SUBROUTINE DISTX
READ DISTANCES IN KM AND CONVERTS THEM TO METERS
(A DISTANCE OF ZERO SIGNALS END OF DISTANCE DECK)
COMMON /67 NsX(2001) 1
DO 2 I1=2,2001
READ 1020s X(I)
1020 FORMAT (F10e5)
IF (X(I)eEQeQe) GO TO 3
X(I)=X(I)*1leE+3
2 CONTINUE
PRINT 1030
1030 FORMAT (*¥*ONUMBER OF DISTANCES EXCEEDS DIMENSTON¥*)
CALL EXIT
3 N=I~1
END

Note, this is an example of subroutine DISTX,
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FUNCTION KERNL(XO0)

C
C SUBROUTINE OF WAGNER. COMPUTES
C KERNEL OF INTEGRAL EQUATION. SEE
C EQ. (A-13).

C

COMMON 71/ HA

COMMON 72/ DsHsHP

COMMON /3/ DELTARSWAVE

COMMON 74/ FREQsPOL

COMMON /5/ NGsAB(48)sGH(48)

COMMON /6/ NXsX(2001) 1

COMPLEX KERNL sFEWHsDELTASDELTARSETA

CALL TERRANE (X0 sHOsHPOsCONDsEPSsCONDRsEPSR)
ETA=CMPLX(EPS»=17975.*COND/FREQ)

DELTA=CSQRT(ETA-1,)

IF(POLeEQele) DELTA=DELTA/ETA

XMS=X(1)=X0

HD=H-HO

R1=SQRT(XO**¥2+HA**2)

RW = WAVE*(X0 + ((HO*%2)/(2¢%X0)) + XMS + ((HD*%2)/(24*XMS}) - DI
KERNL=CMPLX(COSF(RW),—SINF(RW))*SQRT(X(I)/(Rl*XMS))*((HPO+DELTA

1 -DELTAR)*FEWH(HDsXMS) = (HD/XMS))
C
C THE FACTOR (DELTA-DELTAR) ARISES IN
C MIXED-PATH PROBLEMS.
C
RETURN
END
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SUBROUTINE TERRANE (XsHsHP sCONDSEPSsCONDRSEPSR)
SUBROUTINE FOR WAGNERe. DEFINES TERRAIN, PROFILE AND

GROUND CONSTANTS.

INPUT IS DISTANCE X IN METERS.

OUTPUT IS TERRAIN HEIGHT, H, SLOPE, HP,
GROUND CONSIANTS, CONDR, EPSR, COND, EPS.
IN MIXED PATH CALCULATIONS, CONOR AND EPSR

ARE RELATIVE VALUES FOR o AND ¢, .
THEY ARE USED TO COMPUTE

DELTAR IN PROGRAM WAGNER.

IN FUNCTION KERNL THE DIFFERENCE
(DELTA-DELTAR) IS

COMPUTED. THIS DIFFERENCE TAKES INTO
ACCOUNT CHANGES

IN 0 AND ¢, WITH DISTANCE,

CONDR AND EPSR ARE USUALLY

TAKEN TO BE THE VALUES OF

o AND ¢ FOR THE FIRST

SECTION OF PATH,

IN THIS SUBROUTINE THE USER MUST DEFINE THE FOLLOWING
VARIABLES

H =

HP =

CONDR =

EPSR =

COND =

EPS =

PRINT HEADING
ENTRY HEADING

PRINT 50sA

50 FORMAT (*A SMOOTH SPHERE WITH RADIUS¥*5E1Z2.3)
RETURN
END
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SUBROUTINE TERRANE (XsHsHP sCONDEPS s CONDRsEPSR)
SUBROUTINE FOR WAGNER. DEFINES TERRAIN.

SMOOTH SPHERE

COMMON /1/ HA

DATA (A=8.5E6)

COMPUTE HEIGHT sSLOPE s CONDUCTIVITY AND DIELECTRIC CONSTANT AT X
HP==X/A
H=o 5%¥X¥HP~ HA
CONDR = 401

EPSR = 10.
COND = 401
EPS = 10.
RETURN

PRINT HEADING
ENTRY HEADING
PRINT 505A
FORMAT (%A SMOOTH SPHERE WITH RADIUS*sE123)
RETURN
END

Note, this is an example of subroutine TERRANE.
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SUBROUTINE TERRANE (XsHsHP sCONDSEPSsCONDRSEPSR)

S SUBROUTINE FOR WAGNERe DEFINES TERRAINe.

