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1. This publ ication documents the computer program called DOP which
is a mathematical tool used in the study of the doppler content of rever-• berati on. The program has been used primari ly wi th the characteristi cs ofthe Torpedo MK 46, however , the characteristics of other acousti c systems
can be substi tuted. The program was authored by Mr. Philip Marsh of the
Naval Undersea Center, San Diego, and any questions relating to interpretations
should be addressed to his attention.

2. This publicat ion does not supersede any other document.
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\ SECTION I

.
. INTRODUCTION
‘• -‘~-•.~, i.l Background

• Torpedoes are the prime conventi onal antisubmarine weapons and
they use acoustic systems to detect the submarine. Some of these systems
use frequency dependent characteristi cs of the returned echo f rom the
submarine to enhance performance. -

( 1.2 Purpose

A digital computer program has been developed at the Naval Undersea
Center (NUC) which facilitates the analysis of systems that use frequency
dependent characteristi cs . The program is called DOP and is used in conj unction
wi th two other NUC developed programs called SONAR and RAYSRT which are
documented In references -1--end_Zk This report documents the DOP program.

1.3 Publications
See list of references, page 32.

SECTION II 
- 

/

- - - - 
- - GENERAL DESCRIPTION

2.1 Doppler in Reverberation

When a single-frequency pulse is emi tted from an acti ve sonar system
on a moving platform, the reverberation seen by the system is spread due in

• large part to doppler effects . Program DOP computes the spectrum of such
reverberation In a refracti ve medium. The doppler content is computed as a
function of the speed of the sonar platform and (optionally) of circular turning
or motion of the scatterers , or both. In addition , the spectrum of the
original pulse can be included as a spreading effect, since even a w single_
frequencya pulse has a harmonic content due to its finite duration. The energy

-

S 
level is computed in frequency bands of specified width at specified times
relati ve to the transmitted pulse. Four values are computed for each band/

- - 
- time combinati on : surface , bottom, volume, and total reverberati on.

- 2.2 BoundarIes
5 For boundary reverberati on (surface or horizontal bottom), increments “

S - are sunined in random phase from all areas of the boundary returning energy
in a given band at a given time. Scattering strength is a function of grazing

- . angle , and all combinations of paths (direct, refracted , reflected ) to the
scattering areas are included.

L

-1-
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2.3 Volume

Volume reverberation is , at present, computed In an unbounded
uniform medium, suming contributions from all volumes returning energy in a
given band at a given time.

Both boundary and volume computations consider two-way losses in
the env iror~nent and average transmit and receive beam-pattern losses toeach i ncremental scattering unit. In addition , optional filtering can be
applied to each band and TVG (T ime Var ied Ga in) action can b~ applied ateach time. Al so, total energy in all bands at each time is computed for
surface, bottom, vo lume, and total reverberation.

SECTION III
INSTRUCTIONS FOR RUNNING DOP

3.1 General
The program is wri tten primarily in FORTRAN IV for execution on a

UNIVAC 1110. The program is not self-contained in that there are some
functions and subroutines that must be suppl ied by the user to match the
particular system being studied. (The program has been exercised here at
NUC wi th the characteristi cs of the Torpedo MK 46 Mod 1 and an experimental
torpedo.) A description of these user supplied routines , the input data, and

- 
- ancillary programs necessary or useful to the execution of DOD follows.

3.2 User Supplied Functi ons and Subrouti nes

For any specific application , one or more of the following FORTRAN
functi ons will be required. Since they are vehicle dependent, they must be
supplied by the user.

3.2.1 Functi on OXL (Off-axis Losses )

• This routi ne computes transducer pattern attenuation in any di rection.
The call sequence Is:

VALUE = OXL (IFLAG, COSA, COSB, COSC )
• where IFLAG Is 0 for receive pattern, 1 for transmi t and COSA, COSB, and

COSC are the X, Y, and Z direction cosines in the di rection of interest.
-

~ 
Other values necessary for the computation, e.g. transducer type, frequency,
sound velocity, etc. may be supplied via a COMMON statement. The value

- 

5’ 
-
~~ returned Is a fraction of the on-axis intensity , from 0.0 to 1.0.

3.2.2 Function RRF (Reverberation Rejection Filter)

S This routine will interpose a fi l ter to modify the energy in each
band. The call sequence is:

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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VALUE = RRF ( FRE Q )

• where FREQ is the center frequency of the band in question. The value
S 

returned is the fraction of energy which is passed by the filter in that
band , from 0.0 to 1.0.

3.2.3 Function TVG (Time Variable Gain)

This routine computes receiver gain as a function of time. The
call sequence is:

GAIN = TVGF (TIME)

Examples of OXL , RRF , and TVGF are provided in the program listings,
Appendix G. These are unrelated to any real system.

3.2. 4 Subroutine SPRCMP (Spreading Computation )

In addition to the above, SPRCMP may-be provided by the user to
generate one or more of the spreading function tables when the program is run.
The subroutine has no arguments .

3.3 Input Data

Input data to DOP is from two sources: the output file of sorted
• ray data from programs SONAR and RAYSRT (references 1 & 2) and input data
• cards. Besides the sorted ray data returned from insonifi ed portions of

the boundaries , the f ile contains eleven parameters passed from the SONAR
program.

The card input format is free—form wi th blanks ignored. Variables
are punched in fields of arbitrary length, separated by coninas. Data may
be integer, real (including a decimal point) or al pha—numeric (appearing
between single quotes). Note that no check is made for the appropriateness

S of any piece of data to any name. Neither names nor numbers may be split
between cards . All data cards appear literally in the printed output. Two
kinds of data may appear on the cards: option fields and data fields. Option
fields contain only the name of the option to be invoked. These options may
modify the form or content of input data, computation, and output data.
Data fields consist of a variabl e name followed by an equal sign and one or
more values , as appropriate, separated by coninas.

-: For option or data names longer than six characters, only the
first six characters are interpreted. Additional characters may be
used to Improve readability, but are ignored by the input routine. All
data variables are initially zero.

3.3.i Options

Options for DOP are listed below for Input, for output, and for
computation.

3
I - 4
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3.3.1.1 For input

For Inpu t, there are two options, which have the following
meanings:

•G0 - Stop reading data and begin computation.

•NO TAPE - No input data file Is provided and no
boundary reverberation will be computed.

3.3.1.2 For Computation

For computati on, the options and their meanings are listed
below:

•CENTER - Doppler bands are computed such that the
transmitted frequency is centered In one of the bands
instead of appearing at the edge of a band.

•END - Stop all program activity and exit.

•FILTER (Used only wi th SPREAD option ) - Apply fi lter
to the spread output data.

S KNOTS - Compute the intensity in bands of equal
apparent range rate or “knots of doppler” instead
of equal frequency range.

•NO BOTTOM - Do not compute bottom reverberation.

•NO SURFACE - Do not compute surface reverberation.

•NO VOLUME - Do not compute volume reverberati on.

•SPREAD — Apply spreading function to output data and
change the format of the output data listing. (See
note under data variable BSPRED.)

•TIME COMPUTATION - Compute addi tional values of time
for which reverberation Is to be determined. The
additional values of time are:

•Ping interval (See PING below.)

.1/2 ~t (See DELI below.)
— •For every path or combination of paths to surface -:

or bottom whose earl iest arr ival time is t, the
additional values are: t, t+1/2i~t, and t—1/2~t.

‘Seventeen fixed values ranging from .01 to 2.0 seconds.

.r- .- ,~~--c ~~~~~~~~~ •. — - - -- - - -
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• ‘Addi tional values every 1/2 second from 2 seconds
to the value of the PING Interval , NOTE: The total
number of time entries read from cards and computed
as a result of the use of this option is limi ted to
400.

•TVG (used only wi th SPREAD option ) - Apply a time-
varying function to the spread output data.

3.3.1.3 For Output

For output, the options and their meanings are:

SNO PRINT - Suppress the printed output of doppler data.
Printing of Input data cards Is not affected.

•PLOT - Write a tape of doppler data for use by
subsequent programs.

S RELATIVE BANDS - If the KNOTS computation option has not
been specified, print the band limits In kilohertz
relati ve to the source frequency; with the KNOTS
computation option, print band limi ts In knots of
doppler relative to vehicle speed; I.e. zero doppler
(unspread) Is returned from dead ahead.

•TO TAL.S - Print only the totals of reverberation at
each requested time.

- 

S (PRINT EVERY - Under Data Variables also modifies output. )

3.3.2 Data Variables

In the following listing of data variables for DOP, an asterisk
(which Is NOT part of the name) denotes variables whose values are

- normally taken from the input data tape. If the same variables are supplied
- ‘ on cards, however, the data from the cards would be used. It should -be

noted that some values which could be changed are implicit In the ray
data supplied by the SONAR program and that changing these values by card
would be meaningless and misleading. Examples are: source depth (DO),
sound velocity of medium at the source depth (CO) and bottom depth (DBTTPO.
(Please note that the second character of CO, DO, and FO is the numeral

— zero.)
S. ALPI.IC*

The product of attenuation coefficient and Sound velocity at
source depth. Units are dB per second.

-5-
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BSPRED

Spreading function table for bottom. Since the bottom scatterers
would usually be considered stationary, this table would usually represent the
spectrum of the transmi tted pulse. NOTE: The appearance In the data deck
of BSPRED, SSPRED, or VSPRED makes the use of the SPREAD option redundant
and unnecessary. Each table Is entered as half a syninetrical table of an odd
number of entries. First value is the proportion of energy in a band
remaining after spreading. Next value Is the proportion spread to the
two neighbori ng bands , etc . Therefore , twi ce the total of all values
entered shoul d equal one plus the fi rst value. Each of the tables has a
maximum of 150 values . Failure to include all three tables wi th the
SPREAD option causes a cal l to SPRCMP in an attempt to generate the missing
table(s).

-, BWIDTH

Band width in hertz or knots as appropriate , based on the
computation option selected.

co~
Sound velocity In yards per second at source depth.

DATE*

Alpha-numeric date , maximum of two machine words .

DBTTM*

Bottom depth in feet.

DELT

Effective pulse length , ~t, In seconds. Effective pulse
length is the length of a square pulse wi th the same energy content
as the pulse of interest, which may not be a square pulse.

- - DO*

Source depth in feet.

FO

Transmit frequency in kilohertz. If no value Is supplied ,
1 kilohertz is used. Al though this parameter is not suppl ied from the
input tape, it Is implicit in the ray data from the attenuation values
(and the spreading loss correction , if used).

-6-
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IDC*

Alpha-numeric identification as on the “constant card” of
the SONAR program.

IDV* 
-

Al pha—numeric identificati on as on the “semI-variable card” of
the SONAR program.

LOGMV*

Volume scattering coefficient , dB.

N BEAM

Coded descripti on of transducer patterns, if more than one
can be generated; intended for use by subroutine OXL.

OMEGA

Platform turn rate in degrees per second.
PING*
interval between successive transmits In seconds.

PRINT EVERY
For a value n , print only every nth doppler band at each time.

Bands to be printed are chosen so as to include the band containing the
transmit frequency as its lower bound or Its center, If CENTER option is
used. If no value is supplIed , 1 is used.

PULSE
Coded description of pulse shape , if several options exist.

Intended for use by subroutine SPRCMP.

- 
S S*

Source level in dB relative to 1 yard.

‘ .~~ SSPRED

Spreading function table for surface. (See note under BSPRED.)

THTMAX

Approximate value in degrees of largest angle (between velocity
vector and sound rays) to be considered in computing unspread doppler
bands If no value is supplIed , 90 i: :sed

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

~ -~~~~~~ - 5 
.- -



- -

I. ’
00 52258

TIME
Values of elapsed time, In seconds, (measured from the midpoint of

the transmitted pulse) at which reverberation is to be computed. Maxiumim
of 400 values.

VS
Vehicle speed, in knots.
VSPRED
Spreading function table for volume. (See note under BSPRED).

3.3.3 Sample Data Deck

FIgure 3—1 Illustrates an input card deck for program DOP. It
assumes that at least four files (or complete sets) of data are on the
input tape.

PLOT
TIMECOMP , TOTALS

GO
8 TIME = .750

PRINT EVERY = 5
BW IDTH = 1.

SSPRED = .5,.2,.05
7..~ VSPIC~ D 2 ,.1 ,.1 ,.1 ,.1

BSPRED = .5 ,.2,.05
5 6 FILTER

• CENTER
5 OMEGA = 10., NBEAM = 1

‘
a 4 GO

- 3 GO
BWIDTH = 5.

KNOTS RELATIVE
.250

__ —~~~~~ 1.5 2.0
1.5 .2.0,

• 

. ~~~ VS .48,BW IDTH .25 ,DELT = ,40 ,TIME=
FO = 3.1415926535E1

FIGURE 3-1

• A DOP DATA DECK

~~~~~~~~~~~~~~~~ ~: ~~~~~~~~~~~
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In such a case, each file on the input tape (corresponding to
different “semi-variable” cards in the original SONAR program deck) is
processed in turn. Options and data variables from cards are retained
until over written from the tape or from new cards. (Please note,
however, that options once invoked or turned “on ” can not be turned
“off” again.) In general, the program proceeds unti l an END option is
read from a card, or until the last data file on the tape has been

• processed, whichever occurs first.

• The indicated cards in Figure 3-1 illustrate certain features of
the program. Cards at 1 exemplify the continuation of a string of values
on several cards. Al so, note that of the six values of time, two are
repeated. The program sorts values of time in ascending order and
elimi nates duplicates. The card at 2 redefines band width as 5. knots
although it had been set to .25 knots on the second card of the deck.
Card at 3 marks the end of card data for file 1 on the tape. The card at
4 indicates that all the same data Is to be used for File 2. At 5 NBEAN
is used because the hypothetical torpedo has two transmi t beams. Some
sonar problems might never use this feature. At 6 invocation of FILTER
will cause a call to require RRF to modify the level of each band.
Without this option, no RRF would be required. Similarly, if one of the
variables at 7 was not suppl ied, a subroutine SPRCMP would have been
called by the program. The card at 8 replaces all of the values of TIME
previously read. Note throughout, the free, even arbitrary use of blanks
which , we repeat, are ignored. Al so note that values used on these cards
are arbitrary and unrelated to any real system.

3.4 Program Output

Figures 3-2, 3—3, and 3-4 illustrate the output from Files 1, 3, and
4 of an input tape used with the sample input deck. In addition , the input

• deck, up to the GO option, or between successive GO options , is listed on a
separate page before each output data page. No Illustration of this page is
provided.

- - Figures 3-2, 3-3, and 3-4 show the three principal formats for
the output data. The pages are mostly self-explanatory. One point , however,
should be mentioned. The appearance of .00 dB in a column seems ambiguous,

- since It may mean zero dB or zero energy (— dB). In practice, however ,
this ambiguity should rarely present any difficulty. The truly empty bands
will always lie at the top or the bottom of a column of data. Unless the
first or last nonvold band has exactly zero dB, which can usually be deter-

* mined from the band and column totals, leading and trailing zeros in a column
represent zero energy. This form of printout was chosen in lieu of printing
an arbitrary large negative number, because It made the page less cluttered.

- It has to date presented no problems to users of the program.

Three data decks, to programs SONAR, RAYSRT, and DOP were used to
generate Figures 3—2, 3—3 and 3—4. These are listed in Appendix A. It will
be noticed that the DOP data deck is not quite identical to that In Figure 3-1.

3.5 AncIllary Programs

Besides the SONAR and RAYSRI programs whIch produce the input file of
sorted ray data, two other programs exist which may be of help to the user
of DOP. These are:

9

H
—

~~~~~~~~~
•- —— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r —.
~~~

5--.—-5-
~~

--- ---~~ - -

OD 52258 • ,.
~~
j 

‘~ 

.
,~~~~~ 01?. i ~~~~~~~~~~~~ ~~~~~~~~~~~~ 4~~~40~~~ ~-N 0~~~~~P~ • . ‘ .  ~~~~~~~~~~~ • • ,  . . •

~~ 41 .4P. I Id~~O O ~~~~ldl ~~ r,~~Q . P -  ~~r.P - 4 e~1 0q0~~ 4 V~ 4 ,~
~ s~i.o .Q~o , ~~~~~~~~~ ~~~~~~~~~ ~~~~oeg o~~~ •4  - I , , - ~~~~I 1 1 1 1 1  I J 4 ~~~~~ ~~~~~~~~~~~ ~~~, i i ,  I l l

0 ~~ I - S I  1 1 5 1 1 !  0-
— — I,— a C • - - I - I

4 C ‘M ~~~~~~~ .lO.,flVl C a ø i~~Wi 0~~~,v~I ’ d O~ ~~4 Na4 V~ 9~~~ P—
S C ~ Vi~~~~~~~~ u ~~~~~~~~ ~~ I~~~~ P. P5 4r-~~~~~~~ P—I~eQ~~~~~ 4 0 4

C a • .i .  • .‘ .  • . • .~~~ • •• • .  I . . . .  • I S
C ~~ 0.— -~~~~ I V$~~~~~~NS 0N 4.P. i  ~~ r~~~~4N  0~~~W 4 ~~ V . 4*
c o ~~~~.o o i  pwr.~~~a. ~~~~~~~~ ~~~~oo o  ~~~~~~~~~I C $ 5 1 1 1 5 5  1t 5 1 : I 5  I - 0 I p r I  ~~~~~~~~~~~ ~~~S I I l  I I I  I

4 •~~ C - I l l  S l O S h  S

S ~~~~ I -
~j I  S

00 00C 00004 00000 00000 00000 000
qo~~~c c  O Q Q O C  00 000 0 0 0 00  00 0 0~~~ 0 0 0  01

~ 4 II I S .  • s  p 5 0 5  • S 5 . S  I S I S .  1 1 5 . 1  I I I
S—C I - 

-I I -

• i I 
I 

- 
- 

5-

~~ S -
P I I I

0 I - I I -
I 0 0 00 C  ~~ 0~~~0 C 00~~~Q0 0 0 000  00000 000
I 0 0 0 0C  ~~ 0 0 0 C  00 0 00  0 0 000  0 0 0 0 0  000

II~ I 0 5 . .  4 . ~~~~ S • • . . 4  5 I . , .  s .q .l  • . r
I%S I I I

~~ U.P C - S I -

~~ ~~ C I I - S
0 4 C  

-- I - I

IS, •1 - S— — S - -

4 • ~I o o ~,.’,t ~~~~~~ .4 * 1 ,4  YI ’C III O. IU ~~~~~~~~ 0 0 N  r.a S I I v . 4 w 1 . 0~~~~14~~~s S~ f.4p. Id $.Q~’4V , 0 ~~~~~~~~~~~~ ,l*~M ~VS. 0 5 4 5  4 . 4 5  • . O e Q  ‘ 5 4 . 5  . S I .4  S I P
C .— .~~pa0p v~~~~ ,+ 0c  o 0sf l o d  ,il ,vs0r~.ir~ ii~~ oo r~~**

. 
‘a 1~’?1?1’~ ?Vi”~’S ‘~i’~~~1~ ~~~~~~ ¶~1~~’?~ ?1’I’ 1~

a ~i~oo~w ,r  I~~0Iv~ rIi Ic~ t.4 .od.*~ ofg A4 ,— 4 ~~~~~~~~~ ~~a*
~ S p  p ~~ ir~~~~~io  QI t..1,00 V0~~5 I~I,V5 I O.~ — N..Ih P~~SO~~~ UiIP.. 0*0

~ 
p - P . a a  • 5 s 5  . . p .  p . 4 . 4  I S I S•  S I S

& III P ~~ 4 P~0P Vb~~~~ ’4~ , 1A 04 4 4  *pj0P. V~ ~~~~~~~~~~~ 0~~~ Ih
o • IAV% V~ ’0’ ‘ O O P P l  US IO~~~ 0 P  000 0 01  0 0SG Q~ als o 45
* p - l~ S 51 5 I I I I~ I ~ S I I ~ I ~~~~ I Ij hi I 5 I I I I I I~

( 
I ~~~ i f~~~~ 

i
a ~~ I - ~~oóo~ â~~~oo o  0o~~~oi c~oc~o~~ aoóoo 000 C
* ~ Q000C Q Q OQ~ 00001 0000 00000 000 C

• ~ Q 5$ ~- ~~~~S~~~~~~ S ¶ i O S  • S d S  0 I .. l  ~~~~S 4 .  I I I

-

~~~~~ 
S 

C.~I

. 1  i ’ !  OSO f I

~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ —lI~~IS~ Ia c1oqcC 900 05  1v~ d~-, 0~~~ OV 4  ~~~~ O .0V% *W ~~1 
I - -

$55 I ~~~~~~~~ . 4 5  5 5 5  . . S. I  ~~ s 4 s q  • .  05
I - I l l  P~ (~4 P.$ P5 0. 0N V 0  4 I G~SO~~ v~ *W ~ P

$55 $ !..,p t’.IO 0~~~01 0N 4 5%1 r4 000100 o 0 0  0 S1
- 5 5  lI I I ; l l  ‘~~~~‘~~~~rt r4~~~ I I I  l I E

P 3 I I , -

I -
a a

• 4i.~~SlP.- . , $—~~$V5 o r~ 0O P — VI A4 I,5 $f~4. 0a40~~ r— ’ ls I
L S N’0 G 4~~ C 0150.1 54 IA~~~ 4~~~ 5SlsI~~ AJ5 4 G p .J~~~4 V ’ Q 5~ P

VS P 4 5 4 •  . 4 5  4 . 4 . 4  p . q s -  4 S 4 $ 4  . 1 1
P I l 0~~~N I  I 0iS~~Q c VI P-.’4 .O N P.pVSI~4 G ø  ‘flMN~~.0 0 .4  C

a ‘~t~”~t ’~”i Y~if ’ i 1”?11’~f ~‘~‘~t’t ~~ ‘?11~ ?~11 
I
.

0 •s - I I

1

: 1 ~ I i ~• Isa I V$ I I I I I I 5- I II 5 5 I~ I I I I ~ I I~ I I I I S I I I S S S
~~ 3 ’ . ~ :- - 

I
- : ~~0 ~~~~ II~ ~~ P S O S  

~~~~
S

~~~~~~
5 

~~~~~~~~~~~~~~~ 
S S I S  

~~~~

5 0  • 1 4

I I I

~~~~~
9

~~~~~~5 1 :
— 

~~ I - I - - - -

o odo c  do~~ o~~ oao o o  00000 o~~da~~ ooo c
90900 ao o o  o o o o~~~ 00000 000 C

S • S $ . . . 4  i s  . • . 4 .  I,.. ••I
• -~~ ~ $55 4 I - 1 1 I

isa isa a S -

- . .J I., VI - - I 
•

~~~ ~~~~i
• 15 I I f - 

- I - 
•

5 . a a’ i - I I • 0

a i~ L: ~ I0 ~~~~~S NNn$NI I4rg~~~rsaI  PiaNNI NNN rVN ~~NNNN ~j I~~N0 * ~1 5 ~~Ipvl , ~%Ifl W5 PVI I PV~ N~ ’a P~~~50’~~~~P4 V S W * $ WI ~~ W Sls
U I $i” - I - I - 1 5
i~s 5 ’ i* I - S -

$5’ I 40  0 0 0 . 0 . 1  0~G. 0P 0. l 0 0 0 5 0 . 0 4  0 . 0 .O ’0 5i •05UP S.0I ...~E ‘.0 W ..1 I C iridvi l V S Q V 5 0 i  0VSQVI Q VPOVsOWi Ovi0Vs0 vie
S 4 ~~Q 051 1 ‘ Q O O I 4a~~~ P.. 015454,41  4 5 1 5 N~~~45 .100054 00

• • ,,~ ~~~~~h *4151 

~~~~ ~~~~ 
ø~ws m vi r~N

~
-10-

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

S 
— 5-5- 

~~~~~~~~~~~ 
5 •. ~~~~~ -“~~~~.‘ -s - •~~ •~~~~~~~~~~ — A



r 
- _________________________________

• . - J 0 . — c o d  NWI N.O J P..,~~VU!4i O O G . V I Vi 0 4S ‘a-Q ~~ q4 - 0 N 0 5  P..-90d 15N15I0~~ N 0 . 5- 0 5i P~ 0 0
- 1.1 5 S I s ~~~ 4 . 0 5 4  Ø • 5 S  . 0 5 54  S S

0 0 Ip5~~~~~~~~ 555 4 0 4 4 1 5  4 1 5 0 4 4 1 5 5  . o o o . - j  I- PS- 4IQ 0~~ 15N4N154 Nr 150P’I 1 5 4 4 1 5 -4I • . I I I .- — ~~~~ .- 5- .- — .- I
Q Eo - I I I. S I I i ’l I 5 5 5 5! • 5 5 I iI5 0  - - S I -e a t  - - I- C ISS IM 0NI~~0.0~ f~40S- I-0 1 54 1 5 1 5 4 1  5- 1 5’~~~

- S Q 4  0 9 40N 1 5* 4 4 0  4 .- t i 04 11 P—~~,.-0• ,• 0 J~~ I I I . .  1 . 0 .4  d . 5 s 4  • I S .~~~ s
I 0.5 .0 - 1 0 0* 1 5  P . 1 5 0* 4 4  0. I15 P- V5 4 V S N O W 5 Ii0 0
I ~~~~~~ 10s00~~ 5-N 154N154 N5 - 5 - N 4 5  1 5 4 1 5 1 5 0  P.

9 I vi $ S 5 , .- 15 s- I.. r~ q.4 s- S
4 S - I I  5 5 5 ( 5 :  1 5 5 1 1 1  I I S S h ~ -
S -~~~~ 5’ .  - 

-1 155 I -
‘150 ISI~ 00000 oo000 00 0 0 0000

• 0 0 00000 00000 0000 0000
$59 H a S -  S S l 5 ~~~ 1 5 1 1 1  I S S I  • S I S~~~~ 5 1

- P.O 4P t  S - - - I
I • - 

- I - -

~~ - I - 
-

- 51 P.15 I -

~~ S
. 

~~ Ø 0 1 5 v~~~ P..0 15l IVi Ii~ 4 9 1 5 4 .~ 4t N15I0~~~ 0 155
% 

- 0.01515 ~~ i 4515P. 1 5 4 5 P .v 541 I0 I50 ’O.-O 0 515
- 4 5 5  ~ • . . s.  4 s 0 1 4  1 . 1 1 4  5 5 5 .5  I S

150 S - 4 4 4 5 - 0 . 0 5  4 04 5 1 5 0 10 0.P.N155-, 105-.
- i.a~~~ a 0 0 . O r4  ~~ 15045NI~4 1 5 5- N 1 5 1 5  45 4 1 5 1 5 P .~ 10

1. ISl e 45 - 5 -  I ,- ,~ s- s- I~ s- S~ s- 5- l~ I- ~~ .- .- I- I
0 , 150 I I I ,  1 1 1 1 1  1 5 1 1 1 ,  5 5 5 5 5  -

0 S - ‘ -

I I -

I - I - 
- -4 - S .0 0 s- ‘0 0 0 N VS N ‘0 I P. ‘0 0 s— ‘0 5- 0 ISO PS 0 0 Vi,

a 5. - .41 Q - 4 - 0 s a 0 i  P . 5 - 9 - O P  4 5 v i 9 0.N . , l440! -154 0 ‘~~- s_p 1 u s d  • S l S  0 . 5 .4  5 5 1 . 4  5 I
- I o 10I5-.5-I54 4094. .Qvi000 I S O 0 P . I — 154 P.- 

S 
- I~ 4 ’0 4 1 4  P..0~~a 1 0 I  .0 0-0.-N I’%1N154V4 - 45

- - S - I 5 5 5 I  I l l - I I I .- .- .-  s - s - s - s -  I’I I 1 5 S f  S I l l S
- :055 - -  I -

N ‘~~~Q 855 10.5 ONI15O Ol rà0’~ P.C~ ivs~~~ ... s. ia4 Iv5 4 4 0 1 5~ 0 ‘0- 50 0Z L  044 05 5 1  ‘5 4 4 4 4  ‘Q41515..’0 0 5 0 P .5- P . l  0 41
- .0 0 0.5~~ I . S . O  1 5 4 5 0  ~~~5 4 . I  5 5 5 5 4  4 4

l 

~ • om~~ P.NIQ4 ’O o * . .- 1  ~~
..

~~~~viti4 I
- 0 *0 040 4 4 0  P . 4 0 5 5 04  1 0 0 505 -N  N115 1154 104 - 15a 15550$ - S S I I I - I  I S I I, I s - s - rI s - s - s - s - ’ I ,

S a - I- I I: S I I I II I
~~ ! & I  - 

- I - -
-5 . - 4 1 1

$ UI 4 .00000 0O00C~ 00000 0000 • 0 0
* 

‘E 40 00000 00000 00000 00000 0 0
- 5 1 - 0  54 1a0 S- 5 5 5 5 4  4 . 4 5 4  1 5 1 . 0  . 5 s l~~~ 5 5

P.’. I I 
I - -

- - 
_ i - 41 51. Q - I I 1’)O I 4 4~~ 

S I I
- 50 - 

I II 
I

a a • 001510’S P$ P—004 W5WI 4s-~~~vi04 P.i i04S..~ 0 •
- a - 154 4 0 4 1 5 4 5 0  ,. ,- w115N I*P..D90 Q N N 4 5 4  0 45S 
I ‘o, . . h  ‘al , S I . 4 .  5 . 4 . 1  I • • • ,  d • 4  • I41 1 0 5 4 0  104 5 0-Op 4 0.0.015 40 .0 N 105 5-1 Vi

III N 4’159I’M P.4 0 4 0 4 0 5 0Q~~~N 1 5 0 4 54 44  - .0
a - 

- 1 : 1  I~ I H 
~~~~~~~~~~ ~ 777 ’1

I I U - I - -
I 

~~~~~~~~~~~~~~~ 3 - - - -

I - I
IN ~~ 0IO r.. N s- 450 ~~F .0a 15 0-1SlD4 0 Vi• I •i ’ 4 0.0.1501 PI ,150N0 N 4 5 0 4  *i.NP.q 0 0- I~~ 

- - ‘. . . . . q  o . S . p  4 . 0 . 4  I . ..4  ~ SI - - 4 1 5 . 4  4 s- 49 4  4 4 t.4 9 0  N45P.SISd O II I 

~~ 
P.a4 l~’41 ‘r °5-0 - N 1 5 1 5 4 V i 5  I‘1 : I t h I , I I I  I, 

,j
I!~~

I5
~~~ r s- . . -r

~ 
- 

I

4 4 0 la~ 0 01 5 9 0  4151’5O r( 0 5 0 1 50 4  P . s - o s — s 0 ‘0
- -. . 

- a I •g c 4 C O P — O I l S  P.554004 10NPfl5-P .4 100 100C 0 *-~~~~ 0~~ 0 ~~ 5 . 5. 4 1 . 0 . 1  ~~~~• 5 I 4  1 5 5 5  5
40 5104 051.0 - IO P.. 4*044 0 . 1 5 1 5 9 I~~ 1515.041 a
a • 0 Z 0  15.0’.  1$5100.104 .5 0 5 0,— IS-I 154 15 W 5 4 V  - vi

P I - $0 • 
~ 5 1 5 5 5~ 5 5~ 5 5 5 - 1 5  - ISa .-

~~ 
I - - I I I  Il l s - I S

a I S  ‘51 I I— I 
555 - I I - 

I

I I ~~ Os 4 10 0 00 0 0  00000 0000 000 0 0
I vi ,~~~d 00000 0000 0000 00000 0 00 N5- III S. P~ 0 . 5 . 0  I S I s  I s . .  I S I S  I 4

H
- I O C D’ . 0 v 4  ~~~~~~~~~~~~~~~~~ l~~0lM 9l ~~ VS-~~~0C 0 05

I ‘
~~~~ 

- 41 00r~.o vI 0 5 . 04 5 . - A  V5010P.l 0 .5154CC 0 vi
‘~~~ ‘ I - 41 4 . . . 4  4 . 0 . 4  0 s s .  I s p.  a s

I • 41 ‘.15* P.~4 N 0 5 0 4  4 5 5 - 5 0 0 ’  aP-A ivi
,
~ 

I V S 9 P S  ‘.000.04 04 00 5 5 4 5 5 4 4 54 4  -
15 550 - 5 0 II I I I I I~ ~~s - s - s -~ s’5s-r

~
s- - I

I I I 1 1 , 5 1  S I l l
IS 5’.  ‘ - I I •

- • 0 4 1 5  - I I S - - I S
- a  S i I I 

I
- I -

I I ‘C 00000 00001 00004 30005
I - S 00000 00001 00004 00005 P.

