR )N FILE 1.
C KP RIN T BIT 1, PR~ NT t I M E ,  I rA T E  RESZUU&S VECTOR ON F IL E  2.
C KPRINI BIT 2. PRIN T l I M E ,  s T A lE  D E V I A T ION S  VECT OR ON F I L E  2.

C K PR I N T  B I T 3. PR I N T  t I ME ,  S T A T E  D E R I V A T I V E S  V ECTOR 01. FILE 2,
C K P R L N I BIT ‘.. ‘RINT FINE, J I A G O NA L S  OF S l A T E  C OV A RIAN CE M A T R I X  01’.

C F ILL 3.
C KPRI’4 T B IT 5. ‘RIN T l IME,  TATE CO V A R IA N C E  MATRIX ON FILE 3.
C KPRINT BIT b, PRINT FINE1 IOR QUES ON FI.E 3.
C KPRi41 BIT 7. PiK1NT COM PL E J E  STAtISTi CS ON FIL c *.
C I(PRINT BIT e. PRINT ‘ARTIAL S T A T  1ST ICS UN FILE L~• (KCFIT .NE .L)
C KPR INT BIT 9. ‘R INT l I ME ,  lO ttE STATISTICS, AND 0~ SEPVATION RESIDOALS
C VECI OR ON FILE ‘+.

IF (KPRLNT ) 2,1.
1 ASSIGN 55 TO Mi S GO T )  17
2 CALL WRITERO (4,0,])

A S S I G N  ~~1 TI. Ml. S A SS I N ‘+6 TO M2

A S S I G N  52 TO M 3  S AS SI ,N 55 TO Ml.

A S S I G N  5’+i I) M~~ t

C.... SET P R I N T  L I M It S  ON S T A T E  V E C T O R  E L EH EN TS .

I S a = M I N u ( 1 2 ,1s2 , 1 r , ( I x — I s i . 1 ) )  $ ISl.rIS1+IS2—1 $ 1S3=ISI+j

P R I N T  16.(I ,I= ISi ,E S ’.)

PRINT 160 $ PRItt r 161
1:J : 1

3 K KPR INT .AN O. J $ I F ( K . I E , O )  GO lD (5 . 5 , 7 .9 . t a . 1 1 , 13 , 1 ’ .,1k, 15 ) , I
‘. J~~2~~J $ J 1+1 I IF(I.GT .iG)t7,3
5 A S S I G N  ‘.u TO Ni. S GO T i ‘.
6 A S S I G N  ‘.~~ TO P12 5 GO T) ‘.
T ASSIG N 43 TO ME S GO T) 1
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E S I A 1~~ 7’,/7’. 3PT~~L 1 TN ‘..~~+‘.t’.

, A S S I G N  ~~ T O  N? S GO T i  ~10 A S S I G N  ‘.7 TO M3 5 60 1)
ii A S S I G N  TO N3 S CO T~13 A S S I G N  51 TO M3 S GO T )  I.
1’. KS~~:1

i’.D A S S IGN 5’. T O  N4
~F~~1,L Q.9) 45516r4 53 TO i~~ S G O  TO •

1.5 AS . , IG N 5’.~. TO ‘1’.l S GO TO i’...
LE F O R M A T ( ~~1OE~ C R.LPT I) N OF ‘R i I .T OUTS ON ~ I_ E S  1, ?, 0< 3 4 / 5 X ~~O I4 LY 1HE

