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{A"computational program haJ been prepared by the
Digital Computing Branch to provide single frequency con-
stant loss contours for the AMOS near-surface propagation
model. This IBM 704 program, designated USL Program No,
0131, is in Fortran language and is described in Appendixes
A and B,

\\ THEORY

Study A of reference (a) contains a detailed descrip-
tion of the method by which Project AMOS near-surface
transmission data were analyzed. The set of four equa-
tions which were developed have been utilized over the
past decade in both the design of sonar equipments and the
development of optimum tactical procedures. The purpose
of Program No, 0131 is to provide an improved method for
displaying this information, making use of the Laboratory's
automatic X-Y plotter to eliminate the need for laborious
hand graphing. Contours of this type have appeared in
Study B of reference (a) and in reference (b), It is felt
that the contents of reference (a) are widely enough known
in the sonar field to preclude repetition here., The
remainder of this memorandum, therefore, will deal with
the specific details of the program design,

Examination of the equations of ref, (a) show that
most of the parameters are functions of source, receiver,
and layer depth, Therefore, the greatest saving in com-
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puting time can be made by fixing the source and layer depths
and searching along a constant receiver depth for specific
values of propagation loss. This procedure is simplified

by the fact that the loss, for these restrictions, is mone-
tonic with range. The only complicating factor occurs at

two zonal boundaries, at which a shift ®akes place from one
describing equation to another, Discoftinuities of as much
as several db have been observed at these interchange points,
To avoid possible problems, the bounde of any trial range
region are made to converge until they are separated by a
selectable range increment, AR, Thereafter, a linear inter-
polation for final range is made, regardless of the total
loss variation in this interval, The program accepts values
of AR between 0.1 and 1.0 kyds.

The 1imits of the computation are set by establishing
a "window" in range and depth, which corresponds to receiver
locations of interest for a fixed source depth, Since the
AMOS equations asaume equal loss along reverse paths, the
nomenclature "gsource depth" and '"receiver depth" are
arbitrary, and the output curves can be interpreted as show-
ing the effect of either own ship or target motion in depth,
The range interval of the window is bounded by "RMIN" and
"RMAX." where Ryayx must be no greater than 100 kyds, and
the difference no less than 10 kyds. The depth interval is
bounded by "ZyIN" and "ZMAX-" which, along with the source,
receiver, and layer depths, are limited to a maximum of
1500 feet. The depth cuts at which computations are made
in the window are spaced by intervals of "AZ," which can be
no more than 200 feet. In addition, the minimum value of
AZ is restricted to 10 feet or 0.01 of the total window
depth interval, whichever is larger., The set of constant
loss contours are bounded by "NMIN" and " ", with inter-
mediate values spaced at intervals of AN, wenty such con-
tours may be computed and plotted in any set; however,
only the first thirteen may be printed out, due to the space
limitation of the printer, Neither Nyiy nor Ny,y may exceed
a value of 200 db, while AN is restricted to the interval
between 1 and 20 db, If a contour falls outside of the
window, a "no value" indication is stored,

The remaining parameters which affect the computation
are sea state, surface temperature, and frequency, Input
temperatures are restricted to the interval between 30° and
100°F, The frequency must be between 0,5 and 50 kc, even
though the AMOS data represented only a 2 to 25 ke variation,
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It is felt that these extensions are somewhat questionable,
as is the maximum depth limit, but they are provided as a
convenience to the user, assuming that he is aware of the
possible errors that may result,

One of the important features of the program design 1is
an automatic checking of all the input parameters before
the computation begins. Thi@ feature prevents the loss of
computer and plotter time for non-acceptable cases, and
presents the user with a complete listing of all faulty
inputs. An example of such a printout is given in Figure
(1).

The program performs all computations for a single
case and stores the resulting range points in a loss-depth
matrix prior to output, Thereatter, any combination of
printing, writing tape, and punching cards can be selected
by the settings of sense switches 1, 3, and 2, respectively,

COMPUTER PROGRAM DESCRIPTION

A fiow chart for USL Program No, 0131 is Appendix A,
and the IBM 704 Fortran Program is Appendix B,

The basic input data deck required by the program
consists of seven cards which contain the input parameters.
Consecutive cases can be run by adding indicator cards and
either one or seven new parameter cards, depending upon
the extent of the change desired, The card formats are
given in Table 1.

