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-— A~~~~~putatiàiiI program has been prepar.d by the
Digital Computing Branch to provide single frequency con-
stant loss contours for the AMOS near-surfac. propagation
model. This IBM 704 program , designated USL Program No.
0131. is in Fortran language and t. described in Appendixes
A and B.

THEORY

Study A of reference (a) contain, 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
pact decade in both the des ign of sonar equ ipmen ts an d the
development of optimum tactical procedures . Th. purpose
of Program No. 0131 is to provide an improved method for
displaying this information , making use of the Laboratory ’s
automat ic X—Y plo tter  to el im inate  the  nee d fo r  la bor ious
hand graphing . Contour, of th is type have appeared in
Study B of reference (a) and in reference (b) . It ii fel t
that the  con ten t s of r efe rence  (a) are w idely enough known
in the sonar field to preclude repetition here . The
remainder of this memorandum , t he r e f o r e, will deal with
the specific details of the program design .

Exam ination 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. Thu procedure is simplified
by the fact that the loss , for these reøtrictiona , is mono-
ton ic with range. The only complicating factor occurs at
two zonal boundaries , at wh ich a shift takes place from one
describing equation to another, Dis~o~ tinutt ies of as much
as several db have been observed at these interchange points .
To avoid possible problems , the bounds of any trial rang.
region are made to converge until they are separated by a
selectable rang• incres.nt,AR . Thereafter , a linear inter-
polation for final range is made, r.gardle.s of the total
loss variation in this interval . The program accepts valu•s
of~~~R b.tween 0.1 and 1.0 kyds.

Tb. limits of the coSputatton are set by .stabj.ishing
a “window ” in range and depth , which corresponds to receiver
locations of interest for a fixed source depth . Since the
AMOS equations assume equal los, along reverse paths the
nomencla ture “source depth” and “receiver depth” are
ar bi t rary , and the output curves can be interpreted as show-
ing the effec t of •ith•r own ship or target motion in depth .
The range interval of the window i~ bounded by “RMIN” and
“RM~~~.” whsre R~~j( 

must be no greater than 100 kyds , and
the difference no less than 10 kyds . The depth interval i~
bounded by “ZMIN” and “Zw~j,” which , along with the source ,
rece iver , and layer depths . ars limited to a maximum of
1500 feet. The depth cuts at which computations are made
in the window are spaced by intervals of ‘~~Z,” which can be
no more than 200 feet. In addition , the minimum value of
AZ is restricted to 10 f.et or 0.01 of the total window
depth interval , whichever is larger. The set of constant
loss contours are bounded by “NMIN” and “NuA~~”, w ith inter-
mediate values spaced at intervals of AN , Twenty such con-
tours may be computed and plotted in any sst; however ,
only the first thirteen may be printed out , due to the space
limitation of the printer . Neither NMIN nor NMP~ 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 va lue ” indication is stored ,

The remaining parameters which affect the computation
are sea state , surface temperature , and frequency. Input
temperature . are restricted to the interval between 300 and
1000F. The frequency must be between 0 .5 and 50 kc , even
though the AMOS data represented only a 2 to 25 kc variation .
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It i~ f elt that these exteflsLons are somewhat qu .stionabl •,
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 f eatures of the program design is
an automatic checking of all the input parameters before
the computation begins. This 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 eli. computations for a single
case and stores the resulting range points in a loss—depth
matrix prior to output . Thereafter , any combination of
pr inting, wr iting tape , and punching cards can be selected
by the set t ings of sens e. sw itches 1, 3, and 2, respect ively.

COMPUTER PROGRAM DESCRIPT ION

A flow chart for USL Program No. 0131 is Appendix A ,
and the IBM 704 Fortran Program is Append ix B.