C TABLE MOUNTAIN PATH WITH KBOL AS TRANSMITTER
COMMON /1/ HA

C

C COMPUTE HEIGHTsSLOPEsCONDUCTIVITY AND DIELECTRIC CONSTANT AT X
H = 50e#TANHF ({X~-50000¢)/100e)+50¢~HA
HP=0e5%(1e=(TANHF ( {X=5000¢)/100¢) ) %%2)
CONDR = +01
EPSR = 10e

FOUR SECTION PATH

[aNaXA!
>

X1 2857460
X2 350000
X3 4500060
IF(XeGTeX1eANDeXeLEeX2) GO TO 20
IF(XeGTeX2eANDeXeLEeX3) GO TO 30
IF(XeGTeX3) GO TO 40
COND = 401
EPS = 10
GO TO 10
20 COND = 2.0
EPS = ,81
GO TO 10
30 COND = .01
EPS = 10e
GO TO 10
40 COND = 2,0
EPS = 81.0
10 CONTINUE
RETURN

I n

]

C PRINT HEADING
ENTRY HEADING
PRINT 50
50 FORMAT(*TABLE MOUTAIN PATH WITH KBOL AS TRANSMITTER*)
RETURN
END

Note, this is an example of subroutine TERRANE.
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COMPLEX FUNCTION FEWH(HDsXD)

THE ATTENUATION FUNCTION,

EQ (A-13), OF TELECOMMUNICATIONS RESEARCH
REPORT No, 7 , 1970. INPUT IS THE

HEIGHT HD AND THE DISTANCE

XD.

COMMON /37 DELTARSWAVE
COMPLEX FEWHOTEMPsQ9ZsZ229ZZyHWERFIWERFZsWERFsZWERFsDELTAR
TEMP=(0e70710678129-067071067812)#SQRT («5*¥WAVE)
XD2=SQRT(XD)
Q=-TEMP*HD/XD2
Z=TEMP*DELTAR¥*¥XD2 + Q
27=~2
ZI=AIMAG(Z22Z)
IF (Z1elLTeOeeORe(ABS(REAL(ZZ))eLTebeeANDeZIeLTebe)) GO TO 10
22=27%%2
HWERF=(22-2¢)/(22%(22-3,5))
GO TO 12
WERFZ=WERF(Z2Z)
HWERF=2Z-0e5*WERFZ/ (ZZ*WERFZ+(0e9~0e56418958))
ZWERF=Z+HWERF
FEWH=(Q¥ZWERF=0e5)/ (Z*¥ZWERF=0Qe5)
RETURN
END
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COMPLEX FUNCTION WERF(222)

aaoaaaaQ

THE FUNCTION w(z),
ABRAMOWITZ AND STEGUN, 1964)

DR. R. H, OTT

COMPLEX Z92229ZVeVsZ29CsWsS

DIMENSION C(12)sW(5s4)

EQUIVALENCE (SsC(12))

DATA (C(1) = (e09—e5641895835))

DATA (((W(IsJ)sI=195)9J=194)=(1lese0)>s

XKD XK XK MKX X XXX XX XX XXX

(36678794411714423E~0196¢071577058413937E-01)»
(16831563888873418E-0293400262170660662E~01)9
(1e234098040866788E-049+2011573170376004E-01) >
(16125351747192646E~-07916459535899001528E-01)
(40275835761558070E-015s0000000000000000E+00)
(3e047442052569126E-0152082189382028316E-01)>
(1e402395813662779E-0192¢222134401798991E-01)>»
(6e531777728904697E~0291739183154163490E-01)>
(30628145648998864E-0251+358389510006551E-01)>
(26553956763105058E-01s0000000000000000E+00) »
(26184926152 748907E~0199299780939260186E-02)
(1e479527595120158E~-0191¢311797170842178E-01)»
(9¢271076642644332E-0291283169622282615E-01)>
(56968692961044590E-0251132100561244882E-01)»
(1¢790011511813930E~015000000000G000000E+00) »
(1e642611363929861E-0195e019713513524966E-02)
(1e307574696698522E~-0158¢111265047745472E~-02)>
(96640250558304439E-0299¢123632600421258E-02)
(6979096164964 T750E-02984934000024036461E-02))

