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SHAZO: A COMPUTER PROGRAM FOR 'STIMATING THE POSITION AND SHAPE
OF THE SURFACE SHADOW ZONE IN SONAR OPERATIONS

by

Bernard dc, Raigniac arn! John Padley

ABSTRACT

SHADZO is a composite program which calculates the position and
shape of the first surface shadow zone as a function of the source
depth for a given sound speed profile. The program is small
enough to be run on a shipboard mini-computer in a few minutes.
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INTRODUCTION

It has been found from SACLANTCENt s reverberation studies that

information on the position and extent of the surface shadow zone

is needed during at-sea experiments. Thus, a program has been

de-'eloped which, given the sound speed profile, calculates the

pertinent characteristics of the shadow zone and can be run on a
shipboard mini-computer in a few minutes. In orde' to make the
maximum pC. sible informaticn available to the scientists aboard

ship, the program also inclddes the estimation of shadow zone

shape.

SHADZO (surface SHADow ZOne program) is a composite program which

calculates the position and shape of the surface shadow zone,

as a function of the source depth, for a given sound speed profile.

These clharacteristics are obtained by direct investigation of the

limiting rays, rather than by representation of the sound field

by ray-tracing with a high density of rays.

This memorandum describes the theoretical basis for, and the

implementation of, the two basic parts of SHAZDO: (1) a part that

calculates the distance (i.e., the inner range limit), the extent

and the maximum thickness as functions of source depth, and (2) a

part that estimates the shape of the shadow zone for selected source

depths. A flow chart, a listing, and explanatory diagrams of SHAZDO

are given in Appendix A.

* The surface shado zone treated here is the first (i.e,, shortest-range

shadow zone; the recurring surface shidow zones ac longer ranges are not

covered.
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1. THEORY: POSITION AND SHAPE OF THE SURFACE SHADOW ZONE

1.1 Background

When the sound source is located above the critical depth, Zcrit,

thore is a shadow zone along the surface at certain ranges. This

surface shadow zone has been discussed by Mellberg. who calls it

1"shadow layer", in Ref. 1 . Mellberg provides formulae for tbe

maximum thickness and horizontal extent of the shadow zone, based

on a 2-layer, constant gradient model of the medium. The present

memorandum provides a further description of the characteristics

of the shadow zone. based on a multi-layer, constant-gradient

model.

Figures 1 and 2 illustrate the formation of the surface shadow

zone in a medium apprcxima+ed by a two-layer, constant-gradient

model. Figure la shows the rays which limit the shadow zone,

both in range and depth, when the source is between the surf,, ,,

and the minimum-speed-depth, zm. At the surface, the suadow zone

is bounded by rays which have zero grazing angle. The maximum

depth, or maximum thickness of the shadow zone, is the depth at

which the ray that was horizontal at the source becomes horizontal

again. When the source is located between the minimum-speed depth

zm and the critical depth, Zcrit , as in Fig. lb, a shadow zone

of smaller range extent and smaller maximum thickness will occur.

Figure 2 illustrates the distance, extent and maximum thickness of

the shadow zone, again for a 2-layer model. The multi-layer model

will be introduced next, and then these three characteristics will

be discussed in turn.

Tt-, :r;:icai depth is trie aepth at wri :1 the sound speed is tte same

a- at tre sea s~race
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In SHADZO, R multi-layer, constant-gradient model of the medium

is used. The rays propagate along circle segments in each layer,

as itlustrateI in Fig. 3. The radius of the path in the ith

layer is given by:

k
gi [Eq. 1]

where

k Snellts constant of tbl ray

c/cosa (at any depth)

gi = gradient in the ith layer
c i -c i_ 1

AZ.

The horizontal distance travelled by the r-ay in the ith layer is

then:

Adi  R R(sinai 1  sin i)

2 2k--c.- k -C.

i-c iEq. 2]

1.2 Distance

The distance to the shadow zone. ,s illustrated in Fig. 2, is defined

as the inner range limit of the shadow zone at the surface.

Appendix A (f Ref. 2 provides formulae for the distance, for both

2-layer and r..ulti-layer constant-gradint models.