The basic input data deck required by the program
cons ists of seven cards which contain the input parameters.
Consecut ive 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 combination .
43-80 (Unused)

3 1—15 RMIN (hyde) (~~(R~fp~ — 10 kyds)]
18—30 

~uAy 
(hyde) ~(100 kyds~

31—45 AW (ky ds)  CO .I to 1.0 kyds]
46—80 (Unused)

~~~~ 
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TABLE 1 (Cont’d)

CARD FORMAT

Card No, Cols. Contents

4 1—15 ZMIN (it) [(1500 it]
16—30 Z,,~~ (i t )  [(1500 f t~
31—45 A2 (it) [10 to 200 f tj
46—80 (Unused)

5 1-15 NM~~ 
(db) C~2oo db]

16-30 N~ .X (db )  [(200 db]
31—45 6N (db) [1 to 20 db]
46—80 (Unused)

6 1—15 S, Sea State
16-30 T, Temperature (°F.) [300 to 1000:1
31—80 (Unused)

7 1—3.5 i frequency (he) [0.5 to 50 ke]
16—30 L~ layer depth (it) t~1500 ftl
31—45 Z0, source depth (it) [~1500 it]
46—57 Any combination of letters and symbols

used to identify card output packages .
• 58—80 (Unused)

6 1 (+) means that cards of type 1—7 will
b. read in for the next case; (— )
means that only a card of type 7
follows ,

NOTE:

Au numerical input parameters are in F 15.7 f ormat ,
with the exception of card No, 1.

The program uses Tsp. Unit No. 3 for primary data
input , and Tape Unit No. 5 fo r  ou tpu t  to th e plo t te r. The
funct ions controlled by the sense switch settings are listed
at th. beginning of the Fortran program in Appendix B for
conven ient reference. At least one of th. first three
sense switche, must be down , or no output at all w ill resul t ,

4



If a tape failure occurs, an option Is prov ided , through
sense swttoh 0, to read the input parameters directly from
the on-line card reader No automatic scaling for the
plotter is tnc3.uded in the program . The running time is
dependent on the cisc of AR and the total number of points
computed , which I. the product of the loss contours ( ~~20)and depth cuts C~~ l00). A typical time for 793 points (13
contours and 61 depths) and a ~R of 0.2 kyds is 3 minutes
for tape only, 5 *inutes for printout and tape, and 60
minutes for printout and punch. The use of cards as either
input or output *ode should be discouraged , since the
running time per case becomes obviously prohibitive.

Three sample computations have b•en performed , whish
correspond to the param.t.rs of Figs. lA, 3A, and 5A of
Study B,ref , (a), The printout format for th. first case
is given in Fig. 2, and plots of the three cases are given
in Figs. 3, 4, and 5, respectively.

SU7~~ARY

An IBM 704 Fortran program , USL Program No. 0131, has
been written to provide singl. frequency constant loss
contours f or 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.

L T. EINSTEIN
Research Associate

O~tL~~ i&~~~~~~~~~~~ •

ARTHUR G. REIS, JR.
Mathematician
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TESTING DATA REJECTION
OUTPUT TO TAPE NO. 5

SOURCE TOO DEEP,Z0 = 2225.0000000

AVER TOO DEEP, L 2500.0000000

FREQUENCY ERROR , F 500.0000000

TEMPERATURE ERROR , T 212.0000000

WINDOW DEPTH ERROR , ZMIN = 0.
ZMAX = 2000.0000000

DELTA Z TOO SMALL, DZ 0.

LOSS DOMAIN ERROR , NMIN 0. NMAX 250.0000000

DELTA N IS TOO SMALL AND 0.5000000

WINDOW TOO SMALL, RMIN • 0.0010000 RMAX 0.2000000

DELTA R IS TOO LARGE AND 80.0000000

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 Checki ng of Input Data
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APPENDIX A
FLOW GHART FOR USL PROGRAM NO. 0131

“ CONSTANT LOSS CONTOURS FOR AMOS PROPAGATION”
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IOU ~

(c~~ NT ~~~~~~ FIRST REC EIVER DEPTH
_____________ 

Z ZMI,~

LEAD 
INPUT PP.R$~MtT

NORMA LIZ E RECEIVER DEPTHR M I N  IR MAX I 
_____

~ MIW IMAX I ‘~~

_ _ _ _ _ _ _ _ _ _ _ _  ‘4

NMININMA X , E~N
T ,5

~4~ 5 ‘3.~I(1? 
NO

~~~~~

D INPUT P~ R~ METE1~~J

TEST 5t)ITARILIT’( G().0~~,,$)=O.1x
OF ~ LL INPUT I
P~~R~s1vW1FRS

4 411W ILL[PRINT ~SLL INPUT COMPUTED H YES
~.~~~~~RAMETER~~~) 

15 
OVERFLOW ? H~ 4-.0II0~~

zoo -‘I’

ATT ENUATION COEFFIC IENT 1 415 NO

+ 
O.02~ 9$~-

c1

4

-

______ YESNORMALIZE SOURCE DE~i~

J 

4I?.