__ 
I 0 ~ i 00000 0000C 00004 00004

45 I S - .51 ‘$ ~~ 41 41 41 1515105 5 5515 15 Vi 45 15 VO wS ,
O W  ~~ 4~~~~~5 5 I  5 5 0 5  0 5 5 5  5 5 4 .  41t o  ‘a, * i  w4evi O vi o v ic  w $ o V i O ,  0 1 50 1 5 5  a

I ~0 . • 5 5 - 5 -  NIv I’IP’’ * 1 5 1 0 555 P.15.15100. 01 a
0 I 5 5~ S 5 5 5 5~ 5~ I I I I 5 I II 51 ~~.0 ’.  ~~e . I I I

~~~~~~~~~ 

‘ 15 I Ia • 00000 ~~o 0ec  0 0 00 4 Ooao ~~ 0
- a P.O .0N 5 00000 00001 00001 00000 0 4

• 4 UII~ S. 00000 0000C 00004 0000~~~ U
5 - 5

: * 5. 0 1 5 1 5 1 5 1 5 1 5  4 5 v i 4 5 1 5 5  1 5 1 5 4 5 1 5 1  451515151F1 VS ~~9 • 4 5  0 4 5 5 5 5 0  0 5 4 5  . . l 5  , S S S I  4 .0
• I 0 1541 a vs 0 0 5 . 4  0 5 * 0 5 4 0 5  4 0 5* 0 5  0 5 4 0 1 4* 1  4
- — - a . ~ I s•4 s~ .ia os~v i ’-’i ‘ 0 4 4 51 54  • ‘ .P .04  0 0

5. Ia 
- 

I
~ 

S~~O I~ I I~ I I S - I  ‘I ‘I~~ ~~ •I •

-11- — 

5-— 
~~~~~~~~~IS ~~~~~~~~~ —~~~ ~~~~

--——— 
~~~~~~~ TL1. .~s4 c’~~ * ‘. ~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~ ~~—~~•— -~~~~~~~~~~~ -~ ---- - --—-S—-

~~~~~ 

-
____________

s- I .1 **,.t ,5 15J 4NI’I0 II.I .J II~1 à 4 1 5 4 5 0~ .*P.,IIIIIA! ViP.P.4555 IS
5.3 10 .0 4 A I S oN  0P.rlVi 4 5 1 5 4 5 5-1 0  90500504 4590454 ViP.05MI.V

5.1 1 . 4 5 4  4 s 4 .  0 5 4 5 4  • S 4 S S  I S . .&  5 5 5 5
0 41 *P.N45151 4 5 P .S 40- 0h 0 sUN41 4 0 5 1 5 4 5 4 5  4 1 5 4 4 400 52258 ~ tc”r?~’ ‘c~vr? f~”~’~ ‘~‘r? 7T ~~ 1’~~ ‘?~?tt o  EC ~ P. - 

I - • - 
—

P.O - I I I - I
s- •a a - I - I S I I - - - I

II 4155 109.10 1 5 9 4 0 N  S O V I IIS PI Ns-15s-40 4044.-I ViviEidPS
• 4 4 *4 14 5  4 0 5 1 5  0 54 04 4  0 0 5 P . P . 4  0 1 5 4 1 0 0  4 .0 04 5a s o . .  4 s p i  5 S I S l  I l s i s  S S I S .  1 5 5 1  - - •

a 4115- Ni’s 45a15 44 P.~~~00.-4 N o e P .’ .  5 0 0 5 0 1 00 5  0 50 0 0

~ i’?’
~~
’?I ‘~vrr , “r’r’rr ?‘r r?? ?~ f1? i’~~~ .- ~~

‘ 
-4 5 .0 I - I - I

S. UI N - I I - S
UI • I J - - I I
VS c*cdo  d o O o  0 0 0 0 0  0 0 00 1 5.  N V i s- 0 w~ 10s 0 P .. 4 ! 1

4 9000 9090 00000 00004 15I5415P.P. 45s-4545f54I 5 5 5  5 5 S S O S S  1 1 5 1 4  I S I 5~~~ . 1 5 5 5
— 45 I I • - - • .5 O r N 4 5 4  P . 4 1 5 4 0 .  - •

I - I - 01 0 50 0 0 0  000 0 0.
I I - 

I~ ‘ r’~ ~~ ~ 1
Isa 4 ‘ I 

- I I
15. O 0~~~4QI SIINI’.I10 (\0 0505-  P.0 51.1 4 s- P .~05 l04 04 5* 4*  1 5’0 1 5* ’~• 5. C OOP-Ill  ploo r .a N ‘- 5- 5- 50 41 * ‘0*150vs 1 54 s -4 .- 1 5  4 0 s-4 1 004
45 VI 4 . s . 4  4 . 0 . 0  5 . 5 5 5  . S I S (  a l l . .  S S S S S
N S 45”I P145 P . .-0 1  0 s-N N 4 5  P.5-15554 P.0-0-DO .-N150154 44
% UI - 1 5 V~ V l P - r. P- .Q P . P .’ . P . P 1 0  ‘.00055.5  1 0 1 0 1 00 5 0 5  0 5 0- 0 5 0 50 .
P. 550 I I 5 5 5 5 5 1 5 5 I I 5 S  I’ I I I I - I I 5 I I~ I I I I II . 4

.0 5 II’340~15 IdI 41 4 ‘oP. O’0NP .04 P.’ 0-15~~ 0 5 s - 5 0 1 0 iGl I~S 0 ’O’P.Vit
* S. 5-1 4 5 4 1 4 4  10515410  N P .0 4 P . 4  00’010r5 4 5 0 5 5 5 5 0 0 4  045150- PSI

4 0 4 5 4  5 5 5 1  4 5 4 5 5  4 5 1 S 4  S S I . 4  • . s . p
5-~ I5 I44 N P4 4 5 04 1 4  VO NO5-I 410 5- 551 514 4 5* 1 5 1 5 1 5  P.P.P-’ .UI I ’ ~~s~~~1 ‘M4 5M’ I 0 5 5r~ 

‘
~~~

‘
~~~~~~ 

44 ’0’rvr ~ii i~UI I I 5 I I
UI I I - I S - ‘

PS SD *Oo  0-is PJs- it~ 4 5 5 0 0 5 4 5 . 0 3  d15V5I0~~~ 0-554 105 45
.0 a ‘ . 0 . 0  ‘0154115  4 5 0 5 50 4 4 . 5  0.0 .00 045150-N

.0 90 N 0 5 0 5  • 4 s  0 s 4 5  4 5 5 5 4  S S S . I  •o ~~~~~s 4
5. 555 4 a ‘.o~~ .- v405 .llv s 4P .  O N V i 4 4  P.P.P.Iso .0 0- 0 5 0 5 -0- lid
0 *~~ 4 I~~~~s- NN ISI 45451015 4-4 * .d~ 4 144 9*  4 4 4* 1 0 5 1
a UI - I- I I I I I~ S I I- I I I I I: I s~’f I- II I II I I II I I I SI

I I I I —

9 -  15 I - I I I - I ‘a ~ 00 00 0000 0000  Oogor a  45s -d ’04~ 15-10445
a a 5 4  0000  0 000  0000  000015.4 1 0 4 0 1 0 1 5 4  *N*’-
51 0 $~~ 5 •  I ~~~5 4 I  5 5 5 5  ~~~5 5 5  5 5 5 5 1  5 5 ~~~~~5OS. - I 4 5 P . S C Q s -  505’ .5-5-I I f 0 P~~I~ I~ P

0 j s-~15~ 
!‘.J’. ~~~~~~~~ ~P.~’.J ~4~45J

I 

~
r1 ~~~~~~~~~ 

55 i0 ’ 15e ~~~~~~~~~ ‘~~V~ ~
? s  •1~~I~~~~~ ~~

‘
~~~~

‘
~~~i ‘? i”f ~1 sj 11~’T~ ~~ 

:— I - ,  1

45 4 Vi 4 P. 055 115. P.Is- CJ VO 05s-~~~ VS- O4 irie41’. Ii..
5 45 * Vi 0 ‘ .0 5’ .  004 0  V 4 0- N ’0 G i  0 4 5 4 5 0 5VI I 0 I I 5 4 5  4 1 1 S  5 5 4 5 4  0 5 4 5

• - N 0 4 ‘0 50 4150 510 554 4 4 5 1 5  ‘.P. P. - -

a “ I T S  Ii~~I
’
~~I 5~~~~~~~ I~II 5 ‘fl’~1I’t ‘tI~1 i~’t~~’ ?1

-
~ -

• 0 l  I I I I
• 4 4 0- * 0 05 5- .0 04 45 0 1 5 1 5 0 0  01NWS45

4 5 4 5 4 1 0 .  15. 0 Vi I’S 5 05 0- 4 54  ~~ 410045 045105 -50-155 0 III S I I • 4 5 5 5  4 1 1 . 1  O I l S
S I UI 105014 15 05 Vi P. Q N4 54  P.I P. P.p .o * 0 1 0 5 0 5 0 .  - ‘
S S a I s - s -  N N 45 45 

~~~~~~~ 
. 4 4.0 4 41 4 4* 4 4

51 0 P I I I I I I S I I I I S Is I I I 5’ 0 5 II  I I I I I I I I

- I I ~~ ‘ .55001 4 5 5 5 15-~s-5— 5 I I I I ‘0 .O’0P.P.4 P.P.P~ P.a 0 I I
I 1 1 1 1

1
1 1  If I S I SUI S I

P.~~~~~ I I I I I I I
0 I ~~ U 15 15 IA 15.IP.5d 155rI 4P.r1 0d rlP.NP.4 3451545.5

• UI I 00 05 P. P. 05454544 N O 1 5 NV 4  4 N 1 0 4 5 4  4 0 . 0 0 5 4
S I  I s  S 5 5 1 s 4 5 1  4 5 S S ~~~ 4 . 4 5 4  O I l S

* S UI 15 4 1 0 5  ‘ . 0 5  0*515  4 1 0 0 5  4 5 5 - N
T I  I~~~~ 5 ’

~~~I ~~~~~ ~‘?t1~ ‘V’~~1~ ~
?‘?

~~~~~~ I

I I I I  I~~~~~
~ ~~~V 45 5 0 0 0000 00000 000*4 9051010 4 0 4 0 1 540

• 0 UI 00 0 *0000 00000 0001010 *05-40 15151050
0 00 0 4 5 0 00 0  0 00 0  0 0 0 5 - r I  5 4 0 5 4 5 4 5

- - 0 00 0 040 0 0 00 00  0000 504  0 4 0 4 1 0  ‘ . 1 5 - P . O
0 155 555 0 154000  001 50  0000154 *05 ws 4 0 490

• 50 I 00 5- 5 + 40501 * 4P.P.iO 0 4 0 4 1 5 1 5  V 4 1 5 4 ’ C  Ps,P.P.4 sSVS S I d s ~~~~~s . 4 5  0 5 4 5 .  I S i s  5 1 0 5k a ‘a. I ‘~s - s - s - ’i ‘-‘s- ’•l’— I. I5S~~~II—

I • I

5. I I i I
42 

- -
~~~~~~~~ -~~~~~~~ S -~~~~~~~~~~~~ --~~~~~~~~~~

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

-
~~~~



00 52258

•DENFSP - This program may be used to prepare spreading
function tables for DOP. It will combine (convolve) a
spectrum and a density functi on and/or convert a spectrum
into a density function. Print, punch , and plot options
are available. Program DENSFP is documented in reference (3).

• •SRNBT4 - This uses the ‘plot output tape from DOP. The
program prints or plots reverberation in doppler bands.
It can translate the data into broader bands than were
computed. It can also plot selected bands vs. time, and
plot or punch cards for enabl ing level for use by the SONAR
Drogram. Program SRNBT4 Is documented in reference (3).

3.6 Other Considerations 
-

Al though standard FORTRAN IV is the primary lan guage of DOP, there
are two UNIVAC FORTRAN V features which have been employed:

•The iNCLUDE Statement - This 1s a convenient way of adding
blocks of cards to several routines, insuring that such
blocks will be Identical in each routine. For compilers -]
without this or an analogous feature, It is a comparatively
simple matter to duplicate the blocks of cards and to add
them physically in the proper places.

•The FLD Function - This is a bit—manipulating function which
is used only in subroutine INPUT for assembling individual
characters into variable names. For compilers without a

S comparable feature, an assembly-language routine Imist be -i
written.

As used in subroutine INPUT, the two constants NWORD and NCHAR
contain the number of bits per machine word and the number of bits per alpha-
numeric character. For the UNIVAC 1110, these numbers are 36 and 6 respectively.
They can be changed via a data statement in the BLOCK DATA subroutine, INBLK.

SECTION IV
THEORETICAL BASIS AND PROCEDURE -

•

4.1 General —

The thinking which led through various models of reverberation
• to the one implemented In DOP has been covered extensively In earlier informal

works by A.B. Poynter. Five of these works are inicuded as Appendices B through F.• The conventions, assumptions, and simplificatlons employed in the program are
listed below:

•Both the surface and bottom are treated as
horizontal planes.

•The platform’s velocity vector is horizontal.

is
-13-
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•The medium varies only wi th depth. There is no
current.

SAi l times are measured from the midpoint of the
transmitted pulse (see Appendices C and D).

•No allowance is made for differences in transmit and
receive paths caused by translation of the platform
(Appendix E).

•When the transmit and receive paths are of different
types, e.g. one direct and one reflected, the boundary
scattering strength between paths is taken as the
average of the back scattering strengths for the two
singl e paths. This is one of the least defensibl e
assumptions , and investigation in this area is needed.

4.2 Description of the Models

4.2.1 Boundary Reverberation

Refer now to Figure 4-1. A ray is considered as emanati ng from
a source at some depth, d0, located on the Z axis. Since sound velocity
is a function of depth only, a ray lies enti rely in a vertical plane , and
the locus of all rays leaving the source at an in i t i a l  angle 0

~ 
from the

horizontal is a surface of revolution. If these rays reach the surface ,

\\ “
~T~2~~/ Figure 4-1

\\ ///~~‘ 
Locus of rays from a source at d0 at
an angl e 0

~ 
from the horizontal .

d0
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- COMMON

~~~~ A_ _ _ _
PAJ.~~B

SURFACE

/ //~~~/
/ / /~~/~~~/\ /
/ ///~~~ 

y / \ ~~/

///~~~ / / /
/ / / / \/ \

/ / / / I / ‘~\~~~~/ ~1 /
/

/
/
/
/

\~~~~
,//

~/

~~~~~~~WV 
_ _ _- - IOTTOM L _ _ _ _  
I _ _ _ _ _

S pAi1i~ PATH D

z

- ~~~~~~~ FIGURE 4-2

Two di fferent ray-bundles , called “pathst’ (direct path and singly
bottom—reflected path) Insonifying a comon portion of the surface.
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the XV plane , their points of intersection describe a circle. For con-
venience , we consider only rays in the fi rst quadrant of the XV plane.

The SONAR program is used to run a fan of rays. To cover all
frequencies seen by the receiver, these would range from verti cal upward
to vertical downward (In any case they should cover a range equal to ±
THTMAX). The points where these rays intersect the surface and bottom
are examined by program RAYSRT. The points are separated into strings
defining annular areas of the boundaries , which are insonified over
independent ray paths , i.e. direct or one or more times refracted
or reflected. Each such string of points is hereinafter referred to as
a path .

Figure 4-2 illustrates portions of two such independent paths
at the surface and two others at the bottom. In practice, for completeness,
all four paths would include the verti cal rays, and overlap would be
ccniplete unless interupted by the refraction of some ray away from a
boundal--y. For the purposes of the explanati on following, however, we will
assume ‘that paths A and B are illustrated in their enti reties.

To understand the operation of DOP program, refer now to Figure 4-3.
Let the dots along the horizontal axis represent points at which rays have
reached the surface directly from the source, called path A. The region

S so insonified lies between the light solid lines . Let the X’s represent
rays arriving via a single reflection from the bottom, called path B.
The insonified region is delimited by the light dashed lines.

Let the heavy solid line represent the range at which the two-way
travel time is equal to a requested data time, t, having been transmitted ,
say, over path A and received over path B. The heavy dashed line represents

S the ranges at which the two-way times are t -~t and t + ~t, the time limi ts
due to the pulse length ~t. 2 2

Now the area insoni-fied over both paths and lying wi thin the time
F : - limi ts will return sound to the source at time t. Figure 4-4 shows this

annular area. The annulus is now divided Into the incremental areas bounded
on two sides by equal-ti me lines and on the other two by equal-frequency
lines . (Sometimes one of these lines degenerates into a point). Such

- areas are labeled ~ and b in the figure. The co-ordinates of the corners
(numbered 1 to 4) are computed and the areas are approximated by polygons ,
assuming straight lines between the corners. From the ray data are

• computed the average transmission loss and scattering strength over the
• S polygon. These, combined wi th average transmi t and receive pattern losses ,

permi t the approximati on of the back-scattered energy from each area. These
contributi ons, expressed In intensities , are summed in random phase wi thin
the requested time and band limi ts.

V
S -

-16-
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Insonified portion of surface corresponding to ray paths In Figure 6.
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FIGURE 4-4

The part of the common Insoni fied reg ion whi ch also l ies between
the time l imits returns energy to the source at time t. This region
has been bro ken up i nto incremen tal areas , bounded on two sides
by equal-time lines and on two sides by equal-frequency lines .
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- 4.2.2 Volume Reverberation

FIgure 4-5 illustrates the computation of volume reverberation. For• the straight—running case, the return In a band at a given time, t, Is
. from the frustum of a hollow cone with spherical bases. The cone is

divided radially about Its face forming small areas, and the pattern
losses to each area are combined to yield an average pattern loss for the
Iso—frequency volume. Volume reverberation Is computed using this pattern
loss, average two way transmission losses , volume of the hollow frustum, and
volume scattering coefficient. In the turning case the insonifled volume Is
not a cone, and the transmit and receive directions are different. However,
th. basic procedure Is the same as for the non-turning case.

t + ~~ t
- —F-

I-

-
~~ 

- z
S

FIGURE 4-5
- ‘.5

Volume insonifled at time t between two equal-frequency cones
- and two equal-time spheres . Pattern losses are measured to

each area marked on the end.
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4.3 Equations

4.3.1 Preliminary

The following symbols and defini tions are used in this section:

C = the velocity of sound in water, a function of water depth

f = the frequency of a sound wave
t = the elapsed time at which reverberati on is to

be computed , measured from the midpoint of the
transmi tted pulse

V = the speed of a platform

Y= the angle between the sound direction and a platform
velocity vector

X= the wave length in water, and

~~
= the turn rate of the source

Let the subscripts

O (zero ) = source ,

I = target, and

R = receiver
Further , let the superscript “*“ designate terms associated wi th

sound being re—radiated from a target as opposed to the unsuperscripted
terms associated wi th sound approaching a target.

The X axis is defined as the platform velocity vector at time
t = 0 for volume reverberation , or its projection on the surface or bottom

- - for boundary reverberation.

Using this symbology

C0 — V 0 CO S Y 0
• 

- A 0 =
fo

-~~ Approaching a target

A = !i_~ 0 
C T (C0 - V 0 Cos ~0)

1 C0 f0

-20-
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The frequency obse rved by a receiver on the target, and that
re-radiated into the water wi ll be

f = 
CT - V~ Cos 1T 

~ 
C0 (C T - ~‘T Cos 

~T)T 0 C T (Co - V 0 Cos ~~
The wave length of re-radiated sound Is

= 
C - V 1 Cos 4 = 

C~ (C~ - V 0 Cos ;) (C; - V.1 Cos ‘r.)
T 

T f0C0 (C, - V, Cos y,)

approaching the receiver,

C R ~~ ~~~ (C0 - V 0 Cos ~ (C - VT Cos ‘4)R T f0C0C (CT - V T Cos 
~
T)

and the frequency seen by the receiver is

f C R - V R Cos y
~~ ,

~~ 

c0c (C, - V T Cos 
~T

) (CR - V R Cos ‘
~
‘R~

A R ° CRCT (C 0 - V o Cos i~) (C - V T Cos ‘4)

Simplifying, in the vicinity of the target, C*T • C T, and
considering reverberation as beIng from motIonless scatterers (their motion
is handled statistically as “spreading” in the returned sound) VT 0.
Also , we are interested only in the monostatic case (source and receiver
at the same point) , so CR = Co and VR = V0. Applying these identities we
have 

— ~ 
C 0 - V o Cos 1R (1)

R — 0 C 0 — V 0 Cos lo
4.3.2 Boundary Reverberation

- 

— - For calculations of boundary reverberation, we will resolve the
angle Vintolts spherical components, the horizontal angle 4’ and the vertical
angle, B. The equation now becomes

- f — Co - V o Cos e~~Cos~~
S 

C0 — V 0 Cos e 0 Cos~~0
Since C is a function of depth only, the transmi tted and received

rays are in the same vertical plane. For the straight—running case ,
+ +o but in general 4’,, = ii + - ~~ Finally, then, the frequency• of reverberation received from a point on a boundary,

~ 
Cp + V 0 COS O R 

e
05

c~~~ o 
wt) (2)

( -21-
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Refer again to Figure 4-4. In order to be certain that all
incremental areas are assigned to the correct frequency bands, it is
important to know what Iso-frequency lIne is tangent to an Iso-time line.
This is equivalent to finding the maximum or minimum frequency occurring
at a given time. It is clear from Figure 4-4 that all the variables of
equatIon (2) except •~ have been given fixed values. Therefore, we find
at what azimuth angle received frequency is a maximum or minimum. Dif-
ferentiating equation ~2),

= ~ 
V0 Cos Sin 

~~ 
- wt) 

—d~ 0 Co - V0 Cos 80 Cos •~

~ 
C0 + V 0 Cos 0R Cos (- *~ — wt ) V0 Cos e~ Sin 0 0 = 0
(C0 - V0 Cos 8 0 Cos •~ )

~
Cleari ng fractions and rearranging terms ,

V0
2 Cos e~ Cos 8R [Sin #~ Cos (•~ - wt) - Cos 0~ Sin (+~ 

- wt) ]

+ c0 v 0 [Cos 0 R Sin (o, - ~t) + Cos e, Sin 0

Reducing the first term and expanding the second term using the sin (a—b)
identity ,

V0
2 Cos e~ Cos 0R Sin wt

+ C0 V0 (Cos 0R Sin •o Cos wt - Cos 0R Cos $~ Sin u~t + Cos O
~ 

SIn 0~
) = 0

Aga in rearran ging terms

S 
(Cos 0 R Cos ~t + Cos e~) Sin $~ - Cos ec Sin wt Cos 0 0

+ Cos O~ Cos 0R Sin ~t = 0
C~

. 

- 

- Substituting

a = 
~~~~ 0 R Cos w t  + Cos e~

b = Cos O
~~ 

Sin uat , and

-: c =!2. Cos e 0 Cos e Sin wt ,

-~~~ Co
-
~~ we have

a Sin +~ - bCos O0 + c 0

Squaring and substitutIng for sIn2 •~ we arrive at the quadratic
(a 2 + b2) Cos2 0~ - 2bc Cos O + c2 - a2 

= 0

-22-

IIiI ~~~.5 -__~~5S—~~~~~-S-- -_  ~~~~~~~~~~~~~~~~~~~ _



—~ ~ - -
~

--T- - - — — --------- -~~ ~~-. -~~~~~

00 52258

Set into the quadratic formula and simplified, this becomes finally

Cos O = 
b c ± a  ~

42 +b 2 - c 2 (4)0 
a2 + b 2

To understand the significance of the sign of the radical,
consider that when ~ = 0, sin ~t = 0, and cos 

~o
= ± 1. That Is, the

locus of the points of tangency between iso-time and Iso-frequency lines
(the mm -max locus) is the X axis. Al so, in this case the iso-frequency
line for f = f0 is the Y axis , with greater frequencies to the
right , lesser frequencies to the left. Thus it Is seen that the posi-
tive and negative signs define +0for frequency maximum and minima,
respectively.

We will now find the co-ordinates of the corners of the Insoni-
fled polygon label ed 1, 2, 4, 3 in Figure 4-6. At time t and frequency
f , from equation (2),

fRCO - fRVO Cos 00 Cos +~ = f0C0 + f0V0 Cos 0R Cos ($~ 
- u3t) , or

f0 Cos 0R Cos (+~ 
- ~t) + 

~~R Cos Oo Cos 0o - 
fRCo — f0C0 0 , or

V 0

f0 Cos 0 R (Cos wt Cos $o + Sin wt Sin .~
) + 

~ R Cos 80 Cos $0
- ~~~~~ (f R - f0) = 0 , or

V 0

(f0 Cos 0R Cos ~t + 
~~ 

Cos s~ ) Cos •O + (f 0 Cos 0R Sin wt) Sin +~
~~~~ (f~ - f0) = 0
V0

Setting
a = f o Cos e R Cos w t + f R CoS eo ,

b = f 0 Cos 8 R Sin ut , and

c = .
~
2.(fR - f O)

~: -: . 
V 0

• we have
a Cos $ o + b S in +o _ c O

Squaring and substituting for sin 2 $0 as previously, we obtain the quadratic

(a2 + b 2 ) C o s + _ 2 a c Cos $ o + c 2 _ b 2 0,

and by quadratic formula
s 

a c ± b  ~~
2 + b 2 - c 2

Cos $ 0  a2 + b 2

• -23-
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Finding the value of an incrementa l area.
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Similarly it can be shown that
b c a  ~Ij~~+~~2 _~~2

• Sin~~0 = 
a2 + b 2

opposite polarity of the radicals being required by the Sin •2+ Cos •2 =

identity.

Now from Figure 4—6, it is seen that for point 1

Cos •0 = .J.. and Sin • 0 = —x t
where x , is the x value associated with time t, i.e. x, is the radius of
the iso-time circle. Therefore for point 1

x = 
~ 

ac ± b ~42 + b2 - C
2 and 

(5)
— 

a 2 + b 2

= 
~~, 

bc ;a h~~ + b 2 _ c 2

a 2 + b 2

From considering the geometry when = 0, it can be seen that the upper signs
are used for insonified polygons which are clockwise of the mm —max locus
when 

~R)~~ 0 counter clockwise of the locus when 
~R’<~ o , and conversely

for the lower signs .
S 

The area of the polygon in Figure 4-6 is clearly the sum of
trapezoids 2, 4, 8, 6 and 4, 3, 7, 8 less the sum of 2, 1, 5, 6 and 1, 3,
7 , 5. That is ,

A = ½(X 4 — X 2 )(Y 4 + Y2 ) + ½(X 3 - X 4 )(Y 3 + y4 )
- ½ (X 1 — x2)( Y 1 + V 2) ~(X 3 — X - 1)(Y 3 + Y -~) or

A = ½(X 4Y4 + x4Y2 - x 2Y4 — X 2 Y 2 + x3Y3 + x3Y4 — x 4Y 3 - X4v4

— X~Y~ — x~Y 2 + x 2 Y~ + x 2Y2 - x 3Y 3 - x 3Y~ + x 1Y 3 + X~Y~ )

Consolidating, we arrive at the computational form used in the program:

A = 
~½ [(x4 v2 + X 3 Y4 + X 2Y 1 + X 1Y 3 ) - (X 2 Y 4 + X4 Y3 + X 1Y 2 + X 3Y1)]I (6)

The taking of absolute value avoids negative areas in some quadrants.

Equation 6 is quite general and computes correct areas even for
t -

, triangles.

H. -25-
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4.3.3 Volume Reverberation

Now in the straight-running case, as has been mentioned before,
the iso-frequency surface is a cone. In the turning case, this surface
becomes qu ite comp lex , even discontinuous for certain combinations of fre-
quency and turn angle. We will now derive a method of expressing the volume
wi thin an iso—frequency surface in the general case.

To begin with, equation (2) is equally applicable to vol ume
reverberation. However, in the simplified model , using a uniform unbounded
medium, the transmit and receive paths will necessarily be the same for
the straight running case. In any case, 0 R wi ll equal 8 0~~ 

Thus the
equation becomes

= ~ 
+ V0 Cos 0 0 Cos ($~ - w t )

R 0 
C0 — V0 Cos 8 0 Cos •~,

clearing the fraction and rearranging terms

Cos 
~ [f0 Cos ($~ - wt) + 

~R Cos = Eo (
~~R - f0)

V0

Substituting

Cos (+~ 
- wt) = Cos +~ Cos u~t + Sin $~ Sin wt,

Cos +0 = 

~~~~~ 
‘

Sin •o = _________ , and
j~~~~~~~ y

2

-
~~ [ 2  2

Cos 0 0 = vX + ‘
~ , we obtain

“~~+ y 2 + z 2

Jx~
’
~ 

;2~~ ~ 2 [f0 (1X 2 
x 

2 
Cos ~ 1X 2 Sin wt ) + 

~R 
~~~~~~ 

= (
~~ R 

- f0)

f0 (X Cos wt + Y Sin wt) + fR X ~~~~~~ (f
~ 

- f0) ~/j~ + +

or 

Vo

X(f0 Cos t + 
~ R ) + Y(f 0 Sin ~t) = -

~
-
~ 

(f R 
— f0) ~~~~~~ y 2 + (7)

V0

-26-
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Equation (7) descrIbes the iso-frequency surface in cartesian coordinates .
For simplicity let us substitute

a = f O Cos w t + f R
• b = f0 Sin wt , and

= La. (f~ — f 0 ) yielding
Vo

aX + bY = c i~~
y 2 ÷ z 2 (8)

By rotating axes through some angle 6 , the V term of the above equation
can be el iminated. Using the superscript “prime” to denote measurements
in a rotated system and the transformations

X ’ = X Cos 6 + V Sin 6 and

Y ’ = Y C o s o — X S i n 6

It can be seen that to el iminate the V term in the left half of equation (8), 6
-~ must be chosen such that

a SIn 6 + b C o s 6 = 0 , or

a2 Sin 2 ö = b2 Cos 2 & , or

b2 2 2
Sin 2a = 

2 2 and Cos 6 2 
a 

2 or
a + b  a + b

Sin 6 = -b and Cos 6 - a
4~ + b 2

- 

- .  applying this to equation (8) we have

a X - abY + 
— 

abY + b X 
= c 1(x 12 + (V ’)2 + , or

• ji2+ b ~ / á 1~~~
2 ja2 +b 2  fa2 +b2

~
2 2 , 2k a + X = c w4X’)2 +(Y ’)2 +Z , or

-27- 
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_ _ _ _ _ _ _ _ _ _ _ _ _ _  = C

+ (V ’ ) 2 
~ /a2 

+ b7

Resubstituting,

_ _ _ _ _ _ _ _ _ _ _ _  = 
Vo (fR — fl)

‘I (X ’ ) 2 + (V ’ )2 + Z2 ~~~ Cos wt + + f02 Sin 2 u~t , or

X 
= Va (

~~~
-
~~0)

~f (x
’)2 + (V~!

1
)
2 + y~’f0

2 + 
~R

2 + 2
~R~0 

Cos ~f

remembering that J(X’)2 + (V ’ )2 +~~~~ 
= C 0t, the distance that the sound

has traveled in time t.

But the left hand member of this equation is cos y ’,the X ‘ direction
cosine. For a parti cular set of values of the parameters in the right-hand
member of the equation, cosv ’, and hence Y ’ are constant. Thus it can be
seen that for each time, t, the intersection of the iso-frequency surface )
of frequency f R and the sphere of radius C0t is a circle centered on the
X ’ axis, which is at angle öfrom the X axis. This circle defines a spherical
segment.

Let us define our differential of the volume enclosed by an
iso—frequency surface as the area of this segment times the differential

S of range or

d v = A d r

Now the area of a se~nent with thickness of h of a sphere of radious r is

A = 2irrh where

h = r - r C o s Y
4-

Therefore

A = 2irr 2 (1 - Cos i) , and

dv = 2ir 2 (1 - Cos i) -d r

Substituting for r, dr , and Cos I we have

dv = 2irC 03t 2 1 - 
Vo (f

~ 
- f0) dt

+ + 2f~fo Cos wt
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The volume returning energy from within the iso-frequency surface
at time t will be

I
V = 2~C0

3 
t2 1 - V 0 (f~ - f0) dt (9)J t - At ~~~O

2 + 51?R
2 + 2

~R~o 
Cos

T
The integral in equation (9) has no analytic solution , but is

evaluated digita lly. The volume returning energy within any band , obviously,
would be the difference between two such integrals at the two values of f~
representing the band limits .

4.4 Verification

Appendix F gives the results of an extensive comparison between
various models for computing the boundary reverberation. This compares
results only for straight—running cases. In addition , compari sons were made
in 1973 wi th an independent model developed by Dr. J. H. Slaton of the
l~lava l Undersea Center for a limi ted number of turni ng cases. These revealed
several difficulties in the turning case which have been corrected. Agreement
was very good , considering the difference in mathematical approach .

For the straight-running case, comparisons of volume reverberation
wi th the method described in reference 1 have been excellent. This was 

-expected because of the similarity in assumptions in the two very simplified
models.

SECTION V
AR EAS FOR POSSIBLE IMPROVEMEN TS AND RE FINEMENT S

- 
- 5.1 Volume Reverberation

The simulation of volume reverberation includes two gross
5 simplificati ons; the medium is homogeneous, and it is unbounded. Thus,

severa l known features of particular environments cannot be realistically
— 

approximated. In par tic’~lar , returns from scattering layers, returns from
regions of greater or lesser focusing, e.g. caustics, an d returns over mu ltip le
paths are ignored . Still it is hoped that the model can supply numbers of
the right order of magnitude in some useful cases.