From -Eq. 2, we see that the total horizontal distance, d, travelled

by a ray in traversing n layers between the source depth and

the surface is given by

n 2 _\k2 c2nn - ci_1 - V -c i

d = Adi A z Azi i-.
i=1 i - ci-i



To avoid computing crrors when c i  Ct l, this expression may be

transformed into

n c i 1 + c.
d =I Azi - - + [Eq. 3]

d may be expressed as a function of grazing angle at the surface, y,

by writing k =co/cos y. Thus, we see that the distance to the

3.shadow zone, D, is obtained from Eq. 3 simply by setting y =O;

then, we have k=c o and

n C + Ci
D Azi  11 1 [Eq. 41

i=l 1 2 + [

1.3 Extent

The horizontal extent of the shadow zone at the surface is determined

by two rays having zero grazing angle, as illustrated in Fig. 2.

It can be seen from Fig. 2 that the horizontal distance travelled

by the long-range limiting ray in going between source depth and

critical depth is a measure of the extent of the shadow zone.

Thus, the extent is given by

k ci I + c
E =2 2 t6z. r- Eq. 5]

i=n+l 1' 2 c0 c0- c i_ 1  0 i

where it is assumed that there are n layers between the source

depth and the surface and k layers between the critical depth

and the surface.



1.4 M.~imum Thickness

As discussed in Ref. 1 and illustrated in Figs. 1 and 2, the

maximum depth of the shadow zone is the depth where a rzy

that was horizontal at the source becomes horizontal again.

At this depth, zt, the sound speed is equal to c s , the sound

speed at source depth.

1.5 Shape

The shape of the shadow zone can be defined as the envelope of

the downward-refracted rays, as illustrated by the dashed curves

in Fig. 1. This envelope is relatively difficult to calculate

exactly, so an o.stimate of tl.e shape is obtained as follows.

First, at close-y-spaced depths, we determine the lc-us of

points at which r.ys vertex (i e. become horizontal). For

the case shown in Fig. lb, we see that this locas would provide

a reasonpble estimaf.-., of t-he envelope*. Figure 4 illustrate&

the case of a limiting ray, such as might be encountered in

the presence of a strong negative gradient; in this case, the

locus of vertices is not a good estimate. To improve the

estimate, at each depth, the intersections of rays vertexing

at shallower depths are determined. Finally, at each depth,

that point (vertex or intersection) iq used which results in the

smallest extent of the shadow zone. The estimation of she. w

zone shape from these vertices and intersections is illustrated

in Fig. A.

It would be clearly not provide a reasonable estimF.te for the case in Fig. la;
nowever, this ca3e :s not addressed here, as the snape estimation part of
SHADZO as been implemented only for cases in which z > z m
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2. DESCRIPTION OF THE SHADZO PROGRAM

2.1 Hardware Configuration

The program was written to run under the Hewlett-Packard Real-Time

System [Ref. 3], and thus requires a minimum hardware configuration

of:

H-P 2116B Computer with 16K Memory

H-P 12578A Direct Memory Access

H-P 12579A Extended Arithmetic Unit

H-P 12591A Memory Protect

Fixed Head Disc or Drum Storage Unit

Time Base Generator

Operator Console (ASR-33 or ASR-35 Teleprinter)

In addition, the SHADZO program requires a Tektronix T4002/4802

Graphic Computer Terminal with Tektronix Joystick 015-0175000 and

Hard Copy Unit 4601. The Tektronix Terminal can be used in place

of the operator console, if an additional paper-tape input device

is available. In the absence of a Tektronix Terminal, the program

can still produce a printed output on an output writer.

2.2 Sottware Configuration

The program requires a Real-Time System generated to provide a

minimum background disc-resident area of 20K (octal) locations.

The Tektronix Terminal should be allocated logical unit number 16

and should be used with the Real-Time teleprinter drivei T)RVOO.



2.3 Program Inputs

The data are input to the program v-.a a punched tape containing

the temperature or sound speed profile. Table 1 gives an example

of such a profile, as well as the required format.