1 F~~LLO WIN G COMPONE N TS OF THE S T A l E  V E T O ° , ST A T E RESIDUALS V E C T O R ,
E i 1 AT L  C€ ,J1A T IuNS AE CTOk,  STA TE D E . , I J A T I S ES  J E C T O R  OK THt~~f F C L L O
3~~~N6 COLUMNS OF TI E STA T E COV ~~~A A NC E 1A1i ’ ~IX OR T H E F O L L O w 1 N ~ D IAG O
‘+ NA L ELEMEN TS O F TI: S T A T :  C OVAR IANC E IA IR IX  ARE P R I NT E C  OUI .’/ IX ,
s i ?  I S)

~~~ F ) R M A T ( ~ FOR THE j 3 S E R J A I I U h  R E S I D U A L S  V E C T O R , AL L  C CM P O N E N T S , A S
L I~:LL AS TH E )B-~E R V A 1 ION T Y P E S ,  A RE PRINrED OJT.~~)161. F U F M A T (
s ’ - O E S C R I P T IU N OF . I A T I S T I C S  PRINTOUT )N FILE l.’/ S X ’ G P . .. .P3SI T ION
70 F  u A T A  GROU’ Wk T ~IRST ) A T A  uROUP PR)C SS ED~ / 5 X ’ L k  S..~~~Lu LAT ION
~ OF L O G I C A L  R E C O tc D )F U A T 4  WRI FIRST L O G I C A L  -ftCDRO R EA 0 /S X
~~L I ~ W , . . . C U M J LA T IV: NUtIBER OF LOG ICAL K COf ~LJS W Ri T T E N  TO OUTPUT DA
u T A  FILE ‘/ ,X~~F F . . . . C U M U LA T IV E  NUMBER JF T I M E S  ENT E~~ED FIL
uIc~ F(i,c FORWA RU FL TERiN /5X’F B..,.UM ULA T 1V~ N U ~IELR OF T I M E S  EN
CT c. C~LU FiLTER FO .~ ~A C KW AR . S M O O T H ING~~/5 X~~sAT . .  .. C J M U LA T  ly E NUMBER 0
oF T IMtS PLI’~FDRIIA NCE CR1T~~k IA  SA T ISFIE)’/ ~~X NSA 1 . . . . C Ut ~U L A T IV E  NUM B
EE~ OF TIMES PER FORIANCE CRI T ERIA NO T ,ATISFIEO /5X’ELEMENT ....PtLA
I-T I/L LOCATION .~ITHLN STAtE OR S T A T~ RES IDUAL V J C T O R ’ / S X ’V A L U E . . . . T
DESI VAL Ut WH LC I EX EEUL [i SPECIFIED CRITERIA’/5X~~MOPL, ...FLAG IMPLY
H i N C .  T I-P A T MORE .LE IENITS F A I L E D  TEST’/SK’ IIPIE.. . .TIPI  OF D A T A  GkoUP~I)

17 A SIGN it To Mo
C.. . .  s E t  C R i T E R I A  O P T I O NS .
C KC AJ ~IT C. CQV~~RiANCE LIIIT Cf.ITERIA.
C KCR II BIT 1. COM PARISON  WI T H EX ISTIN St A l E  CRITERIO .

.~SSISN 37 TO r1.

~ F(KCtcil .EQ .i, ASSEG N  21. TO M5
IFOKCRIT .EQ.2 ) AS~~L 3N E2 TO t15

C....~~t I SEQUE NT IAL W R I T E  OPI I~~N.
IF ( K W R II t.EO .11 N W S L Q .N 3 T . N WSL Q

tcEt U~~N
E N T R Y  SlAT s i .

C... .  USuAL EN T R Y  POINT I N T O  S l A T S .
oO TO M6, (i~~,2~~)C. ., ,  W i t N  P~~O CE S S 1N~ F~~~ST O A I A  G ROUP , S P E C I FY  NEC E S S A R Y  OPTIONS.

18 usS IGN .l. T O  Mo
IF ( K P L O T .EO.1 )  NP~~4N= .N. T . N P R A N
IF Ii<SMUUI H) ~~~~~~~j~ NWi ’ ,# N= .NO T .N IIRA N I N4l ~~~O = .NO I . N W S E Q  S NPRA N . N O T . N P RA N
L P . S L

C.... LIECK WHE THER DR ‘.)I C R I r E R IA  ARE SAT ISF IED.
2 .  K r . S DO as 1:1,151 5 60 TO MB, (2 L ,2 2 , 3? )
21 J r i+1P ( I — i)  I V A L P(J t  ~ GO TO ~? O
22 J A L = X t ( I ) — X T ( I )

220 I F (A B S (V A L ) . L t . . C R I I ( I) )2 , ,2 3
?3 K t K + 1  $ I F ( K S T ) C , , 3 6

C... S A V E  DA TA ON EL~~M ENl S NOT SA T L S F Y I N 3  C R iT ER IA .
2’. IS(K):,t S K~ K+j S S ( ( ) = V A L  S I F ( K . GT . 2 ’ P I A X K ) 2 5 , 2 E
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SlA T S  7’./7l. J PT rL FIN ‘ . . 5 .4.j 4

2~ K r K — i  I I S ( K ) = M U R E  I GO 10 36
2c CJI.T1 NUL S I F ( K ) 3 6 , 2 7
27 NSCT :NSA T+i S F( KS .EQ . i ) a 8 , 39
2b 1F U N O P S — LO P ’~S ) . 6 E , l A X K C I 29 , 3t

C..,, MA X K C CONStCiT~.V~ SATISFACTORY ESIIMA F t.S,
2~ IFtL G PNS )Eu,35

c.... 0A LK ~~4 RL SHOO T-l UG N E C E S S A R Y .
3~ NL,l~~UNLPS—KCB:C3IN S N_ RSR NLRSR KC3E IN $ GO tO 33
31. IF ~No PS.Gt .  M A X S )  3.., 39
3~ N P ~~i=NGP S
33 K O i - ,~.r— ~.
3-. N3PS 2=N&PS S KS~~-I