Almost from the beginning , the three-dimensional analogue of the
boundary calculations was recognized as more realistic. A prelimi nary study
was made in 1967 by M.M. Jacoby of NUC , which outl ined the geometric problems
of computing incremental volumes. Al though precise formulae have still not
been developed , the problems seem mainly those of bookkeeping; that is, of

- ~~~

- 
S
. ensuring that the entire insonified volume is accounted for. The calculations

would also be very costly In computer time.
Implementations of this model : tedious and time-consuming to

wri te and check-out, but require only re-writing of one DOP subroutine,
plus the changes in SONAR mentioned in 5.2.

a. -29-
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5.2 Multi -path Reverberation

The current model approximates the ray-path losses when transmit
and receive paths are not the same. The approximation is simply the average
of the two-way losses over each single path. Now the transmitted and
reflected rays have different spreading loss even over the same (reciprocal)
path . The difference is small , however, rarely amounting to so much as 0.2 dB.

Another discrepancy is in the implicit averaging of the scattering
strengths. The tacit assumption (not to be dignified as an approximation)
is tha t scattering strength from one path into another is the average of the
back scattering strengths for the two paths. In the absence of a good
theoretical or empirical alternative , this assumption was allowed to stand.
There is a need for a single expression of scattering strength in all dir-
ections from an incident ray.

Incorporating such an expression in DOP would require that
scattering strength be removed from total losses passed by program SONAR .

Assesment of these changes : given the scattering expression,
the latter change would be an easy matter; the former would not be much
more difficult.

5.3 Vehicle Translation During Ping

Appendix E discusses the consequences of using the same ray—path
for transmit and receive, ignoring the translation of the vehicle. This
change is of secondary importance , but should probably be included for
completeness if the changes in 5.2 were implemented . It would be easy under
these circumstances.

5.4 ‘Spreading ” of Reverberation

There are theoretical reasons to bel ieve that doppler shifts
caused by motions of scatterers, particularily at the surface, are a function
of grazing angle. No such provision is made in this model . Incorporation of
this feature would require a fundamental change in the handling of boundary
“spreading ” and probably minor changes in SONAR and RAYSRT .

Difficulty of these changes : moderately lengthy, but not complicated .

5.5 Preferential Orientation of Vehicle wi th Respect to the
• 

- 
Environment.

Real environments are non-uniform in every direction , not merely
in depth as currently modeled .

The followi ng three additions to the model would take account
~~ 

-
. of some non-uniformities. All would come under the heading of major revisions.

In addi t ion , it is clear that, conditions being different at all points and
- - times in the environment , a single pi ng cycle would no longer give a general

5 -

- description of reverberation. The changes would , however, make possible the
calculation of ranges of values that might be expected .

-~~ 5,
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5.5.1 Current and/or Wind Direction

Only DOP would need revision. Doppler content due to both vehicle
motion and scatterer motion Is affected.

5.5.2 Sloping or Broken Bottom

The SONAR program can compute rays reflected from any bottom made
of plane segments which reflect rays in the vertical plane of incidence.
Such bottom segments must be perpendicular to the plane containing the rays,
and such bottoms are of limited usefulness in modeling real environments.

Spreading losses and directions of reflections can be computed
for rays striking any analytically describable bottom. However a properly
general treatment would require considerable changes not only in SONAR and
DOP, but also in RAYSRT. These changes would seem of little value without
also the ones in 5.5.3.

5.5.3 Three-dimensional Velocity Profiles

The use of velocity profiles varying in two or three dimensions
requires completely new SONAR, RAYSRT and DOP programs~ no mere adaptationwould suffice. While ray tracing programs already exist and could be adapted,
the running times would be increased by an order of magnitude, at least.

p

I.

- 
~

-
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-

-
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- APPENDIX B

MEMORANDUM P80203/ABP:pas• 18 January 1965
From: Code P80203
To: Code P802

Subject: Error from Using 10 lO9iô? as a Measure of Effective Train Length
When Computing Boundary Reverberation.

In mathematical models coninonly in use for computing boundary
reverberation levels in dB, a factor of 10 log10T is added In to account
for the fact that an insonified annulus of finite width returns energy
to the transducer at the same Instan t of time. In this context T is taken to
be V(At)/2 where V is the velocity of sound and ~t is the ping length inseconds. It is rather obvious that r is an accurate measure of annulus width
only whe n the transmission path is essentially horizontal . Since analyses
are contemplated for applications in which long pings and steep paths
are involve d, it seemed desirable to investigate the magnitude of errors
which might accrue.

Some simpl e calcu lations were made after the fashion indicated
in Figure 1, assuming an isotropic medium (V = 5000 ft/sec). Starting with
a source depth and an Initial ray angle relative to the horizontal, theslant range (R ) to surface intercept was computed along with the horizontal
range (X 1) to this point and the two-way travel time. If time is measured
from the end of transmission, this two-way travel time (2t1) would identify
the instant when the trailing edge of the wave train will return energy
from point P1. At this same instant the leading edge of the wave train will
be returning energy from point (P2) for which the horizontal range (X2) can

-
~ be found on the bas is of a slan t range (R2) consistent with a two-way travel

— time of 2t2 = 2t1 + ~~ The width of the insonifled annulus is r * = X 2  - X 1.
A measure of the dB error involved by using T instead of .r* Is given by
m l

S 
LV .og10 T~

Such calcul ations were carr ied ou t over a ran ge of va lues for Q-, of 20°
through 800 for combinations of conditions that can be obtained from source
depths of 500, 1000, 2000, and 5000 feet, and ping lengths of .040, .100,

- S and .250 seconds. The results are plotted in Figure 2. The error as plotted
Is the number of dB that should be added to values computed when 10 log ‘ is
used. It appears that the error from this source Is negligible when the
significant paths are less than 20° from the horizontal as is the case for
the directional systems we have previously analyzed in circular search. Even
when a refractive environment is considered, the uncertainty in using an
average velocity in computing v should not increase the error appreciably.
As expected, the Inaccuracy mounts rapidly with increasing path angles above

• 200 and wi th increasing source depth. However , the decrease in error as the
ping length becomes longer was not anticipated . This trend occurs because

- in the ratio -
~~~ the numerator Increases less rapidly than does the denominator

‘5 

- . 

with increasing ping length.
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If the annulus wid th itself were the onl y potential source of error ,
it would be possible to devise a correction procedure. Unfortunately, the
contribution of each unit width of the insonified area to the reverberation
level is not necessarily the same since the transmission and vertical pattern
losses may vary substantially for the different paths involved. Nor in
general can a total error be computed by summing the independent errors for
each of the factors handled separately. A method for assessing the composite —

error will be presented in a subsequent memorandum.

A. B. POYNTER

•
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FIGURE 1

Method for finding r~ X2 - X 1
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APPENDIX C

MEMORANDUM P80203/ABP:pas
20 January 1965

From: Code P80203
To: Code P802

Subject: Review of Mathematical Model for Computing Boundary Reverberation.

References: A. NAVORD Report 5606 (NOTS 1818) - Analytical Methods for
• Predicting Acoustic Performance of Homing Torpedoes in

Circular Search.
— 

B. TPR 246 (NOTS TP 2498) - Analytical Studies of Sonar in
Refractive Water.

C. P80203 Memo, “Error from Using 10 1og10 -r as a Measure of
Effective Train Length when Computing Boundary Reverberation,”

S of 18 January 1965.

In the analy tical work , it Is necessary to develop mathematical models
of the phenomenon to be studied so that quantitative results can be computed.
These models are seldom exact , either because the process is not completely
understood or because of a desire to avoid compl exities which do not
materially affect the results. The models may be adequate for the purpose
originally Intended , but it Is dangerous to extend their use to new situations
without reassessing their adequacy. The surface and bottom reverberation
equations used in our computer programs are cases in point. The equations
In general use are those given i n References A and B.

-: - For boundary reverberation a ray is traced to the surface (or
bottom) and the expected reverberation level at the time in the ping cycle
corresponding to the two-way travel time is computed, using : the transmission
loss over this path; vertical pattern losses based on the Initial ray angle,
and a scattering coefficient per unit area based on the grazing angle at
which the ray strikes the surface. Since the annular ring on the surface
which returns energy at the time in question Is unlikely to be unit distance wide,
an additional term (1OlOgi~ r) -Is added (~~r =  hal f the tra in length = V(~t)/2where V is the velocity of sound and ~t is the ping duration in seconds).The equation was formulated In the context of fairly shallow systems using
relatively short pings and highly directional transducers oriented to emphasize
horizontal coverage. For such systems the equation could be expected to yield
acceptable accuracy. Future appl ications may Involve one or more of the
following:

‘Long ping lengths for correlation detection

•Broad vertical patterns to provide greater depth coverage

•Steep paths (deep source or bottom bounce )

In preparation for such work it seems advisable to re-examine the mathematical
model to ascertain whether or not it is still satisfactory.

- 
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In Reference C it was shown that 10 log10-r may not adequately account
for the linear extent of the insonified area of the boundary which returns en-
ergy at the same instant of time. Moreover, when this annulus has considerable
width , as is the case for the longer pings , the contribution of various parts of

4 - the insonif led area to the total energy return may be substantially different
because of variations in transmission loss , pattern loss , and even in the
scattering coefficient for the different paths involved . To better account
for these things and to provide a reference for assessing the accuracy of the
model now in use, modifications were made in the computational procedures.

The key to the method is the temporary assumption that 10 1og10-r = 0.
This is equivalent to saying that a ping length is chosen so that the insoni-
fied annulus at the boundary is 1-yard wide. This is consistent with the way
in which the scattering coefficient is given as a function of grazing angle ,
and , over such a distance, no change in transmission or pattern loss need be
considered . Otherwise, the desired sets of environmental conditions and
equipment parameters are used. A whole family of rays are run from the
selected source depth to the surface, and reverberation 1evel~ are computed asbefore. However, instead of plotting reverberation level versus two-way
travel time as is usual , both reverberation and travel time are plotted
against the horizontal range at which each ray strikes the surface. If the
beginning of transmission is taken as zero time, any selected time (2t~) onthe two-way time curve will identify the horizontal range at the surface from
which the leading edge of the wave train is returning reverberation. It
follows that 2t1 - ~t identifies the range from which the trailing edge isreturning energy at the same instant. Integrating the reverberation curve
between these two limits should give the actual reverberation level quite

S accurately. It should be noted that the values in the one-yard increments
must be converted from dB to intensity before suming and then reconverted.
Reasonabl e accuracy can be achieved wi th much less work by using average
values for range increments several yards wide and multiplying each average
value by the number of yards in the increment before summing .

After sufficient points have been determined in this manner, the
values of reverberation can be replotted against elapsed time to yield the type
of presentation generally desired. To obtain comparable results from the
original model , one can rerun the computer program using the appropriate
value for 10 log10 ras determined by the ping length of the transmission.
It is more efficient, however, to return to the working curves and add 101og10 T
to the values of the reverberation curve for -r = 1 at the range determined by
the travel time curve at the elapsed times for which data are desired.

Surface reverberation levels were computed by the two methods
using parameters for the Torpedo MK 46 Mod 0 in circular search. Attenuation
by the RRF was not considered . The source depth was assumed to be 750 feet.
The velocity profile for the environment is shown in Figure 1A. The new
computer program which permits use of a continuous gradient profile was used.
The comparative results for a 40-ms ping are shown in Figure 2. The vertical
patterns , of course, dominate the shape of the curves at times less than

- 
•, one second. The integration procedure would normally be expected to lower the

peaks and fill in the troughs as well as to shift them slightly. The fact
-~~ that the peaks in this case are lower for the curve obtained via the old

C-2

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~•
-~~~



,—=;~ 
- --5-- -—~~~~-- ---- —5— -S ------- S-—----—

OD 52258

model suggests that the 10 log -r correction is insufficient , particularly
at the shorter times which would be identifi ed with steeper paths. It might
be kept in mind that the curve obtained by means of the original equation

- has the same shape as would the 10 log -r = o curve. The initial ray angles
associated with a few points oi this curve are shown as a matter of interest.

Figure 3 shows the comparative reverberation level s that would
obtain if a ping length of 250-ms were used. It is clear that one must be
very careful in computing reverberation level s when long pings are used;
the two curves are substantially different. The integrated curve was
not determined at times less than .55 seconds because before that time
all of the ping has not reached the surface.

For both ping lengths, the curves would match more closely if ti
curves obtained by means of the original model were advanced in time by
one—hal-f the ping length. Thi s follows since the computed ray path would
then, in effect, intercept the surface near the middle of the insonified
area and the transmission loss, vertical pattern loss, and scattering
coefficient would be more representative of the area as a whole than is
the case when the ray falls at one end of the Insonified area. Figures 4
and 5 compare the results when this subterfuge is used for the .040 and
.250 ping lengths, respectively.

As a further check, additional calculations were made for a non-
turning vehicle at 500 feet in an environment characterized by velocity
Profile B shown In Figure 1. Our old computer program based on linear-
gradient layers was used in this Instance. Other parameters were unchanged.
The results are similar to those from the first set of calculations.
FIgure 6 compares the 40-ms ping data from the integrated method with that
from the origina l mode l after the latter had been advanced in time by half
the ping length.

Figure 7 presents similar data for the 250-ms ping . Part A , on the
left shows the results out to 1.4 seconds. Calculations for this case were
car ried out to about 7.5 seconds , and the curves (after translation) remain
in close agreement until about 6.7 seconds.. For this elapsed time the paths
Invol ved are from rays that start out below the horizontal and are refracted
back toward the surface by the positive velocity gradients which characterize
this environment below 170 feet. The ray having a two—way travel time of
6.705 seconds and subsequent ones having slightly steeper initia l angles ,
reverse at depths where the velocity gradient becomes less positive. This
results in an abrupt Increase in transm ission loss and a resul ting drop in

Z reverberation level as indicated in Figure lB (recall that the curve based
on the original model has been advanced by 0.125 seconds.) In the vicinity
of such anomalies the Integrated method offers the only approach for
computing expected values of boundary reverberation levels with reasonable
accuracy.

Some general observa tions appear warran ted:

‘Within the limits Imposed by the input data, accura te
expected level s of surface reverberation as a function

• of elapsed time can be computed by means of ray tracing

C-3

~~~~~~~ _______  
‘ - -::. ~~~~~



F ‘ _ _

00 52258

programs by summing the contributions of 1-yard increments
of the inson-ified annulus which contribute at the
same instant.

,At present, this can be accomplished manually, but
it may be possible to program the computer to this
end -

.The present mathematical model can yield results which
are reasonably accurate over the elapsed time Interval
during which the sound paths are such that 10 log 1 0T
is a good measure of the width of the insonified annulus
and the change in transmission loss , pattern losses , etc .
over this annulus is not appreciable.

‘The accuracy attainable and/or the time interval over
which a given accuracy can be maintained will be in-
creased if , in  effect, the elapsed time is measured from
the middle of the transmittal ping. If time is measured
from the beginning of transmi ssion the computed two-way
travel time to the surface for each ray should be in-
creased by At/2 to obtain the time consistent with the
computed reverberation level .

•Even if the technique in the above paragraph is used, errors
may become substantial when:

‘The paths are very steep so that 10 log10 r is
not a good measure of annulus width ;

4 ,The insonified annulus is wide enough to encompass
S a spread of paths through the minor lobes of the

transducer; -

•In the vicinity of transmission loss anomalies
- - (either substantial focusing or defocusing)

The above observations should also apply to bottom reverberation,
except that additional complications may arise if the bottom Is irregular.

.5 
. 

A. B. POYNTER

,
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APPENDIX D -

MEMORANDUM P80203/ABP : pas
25 January 1965

From: Code P80203
To: Code P802

Subject: Review of Mathematical Model for Computing the Expected Level
of Volume Reverberation.

Reference: A. P80203 Memo “Review of Mathematical Model for Computing
Boundary Reverberation,” of 20 January 1965.

Reference A discussed the problems associated with the mathematical
model for computing boundary reverberation. It was pointed out that the mcdel
currently in use in our computer programs generally gives reasonable accuracy
over a large portion of the ping cycle provided time is measured from the
middle of the transmittal ping. The errors may still be appreciable over the
time intervals during which the paths to the surface are quite steep and involve
transmission through the minor lobe structure of the transducer, and/or exhibit
anomalous transmission loss. A method is delineated by which errors can be
reduced by sunining the contributions from narrow increments of the Insonified
annulus.

The model currently In use for calculating volume reverberation in
dB again involves the addition of a factor 10 1og10 -r= 10 log V (~t/2) toaccount for the lateral extent of the Insonified region which returns energy
to the transducer at the same Instant of time. (V is the velocity of sound
and ~t is the ping duration in seconds.) Since for volume reverberation the
insonified region is a spherical shell , the lateral extent is measured
radially. Thus 10 log io ’~is a reasonably accurate measure of the thickness ofthis shell providing the value chosen for V Is a good average value for the

S environment being considered. Since in general the velocity is not constant
throughout the volume of interest, there are resulting errors. However, the
percentage variation in velocity is so slight that the errors from this source

— - can be expec ted to be less than 0.2 dB, an Insignificant amount in view of
our inaccurate knowledge of the scattering coefficients which obtain.

A somewhat more significant error can result from the variation in
transmission loss over the shell width, particularly for long pings. To
obtain a measure of the inaccuracy, calcula tions of volume reverberation were

- - 
made for two postulated ping lengths in an environment with an average
velocity taken to be 1660 yd/sec. The level s computed with values of lOlog10 i’
appropriate for the selected ping lengths were compared with those obtained
by a modification of the integratIon method described in Reference A with
10 1og 10 —r set at zero. The level s were plotted as functions of elapsed time
measured from the beginning of the transmission. The 10 log10-r = 0 curve
can be integrated over the ping l ength in seconds except that the resulting-~ ~~• intensity is mul tipl ied by a factor of 0.83 before reconverting to dB to
account for the fact that one millisecond is equivalent to an 0.83—yard shel l
thickness when V has the value previously selected.
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The results for ping lengths of 0.040 and 0.250 seconds are shown
In Figure 1. As was the case for boundary reverberation, the corresponding
curves from the two methods would be in much better agreement if the one
for the ‘integrated method were shifted back in time by half the ping length.
This is equivalent to measuring elapsed time from the middle of the trans-
mission. When this is done, there is still a residual error at the very
short times due to the fact that the spreading loss at short ranges is
changing rapidly. The integration method accounts for the fact that the
latter portion of the ping is contributing a considerably greater portion
of energy to the reverberation level . The errors for short pings do not
seem large enough to justify the additional work of using the integration
method. - -

Our analyses in the past have involved systems with ping lengths of
.040 seconds or shorter. The elapsed time for both interference and echo
levels was taken to be the two-way travel time for the paths being computed.
For the short pings this is roughly-equivalent to measuring time from the
transmission mid-point. Consequently, the results Of the analysis can be
considered valid insofar as the factors discussed here are concerned.

There is, however, a basic weakness In our volume reverberation
model which may be really serious, especially If performance analyses of
long-range systems are attempted. Moreover, there Is no means at hand for

-~ - ascertaining wnat errors might be involved-. This situatior. arises because
the present model for volume reverberation is based on the assumption of )
an Insonifled shell over expanding In time In an infinite, uniform medium.
It Is well known that an ocean is neither Infinite In extent nor ufliform In
Its acoustic properties. From whatever transducer position the sound paths
will, at one time or another, intercept the surface or bottom, and variation
in the physical properties 0-f the water results in differences in trans-
mission loss depending on which path Is considered. Furthermore, the
volume scattering coefficient in general is not constant over any sizable
volume of wa ter, and Is often observed to be a rather strong function of
depth and time of day (deep scattering layer migration). To further
complicate the situation, the paths in various directions are weighted
In accordance with the three-dimensional transducer patterns .

The difficulty of realistically delineating the distribution of
acoustic properties over a large vol ume coupled with the even greater dif-

- - ficulty of integrating the return from the entire spherical shell has no
doubt led to the conm~on use of the simpl ified model. Its use can be ration-
al ized as follows. While It -Is true that the transmission loss to various

• portions of the Insonifled shell may be substantially different due to
refraction, the integration process will average out such effects. Similarly
the variation in scattering coefficient will average out In the integration
so that selection of a constant value consistent with the volume being

~ 
-
~

- considered should suffice. When the insonifled spherical shell is truncated
by a boundary, energy aside from the backscattered as boundary reverberation
or lost In the reflection mechanism will be returned to the water to Insoni-
fy volume scatterers. If one can assume that boundary losses are offset by

~~ . ~~ ., the multiple paths that are set up, the truncating of the sphere can be
ignored.
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There is little doubt that in a qualitative sense these trends
can be expected. There is no availabl e evidence, however, that they quan-
titatively balance out within acceptable limits. Faith that they will do

- so deteriorates further when one considers that directional transducer
patterns may weight the return from anomalous regions so that their con-
tribution -Is grossly out of proportion to their share of the total volume.
The depth and orientation of the transducer as well as the patterns them—

• selves can be significant factors. For example, if there is a pronounced
deep scattering layer, the behavior of the volume reverberation level
with elapsed time can be expected to be quite different when a transducer
is oriented vertically than when it is oriented horizontally.

One can also argue that the need for a more complex and realistic
model for estimating vol ume reverberation is not great on the basis that most
systems have TVG thresholds which protect them against volume reverberation
at short range, boundary reverberation is likely to exceed volume reverber-
ation at Intermediate ranges, and noise will be the dominant interference at
long ranges. While this reasoning may be valid for many (if not most)
situations analyzed to date, there is no assurance that it will always
hold. Volume scattering coefficients above average when coupled with
long pings may raise this type of interference to new prominence in some
important situations. The point is, no one can be sure that the simple
model is adequate in new applications unless there is a comprehensive model
available with which to compare results. Efforts by able mathematical
physicists to develop a more realistic approach to the problem of estimat—
lng vol ume reverberation should be solicited. A companion problem of great
difficulty is the development of a practical method for estimating the
doppler spectrum of both boundary and volume reverberation. Such infor-
mation is needed for assessing performance of systems which employ doppler
discrimination.

In the meantime , the best that one can do is to continue using
the present method, taking care that the elapsed time is measured from the
middle of the transmitted ping and then adjusted, if desired, to the same
time base used in computing boundary reverberation and echo level . It is
clear that the expected values of both the echo level and threshold must be
figured on the same time base for valid results. It is worth noting that
for elongated echoes (long pings or other reasons) the applicabl e threshold
level may vary appreciably depending on which portion of the echo leads to
the detection.

A. B. POYNTER
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APPENDIX E

MEMORANDUM P80203/ABP:sln
24 November 1965

From: Code P80203
To: Code P802

Subject: Assessment of the Effect of Platform Translation on the Area Returning
Boundary Reverberation at a Given Time.

Math models for computing expected level s of reverberation nearly
always include the concept that the return at any given time comes from
scatterers contained in a sphere-like shell. The outer and inner surfaces
are determined by the sound velocity multipl ied by one-way travel times
(equal to one-half the elapsed time in the ping cycle) plus and mi nus
one-fourth of the ping duration. This concept fi ts volume reverberation
at least for times less that that required for the expanding shel l to be
truncated by the surface or bottom. The area returning boundary reverberation
is considered to be bounded by the traces of the shell boundaries on the
surface or bottom. These traces will be concentric circles if the shell is
truly spherical.

The approach is clearly realistic if the transducer is stationary
and the sound velocity is a function only of depth . It is desirabl e to have
some quantitative indication of the error introduced if the transducer is
mounted on a moving platform. For practical cases it can be assumed that the
velocity of the platform will be small in comparison with the sound velocity .

Assume that the platform is moving at a constant vel ocity (V) directed
horizontally along the X-axis in an oceanographic coordinate system. The
X-axls is taken to be at platform depth. Since the velocity of sound in
the whole ocean really varies over a range of only about 10% it is reasonable
to assume, as a first approximation in determining range, that the sound
velocity (C) is a constant in a limited volume of water. Consider the X-Z
plane in the following working figure:

z

~~

V 
~~~~~~r ~~

‘ 
-

Let q be the position of the platform at transmission of a particular part
of the ping and r be the platform position when return is received from a
point (p) after some elapsed (t). We know that the distance traveled
over qpr = tC = qp’ r = qp ”r. The locus of all p In this plane is an ellipse
with foci at q and r. If the origin is placed half-way between q and r, the
equation of the ellipse Is x 2/a2 + z 2/ b2 = 1.
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When the point is on the X-axis (at p’), z = 0 and a = op ’ = Ct/2.
It is also known that qo = or = Vt/2. When the point is at p”, X = 0, and
qp” = p”r = Ct/2. Therefore,

b = (Ct/2)2 — (Vt/2)2 = (t/2) /C2 — V 2

The distance from either focus to the o~igin should be:

/C2t 2/4 - (C2t 2/4 - V 2t2/4) = v’V2t2/4 = Vt/2

which checks with what was known directly from the movement of the platform.

______ 

z 2
The equation of this ellipse is ______ + ____________ = 1c2 t 2/4 t2/4 (C 2 

— V 2)

The eccentricity of such an ellipse is e = v1(a2 — b 2)/a2 = V/C. Now C Is
of the order of 5000 ft/sec while a V of 15 knots is approximately 25 ft/sec.
Tn this case e = 25/5000 = .005. For a 45-knot V , e would be three times
larger or about .015. Therefore, circular assumption is not bad.

If excurs ions in the Y di rection are allowed, the insonified area
woul d be the surface of an elli psoid

v2 72
F. 

+ 
l 

+ _ _ _ _ _ _ _ _ _  = 1
c 2t 2/4 (t2/4)(C2 — V 2) (t2/4)(C 2 — V 2)

The trace of this ellipsoid intersecting a horizontal plane (e.g. surface or
bottom) would be an ellipse with the same eccentricity previously computed.
The equation of such an ellipse may be found by substituting (Ad), the
depth differential between the platform and the boundary in question, for Z
in the equation above. The new X - V plane now coincides with the surface or
bottom, and the equation for the ellipse can be expressed in the form

(C 2 
— V 2)X2 + c2Y2 = ¼ (C2t2)(c2 - V 2) — C 2 (~d)2 . (1)

Let us consider a finite length ping of duration (at). Since
the ping is not emitted all at once, some event must be chosen as time
zero. This is taken to be midpoint of transmission. The boundary rever—
berat-jon at some time (1) would come from an annulus bounded by two non-
concentric ellipses (if the platform is moving).

A plot of vehicle positions at initial times would show:

~~~. S XA B C  D

- ~~ —- where A is the position at transmission of the leading edge of ping; B is the
position at t = 0; C is the position at transmission of the trailing edge;

- 
•: and 0 is the position when reverberation is returned at time T. The

distances A to C = (~~t)V; A toO V(T +~~t/2); and C to D = V(T - ~t/2). By
alternately substi tuti ng I + ~t/2 and I - ~t/2 for the t in Eq. (1), one

-b- -’ finds the equation for the two ellipses when the origi n for each Is half—
way between their respective foci.
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The origin of the ellipse steming from the trailing edge of the
ping will be located V(At/2) further along the X-axls than the one associated
with the leading edge. Choosing an origin appropriate to the midpoint of the
ping and substituting in Eq. (1), one obtains the following equations:

Leading edge: (C 2 
- v 2 ) [x + V(At/ 4)]2 

+ C 2Y 2 
= [c2tr + ~t/2)

2/4](C2 — v 2) — c 2(Ad) 2

Trailing edge: (C 2 
- V 2) [x - v(~t/4 )]2 

+ c2v 2 
= [C2(T — t/2) 2/4] (C 2 — V 2) - - C 2(.Ad)2

When y is 0 and letting subscripts L and I designate the leading and trailing
edges, respectively:

XL = ± vtC
2/4)(T + ~t/2)2 — C2(Ad) 2/(C2 - V 2) - V(At/4)

X~ = ± /(C2/4)(T — ~t/2)2 - C 2(Ad)2(C 2- V 2) 
+ V(~t/4)

Using primes to differentiate between concepts, the similar equations for
the concentric circle approximation wi th the origin at the same place (half-
way between the midpoint of transmission and the point of reception) would
be:

X L = ± v’(C2/4)(T + ~t/2)2 -

and X4. = ± j~
2/4)(T - t/2)2 - (i.~d) 2

It is clear that X L < X’Lflrst, by the quantity V(~~t/4), andthen by the amount the evaluat ion of the square root term is reduced because
(A d) 2 is mul tipl ied by C2/(C2 - V2) rather than by C 2. Now V (A t/4 ) will be
small In practical situations. For a platform velocity of 45 knots and at
A t  of 0.25 seconds, V (A t/ 4 ) .c 5 feet. The other term -is more difficul t
to evaluate since it depends on so many factors. At V = 45 knots, C2/(C2 - V 2)
is the order of 1.00025. However , the extent to which this factor modifies
X L depends not only on ~d, but also on ~t and the val ue of T for which the
evaluation Is desired. At the times for which the evaluation Is important,
the first term under the square root will be much larger than the second , so
the difference in X L and X’L will be small.

- 

In the forward direction the differences in XT and X ’ T (when V = 0)
-Is l es s t han in the case of the leading edge s ince the correct ion for
translating the origin from the center of the ellipse to the center of
the circle changes sign. The two factors causing the difference tend to

• . compensate rather than add. In the —X direction the opposite trend is seen
~~ 

-
~~~ 

- and -X T is affected more than -XL.
Another interesting case to evaluate Is the one where X = 0. In

this case

= ± /(C2/4)( r + ~t/2)
2 

- CM)2 
- (V 2

/4)(T + ~t/2)
2 

- Bc 2 
- V

2)/C2](V ~t/4)
2

~
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= ± /(C2/4)(T + ~t/2)
2 - (~d)

2 - (V 2/4)(T - ~t/2) 2 • [(C2 - v 2)/C2](V ~t/4)
2

For the circular approximation

= ± J~C
2/4)(T + ~t/2)

2 - (M) 2

= ± ~/~~
2,4)(T — ~t/2)2 - (~d)2

The difference between the corresponding V and V’ expressions comes from the
two additional terms under the square root in the equations for V . As long
as V remains very small in comparison with C, the V values will not be
materially smaller than the V’ values.

In a JP training assi gnment, Lee Sheldon numerically evaluated
the error to be expected in a variety of cases by computing the X-axis
intercepts of the ellipses and circle approximations , with the center of
the circles taken as the origin. It is in this dimension that the errors
are maximum. Vehicle speeds of 45 and 15 knots were assumed. Results
are shown in Table 1 when the sound velocity is considered to be a constant
5,000 ft/sec and the ping duration is 0.25 sec. Three elapsed times were
examined in combination with two depth differentials between vehicle and
boundary. Table 2 shows some results obtained by using ray tracing
data in a refracting medium.

On the basis of these data, it would appear that for vehicle
• speeds less than say 50 knots the circular approximation of the boundaries

of the annulus returning reverberation at a given time introduces only
very minor errors. These are certainly negligible in the light of other
sources of error, such as in the determination of the scattering coefficients.
The maximum error -In X occurs to the rear of the vehicle where pattern
discrimination generally is high.

Another study by Charles Williams , a summer employee, showed
that, for vehicle speeds up to 50 knots, the difference between the initial
path angles from the respective vehicle positions at transmission and
reception of reverberation from selected points on the surface amounted to
less than 1° for a wide variety of situations . The errors were largest
when geometries and elapsed times were such that the effective paths
were steep. Since, in computing boundary reverberation, the circular
approximation uses what is essentially a median of these two angles for
both transmission and reception in computing pattern losses, the circular
assumption should provide an adequate model for most practical cases.