TABLE 1
CARD FORMAT
Card No, Cols. Contents
1 1-4 "0131"
5-80 (Unused)

2 1-42 Any 42 letter-number~symbol combinattion,
43-80 (Unused)

3 1-15 RyiN (kyds) ([<(Ryax = 10 kydes)]
16-30 R (kyds) (<100 kyds]
31-45% AH (kyds) (0.1 to 1,0 kyds]
46-80 (Unused)
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TABLE 1 (Cont'd)

CARD FORMAT
Card No. Cols. " Contents
4 1-18 ZMIN (£t) [g1500 f£¢t]
16-30 (£t) [<1500 ft]
31-45 A (£t) [10 te 200 ft]
46-80 (Unused)
S 1-18  NyN (db)  [<200 db]
16-30 Npax (db) [<200 db]
31-48 AN (db) [1 to 20 db]
46-80 (Unused)
6 1-18 S, Sea State
16-30 T, Temperature (°F,) [30° to 100°]
31-80 (Unused)
7 1-18 f, frequency (kec) [0.5 to 50 kel
16-30 L, layer depth (f£t) [<1500 ft]
31-45 Z,, source depth (ft) [€1500 ft]
46-57 Any combination of letters and symbols
used to identify card output packages.
58-80 (Unused)
8 1 (+) means that cards of type 1-7 will
be read in for the next case; (-)
means that only a card of type 7
follows,
NOTE:

All numerical input parameters are in F 15,7 format,
with the exception of card No, 1.

The program uses Tape Unit No, 3 for primary data
input, and Tape Unit No, 5 for output to the plotter, The
functions controlled by the sense switch settings are listed
at the beginning of the Fortran program in Appendix B for
convenient reference, At least one of the first three

sense switches must be down,

or no output at all will result,
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It a tape failure occurs, an option is provided, through
sense switch 6, to read the input parameters directly from
the on-1ine card reader, No automatic scaling for the
plotter is included in the program. The running time is
dependent on the sisze of AR and the total mumber of points
computed, vhich is the product of the loss contours ( <20)
and depth cuts (£100), A typical time for 793 points (13
contours and 61 depths) and a AR of 0,2 kyds is 3 minutes
for tape only, 5 minutes for printout and tape, and 60
minutes for printout and punch, The use of cards as either
input or output mode should be discouraged, since the
running time per case becomes obviously prohibitive,

Three sample computations have been performed, which
correspond to the parameters of Figs. 1A, 3A, and SA of
Study B,ref. (a)., The printout format for the first case
is given in Fig, 2, and plots of the three cases are given
in Fige., 3, 4, and 5, respectively,

SUMMARY

An IBM 704 Fortram program, USL Program No, 0131, has
been written to provide single frequency constant loss
contours for the AMOS near-surface propagation model, This
program provides an improved capability to evaluate the
general characteristics of an extensive sound field by
automatically plotting the computed contours,

ﬁD T. EINSTEIN
Research Associate

Qthr 2 Koo, .
ARTHUR G, REIS, JR,
Mathematician
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SOURCE TOO DEEP,20 =

TESTING DATA REJECTION
OUTPUT TO TAPE NO, 5

2225,0000000

' AYER TOO DEEPs L = 250040000000

FREQUENCY ERRORy F =

TEMPERATURE ERROR, T =

WINDOW DEPTH ERRORs ZMIN
ZMAX

DELTA Z TOO SMALL, DZ =

LOSS DOMAIN ERRORy NMIN

DELTA N IS TOO SMALL AND

WINDOW TOO SMALL, RMIN =

DELTA R IS TOO LARGE AND

500.0000000

212.0000000

Oe
2000,0000000

0.