TABLE 1

TYPICAL DATA TAPE

FL 11- Profile name--up to 6 alphanumeric characters.
29, 7,71,1,40 - Day, Month, Year, Hour, Minute-5 integers.-16 -

0 ,24.4 No. of points on the profile-integer,
6 ,23.5 negative for temperatures, positive for
8 , 22.8 velocities.
12,22.2 Temperature or velocity profile.
16,19.5
18,18 Pairs of points giving depth in metres and
20,16.5 temperature in °C or veloc4,ty in m/s
24,15.5
28,14.8
40,14.3
64,13.5
180y,13.5
250 ,13.45
400,13.4
450,13.35

2500,13.35

In the conversion from temperature profile to sound speed profile

[according to the Leroy formula (Ref. 4)], the salinity and

longitude are considered constants, being pre-set to 38.6 parts/

thousand and 400, respectively. Source depth values are input via

the Operator Console.



2.4 Proaram Detaiis

The SAKO program is written in Fortran II, with the exception

of the routines for the Tektronix Terminal, which are standard

SACLANTCEN library routines written in Assembler Code.

The program consists of four basic sections, as follows:

Section One Reading of the data tape tape, axd conversion

of temperatures to sound speeds i' necessary.

Section Two: Calculation and prxnting of distance, extent

and maximum thickness.

Section Three: Calculation and graphical display of distance,

extent and maximum thickness.

Section Four: Calculation and graphical display of shadow

zone shape.

The first section is performed once for each set of data; the

other sections are performed as many times as required.

Sections two and three can be run with two alternative models

of the sount, speed profile: (1) a multi-layer, constant-gradient

model, using all of the sound speeds calculated from the Leroy

formula; and (2) an approximation using two constant-gradient

layers.

Because of the restriction in H-P Fortran II which allows only five characters
per idertifier, the program name actually used is "SHAZO". There are some

discrepar'cies betweei, the terminology used in the text of this memorandum and
the terminology useo in the program and its outputs shown below. The
correspondence is as follows :

Term in Text Term 3.' Program

Sound speed Velocity
Maximum thicKress Thickness
Distance Range

Extent Extension

1



A flow chart and listing of the program, together with diagrams

indicating the significance of variable names for points on the

seund speed profile, are given in the appendix.

2.5 Program Outputs

The outputs from the program are prints and plots, as described

below.

2.5.1 Prints

a. Sound speed profile: A sample output is given in

.Table 2

TABLE 2

EXAMPLE OF SOUND SPEED PROFILE OjUTPUT

SHADOW ZONE PREDICTIONS

XBT FL 11 DATE 29-7-71 TIME 1-40

DEPTHS VELOCITIES
METRES METRES/SEC

.00 1537..3
6.00 1535.2
8.00 1533.5

12.00 1532.1
16.00 1525.0
18.00 520.8
20.00 1516.4
24.00 1513.5
28.00 1511.4
40.00 1's0. 0
64.00 .1507.8

180.00 1509.7
250.00 1510.7
400.00 1513.4
450.00 1513.7

2500.00 1548.0
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b. Distance, extent and maxium thickness: An example is

given in Table 3 for the multi-layer model. The output from the

two-layer model has a similar format.

TABLE 3

EXAMLE OF SHADOW ZONE CHARACTERI I$CS OUTPUT

MULTILAYER MODEL

SOLCE DEPTf EXTENSION RANGE THICKNESS S. VELOCITY
METRES NETRES METRES METRES -"/SECj

100.0 35826.4 794.3 57.5 1508.40
2f..0 34794.9 1310.0 39.8 1510.00
300.0 33733.8 1840.6 27.8 1511.48
400.0 32640.1 2387.4 24.9 1513.02
500.0 31511.9 2951.6 22.6 1514.52
600.0 30341.5 3536.8 20.3 1516.20
700.0 29122.7 4146.2 19.3 1517.87
800.0 27849.2 47R2.9 18.6 1519.55 
900.0 26513.1 5451.30 17.8 1521.22