All of the above discussion assumes that the boundaries and
- ~~~

- vehicle veloc ity vector are horizontal. The situation is much more
complicated when one or both of these conditions are not applicable.
Work in this area is needed.

A. B. POYNIER
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APPENDIX F

MEMORANDUM P3502/ABP:dd
Reg No. P3502-136

From: Code P35021 15 April 1968
To: Code P3502

Subject: Comparison of Computer Models -for Obtaining the Expected Level
of Boundary Reverberation as a Function of Elapsed Time.

References: A. NAVORD Conf Report 5606, “Analytica l Methods for Predicting
the Acoustic Performance of Homing Torpedoes in C ircular
Search ” (NOTS 1818) of 26 July 1957.

B. NOTS P80203 memo, “Rev iew of Mathematical Model for
Computing Boundary Reverberation ’1, of 20 January 1965.

C. NOTS P80203 memo, “Error from Using 10 log10ras a measure
of Effective Train Length when Computing Boundary Rever-
beration”, of 18 January 1965.

D. NUWC P35021 memo. “Integration of Power under a Curve
Plotted in Decibels”, of 10 January 1968.

E. NAVORD Report 4962, “A Study of the Effects of Refraction
on Reverberation (NOTS 1284) of 7 November 1955.

F. NOTS P80203 memo “Doppler Content of Boundary Reverberation
Due to Vehicle Translation-Refractive Environment Case” of
21 December 1965.

Over the last few years various aspects of the probl em of computing
the expected level of boundary reverberation in a refractive medium have
been re-examined . The purpose of this memorandum is to compare the results
obtained from four models selected as being practical for computer applica-
tion and to assess their relative accuracy. In general , the accuracy to
he anticipated -Increases with the complexity. The study is made in terms

• - of surface reverberation. In the case of a flat bottom, bottom reverberation
Is computed In an Identical fashion.

Model I has been used since the inception of our first ray-tracing
program and was based on Reference A. The form of the equation used in the
program is

R1 = S - 2 H + lO log10 m,- J 1 +10 1og 10 -T -F 10 10g10 
X

cos o 0
- ‘ where

•R~ is the expected level of surface reverberation at a given time

•S is the on-axis source level In dB re one microbar at one yard

‘21-I is the two-way transmission loss along the ray path
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.10 log,0m , is the surface scattering coefficient In dB
as a function of grazing angle of the ray path at the surface

•J is the boundary reverberation index of the transducer

.10 log10 t is the effective annulus width in dB

.10 log 10 X allows for the fact that horizontal spreading
Cos 00 

-

is compensated for in the outgoing direction by the fact
that the whole annulus back—scatters toward the source. Here
X is the horizontal range traversed by the ray to boundary
intercept, and 

~~ 
is the ray angle at the source.

In this model 10 log~~r = 
v(~t) where V is the nominal velocity of sound

(1667 yd./sec.) and ~t is the ping duration in seconds.

It was shown in Reference B that the model produces the best results
if the elapsed time I is considered to be measured from the midpoint of
transmission so that, in effect, I = 2t, the two-way travel time of the
ray being run. This ray then reaches the surface near the mid—range of the
inson-ified annulus so that the associated value of transmission loss, J~,m d  grazing angle are reasonable representative for the annulus as a whole.

Reference C showed that r was not a good measure of annulus
width where steep paths are involved . Model II is a simple attempt to
improve this situation. The only change from Model I is to compute

V
~ 

t
2 Cos $5

where V~is the velocity at the surface and e~ is the grazing angle of the pathat the surface. This is largely an intuitive “fix ” , and it is being tried
- 

- here for the first time. Obviously, both models I and II get into trouble
when T = 2t e~~~

2t.,o. + ~t/2 because the full ping is not insonifying
the surface. - In Model 11 a test was made to ascertain whether or not this
criterion was being met. If not, it was assumed that the paths would be
sufficiently steep to approximate straight lines . Since -r would equal the

- - - 
horizontal range to surface intercept of the leading edge,

— 

T ._‘~L (2t0 + -v-) Cos 60.
V is the average velocity over these straight paths and can be found by dividing
the source depth by the one-way travel time of the -90° ray.

- “- As pointed out in Reference B, the above models in some situations 
55

-could be expected to give inaccurate results for long pings even if the annuluswidth were modeled adequately. Values of transmission loss, vertical patternlosses , and grazing angle found by tracing a ray to any single point in awide annulus cannot be expected to represent those over the full annulus ,particularly In regions where one or more of the parameters is varying
rapidly. Moreover, at elapsed times sufficiently short :o that all of theping has not insonif led the surface, the ray path for which the two-way

y - -
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travel time -is computed no longer reaches the surface near the mid-point of
the annulus. These difficulties are overcome in the next model . Model III
in this study follows the scheme delineated in Reference B and computes boun-
dary reverberation level s as in Model I wi th 10-log set to zero. This is
equivalent to a one-yard annulus width. From the data produced by the ray-tracing
program, both the two-way travel time (2t) and computed reverberation level
(R 0) are plotted as functions of the horizontal range (x) to surface intercept
as determined for each ray path. For each desired elapsed time (T), which
can be selected at will , the limits of the true annulu s corresponding to ~tis found by evaluating x on the time curve for I - i~t and T + ~ t •

The actual reverberation level at time I is then found by sunm~ing in randomphase the contributions of each one-yard increment between the above limits
as shown by the R curve. The sunination was a hand operation in Reference B
but it was computerized in this study in the manner del ineated in Reference D.

These first three models all require a table input to account
for the weighting effect of the horizontal patterns on the reverberation
return. These data are combined with vertical pattern losses and a
geometric correction for transducer pitch to give J the boundary
reverberation index of the transducer. NUWC computer program 819001 is
available for generating the data for the table showing the average
weighting effects of the horizontal patterns. For a non-turning transducer,
this is a single value. The equations for evaluation J. were developed
in Reference E. Because of certain simplifications introduced in the concept,
the accuracy of the results is suspect when the transducer axis is tilted
considerably and/or when the steep sound paths are producing the reverberation
at time I. The basic simplifications are the assumptions that pattern effects can
be obtained when only the patterns in the cardinal planes are known and that
the variables can be separated for integration.

Model IV uses a different approach. The concept was developed
in Reference F for the purpose of computing the boundary reverberation
returned in doppler bands when the doppl er is introduced by own vehicle

• - speed. Briefly, the insonified annulus is divided Into incremental areas
bounded on two sides by equal doppler lines and on the other two sides
by equal travel-time circles. Rays are traced to the corners of these little

- - areas yielding the coordinates of the corners in space so that the areas of
each can be computed. Other ray data permit evaluation of the transmission
l oss , scattering strength, and the transmit and receive pattern losses needed
to ascertain the back-scatter received from each incremental area. When these
contributions are sumed in random phase (expressed in intensities) for eacht 

- doppler band , one gets the reverberation level s as might be observed by a system
which processes signals in narrow frequency bands. The sunination of contributions
from all bands gives the total surface reverberation received. (The first
three model s yield only the total reverberation as might be observed in
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~~~~~~~~~~ • i.a~er this was changed to 35 dB down as
not~ed in FIgure 1. These data are useful in interpreting the reverberation
level s which will be shown later. Transducer pitch angles of 0’ and 10’ up
were used. The same table of scattering coefficients versus grazing angle
were used in Models I through III. These values were each reduced by lOlog102tr
for Model IV so that they would reflect scattering strength as required
In that model . Computations were made for all four models using each of
two quite different sound—velocity prOfiles in order to see that the
conclusions arrived at from comparing the results obtained from the four
models were not prejudiced by some over-riding characteristic of the profile.
The velocity profiles are shown in FIgure 2. A transmit frequency of

- 

- 
20 kHz was chosen, and an appropriate table giving the attenuation losses
as a function of depth was Input with each profile-. Ping durations of 40 and
250 milliseconds were considered. Model IV assumed a horizontally-d irected ,
straight-running platform at a 40-kt. speed, and reverberation was computed

- 
In I/4-kt. doppler bands. The vehicle speed is an artifax here since we
are interested only in the total return. It was selected to- insure suf-
ficiently smal l area increments to yield good accuracy. Actually, the
results can apoly to a stationary system since speed is not considered
in the other three models. A 120-dB source level was used In all cases.
The transducer Is assumed to be at a 1000-ft. depth.

It proved--- to~~~impracticable t ~hoW’ tie ~~.uitS for eu four -

models on a - single graph because of the cTutté~-. - Consequently, for eac1~
combination of environment, ping l ength, and pitch angle, two figures wIll

-
- be used. The first will compare the data from Models I, II, and III. On

the second graph the data from Model III will be repeated and compared with
that from Model IV. This Is a natural grouping for our purpose in that
the first three models assume coimion values for J.. Then by comparing
the most accurate of these models with the doppler-band method, one should

Y - .
~ be able to obtain an idea of the accuracy with which we ncw evaluate J..

‘ C
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Figure 3 shows the surface reverberation levels computed in
Environment A for a 40-ms ping and a 00 pitch angle. With the source at
a 1000-ft. depth the middle of the ping has a two-way travel time to the
surface of about 0.405 seconds via a vertical path (e

~ 
= —90’). The

velocity profile is dominated by negative gradients and the -15’ ray
is very nearly the last to reach the surface. The 3.8-sec . ping Interval
was selected with this in mind . The combined vertical patterns largely
determine the peaks and valleys in the respective reverberation curves.
Of course, the trailing off of the reverberation at times greater than
about 1.7 seconds is caused by the transmission loss increasing more rapidly
than the pattern losses are decreasing. In addition , the scattering coefficient
tends to be smaller at the lower grazing angles. All three models tend to be
in  good agreement beyond about 1.05 seconds when the major lobes of the
vertical patterns govern. The integrated method (Model iIi)tends to smooth out
the narrow peaks and valleys generated by the other two models. It Is
undoubtedly the more accurate since it does not consider the particular
values of pattern and transmission loss associated with a data point as being
necessarily representative of the entire annulus returning reverberation at
that elapsed time. The cosine correction to the annulus width used In
Model II seems to yield good agreement wi th the integrated model over the
broad mi nor lobe. (The surface velocity used in Model II is not signifi-
cantly different than the nominal velocity used in the first model). However,
it tends to drastically over-compensate on the other minor lobe as can be
expected; the cosine is rapidly approaching zero as the path angle approaches
_90 0.

The results for the 250-ms ping under otherwise similar conditions
are presented -in Figure 4. The curves for Models I and II have the same
shape as in Figure 3; they are merely at a higher level because of the
longer ping. The agreement between the three models is still good beyond
about 1.2 seconds, but the importance of the integrated method when long

• 
pings are used is quite evident at shorter elapsed times. The results of
its use are most striking in modeling the onset of boundary reverberation.
The flat portion of Model III curve centered at about I = 0.35 is due to the
narrow lobe being fully covered by some portion of the effective train
length while the rest is contributing negligible return. Wi th the quarter-
second ping the broad minor lobe dominates the return unti l such time that
the contribution from the major lobe begins to build up.

- Figure 5 shows the corresponding data for the 40 ms—ping in
Environment A when the transducer Is pitched up 10. The gross effect is
to make the peaks and valleys In the expected level of reverberation more
narrow than was the case when the transducer was directed horizontally. This
is to be expected since each path making a particular angle with the transducer
axis Is 10 steeper In the oceanographic coordinate system and returns
reverberation at a shorter elapsed time. The difference in results for

-
~~~ the three models are of the same order as were found for the horizontally-

directed transducer.
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Figure 6 shows the results under the same conditions as in the
preceding paragraph except that the ping duration -Is Increased to 250 ms. As
anticipa ted, the -Integration method (Model III) gives a decidedly different
curve than the other two models at times less than one second. This model permits
development of the onset of the surface reverberation starting where

T . 2 t ,0. -4~The flat portion starting at 0.3 seconds covers the time region where the
narrow minor lobe alone Is contributing a substantial return. The level
then rises as the next lobe also contributes. The drop—off starting
at about 0.52 seconds -Is caused by the narrow minor lobe dropping out of
the picture. The next flat portion occurs when only the second lobe is
contributi ng materially. The shape of the remaining portion of the
curve Is rather obvious.

The next group of figures (Figure 7-10, inclus ive) compare the
results from the same three models when Environment B applies. Note tha t
the dB scale has been changed. The two-way travel time from 1000 feet to —

the surface via a vertical path is about 0.418 seconds. Surface rever-
beration is continuous thereafter to an elapsed time greater than the ping
interval which was taken as 10 seconds. The path yielding this two—way
travel time to the surface has an initial path angle of approximately —

+3.7 with respect to the horizontal. At the scale plotted there is no
discernible difference in the results from Models I, II , and III at elapsed S

times beyond 1.6 seconds. Therefore, only the first portion of the ping
interval is shown in these figures.

For Environment B the coincidence of the three curves begins
shortly after the major lobe of the patterns assume dominance. This
occurs at an earlier time than in Environment A for a given pitch angle
since refraction is such that a ray with a given initial angle will tend
to reach the surface much sooner. Also, In the case of Env ironmen t B,
the reverberation declines at a lower rate after the peak is reached so
that the integrated curve does not begin to rise above the level s shown
for the other two models la ter In the pi ng cycle as occurred to some degree
in the case of the first environment.

At the shorter elapsed times, the differences In the three curves
tend to be quite similar (for each of the four combinations of ping length
and pitch angle) to those prevailing for the same combination when Environ-
ment A applied. Model III , the integration method, tends to smooth out the
peaks and valley s as shown for the other two models, particularly when - I

* 
- they are narrow with respect to the ping duration. This method also is

better in modeling the onset of boundary reverberation. For the shorter ping ,
the annulus width correction appl ied In Model II appears to compensa te
adequately in the region of the broader minor lobe, but It tends to over-
compensa te when the paths become steep enou gh for Cos O

~ 
to become very

-
~~~~ 

- _  small. The introduction of a 10° up pitch produces about the same effect
in both environments.
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Now we turn to the interesting task of comparing the results of
the integrated method with those of the doppler-band model . Figure 11
shows the data obtained in Environment A for a zero pitch angle and a
pulse length of 40 ms. The larger scale again is used for clarity.
Earl i er, the hypothesis was advanced that agreement between data from
the two models at the longer elapsed times (where flat paths obtain) would
be a good indication that the doppler-band program (Model IV) was func-
tioning as intended. The agreement is reasonably close over the region
dominated by the major lobes of the patterns, but there remains a slight
difference at 3.8 seconds. However, in this environment the path angles
yielding this elapsed time is still over 15° off the transducer axis. As
anticipated, some rather substantial differences are observed in the region
dominated by the minor lobes of the patterns. Since there is little reason
to suspect that Model IV is materially less accurate in this region than
in any other, the evidence tends to substantiate fears that the current
method for evaluating 3. is in error when large off-axis path-angles are
involved. In this example (as in subsequent ones where the transducer is
oriented horizontally) the differences in reverberation levels at the peaks
are rather moderate (no more than 2 dB). The wide troughs are something
else again. The higher minimums observed in Model IV results are believed
due to the complexity of the minor lobe structure. For the results shown
in Figure 11, all of the incremental areas contributi ng a return at an
elapsed time of about one second are not subjected to maximum pattern loss.
Of course, in practical applications the actual values in the valleys are
not likely to be important since the interference level probably will be

- - dominated by volume reverberation or noise at corresponding times.

Figure 12 shows comparable data when the ping duration is increased
to 250 ms. The reverberation level s agree to about the same degree as for
the shorter pul se over the peaks, and the differences in the valleys have
been reduced. The narrow peaks and the valleys have been smoothed consider—

• ably.

Figures 13 and 14 compare the results from Models III and IV for
ping lengths of 40 and 250 ms, respectively, when the transducer is pitched
10° up. Environment A still applies. The extent of the agreement between
the respective curves is substantially the same as for the comparable
cases when zero pitch was used except at the shortest times shown.

- It is felt that when path angles are involved which approach-90’ the
geometric correction factor,

—10 iog~ [Cos (e~ 
— ~)/Cos e0]

(where ~ is the transducer pitch angle)
in 3, over-compensates and makes the levels a few dB higher than they
should be for Model III. At the longest times (where the Initial path
angles are approaching -15° ) the angles with respect to the transducer
axis are approaching -5’. One might expect the two curves to coincide.; .~~

-
. The one for the integrated method Is still a few tenths of a dB above

the other one as it was for the zero pitch cases. This leads one to
suspect that the Cos (0~ - c) / Cos e~ correction is slightly over-
compensating even at these angles.

f_ ‘-
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t Figures 15 through 18 compare data from Model III and IV for
the various combinations of pulse lengths and pitch angles when Environment
B applies. In all four figures the two curves come into coincidence near
or before an elapsed time of about 1.9 seconds which , in Environment B,
corresponds to an ititial path angle of approxImately -12 degrees. For
zero pitch . Figure 15 and 16, the agreement persists to the 10-second ping
interval which corresponds to a path angle of approximately +4 degrees.
This is the most convincing evidence that Model IV is properly programed
since it is under these conditions that J, should be most accurate.

For pitch angles of 10 degrees up, Figures 17 and 18, the near
perfect coincidence begins near 1.7-sec. elapsed time, corresponding to
a path angle of about -13.5 degrees. Note, however, that this corresponds
to -3.5 degrees from the transducer axis. On the basis of path angle alone
one might think that coincidence should occur earlier. It is suspected
that the del ay is caused by the Cos (e0 - ~)/Cos e0 term in J~ over-com-pensating for the pitch. The agreement persists to about an elapsed time

S 
- 

~~f 7 seconds, at which time the reverberation level computed by means
Df the integration method begins to fall slightly below that computed by
Model IV . At 7 seconds the initial path angle is about +0.6 degrees while
the angle with respect to the transducer axis is approximately +10.6 degrees.
It seems possible that the slight divergence from 7 to 10 seconds results
from the Cos (e

~ 
- ~)/Cos e~ correction to J, tending to under-compensateat appreciabl e off-axis angles when the sign of the pitch angle is opposite

that of the path angle. However, the evidence is by no means conclusive since
the divergence does not increase consistently as the elapsed time approaches
10 seconds. The differences are so slight that they wel l may be due to errors
in the numerical integration process in one or both models. Although data
points are taken at relatively short intervals, they are still at finite
intervals apart, and linear interpolation is used.

For the relatively short elapsed times (less than 1.5 sec.), the
differences in resul ts from the two models in Environment B are essentially
the same as they were when Environment A was used with one exception. For
both ping l engths with zero pitch, the minor lobe at minimum time for the
i ntegrated method (Model III) is a littl e over one dB lower than for the

- 

- doppler method for Environment B computations. For Environment A the dif—
ference is about the same amount but in the opposite direction. This is
attributed to the fact that we changed the constant pattern value assumed
for the back portion of the pattern as was announced earlier. The transition

- 

- 
was most severe when Environment A was used, and these results are considered

- 
- to be unreliable. For the 10 degree up pitch, this portion of the vertical

pattern does not come Into play in Model III,

It was decided to make one further effort to clarify the effect
- 

- - of transducer pitch by computing a case involving a 40 degree up attitude.
As other conditions It was decided that Environment B and a 40-ms ping

- - 
would combine to produce the most useful results. Remaining parameters
have the same values used throughout the study. Figure 19 compares the

-

~~~~~ 
- results produced by means of Models III and IV. The on-axis ray (e~ 

= —40 )
reaches the surface at T = .647593 sec. At this pitch angle, at least
in Model III, the major lobe of the pattern controls the reverberation

- - F—8 
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level over a relatively small portion of the total ping interva L The
first minor lobe above the transducer axis control s the level of the
peak following the onset of surface reverberation. The first minor lobe
below the axis governs the reverberation l evel over the last 75% of the
10—sec. ping interval . It is difficul t to visualize physically just how
the patterns interact in Model IV .

In comparing the results from the two models, it is noted first
that the two curves coincide only briefly at a time centered about I = 0.85 sec.
This corresponds to an initial path angle in the vertical plane of -29.1 degrees
or +10.9 degrees with respect to the transducer axis. At times shorter than
this the curves diverge with the integrated method giving the higher values.
At about 0.43 sec. the separation is nearly 8 dB. At times greater than
0.85 seconds, the curves cross and there again is an increasing difference
but with the integrated method yielding the lower values. The large difference
in the vicinity of 1.9 seconds can be attributed to the fact that the null
in the vertical plane patterns is not characteristic of the whole annulus
which returns reverberation at times of this order. If this region is
discounted , then the remainder of the ping cycle shows a very gradual
increase in the difference between the two curves from about 1.7 dB at 2.5 sec.
-to 2.8 dB at 10 sec.

The above data would seem to support certain conclusions. In
the first place, the doppler-band method (Model IV) is working properly.
Although -it Is judged to be the most accurate way of computing the expected
level of boundary reverberation, it increases the computing time by a factor
of ten over that required by any of the other methods. Therefore, its general
use as part of the ray tracing program is not recomended. It should be a
separate program reserved for special cases. Even then it requires insertion
of appropriate equatIons for the transducer patterns for obtaining pattern
losses in any directions. Alternately, one coul d use a matrix of measured
patterns in such a large number of planes that accurate results could be
obtained by interpolation.

The other three models have in coninon the inaccuracy resulting
from errors in computing values of the boundary reverberation index, for
various geometries which obtain , as functions of transducer depth and elapsed
time in the ping cycle. The evidence is that the errors inherent in the
-present method of computing J, are small for path angles falling in the

• - major lobe of the transducer when the pitch angle is not much greater than
10 degrees from the horizontal . For small pitch angles, the error In the
first minor lobe may be tolerable in veiw of the usual uncertainty as to
the proper values to assign for the scattering coefficient per unit area.
Paths falling in the nulls between pattern lobes lead to values for 3. which
are too high , but In general the boundary reverberation at corresponding times
wi ll be below other types of interference and is of no practical consequence.Model I, the method presently incorporated in our ray tracing program, also

• suffers from underestimating the width of the insonified annulus as the
paths become steeper. Model II will improve this situation over a con-
siderable range of path angles, but this improvement is unimportant relative
to another source of error comon to both models I and II. Here we refer

..- to the assumption that values of 3, and transm iss ion loss computed to a
single point In the annulus are characteristic of the entire Insonified area .
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Except for very short pings, this assumption can introduce substantial
errors when the rate of change of one or more of these parameters is large.
On this basis it seems logical to adopt the i ntegration method (Model III)
as the regular routine in the ray tracing programs. Surprisingly enough,
this can be accomplished without a significant increase in run time on the
computer. With  a suitable selection of rays, accurate model ing of the expected
level of boundary reverberation should be achieved within the accuracy
inherent in J,. If an improved method of evaluating this factor is found,
the benefits will automatically accrue in the reverberation cor~putation.

Because of the other variables i nvolved , it is difficult to pin
down the actual errors in J, by comparing the reverberation levels computed
by means of Models III and IV . During the course of this study, a technique

- - was envisioned whereby J, could be investigated directly.

-

~ A . B. POYNTER
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APPENDIX 6

- Following are listings for the DOP progr as used for the test probl
whose output is illustrated In Figures 3—1 to 3—3. There is no subroutine,

• SPRCMP and the sample OXL, RRF, and TVGF were created for illustrative pur-
poses only.

• Patterns from the listed OXL are illustrated in Figures 6—1 thru 6-3.
They are all radially syimietrical about their axes.
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56 L O G I ( A t  RFIPND, VP T T PN. L ILA GS 1(000056
57 10181 6C0150057

4 58 0 ( 0 0 4 ?  PR O C 1(000058
59 (O nION P V S ( 3 , IC’1),PV5(3 ,$O1) ,NVV (3,$0I) ,00l(3,$O1) .C0005S,
6(1 1 4 (LNNT.LNDNDI) 7 0(0008560
(1 0 1 0 1 5 5 1 0 1 1  R158R8 4 9612 ) ,RV (3,801,3) 0(0008561
62 C (LPI807 ,(LMN T ,LP IBND1,3) 1C000062
P3 C 0(000063
44 I O J J I V A L F N ( i  (R(VERD(1) ,!VS41,1), RV (1,1,1)) •C000564

0 65 ‘NO 0(00118565
66 U((JMII S PIlOt 1(0001166
67 ( ‘~~~‘‘  JMINI400)~~TP 3J4(400) 0(00006?a- - 6 8 t~~’U )’ R P 8 4 4 007, l8T (400) , RDlH(400), RDN( 400) 8(0001168

‘5 - 4.9 r ( L O I S  • 8 *8.  NO. 08 RATS SORTE D •v  R*?101 ) 1C008569
70 ~ o~o 8(0808570

~~ II
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OD 52258

4 0 6 8 8  8648 2
PROC EDURES ION lOP

71 41 (00854 PROC 41(0081111 - -

72 (00005 ICBNAP(801) ICOI’0N72
73 C (5.05561) 6(0088513 4
74 (III 41(080514 -•

• 75 6( 0805 PROC • coPow7s
76 C00800 X (I ’10) . 7 ($Of’) , TMA( 800) ,TNO( 800) . R ( 8 O G) , 0 0 P U O O)  6(000576

• 77 CO8000 COSTNA ($00) ,COSTN$ (800) ,C0811N77
78 £00000 OIT(800) .COSOIRT($OO) ,SI000T(8C’O) DC0004 P
79 C ( LOIS? ) 1C008079 a- - -80 C 81(0110480
81 (00000 NIXA(400 ) ,APTA(400) ,* BTSIA (600) ,Rl t IA(4 00)  8(0118561
82 1108051085 NPBR(400 ) ,RBlS(400), RBIHS(400) ,88I481(400 ) iCOPPI N8?• 83 C I (LOIS) ) DC088583
64 C 6(088584
$5 E Q U I V A L E N C E  (R$N$,DOP) DCQ00NSS

$6 EQUIVALENCE (R8TS ,T(600 )) ,(RBT NB .T N8(400)) .(RSNI,P(4U0)) 81(088586
$7 C ( (LOIS) 7 8(0088587
88 C DCOPONS8
89 (III 81(0888589
90 8(0806 PROC 8(0001190
91 DATA LOBANSl$O0l,LOB0D1I301I .LPISI4C (1/.L81S21833I 8(0001191
92 DATA 1088196121,LOTIO/40t’I,L075S1171.LOSPADIISDI ~COOON92
93 C 6(088093
94 C LORN • 4 • LOST * LOSIlSI 6(0888594
95 C Lololl • LO SANI • 1 41(080095
94 C LOIS? • LN6S S 2 41(0088596
97 C LOST — 3 8(080097
98 END 6(088098

— -

4.
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OD 52258

- 1 0 6 8 8  P845 3
PR O C EI U R ES F OR DOP

STISOL • U S U S W S  REFEI ENCE S • e s s . . .s e s S . . S S

A L PK C  — 27(0
AR I — 35(0 531N• , SASS — 5(0
58581057 — 5(0
SRI — 35C0 5310
5516185 — 28C0
55158 • 19C0

- CO — 2760
- CC ET — 15(0

- (SANS — 2CL SCL
(COUNT — SCL
CR0785 — 22C0 45(8 545.4
CFCN ST — 11CC 14(5. 1585.
CNCNST — IbCL 1?CL

• C INSAT — 1B(L 19(1.
- (185688 — 2ICL 22(5. 2385. 44C1.

CI5P~ T — ?o CL 27CL 2$CL 19C1. 30(5.
COSOOT — 78(0

• COST NA — 77(0
(03705 — 77C0
CPIINT — 33(5.

-• ($181 — 1860
(SPIEl — 34(4..
d alE — 35(5.
CTSLKP — 36CL
61(41ST — 37(5.
60 — 26(0
SlIT. — 27(0

• 6(0.851 — 1
5(0852 — 58
6(0003 — 66
6(0054 — 71

• 6(0055 — 75
• SCOPN6 — 90

- 6851*6 — 14(0
SELIEP — 36(0
615.156 — 36C0
6117 — 1160
•(LT2 — 28(0

• SOP — 76(0 $585
SR — 1580
ENS — 22(0 541.6
UPS — 19(0
60 — 4385

• 61 — 1160
- - 610 — 11(0

- 1150 — 15C0
6183 — 14C0
61010 — ISCO

0 62 — 11(0
620 — 11(0
6 3 — 15(0
64 — 11(0

‘ •~ 0 — 15(0
- 

6*8701 — 36(0
4. 1(03 — 19(0

66 09$ — 18(0
a- 665850 — 72(0

- 16*8 — 5(0
- FILTh — 22(0 545.6

U- • ILOSIO — 14(0
b lABS — 2(0
PPTS — 11(0
182 — 19(0
Pill — Z$C0 46(5a. 685$ — 19(0
Cl — 22(0 545.1
NIANS — 16(0
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00 52258

1 0 1 6 ( 8  P148
PR OC E SU IE S F OR SOP

HEADS — I7CO 458.
IFS — 11(0
111101 — 16(0
HOUT PT — 3965 45(8
N $ P R I — 1600
55115 — 1600
08011 — 1160
IIT OTZ — 1760
NTOI3 — 1790
IIUNI T — 1680 458a
ISLANI — 45 E8
11*1* — 4011 86E$
18*18 — 26C0
SIC — 26(0 4*88
ISV — 26(0
58210 — 46(8
10107 — 16(0 5214.
1NPT — 35(0
(11917 — 29(0
IPLI — 35(0
IPRT — 33(0
ITAS L E — 36C0
10 — 37C0 431$
11 — 3780 43(8
110 — 37(0
12 — 37(0
13 — 3760 4318
140 — 37(0
15 — 37(0
16 — 37(0
1$ — 3760
(SI — ZTCO 32415.
ISIS — 18(0 5215.
IT — 8(0
175805 — 22(0 54L4
ITT — 8(0
L?LAI$ — 41*1 6888 565.1
LOSAN D — ZCO QISA
Lu sh — 2(0 9ID*
LOIS — 8C0 915.4
L0152 — ICO 918*
LOOT — 43(5
LOIS — 8(0 926*
1.05115 — 4US 925*
LOTlO — 47(8 925*
LOINS — 8(0 926*
LOI4PI — 15(0 5205.
LOSOW — 27(0 52RL
LOINVI — 19(0 S2RL
08*855 — 2CC

• 085555 — 2CC

N *NCN T — 21CC 4718 49(5 5018
0*05*7 — 21(0 Al ES LIES
SPANS — 2C C
8551*8 — 28CC
050USD — 3861 4415
4155116 — 4915

85678 — 8(0
850*0(1 — 2160
505170 — 22(0 541.5
SOIlS, — 2260 541.1
4105511 — 23(0 555.5

• NOTAPE — 23(0 ~~LS
NOVOLO — 2360 SSLS

• SlaSh — 33CC
515717 — 33CC

A. - 551*1 — 34(0
580011 — 34(0

8 USPRIII — 34(0
NS$PIS — 49ES

U-
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a OD 52258

1 5 5 1*  PAlE S
PROCEDURES FOR SOP

U SUR I  — 860 46E5
STiNt — 41ESS 570*8 — 3360
5,015 — 33(0
198111 — 50(5
0O16* — 1560
00(5*6 — 28(0
COT — 78(0
PASE — 3360 5315
PS — 14(0
0123 — 14(0
PINS — 27(0
PLOT — 23C0 SSLC
PULSE — 29CC
I — 76(0 5685
055 — 68(0
1541* — 51(0
15111 — 8251 8685
857 — 61(0
RITA — 81(0

1616 — 8251 86(1
ISIS — 68CC
RITSIA — 81CC
ISTOS — 5251 86(5
IS! — 65(0
111* — S1(0 -

ISIS — 5251 8515 —
11(9 — 43(5
515.555 — 24(0 565.5
SEVERS — 6111 6415
IRIS — 5(0
IV — 6153 54(5
ITS — 59(0
*95 — ~~(O 64(5lvi — 39(0
*99 — ~~C0
S — 27(6
SHIFT — 1460
515007 — 78(0

• $41451 — 1860
SPIRA l — 23(0 35(5
SPRES — SCCO
7 — 76(0 SUe
15* — 7660
TIll — 7U0 868.
TNT O A I — 25(0

110801 — 23(0 535.5
TINE — 50C0
1015 — 67(0
TOTALS — 23(0 ~~ (5
TRS — 11CC
10$? — 11CC
1183 — 11(0
795 — 23(0 55(4
TW OP I — 14C0
901105 — 2(0 365.5
vs — 28CC

— I — 76C0
80111 — 67(0
I O IT  — 431S
T I N T  — 16(0

4.
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OD 52258

)

1 5 5 1 !  PA lE 6
11011*0 $01

1 INCLUSE 5(000 1 SOP I
2 INCLUDE 8(0002 SOP 2
3 C DCI 3 -•
6 C 01*5 ANS PROCESS INPUT , (AIlS *110 TA PE . *01 4
S C SOP 5
6 9000 CALL 10151 SOP 6 41

1 11 (END) 50 TO 20000 sOP 1
8 C lOP 8
9 C SET UP SAN S Lu llS. POP 9

10 C SOP 10
11 CALL SCOOP SOP 11
12 C •OP 12
13 C EXTR A CT SUlFIdE *0010* •OTTOO 5*7* FlOP INPUT TAPE. AND SOP 13
14 C A R RANSE PIOPIRLY 801 SOP . WRi TE ON TIOPORANT 815.8. SOP 14

• 15 C SOP 1%
16 CALL 115011 SOP 16
17 C SOP 17
II C PROCESS 1*51.1 01 IEVE*SIR*T105 11015 4$ N6CE$$A!I . lOP 15
19 ( SOP 19
20 CALL TC 001 SOP 20• 21 C SOP 21
22 515*! • 0 sOP 22
23 C SOP 23
24 C COPPUTE IEV6IS ERA TIO N FOR EACN TINE IN TASLE . SOP 24
25 C DCI 23
26 10000 51010 — 5101! • II SOP 26
27 NTOA! — 01001 ‘10*! • LINT. NTINE) SOP 27
28 IF (SPREAD ) sTIll • STOIN SOP 28
29 C SOP 29
30 C 1(10 OUT REV E *IEIAT IO S TASLE. SOP 30
31 C SOP 31
32 SO 10010 IT 1, LOIS SOP 32
33 REVENS(R T ) • 0. SOP 33
34 10010 CONTINUE SOP 34
35 C SOP 35
36 C CONPUTE A PIlE HILL——ThREE 7101$ CR ONE TImE WIT H SPREAD IN S . SOP 36
37 C sOP 37
38 SO 15000 II — NT0JS, NINA! SOP 3$
39 I TT • IT . 11 — 111010 SOP 39
40 C SOP 60
41 C COOPUTE SOUNS ILII MIS VOUSRI lIVERS. 8506 SP R EAD AS OEQUISES. SOP 61
62 C COOPUTE TOTALS. sOP 62
43 C lOP 43
44 II (.NCT. NOTAPE) CALL 11(001 SOP 64
45 II (.1101. IOVOLm) (AU. *9(000 lOP 65
£6 IF (SPREAD) CALL IVSPID SOP 46
47 CALL 07(001 4100 41
41 1S0O~ CONTINUE lOP 4$
69 C sOP 69

• 50 C 0*151 REVER SERA TI ON lIlA . sOP 50
51 CALL RV PRNT lOP 51
52 C lOP 52
53 C lOP 53
54 IF (STOA I .LT. STINt) 50 TO 10000 sOP 54
55 50 TO 9000 lOP 55
56 C SOP 56

• - 57 C 1(5155 TAPES AS REQUIRED, AN D FlIT. lOP 57

58 C SOP 5$

59 20000 IF (NOTAPE) 50 TO 20010 SOP 59
4 60 1851111 III sOP 60

61 RESINS ERI lOP 61
— 62 20010 18 (PLOT) REW IND IPU! SOP 62

63 30C03 STOP DOP 63
64 ERAS 4100 64

4.
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OD 52258

5 0 5 1 !  
PAlE 7

P1011*0 SOP

STOSO L

9000 — 6* 55
10000 — 26 S4
10010 — 32 36•
15000 — 38 Lea

20000 — 7 59.
20010 — 59 6 2.

30000 — 63.
*11 — 60
DC0OP — 11
SRI — 61
SCONIII — I
ICONS? — 2
END — 7
IDIOT — 6
IPLT — 62
II — 26 39
IT  — 32— 33 3b~ 39
ITT —

LOST — 2?
LOIS — 32
0100 — 27
NOTAPE — 44 59
NOVCLO — 45
57101 — 27 54
S INAI — 22• 26 ?7 28• 58 36

57015 — 2o 28 35 39
PLOT — 62
ISCOOP — 44
ISSOIT — 16

— ‘ 
REVElS — 33
ITCONP —

IVCOOP — 45
R V P I N T  — 51
IVSP SD — 46
SP REA* — 26 46
STOP — *3
ICOOP —
10*10 — 0

4.