.-,.St J= .NUT .Nk SEU ~ i~R R A N = .N O T .NRRAk S GO TO 39
C.,., t u L K W A P I )  SMO D TH 1N3 NOT N E C E SSARY.

35 NSPSI= 1 S NLRS Rr~lL RS R—1 GPS 41 $ GO TO 3’.
C.... ~ . UNS ATISF4C l~ R Y ESTIMAT E.

30  N’~~4T=NNsA1 +1 $ _ GPNS=NGPS
37 1F KS.EQ .i)3L,-39

C..,. ~X t R A C l  GIAGON L PO KIION OF COVARIANC E MATRIX.
3-~ LI) 3 9 i.. 1=1,IsI

3’~. Lit I)=P (I+IP’(I—l))
CALL IIA IK1X (22,151, i.,U,X ,4.S1,XT ,IST, (D ,IST)

C.... PRINT SELECTED IN~~)RMATI)N ON OUTPUT ~ I LE S ,
I-.~ CALL M G V L L V ( X E ( i s ~~

) ,O (2),1S2) $ CAL. WRITER(i,),1S3)
‘.1 u) TO ME ,(’+a ,’+3,’ .’ . ,’ .b)
‘.2 LALL MCVLEV(X(IS1) ,O(2),tS2) $ GO T) ,s

‘.3 CA LL M C J L E I ( X D ( I S i . ) , O ( 2 ) , IS2) $ .0 ID ‘.5
‘+-. CALL M O V L 1 : V ( UX ( ISIP , O( 2 ) , IS2 )
‘.5 CALL WRI T E R ( ? ,L ,j ~~3 )
‘.O GO TO M3 ,(’. 7, l.L, 5 1 ,52 .)
‘+7 CALL M CV L EVthLS I ,O (.fl,LSa) S 1=153 5 GO TO 5 3
‘+o L:~. I DO ‘.~~ I ISL,ZS.. S DO ‘.9 J 151,ISl. S L L+i
~~Cj O (L)=P (1+1P4 (J—i)) S GD 10 51.
5~ CALL WRITER (3,U,L)
51 CONTINUE
52 60 TO M~.,(~~3,5’+,5s)
53 ~F ( K ) 5..,~~S
5. CALL M C V L E V ( N G P S , 3 ( 2 ) ,7) S GO TO M ’.t,(~~4O,S4i )

5’.~ K: .. $ IF( 1O8. EQ.) )  GO T O  5’.2
CALL MCV L E V ( O B T Y P E S , Q ( ~~), 2) S CAL L IO v L E v (Y ,O(iu ,IOe)
K:~~+I QB $ GO TO 5’+2

541 C A L L M O V L E V ( IS ,O(~~) .K)

E ’+2 C A L L  W~~IlER(s ,O ,8+( )

55 IF(NPRAN,AND ..NOT .~~WRAN)76,57
C.... SAVE D A T A FO~ ~VE N1J A L P_ O IlE D OUTPUT.

St CALL MOVL LV (XE,O(2),IST) $ 1=2+1 ST
GALL MC VLoV (X,3(I) , IS T )  5 1=1+1ST
CALL MCVLEV(XC,O (1),~~ST) $ 1=1+1ST
C A L L  MOV LEJ (J ,3(I),IST) $ 1= 1+1ST—I
C A L L  P A C K i ~~I,O ,M Pl()

57 R E T U RN $ E ND
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£ F 1LE IO 71./7’. OPT=L FTN 4 .5+1.14.

SU BROUT INE F I L E I O ( l ) ,  RE I URNS(NR1, NR2I
C.... IllS ROUTINE IS TIE CONTROLLING ROUTINE FOR ALL FILE INPUT AND
C O U T P U T  IN THE P R O G R A M .

CO t-IMON/STREF~ I X R ,XR(1)
COMM O N ISTt S IM/ IX E, (E( I)
COM N ON /S T COV #’IP , JP, PCi)
COP INON/STCOVD /IPO, )(1)
COIIMON/ RA NF lIE/MAX IS , MS (1. )
CO PIMON /PAC KED /NL RS , NW ORDS, WW(5 12)
E~TUIVALENCE (WW ,IW41),(WW (2),IWW2)
COMMON /PARAMS/KSTRSDL, HSIEP ,TLMETOL ,K’UNCH,KREWIND,LRWOCNT (2),

1. K PLOT , K END p <ON E,Ki , KS NO)TH ,NA X S , M A X K C , M P T Y ,NGPS,NLRS R ,NLRS W ,
2 NFILF ,NF ILB ,NSAT , N NSAT , NG PS L, NGPS 2 ,NRS EQ, N R RAN ,NWS EQ, NW RAN , NP R A N ,
3 IOB ,J ZH ,IS T , Z 1 ( 2 2 t , K Q K L ) O K

C.... T H E  FOLLOWI NG COMMON AND EI~U1VAL ENCE S T A T E M E N T S  ARE DEPENDENT ON
C THE DATA FILE USED.

COMMON /BUFF/. ENGTIIR, LENG T H N , M A X L  RW , LR4 , W (  12?)
EI~UIVALENCE (W ,TIME)
COMM ON RECORD (i’.)
LOGICAL NRSEQ.NRRAN,NWSE~~,N W R A N ,NPRAN
DATA KOPEN /—1 /

C....  SET FILE INPUT/OUT ’ UT OPT IONS.
IF (KSHOOTH.NE.0.OIR,KPLOT.NE,0) KOPE N=<DPEN+j
IF (KOPEN) 10 1, 102,131

102 CALL OP€NMS (20,MS, IAX P*S+1,00 $ KOPEN XOPEN+ I
101 M A X S : M I N U ( M A X S , M A X I S )  S NAX K C N I N O ( IA X K C , HA X S )

IF ( KR EWIN D.NE .0 )  REWIND 1.0
A S S I G N  36 TO PIt

KREWR IT O
RETURN
E N T R Y  F1LEIOL

C.... RA NDOM FILE READ .
100 IF (NRRAN)i,15

1 IF (KS)2,8,15
2 IFCNGPS I .EQ.L )3 ,6

C.... B A C K W A R D  SMOOTH ING EITHER NOT NECESSAR Y OR N OW  COMPLETE.

3 KO NE= i S KS: .. $ A SS I N 3? TO Mt
NWSEO .NOT.NWSEQ S NWR4N= .NOT.NWRAPI S NPRAN .NOT.NPRAN
IF (NGPSI.EQ, I-IGPS) 37,10

C.... CON TINUE WITH B A C K dA R D  S’ POOT IIING .