Oe NMAX = 25040000000

045000000

040010000 RMAX = 042000000

800000000

CORRECT THE ABOVE LISTED INPUT DATA ERRORS

THE PROGRAM CANNOT BE CONTINUED FOR THIS DATA

HIT THE START KEY IF THE DATA FOR A SUBSEQUENT RUN IS READY

Fig. 1 - Printout for Automatic Checking of Input Data
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APPENDIX A

FLOW CHART FOR USL PROGRAM NO. 0131
'"CONSTANT LOSS CONTOURS FOR AMOS PROPAGATION!

o

(pmm- TITLE FIRST RECEIVER DEPTH

A Z=Z MmN
( ) 8¢,87 3 @ "
READ INPUT PARAMETERS 10}

100

RM‘N'RMAX)AR NORMALIZE RECEIVER DEPTH
s Evax s AR 3=\Nz/L
; NmiN'Nmax, AN
1,9 14
NO
ATy 6= 20() 8
READ INPUT PARAMETERS
.f ,L,Io YES
LI 2313301 5§
TEST SUITARILITY G(3,,3,$)=0.1x10 § & &
OF ALL INPUT
PARAMETERS
ZB:R NT AiL INPUT g i
! COMPUTED H 30
( PARAMETERS ) OVERFLOW? H=4.0 x10
200 4
ATFENUATION COEFFICIENT 415
2 2 7
o<(f;f)=°':5" 21 G0 H(30,3)-04 [1013 32l 4108 4 10%]
fe+fq? fr
¥
NORMALIZE SOURCE DERTH P it
}o'—’JZo/L H'H"(e)

o

NO 13
<O m@' No ,
R+ £\ 321

3301 YES b B
SCATTERING COEFF\CIENT L

%5=4.5\gA ZONE COEFFICIENT

1_”_:._ =R 7 (1)
401"\ 1z X
{osx? “Oslry= EV3 ®
YES
K125 (1-30) PRACTICABLE

P e
3

12
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SET umits OF(QN)3 DOMAIN
K=R N=ANDY(Z R)
R, N =ANDY(Z,R)

e 1

’EEAR STORED TABT;]
[0

L

FIRST L0SS comou?]

N°=NMlN

p

[ comeuTE (2,n) INDICRS
(3-2,.)
Iy #1

(No=N

AN

®

IN = MON)

103
| R(Il.!n)'"No VALUE" @

13

S BT

19

B R(110:R

1S 103

N P YES STORED N\ YES . ]
R R(Tz.14)="NO /ALUE
0 TABLIE=§;APTY (t3.10) |

NO

DEFINE NEW DOMAIN
USING STORED TABLE

R=R;N=N
R=R(1); N=N(T)
I=1-4

|

13
THIS PAGE IS BEST QUALITY PRACTICABLE

FROE OOPY FURKISHED 10 DOC e |




2|

N.~—N
R 0 -
I2.I10)=R+ ) R
( 2 N) ( A =O

20

ERROR sTOP

CHOP(R,R)
R+R

P
¥

ROUND OFF R’ TO ’
NEAREST AR MULTIPLE

l |

N'=ANDY(Z,R')
4 FINE NEW DOMAIN
' YES fR(1z, 1) =R’ PEFITOWER Boonty” l
N'=Ng ?
o ! 24N B_:R';§=N' |
NO 25
ves |STORE R IN TABLE
N'>Ng ? I=1+1 1l
R(I)=R;N(I)=N
23 NO ‘
DEFINE NEW DOMAIN DEFINE NEW DOMAIN
LOWER BOUND UPPER BOUND
R=R';N=N’ R=R N=N’

¢ |

| PRINT, PUNCH, OR
Ng=Ng+AN e
@ R(Iz,Iy)Vs Z&N

|

YES a
‘ NEW SET OF

t ice MO

| 2:2+A12

g

SToP

l1e
THIS PAGE IS BEST QUALITY PRACILCABLA
FROM OOPY FURKLSHED TODDC  mner




SUBROUTINE '""ANDY'' FOR USL PROGRAM NO. 0131

ED

=T
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R,=ANDY EQ*| | [R,=ANDY EQ*3 [R,-Auov Q¥4
j 4 i |
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308 34517
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E2 E)+TERM+60
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APPENDIX B