U-
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OD 52258

l O S E R  PAG E 8

SUBROUTINE (5(51 IDINT 1
• 2 C 151ST 2

3 i NCLUDE DC000I (SENT 3
4 (00000 1S(12) , I~~I,k ,L,P 1)1ST 4
5 &O6ICAL 041815.6 (SENT 5
4 DATA INPFLSIOI,OUTFLII.TIUE .1 151ST 6
7 C (SENT 7
S C WRITE HEADING ON INPUT 5ATA 1*54. ISCIT I
9 C (SENT 9

10 5*171 (1P17 ,501) 11(5 (SENT 10
11 501 FORMAT (8A6.A4.1611—— INPUT DATA ——I) (SENT 11
12 C SPENT 12
IS C lEAD SENT WIllAB LE NAME AND 16L*TEP DATA F*OM 5*1* CARP (S). 15157 13

r 16 C (SENT 14
15 600 CALl. IOPUT(NO*MES.IOC .INPFLS,OUTFLG) (SENT 15
16 IF (50) 40 10 700 15(07 16
17 18 (END) 60 TO 900 (DENT 17
18 (8 (10114.6 .61. 1) ENS • .1*418. 15151 18
19 50 TO 600 (DENT 19
20 700 50 • .FALSE . (lEST 20
21 II (NOTAPE) 50 TO 2000 15157 21
22 C (SENT 2?
23 C READ lu ST HEAl ER RECORD FROM INPUt TAPE . ISEOT 23
24 C 15157 24

• 
• 25 lEAD (All) (15(1), I = 1 , 6) (SENT 25

26 II (15(6) .N(. 0) 60 70 1000 DENT 26
27 C (SENT 27
28 ENS — •T1UE. (DENT 28
29 900 WRiTE ((P11,901) 151ST 29
30 901 FORMAT (69I ,15H~~•. ENS OF RUN ..) IDENT 30
31 60 TO 30000 (DENT 31
3? C (SLOT 32
33 C I IA D  S E C O N D H E A l E R  IECOR I . PRESERVE ANT SATA IRON INPUT (SENT 33
34 C TAPE WWICN 5855 NOT SEES SEAS IN FROM CARSS. alloT 34
35 C IDENT 3S
36 1000 IEAS (All) (15(1), 1 — 6, 12) ISEST 36
37 so 1500 1 • 1, 12 (DENT 37

• SI J I  1S1N7 38
39 IF (J .61. 82) J • 2 — 81 15151 39
4 0 18 (5*0(57(2) .15 . 0) 60 TO 1200 (SENT 40
41 IF (2 .ME. 11) 60 TO 1500 (DENT 61
42 ESI — (SI a SEGIAD 10(07 42

• 43 60 TO 1500 ISEN7 63
44 1200 15*7*11) = 15( 1)  1SENT 44
45 1500 CONTINUE (DENT 45
46 C 15151 66
67 C SCALE INPUT DATA *55 PRECOMPUTE IELA1CI SUAHTITIES. SPENT 47
45 C (DINT 48
49 2000 0016* — ONSIAD I DISRID IDIOT 49
50 SELl — SELT2IF2 1SENT 50
51 ISIS — ISISDESIAD (DENT 51
52 85157 = SVIDTN ISENT 5?
53 IF (.1107. ETSISS) SWINT • SWINTIFIIS (SENT 53
56 5.05091 • LOSOV — LOS4PI 1SENT 56

• - 55 CUSS — COS(kSl ) (SENT 55
56 $NIS1 — 5141(151) IDENT 56

• 57 SI — PELT? • COIFL (SENT 51
58 COlT = (0 • TSKT (DENT 55
59 FCOVS — COKTSVS (SENT 59
60 ICOS — CO.~ 5 • 71011 DENT 60

— 61 IF (1210 .LE . 0.) IllS = 01 ISENT 61
62 1151 — 1210*.? 15151 62 - •
63 822 — FZIO * F? (DENT 6’

I t  64 LIPS — EIP (S.f 110 • FLOSIO) DENT 66
65 SF (TNTMAI .15. 0.) 71170*! • 190 (DENT 65

• 66 IF (T,TOA! .IT. 6180) TNTNAI • FIb 151ST 66
67 C (SENT 67
65 NSPIHI — II (DENT 61

• 69 5111*1 • SPREAD .OR. (N5$P1S.Nf.O) .01. (NSSPIS.SE.0) .01. (DENT 69
70 1 (NVSPIS.NE.0) IDIOT 70

E.
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OD 52258

S U D S !  PAlE 9
SUSROUTINE 15157

71 II (.507. Sh Ell) 10 TO 5010 (SENT 71
72 C 15157 72
73 C 8INEIATE ANT IESU IIED 0(55101 SPREA 5INS TASLES . SPE NT 73
74 C (SIN? 14
73 1! (CN$5115 .18. 0) .05. (NISPRS .15.0) •OR. (NVSPRS ES. 0)) SPENT 75
16 1 CALL SPRCNP (PENT 74
17 NSPIN 1 • M *I0 (NS$PAS ,ND$PRD ,NV SPIS) (SlUT 17
78 C lIEN? 78
19 5010 NSPRN = 551151 — II ISIS? 79
SO 55111 — NSPIN • NSPRNI 15157 SO
II (P (NOPINT) 60 TO 7010 (DENT II
82 C (SENT 82
$3 C $17 UP APPROPRIATE PASt NEAS1NIS . (SENT $3
84 C 151ST 54
83 1.0 (SINT S5
86 2 • 85 (SENT $6
57 IF (.NOT.SPIE*S ) 60 TO 6020 *555? $1
88 2 — 0  15557 88
89 IF (TWI) K • 110 IDIOT $9
90 IF (FILTER) I = I • IS 15157 90
91 6020 N — II ISIS? 91
92 4. = El (SENT 92
93 U (ITS5NS) L — U (SENT 93

• 94 (F (.501. TOTALS) 40 TO 6030 (PENT 94
95 $TC?3(I) — NEASS(L+36) (SENt 95
96 L •83 (SENT 96
97 N — 13 (SENT 97
98 C (SENT 98
99 6 0 3 0L .L a IS  (P157 99

• 100 50 6040 I • II, 15 JSENTIOO
101 4. — L • *1 (DENT1OI
102 ND*NS(1) — NEA5S(L) (SENTIO2
103 2 — 2 • (1 11107103
104 HSPIS(() — NEAS$(J .10) (SINTIO4
105 8 — I • II 15157105
106 NSPIW(1) • NE*SS(I.15) 15157106
107 6040 CONTINUE ISENTIO7
108 NF ROO (1) = NEAS5 (M.3?) I5LNTIOI
109 58100(2) — NEASS(N*3$) (Sf57109
110 7010 IF (.50?. NOTA PE) ILSINS SRI 1SENT1IO
111 30000 lE TUIN I SEN ? 111
112 END ISLITII2

I-

.4.
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OD 52258

I N S E A  PAlE 10
SUB IOUIISSE 151ST

SYMBOL a- . . a- . . .. . . . .• .  REAE R E NCE S . .  ‘ — — — — — — — —
501 — lOIN II•
600 — 15. 19
700 — 16 (Ca-
900 — 17 29’
901 — 7951
1000 — 2~ Y 6*
1700 — NU 4t.
1500 — ‘7 41 - 43 45.
20 00 — 21 ‘9.
5010 — 71 79•
6020 — 67 91. -
6030 — 9’ 99-
6040 — 103 107*
7010 — II 110.
30000 — 31 111.
All — 251D SÔRD
SRI — 110
BW1DTI$ — 52
IW1NT — 52— 53—
CO — 57 58 60
COlT — 58~ 59
LOS — 55
CSIS( — 55
5(0051 — 3
SEIRAS — 62 49 51
PELT — 50-
SILT ? — 50 5?
Dl — 57—
ENS — 17 18— 28—
LIP — 64
LIPS — 64
Ii — 61
110 — 64
8180 — 66
lIES — 53

• F? — 50 63
FL — 57
890 — 65
FCO3 — 60
FCOVS — 59—
lILIES — 90
FLO SIO — 66

122 — 63•
Fib — 61 62 83
lESS — 62•
50 — 16 20
NDANS — 102.
HEADS — 95 102 104 106 108 109
NED — lOll
IIFROM — 103— 109•
HSPRS — 10’.
NSPRO — 106
NTO?3 — 95—
I — 4(0 25I~ 36RS 3?. 38 44 100* 102 104 106
IS — 4C0 2~RS 26 3650 44
ISATA — 44.
SIC — 15*1
(SENT — I
(NPFL 6 — 65* 15*6 16— INPUT — 15
IPRT — lOON 2955
2 — 4C0 35 39• 40 41 66 88. I03 104
I — 6CO S5 89. 90* 105. 106

• 
11 — 39 66 79 91 92 100 101 103 105
110 — 89

• 
12 — 39
13 — 96 97
15 — 86 90 99 100

.5.
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OD 52258

l O S E  I PAIL II
SUBIOUTINE (DENT

151 — 62. 51 U 56
(Sub — SI•
IT$PNS — 53 93
I. — 400 92 93. 95 96 99. 101. 102
LOI4P( — 54

-
• LOIN I — 54

LOSNVI — 54.

N — 400 91= 97. 108 109
0*00 — 77
1*1(17 — 40
OSIPID — 69 73 77
ISNAN ES — 15*1
NOPINT — 81
NOTAPE — 21 110
NSPII — 50=
Sills — 79. 80
NSPRNI — 6$. 77. 79 SO
NUllS — 69 75 17
505111 — 70 75 7?
ONESA — 49.
ONESAS — 69
OUTILI — $1.6 65* 15*6

• NETUIN — 111
$ — 64
5(5 — 56
SNISI — 56.

SPRCNP — 76
SPREAP — 69 71 57
TNIM*( — 65. 66
TOT ALS — 96
?VS — SD
TV OP( — 60
VS — 59
TSR? — 5$

_._._._._._._._._._._._. —._• _ ._• —.—._ ._ ._ ._ ._-•_ ._ ._*_ .—.—•—.—.—.—•—.—• —. — 4
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— 00 52258

( S P I N  5*61 1?

I SUS100TINS 5C81 SCOOP I
S C SCOOP 2
3 INCLVSI ICONNI SCOOP 3
4 (SOIlS S,S15(5),CUT(3) l,t, ,,l,L ,., SCOOP 4
S C SCOOP S
6 SS$(3) • (55 ITNTSAI S 5565*0) * V5 SCOOP 4
7 10 (TITIAN .18. US) 50513) • 0. SCOOP 7
S U ETUTNAS .10. FISO) 555(3) • —VS SCOOP $
P IF 1175505) II TI lOll SCOOP 9

ID C SCOOP 10
11 C SIITPUT SANS L!N(TS IN 1(1.00111. SCOOP 11
12 1 scoop 12
13 S • (COlT • V$) l (COI T — VI) SCOOP 13
14 550(1) • nil * S — ISIS SCOOP 14
IS S = 1550 SCOOP IS
16 555(2) • ISIS — 11111$ SCOOP 16
17 5 — 1111 SCOOP 17
II SNO(3) • ((SE T • S5513))I(COIT — 555(3)) • ISIS • 0(50 SCOOP 1$
19 SO TI 2010 SCOOP 19
20 C 5(001 20
21 C •UTPV? SASS LIMITS (U ROOTS II SOPPLIN. SCOOP 21
22 6 SCOOP ZZ
23 1000 5115*1) • VS SCOOP 23
24 S • 0 .  5(501 (4
2$ 50012) • VS SCOOP 2$
26 P • VS SCOOP 26
27 C SCOOP Z7
25 2000 1 — 0. SCOOP 21
29 II UEUTII) 1 • 5515? • OPTS SCOOP 29
30 S s S • 1  SCSOP 3O
SI IF (.50?. IEI.SNS) P = 0. SCOOP 31
32 C SCOOP 32
33 C COMPOTE NP. OF 1*515 WITN POSITIVE AND NSSAT UE 50111.11, SCOOP 33
34 C *1.50 SASS A-Sl IT SS1 TO TNIT* NA!. SCOOP 34
3$ C SCOOP 35
36 00 2300 1 — 1, 3 SCOOP 36
37 (NT(S) • AS$(* IST(SNP(l) ISWINT)) SCOOP 37

• 35 II ((NT(S) • lOIN? • I .1.7. *S$(8U5(I))) (57(1) • CNT(I) • Fl SCOOP 38
39 IF (tENTh ) CIT(I) — tNT(S) • FITS SCOOP 39
40 2500 65011555 SCOOP 40
41 CR713) • SJS$KUT(3) ,SSS(3)) SCOOP 41

• 42 II (SNS(3) .57. 0.) CITES) — CNT(3) — 11 SCOOP 42
43 1 SCOOP 43
44 C SPANS • TN EOR LTICA%. NUMbER OF UNSPRE*S SANSS. SCOOP 44
43 6 50*55 — NIPIN • NI. OF UNSPILAS •ANSS TO SI C0NPVTES. SCOOP 45
46 C ONSANS — NO. OF 5AUS$ TO SE OUTPUT, INCLOSINS SPILASINS . SCOOP 46
67 6 NPSTRT — FIRST SANS TO •E ?*I~TtS. •COOP 47
U C SCOOP 45

• 49 INSANS • (57(1) • CNT(2) SCOOP 49
50 05*55 - INIANS SCONP SO
SI BlAND — N(I0(LMS*N5 ,OSANS • NSPRN,IFII(CNT(1) — (NT(S) ) • NIPIN) SCOOP SI
52 NNSBS = OI*0(LOPANS. NSAIP • NSPIN) SCOOP 52
53 L • 1U!(CNT(l)) • NSPRN SCOOP 53
54 F • L  SCOOP S’.
55 (1 (•N0T CENT EI) L • L — El SCOOP 55

— - 54 NP$TNT — 05S(L, (P1050) • II SCOOP 56
57 C SCOOP 57
55 C COUPUTE VALUES OF PANS LIMITS FOR COOPUT*TI0U ANS OUTPUT. SCOOP 3$
SD C SCOOP S9
60 I. • ONSNS • II SCOOP 60
61 50 3000 I • 1, L SCOOP 61
62 SANS(S) — SOINT • F • S SCOOP 62
63 505007 (1) • SANU () — S SCOOP 63
64 IF (ITSSN5) S*SS(1) — OSlO • ((CiT • SANS (IP)I SCOOP 6’.

4. 65 1 (COl T — SANS(S)) SCOOP 65
66 II IVILTII) R* FS((—1 ) — lRF((SANS(I—1).IANS U))* IPTS) SC0NP 66a- 67 8 . 1 — 0 1  SCOOP b7

& - 68 3000 CONTINUE SCOOP 6$
a- 69 C -• SCOOP 6S

70 C IESET FLAS 101 VOLUME lEVERS . PATTERS COOP. (NON—TU ININS). SCOOP 70

a-
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00 52258

l O S E ! 
PA lE  13

SUBROUTINE ICO MP

71 C 
StOMP 71

72 V PT Y I N a- .IOLSI- StOMP 12

73 
SCOOP 73

76 R ET U R N  
SCOOP 74

75 E NS BCO NP 75
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OD 52258

)
l O S S !  PAIL 14

5055501(51 SCOOP

STNSOL . .  . • • •S  REIIRINCIS • a s . • . . • . . e

1000 — 9 23*
2000 — 19 25*
2500 — 36 40.
3000 — 61 61* - :ASS — 37 35
*1ST — 3?
S — 4(0 15. 24— 30. 62
SANS — 62• 63 64 63 64
PUMP — 1
SNS — 4C0 6= 7. 5— 14. 16. 1$. 23. 25 37

38 41 42
555057 — 63.
501ST — 29 37 38 62
COST — 13 IS 64 65
CUTER — 29 39 55
1ST — 410 37— 3S 39. 41— 42. 49 31 33
(OS — 6
S — 4(0 17= 26— 31= 63
5(0001 - 3
SLINAS — 6
I — 4(0 28 5~. 30 3$
O — 4CO 56. 62 67.
II — 3 8 -  42 6?
lISP — $
I~ 0 — 7
FIL Th — 66
INlAND — 49 50
OPTS — 29 39 66
0210 — 14 15 16 17 15 64
1 — 4(0 36— 37 38 39 61= 62 63 64 65

66 -(FIX — 51 53
(PS VII — 54
II — 55 56 60

• ITSDN D — 9 64
L — 4C0 US 56 55. 56 60= 61
LNSAN5 — 51 52
NSANS — 50* 51
5150 — 51 32

• 
- NUNS — 52. 60 -• SOS — • 56

SPANS — 51. 52
UPSTIT — 54—
N$PRN — SI 52 -53
S — 4(0 15 1’. 16
111.555 — 31

A RITUSU — 74
III — 66 - -

IRIS  — 66.
5(65 — 41
TNTOA ! — 4 7 $
VPTTIN — 72.
95 — 6 8 13 23 25 26

4.

$ -
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00 52258

u N S E X  PAIL IS

I SUSIOUTINE ISSOIT RSSOI T I
2 C 105011 2
3 INCLUDE 5(0551 15501? 3
4 INCLUDE DCO NN3 RSSOIT 4

• 5 COMMON 1,1,k,L,*,N,MA,I)9,Nt,Nb.*,9,TISI.VIOLI 1550!? S
S LOSICAL W IlLS US$017 6
7 C ISSOR T 1
S 55510 — 0 IPSOIT I
9 NSTM • 0 ROSOIT 9

10 II (NOTAPI) 10 TO 16 RSSOITIO
11 C ISSOITI,

• 12 TEST • 55710 • 55111 RSSORT1Z
13 L = 0 ISSORT I3
14 C IS5O TII
13 C REAP SEP75 IS. RECOR D AND TEST FOR SURFACE . RPSORTIS
16 C ISSOITI6
1? 1 SIFtS — •FALSL. RSSO*T11
18 REAl (All) I. B. N ISSORTIS
19 II (3 .1g. 0) so io 15 15501119
20 (F (D .51. 0.) 60 TO 2 RSSOIT2O
21 IF (SO5UIF) SO TO 7 RISOIT2I
22 SURF = S RSSO RT2Z
23 60 TO 5 IS$OIT2!
26 C IRSOIT24
25 C TEST ION SOTIOM SEPTM. IRSOITZS
26 C RPSOIT26
2? 2 IF (ADS (S — SSTTN) .57. Tt$7) 50 70 7 ISSORT21
28 II (SORITM) 50 TO 7 1550112$
29 5570 • N NSSOIT2P
30 C RMSO IT3O
31 C REAP DATA ION 5111 PATS. S1(P PATHS NOT AT (SESlRE~a) SIMOACE IMSOIT3I
32 C OR 501700. 11501732
33 C 51101133
36 S SilLS — .TRUC. R5S0R734
35 7 DO 14 I • 1. N 11501735
36 REAP (All) 2,(RPTN(1).RSXII).ISN(1).RST(I), I — 1, £ 3  RMS ORT3 6
3? IF (.507. 51814) 50 10 14 11101731
3$ 50 9 I • 1, J 10505736

• 39 155(1) — 15*1(1) — 5 RPSORT39
40 9 CONTINUE RPSOIT4 O
61 C RF S OR T 6 I
‘.2 C PUT DATA IN ASCENDING OIDII OF I, IF SICESSAIT. *1505142
63 C 15501763
66 38 (IS!(2) .57. 151(1)) 60 TO 12 RPSORT44
65 NA • £12 RSSORT4S
46 55 $ —LOIS R010IT46
67 50 II I — 1, 6 RS5ORTI7
68 55 • ND • LOIS 11501748
49 5( • Np . j 11501749
50 SO 10 0 • I, NA RD$OITSO
51 OS .NB .M  R!SORTSI
52 A = RSI(NS) 10501752
53 RB!(NS) — 151(5( 3 11501753
56 IS*(OC) • A IRSOITS4
U NC • NC — I IISONTS5
56 10 CONTINUE IISOITS6
57 11 CONTIN UE 1050175?
5$ C 18501755

• 59 C SAVE MIN (NUN I AND 7 101 EA CN PATS, IF TINCOP OPTION . IOSOITSD
60 C 11501760
61 (F (a-SOT. IINCNP) SO TO 13 15501161
62 12 L • L • I 15S01T62
63 IMIN(L) • 111(1) RISORT63
64 10(5 (L) • 157(1) 11101166

• 65 C RISOIT6S
66 C W RI T E DA TA ON IIITEIMESIATE TA PE. 18501766

4. 67 C R OSORT6 7
• 68 13 51(11 (SRI) J ,(IBIES),RST (k),RITN (I),RBN(I). 1 = 1, 4) 1550176$

• 69 16 CONTINUE 15505769

* 70 SO TO I RSSORT?0
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00 52258

I N D E X  PAll 16
SUSROUTJNI IBSORT

TI C *5101771
72 15 RES INS III RSSSIT72
73 16 NETUIS ReSO*T73
76 150 RSSO RTP4
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OD 52258

( O D E !  PAlE 17
SUSROUTISE ISSOIT

SyMB OL = . . = a • = = a R E ISRENCES a = a • a a • a a • — = a = =

1 — 1?. 70
• 2 — 20 27*

5 — 23 36.
7 — 21 27 28 3S’

— 9 — 38 40.
IL’ — 50 56*
11 — ‘.1 57*
12 — 64 6?.

• 13 — 61 65*
14 — U 37 69.
15 — 19 72*
16 — 10 73.
A — SCO S2~ 56
ASS — 27
All — 15*5 361$
$51 — 68W * 72
S — SCO 18*0 20 27
DPTTN — 12 21
SCOMN I — 3
SCONN 3 — 4
I • 5CO ISIS 19 35•
4 — 5C0 56*5 38 45 49 6151

— 5(0 3615 35— 39 47= 6851
1. SCO 13. 62— 63 64
LOI S — ‘.6 41
N SCO 50= 51
O — SCO 18.5 22 29 35
NA — SCO 45• 50
OS — 5C0 65a 45. 49 51
5575 — 9• 29
NC — SCO 69• 53 54 55.
ND — SCO 51. 52 53
NOSTTN — 2$
NOSUIF — 21
NOTAPE — 10
NSURI — 6 22
*55 — 3615 39— 6851
ISS0II — 1
NIT — 3611 64 6SWI
ISIS — 3615 6851
IS! — 3655 66 52 5 3a 54. 63 6S01r IL TU IM — 73
5 — 39
SPIlT — 12
TEST — 5(0 12— 27
1(NC MP — 61
TOIN — 64=
WI lLS — 5(0 OLS 17— 34. 3?
lOIN — 63.

••
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OD 52258

)
( O D E S  PAlE 15

I SUbROUTINE TCOUP TCOPP 1
2 C T CONP 2
3 INCLUDE PCOMN I TCONP 3
4 INCLUDE SCO ON3 ICOMP 4
5 COMICS I,J,E ,M,IPOUND,50IS,WSA !,NTSL 7(001 S
6 C lUMP 6
7 (F (.501. TINCMP) 10 TO 10 ICOMP 1
5 C VCOPP $
9 C TIML COM PUTATION IS DESIRES. NOTE THAT CONSTANT CNICII~~ IS ICO M P 9
10 C DONE TO INSU RE THAT ALL ADDED TIRES LIE SETILEN 112 SILTA 7 TCOOP 10
11 C AND P151 INTERVAL. NO SlitS CIIECI IS MADE ON INPUT TINES. TCOOP II a-
12 C ALSO LENGTH OF THE TIME AllAY IS CHECIED TO AVO ID OVLI—l(LL (NS.TCOMP 12
13 C TCO MP 13
14 IF (NT1 ME .EQ. LMTIM) GO 70 10 7(001 14
15 STINt = 01101 • II YCOMP 15
16 IF (01101 .10. LNTIM) GO TO 9 TCOPP 16
17 T(ME(NTIME) a BELT 1(001 17
18 STINt = OTIME $ 11 ICOOP 1$
19 IF (NT(ME .10. LMTIP) 60 70 9 1(001 19
20 (F (OOT*PE) GO To 6 TCONP 20
21 C TCONP 21
22 C CO MPUTE TIMES ASSOCIATED SITS SAVE—FRONT A R A I V A L  OVER EA( N TCOPP 22
23 C COPSINA TION OF TOO—WA Y PATHS. TCOPP 23
24 C TCONP 24
25 50*1 • 0 TCO MP 25
26 DO 4 (BOUND • II , 12 TCOMP 26
27 18 (NSOUNS(IBOUND) .10. 0) 50 10 4 ICOPP 27
25 N N I N  • NN A X • ~1 TCOOP U
29 OMAN • SOAR • NDOUND (IIOUOD) TCOOP 29
IC DO 3 1 • 0010, 50*! ICOMP 30
31 RE AD (SRI) NTBL,(RBX(I),RPT (E),NDTN (k),ISH(I), • • 1 , NT5L) TCOOP 31
32 C 1COMP 32
33 DO 2 J • I, 50*! TCO0P 33
34 TIME (ST(0I ) • (TMIN (J) • T*ILKP(IMIN(J),R P X ,IST,I,!TSL)) * FPT5 TCOOP 34

IF ((TABLE .10. 0) 10 10 2 TCONP 35
‘6 iF (TI ME(NT (NE) .61. PING) 60 TO 2 TC~ 0P 36
3? N = SlIME lUMP 37
38 IF (I(ME(NTIME) .LE. DELI) GO TO I TCO4P 3$
39 OTIME = SlIME • II TCSOP 39
40 IF (07101 a-El. LMTIM) GO TO 9 1(001 40
41 TIMEINTIME ) • 1(PE(P) — DELI ICOOP 41
£2 IF (TIME (OTIKE) a-IT. DEL?) 57101 • 57101 • II 7(001 42
43 SF (SlIME .10. LMI1M) 50 10 9 1C0*P 43

• 46 1 T(NE(NT (ME) = 1(01(M) 4 SILT 1(001 44
65 IF (7101 (57101) a-LI. PING) NTINI a NT1ME • II TCORP 45
46 IF (51101 .10. LOTIP) 60 T0 9 7(001 46
47 2 CONTINUE TCOPP 4?
61 3 CONTINUE TCOPP 4$
49 4 CONTINUE 7(001 49
SC REWIND 151 TCOOP SC

• SI C ICOPP 51
52 C A DD PRESET TABLE OF TIMES. TCONP 52
53 C TCOMP $3
54 6 DO 7 I = 11, LNTRS TCOMP $4
55 IF (TNS(I) .61. PING ) GO TO 9 TCOPP 55
56 TIME (NTINE) • T1S (I) TCOOP 56
57 IF (T(PE(MTINE) .61. SILT) 57101 • STINE • 11 TCOMP 57
58 (F (NT(ME .11. LMTJN) 60 TO 9 TCOMP 58

• 
- 

59 7 CONTI NUE TCOPP SI
60 C TCORP 60
61 C CONTINUE SITS EVERY 112 SECOND TO PINS. A DD P106 INTERVAL. TCONP 61
62 C TEOMP 62

-— 63 8 T (ME(NTINE) a TIME(OTIPE—1) • OPTS TCONP 63
66 IF (TIME (NIIME) .GE. PIHI) GO 70 9 TCOPP 6’.
65 STIUS • NTINE • II lUMP 65
66 IF (51(01 .NE . LNTIP) GO TO $ ICOOP 66

4. 67 C TCOPP 6,

• 68 9 I(NE(NTINE) = PINS TCOMP 60
69 C T C O PP S Q

* 70 C SORT TINE A llAy INTO ASCEASINI ORDER, ELIPINATING DUPLICATES. ICOMP 70

APPENDIX G
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OD 52258

1 5 6 11  PAGE 19
• $UDNOUTI0R TCONP

11 C ICO OP 71
72 ~~ CALL SORT(TIME ,NTIMF ) TCOMP 7?
13 C ICONP 73

• 76 C INITIATE PAGE COUNTER INS COMPUTE TOTAL NUMPLI OF PASES OF TCOOP 76
75 C OUTPUT FOR THIS FILE OF (SlUT DATA. 7(001 75

- 76 C TCOMP 7677 PAlE • 0 IC0MP 17
78 SOAR • (STIlE — 11)113 • 11 lcosp 7I
19 IF (SPIEAS) SMAL • STIME TCOMP 79
80 NPASE • (((MNSNS — NPSTNT)IIPEVIY)1E60 + 11) • NNA I ICOMP 80

• El IF (TOTALS) OPAGE a (SEINE — 11)1140 • 11 TCOMP 81
62 C ICOIP 12
83 SETU PS lUMP 83
84 E N D  TCO MP 84

4-
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00 52258

I N D I A  PIlE ~~~
SU bROUT IN E 1(001

S Y m b O L  a- - a- a- R E F E R E NC E S

1 — ~~ 64*
2 — ~ 3 35 !~ £7. —
3 — 3U 48.
4 — 26 27 49.
6 — 20 a-4~
7 — 54 59* .4

-
• — 63’ 66
9 — 16 19 4C 43 66 55 58 64 68*

— 7 14 72.
Ill — 3 I R E  5~ • 

-

5(0151 — 3
DC O PN 3  — 4
BELT — 17 38 41 42  44 57
FITS — 34 63
( — 5(0 3C— 33 54— 55 56
150USD — 5CC 26~ 27 29
(PRVPT — PU
(TABLE — 35
J — 5(0 _3~ 34
1 — 5(0 3110
11 — IS 18 26 28 39 42 45 54 57 65

18 SC 81
17 — 26
El — 78
140 — 80 81
LOJ IM — 14 16 19 4~ 43 £6 58 66
LMIRS — 54
N — SCO 37— 41 44
MSDND — IC
OPOUND — 27 29
0011 — 5CC 25~ 78 29= 30 33 74. 79. 80
OIlS — 5(0 2 8— 10
N O T A P E  — 20
OPAGI — 80 81—
005111 — PU
NIDL — SCO 3IRD 34

• STIlE — 14 15a- II 17 15. 19 34 36 37 38
39. 40 41 62a- 43 46 45~ 66 56 57.
58 63 64 65 a- 66 68 72*6 78 79 81

PAl E — 71~
1(06 — 36 45 55 6~ 68
RPH — Till
ROT — 3115 34
11TH — ‘lID
III — h I D  36
B E T U I N  — 83
SORT — 72
S PI E A P  — 79

• TADL EP — 34
TCO PP — 1
TINCMP — 7
TINE — 17• 34. 36 38 41~ 62 44 45 56— 57

63= 66 68. 72*6
TPIN — 34
TOT ALS — 81
TRS — 55 56
lOIN — 36

4.
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OD 5225~

1 0 5 1 5  PAlE 21

1 SUD IOUTINE PECOIP ISCOOP I
2 C ~~COOP 2
3 INCLUDE 5(055 1 R IC OM P 3
4 INCLUDE 1(1452 I5CONP 4
5 INCLUDE D c O S N 5  RICOMP 5
6 CO MMON DD (2).AD(2),TD(2),THAD (2),TH5D(2),*S(2) RB(ONP 6
7 COm MON CSTNAD(2),CSIHDD (2),00TD (2),CSOMTS (2),S000TD(2) 15(001 1
$ COMMON ITMU,OMTTNU,CO NTMU,SOMT 0U,CTHTPU (2) IRCONP 8
9 COMMON R1(7),THA1(2),THBT(2) NSCOMP I
10 COMmON l5G.FA ,l*,lb,Q(,SAD,IAC, SSC ,SASC ,SA*IC ,SSASC RSCOOPIO
11 C0000N CSAI.F* .CSALFP,CS8ETA,CSBETS,CSGASA ,CSG IOS .BCOOPII
12 COM MON CA LFAP ,C A L I S P ,CGANAP ,C$AMSP ,COSA ,C015 R5CONPI2
13 CONNOS PNI,PNMOST ,D E L I ,TSMA (,T W N I H ,TTMAI ,A,SOPSIP IICONPI3
14 CONNON 11(2) ,I2( 2),I3(2 ,16(2),T1(2),,2(2),V3(2),Y4(2) RICOOPI4
IS COMMON (,(i,IJ,JA,JD,IBOUSD,JC,JS,JSD,JSELT,JSNA!,JD0IN,JE RICOMPIS
16 (00000 40*! ,JUMP .15*05 .1110,1. ,LEAP ,LL,NLOU(2).01.MN,NI,NA,m,NEII ISCONPI6
17 E.UIVALEN CE (ML0U (~ ),NL),(MLNU(2) ,MU),(SOP ,ISOP).(NNNX .MN) 15(0MPh
15 E SUIVALENCE (QCOS ,Q AASC),(ISIN ,SSADC),(SCOSM ,SAD) NSCOMPII
19 DIMENSION IDOP(1 ),MNMIS2) RDCOOPI9
20 LOGIC A L TTUAI,BOPSEP IBCOMP2O
21 C RICOOP2I
22 £ SOUNDARI LOOP—— IICONP22
23 C ONCE THIOUSII EACH FOR SURFACE AND 5OTTON N5CONP23
24 C ISCONP24
25 00 9C10 JBOUOO • 1, 2 RICONPZS
26 10*1 • NBO UND(J BOUND) RICONP26
27 (F (40*! .15. 3) 10 TO 9010 RSCOOP27
25 C IICOOP2I
29 C PATH LOOP—— RBCONP29
30 C ONCE THIDUSH FOR EACH SUPFAC E REFLECTED PATH AND EACH BOTTOM 15(00130
31 C REFLECTED PATS ON TOE IOTEIMEDIATE TAPE. (PATH A) RSCOOP3I
32 C RMCONP32
33 00 8010 JA • 1, lOll RICOOPSI
34 C RSCOOP36
35 C POSITiON TAPS AT JA IH RECORD . R RCOMP3 S
26 C OICONP36
37 IF (IA .ES. 1) GO TO 1520 RBCOMP37
38 Do 1010 1 • JA.JN*! 10(00135
39 BA CK SPACE SRI RDCONP39
40 101U CONTI NUE RSCOMP4O
41 C RBCOOP4I
42 IOZQ READ (SRi) NA ,(RDNA (I) .RBT A(I),IDTHR(I),R5HA((). I • 1, NA) RICOPP42
43 BAC kSPACE Ill RBCOOP63
46 £ RI COMP4 6
45 C PATH COIOINATION LOOP—— RBCOMP4S
46 C ONCE THROUGH FOR EACH COPB~ O*TION OF PATHS TO SURFACE RICOMP46
47 C CI TO 001100. (PATH 0) RSCOMP47
48 C IBCOOP4I
49 DO 1OBC ID • IA , IMAR RDCOMP4I
50 ISIS (Dl i) NB,(IDSI(I),IBTB (I),IBTH5 (1),15H5(i), I • 1, ND) RBCOOPSO
51 C ISCONPSI
52 C D E F I N E  THE A I E I COINON TO T HE TWO P A T H S  AND ALSO TO THE R I COM P S2
53 C CUIIENT TIME (STENVAL , IF ANY SUCH *11* ER(STS. RSCOMPS3
56 C RRCOMPS4
55 TWM (N • AOAR1 (TIMR(El)—SELI,IDTI(I),RBTD(1)) RRCOMPSS

• 56 TWIl l  • AMIN1(TSPE(kT).DILT ,ROTA(sA).ROTS(NB)) IDCOMPS6
51 (F (150*1 .LE. 1511$) SO TO 7080 *5C00P51
St C RBCOO’SS
59 DO 1030 IC • I, NA ISCOO PSI