6 IF(NGPS.EQ.NGPSi)~~,7
7 ASSIGN 11 TO Ml S GO I) to
8 tF (NGPS.NE.NGPS2) GO TO ~

C.... RESUME SEQU EN TIAL tILE R E A D .
NRRAN= .tIOT.NRRAN S NRS Q= . NOT. NRSEQ
K RLW R IT —i $ GO ro ii.

C.... READ IN A LOGICAL RECORD .
~ NGPSI=NGPSI +<ONE S NLRsR NL RSR+ KONE

1) CALL READMS (20,LRII ,IIAXLRW,NGPS1)
L R W = L R W — 2 IS(
NGPS:NGPSI S GO ID Mi, (i1.,36,37)

C.... MOV E. AP PROPRIATE V A L U E S  FROM W ARRA Y 10 STATE A N D  C O V A R I AN C E

C A R R A Y S
LI I=LRW + 1 $ CALL N O V Lt J (4 ( I ) , X E,IST )

I i+IST S C A L L  M O V L E V ( 4 ( I ) , O , I S T )
CA LL DIA G NAL( IST ,X E , XR, D, IP,P) S T= r IIE
ASSIGN 36 TO Mt S GO T) 100
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E F I L E I O  74/74 OPT L FTN 4.5+4.1’.

C.... SE QUENTIAL FILE RE~~D.
15 I F N ~RSEQ 16,22

C.... ~EAU IN A L O G I C A L  R E C O R D .

16 RE AO ( IC )  L R W ,(W(I),I 1 , LR W )  $ N L R SR =N _ R SR + i

C.... CHE CK LAST B I N A R Y  R E A O .
1F(IO EOF PE(1U) )l+,17,LD

17 NLRSR=NLRSR—t
22 ~ E N t J = 1  $ RETURN ‘1R2

C.... DATA LOGICAL RECOR ).
2’. IF TIMt .LT .T—rIMEr )L ’.9,35

C.. . .  A C C E P T A B L E  DA T A R~ C O RD.
3 5 N PS=NG PS+ 1
36 R ET U R N  NRI

EN TR Y FILEIO2
C.... RA NDOM FILE WR~ 1E.3 7 I F ( N W R A N ) k 3 , 4.1

‘+0 ULRW+1 S CALL MOV LEV ((E ,W (I),IST)
I:A+IST $ CALL rIOILEI() ,W (I),ISI)
L R N: 1k i.+2~ 1 ST
CALL WRITMS (20,LRW ,LRWi-1 ,NGPS,KREwRITT I GO TO 4~

C.... SEQUENTiAL FILE WRLIE .
4.1 IF (NWSEQ) ’.2,~.5
42 I LENGT I-T R+1 $ CA _ L  MOII EV(XE, W (I),IST )

I:I+LENLTHW $ CA .L $UJ E.l(D,W(1 ),ISt )
LRW=LENGTHR +2’LENjI IN
WRITE (11) LRN ,(W (I),I:i,_RW) $ NLRSW NLRSW,i

C.... O UTPUT DATA FOR EVEN TUAL P L O T T I N G , CUIPARI SON , ETC.
‘.5 IF (NPRAN )’+b,’.9
‘+6 IF (MPTY.EQ . 1) 48 ,49

‘+8 M=tiLRS+i
CALL WRITMS (a3, ww ,N WOROS ,P,,KRE WRII) S NWORDS=0
IF(M .EQ .MAXMS) NPRAN: .NOE .NPRAN

49 IF (KEND.EQ .1)22,ij3
E N T R Y  F1LEIO3

C.... PEi’.FO R~ END PROCESSING.
52 FJRiIAT (4—M iNIMUM A ID MAX IMUM VALUES F)R DATA ON P L O T  F ILE.~~T 7 O ~~W O R

h i s  PER GRO UP’t’.,Ti30~~TOt A L LOGICAL RECOROS * Il./)
53. FJI~MA T (14.,2X,iP2E.~), 12)
53 I F ( K P L C T ) 5 1 . , 5 6
5’. IF (N WORDS.EQ .0) GO TO 55 5 M :NLRS+j

CALL WRITMS (?iD,WW ,N NORUS ,N ,KREWR IT)
55 CAL L  PA C K2 ( N ,W ,MP I( )

PRINT S C , I WW L , I W W 2  5 0) 55 L~ 1= j . 1W W L  11=1+2 ~ N M+IW W I
55.. PRI NT 5i,I,WW (Pl1 , W I(N)

CALL W~~I1MS (20,WW ,NWOROS ,i,KREWR IT)
56 IF (KQKLOOK) 57,62
57 1)3 ol 1=1,4

tN CFILE I $ BACKSPACE I $ BACKSPAC E I
K:AO(I,58) RECORD

58 FORMAT (13A10,A7)
IF (IO EOF PE (I))5~ ,61,61

59 PUNT Eu,I
6.. FO R M A T (~~—FILE’I2~ _ A S T  RE CORD~~/3

PRINT 58 ,R E C DRU
61 C O N TINU E
62 RETURN $ END
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F!

N IOEOFPE 7’./74 OPT= L FTN ‘..5+414

FUNCTION TO LOF PE(J )
C.... TH IS  FUNCT ION CH EC ( S FOR NORMAL, END—)F—FILE , AND PARITY—ERROR
C CONDITIONS ON UNIT J F)LLO WIIG A BINARY ~~*D.

I~A 1A KOUNT /0 ~KD UNT= K OUNT+ 1
C.... NORMAL.

K: -L
IF (EOF (J) ) 1.2,11

C.... END OF FILE.
12 K = u  $ PRINT 2.3 S GO 10 13
LI IF (IOC HLC (J))12,i’.

C.... PARITY  EkROR IN OR AFTER RECOR D INDICATED.
12 K L  S PRINT al
13 P RiNT 22, J ,KOUN T
1’. tO EOF PE=K

2~ FORMAT (24Ha’’~ ’ END OF FILE “u)

21 FORMAT (25HU 41’~ ~A R I T Y ERRO R i”)
22 FORMAT (~ UNIT ~I2,I0X RECORD •I’.)

RETURN $ END

- OBSERVE 74/7 ’ .  OPT:t~ FTN 4. 5+414

SUBROUTINE OBSERVE
C.... T HiS ROUTINE S [ L E C r S  THE TYPES OF DATA REQUESTED FROM THE DATA