.~ o = ’~JZ0/ L ~ ?8 KC ?

~~~~~~~~~ N04~~~~~~~~~~~_____ I’zaoi
________ NO

~~I l ’
~~~~ J3301

~~~~

TTE RING CO EFFICI ENT I YES

ZONE COEFFICIENT

-

~~~

IZ.

This P~~~~
s ~BS1r ~

3k~itT~
I

( ~‘ao* ~~~ 
JILJ~~J~S~~~~ ~~~

12



-

(s~)
‘7 T

~~~~~~~~~~~~~~~~ tj~ A NDY (z~~ )
(~~~~~~~M(.~is; N:AN (~~~J

STOREb

IF I~~~ ST LOSS CONTO U~~ j

L N O~~
N MIW J

~~~~~M~ UTE (l,N) NOIC~~~~~
(Z- I

M S S )

I03
10 

- •N0 ’ N ?  R(L z.!N)e NO VAI..UE 8

18

No~~~ ± ?  
YES

I,

N0 s M ?  YES

NO

iS ‘03
N YES STORED YES0> TA BLE EMPTY R(r~ .I~~~ NO /ALUE

I~ O ?

NO

DEFINE NEW DOMAIN
USING SICRED TA BLE

.S:~ ;N~~~
~~z R ( I ) ;  N:N(!)

— t : I — ~.

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
13

ffiO II OQF~ J’~~~LSk~~D TO D~.Q ~~~~~~~~
.-

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - - -~~~-~~~~~~~~~~~ -~~~ ~~~~ —‘ -~~~~~~~~~~~



—5- - . - . -

~~~~~~

---

(;)
21

505
YES R ( I!!N)~~R+ (N

0
~~~)As 

~~~~

~ — R<~sk? ~~~4ERROR Sio~1
~ NO
CHOP(R 1~~)

R+R

ROUND OFF R’ TO
NEARE5T~~R MULTIPLE

ISI3:ANDY(Z,R’)

YES 
24 

DEFINE NEW DOMAIN
N~~N0 ? R(1 Z IN)SR ’ LOWER BOUND

R R ’ ; N~~N
4

NO

YE 5TORE ~ IN TABLE
M’>N0?

• NO

F~EFINE NEW DOMAIN DEFINE NEW DOMMN
I LOWER bOUND UPPER BOUND
[ R Z R ’;N N ’

(~~~)

jN 0~ N0 #~~Ni {PRINT,PUNC)~ OR~
’\

~~~~~~~~~~~~~~~~~~~~ OUTPUT TO TAPE
R(IZ,rN)y, ~ &N

YES

18 TOTALLY
NO NEW SET OF YE S

INPUT$ ?
1:1 +L~ Z

NO

NEW
YES 

81 
~ ,L,Z0 

YES 
a

— MAX ‘1- ONLY ?

NO NO

STO P

TBIS PAGE IS BIIST QUALITY F~~~~~~~~ S~~~~~~* 14

raoa oQ!~ Jt~~ISl~~ 
To D~Q ._~~~~~~~~

‘--

- • _ _ _ _  _ _ _ _ _



_ _  - 

SUBROU TINE “ANDY” FOR USL PROGRAM NO. 0131
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APPENDIX B

FORTRAN PROGRAM 1~O. 0131

SINGLE FREQUENCY AMOS—LOSS CONTOURS USING SUBROUT INE ANDY. 0131

SENSE SWITCH SETTINGS

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

CONTOURS I S PR INTED

SENSE SWITCH 2 (CARDS )
UP — NO PUNCHiNG DOWN — I.D. 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 U5ED)

SENSE SWITCH 5 (NOT USEDI

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).R(100,201,B (20)
EQUIVALENCE (ZOsZO)
COMMON R1 sAA ,GsH,A~ ,EL,ZEpZEO~FsIN~ ZO

S ONE DEC 1.0
S TWO DEC 0.000002
S THR DEC 3.0
S ATE DEC 8.000
S TEN DEC 0.001
S IDO DEC 131
SVALN OCT 000000777777
SLIFT DEC 80000
SMONG DEC 10000