1000 .-0 25104.4 6155.3 17.0 1522.90
1100.0 23610.1 6902.5 16.2 1524.57
1200.0 22012.7 7701.2 15.3 1526.25
1300 .0 20288.1 8563.5 14.4 1527.92
1400 .0 18400.3 9507.4 13.4 1529.59
1500.0 16292.9 10561.1 12.5 1531.27
1600.0 13865.9 11774.6 9.6 1532.94
1700.0 10908.2 13253.4 6.7 1534.62
1800.0 6755.3 15329.9 3.0 1536.29

-J

2.5.2 Plots

All graphical outputs are plotted on the Tektronix Terminal and have

a similar format. The results are plotted on a 5 x 5 grid and a
scale factor for each parameter is printed on the display; this scale

factor is the number of metres equivalent to one division of the

display (i.e., full scale is five times the scale factor). At the

end of each display, a copy is produced on the Hard Copy Unit.

The origin of the plot is the upper left hand corner; the vtertical

13



parameter is depth and the other relevant parameter is plotted

horizontally.

a. Distance, exent and maximum thickness: one plot is

produced for each parameter. Examples are give. in Fig. 5.

b. Shape: One plot is produced. If more than one source

depth is requested, alI outputs are plotted on the same graph

to the same scale. An example is given in Fig. 6.

2.6 Operation

T3 run the program, load the data tape in the tape reader and

enter the program (under the Real-Time System, this is effected by

typing 'ON, SHADZO-" on the Operator Console). If the last point

on the temperature or sound speed profile is not deep enough to

allow the critical depth to be calculated, the computer prints:

THE I:;,Sr POINT OF THE B.T. IS ABOVE THE CRITICAL DEPTH

and the program ends. In this case, the data tape must be retyped.

Once a correct data tape has been read and the sound speed profile

has been calculated and listed as shown in Table 2, the computer

will print:

FOR SHADOW ZONE SHAPE TYPE 1 OTHERWISE TYPE -1

2.6.1 Distance, Extent and Maximum Thickness:

If -1 is replied to the question about shadow zone shape, the

computer outputs:

FOR GRAPHIC OUTPUT TYPE 1 OTHERWISE TYPE -1

All questions of this type should be answered by either -1 or 1, followed
by carriage return, line feed.

14



and after the response tothis request, the- co-teV Ogtpt r:

#OR DOLTIUYEM TYPE i, FOR 2 LAYER TYPE -1

When the type of model has been selected, if no gra~hic ,6tpdt -

was requested, then the computer prints:

TYE IN S.DEPITH: START, STEP, END

The source depths for which output is required should then be typed

in, giving the minimum depth first, and with values separated with

commas. No output is produced for source depths greater than the
critical depth. When the source depth has been input, the results
are calculated and printed.

if graphic output is selected, then the threz graphs are displayed

and after the last output, the joystick is enabled and the

comptver prints:

F TO EXPAND PLOT POSITION CURSOR AT MAX4MUM SOURCE DEPTH REQUIRED
AND TYPE I OTHERWISE TYPE '

an expansion is re'quired, then the horizontal line of the cursor

should be placed at the maximum source depth for the new plots

and I should be typed. A new set of fisplays is then produced,

and the expansion option is repeated. (it is not possible at this

stage to increase the maximum source depth of the display. If

this is required, the program must be continued and reprocessing

of the same data request ed. See below). If expansion of the plots

is not required, type 0.

2.6.2 Shadow Zone Shepe

If the shape is requested, then the source depths are requested

as for the printer output above. The source depths must be below

the depth of minimum sound speed; if the starting depth is less

than this value, then it is automatically adjusted to this value.

15



- If the source depth exceeds the critical depth, the calculationI stops. If only one source depth is required, the second and third

parameters should b, zero. The ccquter then calculates and

dispilys the shape.