C FILE AND PLACE S THEM IN AN INCREASING SE~UENCE IN STORAGE FOR USE BY
C PRDOR A M EST NATE.

CONPION/ SENSOR S/SE M~ (18) ,I O I L S ( 3 , 2 )
CO MIION/OBSH/tH,JH,I(1)
CDMM ON/ PARA M S/IQ (33) ,K D A I A ,KTYPES, M AX )AIA ,IA,JA ,KA , IM ,JM ,KH ,MD

C.... T IE FOLLOWING CO MIDN S T A T E M E N T  IS DEPENDENT ON THE DATA FILE USED.
COMMO N/BU FF/ LBLTF F( .)  , W C 1E7)
DIMENSION DATA (1),LDATA( 1)
E Q U I V A L E N C E (W (19) ,NO ) ,( W(2 0 ) , OA TA ,I O A T A )

COpiNON/TOR QUESfCOL_ (3),T)~~QPiAG (3) ,DE PCOE F
COMMON D(36),T(20),LOC(2)),MN(4),LMIV.)
DIMENSION LM2(’.),L93(4)
DIMENSION COILSP(3,2)
D A T A  COIL,COILSP/~~’0.I
D A T A  KMASK/77777777777777?77774B/
L 1 1 2 (3 ) LM 2 ( 2 )=L M2 (  LD JM $ LM 3(3) LK3 U) LM 3(1) KM

L M 2 ( 4 )= J A  $ LM3(.) KA

R E T U R N
E N T R Y  O8SE RVI.

C.... SELECT DATA F R OM D A T A FI E,
KO A T A = K P I M ( 1 . ) = M M ( 3 ) -~PlM( 2 ) = M M ( j ) = O
K C O UNT G
LPII (3)=LM1 (2):LMi (3.)=IH S L M I ( k ) = IA

2ü 1F(K.EQ.ND) GO TO 31

J MO + K +i $ K=K+ 1
£ = K T Y P E = 1 D A T A ( . J . 2 1  $ 1 (I.GT .2) I:I.ANO .KMASK
IF( I .AND .K TYPES ) 21,20

21. IF (KTYPE.AND, 8)22,230
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£ OBSERVE 74/7’. OPT :h l FTN ‘..5+’.1’.

C. .. IORE CO IL DATA .
22 E~~K TYPE. 7 $ 1)0 23
23 COILSP (I ,L) DATA (iii. ) COILS(I ,L)

CALL MATR IX (21,3 ,1,Q,COILSP ,3,CO ILSP(,),3,COIL,3) S GO TO 20
230 IF (KTYPE .AND.Lo) 231 ,2’.

C.... S A V E  THE O N E - H A L F - R H O — V — S QUARED ,

23 1 D E . N C O E F = DA T A ( J + 3 )  $ GD TO 20
C... .  S A V E  OTHER TYPES ) DATA FOR PROCESSI NG ,

2’. I F ( K T Y P E . L E . 2 )  GO 10 26 5 L = M O O ( K T Y ’ E , 9 ) — 3
MM ( L F M M ( L ) + t S LF (MML ) . EQ . L I l i ( L ) ) 2 5 , 20

25 L P I 1( L F L M I ( L i + L 1 1 3 ( . )  $ I F ( L N i ( L I , GT . L N 2 ( L ) )  LH1 ( L ) = Q
26 K DATA K OATA+ t  $ 1 ( K D A T A ) : D A T A ( J )  $ L O C ( K D A T A ) = K

-: K CO UNT= K C O UNT .1.  S I F ( K F Y P E . , E . Q . 1 )  KC ) UNT = K C O UNT + 2 S GO 10 2 0
C.... LIMIT DATA it NECESSARY.-: 31 L KCOUNT — MA X D ATA IF1_ .GT.0) KOATA=K )A TA— L
C,.., RETURN WHENEVER NJ DATA iS SELECTED OR NO ORDERiNG OF CATA IS
C NEEDED.

IF (KDATA— i)4u,38,..310
C.... ORDER THE DATA IN ~N INCREASING SEQUE NCE BY T IME.

31.a D O 37 I=2, KOAT A $ J = I — L

TES T=T L1) S IF (TEST.&E.T (J) ) 20 10 37 $ L O L O C (I )  S 1=1

3 2 J :J —1 $ I F ( J ) J 3 , 3 4 .
33 I F ( T E S T . L T . T ( J ) ) 3 2 , 3 k
3’ . J :J +j
35 1111:1—1 S T (L) 1(LMI) $ LOC (I):LOCLMI)

L L— 1 S IF(L .EQ. J ) 36,35 -

3 6 T (J )=TE ST S ..OC (J) :LO
37 C O N T I N U E

C.... STORE THE SELECTED DATA ,

38 00 39 1=1,1(041* 1 L=MD’ (LOC (I)—1) +L S J=PID ’ (I—t)+i
39 CALL M O V L E V ( D A T A ( L P ,D( J ) , P I D)
4.0 RETURN S END
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E P A C K  7i,/71 OPT:). FTN 4.5+414

SUt.~OU TINE PA C K ( N , I ,M)
C.... TI ~ s ROUTINE S T 0 i ~E S  D A T A  3 E F O R E  IT IS OUTPUT AS A S I N G L E  L O G I C A L
C REC ORD. TIlE RANGE OF lIE D A T A  IS ALSO C)M’UTEO .

OI NS ION J (1) ,JtIIN(Si) ),1$AX (50)
C O M MON / PACK EU/ NLIRS ,NW ORDS,  V V ( 5  12)
E~~UI V A LENCE ( V V ( 1 )  , I W O ) , ( V V ( 2 )  ,J)

C.... M A X I M U M  NUMBE R OF 4 0 R0 5  IN A LOGICA L R ECORD IS 512.
C.... t-.AX I MUI I  NU M B E R  OF d O R O ~~ IN A GRO U P  IS 5).

D A T A  M A X D /512 / ,MAX’4 0/50/

C.... INiTIALIZE PARAME TERS.
NLRS O
j.4LrN= MINL (N,IIAXWJ) I ~G P ( MAX D—2 )/tWD