FORTRAN PROGRAM NO, 0131

SINGLE FREQUENCY AMOS~LOSS CONTOURS USING SUBROUTINE ANDY. 0131
SENSE SWITCH SETTINGS

SENSE SWITCH 1 (PRINTER)
UP - CONTOURS NOT PRINTED DOWN ~ TABLE OF CONSTANT AMOS~LOSS
CONTOURS 15 PRINTED

SENSE SWITCH 2 (CARDS)
UP = NO PUNCHING DOWN =~ leDe CARD AND CONTOURS ARE
PUNCHED FOR DATA PLOTTER

SENSE SWITCH 3 (OUTPUT TAPE UNIT 5)
UP = NO OUTPUT DOWN - CONTOURS ARE WRITTEN ON TAPE
UNIT 5 FOR THE DATA PLOTTER

SENSE SWITCH 4 (NOT USED)
SENSE SWITCH 5 (NOT USED)

SENSE SWITCH 6 (DATA INPUT)
UP - INPUT FROM TAPE UNIT 3 DOWN - INPUT FROM CARD READER #

* NOTE THAT THE CARD FORMAT IS IDENTICAL IN EITHER INPUT MODE

DIMENSION RR(100)+EEN(100)sR(100+20)+8(20)
EQUIVALENCE (20+20)

COMMON R13AA3GIHIASIELZELZEOFsIN»20
DEC 140

DEC 04000002

DEC 3.0

DEC 84000

DEC 04001

DEC 131

OCT 000000777777

DEC 80000

DEC 10000

T37 = 3140

IF(SENSE SWITCH 3)1000,100

REWIND 5

END FILE 5

PRINT 1

FORMAT(1H1930X46HSINGLE FREQUENCY AMOS~LOSS CONTOURS NO. 0131)
IF(SENSE SWITCH 6)98+97

READ INPUT TAPE 3,96, 1D

FORMAT(14)
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FROM OOPY JURALSHED TODDC
CLA ID
sug 100
TZE*95
294 PRINT 94
94 FORMAT(11H WRONG DATA/1H1)
HTR*100
95 READ INPUT TAPE 3493yHEAD,ERCARDsNOJMEN,CLA,TURE
93 FORMAT(7A6)
TRA%92
98 READ 96410

CLA ID
sSuB 1DD
TNZ*294
READ 93+HEADIERICARDsNOIMENSCLA» TURE
92 IF(SENSE SWITCH 3)201,202
201 PRINT 206 +HEAD+ERsCARDINOSMENCLA» TURE
206 FORMAT(1HO#»32XTA6/1H »32X20HOUTPUT TO TAPE NOe 5)
GO TO 204
202 IF(SENSE SWITCH 1)203+204
203 PRINT 207 sHEADSERyCARDINOsMEN,»CLA» TURE
207 FORMAT(1HO0#32X7A6)
204 IF(SENSE SWITCH 2)2095+89
205 PUNCH 208 sHEADER»CARDINOIMEN,CLA, TURE
208 FORMATI(7A6)
2 FORMAT(3F15.7) :
89 IF(SENSE SWITCH 6)86+87
87 READ INPUT TAPE 3+2yRMINsRMAXsDELRsZMINsZMAX +DELZ + ENMIN,ENMAX 4 DELE
INsSS»T
85 READ INPUT TAPE 3+83,FsELsZ0yFLHAG
83 FORMAT(3F1547,2A6) '
82 SENSE LIGHT ©
Z0 = ABSF(Z0)
IF(ZO - 15000)500+5004501
501 PRINT 502, 20
502 FORMAT(23HOSOURCE TOO DEEPsZ0O = sF1547/1H0)
SENSE LIGHT 1
500 EL = ABSFI(EL)
IF(EL - 140)503+5049504
503 EL = 1.0
504 IF(EL = 150040)505+505+506
506 PRINT 507+EL
507 FORMAT(21HOLAYER TOO DEEPs L = 4F15.7/1H0O)
SENSE LIGHT 1
505 F = ABSFI(F)
IF((F = 50¢0)%(F ~ 04500)1508+508+509
509 PRINT 510,F
510 FORMAT(22HOFREQUENCY ERRORy F = y F1547/1H0)
SENSE LIGHT 1
508 SS = ABSF(SS)
T = ABSFI(T)
IF((T= 3060)%(T~100e0))511¢5119512
512 PRINT 513,7T
513 FORMAT(24HOTEMPERATURE ERRORy T = sF15e74/1H0O)
SENSE LIGHT 1
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FROA OOPY FURAISHED TODDC
511 ZMIN = ABSF(ZMIN)
P IMAX = ABSF (ZMAX)
[F(ZMIN = 15000)514+5149515
514 IF(ZMAX = 150040)516+516+515
515 PRINT 517+ZMINsZMAX
517 FORMAT(2BHOWINDOW DEPTH ERRORs ZMIN = 4sF15.7/20X8H ZMAX = sF15.7/1
1H0)
SENSE LIGHT 1
516 DELZ = ABSF(DEL2)
IFI(DELZ = MAX1F(10409 ((ZMAX-ZMIN)/9940)))518+5194519
518 PRINT 520+DELZ
520 FORMAT(25HODELTA Z TOO SMALL,s DZ = 4F15.7/1H0)
SENSE LIGHT 1