T37 = 31.0
IFISENSE SWITCH 3)1000.100

1000 REWIND 5
END PILE 5

100 PRINT 1
1 FORMAT I1HI.3OX4bHSINGLE FREQUENCY AMOS—LOSS CONTOURS NO. 0131)

99 IF(SENSE SWITCH 6)98,97
97 READ INPUT TAPE 3,96,ID
96 FORMA’T 114 )

16
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) TO DDC
S (LA ID
S SUB 100
S T Z E * 95

• 294 PRINT 94
94 FORMAT (11H WRONG DATA/IHI)

S I-ITR*100
95 READ INPUT TAPE 3,93,HEAD,ER,CARD,NO,MEN,CLA,TURE
93 FORMAT (7A6)

S TRA* 92
98 READ 96.10

S (LA ID
S SUB IDD
S TNZ’294

READ 93.HEAO,ER,CARD,N0.MEN.CLA,TURE
92 IF (SENSE SWITCH 3)201,202
201 PRINT 206,HEAD,ER,CARD.NO,MEN,CLA,TURE
206 FORMAT (1HO,32X7A6/1H ,32X2OHOUTPUT TO TAPE NO. 5)

GO 10 204
202 IF (5ENSE SWITCH 1)203.204
203 PRINT 207,HEAD,ER .CARD,NO,MEN.CLA,TURE
207 FORMAT (1HO.32x7A6)
204 IF (SENSE SWITCH 2)205,89
205 PUNCH 208,HEAD,ER .CARD,NO,MEN,CLA,TURE
208 FORMAT (7A6 )

2 FO RMAT ( 3F 15 .7 )  
-

89 IF (SENSE SWITCH 6)86,87
87 READ INPUT TAPE 3.2,RMIN~ RMA X,DELR,ZMIN,ZMAX ,OELZ,ENMIN,CNMAX,OELE

1N .SS,T
85 READ INPUT TAPE 3,83,F,EL,ZO,FL,AG

- 63 FORMAT (3F15.7,2A6) 
-

82 SENSE LiGHT 0
zo = A8SF (ZO)
IF ZO — 1500.0)500,500,501

501 PRINT 502, ZO
502 FORMAT I23HOSOURCE TOO DEEP,Z0 ,F15.7/1H0 )

SENSE LIGHT 1
500 EL = ABSF (EL)

IF (EL — 1.0)503.504,504
503 EL 1.0
504 IF( EL  — 1500.0)505,505,506
506 P R I N T  507~~EL
507 FORMAT (21HOLAYER TOO DEEP, L ,F15.7/1HO )

SENSE LIGHT 1
505 F = ABSF (F)

IF( (F — 5 0 . O ) * ( F  — 0.5001)508,508,509
• 509 PRINT 51O,F

510 FORMATI22HOFREQUENCY ERROR , F • F15.7,IHOJ
SENSE LIGHT 1

508 SS = ABSF (SS)
I = ABSF (T)
IF(  ( T —  30.O * ( T _ 1 00 . O )  )511,5 11,512

512 PRINT 513.1
51 3 FORMA T(24HOT IMP ERATUR E ERROR , I = ,F15.7,,1HO )

SiN~~1 LIGHT 1

17
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THIS FAG! IS B~ST QUALITY p?ACTICABJJ
?wJac,on,4EsH~~TO DDC —

511 IMIN A d S l - ( L M I N)
• - AI3 SF ( Z M A X )

1 I - ( I M I N — 1500.0)514 ,5 14 ,515
51’. I F ( Z M A X  — 1500.0)516,516.515
515 P R I N T  5 17 .Z M I N .Z MA X
51~ FOR MAT (28HOW INDOW DEPTH ERROR , ZMIN = ,F15.7/20X8H ZMAX • ,F15.7/1

I HO )
SEN- iL LIG HT 1

5 16 DELl A I 3 S F ( D E L Z )
I F ( D E L Z  — MAXLF(1O .O,( (ZMAX—ZMIN)/99.O ) ))518.519,519

518 PRINT 520,DELL
520 I-ORMAT IZ5HOOL LTA 2 TOO SMALL, DZ = ,F15.7/1HO)

SEN SE L I G H T 1
519 I F ( D E L Z  — 2O0.O)S21,521.~ 22
522 DELZ 2 2 0 0 . 0

521 ENM IN A I3SF( ENMINI
ENMAX A 8SF E N MAX )
I F ( E N M I N  — 200.05523,523.524

523 I F I E N M A X  — 200.0)525,525,524
524 PRINT 526,ENMIN,ENMAX
526 FORMAT (27H0L055 DOMAIN ERROR , NMIN = ,F15.7,5X6HNMAX = ,F15.7/1HO )