DO 2. K 1,IW D $ VIIN(K )~~1.t991 ~M A X ( K ) = — 1 . E ~~
NWO R O S J C
~E I U ~~NE N T R Y  PACK I

C.... S IL.RE THE DATA.
1F (M.t 0.1) J 0
IF (J.NE.u) GD TO 3 $ M~~0 $ NLRS=N..RS+1

3 J:J+j 5 N:MII.U (~~,IWO ) S L= IWO~~(J—LH2
00 2 K 1,N
V 1= V ( K )  S IF (V t . LT. i1MI~i ( K ) )  V M I N ( K ) = V r
IF (VT .GT .VHAX (K)) JM AX(K l =TI T

2 VV (L+K)=VT
IF(J . EQ. NG P)  1:1
NWOR DS=L +1 MD
REI U R N
E N TR Y PA C K 2

C.... REA D  OUT THE S I UR ~~) RANG E V A L U E S .

NWC.RDS 2 1W0+2 I J=NLRS
CALL MC JLE J (VMIN,II(3),IWD) S CAL L IDVLEV( PIMAX , VV (3+INO),IWO J
RETU R N S END

E D IA GM AL 7’./7’. DP T I  FTN 4.5+41’.

SUBROUTINE D IA G NA _  (N ,X, X ( ,D,IP ,P)
C.... UTILITY SUBROUTINE 10 tlfl IE TIE N—DI MENSIONAL STAlE VECTOR X INTO
C X X AND 10 MAKE T H E  N— )IMEN ..IO NAL VECTOR 0 THE DIAGONAL MATRIX P.
C.... NOTE . IP IS CO LUI N SIZE OF M A T R I X  P.

DIME NSION X ( 1 ) , X X ( L ) ,O ( 1 ,P I )
CALL NGVL EV ( X ,X X , N )
00 2 I=1,N S L =I’ ’ ( I — t I
CO 1 K i,N $ J K I L

I P(J ) : L .
J I +L

2 P (J )= IJ (I)
RETURN S END

82 

~~
- . 

-.~~~~~~~ 
-



JirL~ -. -~~—--- - --, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - _ _ _ _ _ _ _ _ _ _ _

R e f e r e n c e s

1. S ,dano , E. 1\l. ( 1958)  \~ I ( i g r ou .-~ N o n - I t e r a t i v e  P rocedure  for R a f i l d  In v e r s e
Solution of V er Y  l ong C e d e ~~ic -,~ Bulletin Geodesique, Issues 47 4° , 1 3 -2~~.

2. Sodano , E. l\ I .  (1h613 ) G e n e r a l  N o n - I t e r a t i v e  Solution of the Inverse  and Di - e r t
Geodetic Problems,  Bullet in Geodesique , No. 75 , 69- 89.

3. Hufford , G . A .  (1952)  An in tegra l  equat ion approach to the  problem of v ave
propagat ion over an i rregular  sur face , Quart .  App l. Math  9 - 191.

4.  Johle r , J.  B . (1971) LUIEA N Radio Naviga t ion  Over Irregular,  Inhomogeneous
Ground With  E f f e ct i v e  Gr unc l Impedance  Maps ,  Te lecommunica t ions
Research  and Engineering R e p o r t  22 ( Super in tendent  of Documents , F. ‘~~.

Government  P r in t i ng  Off ice , Wash ing ton , D. C. 20402 1.

5 . Johler , J. B. , and Hore~v i t , , ~~. (1975)  Propagat ion of a LORA N Pulse Over
I r regular,  Inhom ogen e u .- Ground ,  AG~~R D -C P - l 44  (The Hagu e , Nether lands
Conference , March 0374) .

6. Spies , K. P. (197 3)  The Anal yt ical  Basis  of HuIford ’ s C mputer  Technique for
De te rmin ing  Topographic Profiles,  I n s t i t u t e  for Te lecommunicat ion  Services
Memo dated Nov . 4 , 1973 .

7. Sheed , 1- ’ . ( 1962)  Theory and Problems of N u m e r i c a l  Ana l ysis ,  Shaurn ’s Out-
line Series , McGraw Hil l  Cr .

8. Johler , J.  R. , and H o r o w i t z , S. ( 1 17 3 )  Propagat ion of L O R A N - C  Ground and
Ionosp heric Wave Pulses, Off ice  of Te lecommunica t ions  R e p o r t  73-20
( Super in tendent  of Document -~, C. S. Government  P r in t ing  O f f i ce , Wash i gt~~n ,
D . C .  20402 ) .

. . Johler , J. H. , Kel ler , W . J . , and \ V a l t e r s , L. C. ( 1956)  P h a s e  1 l i e  I n
R a d i o f r e q u e n c y  Ground Wave, NBS Ci rcu la r  573 ( S u p e r i n t e n d e n t  of D r u ~ : ents ,
U . S. Government  P r i n t i n g  O f f i c e , W a sh in g t r n , D .C .  20402 ) .

10. A b r a m o v i tz , M . and Stegun , 1. ( 19 64 )  Handbook of Mathemat ica l  Funct ions —

\ I 4 S  — App lied Math  Se r ies 53 , U. S. Government  Pr in t ing  Off ice .

83



r ~~~~~~~~~~~~~ 

--

~

---

~ 