XX=REAL(ZZ2Z2)

YY=AIMAG(ZZZ)

X=ABSF (XX)

Y=ABSF (YY)

Z=CMPLX(XsY)

LZ2=0

IF(XeGEe4e5¢0ReYeGEe3+5) GO TO 100

C
C
C

CONVERGING SERIES
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10

11
20

30
200

100

S

I=X+e5

J=Y+e5
V=CMPLX(FLOATF(I)’FLOAT(J))
IN=2-V

Cl2)Y=W(I+1lsJ+1)

AI=OO

DO 10 I=3s12

Al=Al=¢5
ClI)=(VXC(I-1)+C(I1-2))/Al
CONTINUE

J=12

DO 11 I=2,11

J=J-1

S=S¥*¥ZV+C(J)
IF(YYeGEeOe) GO TO 30
IF(eNOTeLZ2) Z2=1%Z

S=2 e ¥CEXP(=22)-S
IF(XXeGTe0e) S=CONJG(S)
GO TO 200

WERF=S

RETURN

LZ2=1

22=71%7

C
C ASYMPTOTIC SERIES
C

= Z*%¥((0e9064613135279)/(22 - 01901635092)

+

(0e9009999216168)/

X(Z2 - 1.7844927485) + (0450.0028838938748)/(Z22 - 5.52534374379))
GO TO 20

END
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Input data for the case of a smooth cylindrical earth:

Card #1:
Card #2:
Card #3:
Card #4:

Card #5
through 62:

Card #63:

5 (Column 5)

0.9061798459
0.5384693101
0.0000000000

0.0 (column 8)

0.2369268851
0.4786286704
0.56888888888

ceey 53,

1.0 {column 18)

Following is the output from this example.

55w
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A SMOOTH SPHERE WLTH RADIUS

FREQUENCY =

X
M)

g.0¢0
1000.00
2300.00
3000.00
400C.00
5000.00
6000.00
7000.00
8000,00
9000.00
10000.00
11000.00
12000400
13000.00
14000.00
15000.00
16000.00
17000.00
180030.00
190600.00
20000.00
21003.00
2260C.U0
2300C.00
24000.00

25000.00

1.00

Z
(M)

0.0000000012

-0.058823529

-0.235294118

-0.529411765

-0.941176471

-1.470588235

=2.117647059

-2.332352941

=3.754705882

-4 764705882

-5.832352941

=7.117647059

=8.470588235

-3.941176471

-11.529411765

-13.235294118

-15.058823529

-17.000000000

-19.058823530

-21.2352¢641138

-234523411765

=25.94117€473

-28.470588235

-31.117647058

-233.832352941

~36.754705882

8.500+000

VERTICAL POLARIZATION

CONDUCTIVITY

(MHC/M)

0.010000
0.0100080
0.0100090
3.010000
0.010008
6.0100300
0.0i0000
0.010000
0.010000
0.010000
0.5100¢C0
0.010000
0.010000
0.010000
0.010000
0.010000
0.010000
0.010000
0.010000
0.0100090
0.010000
0.010000
0.0190090
0.010000

0.010003

-56=

DIELECTRIC

CONSTANT

10.0000

10.0000

10.0000

10.0000

10.00090

10,0000

10.0000

10.0000

10.000C0

10.0000

10.00080

10.0000

10.0000

10.0000

10,0000

10.0000

10.0000

100000

10,0000

10.0000

10.0000

10.0000

10.0000

10.0000

10.0000

ANTENNA HEIGHT =

F(X)

MAG
1.00000000+000
9.62785706-001
3.34092461-001
9.07383363-001
8.81991252-001
8.57643738-001
8.,34825345-001
8.12513417-001
7.90993050-001
7.70208750-001
7.50115518-001
7.30675486-001
7.11855302-001
6.33627838-001
6.75965320-001
6.58844727-001
6.42244356-001
6.26144100-001
6.10525209-001
5.35370101-001
5.80662214-001
5.66385892-001
5.52526281-001
5.33069260-001
5.26001367-001