. 519 IF(DELZ - 20040)521+5219%22
n 522 DELZ = 20040
' 521 ENMIN = ABSF(ENMIN)
I ENMAX = ABSF (ENMAX)
F IF(ENMIN = 20040)523+523+524 ;
; 523 IF(ENMAX - 20040)15259525+524
, 524 PRINT 526 +ENMINsENMAX
526 FORMAT(2THOLOSS DOMAIN ERRORs NMIN =4F15.745X6HNMAX =9F15.7/1H0)
[ SENSE LIGHT 1
: 525 DELEN= ABSF(DELEN)
IF(DELEN -0499998)527+527+528
528 IF(DELEN - 20.00001529+530+530
530 DELEN = 2040
529 GO TO 531 1
527 PRINT 532+DELEN
532 FORMAT(2THODELTA N IS TOO SMALL AND =4F1547/1H0)
SENSE LIGHT 1
531 RMIN = ABSF(RMIN)
RMAX = ABSF (RMAX)
IF(RMIN = 0.001)533,5344534 !
533 RMIN = 04001
534 IF(RMAX = 10040)535,5354536 4
‘ 536 RMAX = 10040
‘ 535 1F(ABSF (RMAX)=ABSF (RMIN)=100)537+538+538
| 537 PRINT 539 ,RMINRMAX
539 FORMAT (25HOWINOOW TOO SMALLs RMIN =4F15e7s5X6HRMAX =4F1547/1H0)
SENSE LIGHT 1
538 DELR = ABSF (DELR)
IF(DELR = 041)540+541+541
540 DELR = 0.1l
541 [F(DELR = 1¢0)542+542+543
543 PRINT 544,DELR
| 544 FORMAT(2THODELTA R 15 TOO LARGE AND =4F15.7/1H0)
| SENSE LIGHT 1 1
542 [F(SENSE LIGHT 11545282
545 PRINT 546
546 FORMAT (43HOCORRECT THE ABOVE LISTED INPUT DATA ERRORS/46HOTHE PROG
IRAM CANNOT BE CONTINUED FOR THIS DATA/1HO/60HOHIT THE START KEY IF
2 THE DATA FOR A SUBSLQUENT RUN IS READY/1H1)

|
|
{
|
|
{
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FROR OUFY FURNISHED TO DDC