2.6.3 Termination

After the relevant output bhas finished, the computer prints:

TYPE 0 TO REPROCESS, 1 TO FROCEL NEW DATI Ok 2 TO STOP

If the re.oonse is O, the program returns to the- point at which it

asks if the shadow zone shape is required. If the zesponse is 1, a

new data tape is read and processing restarts. If the response

is 2, the program ends.
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APPENDIX A

DETAILED PROGRAM IINFORM4ATION

A.1 Flow Chart

A.2 Explanatory Diagrams and Program Listing

Note! The word "velocity" used in this Appendix corresponds
to the words "sound speed" used in the Main Text.
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C T-iiS .%AS LEVLOPED AT-
C
C SaKCL'xJT ASJ* RESEAq"CI ENdTRE
C VIALEt S'4A 3ATOLO"WO -4ft
C 14-& LA SPEZIA

cJ.F. 27-lA--14

C THIS FRi4~ ~EuI1CIS [WE RAN~GE A.Na EXFEISIOI
C OF TIE ShA00: ZONE FOR VARIOUS S(VUkCE DEPrdS.
C
C READ~ DATA TAPE 449 C037ERT TEq.PEiiATURES TO
c VEL3CI~lkb IF SECESSARYo
C

lDo 23 1=196

REz3 (So *) IDY 4OnDEIYr_-.; MDR IO

5REA3(5**)M0I)0 ()

00 35 11.Nm

40 CALL 3TR~AN(Vo.9,~jSALPI)
50 CALL FIWiT?(V9MqJITUjWJ)

DTUR'U=6I1TuRi)
2 VTuR*j=V ( TL~xN)

C
C OUTPUT nEADIM6 AwDO vELOCITY PROFILE
C

CALL EXEC(3,ll0689-i)

60 F6R!AT(24Xl.SH1iOw ZONJE 'REICTOSl,//,7X,"XBT 1",6A1,
I 12, 9 D-rE"4 *13 92 (11-8812) 912X 9h'1T I*E1",13 91-11912 -p/,
2 5X 91"ETiSl.* I A 911VELOC I TIES"/5X 9"METRES"-p1 OX 9

C
C ~ FIND CsITICAL 0JE,-'H ETC.

C

90, FOM4ATO"T.4E L4ST P'OINT OF THE 8.T. IS ABOVE THE "

1 "CR~ITICA2L L)EI'Tr")
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CC

C RIELvEbT fla-E if' C'4LCULA'FION AlsO OUTrPUT
C

IF -1-:5.972

j5 5 r a 1 i uP£TP TE#S YE-

l6~ F~~e'u' JLTIL.4YE- TYt;E 1.9 FOk 2 LAYER TYPE -1 4-")

C 7 3: 5 w :

C

C 9qPA.TE-c uu7PuT
C

16-P 7yp .duYlE S.ibET-: STARTSTEP ENaD")

C
C OUTP~UT HEA)INzG ETC.
C

IF (LA'YEZ) ji0?i0

2 -; FG -i-. .4Ti A9 i ." ITo LAYER MODEL"/)

24' F'p r( 'iy-E OuErTfr"4A"EXTE.SION",7XANGE"6AI'ThlICKNESS"I
i 5X9115 .LI "M/.AM r~"d aIETRES",99Xq "METPES" 9
2 6bX I "E T ES 5 11 . 'YIA/SEC"I)

C
C raLO.UL6IE SD)LjrC- DJEPTH ETC.
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PAGE 1e3

5AIF (SS~-.bO&'p 65o3ipv
260e IF (5-PY-
273i C&Ll-

CAL'. riir 4L(?v;,V,vL,.Xl-, Jgbt, flu7j

2'9i! CALL FI iAL
CALL iVLV~,~ *Pl.~IWN
CALL FIVL0W! Wiv L;7JTURNI)
CALL

290t IF (LYE4J3iMv3jz

C

GO Tot LoYERn L
C

C ~ 4LLTL&YEq 300EL
C

310i CLL 4iLrl(49Egci*Dk~S3P1RT1Ev*9AG-E

C Tn..=Gi
C PRN iiES9LTS

C

C
35C 0A~bmT99

C

C F- t A1i-AVLE

C

36*A 15(LAY~li) 37h*o3eh
37,- CALLT V , 9ITpSOMXiD1)t, ~ TR9AH~E PHCALL -~i V~~o^R~SMM0tTRoTRg~EM~THA

6~I 0 TO)T i~ I J v o40
34A CALL FTVAL((J.IISMi~,VEL.1bEP,1rURNl?