— 60 1(40 • IRIS (JC) 15(000 60
61 ICoSO CONTINUE ISCOUPII
62 IC • NA RSCONP62
63 C PICOMP63

4. 64 DO 1040 I • 1, 5* IIC00064
6S IC = JC ‘ El RSCOMP6S
66 I(JC) • NIABII) RSCOOP46
67 I06U CONTINUE RSCOMP67

• 68 C ALL SORT (l , IC) 15(OaP6S
69 C IDCOSP6I
10 C EVALU A V E TABLES FOR OVEILAPPIS *51*. RDCONP?O

2
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OD 52258

I S D E I  PAGE 22
SUBIOUTINE 11(001

71 C RSCOUP7I
72 45 = 0 - 15C00P72
73 Ii • El (OOPT3
74 IJ II - OSP74
75 So 1050 1 • 1, IC RS(00P75
76 T(JD.1 • T*SLKP(1U),Rp 1*,ISTA,II,SA) IICOOP76
77 IF ((TABLE ES. 0) 50 TO 1050 ReCOUP??
75 ii = (TABLE RSCOOP7$
79 T(JD.1) • TUD’l) • TASLKP (!(1),IS*5,RST5,II,500) • FPTS RRCONP79
80 IF (ITASLE ES. 0) 50 TO 1050 NSCOUPS)
SI II = ITADLE 1SCOOP$I
62 ID • IS • ti RDCONP$2
53 ((65) • 1(1) ISCOUP$3
54 TNS(JD) • AINTRP(ISTOI) • S EGRAS 15(00P14
$5 1(45) • A (NT R P( RSI$ S) ISCONP$S
$6 TH*(JD) • TASLIP(!(1),ISIA ,R5TIIA.I1,NA) • S E SR A D  NBCOUPS6
87 ILlS) = £IP(FLOIIO • (AINTRP(I5NA) • I(J5))lf20) 15(00187
88 COSTHA(J0) = COS (THA (JD)) 15(0005 8
89 COSTHS(J$) • COS(THI(JS)) RDCOOPS9
90 OOT (JD) = AMO SCOMEGA • 1(15) , TWO P() 15(00090
91 (F (ABS(O0I(JS)) a-IT. PS) OIT(JS) = OMTuS — SISN(YWOPI, CNTLlS))ISCOOP9I
92 COSONT (IS) • COS (ONT(JS)) R5COOP92
93 S(NONI(JS) • S(GH (SSRT(Il—COSONT(JS)..2),OHT(Ib)) RSCOMP93

~4 1050 CONTINUE ASCOMP9A
95 C RSCOOP9S
96 C TRANSOIT—RECE (VE LOOP—— RDCOUP96
97 C IC = I, TRANSMIt PATH I, RECEIVE PATH S RSCONP97
95 C IC a 2, YNUSMIT PATS 5, RECEIVE PATH A ISCOOPOS
99 C 15C00099
100 SO 7070 IC = 1,2 RSCOUIOO
101 C RSCOUIOI
102 C FORE — AFT LOOP—— 15(0*102
103 C If = 1, FOR WARD HEIISPHERE, OR RECEIVE FIESUESCV SREATEI 15(00103
104 C THAN TRANSMIT FNESUENCY. 55(00104
lOS C If = 2. AFTER HEMISPhERE, OR NECE IVE FREe. LESS TOAH b I T  FIES.RSCSNIOS
106 C 55(00106
107 DO 7050 IE = I, 2 15(00107 - -

10$ LL • (jC — 11) LNIS2 1SCONIO5
109 ON • LOIS? — Ii RSCO*1O9
110 PA = 13 — If • 12 *8(00 110

• 111 8(08 ‘ PA 58(00111

• 112 SCOSM • Fl RSCONII2
113 50 2020 1 = I, ID RSCOMI13
114 ML • LI. • I 11(00114
115 MU • NM • 1 15(00115
116 IF (ONEGA ES. FO) GO TO 2010 ISCOUII6
11? IA a COSTHA (NU) • (05601(E) 4 COSTNA(ML) 15(00117
118 II • COSTNA (MU) • SI010T(I) 1SC00115

• 119 SC = Us • EOSTNA(NL)IFCOVS RSCOUIII
120 lAS = IA”? • SI..? 15C00120
121 SCOS • (55 • SC • P A • IA • 8111(5*5 — SC.’2))ISAS RSCO*121
122 ISIS = (55 ‘ SCOS — sC)IUA 15(00122
123 SCOSO • (UCOS A COSOST (I) • ISIS • SI000T(I)) IICOUIZ3
124 2010 500(1) • FZRO + (COlT • VS • COSTNA(NU) • SCOSO) NDC00124
125 I I(COU — VS • COSTISA (OL) • UCOS) 15C0012S

a-
. - 126 2020 CONTINUE *5(00126

127 MN • 11 RSCOOI2?
128 SOPSIP • a- FALSE. ISCOWIZ$
129 SORTIe — 0. 15(00129
130 C RSCONI3O
131 C LOOP TO PROCESS CONS ECWTSV E STIZN$$ OF DATA WNICN AlE 85(00131
132 C 0ONOTONIC IN SOP 15(00132
133 C 15(00133
134 3010 JS ELT • ISI$0(I,IDQP(UN) — (DOP(MN.1)) *SC00134

a- 
• 13$ OL = 11 • (ISELY • 11)112 *$C00135

136 MU 13 — 0L ISCOMI36
137 II • ID — Il 85(00137
13$ SO 3020 1 • ON, 54 *5(00135
139 IF (I5ELT .RC. (5155(1, (DOP (I) — ISOP(I41))) SO TO 3030 1SC0U13~
140 3020 CONTINUE ISCOUI4O

~

— a-
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OD 52258

(O D E !  PAlE 23
a- SU IOUTINE ISCOMP -

141 I = IS 15(00141
142 C RSCOMI4?
143 3030 MI * I RSCO*143

a- 144 I5M1S = MNOI (NL) 10C01144
145 4500! = NNNI(NU) RSC00145

a- 146 C 1S400146
14? 55(1) • SOP (JDNAI ) ISCOOI4?
14S (F (JE .ES. 12) SD(1) • PESO 15(00148
149 lCD • aDORN 15(00149
ISO AS$ISN 3050 TO NEXT RBCOOISO
1$1 50 3040 15*05 — NSPIHI, N5ANS RS(0O1S1

• 152 IF (55(1) •ST. •ANS(ISANS.1)) 60 TO (3070. 3090), JE *DCONIS2
153 3040 CONTINUE RSCONIS3
134 50 TO 7030 RICONIS4
155 C RSCO0ISS
95$ C LOOP FOR AU. DESIRES SANDS AND 105 ALL DATA AT CONSTANT ,OPPLLIRSCONIS6
15? C VITNIN A SAND, SF $AN5W (STH IS $RI*TER THAN DATA SPAC1OG . 15(00157
158 C IN THE IOLLOWIN$ TAStES, iNC SUSSCRIPTS I AND 2 RIFE 1  TO ISCONISS
159 C DATA POINTS OF THE LOWEST INS N5$NEST FRESUENCV——$USSCIIPTS ROCOMIS9
160 C Ni. AND IS DEFER TO POZNT$ OP THE LOWEST AND N(SNEST TINES. 15(00160
161 C 15(0*161
162 3050 ASSIGN 4020 TO NEXT UCOMI62
163 C RSCOUIl3
164 3060 55(2) • SS(1) 11(0*164
165 !S(7) • 1511) RDCONIOS
166 1St?) • TS(1) IBCOOI66
167 THAD (2) • TNAD (1) ISCOM16?
16$ THSD(2) = TNSS(1) IS(00I6S
169 15(2) • 15(1) 11C0M169
170 CSTNA S (2) • CSTUAS(1) RSCOMI1O
171 CSTHSD(2) • CSTHSD (1) 15(00171
1?? ONTD(2) = OOTSS1) ISCONI?2
173 CSOMTS (2) = CNRIS(1) I5CONI?3
174 SNONTD (2) • SNONTD(I) 15(00174
175 C ISCOM I?5
17$ JSS • 155 • ISELT NSCOMI76
-977 11 (SOP(ISS) •LT. SA$IUSAII.l)P 60 TO 3010 15(01177
175 SS(1) • SOP(JSO ) 15(00 178
179 3070 15(1) • 1(455) ISCOOI19
ISO 11(1) • T (JSS) RBCOM1SO
161 TFFAD(?) — P04 (456) RSCONISI
182 TNSS (1) • TNS(JDS) 11(00182
183 ISO) • 1(155) IDCOPIO3
1S4 CSTHAS(1) • COSTNA (JSS) RPCOPI8S.
195 (SYNDSII ) = (OSTNSSJDI) RSCOMI$5
186 ONTS(l) = 011USD) RBCO$I56
1$? CSO0TS(l) • COSOMT (JSD) 11(00187
185 - SNOM TS(1) • S(0001t15S) 11(00188
IU GO TO 4010 11(0*189
190 C - NICONIDO
191 3080 ADS • 155 — ISELT RSC0MI9I
192 AS (1) • SAN S( ISA NS+1) RSCORI92
193 3090 *5(1) • TASL IPCSS( 1) ,SOP ,l,MN,0() RSCOPI93
194 SOPSIP • ITASLE •ES. 0 15(011 96
195 IF (DOPSIP) SO TO NEXT 11(0*195
196 TS(1) A(NTIP(T) RSCOII96
197 THAD (1) • AINTUPITHA) RSCOMI97
19S THSS(1) a AINTRP (THD) ucoPlDl
199 55(1) • AINTIP (N) 15(0*199
200 CSTHAS (1) = AINTIP (COSTISA) ISCO0200

- • 201 CSTH5S(1) • AINTIP(COSTHP) S5CON?Ol
202 OMTS(1) = AINT RP(ONT) ISCO0?OZ
203 CSOIT5(1) = *INTIP(COSO*T) 11(00203
204 ShOOTS(S) = AINTIP(S(000T) 11(00204

a-a- 205 C RS(ON2OS
a- 206 4010 10 TO NEXT ISCOO2O6

20? C 85(8020?
• 20$ 4020 ASSIGN 6010 TO LEAP ISCOOZOS

209 1110 • 11 BSCOO?09
210 7TOAI • a-FALSE . RNCO*?10
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OD 52258

1 0 5 1 !  PAGE 24
SNDIOUT (NE RICOOP

211 C *SCON2II
212 IF I500SIP) SO TO 4040 18(80212
213 IF (NLNU(Jf) .15. 11) 80 TO 4030 RSCOR2I3
214 IF (TVNIN a-IT. TS(NU)) SO To ~o~o 55(00214
215 50 TO 7020 1SC00215
216 C 15(00216
217 4030 iF (TWMA ! .17. 15(01)) GO TO 7020 RSCI0?17
216 IF (ThMIN .1.7. YSIOL)) SO TO 4060 ISCO02IS
219 4060 All • IWNIN 15(00219
220 GO TO 4120 RSC.0?20
221 C RICOO?21
222 C LOOP FOR AU. TINES AT CONSTANT SOPPLEI 15C00?2?
223 C RSCOO223
226 4050 IF (1(1110) .LE. ITMU) SO TO 7010 1SC00224
225 R1(UL) • IT(NU) ISCOa22S
226 TNAT (PL) = THAT (MU) 1SCO0226
227 TNST(ML) • TSBT(0U) RSCIO22V
228 C RSCOU22$
229 IRS = A$1N1(T(ITJh), TVNAX ) ISCOUS2I
230 *55150 4110 10 JUNP *SCIO23O
231 IF CARS a-LI. TWOAX) A$SISN 4100 TO JUMP ISCON23I
232 IF (SOPSIP) 50 70 41101 11(00232
233 IF (NLNU(JE) .ES. I?) SO TO 4070 1SC00233
234 IF (17 011 GE . 15(011)) GO TO 150P R1C00234
235 4060 IF (A ll .11. TS(NU)) 50 TO ISa-IMP 15(00235
236 MM • MU 1SC00236
23? 50 TO 4090 llC00237
23S C 15(00236
239 4070 IF (AIG •LT. 15(01)) 50 TO ShaRP 1SC00239
240 IF (ITMU .17. 1*401)) 50 TO 4080 ISCO*?60
241 IF (IRS .51. TD(~~U)) TTMAI • •TRUE . R5CO0241
242 SO TO 4060 1S500242
243 4080 MO • 01. 15(00243
244 C 85(00246
245 4090 *7011 • *5(00) 5SC00245
246 11(011) = IS(00) 81(00246
24? THAT (MU) • THAD (MM) 1SC00247

• 245 THST(OU) • THS*(OM) 1SC10241
249 CTHTPU (1) = CSTWA5 (MN) I5C00249
250 CTHTOU (2) a CSTNSD(UN) ISCOfl2SO a- -

251 OMT TRU • OMTD (NN) RSCOM2SI
252 CONTOS a CSOMTD(OM) *SC0025?
253 SONTMU • SNONTD (MM) 1SC0O253
251. 1710 • 17(0 — 11 RSCO*254
255 50 TO 4130 ISCOO25S
256 C ISCOO2S6
257 4100 11011 — 1(1710) RICON25T
25S RT(0 V) • 5(11(0) 1SC0025$

• 259 THAT(MU) • 151(11(0) 11(00259
260 TNST(OU) = THS(ITEN) 1.50026 0
261 CT H TNU II ) • COSTN*(1T(N) ISCO0?6l
262 CTNTOUI2) • CO$TNS(IT (N) R5CO0262
263 ONYTMU • OMT(ETIN) 1SC00263
264 COMTNU • CDSOMT(ITIM) RS400264
265 $00,011 • S*100T(1TIP) ISCO026S
266 60 TO 4130 RSC00266

a- 26? C RSCOM26?
26. 6110 770*! = •7l111. RSCOU26S
269 4120 17011 • TASLIP(AIS,Y,!, 1TIM,IS) 11(80269
270 RT (NW) = *(ITIP(I) 1SC00270
271 TuITION) = £INYRP (YNA) ISCO*2?1
272 TNST(05I) = AIBTRP (TNS) RSC00272
273 CTHYNII (1) • AIUTRP (COSTPA) SSCO0273
Z?4 (TNTMN(2) • AINYIP(COSTNS) 15(0*274
275 ONTIMU • A(NTIP(OOT) RSC00275
27$ (001011 = ASN TR P(COSONT ) 15(00276

• 277 $001011 • AINT RP(SINONT) 15500277
21$ C ISCOU2T$
279 4130 LI = 13 — IC RSCOO2?9

‘ -~~~ 250 C RSCO*210
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OD 52258

( O D E !
SWSIOUTINE ISCOI P

281 C LOOP P01 POINTS . ASS 4—. R5CO0281
282 C ( • 1, COIPUTE FOR POINTS I ANS 5 RSCO02S2
283 C I = 2, COMPUTI FOR POINTS 2 AND 4 11(00283
264 C RBCOM?S4
285 50 1020 1 • 1, 2 15500255
286 L • 1 3— I  15(00216
287 Fl • FIDO • CTNTNUILL) 11(00257
285 IA = DD(L) ‘ CTNTNUIJC) • FA • CONT0U RICON?5I
289 55 a FR * SOMTM U 15(00289
290 IC • P5005 ‘ (DD (L) — 1110) 15500290
291 SAl • IA’.? • 55”? 11(00291
292 lAS = IA • SC RBCOMZ92
293 USC • UI • IC RBCON293
294 IAIC — SS1T (AMAII (FO, 0*5 — UC..2)) 11(00294
295 OAAOC — 01 • 0*55 18(00295
296 15A5C = IS • SAIC 11(00296
297 II = 12 • (I — 11) 1S500297
295 C 55(00296
299 C PORT STAI5OARD LOOP—— ISCON?99
300 C I. • I, AREA IN 5(1ST IU*SI*NT (OMEGA = 0) 10(00300
301 C I. a- 2, AR IA IN IOUIT IS •UASIAN1 (OMEGA • 0) 15(00301
30? C 15(00302
303 SO 5010 1 • 1, 2 15(00303
304 1-1 — 1. • 11 1SC0N304
305 A • 13 — L • 12 15(0*305
306 PA — ITMUISAB 11CO0306
30? C RSCOI3O?
305 *1(11) a- 13(11) 51(00306
309 *3(14) • FA • (SAC — A • SBASC) 15(00309
310 71(11) = 13(11) ISCON3IO
311 73(14) • Fl S (15C • A • S*ASC ) RSCSO3II
312 5010 CONTINUE 15(00312
313 5020 CONTINUE 15(00313
314 C 11C*0314
315 GO TO LEAP 1SC00315
316 6010 ASSIGN 6020 TO LEAP RSCSU3I6
317 GO TO 7010 11(0051?
318 C 15(00315
319 6020 (55*0* — SIN((TNAT4PU) 4 THAT (IL))IFZ) 11(0031 9
320 CSSAMS • S(N((IHIT(MU) 4 THBT(RL))1F2) 11C00320r - 321 COSA • SS1T(Fl — CSSAMA*a?) RICOO3ZI
322 CaSe • SURT (F1 — CSSAMI*a2) RSC0032?
323 5 RSCON3Z3

• 324 C PORT — STARBOARD LOOP—— 10500326
325 C L • 1, AREA IN FIRST QUADRANT (0015* — 0) RICO*325
326 C L = 2, A NEA IN FOURTH IU*S1*OT (OMESA = 0) 11C0M326
327 C 11(01327
328 50 6030 I. • 1,2 11(00328
329 A • ((!4(U’T?(L) • 13(t).74(L) • !2(L)’Tl(L) • al(L)*V3 (L)) — 11(00329

• 330 1 (!2(L)a74(L) • N4(L).73ft.) • IIIL)*T2(L) • !3(L)*Tl (L))) 15(00330
331 A = A5S(Al(lT4MU) • IT(OL))) R1C00331
332 C RSCO*332
333 PHI a ATAN2 (Vl(L) 4 72(1.) • 73(1.) • T4(L), 11(00333
334 1 *1(1) • 12(L) 4 13(1.) • 14(1)) 05(00334
335 P50007 • PSI — O0TTMU 1SC00335
336 C RSCOM336
337 CSALIA • 505* a COS(PHI) RBCOM33T

• 
- 338 CSSETA • COSA a SIN(PMI) 15(01538

339 CSALFS = COSS • COS (PH000T) 15C0N339
340 (SeCTS • COSI • SIN(PN000T) 15(00340
341 C lS(00341
342 CALFAP — CSALFA • £5151 • (SGANA • $8151 1SC00342
343 CSAOAP = CSGANA * CSKS( — CSALF* • SNESI 11(00343
344 CALFSP • CSALFS • CSIS1 • CSSANI * 5HK$! 88C0M344
345 (5*051 • CS SAND • CS1SI — CSALFS • $5151 55(00345

4. 346 C 15(00346
34? D EL I  — A — DIL (IMIT,CALFAP ,CSIETA,CSAMAP ) • 15(0*347

-a- 345 1 O*L(RECV,CALFIP ,C$BET5,CS*MSP) RSCON36S
a- 349 C 1SC00349

• 350 RV(ITT,1SI8P,JSOUNI) • IVUTT,IIAND,SSOUND) • DELI RBCO03SO
S.

2. -•
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OD 52258

1 5 . 5 1 1  PAGE 26
SUWDOUTINE ISCOMP

3~ 1 6130 CONTINUE 11(00351
352 C 1SC00352
313 7010 15 (1701*) 50 10 7020 ISCON3fl
354 1710 • CIII • II 11(00354
355 15 (KIll .11. 4 5 )  50 TQ 4050 ISCOOS5S
356 702~ IF (50(1 ) .11. DAND (CIAND.1)) lOAN S — ClANS • 11 11C0M356
IS? IF (18*5.0 .ST. lOAN S) GO TO 7030 ISCOR3S?
355 IF (455 a-NE. 451(N) GO 10 3060 11(00351
359 IF (SD (1) .11. F?RO ) 10 10 it-SO lSC00359
36C 501510 • .TIUE. 15(00360
361 55(2) • DOLl ) R1C00361
‘62 SD (S) a A 0AI1(B*ND (KDANEa -41), 1100) 15500362
363 10 TO ‘020 11(00363
364 C 15(00364
365 7030 (F (MI a-El. 45) 10 TO 7040 11500365
366 oN • oX RSCON36 6
367 GO 10 3010 RDCO0367
368 C 55(00361
369 7040 MN • El 11500369
37C II (THIPA* • LEa-  F90) 50 TO 7060 RP (ONS7O
371 ?uS j CONTINUE RSCON’?1
372 7C6~ IF (IA .10. ID) GO TO 706 0 05(00372
373 7i~70 CONTI NUE I5COM3?3
374 C 11(00374
375 7050 CONTINUE RDCO*375
376 8C1~ CONTINUE RDCO03?6

• 377 9010 CONTINUE RSCOMI1?
378 C IICOR3IS
379 REb IND III 15(0*379
3CC RETUIN 11500350
381 lOS RSCOO3SI

I

I: -

I
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OD 52258

I N D E X  PASt ??
— SUIIQUTINI RPCO0P

SYMBOL a- •a . • • • •. .. REFERENCES •S•••••..•. ..s

1010 — 38 40.
T C Z O  — 37 42.
1030 — 59 61*
104 0 — 64 67~1050 — 75 77 CO 94.
2010 — 116 124.
2020 — 113 126*
3010 — 134’ 361
3020 — 136 140’
3030 — 139 143.
3040 — 151 153.
3050 — 150 162*
3060 — 164 358
3070 — 152 179.
3080 — 177 191*
3090 — 152 193*
4010 — 189 206.
4020 — 162 206. 363
4030 — 213 217*
4140 — 212 214 219.
4050 — 224’ 355
40CC — 235* 242
4070 — 233 239.
4080 — 218 240 243.
6090 — 237 245.
4100 — 231 257.
4110 — 230 268*
4120 — 220 269.
4130 — 255 266 279.
5010 — 303 312.
5020 — 285 313.
6010 — 205 316*
6020 — 316 319*
6030 — 325 351*
7010 — 224 317 353.

• 7020 — 215 217 355 356.
7030 — 154 35? 359 365.
7040 — 365 369.
1050 — 107 371.
7060 — 370 372.

• 7070 — 100 373.
7080 — 69 57 372 375.
8010 — 33 376.
9010 — 25 27 377*
A — I3CO 305— 309 311 329• 331. 347
ASS — 91 331
A IN T I P  — 84 85 8? 196 19? 195 199 200 201 202

203 204 210 271 212 273 274 275 276 27?
*01*1 — 55 294 362
lOINS — 56 229
AMOS — 90
IRS • 10Cc 219= 229= 231 235 239 241 269
ATAN2 — 333
SAND — 152 177 192 356 362

- • SRI — 39 421S 43 $015 319
COET — 124 125
CALFAP — IZCO 342. 347
C A LI S P  — 12(0 346. 348
CSI0*P — 12(0 343. 347
CGAMSP — I2CO 345. 34$
COOTNU — CCO 252• 264. 276. 286
COS — 56 09 92 33? 339

4. COSA — 12(0 321. 337 335
COSS — I2CO 322. 339 340
COSONT — 02~ 93 11? 123 1$? 203 264 276
COSTISA — 88 117 118 119 124 125 104 200 261 273
(05155 — 59. 155 201 262 274
CSAL FA — 1100 337. 342 343
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00 52258

( U S E R  PA6E 20
$0010051151 15(0*0

(SALle — 1K0 339. 344 345
(IDETA — 11(0 33S 347
($5115 — 11(0 340— 346
C$G*0A — 11(0 319. 321 342 343
((SANS — 11(0 320. 322 344 345

— ($111 — 342 343 344 345
(lOOTS • 7(0 1738 157= 203. 252
CITNAS — 7(0 170. 1848 200. 249
£37065 — 7(0 171. 115 201. 250
CTNT0U — 640 249. 250 2618 262. 273. 216— 257 200
SCORNS — 3
SCOON2 — 4
SCORNS — S
SD — 6C0 147. 140. 152 164. 170. 192 193 288 290

356 359 361. 362.
SESIAS — 04 56
StIR — 13(0 367= 350
SELl — 55 56
SOP — 1715 126— 167 177 17$ 193
S0P$IP — 13(0 ZOLS 120’ 194 19$ 212 232 360.

— - LIP — 0?
Pb — 116 296
11 — 93 321 322
F? — 319 320
120 — 5?
190 — 310

• Fl — 10(0 110— 111 112 171 28?. 21$ 209 306= 309
311

15011$ — 119 290
FLOSIO — $7
FPTS — 79
1710 — 124 14$ 207 290 359 362
I — 15(0 3$• 4211 SORS 64. 66 15’ 76 79 $3

56 113a 114 115 117 110 123 124 138— 139
*41. 143 265— 266 79?

IDOP — 1711 I9SI 134 139
(I — 15(0 73. 76 70. $6 297. 304
(4 — 1550 7~~ 79 81= 137. 138 304. 30$ 309 310

311
31155 — 134 139
37*51! — 7? 7$ $0 $1 194
1* — ISC0 33— 3? 35 49 372
IS — 15(0 49. 372
ISOUNS — 15(0 25. 26 350
SC — 15(0 59. 60 62. *5. 66 40*6 75 1000 100

219 21$
IS — 15(0 72— 76 79 52. $3 $4 05 $6 57

II 69 90 91 92 93 113 137 141 269
355 365

155 — 15(0 169. 176— 117 176 179 100 101 152 103
114 185 10$ 10? 16$ 191. 35$

JDILT — 15(0 134. 135 139 176 191
100*1 — 15(0 145. 167 149
I5N (N — 15(0 144. 305
1$ — 15(0 107. 110 145 IS? 713 233
10*! — 16(0 26. 27 33 3$ 49

a-
a- IUOP — 16C0 230— 231. 232 236 233 239

11 — 65 73 74 $2 108 127 135 IS? 209 213
254 29? 356 356 369

12 — 110 135 148 733 297 305
- - - 

13 — *90 136 279 266 305
- - IIAN5 — 1660 1S1. 102 177 192 350 354- 33? 362

IT — 55 34
1730 — 16(0 209. 224 229 256. 237 250 239 260 261

262 263 264 265 240 356. 355
ITT — 350
I. — 16(0 206. 208 290 303— 304 305 32$• 329 330

333 334
LEAP — 1660 20S= 315 316.

S. LL — 16(0 10*. 109 114 279. 251
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OD 52258

I N S E ! PIlE 29
SUSIOUTINE RSCO0P

LOIS? — 108 109
RI. — I7ES 114= 111 119 125 135• 136 144 217 710

225 226 22? 239 240 243 359 320 331
NLNU — 16(0 liEs 213 233
NO — 16(0 109. 115 236= 243— 245 246 2’.? 24$ 249

253 251 252 253
ON — 16(0 liES 127= 134 130 193 366= 369.
000$ — liEU 1911 144 145
PU — liES 115. 117 11$ 124 136. 145 214 225 226

227 234 235 236 241 246 247 24$ 250 250
260 270 271 272 319 320 331

NI — 16(0 143= 193 365 366
NA — 1650 42ND 56 59 62 86 76 86
NI — 16(0 SOlD 56 19
N I A N S  — 151 357
N$0110D — 26
MElT — 16(0 150— 162’ 195 206
NSPRH I — 151
OMEGA — 93 116
001 — 908 91= 92 93 116 202 263 215
0015 — 7(0 172• 186— 202 251
OMITNU — 8C0 251 263= 275 333
Ola-. — 347 34$
PM! — 13CO 333’ 335 33? 338
P00007 — 13(0 33S 339 340
P1 — 91
SA — IOCO 111= 120 121 122 281= 291 292 295
•A A D C — IOCO 1645 295. 311
SAD — 10(0 lIES 120— 121 291— 294 306
SASS — 10(0 294 295 296
SAC — 10(0 292 309
SI — SOCO 1118 119 120 121 122 289— 291 293 296
55*SC — 10(0 lIES 296= 309
SIC — 10(0 293— 311
SC — 1050 119— 121 122 290= 292 293 294
5(05 — lIES 111 121— 12? 123 125
Scab — 1111 112= 123= 124
ISIS — lIES 122 123
N — 85— 67. 183 199 258 270
IIC000 — I
lISA — 421D 87
RIND — SORb $5
RITA — 42ND 55 56 76
ISIS — SON S 55 56 79
IP1NA — 42ND 86
15101 — StaID 84
1111 — 4 2 N D  60 76 86
It!5 — SOlD 66 19

— RD — 6C0 169= 183— 199= 246
I ECV — 348
R E T U R N  — 380
NT — 9CO 225. 246— 258 270. 331
RN — 350—
SIG N — 91 93
SIN — 319 320 338 340

- a $15007 — 93. 118 123 188 204 265 277
50151 — 342 343 344 345
SNOMID — 7(0 114. 188= 204’ 233
$001011 — 6(0 129. 253= 265. 277. 289

— SORT — 6$
SIlT — 93 121 294 321 322
I — 76= 79= 90 180 196 229 269
1*51.10 — 76 19 86 193 269

4. 10 — 6C0 1*6= 100= 196. 214 217 218 233 239 241
• TNA — 86. 0$ 181 197 259 271

TOAD — 6(0 16?. 181. 197. 241
THAT — 9Cc 226= 247. 239 271. 319

a- INS — 84. 89 182 198 260 272
S. TOSS — OCO 166. 182. 191= 24$

- - a- INST — 9(0 227. 24$. 260. 272— 320

1L4 1 

-
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OD 52258

I N 5 E I P A GE 30 a-
SUbROUTINE I8C000

1010*1 — 370
TIME — 53 56
TTMA I — 13CO 201.1 210 241 264- 3S3
TWOAR — 13C0 56= 57 217 229 231
111010 — 13(0 35 57 214 218 219 

a- -

111001 — 90 91
VS — 124 125
I — 60 66— 68*1 76 79 83— $6 179 193 224

257 269 a- -

II — 14(0 308= 529 330 334
I? — 14(0 329 330 334
XI — 14(0 30$ 304- 329 330 334
I’. — 14(0 329 330 334
IS — 6(0 163 179. 193a- 234 240 245
1011 — 34?
ITMU — 8(0 224 234 240 ?45a- 257’ 269’ 336
fl — I4CO 310 329 330 333
12 — 1450 329 330 333
13 — I4CO 310 311a- 329 330 333
14 — 14C0 329 330 333

a.

4- a-

a-. .

APPENDIX 6
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OD 52258

I N D E X  PAlE 31

1 SUBROUTINE NVCOO P 15(000 1
2 C lV(C*P ?
3 iNCLUDE DCO0NI IVC0RP 3
4 INCLUDE ICO0N2 RVCOOP 4
S INCLUDE DCDNN4 lVCOMP 5
6 COM MON I,J.(,NIS ,00T ,CSOOTF,SNO0TI,FR.FRSS,FI $I,FI,C$A .SNA ,PN ,I.S IVCONP 6
7 C0000N SNPILI(2),CSPNI (2),I(2),V(2),l(2),$, SS,I,FIV 15(000 7
8 COMMON T1,T?a-A1 ,12,VOLI,T3 RVC000 $
9 C RVC000 9

10 C COMPUTE ON E — V A T  RANGE 10 OISPOINT 01 TRANSMITTED PULSE. RVCOMPIO
11 C PRE—CONPUlE RELATES VALUES 105 VOLUME AND 10* RINSE LO$U$a- IVC0NPII
12 C RVCO0PI2
13 1 • TXRF(UP — CO • POTS IVC00PI3
14 FIN = IEP((LOGUV* — ALPHC • TIOE(1T))IFIO • FLOS1O)IR*.4 RVCORP1I
15 IF (001GM .15. 0.) IRS • FIN * IVCORPIS
16 1 ((1 • 51)1*3 — 1*111(1 — DI, FOP..) ) • 032) iVC000I6
17 II (VPITINP GO TO 9000 15(00017
18 C RVCO0P1I
19 C PAOIEON LOSSES OUST •E C00P0’(S. IVC00019
20 C RVCOOP2O
21 aNT • *N05(OMESA • TINI(ET), IMOPI) RVCOMPZI
22 IF (ABS (0PT) .5T. P1) 001 • OMT — SIIN(TVOP(, COT) RVCONPZ2
23 CSO*T F • CO SIORT ) RVC000Z3

-, S1$*~(US~i(F1—C1OMTla*2).O0Y) • 1110 NVC00024
25 ($0071 • CSONTI a 122  RVCOPP2S . — - —
26 FCSSAR (NSPNNI) • 0. 1VC00026
27 11 (0015* .E0. 0.) FCSG*R(N$P*Nl) • 11 15(00,27
28 TI • AMIII (TI0E(kI) — DELl, 10) • 1015 RVCOMP?8
29 72 • ((TZOE (IT) • BELT) * FPTS — T1)SFIO RVCOMPZ9
30 C RVCO0P3O
31 C COMPUTE IVERAG E PATTERN LOSSES IOU LIEN SINS. RVCO*P31
32 C RVCOOP32
33 DO 5000 1 = NSPRS1 , NSA ND 15(00033
34 F5*M (I) — 0. IVCOMP34
35 FR • (IANDLI) • BAND (I*1)) • FPTS 15C0003S
36 FISS • 0U’*2 RVCO0P36
37 FXS0 • F2SS • 1150 • F M • (SOOTI RVCORP3T

• 3$ IX • SONT(FISS) 15(00038
39 *1 — FCOVS • (IN — 1210) 15C00P39
£0 CSA • AIIFI RVCOOP40
41 1? (1851(54) .47. 11) (5* 3165411, CIA) 1VCOMP41
42 50* • SIST(11 — CSA.*2) RVC0004?
43 SN • MINO (E2 * IFII (FNSAND • SNA) • 11, 360) IVCOPP43
44 PM • NM 15(00044
45 55 • TWOPIIPN RVC00065
46 B • 0. IVC00046
47 SNPN1 (1) • SNOOTFIFI RVCOOP4?
4$ SNPN1~~2) = —S 000I(1) a FRIFZRO RVCOOP4S
49 CSPN( (1) — 5011(11 — SOPSI(1)a.2) RVCONP’.9
50 CSPHI (2) • SSIT(Fl — SNPHI(2)..?) RVCORPSO
51 II (*55 (1750 — FR5S) .11. IllS) ‘.0 10 2000 15500051
52 CSPN1(l) • SJ1M(CSP$1(1), (5*) 15(00052
53 CSPMI (2) • —SIGM (CSPNI(l), CIA ) 15500053
54 2000 50 4000 1 = 1 ,NN RVCOMPS4
53 S — 0 • ID IVC00PS5

a-
a- - 56 I • SNA • SiN(S) RVCO*P56

57 5 • SN* * COS4D) RVCOOPS1
58 C 15(00036
59 50 3000 1 • 1 , 2 RVCO0PS9
60 1(1) — CSA • CSPNI(K) — 5 * SNPSI(8) RVCO*P60

• 61 1(1) • B • CSPOI(E) • C$A * $NPS1(k) RVCORP61
62 1(1) • 1(1) * ($151 • S • $5111 15500062
63 2(1) • 5 * 55 151 a- 1(1) a 50051 *5500063
64 3000 CONTINUE IVCO*P66

‘a- 65 FSAM (I) • 16*0(1) • ORL ((N&T,X(1),T(l),Z4l)) 15(00065
66 1 • OIL (R ECV ,I(2),Y(2),l(2 )) 15500066
67 40 00 CONTINUE RVCONP61
£8 15*0(1) • FLAO (I)IPN a LIP S IV(OOP’.I

4- a- 69 11 (0011* .10. 0.) 10 70 6000 RVCORPb9
70 73 • TI RVCOMP?O
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OD 52258

( 0 5 1!  PAGE 32

- SUSROUTINIE IVCOOP

11 *2 • 177 a II RVCOUP7I
77 Al — AIISSRT (A2) 15(00072 a-
73 *2 • (1155 • FESI)IA2 IVCORP13
74 VOLI — 0. RV CO0 P74
75 C 15(00075 a-
74 50 5000 1 — 1 , 10 RVCOMP76
7? 13 — 73 4 T2 15(0MPh
7$ V O l.1 • Vol.1 — 13aa2 * AOA IS (F1 — A I~~SIRT (A2 • COS(OMIGA a 13)).F0)RVCO0P7I
79 5000 CONTINUE 15(00019
80 1(56*0(1+1) • 501.1 • T2 • 1(03 15(00080
II 6010 7000 - 15(00061 - -

82 6000 FCSSAMEI .-I) = 1(055 4 (5*00(141) — F?RO)/(IANO(I.1) • 1710) IV (00P82
83 7000 16*0(1) • FIAI (I) • (1(16*0(1) — FCSGAM(I4I)) 15(00,8!
84 155(177,1) • FRI • FGAO (I) RVCO0P84
65 8000 CONTINUE IVCOMP8S
06 C RV (OMPI6
67 C IOU STRAIGIIT—IUNNINI CASE, PATTERN LOSSES FOR ANT RAND bILL 15(00087
88 C BE TIlE SINE A T ALL TIMES. RV COMP 88
89 C RVCONPIO
90 11 (OMEGA .10. 0. 5011*0 • .t*tii. 15(00090
91 50 TO 11)000 RV (OMP91
92 9000 50 10000 I a- NSPR,al, NB*ND RV COMP92
93 RVV (KIT ,1) • FRI a 16*0(1) RVCOMP93
94 10000 CONTINUE RVCORP94

- 
- 

- - — - - -  
~~000- NETUR N RVC0009S

96 E N D  - RVCO0P96

P

4.