S HTR#81
282 IF(SENSE SWITCH 1)210+209
210 PRINT 3sRMINsRMAXsDELRsZMINsZMAX sDELZ ENMINSENMAX yDELENsSSeToeFsEL s
120
GO 10 212
209 IF(SENSE SWITCH 3)211,212
211 PRINT 3sRMINsRMAXSsDELRYZMINIZMAXIDELZ yENMINSENMAX sDELEN»SSeTeF+EL
120
212 I1F(SENSE SWITCH 2)213,200
213 PUNCH 208,FLsAG
GO 10 200
86 READ Z2sRMINsRMAX+sDELR ¢ZMINeZMAX ¢DELZ +ENMINSENMAX sDELEN 9SS T
B4 READ B83sFsEL»ZOsFLAG :
S TRA*32 g
81 IF(SENSE SWITCH 6)80+79
80 READ 2sSIGN
S TRA*78
79 READ INPUT TAPE 3+2»SIGN
5 78 CLA SIGN
S TPL*99
IF(SENSE SWITCH 6)84985
200 122 = ((ZMAX~ZMIN)/DELZ)+1e2
INN = ((ENMAX~-ENMIN)/DELEN)+142
X = (660 = (210040/(T + 45946)))
FT = 1623%(1060%%X)
AA = (((Qsb65L)H(FRR2)%FT) /((FRR2+FTH%2))) +((0s0269%(F%%2))/FT)
ZEO= SQRTF (Z20/EL)

& LDQ SS

S CLA THR

) TLQ#*3301
AS = 9.0%*SQRTF(F/EL)
GO 70 3300

3301 AS = 4«45*SQRTF(F/EL)
3300 CONTINUE
401 CONTINUE

S CLA ZEO
S FSB ONE
S TPL®]12
Rll= {}e0-2EQ) /4.0
S TRA#13

12 R11 = SQRTF{(ZEO*%*2)- 140)/540,
13 Z = ZMIN
101 ZE = SQRTF(Z/EL)
CLA ZE
FS8 ZEOQ
sSSP
STO TEMP
FSB ONE
TZE*14
TPL*14
G = 0e10%(10s0%*#(243*%TEMP))I*((F/25,0)%#%0.3333333)
TRA*15
14 G = 2040%((F/25,0)%%043333333)
15 LDQ 737

DLDOOLLOLOLL
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THIS PAGE IS BEST QUALITY PRACTICABLE

CLA ZE FRON OOPY FURAISHED T0DDC v
TLQ*411

CLA TEMP

TLO*411

CLA 2EO

TLQ*411

H = 0e4%(10s0%*¥TEMP+10e0*%#ZE4+10.0%*%#2EQ)
TRA%®412

H = 4+.0E+30

CLA F

FSB ATE

TMI*2201

H = H*((F/ATE)%*%#0¢3333333)
CLA ZE

FSB ONE

TPL*16

R1 = R1l+ (140~-ZE)/440
TRA*17

Rl = R1l+ SQRTF((ZE*#2)-140)/540
RLBAR = RMIN

ENLBAR = ANDY(ZsRLBAR)
RUBAR = RMAX

ENUBAR = ANDY(Z»RUBAR)

I =0

ENO = ENMIN

CLA ENO

FSB ENLBAR

TZE*18

STO TEMP

SSP

FSB TwO

TMI*18

CLA TEMP

TMI*#103

CLA ENO

FSB ENUBAR

TZE*19

STO TEMP

SSP

FSB TwO

TMI*19

CLA TEMP

TMI*105

CLA I

TZE*103

TMI*20

RLBAR = RUBAR

ENLBAR = ENUBAR

RUBAR =RRI(1)

ENUBAR =EEN(I)

I = [=-1

TRA*#102

I1Z = ((Z = ZMIN)/DELZ)+142
IN = ((ENO =~ ENMIN)/DELEN)+142
R{IZyIN) = RUBAR
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~TICABLE