SENSE L IGHT 1
525 DELEN~ A BS F ( D E L E N )

l i- I DEL EN — 0 . 9 9 9 9 8 ) 5 2 7 . 52 7 . 5 2 8
528 IF I DELEN — 20.0000,529,530.530
530 DELEM 20.0
529 GO TO 531
527 P R I N T  532 .DELEN
532 F O R M A T I 2 7 H O D E L T A  14 IS TOO SMALL AND • , f15 .7 /1HO)

SENSE L IGHT 1
531  RMI N = A B S F ( R M I N I

RHAX A BS F( R? .~A X )
I FV ~M1N — 0 . 0 0 1) 5 3 3 .5 3 4 .5 3 4

533 RMIN 2 0.001
534 I F I R M A X  — 10 0 . 0)5 3 5 ,53 5 , 536
536 RMAX 100.0
535 IF (A13SF L R M A x ) — A ~SSI - ( R M I M )— 1O . 0 ) 5 3 7 , 53 8 , 5 3 8
537 PRINT 539 .-cMIN ,RMA X
539 F O R M A T ( 2 5 H Q W I N O O W  TOO SMALL. RHIM = ,F15.7 ,5X 6 HRMAX = .F15..7/1HO I

~ENS L L I G H T  1
53H D E L~ = AB~~F (DELR )

I I ( D E L R  — 0 . 1) 5 4 0 .5 4 1 .5 4 1
54 0 DELR 0.1
5 4 1  (FU) E L R  — 1 . 0) 5 4 2 , 5 42 , 54 3
543 PRINT 544.DELR
544 F O R~~~T I 2 7 HOD [LTA R IS TOO LARGE AND ,F15.7/IHO)

SF N~~E L I G H T 1
5 4 7  I I- LSLN~~E LIGH T 1)545.282
545 I-’P INT 546
54&, FORMA II4 3HOLU RR LCT THE A bOVE L I S T E D  INPUT D A T A  ERRORS/4 6 HOTHE PROG

1P~AM CANNOT liE CONT INUED I-OR T H I S  D AT A / 1H O / 6 O H O H IT  THE S T A R T  KEY IF
2 I~~F L )ATA 10R A SUH~J LQ UENT RUN IS R L A DY / I H 1)

• 1$
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ThIS ?~C~! [5 B~~’r QUALITY P~LC1~ICA~LJ
3Ufl P~~~ISH~~ TO ]~~C —

S I1TR~~81
282 IF (SENSE SWITCH 1)210,209

• 21 0 PRINT 3.RMIN .RMAX,DELR,ZMIN,ZMAX,DELZ,ENMIN,ENMAX ,DELEN.SS,T.F,EL.
120

GO TO 212
209 IFISENSE SWITCH 3)2 11,212
211 PRINT 3 .RMIN,RMAX,D ELR,ZMIN,ZMAX ,DELZ ,ENMIN,ENMAX ,DELEN,SS,T ,F,EL,

110
212 IF SENSE SWITCH 2)213,200
213 PUNCH 208,FL.AG

GO 10 200
86 READ 2.RMIN,RMAX,DELR,ZMIN .ZMAX ,OELZ,ENMIN,ENMAX,DELEN,SS,T
84 READ 83 .F ,EL.ZO .FL.AG

S TRA*32 -

81 IF(S ENSE SWITCH 6 )80 ,79
80 READ 2.51GM

S T RA~ 78
79 READ INPUT TAPE 3.2.51GM

S 78 CLA SIGN
S TPL’99

IF (SENSE SWITCH 6)84.85
200 IU • ((ZMAX—ZMIN)/DELZ)+1.2

INN = ((ENMAX—ENMIN)/DELEN)+1.2
X = (6.0 — 12100.O/(T + 459.6)))
FT 1.23*I1O.O**X )
AA U(O.651)*(F**2)*FT) /((P**2+FT**2))) +((O.0269* (F**2))/FT)
ZEOz SQRTF (ZO/EL)

S LDO SS
S CLA THR
S TLO*3301.

