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NAVSEA 0D 52258

A COMPUTER PROGRAM FOR STUDYING THE
DOPPLER CONTENT OF REVERBERATION (U)

NAVORD Ordnance Data
A Computer . . . . ..

1. This publication documents the computer program called DOP which
is a mathematical tool used in the study of the doppler content of rever-
beration. The program has been used primarily with the characteristics of
the Torpedo MK 46, however, the characteristics of other acoustic systems
can be substituted. 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 publication does not supersede any other document.

Naval Undersea Center

M. 0. Heinrich
By Direction.
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SECTION I

INTRODUCTION

1 1 Background

Torpedoes are the prime conventiona] antisubmarine weapons and
they use acoustic systems to detect the submarine. Some of these systems
use frequency dependent characteristics of the returned echo from the
submarine to enhance performance.

1.2 Purpose

A digital computer program has been developed at the Naval Undersea
Center (NUC) which facilitates the ana1y51s of systems that use frequency
dependent characteristics. The program is called DOP and is used in conjunction
with two other NUC developed programs called SONAR and RAYSRT which are
documented in references;1-and-2.0 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 emitted from an active 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 refractive 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 “single-
frequency® pulse has a harmonic content due to its finite duration. The energy
level is computed in frequency bands of specified width at specified times
relative to the transmitted pulse. Four values are computed for each band/
time combination: surface, bottom, volume, and total reverberation.il‘

2.2 Boundaries e

For boundary reverberation (surface or horizontal bottom), increments
are summed 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.
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2.3 Volume

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

Both boundary and voiume computations consider two-way losses in
the environment and average transmit and receive beam-pattern losses to
each incremental scattering unit. In addition, optional filtering can be :
applied to each band and TVG (Time Varied Gain) action can be applied at :
each time. Also, total energy in all bands at each time is computed for
surface, bottom, volume, and total reverberation.

SECTION III
INSTRUCTIONS FOR RUNNING DOP
3.1 General :

The program is written primarily in FORTRAN IV for execution on a ]
UNIVAC 1110. The program is not self-contained in that there are some i
functions and subroutines that must be supplied by the user to match the :
particular system being studied. (The program has been exercised here at ]
NUC with the characteristics 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 DOP follows.

3.2 User Supplied Functions and Subroutines

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

3.2.1 Function OXL (Off-axis Losses)

This routine computes transducer pattern attenuation in any direction.
The call sequence is:

i{A VALUE = OXL (IFLAG, COSA, COSB, COSC)

-3

where IFLAG is 0 for receive pattern, 1 for transmit and COSA, COSB, and
: COSC are the X, Y, and Z direction cosines in the direction 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
returned is a fraction of the on-axis intensity, from 0.0 to 1.0. )

3.2.2 Function RRF (Reverberation Rejection Filter)

i
3
;?:1f This routine will interpose a filter to modify the energy in each
"‘ band. The call sequence is:
i
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VALUE = RRF (FREQ)

where FREQ is the center frequency of the band in question. The value
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 insonified portions of
the boundaries, the file contains eleven parameters passed from the SONAR
program.

The card input format is free-form with blanks ignored. Variables
are punched in fields of arbitrary length, separated by commas. Data may
be integer, real (including a decimal point) or alpha-numeric (appearing
between single quotes). Note that no check is made for the appropriateness
of any piece of data to any name. Neither names nor numbers may be split
between cards. A1l 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 variable name followed by an equal sign and one or
more values, as appropriate, separated by commas.

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.

3.3.1 Options

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

s o .
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3.3.1.1 For Input

For input, 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 computation, 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.

OFILTER (Used only with SPREAD option ) - Apply filter
to the spread output data.

: @ KNOTS - Compute the intensity in bands of equal )
Lf i apparent range rate or "knots of doppler” instead ;
of equal frequency range.

O NO BOTTOM - Do not compute bottom reverberation.
®NO SURFACE - Do not compute surface reverberation.

O®NO VOLUME - Do not compute volume reverberation.

©® SPREAD - Apply spreading function to output data and ~
change the format of the output data listing. (See ]
B note under data variable BSPRED.)

®TIME COMPUTATION - Compute additional values of time
for which reverberation is to be determined. The
additional values of time are:

i i .

®Ping interval (See PING below.)
e1/2 At (See DELT below.) |

®For every path or combination of paths to surface
or bottom whose earliest arrival time is t, the
additional values are: t, t+1/2At, and t-1/2At.

e®Seventeen fixed values ranging from .Cl to 2.0 seconds.
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e Additional 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
: : :s a result of the use of this option 1s limited to
1 00.