1H1§ PAGE LS BEST thﬂgﬂ (_:T/
FRQIOO!Y,UH‘ISHEDTODD

TRA#104

1Z = ((Z = ZMIN)/DELZ)+1e2

IN = ((ENO - ENMIN)/DELEN)+102

R(IZyIN) = RLBAR

TRA*104

1Z = ((Z - ZMIN)/DELZ)+1e2

IN = ((ENO - ENMIN)/DELEN)+142
R(IZyIN) = VALN

CLA ENO

FAD DELEN

STO ENO

LDQ ENMAX

TLQ*106

TRA*102

[Z = ((Z - ZMIN)/DELZ)+1.2

IN = ((ENO - ENMIN)/DELEN)+1.2
CLA RUBAR

FSB RLBAR

FSB DELR

STO TEMP

SSP

FSB TwoO

TMI*21

CLA TEMP

TPL*22

TMI*20

R(IZ+IN)= RLBAR+((ENO-ENLBAR)/(ENUBAR-ENLBAR))*DELR
TRA*104

CLA RUBAR

FSB RLBAR

FSB DELR

LDQ 1

HPR

TRA#181

ARE = (RLBAR + RUBAR)/2.0
K = (ARE/DELR + 0.5)

CAY = K

ARE = CAY#*DELR

EN = ANDY(ZyARE)

CLA EN

FSB ENO

STO TEMP

sSSP

FSB TwO

TMI*24

CLA TEMP

TMI%*23

FPL®25

RLBAR = ARE

ENLBAR= EN

GO TO 105

[Z = ((Z = ZMIN)/DELZ)+1e2
IN = ((ENO = ENMIN)/DELEN)+142
R(IZyIN) = ARE

RLBAR = ARE

ENLBAR = EN

GO TO 104




25 1 =1 + 1 ISPA@mBESTQUALI“mCTICABm
RR(I) = RUBAR TH SHED TODDC  —
EEN(1)= ENUBAR FRON 00PY JUREI
RUBAR = ARE
ENUBAR= EN
GO TO 105
106 GLA 2

FAD DELZ

STO 2

LDO ZMAX

TLQ*26

TRA*101

THIS IS LIKE A SUBROUTINE
26 IF(SENSE SWITCH 11300+301
301 IF(SENSE SWITCH 3)302,303
303 IF(SENSE SWITCH 2)302,181
181 DO 182 I1 = 1,20
s STZ B(I1)

DO 182 J=1,100

s STZ R(Js11)

182 CONTINUE

S TRA%*81

300 B(1)= ENMIN
DO 304 II = 2,INN

304 B(I1) = B(II-1) + DELEN
PRINT 306
PRINT 305sB(1)4B(2)sB(3)sB(4)sBI5)sB(6)sB(T)sB'31,B(9)sB(20)sB(11)
14B(12)sB(13)

306 FORMAT(1H0»s32X32HTABLE OF CONTOUR RANGES IN KYDSe)

305 FORMAT(1HOs6HZ (FT)sF6els2HDBsF6ely2HDBF6els2HDBsF6al 9 2HDBsF6al 2
1HOBsF6e132HDByF6E ol 92HDBsF6 el 92HDBsF6el s 2HDB3sF6els2HDBsFbel 92HDBF6
2¢142HDBsF641y2HDB)

Z = ZMIN

5 TRA*307

308 2 = Z + DELZ

307 12 = ((Z - ZMIN)/DELZ)+1e2

IF(INN - 13)3390+3390,3391
3391 IPN = 13
GO TO 3392
3390 IPN = INN
3392 PRINT 30992y (R(IZsI11)s11 = 141PN)
309 FORMAT(1HOsF6els13(F8e2))
LDQ 2 .
CLA ZMAX
TLO*308
PRINT 1002
1002 FORMAT(1HI)
S TRA*301
202 EN = ENMIN
5 TRA%*3555

28 EN = EN + DELEN

3555 [F(SENSE SWITCH 1) 31,35
35 PRINT 1354EN

135 FORMAT(1HO#3HN =3F6.+1+3H DB)

31 2 = ZMIN

NVLLuLunnn
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THIS PAGE 1S BEST QUALITY PRACTICABLE
FROM OOPY JURRISHED TO DDC =L,