4.
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OD 52258

I N S E !  PAGE 33
SUS IOUTINE RWCOR P

SYMBOL S t . . .  = • = =  • a -  S . . .  REIEIENCES

2000 — 51 54aa- 
3000 — 59 64.
4000 — 34 67.

• 5000 — 76 19.
6000 — 69 82•
1000 — 81 83a
8000 — 33 85.
9000 — 17 92*
10000 — 92 94a
30000 — 91 93.
Al — 8(0 39. 40 72. 78
*2 — 8CO 71. 7a 74- 78
ASS — 22 41 51
ALPNC — 14
10111 — 16 28 78
*005 • 21
S — 6(0 S4- 60 61
SANS — 35 82
CO — 13
COS — 23 57 78
(SI — 6C0 40— 41— 62 52 53 60 61
64151 — 62 63
CSOMTF — 6C0 23= 24 25’ 37
CSPSI — iCe 49. 50= 52. 53. 60 61
S — 7(0 66. 55• 56 57
OCOMNI — 3
SCOMN2 — 4
DC0004 — S
55 — iCc 43— 55
SEL T — 28 29
SR — 16
LIP — 14
EIPS — 68
10 — 16 2$ 18

a- II  — 24 27 41 42 49 50 iS
110 — 14 29
FCD3 — 80
FCOVS — 39 82

a- FCSSAO — 26— 27. 80. 82. 83
16*0 — 34— 65— 68~ 53* 84 93
ILOGIO — 14
INSANS — 63
lOTS — 13 28 29 35
FR — 6(0 35. 36 3? 39 45 71
FISS — 6C0 36. 37 51 73
IRV — 7(0 14. 15. 86 93
11 — 6CO 30— 40 47
Ills — 6C0 37’ 38 SI
172 — 25 71
1110 — 24 39 48 82
IZSS — 37 51 73
S — 6(0 5?. 62 63
I — 6C0 34- 34 35 65 61 80 82 83 84

* 92. 93
III! — ‘.3
1 — 6(0 54= 76.
I — 6(0 59. 60 61 62 63
11 — 43
I? — 43
ST — 13 14 21 28 29

• NIT — 04 93
LOGOS! — 14

a- 0100 — 43
NS*N0 — 33 92
MN — 6(0 63. 44 54

a- N$PRNI — 26 2? 33 92
4- 0015* — lB  21 2? 69 71 90
• -

‘ 001 — 6(0 21. 22. 23 24

APPENDIX 6
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00 52258

1 0 5 1 !  PAGE 34 -—
SU8ROUTINE RVCOO P

OIL — 43 66 ‘a-

P1 — 22
0123 — 16
PU • 6(0 46. 45 68
I — 7(0 13’ 14 16 4

RECV — 66
IEIURN — 95
RVC O0P — I
ISV — 84. 93.
SIGN — 22 24 41 52 53
SIN — So
SNA — 6(0 62. 43 56 57
SNkSI — 62 63
SNO OII — 6(0 24• 47
$NPIII — 7(0 47’ 48= 49 50 60 61
SORT — 24 38 42 49 50 72 78
TI — 8(0 24- 29 70
T2 — 8C0 29* 77 60
TI — 8(0 70. 77. 76
TIME — 13 14 21 28 29
TWOP 1 — 21 22 45
501.1 — 6(0 74- 74- 80
VPTTRN — 17 90.
I • 7(0 60. 62— 63 6S 66
b i T  — 65
V — ice ei. 65 66
2 — 7CO 63. 65 66

a.

4- a-

APPENDIX 6
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00 52258

( N O E l  PAGE 35

I SUSIOUTINE I00PNS 1VSPRD I
2 C RVSP ID 2

a- 3 INCLUDE SCONNI IVSPR S 3
4 INCLUDE SCORN? RVSPR S 4
5 (00005 IN*I,I,(3,J,1,I1 RVSP*5 S

• 6 C RVSPIS 6
7 S0 131.kl,1) RVSPID 1
S SO II * • 100111, NSANS RYSPIS 8
9 Z( • (—N SPSN IV SPRO 9

- 10 50 10 K • (I, N$PI1 IVSPRS1O
11 11 • ASS(I—ISPSNI) • (1 RVSPRSII
12 RV(?.I1,1) • RV(7,i* ,S) • IV (l,I,J) • SPRES (KK,J) RVSPI5I7
13 Il  — (I • 1 R00PNS13
14 II (II •ST. LOSANS) 60 TO II *5500514
15 10 CONTINUE IV$PISI5
16 11 CONTINU E RVSPRSI6
1? 13 CONTINUE IVS15017
1$ RETURN *VSPISI8
19 ENS RVSPI)19

P

1a-

a-’ a-

APPENDIX G
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00 52258

)
l O S E !  PAGE 36

- SUSIOUTINE IVIPOS

tINSeL •.  •.  • • •  • . . . S~~~ RE IU EN CE S •e . .t .s a s •S S •a s

10 — 10 15•
11 — I 14 16*
13 — 7 17’
ASS — 11
000051 — 3
SCOON2 — 4
I — 5(0 4- 9 12
II — SCO 9— 12 1). 14
IRA! — 5(0
I -

— 5C0 7’ 12
K — 5(0 10’ II
II — 7 10 11

— 7
IL — 550 I1 12
L0SANS — 16
NIANS — 8
NSPII — 10
N SP RN — 9
NSPINI — 8 II
1ETURN — IS
IV — 12.
*VSP!D — I
SPIES — 12 -

_ ._ ._,_ ._,_ ._ •_ •_ ._ ,_ ._ ._ ,_ ,_ •_ ,_ .—._ •—•—•—•—.—.—.—•— ,—4—,—4—.—$— ,— , —4 -4—4 ‘ • •  • • • •
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OD 52258

I N D I !  PAGE 37

I SIJIROUTINE RTC000 STCOM P I
2 C ITCONP Z
3 INCLUDE 5(0001 ITCOMP 3
4 INUa-USE 01005? RTCO0P 4
S C0000N INAI,I ,J,T,Tl *1(000 S
6 6 11(000 6
7 10*1 — LIT 1TC$RP 7
$ II (a- NOT. 5011*5) 60 TO 2 ITCI0P S
9 (RU • 12 ITC000 9
10 31 (.NOT. (FILTER .01. IV;)) 60 TO 2 RTCONPIO
11 10*1 • 53 RTC000II

1* 1 — Fl ITC000I2
13 IF (lvi) T • TV6F(T(NE(K1)) *1600013
14 SO I I 1, NNOR D ITCONPI4
1$ TI • 7 RTCOOPIS
16 II (FILTER) TI • 1 • 1115(1) RICOOPI6
1? RVS (3,I) • 155(2,!) • Tl *1(00P17
II *50(3,1) • 55012,7) • TI NTC000I8
19 UVV (3,1) = RVV (2,J) • VI *7(00019
20 I CONTINUE NTCOOP2O
21 C ITCO0PZI
22 2 50 5 1 ‘ LTT, 10*1 RTCOOP22
23 .5 — 0 RTCONP23
24 6 17(00024
25 3 1 = .5 • LI ITCONP2S
26 5004I,L005P1) = RVS (3,LOSN5I) • RVS(* ,J )  RTCO0PZ6
2? IV$ (1,LNSNSI) — IVS(I,LOSNOI) • IVS (*,J) IT600P27
25 UVV (I,L0SN5I) • RVVE* ,LNSNS1) • RVV(l ,J) ITC0502S
29 C 17C00029
30 4 I VT( I ,J)  • 155(1 ,1) • RVS (1,J) • RVVCI,J) ITCO0P3O
31 iF (RV$(i,J) .ME. 0.) 155(1,1) = 110 • ALOG1O (IVS(I.J)) ITC000SI
32 IF (151(1,1) .NE. 0.) RVS(1,J) • 110 • ALOGIO (1VSC1,J)) RT600P32
33 (F (IVV (1,J) a-NE. 0.) *V5(1,J) = 110 • ALOGIO(RVV(I,J)) RTCO0P33
36 IF (157(1,1) •NE. 0.) 151(1,1) • 110 • ALOSIO(IVTCI,J)) ITCO0P34
35 C RTC$0P35
36 II  ( j  a-LT. AN8NS) SO TO 3 *1600036
3? II (1 •Ela- LOSNSI) 50 TO 5 17(00037
36 .5 • LMRNDI 17600038
39 60 TO 6 11(00039
40 C RT(SSP4O

a- 41 S CONTINUE 11600041
a- 42 NETUNN RTC00042

43 ENS RTC00063

‘a-

a. -
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OD 52258

)
I N D R I  PAGE II

SUBROUTINE RICOOP

S REFERENCES •..... . .• S .  • •

1 — 14 20*
2 — 8 10 22~
3 — 25’ 36
4 — 30• 39 

a
-

S — 22 37 41*
ALOG IO — 31 32 33 34
5(0101 — 3
5(0MM? — 4
I I  — 12
110 — 31 32 33 34
FILTEN — 10 16
I — 5(0 14= 16 17 18 19 22. 26 27 28

lu 31 32 33 34
III! — 5(0 7 9a- 11— 22
I — 5(0 24- 25— 26 27 28 30 31 32 33

3’. 36 -3? 34-
Ii — 25

— 9
(3 — 11
El — 13
KIT — 7 22
LUSISDI — 20 27 28 37 38
0NBNS — 14 36
R E T U R N  — 42
IllS — 16
17(000 — I
151. — 11.— 27= 30 32=
155 — 17. 24- 30 31=
RVT — 30— 34-
005 — 19. 28= 30 33
S P R E A D  — 6
T — 5(0 12— 13a- 15 16
TIME — 13
TI — 5(0 15— b a -  17 18 19
TV G — Iv  13 —

TVGI — 13

a.

APPENDIX 6
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OD 52258

N S E I PAGE 39

1 S UBROUTI NF INPUNT IVPIOT I
7 C RVP RNT 2
3 INCLUDE 5(0.01 RVPINT 3
4 INCLUDE 5(0002 AV PRNT 4
S COM MO N I,J,K ,L,II IVP1OT 5
C DIMENSION MUVUIC ) IVPRNT 6
7 DAT A I$TIPEI6$$TINE a - l , ( I i I VP ( I) ,  I • 1,6) RVPRNT 7

a a- 8 1 #61a SUR, 61$FACI , 60101100, 61$ VOL . 6NUME • 61$ TOTAL! IVPRNT 8
9 DATA !TOTAL#1l RVPNNT 9

10 C *V PRNT1 O
11 IF ( PLOT)  11111 (loLl) TJME (NTNIN),00BND,(BNBOUT (K),SNDOUT (E.1), IVPRNTII
12 1 N V S (2 , K ) ,IVS(?, K) . IVV(2 , I),RV T ( 2 , E) , K • I, NNSND) RVPRNT I2
13 II (NOP INT) GO 10 30000 RV PRNT 13
14 11 (T O T A L S )  60 10 2000 IVPRNTI4
IS .5 • MOS TlY RVPRNTIS
16 1 PAGE a- PAGE 4 (1 RVP*NTI6
17 W RITE (1001 ,10) l$ED,I5 (.ISV,I0ATE,PAGK,NPAGE, RVPRMTI7
IS I VS ,CQ,I Z R O ,DC.S ,KS1D,00EGAD,P1M6,511a-I2,SSTTM IVPRNTI8
19 1 1 (TOTALS) 40 TO 2020 RSPRNTIQ
2C- C IVPRNT2O
21 IF (SPREAD) 40 TO 5 IVPRNT2I
22 WI ZIE (IPRT.11) NIAND,(NTIME, V1PE (K), K — 070(0, 070*1) IVPRMT22
23 so to o RVPINTZ3
24 C R V P R N T 2 4

a- 2S 5 UNITE (1011, 11) )IBAND, (IIT IME, TIM E(NT MIN) , K = 1, I) IVP1NT2S
21 C IV P R N T 2 6
77 6 W R I T E  (IPIT, 12) $$O UTPT, (HISS, I • 1, 1) RVPRI*T27
28 11 ( T O T A L S )  GO TO 210C 15010128
29 Do I K — i i ,  18 R V P R M T 29
30 W R I T E  (T P R T , 2 0 )  RVP RNT 3O
31 C RVPNNT3I
02 DO 2 L a- 11, 55 RVP NNT32
3 3 W R I T E  ( IPA T , 20) BNDOUTII) . B000UT(J• 1) , I V P R N T 33
3’. I (RVS( (l,J), 150(11,1), 155(11,3). RVTUI,J), 11 • I, I) RVPRNT3L
35 j • .5 a 101*51 15015735
3 6 I F  (.5 a-iT. lOINS) GO TO 4 *VPRNT36
37 C I V P I N T 3 7
31 ~ CO N TI NU E IV P R N T 3 8
39 3 CONTINUE 00010139
£0 GO 10 1 IVPNNT4O
41 C RVPRNT4I

a- 42 4 WRITE (IPIT,30) IsIOTI, (RVS (II,LO8MDI),1V5 (II,LPSND1), R V P RN T 42
4 3 1 RV V ( ( I , LMIND I) ,NVT( I1,L05ND I), 11 a- 1, 1) RVPRNI43
44 GO TO 30000 RVPPI*T44
45 C RVPRNT4S
ia-C 20O*~ IF (.001. SPREAD) 1 • El RVPRNT46
a-a-? .5 a- (I RV PRNT4 7
45 II — NT M IN RVPNNT6$
69 2Gb ITOTAL ITOTAL — 11 RV PNN149
50 II (ITOTAL a- NE. C) SO TO 2100 RVPRNT5a-3
51 IIOTAL • 145 IVPRNTSI

a- ~2 60 TO 1 RVPNMT52

a- 53 C RVPRNTS3
54 2020 WRITE ((P11 ,13) MT OT 1 , MNBND,I$T01 2,BWID T H,NTO I3 RV PRNTS4
55 GO TO C IVPRNTSS
St C R VPRNTS6
57 2100 II (MOD ((TOTAL,E5) .E0. 0) WR ITE ((PIT,20) IVPINT5?
58 WRITE ((P11 ,21) TIME( II), (PVS( E ,LMRNB I),RVS (K,L050DI), RVPRNTS8
59 I RVV(K .LMBNDI ),RV T (K ,L0IND1), K a- 1, 1) RVPIMTS9

a- 60 1 a- I I ~I RVPINT6O

* 
- 61 .5 • .5 • LI IVPRNT6I

62 II a- II 4 (1 RVPROT62

a- 63 II (II .LEa- ta-T o l l )  GO TO 2010 RVPRMT63
p 64 C N V P R N I 6 4

65 30000 RETURN IVPRNT65
66 C RVP IN T 6 6
67 1.3 FORMAT (8*6 ,14,91* DC ,56,61.6 H I D V  , A6,7I,405*TE,2A6,7I . 00050167

- a 
a- 68 1 1a-I$PAGE,IS ,3N OF ,I5 # 1VPINT6O

(9 2132NCVa -S , (15. C.G, TDS.ISEC. 1.0, EN?. 5.0, IT. S. Dl. RVPINT69

- 
, - 

70 311, DES. OMEGA, 5(S.ISEC. Pd., SEC. DEL. T~ SEC• D• STO.,RVPINT7O

I.
a- 

_
.-s

La-::
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00 52258

I N D E I  PAGE 60
5US*OUI (555 RVPINT a-

71 6 IT.! F8.2,FIS.2,F15.4,113a-4,F9.2,1I0.3,IIS.3,1I6.6,F13a-4,h1?.4) *VPIOT7I
72 C IVPRNT 72
73 11 5010*1 (IWO, 2*6, *4, 3(l3!,A6, F12.0,71)) ~JVP*NT?3
74 C 4VPIN T74 a-
75 12 FOIMAT (Sl ,?A 6,17I,2*6,231,3A6,131 ,5A613!.2*6,31,3(2!,6A6)) RVPRNT7S
75 C 15015176
77 13 FOR MAT (100,30!, 4A6,14,216,13,16a-3,3A6) UVPDN177

7* C RVPIMIY8
79 20 IOINAT (1X,F8S.,I9.4,3(2!,4F9.2)) IVPINT79
St C IVPINT8O
81 21 FOR MAT (FI7.8.IR,’(21,6F9a-2)) IVPRNTII
52 C RVPINT82
83 30 1011*1 (100,3A6,A I ,’F9.2,2(?*,419.2)) 000155183
86 E N S  A V P R N T84

a.

a . ,  
a
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OD 52258

I N S  II PAGE 41
SUSROUTINE IVPRNI

STNS0L • • • • • = = • RE FERENCES = • • • • • • = • •

I — 16 40 52
2 — 32 38*
3 — 29 59*
4 — 36 42*
S — 21 25*
6 — 23 27* 55
10 — 170* 67.

a- II — 2201 2S01 73.
12 — 2751 75.
IS — 540. 77*
20 — 300* 3301 6701 79*
21 — SSwI II.
30 — 420* 03.
2000 — 16 46*
2010 — 49. ~3
2020 — 19 54’
2100 — 26 50 5Th
30000 — 13 44 63.
SNSOUT — 1101 3301
IWISTN — 5401
CO — lION
SO — 1801
DSTTN — 1605
55000 1 — 3
5(0MB? — 1.
SELT2 — 1801
F Z R O  — lION
NSANS — 2201 2SVR

a- NED — 1701
NOUTPT — 2701
MISS — 611 75* 2701
NTIM ( — 75* 22VR 2501
01011 — 4201 SAWI
NTOTI — 5401
NIOT3 — 540*
I — 5(0 iSA 2551 2701 3401 4301 46. 5901 60=
SlATE — 1701
ISC — 1701
100 — I7WR
11 — 5(0 340* 4201 4301 40. 580* 62- 63
IPEVIT — 35
lOLl — 110*
IPIT — 170* 2201 2501 2701 3001 ‘301 42MB SLUR 57w1 5801
(TOTAL • 95* 49- SO 51. 57

a .1 • 5CC IS. 33wR SLUR ISa- 36 42- 5901 61
1 — 5(0 lION 1201 2201 2S01 2701 29- 5801 5051
11 — 16 29 32 66 47 49 6C 61 62
540 — 51
KS — 32 57
sO — 29
KSID — 1801
L — 5CO 32.
LOONSI — 4201 4301 SOUl 5901
00555 — 1101 1201 36 340*

• - N OD — 57
NOPRNT — 13
NOISE — Ilwl
NPST IT — IS
NTNAI — 2201 63
NTN*N — 1101 2201 25w1 48
ONE6*S — 180*
PAGE — 16— blUR
PINS — 180*

a- a- PLOT — 11
a-

—. RETURN — 65
+ - *55 — 1201 340* 4201 3805

050*57 — I
a. - - a- IV! — 120* 3605 4201 SlUR

APPENDIX G
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0D 52258

a-’)
I N D E I  PAGE 42

SUSROUTINE IVPRNT a-

*VT — 1201 34WR 4300 590*
ISV — 1201 3401 4301 5901
S — 180*
SPIEAD — 21 46 a-
TIME — 1101 2201 230* SOUR
TOTALS — 14 19 28
55 — 1801

. a .

a.

- i-- - ‘a-

:
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OD 52258

1 1 8 (1 P*U 43
5LOCI DATA 101 SOP

I StOCK DATA SL CK I
2 6 SLOtS 2
3 INCLUDE SCONNI StOCk 3
4 INCLUDE 56005$ SLOtS 4
S C SLOtS S

a- 6 5*7* IOl0S,SI~Il,K2l?l ,S3l3l ,SSgSl,K6l$l ,ISl$I,1l0l10l,S4Ol40l SLOtS 6
7 DATA 1115(1) , 1 • I,Ol.O1,.O5,.1,.2,. 3,.4l ,FPTSI.SI, PLOtS 7
$ I (T*$?(1), I • I,4)l.ê,a-7,.$,.9h11l1a-l, SLOtS $
9 2 (1153(1), 1 • I,4)lI.2,1.4,l,6,1.Sl,12I2.l,1414.l.IIOJIOa-?, SLOtS 9
10 3 l20l2o.l,IL SIOI2a-302S6S091,1.,NTII.liSl SLOtS 10
11 4 PI23fl.09439310l,PIlS.141S92651,T0001I6.2131$S31l. BLOCS 11
12 S USSASI .017453292-5l ,SNIITIOI SO4 00000000I, I S L TI 1  .77$25736l, BLOC S 32
13 6 PI(3lI000.I.LOSLPIIIO.99?09$6S,IININ ,O200777777777l,13l3.l, SLOtS 13
34 7 F90lI0.l.FI$~~1$0.I SLICE 14
IS DATA ARIIZ2I,SSIl2ll,INPTISI,$PRTI6I,IPLTIISI SLOtS IS
16 DATA NESISZNIPIO6I*U $00003 — DOPPLEB CONTENT OF REVIRSUATION I SLOtS 16
17 PITA (0(10001 ), 1 — 1, 41)1305 0000Ia-EI SANS, KNOTS , 510(5 17
IS I 305$ FRESUENCI SANS , SILON ERTZ • SLICk II
19 2 lOss PUSS TONE AFTER SPSEAS (NS , SLOtS 19
20 3 3055 , SLOCK 2O
21 4 305 1011*5 VITO FILTh , BLOCk 21
22 5 3055 0011*0 WITS TVS , OLOCK 22
23 6 305 SPREAD VITO IILTEI AID TVS , SLOtS 23
24 7 36N EMITS NIIY1FIOS— TO— TINE I SLOCS 24
25 DATA (*7071 (11, 1 • 1, 4)I24NTOT*L R (SEIS (**T(O5 lIONS SLOtS 25
26 SAIl (NT0TZ(1), I • I, 3)11055 SANDS, 5*50 01 I StOCK 26
27 DATA (NTIT3(1), I • 1, 3)1151 •ANDUISTN I 010(1 27
2$ 1*7* (TASMIII,IPIVRIIII SLOtS 20
29 C SLOtS 29
30 5*1* NNAMIII4OI,NAMCNTIZ4 • Ol,LFIa-AG$lI6 • .FALSI.I SLOtS 30
SI DATA ((NAMSAT(I,1) , I = 1, 3), 1 • 1, 60)! St OCK 31
32 A 6NISC • 0, 4,6NSATE , 1, 2.6NIDV • 3, I,SLOCL 32
33 5 6N80 , 4, 1,60CC , 5, l ,611*t.pNC • 6, 1,51065 33
34 C 6NPINI , 7, 1,6051710 , 8, l,bNLOSN V , 9, 1,510(5 34
35 605 

* 10, 1,61*11 • 11, l.6NV$ • I?, 1,SLOCS 3536 1 6NSVISTN. 13, 1,6555511 , 14, 1,6510 , 15, 1,540(1 36
37 1 6015E*N , 16, l,6000ES* • 17, 1,6015510*1, 1$, l,SLOCK 37
3$ $ 65001.$( 

* 19, I,6NPI(NTC, 20, 1, SLOtS 38
a- 39 N 4NT (NE ,21,400,6NSSPNES,421,ISO,6HSSPRES,S?I,ISO,SLOCI 39

40 I $NV$PR(S,721,I5O, BLOCS 40
41 1 6*1 80180, 0, 1,6060 , 0, 1,ÔNINS • 0,1,510(1 41
42 1 6NF ILTER, 0, 1,6NKN0TS , 0, l,60N010TT, O,1,PLOCS 42
43 L 6NNOPRIN , 0, I,6NNOSURI, 0, 1,60NOTAPE, 0,I,SLOCI 43
44 N 6050505.0, 0, 1,6NPLOT • 0, 1,6NSPIEAS, 0,1,51065 46
43 6NTINEC0, 0, t,6NTOT*LS, 0, I,60T55 , O,1,SLOCS 45
46 I 6PIIIa-AT1, 0, Il 51065 46
47 ENS SLICK 47

a.

a.
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OD 52258 
—

•1

I N D E I  PAGE 44
SLICE SATA III SOP

SYNSOL • •  • . • •  • S . S .  R E F E R E N C E S  • S . •S . . • .t S• U ••

A PI — 155*
SR I — 155*
DCOMNI — 3
S(OMM6 • 4
SEGRAS — 120*
Fl • ISA
III — 98*
1180 — 145*
11(3 — 130*
FIMIN — lISA
F? — 9DA
~2O — lOlA
F, — lISA
14 — 9S*
190 — I4SA
F5.OS1O — 105*
1015 — isA
08*51 — 175*
NIB — 165*
01071 — 255A
NTOTZ • ?6SA
MTOT3 — liSA
I — 75* ISA 91* 170* 255* 268* 271A 315*
JOINT — IOS*
1001 — 155*
SPtVRT — 211*
IP L T — 155*
1011 — 151*
ITASNM — 215*
.5 — lISA
10 — 65*
51 — 65*
510 — 65*
52 — 6SA
1, — OSA
14 0 — bOA
15 — 6SA

• 56 — bSA
SO — 65*
LV(.US — 300*
L064P 1 — 130*

• 55*0(551 — 305*
NANS*T — lISA
INANE! — 30S*
01 — 111*
0123 — lISA
SWIFT — 128*
IRS — 71*
7152 — OSA
11S3 — 9S*
TVOPI — 115*
SPIT — 125*
lottE — I

-

a.

;- -; a-

a. -a-
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OD 52258

1 5 0 1 1  PAGE 43

I FUNCT ION IICN$(A16) INCUS I
2 C INC U S 2
3 (0111 OIL (IFL*6,t0$*,t000.COIC) FNCU $ I
4 C INCUS 4
5 C NBEAM • 0 10* NAIIOW SEAN INCUS S
6 C = 1 10* SIlAS SEAN INCUS 6
7 C SILAS = 0 100 RECEIVE INCUS 7
S £ • 1 FOR TRANSMIT FOCI! 0
9 C FOCUS 9
10 COMMON ICINPUTI 0(16), P58*0 FOCUS 10
11 C FOCUS 11
12 * • ACIS(COSA) FOCUS 12
IS ICNS • 1($~~~(—?..6) 10CN $ 13
14 II (SILAS .80. 0) 50 70 1 155CN$ 14
15 1CN$ s FCI$ • COS(*S2a-O)*•2 FOCI! IS
16 IF (NSEAN •UE. 0) RETURN INCUS 16
17 1CN$ — 1CN $ * ASS (CO$~) 15CN$ 17
1* 1 1CN$ • 1CN$ • (05(6*4.0)4*2 lOINS 1$
19 RETURN 10CN$ 19
20 C 10CN$ 20
21 (5109 RIUISss 15CN$ 21
22 C FNCN$ 22
23 INCUS • I. — (IItSI3l.4159)..4 10CN$ 73
26 1(155*1 1060$ 24

- - as C 10CN$ 25
26 (NTI S IVSF(TlP5) 10CN$ 26
27 C 11CN$ 2?
25 15CN$ • 0.1 • .9 • TiNE!?. 11CN$ 20
29 1(15*1 11CN$ 29
30 ENS 15CN$ 30

Ia-

APPENDiX 6
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00 52258

* 5 5 1 *  0*51 46
FUNCTION FMCN $(A*6)

STRICt ••. t en t . . ..  . •. REFERENCES ~~~~~~~~~~~~~~~~~ . =. . . ..