AS = 9.O*SORTFIF/EL )
GO TO 3300

3301 AS = 4.5*SQRTF(F/EL)
3300 C O N T I N U E
401 CONTINUE

S (LA ZEO
S FSB OM~
S TPL*~~2

R11= I~~.0— ZE O)/4 .O
S T RA* 1~

12 RU SQRTFHZEO**2)- 1.0)/5.0.
13 Z = Z M I N

101 ZE = SQRTF (Z/EL)
S CLA Z E
S FSB ZE O
S SSP
S STO T EMP
S FSB ONE
S TZE*1 4
S TPL* 14

G = O.1O*(1O.O** (2.3*TEMP ) )*( (F/25.Q)**O.3333333)
S TRA *15

14 G = 20.O*((F/25.O)**O.3333333)
5 15 LDQ 137

• 1.9
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THIS PAGE IS B~~7 QUALITY 
p CflC~~~~

S (LA ZE YW)I OUFY J GIS~~~ TO 
1)1)0 _ -

TLO*411
• S (LA TEMP

* s TLO*4 11
S CLA lEO

TLO*4 11
415 H = Os4*11o.O**TEMP+10.O**ZE+10.O**ZEQ)

S TRA* 412
411 H = 4.OE+30

5 412 CLA F
S FSB ATE
S TMI -* 2201

H H* ((F/ATE)**O.3333333,
S2201 (LA ZE
S FSB ONE
S TPL*16

R i  = R11+ (1.O—ZE)/4.0
S TRA*17

16 Ri = R11+ 5ORTF ((ZE**2)_1.O)/5.O
17 RLBAR RMIN

ENLBAR = ANDY (Z,RLBAR )
RUBAR RMAX
ENUBAR = A140Y1Z.RUBAR)
I = 0
ENO ENMIN

S 102 (LA ENO
S P58 ENL8AR
S TZE * 18
S STO TEMP
S SSP
S FSB TWO
s TMI*1 8
S (LA TEMP
S TME*103
S (LA ENO
S FSB ENU 6AR
S TZE*19
S 510 TEMP
S SSP
S FS8 TWO
S TM I* 19
S (LA TEMP
S T M I * 1 0 5
S (LA I
S TZE*1 03
S T M I *2 0

RLBAR = R U B A R
ENLBAR ENUBAR
RUBAR = R R ( I )
ENUBAR =EEN( I)
I I — i

S TRA’1 02
19 12 = lI Z — ZM IN / D EL Z)+ 1. 2

I N  = ( ( E N O  — ENMIN )/DELEN)+1.2
R ( I Z , I M )  RUBAR

• 20

~ 
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QUALITY p~.kCflC. al

• ~HI GE’~~~ls~~~ .j~Q D1)C .~~~~~~

FW~ OOFY
S TRA *104

- - 
18 IZ = ((Z — Z M I N) / D E L Z ) + 1 .2

• IN = ( (E N O  — E N MIN) / D E L E N I+ 1 . 2
R I I Z , I N )  RLBAR

S T R A * i 0 4
103 IZ = ((Z — Z M IN) / D E L Z ) + 1 . 2

IN = ( ( E N O  — ENMIN)/ DEL EN)+ 1 .2
8 R ( I Z , I N )  = VA L N
5 104 (LA ENO
S FAD D E L E N
S 510 ENO
S LOQ ENMAX
S T L O ~~1O6
S TRA * 1~~2