~~~~~~~~~~~~~ ~~~~~~~~~~~

11 . Sr t t , H .  l t I ; e )  Phase of the_h e i g h t - G a i n  F’unct ri of the Lon I - r~~q i e n r v
L r o u r v l  \\ ay e , h i t p o r - t  2 ° ( } O - I  ;-T of P r o e r ’ M i r h i g a n  (W1Th i’, h~ Un

I r h o  r a t  r u ’ s , Ann  A rbor , S i r c h i g r i  481 ( 1 ) .

12 . J u h l ’ r , R . J .  ( 1 17 7 )  P red ic t ion  of Ground W a v e  P r o p a g a t i o n  T i r e  Anomal i e s
in  the I .OHA N ( Sig na l  T r a n s m i s s i o n  Over Land , A G A R D  Conference
Pr oc eed rr r g s , No.  209 .

11 . lh ,r r n h i , S. , and J o h i e r , R . J .  (1977)  L OI IA N (7 D C o o r d i n a t e  P r e d i c t i o n
Dege r i l e r r r e  on Ground  Elec t r ica l  P rope r t i e s ,  Pr G A R D  Confec ence  Proceed-
r i g , , N .  20h .

14. D a v i d son  D. , Mackl in , D. , and Vo io f f , K. V. ( 1974)  R e s i s t i v i t y  s u r v e y i n g
as an aid in sanguine  s i t e  se lec t ion , IEEE Transac t ions  on Com munica t ions,

L 
C o r n  2 2 : ( N o .  4 ) .

15. Langer , H . E . (19 35) On the d e t e r m i n a t i o n  of ear th  u n l u c t i v i t y  f rom observed
sur face  po ten t ia l s , A m e r .  Ma th .  Soc. Bull .  4 2 : 7 4 7 .

16. K u n e t z , G. (19 5 6)  P r i n c i p les of Di rec t  C i r cu i t  R e s i s t i v i t y  Pr ospec t ing ,
Berlin:  Bo r n t r a e ger .

17 . W a i t , J .  R. (1970) E lec t romagne t i c  Wave s  in St r a t i f i e d  Media ,  2nd Ed. ,
New Y o r k :  M a c m i l l a n .

18 . Kune tz , G. ( 1972 )  P r o c e s s i n g  and i n t e r p r e t a t i o n  of magne to t e llu r i c  soundings,
Geoph ysics 37 :1005.

19. Flathe , H. ( 1 17 6 )  The Bole of a Geologic Concept in Geophysical  Resea rch
W o r k , Geoexplora t ion  14 195-206 E l sv iew Pub. C . , A m s t e r d a m ,
Nether lands .

20 . Stoyer , C. H. , and \Var ’ t , J. R.  (1977)  R e s i s t i v i t y  P r o b i n g  of an Exponent ia l
Ear th  Wi th  a Homogeneous Overburden ,  Geoexp lora t ion  15 11-18.

21. Hanle , [. (1966 )  The Complex Impedance  of the Ea r th ’ s Surface  at Radio
Frequencies and Its Measu remen t ,  NTZ-CJ , No. 3 , ~Ves t G e r m a ny .

22 . E lk ins , T. E. (1976 )  E m p ir ica l  Co r r ec t i on  of Soil C o n d u c t i v i t y  M odel ,
R A D C/ E T  Pr iva te  C om m u n ir a t ion .

23. Program ESTIMA E - Problem N o . 4723 ( 1 9 7 2 )  A n a ly s e s  and Simula t ion
Branch,  A F C R L  dated 1 November  1975.

84



r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - ,:,~~ - -~~~~~-~~~

Conduct iv i ty B ib l iograp hy

1. Bar fi e ld , B. H. (1928) The a t t e n u a t i o n  of wire less  waves  over land , Jour .  lEE.
66 :204 .

2. Barfield , B. H. (1928) Some measu remen t s  of the e lec t r ica l  constants  of the
ground at short wavelengths by the w a v e - t i l t  method , Jour.  TEE.  (h ; .

3. Card , R. H. (1935) Ear th  r e s i s t i v i ty  and geological s t r uc t u r e , T rans .  Am e r .
Inst .  Elec. Engrs.  54 : 1153— 1161 .

4. Card , B. H.  (1937) Corre la t ion of ea r th  r e s i s t i v i t y  w i t h  geological  s t r u c t u r e
and age , Am.  Inst. Met.  Engr. Tech. Pub.  829.

5. Challinor , J. (1967)  A Dic t iona ry  of Geology, Oxford Press .

5. Cherry,  R. 0. (1930) Field in t ens i t y  m e a s u r e m e n t s  around some A u s t r a l i a n
broadcast s ta t ions , Proc. of the Ph ysical  Soc. of London 42 : 152 .

7 . Collard , J. (1932)  Measurements of mu tua l  impedance  of c i rcui ts  w i t h  ear th
re turn , Jour. lEE. 7 1:674 .

8. E lec t r i ca l  Character is t ics  of the Sur face of the  E a r t h  ,7974) C. C. I. B. Repor t
229-2 , XIII of Plenary Assembly, Geneva.

9. Frohlich , R . U .  (1964) Geoelectrical measurements on a fault in the t e r t i a ry
basin of Maine (Germany)  using the four  point method , Geoexp lorat ion
2:175 .

10. Gish , 0. H. , and Rooney, W . J. (192 5)  Measurement  of r e s i s f i v i t v  of large
masses of undisturbed ear th , Ter r .  Mag. and A t m o s p he r i c  E l ec .  30 :161- 188.

11 . Heiland , C .A .  ( 1946) Geophysical Exp loration,  Prent ice-Hal l .

12. Higgs , P .J. (1930) An invest i gation of ea r th ing  res i s tances , Jour .  lEE.
68 :736 .

13. Keller , G. V. (1959) Anal ysis of some e l ec t r i ca l  t r a n s i e n t  measurements  on
igneous , sedimentary  and m e t a m o r p h i c  rock , in vervo1 g~~ Research  and
Geophysical App licat ions,  Pergamon Press , p. 92.