CALL F[VAtL(VqOLiJE,,I9*MJTURN)
GO rO 4 10

4411C4LL F A t ,v VL D~~ UN
CALL FlVAL.DVvEP9VtLv17vlTdRN9D
CALL FIIAL(V9.*JEL90t,1ld.I7ITU.,N)

41-.3 CALL 4UT~oV~v-H~OCIgDA9CI9DP

CALL FIT/AL 0O'J9SiJ,!VELW0EP,1TUN,!,

C'AL 2ULrf! (V,)o'~jLq-vC.CiTUC.ITSDMIJ ICRIT IDEPt

30 
L



'C' 'C~vttP ATE ca~.#A

C

CA-ZL i4

CALL.AupfiA

45@1 F? (of 43-j.6,'jio

'44 F A~ MTIICW~5 CALE =15sm e TM
CALL 9iaRa(0(12915)
CALL ALPHA

-6TO =20

ShM FO IAigui(EAESOi SCALEI,~ UI"
"4 CALL DARK12 ,15)

>1 CALL 4LOiIA
5 11. FOR %IAT ( "EXIEN I ~o)I
4920 w'TE(OMAX-) ICEA

C

SDIDGL.1 I SE

525 IF(LAYEt~I53h,543
53-4 CALL T%~,,ViI9CIS5-gO0UNVUN

I 'RAM1IEA(IhTn)
- 0 GTO5r540 I(0;-~R)5q6

55Al CALL FITVAL('JVSOEP.VELIVEPITURN,1)
CALL FIA~9,E9Eq9NlUN
G0 TO 57oa

5CALL FIA(g,~~VEvD~~IUN
5 CALL FIVAL(V,~,SO~vDELID9p,0qTU~V)

CALL FIVAL(DqV9I)EPvVEL917q1TjRJqj)
CALL FIVAL(V9D9VEL,)EPIdI7qITUkN)

57A CALL %iLIV*EgCI9)41gDP1R~IEgg~

31



PASE
II

cE

C CALCUJLATE C4i-ow3:0TIS FOP( DUSKtA'
C

GO TO 62V

G TO '5!

65A C~iLvE

CALL 4P4

C REOWLENT lF LA~naSIO4d iS REQUIRiEO

I 'AhO'~u~~ 4, TYP~E 10 9/30X9110THIERVISE TYPE illo)

IF(I-97a6r

c CALCULAIE IgEW AsRAIMU!4 SOvlRCE DEPSTm
C

640 SO0-aX='- 3io-FLOAT(ILY J/12: .*'LOAi(ISCS3)

II

C

C CL~aI7aA.iui !ISPLAY OF Si)O~t' ZONE SHAPE

73h~ SOI;JTU~r#+1.
74-4 IF (5D2) 7bz .7,p 16,o

G6Tu 7cvi

32



c: 'FW AAIWWAIfAUE

CALL F1 VAL U- vS.5PVSEp* ISOPTqjt* ITuuj
CALLFvL)vSjPsA,.)IiJE

CALL -FIVAL (D*4, i.LVVI il 9 foiD-

C AL

ISCrI=;s4LSLWH'A)-
lSCRA=jSCAL(0IST2)

C
c 'O0PFUT &R'A!ICsJLE

CALL ^7;JT (J'LrAME, ISCIvCRI1ToLAYER91 SIIAP)

CALL 4L~hh

-. CALL DAK*AV
CALL ALPfrA

8%R iI TE (16 e ilju) 50
%54A FC04T"sS;UECE iDETYn =--F6.19, '4TE.RS *4)

60 TO43

I o x-~ I-N STEPS VF"F6w.1," '4+")

CALL ALPHA

DO io'J=1Igwx
C
C CALCULATE RESULTS

SDE?=S0i FL0AT J-D)*S02

CALL FIVAL(v,)4VEgSDEMP,10.g~ITUN)
CAL-' FI'iAL(~vVijt;4MA111TURN,1) N

CALL FiVAL (VOqV1,I~f-AXI2,11gITUkdl)

RNE*2=1 .EI3
RAO I 0.
RA02=0.