105 IZ = ( (Z  — Z M I N ) / D E L Z ) + 1 . 2
I N  = ((ENO —

S (LA RUBAR
S FSB R L FIAR
S FS8 DELR
S STO TE MP
S SSP
S FSB TWO
S TMI*21
S (LA TEMP
S TPL*22
S TMI*20

21 R (IZ ,IN) = RLBAR ÷ ((ENO_ENLBARI/ (ENUBAR EMLBAR )*DELR
S TRA *104
S 20 C L A  R UBAR

• S FS8 RLBAR
S FSB DELR
S LD O I
S I-IPR
S TRA*1 81

22 A R E  = ( RLBAR + R U BA R )/ 2 . O
K (ARE /DE LR + 0 .5)
C A Y = K
A R E  • CAY*DELR
EN ANDY(Z ,ARE )

S CLA EN
S FSB ENO
S 510 TEMP
S SSP
S FSB T WO
S TMI~~24
S (LA T E M P

- 

- 

S TMI*23
S T PL’25

23 RLBAR ARE
ENLBAR EN
GO TO 105

24 1? ((2 — ZMIN)/OELZ)+1.2
I N  = ( ( E N O — E N M I N ) / D E L E N ) + 1 . 2

• R ( I Z . I N )  = ARE
RL BA R = AR E
E N L R A R  • EN
GO TO 104

• 21
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E )
~ ENUBA R ~~~~ 

LI

• RUBAR = ARE
EN UBAR= EN
GO TO 105

S 106 CLA 2
S FAD DELZ
5 STO Z
S LDO ZMAX
S TLO*26
S TRA’1 01
C T H I S IS L I K E  A SUBROUT I N E

26 IFISENSE SWITCH 1)300,301
301 IF ISE NSE SWITCH 3) 3 0 2 ,3 0 3
303 IF (SENSE SWITCH 2)302,181
181 00 182 II 1,20

S STZ 8 (11)
00 182 J 1,100

S STZ R (J .JI)
162 CONT i NUE

S TRA*81
300 5 (11= ENMIN

DO 304 11 • 2,INN
304 5 (11) 8 (11—1 ) + DELEN

PRINT 306
• PRINT 305 .6( 1)  . 6(2 1 , 8(3 )  ,B (4 ) , B 15 ) , B(6 ) , B (7 ) , P 3 , , B( 9 )  ,B( 1O)  , B ( il)

1, 8 (12 1,8 ( 1 3)
306 F O RMA T ( 1 H O , 32 x 3 2 H T A B L E  OF CONTOUR RANGES IN KYDS.)

• 305 FORMAT (1HO,6HZ (FT),F6.1,2F405,F6.1,2H05,F6.i,2HDB ,F6.1,2H05,F6.],2
• 1HDB,F 6.1,2H08,F6.1,2HDB,F6.1,2HDB,F6.1,2HDB,F6.1,2H08,F6.1,2HDB,F6

2.1 ,2HDLI.F6. 1 .2HDB )
Z =

S T R A * 3 0 7
3 0 8 Z Z + D E L Z
307 Il = ( ( 2  — ZMIN)/DELZ)+1.2

IF( INN — 13)3390.3390,3391
3391 1PM • 13

GO TO 3392
3390 1PM = INN
3392 PRINT 309,Z, (R (IZ,II),II = 1.IPN)

309 FO R M A T ( 1 H O, F 6 . 1 . 1 3 ( F 8 . 2 ) )
S LDO Z -

S (LA ZMAX
S TLO*308

P R I N T  1002
1002 F O R M A T ( 1 H J )

S TRA*301
302 EN ENMIM

S TRA* 3555
28 EN = E N  + DELEN

3555 IF (SENSE SWITCH 1) 31,35
35 PRINT 135,EN

135 FOR MAT (IHO ,3MM ,F6.1,3H 08)
31 2 Z M I N

• 22

L 
-- — —  - — 

- -
~.__ . —~~~--~~~~~~s. . _ • a  ~~~~ ~~~~~~~~~~~~~ — 

- _~~~•k_.



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THIS PAGE ~~ ~~~~ QUALITY p~ACT1CA~3L~
FI~OJI oO?Y FURjISH.&~ TO DDC