14 . Keller , G. V. (1966)  E lec t r i ca l  Methods in Geop hy s i c a l  Prospec t ing ,  Pergamon
Press .

85



_

15. L a n ca st e r — J o n e s , L . (1930)  The ea r th  res i s t i v i t v  r n e t h i h of e l e c t r i c a l
r ia s pecting, The M i n i n g  Magaz ine .

15 , 1 r r i v \ , H . ( 191 1) D i e l e c t r i c  constant  and c o n d u c t l v i t \  of r o c k s , A n r t a l e n  n o r
l ’b r v s i k  36 :12 5 .

17 . l~hie 1ecke and \ V r r h t e r  ( 195 ( i )  Geoelectr ical  m e a s ur e m ents as an aid to geologic
m app ing, Ze i t schur , Angew.  Geologic 2: 154 .

111 . M o o r e , H .  W. (1945)  An emp i r i ca l  method of i n t e rp re t a t i on  of ear th  r e s i s t iv r t y
measuremen t s, Trans.  A. I . lii . E. 164:197 .

13 . Morgan , R. B . and Maxwel l , ( l 96 5) Oru epa  N a v i ga t iona l  Sv ,te rn  Conduc t iv i ty

~~~~~ 
Rep. No.  54 — F - l , DECO E l e c t r o n r r s , Inc . 

-

~~~ 

- -

20. Nos ske , Gerhard , and Franke (1958)  Some exper iences  in the gen e lec t r i c
mapp ing of minera l  veins , f i ssures  and fau l t s  in the l \ l i t t e lgebirge ,
Zeitsch Geoph ys ik  24: 1140 .

21. Palmer , 1.. 5. (1959)  Lx a m p les of geoelectric su rvey s , Proc. lEE lOI i A :23 1.

22 .  Parkhomenko, E. I . (19 67 )  Electr ical  Proper t ies  of Rocks , Plenum Pr e s s .

23. Pomper , Johannes , Frahl ich , and Lother (1960) Extens ion  of e lec t r ica l
s u r v e y i n g  to the  inves t iga t ion  i f  g l a ci o d y n a m i c al l y d e f o r m e d  c l a y s ,
A e i t s c h r .  A r g e w .  Geolog ic d i N e .  8)311 7 ,

24 . Ra t c l i f f e , J. A .  and Whi t e  (1930 ) The e lec t r i ca l  p rope r t i e s  of the soil  at r a d i o
f r e q u e n c i e s, Ph i in si p h i c a ~~~~~~~~~ne 10 :5 ( 17 .

25.  Hooney,  \V . J. and Gish (1 927 )  Resu l t s  of e a r t h  r e s i s t i v i t y  s ur v e y s  nea r
\Va the roo , W e s t e r n  A u s t r a l i a  and at Lbr o , Spain , Ter r .  l\lag . and
A t m o s p h e r i c  Elec. 3 - 2 : 4 9 .

26 . Rooney ,  W. J. (1927)  Ear th  r e s i s t i v i t y measu rem ents in the  ( r i p p e r  Countr\ ’
M ich igan , Terr .  Mag . and A t mo s p h e r i c  Elec. 32 :97 .

27. Roman , I . (1931)  E l ec t r i ca l  R e s i s t i v i t y  of Under lay ing Reds,  Bureau of M i n e s
Tech Paper 502 .

28. Simpson , R. ( 1966) Rocks and Minerals , Pergamon P i e ,

29 . S m i t h - R o s e , R. I .  and M c Pet r i e  ( 1931)  The a t t e n u a t i o n  of u l t r a  s h o r t  radio
waves due to the res i s tance  of the ear th , P r o c .  o f t he  P hy s i c a l  Soc . of
London 43:592.  

- 

30. S m i t h - R o s e , R . I.. and M cPet r i e  (1932 )  The p ropaga t ion  along t h e  ear t h  of
radio waves on a wavelength of 1. 6 me t e r s , Proc. of t h e  Ph ysical Soc. of
London 44:500. 

-

31. Smi th-R -~e, R .  L. (1933) The e lec t r ica l  propert ies  of so i l  for a l t e r n a t i n g
cur ren t s  at radio frequencies , Proc. of the Ph ysical  Soc. of London
140:329 .

32 . Smi th -Rose, B. I . (1934) Electr ical  measu remen t s  on soil w i t h  a l t e r n a r i n g
cur ren t s , Jour ,  tEE.  75.

33. Tagg, G. F. (1 1131) P r ac t i ca l  invest igat ions  of lie e a r th  r e s i s t i v i t y method of
geophysical  surveying, Proc. of the Ph ysical Soc. of London 43: -105.

34. Tagg, G. F. (19 94)  Ear th  Resis tances,  I ’ i t n : r r n  Pub. Corp.

35 . Wat t , A.  D. , S la t h e n s  and M a x w e l l  (1963)  Some e lect r ica l  propert ies of the
ea r th ’ s c rus t , Proc. IEEE 51 :(\o .  6).

8(3



- - - -_--_ -—-- - _ --- -.- __---—- - -—- . -.- --. - -.-,—
- -.,-- --- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘~~~ -‘me’~” --

MISSION
of

R nne Air Development Center

RAEC plans and conducts research , explora tory and advanced
development programs in command, control , and coranunications
(C 3) activities, and in the C3 areas of inf ormation sciences
and intelligence . The princi pal technica l mission areas
are communications , electromagnetic guidan ce and control ,
surveillance of ground and aerospace objects, intelligence
da ta collection and handling, inf ormation system technology ,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility. 

>1.’

I

Pr inted by
United States Air Force
Hansc om AFB , Moss . 01731



r . - ‘  -