Z=FLOAT (1) *zTEP
CALL Ot-TPS(l+s)0,s)LogvsOEPIsDProUi4AX.I.0ITURNN,

1 CI~.V~fIST1q01STeR4D)



C FI;-i id POJvTS TO RETAIN

60O- TiO4,J

Go To C49io

RA () 13TO

6C TO 1e2V

12Z E= Z-A1-,I2) D2~,j~
1'~~J3 ~(E (2.I-E)AJG

60 TO 1;6.5;n

I z5;. CONT'T.ujE

tc DISPLA~Y RFESULTS

00 I.I! I=! *1-.4.

IFQC-2) 16,I7

rJ0 TO lhs
10~7-A CALL ~GiIY
1-330 CO.4 I %;uE

I 0 l o g 1-= 9 1 if

IZ = (EA- (I) /FL)s T Q S ? ) *2h0 2

10 44,e CA)~L;L

CAL-- -iLArJC
CI&LL ErASe
CALL ALPhA
CALL HOME
GO TO15007

C
C
C
c RE-r'UE.ST NEXT OPERATION
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PAGE

C

151-A Fti-vAIT("TiWE -.4 To IrC~S TO POCESS ,4EW DATA "

1 113 r T S FOPh)
READ)(1.-')

35



PAGE ~~

C J.. 2-14-7i

C
C THJ.S IS Tric Fk5T SET UF SU~kUrINES FUR~ THEC P-'J3r ?-, Sr-.ieOSuhJi1

1
C
C TrIfS bUjrtff.JfINLt CALCULATES THE RA14GE ANI) EXTENSION OFC T-C 51 JO- Z FO),J ) ,Ih LTILAYEiR *,OtJEL*

\DCH= IC-T

Do 1,)1 I=-.I r

D; I =IJElu!:
VEL1?=V(ID)

C~~X CACIE ET-OC lo 6 elV~I~CR)isd

4A I=I) +v1)%7

GO TOCU~T 4i,\

S0EX=S-l( (;?LT 1 i:) * C [VEL) SQNF C(V'.+EL)* V-E))
40 3I : SLc-UI-70i VL.E1)
50 ' Il Ie:

DO 6 0 =1 Ir
60CT F T ( () U I 1 ) (~ ) v 1 1 ) T lC 0ET;7T2

c3



PAGE t-:?2

SUS'ROuTIr~L T40IO.VC~iTL)CFITSDEP9,0,9DTURN,
IVTUq~.,i'EG9EATqTHIICK)

C
C T"IlS S'JROuUIa, CALCULATES TNE-RANGE9 EXTENSIONJ AND
C TH-ICA%'4ESS OF rm StA'JOW ZONE FOR THE 2 LAYER MODEL.
C

EXr=2.* WCPI T-SUEP) *(VCRi 17'VEL) IS

RA3E7=ANGEONlN*(Vo+VTUiRN)/SQRTc (VO.VTURN)*(VO-VTURN))
THICK=O?,. OTURI-DO)* ( V-VEL) /(VO-VTURN)
GO) 34

20 VEz~R+V-fti)(SE-Tk)(ODUN

RAN3E=S0E'*(C )VEL) IS
ExT=2.* (LCRI 1-DIUOeN) *(vCRI T~vTURN) IS
S=StSOQfl (VhGVEL)*-(VIO-VEL))
E %T1=EXT-2.*(CSOEIP-uTuRN) *(CVEL+VTURN) IS
THIC(.9TUHN. CI-TRN*VLVUN)(OVUN

END

C 00"

C

C

Do lo7 I =1,;,

2 (V (I) -li.) *(Sk-J5.) .0(1) /61...E-7*0( I)*U)(I)

RETJP\J
E'<)

c
C
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PAGE *434 I
C
C THIS ;:U-j40TI;4 FINDS Tm-E m!INL!"U:4 ELEMENT OF
C APR4Y v AND PLACES ITS SUFFIX IN LOCATION ITUkN
C