TRA%*32

Z = 2 + DEL2

L2 ((Z - ZMIN)/DELZ)+1.2
IN ((EN-ENMIN)/DELEN)+1e2
CAL VALN

COM

ANA R(IZsIN) -

TZE*344

IF(SENSE SWITCH 2)37,38

IPE = Z + 0«5

1P2 100s0%¥R(IZsIN)+0e5
1Pl IP1 + MONG

P2 IP2 + MONG

PUNCH 901sIP1sIP2,+EN
FORMAT(6X1696X16932XF15e7 )

nonon

IF(SENSE SWITCH 3)39,40
IMX = 2 + 065 ¥

IMX = IMX + MONG

iMY = 1000%R(IZsIN) + 0s5
IMY = IMY + MONG

WRITE OUTPUT TAPE 5,100&4s IMXy IMY
FORMAT(216)

GO TO 40

IF(SENSE SWITCH 1)40,34

PRINT 112

CLA ZMAX

LDQ Z

TLQ*33

IF(SENSE SWITCH 3)1003,1006

WRITE OUTPUT TAPE 5,1004sLIFTHLIFT

IF(SENSE SWITCH 2)1005,1007

PUNCH 901sLIFTHLIFT

CLA ENMAX

LDQ EN

TLO*28

IF(SENSE SWITCH 3)1881,181

END FILE 5

TRA*181

FORMAT(2F6e3)

FORMAT(1H+322XF154T7s5XF15e75/)

FORMAT(1H +22XF154799X8HNO VALUEs/)

FORMAT(9HOR(MIN) =4F7e23s6H (KYD)y15XBHR(MAX) =9sFT7e296H (KYD)s14X9H
IDELTA R =3FT7e296H (KYD)/9HOZ(MIN) =4FBe295H (FT)s15X8HZ (MAX) =,F8s
2295H (FT)9s14X9HDELTA Z =9FB8e2+5H (FT)/12HOLOSS(MIN) =4FT742+s5H (DB)
3513X11HLOSS(MAX) =9FT74295H (DB)»12X13HLOSS CHANGE =3FT742+5H (DB)/1
42HOSEA STATE =43F541920X13HTEMPERATURE =3F541+8H (DEG F)/12HOFREQUE
SNCY =9F5e19s5H (KC)915X13HLAYER DEPTH =¢FT7ele5H (FT)s10X14HSQURCE O
6EPTH =3F7e1s5H (FT))

FORMAT(1HOs2XF1547)

END(Oslslslel)
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CTICABLE
THIS PACE IS Bl qm;’c;ln‘rg:n —
FROR COPY FURSLSHED
FUNCTION SUBPROGRAM ANDY 0131

FUNCTION ANDY(ZsR)
EQUIVALENCE (20»20)
COMMON ARE13AAsGoHIASHIELYZE»ZEOSFoIN»20

DEC 045000000
DEC 1.0000000
DEC 0443429448
DEC 8.0000000
DEC 6040
20 = 20

ARE = R /SQRTF(EL)

TERM = 20.,0%CON®LOGF{(R) + AA#R
CLA ARE

FSB ARE1

TMI*10

FSB HALF

TZE*20

TMI*20

TRA#30

R1 = TERM + (ARE/ARE1)*G + 60.0
TRA*42

R1 = TERM +(2.0%(ARE =~ ARE1))*H + (1.0=-(2.0*{ARE ~ ARE1l)))#*G +60.,0
TRA*42

R1 =((TERM -~ AA*R)/20) + (AA+AS)*R + H ~AS#({{AREL1+HALF)#(EL##.50)
1) + 100%CONR*LOGF ((ARE1+HALF)*(EL*%,50)) + 6040
CLA ONE

FsSB ZE

TMI*50

STO E1

CLA ONE

FSB8 ZEO

LRS 35

FMP E1

TMI*50

ANDY = R1

GO YO 60

El = (2540 =((ABSF(Z~EL))**HALF) = ((ABSF(ZO-EL))#*HALF) + 5.0%R)*
1((F/25.0)%%063333333)

CLA E1

TMI*912

FAD TERM

FAD SIX

STO E1

GO TO 913

STZ E1

CLA E1

TRA#914

CLA E1

LDQ R1

TLO#*51

STO ANDY

TRA*60

STQ ANDY

RETURN

END(Os1slslsl)
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