S T R A *3 2
33 Z Z + DELL
32 12 = ( (2  — Z M I 1 4) / D E L Z ) + i . 2

IN = ((EN—ENMIN )/DELEN +1.2
S CAL V A L N
S (OH
S ANA R (IZ .IN )- -

S T Z E*3 44
36 IF(SENS E SWITCH 2 ) 3 7 .3 8
37 IP1 = Z + 0.5

1P2 10 0 . O* R ( IZ , I N ) + O . 5
I P I  = IP 1  + HONG
1P2 IP2 + MONG
PUNCH 901,IPI,1P2,EN

901 FO R M A T (6 x 1 6 . 6x 16 , 3 2 x F 1 5 . 7
38 IF (SENSE SWITCH 3)39,60
39 I M X  = 2 + 0.5

IMX = IMX + MON G
1W? 1 0 0. O* R( IZ , IN)  + 0.5
LW? = 1W? + MONG
W R I T E  OUTPUT TAP E 5,1004,IMX,1MY

1004 FORMAT I2I6 )
GO 10 40

344 IF ISE NSE S W I T C H  1)4 0 ,3 4
34 PRINT 11,2

S 40 (LA ZMAX
S LDQ Z
S TL O~~33

IF(SENS E S W I T C H  3) 1003.1006
1003 W R I T E  OUTPUT TAPE 5 ,1004 ,L1FT,L IFT
1006 IF( SENSE SWITCH 2) 1005,1007
1005 PUNCH 901 ,LIFT ,LIFT

51007 (LA ENMAX
S LOQ EN
S TLO*28

IF(SENSE SWITCH 3)1881,181
1881 END FILE S

S
• 902

10 FORMAT ( 1H+,22xF15.7,5XF1S.7,/)
11 FORt~iAT ( ]i- .22XF15.7,9X8 1-$NO VALUE./1
3 FORMAT (9HOR (M IN ) = ,F7.2,6H (KYD),15X8HR (MAX ) =,F7.2,6M (KYD),14X9H
IDELTA R = ,F7.2,51-4 (KYD)/9H02 (MIN) ,F8.2,SH (FTI,15X8NZ (MAX) = ,F8.
22.5H (FT ),14X9HDELTA Z = ,F8.2.SH (FT)/12I-IOLOSS (MIN ) =.F7.2,SH (08 1
3,13X11HLOSS (MAX) = ,F7.2,5H (DB).12X13HLOSS CHANGE ,F7.2 ,5H ( D 8 ) / 1
42HOSEA S T A T E  = ,F5 . i ,2OX 13 HTEMPERAIURE = ,F5.1,8H ( DEG F ) / X 2 H O F R E O U E
5NCY = ,F5.1.5H (KC), 15X131-ILAYER DEPTH = .F7.1,5H (FT).1OX14HSOURCE 0

~~~~~~ 6EPTH =.F7.1.5H (PT))
9 FORMATI1HO ,2XF15 .7 )

• END (O’l.l.l’l)

23
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• TIllS PAGE IS 

S1{~~ 
TO DOC

y~o1 OOFY I’ ~U~~~

F U N C T  ION SUBPROGRAM ANDY 0131
FUNCTION A MOY ( l .R)

- EQUIVALENCE (Z0.Z0)
COMMON ARE1.AA,G,H,AS,EL,ZE,ZEO,F,IN.ZO

SHALF DEC 0.5000000
S ONE DEC 1.0000000
S CON DEC 0.43429448
S ATE DEC 8.0000000
S SIX DEC 60.0

Z0 z 10
1 ARE = R /SORTF (EL)

43 TERM 20.0*CON*LOGFIR) + AA*R
S CLA ARE

FSB ARE 1
S TMI*1 0
S FSB HALF
S TZE~ 20
S TMI’20
5 TRA*30

10 Ri = TERM + (ARE/ARE1)*G + 60.0
S TRA*42

20 Ri = TERM +12.0* (ARE — ARE1))*H + (l.O—(2.O*(ARE — ARE1)))~ G +60.0S TRA*42
30 Ri = ((TERM — AA*R)/2.O) + IAA+AS)*R + H _AS* (IARE1+HALF)e(EL**.5O)

1) + 10.O* (OM*LOGF ((ARE1+HALF *(EL**.50,) + 60.0
5 42 (LA ONE
5 P58 ZE
S TMI*50
S STO El
S (LA ONE
S FSB ZEO
S LR 5 35

FMP El
S TMI*50

AND Y R i
GO TO 60

50 El = (25.0 — ((ABSF (Z—EL)).*HALF) — I (ABSF (ZO—EL))*~ HALF ) + 5.O*R )~i t  (F/25.0)**0.3333333)
S (LA El
S TMI* 9i2
S 914 FAD TERM
S FAD S I X
S STO El

GO TO 913
S 912 STZ El
S (LA El
S TRA*914
S 913 (LA El
S LDO R 1
S TLO*5l
S 510 ANDY
S TRA*60
5 51 510 ANDY

• 60 RETURN
END (0 , 1.1.1,1)

24
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