2A C0.iTVJuE
IT U -qN=£ SiN
RETURN
END

C
C

PAGE 0 045

SUi;OJTINE FIVAL(A9iVALL'ERESLTISSCkNl1N2)

C
C THI-S SU3ROJTI\iE FTNDS THE VALUE IN ARRAY B WHICH
C CORRESPO,,iES hi "lV4Lu~l" IN ARRAY A AmL) PLACES IT IN
C RESLT. Ni AiNO N2 ARE THE LIMITS OF THE ARRAY SUBSCRIPTS
C So ARFRANuEO THAT N2 1S THE1 SUB3SCRIPT OF THE LARGEST
C VALUE OF A.
C

IF 041 -;Ni2) 1 20'

Go TO 3,0
~vINCR=-1

1N1 I+INIC%*1 i
J=I-I\4CR

ISSOp=I

50 CONITI\UE
60' RzTJRN

E lj
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C T-IS 1S T-I. S-,.Cj%-:--;7T 0-: S e'E UT V E S FOK THE

c THI S~jr-.')U I:4n FUD'JOES THE BASIC GRATICULE FOR~

I F04-!AT(/)

21) TO 123

30 Foq -1 T (2 A
G0 pITEU5L 1iAM(I v=16

So~ FJ-<AAT(12A*"l d T 119L XAl illR"

IF ( I3Y r) L.., 1 0,1

70i ForQ'4AT ((,J-C 04LA E")

GO TO) 120

1 o 2 E16 I2311 3,0)
CALLA Fj-.A(-r.I JL IL YE)"

12A1 C-1-L L: QN(, JI
CALILE( Ot) 9(I13o) C-IT

130F.q-AT/t-;AqCITCA DPT =Iqd.91 M39O"IV Z-



EPAG~E 2;e 42

HCALL 0;'(( Q3 1)
CALL -416m(5591)
00 2t Jd7*9919Ib

22'1 rALL-D --1. 1
CAL (--I*1

230 CALL I113)
CALL DaK(7963I)

*24 o F')-4t!T ("ivj.//

25i I T ( 1 I.P t S'21) )

270 1 N7f(16 284)

RETJRN

C[ ~, C

PAGE ov0L3

kUWICTIO' ISAO MX
0DIAE:" jsiI4 ISC(3)qA0AA(3)

C TtIS F'ijCT1i 1 IAuKES rrilE wEXT VALUE ABOVE RAMAX FROM
C I-' .4E c. 140q 2*10**N, 5*10**N WHERE N1,293.....
C

IbC (3)
XtMAX (2) =1 .
XiY4A (3) =e A

20 ISCAL=1ISC(I)
GO TO 5h

3y) CO'4TIN~jE
Do 4, I=193

Go TO lo

END
C
C

L 40



1 T-,iji sr,2I C.ALC L TE hE O ST N To THE
_ _' ZSiF4Y -- vVRE To ET AND ALSO

C uF~ v FL'EiT nATv AT~r LS POTNT
C

=zoo;-u (:+3 -, (.-3)

C

C SK=SI'VEL OITu'T JEfn L. To
C

VLZ)-'T=.; ( ILZPT)

CAL FIVAL(i9 9jISlu.iacZPT ft)NE IR TUNIGPON

ISzT=iZ.
OZP=,)UPT

13 IF(S'(.) (i))17,

01Z 3 T 1_ 7P r)

C
C F I'!, iE 1S T41'jC TO Th-iE SF.Co'T TURINtG POINT
C

5D IST21uIS.

7~ 1F (1 S---r- IV Z ? ) 0 9 3 1691 6

10 PSU(=OSK,.(I)SD?,))*~5(-1),VSEP)) ()

30 IrQ.I74JSILZPT)o4

4, 7 =-* Sr +()? PT ) ( Z-, S (S 9v41PT



PAGE '~

13-4 DIT=71 -22*-L-DZP)(KVZT/S(~VZ
C
C CALCUL'ATE 'RA01US AT TU~lhING POINTS
C

14ERTJ=5i*J;TNPT1)IV(PY)VP)