I — 15. 18*
A — 12= 13 IS 18
ADS — 17 a-
ACO $ — 12
AR C — 1*6
CI N P UT —

CO~ — IS 18
COlA — 3 12 17
CO $5 — 3
Cost — 3
1CN$ — 13— IS. 17= 16=
15CN$ — 1 23’ 28=
FOES — 21 23
l IL A C  — 3 14
SIlAS — 10(0 16
OIL — 3
SITURN — 16 19 24 29

a h F  — 21
TIME — 26 28
1VGF — 26

— lOCO

a-a-

a.

t a -
-

a-:

- ~~~
Wa-
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OD 52258

I N S E I  PAS E 47

1 SUSROUTINE SOIT(A*PAT,LEIICTN) SOIT I
2 DIMENSION *01*5(1) SORT 2
3 C SORT 3
4 C SORT 1$ ASCEND ING ORDER (SIMPLE REPLACEMENT 50*1) SORT 4
S C SORT S
6 Il (LENSTW •LE.I) GO TO 4 SORT 6
7 So 2 J • 2,510610 SOOT 7
8 IF (*11*1(1) .GE . *RIAV(J—1)) GO TO 2 SORT 8
9 TEMP • ARIA ! II) SORT 9

IC 1. 1  SOIT 10
a- II C SORT 11

12 1 ARIA SCI ) = AIRAT (I— l) SORT 12
13 1 = * — I SORT II
14 11 ((1 .67. 1) .*l5. (TEMP •LT. *1101(1—I))) 60 TO I SORT 14
15 *1105(1) — TEMP SORT IS
16 2 CONTINUE SORT 16
17 C SORT 17
1$ C REMOVE DUPLICATE ENTRIES SOOT 18
19 C SORT 19
20 DO 3 1 ‘ 2, LENGTW SORT 20
21 IF (*11*5(1) .15. *11*1(1—I)) GO TO S SORT 21
22 3 CONTINUE SORT 22
23 4 RETURN SORT 23
24 C SORT 24
2S S J — LEN6TN SORT 25
26 LENSTN • I — I SORT 26
27 6 IF (I .00. 1) 60 TO 4 SORT 27
28 1 = I • I SORT 28
29 II (ARRATCI) .15. AR*AT(1—I)) GO TO 6 SORT 29
30 L(NSTN = I.ENGTN • 1 10*1 30
31 AIRAYCLENGYN ) — AIR*1(I) SORT 31
32 60 TO 6 SO1T 32
33 C SORT 33
34 EMS SOOT 34

a. 
-

a. -
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OD 52258

a-— ,

I N D E X  PI6E 4$
SUSIOUTINE SORT (APRAI,LEMSTW)

SIMIOL • • s . . a e .  . . ..==  REF ERENCES • = . s a =• ~~~~= = ~~~~= •

I — 12. 14
2 — 7 I 16.
3 — 20 22.
6 — 6 23* 27 —
S — 21 25.
6 — 27* 29 32
ASIA ! — lAG 2SI 8 9 12. 14 15. 21 29 31.

I — 10. 12 13. 14 1) 20= 21 26 27 2$.
29 31

I — 7. I 9 10 25 27
4(55155 — lAS 6 7 20 25 b e  30 31
IEIUIN — 23
SORT —

TEPP — 9. 14 15

H j

a.

a.

APNNDIX 6
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OD 52258

I N D E X  POSE 49

I FUNCTION T*BL(Pl*RG,INBEP .DEPFSO,ITARON ,ITAB P*) TASLIP I
2 C 1*SLIP 2
3 tOM~~a-N ICTSLI PI DILINP ,DELREP.IACTO R ,IT ABIa-C TASLIP 3

a- 4 D I N S N S ION INDCP(1) ,b ( F a - D ( I) T*SLSP 4
S S E A L  I N SE P 1ASLKP 5

a- 6 C t*SLSP 6
7 DILIND • 15SEP52) — IMPEl (I) TASLIP 7
8 DO 3 1T*8LE • 1TA PNM , 11*500 1ASLSP 0
9 FACTOR • *16 — INDIP (IIADLE) TASLIP 9
10 I F (FACTOR • DELINB ) 5, 6, 3 TASLIPIO

a- II 3 CONTINUE 1*041011
12 4 IT*BLE = 0 1*01501?
13 GO TO 7 1*OLSPIS
14 C 1*011014
15 5 10 (lIABLE a-ES. I) 50 TO 4 1*115015
16 BEla-INS = INDEP (IIASLE ) — INDEP(ITASLE—I) 1*141016
1? F*CTOB • FACTOR !DELINS 1*OLIPI7
18 C 1*515011
19 6 T A B L I P  — *INTRP (SIPND) 11S41019
20 7 RETUD 10611020
21 ENS ISULIPZI

a.

a.
-a-’

1~

—
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00 52258

i N D E X  POSE SO
FUNCTION TS5LSP (AR5,INSIP,SEPMD,ITASNN ,ITASNX ) 

a
-

ST ROlL •~~~~n •~~~~B n ~~~~ ~~~~ n n  IIF(RENC ES . .s . . .. e U

3 -. 1 10 11.
4 — I?. IS a-S — 10 IS.
6 — 10 19.
1 — 13 204
AI NT I P — 19
ORG — lAG 9
C1SLIP — 3(5
SEL P EP — 3(0
StU NS — 3(0 Th 10 16. 17
SEP51 — lAG 451 19
FACTOR — 3(0 9. 10 17.
INSEP — 1*5 451 SIL 7 9 16
IT AD LE — 310 S. 9 12. 15 16
ITASIN — 1*5 $
ITA8MX — lAS I
RETURN — 20
TASSEl — 1 19=

— •—.—.— .— •— •_ ._ , —.—,—.—._ ._ ._ ._ ._ ._ ._ 4_ ._ ._ .—._ ._ ._ ._ ._ .—.—._ ._ _ ._ •_ 4 4— * —I— *—4~~4 *•4 •—I

a.

a. 
-

5.-

II 
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00 52258

I S D E X  PAGE SI

I FUNCTION A SNT IP (DEPNS) A !NTRP 1

2 C *1Bh P 2
3 COMNOI SCTSLSPI DELIMP ,SILSEP,FACTOR ,ITASLE *10110 3
4 SIMENSION SEPNS(1) AINTIP £
5 C A1NTRP S

a- 6 II (FACTOR .Nt. 0.) GO TO 1 *107*0 6
7 AINTIP • SEPND (*TASLE) £INTRP 7
8 50 TO 2 *I5TRP 8

9 C *155110 9

10 1 S E L S E P  • DEPNS (ITA$LE) — SEPNS (IIASLE—I) AINTRPIO

a- II AINE IP • PEPND (ITASLE) I DELSEP I FACTOR *ZSTRP1I
12 2 R E T U R N  AISTRP12

13 ENS AINTIP13

Ir a- 
-

a.

• ‘a-

a. -
a-a-a- a-

5.-
a . :

a- a-
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OD 52258

I N D E R  P A G E  5? a..’
FUNCTION AgIT*P (PEPNS)

$10501 • n . . a .  = . n . . .  RIFER INC IS ~ • . .

I — 6 10’
2 — $ 12* - 

~~ la-- -a-
A 1NT PP — 1 7t 11. a-
CTSLIP — SCI
SILSEP — 310 iOn II a-

DE L INS — 3(0
SEPIS — 10$ 401 7 10 II
IACTIR — 3(0 6 11
ITASLE — 3(0 7 10 11
RETURN — 12

a-.

~ ‘ -a-.

- -
a- a-

’

- I
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OD 52258

I N D E X PA CE 53

SUBROU T INE INPUT(NA PIAS,DATA ,INPFL5 ,OUTFLS ) INPUT I
2 C INPUT 2
3 COM MON IC!N1051 IN*P,IIMAS(,1P*SE(I0),III ANI,NI PER (ZI) INPUT 3
4 EQU I V A L E N C E  (ISUOTL ,NUNIII (17)),(ICONO A ,NUNSEI (20)) INPUT £
S EQUIVALENCE (IESUAS,NUNIER(21)) INPUT 5
6 COM MON ICNACNNI NWOBS.NCNA 1 ,001COL INPUT 6
7 C INPUT 7
$ LOGICAL BCD ,L5 ,DECPT ,EIPST,C*SOTN ,OUTIL5 ,UVALUE ,LTRUE INPUT 8
9 DOUBLE PRECISION VALUE,SIO INPUT 9
IC PINENSIO N NANTAIII),SAYA (t),AVALUE(1) INPUT 10
II ESUIV ALENCE (V*LUE, AVALU (,IVALUE,LVALIIE,NAMO,(I,IIM*SE), INPUT 11
12 1 (NTRUE,LIRUE ) INPUT 12
13 DATA ITYPEIOI ,1131,IIIUEI5NTIU(.l,S1011.SII,1RNATII6N (800I)! , INPUT 13
14 1 LTRUEI.TRUE.l INPUT 14
IS C INPUT 15
lb C ITYPE = 1, INTEGER (50 5(510*1 POINT) INPUT 16
I? C ITYPE • 2, REAL (WITH OR WITHOUT EXPONENT) INPUT 17
1$ C ITY PE n 3, DOUSLE PIECISION (P—TYPE EXPONENT) INPUT 1$
19 C ITYPE • 4, COMPLEX (TWO REAL NUMSEI$ IN PARENTHESES) INPUT 19
20 C 11101 • 5 , LOGICAL (.TRUE. OR •F*Ia-$E. ONUS) iNPUT 20
21 C ITYPE • 6, ALPNAMER IC (ENCLOSES IN APOSTIOPIIRS, TWUS A0C ) INPUT 21
22 C INPUT 22
23 50 TO (1260, 1600, 1030, 2000), a INPUT 23
24 1030 READ 1RPATI , INSGE INPUT 24
25 11 (OUTIL!) PRINT 2001, IMAGE INPUT 25
26 1 • O  INPUT 26
27 GO 70 1600 INPUT 27
28 1100 1 • I • I INPUT 20
29 IF (ITIPE a-EQ . 6) 50 TO 1160 INPUT 29
30 IF (IMAGISI) a-ES. IBLANI) CO TO 1900 INPUT 30
31 IF (IRASESI ) •NE . IC000A) GO TO (1130, 1110), .5 INPUT 31
32 11C5 GO TO (1200, 1400), .5 INPUT 32
33 1110 DO 1120 1 = 1, 19 INPUT 33
34 II (10*61(1) .ME . NUOSER(S)) 50 TO 1120 INPUT 34
35 IF (S •LT. II) 50 10 lIla-a INPUT 35
36 II (DEC01) 60 TO 1300 INPUT 36
37 1120 CONTINUE INPUT 37
3$ IF (U • NAME a-NE . 0) 60 TO 1995 INPUT 30
39 a • I iNPUT 39
40 IF (DEC01) h YPE • S INPUT 40

a- - 41 1130 IF (10000(1) •ES. IESUAL ) SO TO 1200 INPUT 41

a- 42 1140 II (L •LI. NVONP ) 60 10 1150 INPUT 42

a- 43 IF (IT YPE .ME. 6) 60 TO (1900, 1210), .5 INPUT 43
44 IF (5(011.5) 1 • I — I INPUT 44
45 GO TO (1500, 1210), .5 INPUT 45
46 1150 FLS(L,NCHAR, NAUE) • 1l.D(0,NCNAI ,I0*Sl(I)) INPUT 46
47 5 — L • NCNA I INPUT 47
4$ GO TO (1900. 1140), .5 iNPUT 6$
49 1160 IF (SC DF LS)  50 TO 1170 INPUT 49
50 IF (INASE (I) .Eh. ICOMPA) GO TO 1200 INPUT SC
51 50 TO 1500 INPUT 51
52 1170 IF ( INA GE( I)  •NE . ISUOTE) GO TO 1140 INPUT 52

a- 53 NQT ‘ I — NOT INPUT 53
54 11 (NIT .00, 0) 60 TO 1140 INPUT 54
55 IF (IOA00(I•1) a-NE. ISUOTE) SCDFLG — •FALSI. INPUT 55
56 50 10 1900 INPUT 56
57 12110 .5 • 2 INPUT Si

• 58 1 1  INPUT S8
59 1 • Ii INPUT 59
60 GO TO 1140 INPUT 60
61 1210 1 • I INPUT 61
62 IF (ITYPE •SEa - 5) 50 TO IS00 INPUT 62
63 NN AMES • 000TAI (I) INPUT 63
64 INPFLS = 0 INPUT 64

- a- 65 NANS*V • NAME - INPUT 65
‘a- • 66 50 1220 S • 1, 51001$ INPUT 66

a- - a- - 67 II (NAME a-NE . NA0TAP(5’I)) GO 10 1220 INPUT 67
68 IF (ITIPE a-ES. 0) SO TO 1260 INPUT 68
69 J 1  1NPUT 6O

a- 7C SO TO 1999 INPUT 70
a. —

APPEN:IX 6
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00 52258

‘I,

I N D E X  PACE 54
SUBROUTiNE INPUT(NAMTAS,DATA ,IMPFLS,OUTFLG )

71 1220 CONTINUE INPUT 71
72 50 TO 1996 I NPUT 72
73 1260 ML — NNANES • S 4 1 INPUT 73 a-
74 SN • NNANES • ML INPUT 74
75 NC • 555*0(5 • MN INPUT 75
76 NA N TA D(NC) • 0 I N P U T  76
77 IF (IPASE (1) a-ES. USUAL) GO TO 1600 INPUT 77
70 a = 2 INPUT 78
79 M*AT A$(5t) • 5TRUE INPUT 79
80 60 TO 199$ INPUT 80
81 1300 II (1 .51. 10) SO TO 1320 INPUT $1
$2 IF (a-NOT. £EPNT) SO TO 1310 INPUT 82
$3 IEXP • IEXP • ID • $15555 — 1, I(SISI) INPUT $3
$4 GO TO 1900 iNPUT 84
$5 lIla-s IF (DECOT) 1. • I. • I INPUT 85
86 VALUE • V ALUE • DIG • SSLE(ILOAT (SISN (K — 1, IVS~ S5))) iNPUT 86
87 GO TO 1900 INPUT 67
8$ 132a -a- K • K — 10 INPUT 88

$9 SO TO (1330, 1330, I3SG , 1360, 1350, 1900, 1390, 1325, 13351 ,1 INPUT $9
90 1325 ITYPE • 3 INPUT 90
91 1330 11 Ca-NOT. BEC PT) GO TO 1340 INPUT 91

— - 92 IF (1 .85. 2) 1(51GW a — I INPUT 92
• 93 1335 EXPNT • •TIUE. INPUT 93

94 GO 70 1900 INPUT 94

— 95 1340 II (K a-ES. 2) IVSIGN = — I INPUT 95
96 SO TO 1900 INPUT 96
97 13Si) DECOY — a-TRUE. INPUT 97
9$ ITYPE • 2 INPUT 98
99 SO 10 1900 INPUT 99
100 1360 INEPT — VALUE 15007100
101 GO TO 1620 INPUT1OI
102 1380 ITYPE = 4 INPUIIO2
103 50 TO 1900 1NPUTIO3

- 104 1390 ITVPE • A INPUTIOS
a- 105 SCSFLS • •TRUEa- INPUTI351 106 a = I 1NPUTIu6

107 NST • 0 INPUa-11C7
108 50 70 1900 1NPUTIOF
109 1400 11 (INPELS .ME. 0) GO TO 1600 1NPUYIO°

a- 
110 L • IEXP — 5 INPUTIIO
111 IEXP • *55(5) INPUT11I
112 DO 1430 5 • 1, JEXP INPUT112
113 II CL) 1410, 1440, 1420 INPUTI1I
114 1510 VILUE = VALUEIPIO INPUII14
115 GO TO 1630 INPUTIIS

- 116 1420 VALUE • VALUE • DI0 1NPUT II6
117 1630 CONTINUE INPUTII7
118 1440 IF (ITYPE .NE. 6) GO TO 1500 1NPUTIII
119 II (C*S0TN) SI TO 1500 INPUTII9
120 CXVAL — VALUE INPUT12O
121 CX5OTN • a-TRUE. INPUTIZI

-~ - 122 CO TO 1610 1NPUTI22

- 
- a- 123 1500 IF (11011.6 a-Nt. 0) SO TO 1600 INPUTI23

124 DO 1590 K • 1. IREP1 INPUTI2’a-
a-. 125 ISOS INDEX • HAMTAI(5C) I 15511)1125

126 II (INDEX a-ST. NAMTAS(NN)) SO TO 1997 INPUTI26
127 NANTAS (NC) — INDEX 1NP0T127

- -5’ 120 150CR — INDEX 4 NANT*S (NL) INPUTI2F
129 60 70 (1520, tS3O, 1540, 1540, 1960, 1380. 13?C), h YPE INPUT129

_ 130 1520 IVALUE • VALUE INPUT13O
131 1525 D*TA (INSEX) • AVALUE (1) INPUTI3I

a. 132 SO TO 1590 INPUTI32
- a a- 133 1530 •ATA(INP(X) • VALUE INPUTI33

134 60 TO 1590 15PUT134 •

* 135 1540 INDEX n INDEX • NANYAS(NC ) — I 15001135
a- 136 II (11101 .15. 4)  SO TO 1590 INPUTI36

a. 
- a-~~ 137 PATA (INPEX•I ) • AVAIa-UEI2) INPUTI37

- 13S 50 TO 1S2S INPUTI3R
139 1550 S*TA(INPEI) — CR505 INPUTI39
140 SATA (INSER’I) • VALU E INPUTI4D
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00 52258

I N D E X  PACE 55
SUNROUTINE INPUT (MANTAD,5ATA,INPFLC,OIsTFLC)

141 50 TO 1590 INPUTI4I
142 1360 LVALUE • a-F ALSE . INPUTI42
143 11 CN,~PE .EIa - IIRUE ) L a-a-ia - U I — .T;UE. INPUT143
144 GO TO 1’25 INPUTI44
145 1510 N • 15005 — I~~hP INPUTI45

a- 146 DATA(I$D1X) • 0070(U) INPUTI46
147 IF (N .85. i)  GO TO ISIS INPUTI4T
145 SO TO 1505 INPUTI4$
149 1550 SATA (INDEI) • AVALUE(I) INPUT149
1SC 1(10 • 1(10 4 1 IWPUTI5O
151 IF (5(585.6) 50 TO 1610 INPUTI5I
152 ITYPE • 7 INPUTI52
153 1515 1 — INDEX INPUTIS !
15’. 1590 CONTINUE INP0T1S4
155 1600 CX BOT N • a - FALSE. IHPUTI5S
156 INEPT a- 1 15001156
157 .5 • 2 INPUTI57
158 1 — 0 1NPUTISB
159 ITYPE • I iNPUTIS9
160 1610 L • 0 INPUTI6C
161 1110 = 0 INPUTI6I
162 IESIGN • 0 INPUT 16Z
163 IVSISM • 0 IMPUTI63
164 DEC01 • a-FALSE. 1NPUTI66
165 £10151 • a-FALSE. iNPUTI65
166 1620 VALUE • 0. INPUTI66
167 1900 II (1 a-UT. MA K C O L )  SO TO 1100 INPUTIb7
16$ IF (I •NE. 0) 50 TO 1105 INPUTI6$
169 60 TO 1030 IHPUTIA9
170 1995 IF (11015.6 .NEa- 0) SO TO lIla-C INPUTI7D
171 INPFLG — I INPUTI7I
172 1996 INPILS • I • INPFLC INPUTI72
173 1997 INPILS • 1 I INPFLS INPUTI73
174 .5 4 1NPUT174
175 199$ ITYPE • 0 15001175

a a- 176 1999 RETURN INPUTI76
a 177 2003 IF (INP?LS a-ES. 0) 60 TO 1600 1NPUTI77

178 IF  (.NOT. IUTFLS) PR1NT 2001, lOOSE 15007178
179 2001 80*0*1 (200,80*1) INPUTI7Q

a- 18C DO 2010 .5 • 1, SO 15007180
a- III INASE (a) • ISLANK ANPUTISI

182 2010 CONTINUE INPUT1S2
183 IN*CE(IINAGE) • NUMBEN(14) INPUTI83
154 PRINT 200 1, iMAGE INPUT1$4
ItS a = 2 1NPUT1S5
186 50 10 (2020, 2030, 2040), INPFLG INPUTI86
187 2020 PRINT 2021, NA MSAY INPUTI87
188 2021 FORMAT (20X , I7NTOO MUCH DATA IN , A 6~~) INPUT I$$
159 SO TO 1999 INPUTI$9
190 2030 PRINT 2031, MAOSA V INPUTI9O
191 2031 FOIMAT (201, 06, 17W NOT IN NAME LIST?) INPUT19I
192 50 TO 1999 INPUTI92
193 2040 PRINT 2041 INPUTI93

a- 194 2041 FOR MAT (20X , I3 WSYNT A S ERROR OR ILLEGAL CNARACTERI) 15007194

- a- 
a- 195 60 TO 1999 INPUTI95

196 ENS IciPUTIO6

4

4- ,

a.

5.-
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OD 52258

.6
— 1 5 0 ( 1  PACE 56

SUSROUT1NE INPUT (N*MTAI,DATA,INPF5.S,00TFLS) a-
SYMBOL • •s. = = = a - = • . S • REFEICNC (S e • .t •..t. S .  • S
IO3C — 23 24’ 189
1100 — 2b~ 167
1105 • 32. 16)
1110 — 31 ‘3’ a-
1120 — 33 34 37*
u S C  — 31 41’
11’C — 42 . 48 52 54 60
1131- — 42 46’
1160 — 29 49’
117C — 49 52*
10(0’ — 3~ 4 1 30 5?.
1210 — 43 45 61.
1220’ — 66 67 lIe
1261 — 23 68 73’
1!C0 — 35 Sb ‘1’
1310 — 82 85’
1300 — II  FA a -
132! — 89 90’
I’3C — 89 91’
133! — 89 93’
I34C — 91 95’
flSC — IV IT’
156 0 — 89 100’
1780 — 59 102’
139~ — 59 104’
1400 — 32 1119.
1410 — 113 114*
1420 — 113 116*
1430 — 112 u S  117.
1440 — 113 118.
1500 — £5 62 118 119 123*
ISOS — 125’ 146
1520 — 129 130.

- 1025 — 131. 138 144- 1550 — 129 133.
1540 — 129 135*
1150 — 136 139’
1560 — 129 142.

- 1370 — 129 145•
- 1510 — 129 149.

ISIS — 147 153.
lIla-C — 124 132 134 141 154’
IACO — 23 27 77 109 123 ISS. 17?
161C — 122 131 160.
1620 — 101 166*

a- 1900 — So 43 45 SI 56 84 $7 59 94 96
99 103 108 167* h a - )

1995 — 3$ 170’
1996 — 72 172’
1997 — 126 173’
1998 — 80 175.
1999 — 73 176* 189 192 a- 199

a- 2000 — 23 1??.
• 

a- 2001 — 2500 1?RPR 179* 154P1
2010 — 150 112*

• 2020 — III 157*
2021 — 187PB 155*

- — 2030 — 156 190.
2031 — IQQPR 191’
2 040 — 156 193*

a- 2(41 — 19301 194’

a. ADS — 111
a- AVAL UE — 1001 lIES 131 137 149

a- O C SF L S — SLS 44 49 55~ 105. ISI
a - C1NCOD — 3(5. •

CMACHN — 6(5.
a. a- CR SO T N — ILl 119 121. 159
a- CI N AL — 120 III

7~.~
t a- j
a-_
’1) a-I

,
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00 52258

I N S E I  PaCE 5?
SUBROUTINE INPUI (NANIAI ,DATA,INPIIa-S,00TFIS)

D1~ — #85 130* 86 114 116
DATA — hAG 1~~s~ 131. 133= 137. 139= 140. 146= 149.
DeLI — $6
DEC 01 — ItS 36 40 $5 91 97. 164.
IIPNT — ILS 12 93. I65s

a- FLD — 46.
FLO A T — 86
151011 — 1350 2415
1 — lIES 26= 28. 30 II 34 41 44. 50 52

SS 5$ 59— 61. 7? 167
a- IRL*55 — 3C0 30 1*1

ICOMMA — 415 31 50
1ESU*L — SES 41 7?
JESUS — 83 92— 162.
lE AP — 83. 110 111 lIZ 145 ISO• 161.
110*61 — 3(0 lIES 183
11*61 — 3C0 Z4RD 2SPI 30 31 34 41 50 52 55

1? I?IPR 181. 183. IS4PN
INAU — 5(0
INDE X — 125. 126 127 128= 131 133 135= 13? 139 140

145 146 149 153
INPILS — lAG 64. 1119 123 170 171— 172. 173 1?? 156
INPUT — I
150011 — 415 52 55
IREPT — 1113. 124 156.
ITRUE — 130* 143
ITYPE — liSA 29 40• 43 62 68 9u’ ~$• 102. 104

11$ 129 136 152= 159. 173=
1V*LUE — 11(5 130=
IVS ISN — 86 95. 163.

a .5 — 130* 23 31 32 39 63 45 4$ 57• 69.
7~. 106. 157= 174— 180= 181 18S

K — 33. 34 35 58. 61 66. 6? 73 $1 83
t 86 88’ 89 92 95 112= h2 4~ 158. 168

L — 38 42 46 67= PS. 110. 111 115 147 153—
I6C-•

ta- TRUE — 51.5 12E1 148*
a- LVA LUE — 35.6 lIES 142= 163.

- 
- N — 145. 146 14?

NAXCOL — 6(0 16?
NAME — lIES 35 48 65 6? 143
N A N S A Y  — (5. 10700 19001

a- N AMTAD — lAG 1051 63 67 76~ 79. 12$ 126 127. 128
a- 13$

— NC — ?S• 76 79 125 127 135
NCN*R — 6(0 46 4?
NL — 73. 74 12$
NM — 75 126
SNA IlS — 63 66 73 74 15

a- NIT — 53 54 107•
N T R U E  — 1~~ES 79
SUNDE R — 3(0 410 5E1 34 183
MUONS — 6(0 42
OUTFLS — lAG $5.5 25 178
RETURN — 176
SIGN — 33 86

a- a- VALUE — 9S0 lIES 86. 100 114= 116— 120 130 133 140
- 1 166=

I- a-

* a-

a. - a-
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0D 52258

I N D E X  PAlE SI
SLICK 5*1* FOR iNPUT SUSIOUTINI

CLOCK SATA 51.0(1 1
2 COMMON ICINCODI 15*M,IIMASE.INASE (SO),lSaa- A55,*UPIERUI) 01.0(5 2
3 5*7* I0LANIIIN I $1011 3
4 SOYA (NUMSER (1),I.l,21)IIWO,lWl,1N2,IW3,154,lNS,116.lll.INI,1N9, CLOCK 4
5 I Il.,IN— ,INa-,IN.,IN(,IN),l1 .INS,llE.IN,,INSI SLOCI S
6 C 01.0(5 6
7 C NOTE THAI THE IOLLOVINC SOYA 1$ NACN 1NE DEPENDENT. 01.011 7
$ C NUOR S — NO.01 SITS IN 0*61351 US$5. SLOCI I a-
9 C NCNAI • UOa-OF SITS IN ALPI*-OUNIIIC Cl*RACIIR. CLOCk 9

10 C MAXCOL = 50.01 COLUIN S TO SE REAS IRON CAROl. StOIC 10
II C 51.0(1 11
12 CONNON ICR*CHNI NUOIS,NCIAI ,NAUOL 51.061 12
13 DATA NWORSII6I,NCIAR I6I,NAICOLflOI StOCK 13
14 (ND CLOC K 14

— -‘p

- a .  •

Ia- ~

* 
a-

a. a-a-

~~~~~~~ 
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OD 52258

a- I N D I A  POSE SQ
05.0(1 DATA FOR INPUT SUDBCUTINE

a- 
SYMbOL . • = • a . = . a a B = . B REFERENCES . a • = = • B B . = B S = =

CINCOS -
— ZCL -

CUACNN — I2CL
a- I — 4SA

IDLANC — 2(0 - 380
- IIUASI — 260
1POCE — ZCO
INAN — 2(0 -
U*XCOL — 12(0 135*

a NCNAR — I2CO 1390
I Na-lASER — 2(0 490

MUONS — 12(0 13SA
151(10 — 1

1:-H
a.

-~~~ ‘p a-

a- 

a-

a- 
- 
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I N D E X  POSE 60
•*~~S*~*IS SUPER INSEX •.*.,*...a

SYMb OL — BSa....a~~.SSa..n.. ROUTINES IN UNItS TNE SYMNOI. IS USED Ba” B B” B.a•Sa .

A — FN CN S RDC OM P RDSORT
Al — 19(010
02 — IVIOMP
ADS — BC000 PNCNS INPUT USCOPP ASSORT RVCONP RVSPN D
010$ — 85(55
AlMa- I  — SCOOP
AINTIP — RICOMP TANLKP
ALOSI C a- — RTCO~ P
Ala-PSI — 5(0011 NUCOOP
AM AX I — RSCOPP RVCOIP
AN1N I — ISCOOP
*005 — BBCOMP RUCOUP
*51 — DCOM NI IDENT RUSORT ICLEI 10015
ANG • ?NCNS RBCOUP TASIa-EP
A R R A Y  — SORT

ATON2 — SDCOMP
*V ALUE — INPUT
S — ICOMP RUCONU
SAND — SCOOP OCOONI NSCOPP IVCOPP
5(515.5 — INPUT
SCOOP — INAIN
SNI — SCOOP
eNSOUl — SCOMP D (OMN1 NVPRNT
SRI — BCOONI IBENT RSCONP ReSORT T(000 I LCE 15015
BUIDTN — SCONNI IDIST PVPRNT
59151 — SCOOP SCONI1 15151
(0 — DCOM$I ISENT IVIOMP NVPRNT
(OCT — SCOOP SCONN1 IDENI RSCOMP
C A L I A P  — RSCONP
C A L P SP  — RS COMP
(SONS — DCONNI
CCOUST — SCOMNI
(INTER — SCOOP DCOMN1
CPC S$T — BCONNI

• CGAPAP — RSCONP
CSAUI P — RBCON P
Ca-lIMIT — SCONNI
CINCOS — INPUT ISLCKO
CI NSA T — DCOMN1

a- C I N S E P  — 8(0051
a- CINPUT — 5(01551 INCh

(MAINS — INPUT ISLCKO
CNT — D CO MP
COIT MU — 551000
(OS — SCOOP FNCNS IDENT BSCONP RVCONP
COSA — FMCNS RSCOUP
COSD — INCNE ISCOMP
(DCC — F N C N S
COSOMT — SCONNS ISCOMP
COITNA — SCONN5 NSCONP
(08755 — SCOMNS RDCORP
C P B I N T  — DCOMNI
CSA — ReCOUP

a- a- CSALFA — BDCOUP
• (SALle — RS COM P

CISETA — ISCONP
— 

a- ISlETS — BSCOMP
C S5 AM A — RSCONP

(ICONS — ASCOIP
(CIII — SCOONI ISENT ISCOOP ReCOUP
CSOPTD — ISCOOP

a- CSOPT F — 19(0150 a-
Ia- (lUst — ReCOUP

a- - (SPIES — SCOONI
* CITMAS — ASCOMP

* 
- C$TNSS — 15(010 a- -

a- (TAPE — SCONI I
a.- 

- 
CTS(IP — AINTRP S(OMNI TASLIP

- ‘a-

ha - a-
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OD 52258

1 N S I B PASI (1
a-a-a-c...... SUPI B INDEI •.B..A.I..

a- (15101’ — MDCcIP P
Clia-Ols — IN PUT
C ICNS T — 11000NI
CXV *L — a - SO U l
B — 0(001 Pa - S O R T  RV(UPP
SO — 1(0001 !‘ f a - F A I 4 T
DIL — 1Pa-P u a-

a- DATA — Ia-a- Ia-a- a-

D C I I  — a - N a - U I
DITTO — 0(0001 Ra-~5~~RT R O P I S T
5(0051 — t a - CO O P 1( 1ST N f a - ( 0 P ISSORT RI000P RUCOIP AV PANT IVSPND

1(008 IUICK 10*111
0 100N2 — 011(008 RIC OU P R9000 P NVP BNT P91010 a - MAIN
DCO MS’ — 58 5 00?  IC Ia-MO

DCOPN 4 — 0 0 C 0 P
DCOU NY — P st O UP
DCO NND — INLIK
SB — BB0000  8 0 0 0 0P
DICPT — INPUT
DIGRAD — SC O O P 5(0 1501 1)1ST 011(010 151(1
DILDIP — 015108 SCOMN1
DE~~IND — DC O MN 1 TAP L E P
DELI — PBCO PP
DIII — 11(0051 15(57 a-SCOOP a-StOMP TCOOP
0(112 — ICOMS1 1015? N V P R S T
DIPNO — A IN IO P TAPLIP
BOO — 0COMNS e ta -CO O P
DOPSKP — RSC0’P
SI • 500NM1 IRIS? RVCOO P
I — SCOOP
END — OCOMNI JOINi 10015
tIP — J O I NT Pta-C OUP NV COP’ P
IIPNT — I N PUT
LIPS — 0(01551 lOIN? RVCOI P
1 — SCONP
II — DCOMNI RBCOUP IV COS P

a- II — PCOM P OCO NN1 10151 18(018 ITCOMP ReC OUP 1BLCV
F IC — ICONNI JOiNT 17(000 RVCOMP 1BLCK
1180 — SCOOP OCOMNI 10151 181(1

a- F i t !  — 0(OONI IDENT IBId
IIMIN — DCO NN1 IDLCK
12 — 0CONNI 1DFNT RBCOM P 1111(1
0 20 — ICONN 1 ISCOUP 111(1
F’ — 0(0051 111CC
14 — OCOMN1 JOINT lil a-Cl
F CC — SCOMP SCON NI h INT ISCOOP 1BLCE
IA — PICOMP
FAC TOR — AIN IIP ICOMNI TASLIP
FCO! — OCONN1 IDINT RVCO I P
1(095 — SCOMN I 101ST 15(000 RWC OPP
FINS — I N C N S
FCS5*M — DCONN4 RVCOOP
15*0 — DCOMNI RVCOMP

a- FILTER — SCOOP 11(0051 h INT RTC ONP
ILD — INPUT
F L O A T  — I NPUT
1(0510 — OCO NN1 11151 Rec o Up 05(000 155.11
FNBAND — SCOOP 0(0051 RCCOIP

a-a- IPT! — SCOOP DCOUN1 NNCO PP 10(010 COPP 151(5
II — NSa-COOP
IRIS — I M C N S

- a- 1INAII — INPUT
IRIS  — P9(000
I N C  — RVCOMP
II — ANCO NP
1155 — ISCO M P

a-ia-U 
a- 122 — DCONN1 JO INT IV CO MP

- a-a- F Z RO — ECOMP 0(0051 ISENI *BCOUP 09(000 190151
a- a- 1755 — SCONN1 IDENT NOCOIP

S — RVCOUP

1~

a-T:i

’
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I N D E X  PACE 62
••*R.., ,S. SUPtR INDEX •BB~ SB~~~ *

50 — D (OMNI ISENI a- -

NB*MD — O(ONNI 151ST RYPROT
SCA DS — BIOMMI I D E N T  I I L C C
NIL — BIONNI IDINT RVPINY 151CC
NIRCO — 910051 105111
NO U TPT — ~C0MNI RVPRNT
MA S S — AVP R NT
a-lIPID — 510051 b ENT
N S P R W  — OCO MNI ISLeT
Sh OE — IVPANT
NIOTI — ICOMNI ROPANT Isa -CC
117012 — 0(0051 IV P R N T  ISLCC
Ia-TOT ! — 0(0051 18151 RCPRNT IBLCC
MU Sh — 010051

— DCOMP b ENT INPUT RDCONP ISSOIT RTC000 ReCOUP ISPENT
ReSOlD SORT TCOAP 1OLCE - I$LC KC

211*5K — 0(0051 INPUT ID LCK O
h OUND — IC000
ICO NMA — INPUT
ID — 191ST
100TA — OCOMN1 10(111
15*11 — DCOIINI R900NT
IDC — DCOON1 10(11 NVPINT
JOI NT — IOA IN
ISOP — RICOUP
ISV — DCO$N1 IVPPNT
I ESUA L — I M P U T
15111$ — INPUT
REA P a- INPUT
1111 — SCOOP RVC000
lILAC — 1515$
JFZIO — DCONNI
II — RICOOP RVPRNT IVIPIS
I I M A G E  — IN P U T
1* — RDC0150
INA5E — INPUT
1001 — I1CONP
INSIP — TAIL IP
1551* — INPUT - -
IN INT — PCON S1 101CC
INPIL5 — 15157 INPUT
lIP? — SC0NNI ISLCK
INPUT — IS E NT
101CR? — SCOMP SCONNI RVPRNT TCOOP 1SLCK

a- IPLT — S(OON1 IVPINT 181(1 IUAIN
a- tO RT OCONNI 191ST IVPSST IDa-a-CE

ISIIOTE — INPUT
DEPT — INPUT
15155 — ISCOMP
ITASL( — Ala-a-TIP •(ONNI ISCOMP T*5LKP T(OMP
ITADNN — 7055.10 IDLCC

a- ITASNX — TA IL EP
1TOTAL — *90*51
ITRU E — INPUT
ITY PE — INPUT
IV*LUE — INPUT
395110 — INPUT
.5 — 151ST INPUT ISSORT RTC000 PVCOMP N a-a-PINT I VSP I D SORT

T(ONP IILCI
a- *0 — SSEOMP

IS — RICOUP
JSOU5S — ISCOMP
U — NSCONP
ID • RSCOOP

a-. 
.550 — RICOOP
IDELT — RDCONP
*50*1 • R SCONP
I SNIN — RDCO NP

a. 2! — 10(000 0

JUAC — RSCONP

a.
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