5.13309747-001

ARG

0.00000000+06G0
-4.,24508737-001
-5.97768376-001
-7.28975441-001
-8.38214925-301
-9.33250508-001
-1.02254934+000
-1.10098530+000
-1.17332344+000
-1.24066203+000
-1.30377135+000
-1.36325394+000
-1.41957433+40G0
-1.47310306+000
-1.52414101+000
-1.57293697+000
~1.619699337+000
-1.66460438+000
-1.70780530+000
-1.74343145+000
-1.7839539780+000
-1.82840483+000
-1.86594171+000
-1.30228748+000
-1.93751312+000

-1.97168246+000

0.00 METERS

TIMING
(SEC)

g.000
0.007
0.033

0.045

0.348

0.665

1.022

1.413

1.838

2.310

5.216

54913

6,643

7.423

8.231

9.094

9.982

10.907

11.809

12.874



<bU00e -0

27000.00

23000.00

23000.00

3000C.00

31000.00

32000.00

33000.00

34000.00

35000.00

36000400

37000.00

38000.00

33000.00

40000.00

41000.00

42000.00

43000.00

44000.00

45000.00

46000.00

47000.00

48000400

43000.00

50000.00

51000.00

52000.00

53000.00

54000.00

55000.00

56000.00

57000.00

58000.00

=39« (D4 U888
=42.832352942
~46.117647058
~49.,470588235
-52.94117€470
-%564529411764
-60.235224118
~64.058823530
-68.030000000
~72.058823530
-76.235284119
-80.529411763
=84,341176470
-89.470588237
-94,117647059
-¢8.882352941
~103.764705881
~108.7564705881
-113.882352941
-119.117647059
~124.470588233
-129.941176470
~135.529411763
-141.2352384119
-147.058823530
-153.000000000
-159.0588235310
-165.235294115
~171.529411767
~177.941176470
-184.470588233
-191.117647056

=197.832352941

UelUluuuy
0.010000
0.010000
0.010000
0.010300
0.010000
9.010000
0.010000
0.010000
0.010000
0.01000¢0
0.010000
0.010000
0,010000
0.0100070
0.010000
0.010000
0.010000
0.010000
0.010000
0.010000
0.C10000
0.010000
0.010000
0.010000
0.010000
0.010000
0.010000
0.610000
0.010000
G.010000
0.010000

0.010000

1lUelUUU
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10,0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000

-57- 10,0000

20U UYBCLUL-UUL ~<olUUL4BY3LSYUUU
4.890006649-001 -2.03707782+000
4.77372092-001 -2.06840402+000
4.66067577-001 -2.05887556+000
4455082679-001 -2.12853262+000
Lo 44L07365-001 -2.15741220+000
4e34031984~001 -2.18554855+000
4¢23947238-001 -2.21297341+000
4o14144178-001 -2.23971633+000
4.04614181-001 -2.26580489+000
3.95348947-001 -2.29126493+2300
3.86340488-001 -2.31612073+000
3e77579473-001 -2.34038399+000
3.690060501-001 -2.36409375+000
3.60775578-001 -2.38726194+000
3.52717656-001 -2.40990741+000
3.44879922-001 -2.43204799+000
3e37255794~001 -2.45370059+000
3.29838303-001 -2.47488123+000
3.22623091-001 =-2.49560513+0G0
3.15602395-001 -2.51588681+000
3.08771045-001 -2.53574010+000
3402123453001 -2.55517817+000
295654207-001 -2.57421367+000
2.89358067-001 =-2.59285867+000
2.83229953-001 -2.61112474+000
2.77264947-001 -2.62902301+000
271458281-001 -2.64656414+000
2.65805333-001 ~2.66375842+000
2.60301624~-001 -2.68061575+000
2.54942815-001 -2.69714566+000
2.43724697-001 -2.71335735+000

2.44643190~-001 -2.72925972+000

1oe9cu

15.002

16.113

17.270

18.462

19.696

206971

22.274

23.624

25.008

26.429

27+ 891

29.339

30941

32.518

344150

354803

37438

39.216

404390

42.806

444655

4b6.548

LB8.476

500431

526444

540481

564555

58.664

60.818

63.016

65,245

67.516
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