®TVG (used only with 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:

ONO PRINT - Suppress the printed output of doppler data.
Printing of input data cards is not affected.

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

O RELATIVE BANDS - If the KNOTS computation option has not
been specified, print the band 1imits in kilohertz
relative to the source frequency; with the KNOTS
computation option, print band limits in knots of
doppler relative to vehicle speed; i.e. zero doppler
(unspread) is returned from dead ahead.

®T0TALS ~ Print only the totals of reverberation at
each requested time.

: ® (PRINT EVERY - Under Data Variables also modifies output.)
3.3.2 Data Variables

é ‘ In the following 1isting 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

A8 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 (DBTTM).
(Please note that the second character of CO, DO, and FO is the numeral

oy zero. )
ALPHC*

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

Mmm e
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BSPRED

Bk

Spreading function table for bottom. Since the bottom scatterers ,
would usually be considered stationary, this table would usually represent the
spectrum of the transmitted 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 symmetrical 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 neighboring bands, etc. Therefore, twice the total of all values
entered should equal one plus the first value. Each of the tables has a
maximum of 150 values. Failure to include all three tables with the
SPREA? ?ption causes a call 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* \3

Alpha-numeric date, maximum of two machine words.

DBTTM*

i

Bottom depth in feet.
DELT

Effective pulse length, At, in seconds. Effective pulse
length is the length of a square pulse with 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. Although this parameter is not supplied from the
input tape, it is implicit in the ray data from the attenuation values
(and the spreading loss correction, if used).
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IDC*

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

IDV*

Alpha-numeric identification as on the "semi-variable card" of
the SONAR program.

LOGMV*

D Y Y Y T e I

k : Volume scattering coefficient, dB. .
NBEAM

Coded description 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*

e e

Interval between successive transmits in seconds.

PRINT EVERY

For a value n, print only every nth doppler band at each time.
1 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.
R PULSE !

N Coded description of pulse shape, if several options exist.
» Intended for use by subroutine SPRCMP.

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 is used.
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TIME

Values of elapsed time, in seconds, (measured from the midpoint of
the transmitted pulse) at which reverberation is to be computed. Maximum

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.

assumes that at least four files (or complete sets) of data are on the
input tape.

).

It

(GO, END
PLOT

(TIMECOMP, TOTALS

(GO

8——( TIME = ,.750

(PRINT EVERY = §

BWIDTH = 1.
(SSPRED = .5,.2,.05
”———’}VSPRED T TE PO FEE TS

T ——(BSPRED = .5,.2,.05
(FILTER

{ CENTER

7

6

5 ( OMEGA = 10., NBEAM = 1
4 GO
3 ( Go
2 ( BWIDTH = S.
( KNOTS, RELATIVE

{ .250,

(1.5 s 220,

l=——(1.5 12,0,

(VS = .48,BWIDTH =.25,DELT = .40, TIME=
[FO = 3.1415926535€E1

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, r

however, that options once invoked or turned "on" can not be turned

"off" again.) In general, the program proceeds until an END option is ﬁ

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 i
the program. Cards at 1 exemplify the continuation of a string of values
on several cards. Also, note that of the six values of time, two are
repeated. The program sorts values of time in ascending order and
eliminates 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 NBEAM
is used because the hypothetical torpedo has two transmit 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 supplied, 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. Also note that values used on these cards
E | are arbitrary and unrelated to any real system.

3.4 Program»0utput

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 nonvoid band has exactly zero dB, which can usually be deter-
g : mined from the band and column totals, leading and trailing zeros in a column
E 3 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.
n It has to date presented no problems to users of the program.
lt“;' 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
gi 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 RAYSRT 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:




2-€ 3unbiy
I9%GS~" T I9%S%-"T00% T 00° T T T AtWy= T STORe- T 00Y  WWYI9=  otCU¢=  étvUc- UG 00 WoNvVIweInIg wisl
9%° 96~ 99° %6~ 00* 00° T 22%98-" y0°48- T 00°T T SETEe= T T BITSS- T WITGS- 00 7 700 T T T TspaTVeE eSiecT:™
68° %6~ 68° %6~ 00* 00° 69°98- 8y°48- 00° £S° 96~ L9°6S- 19°6S~- 00° 00° 6S42°2§ 6082°2%
$y°S56~ $¥°S6- 00* 0o° Dg°s8- £0°ge- " 00° 19°66- 7 L1°09-""TZ1I°0%- ©0* ©  00° 7T 6082°2% 6seTT2t
V98- Y96~ T 00° a0° T90CRE= T ZL°89-"T 00 T RET96~ 98 0= — 98T09= oo~ — 00* 8582 2L T 608N
86°96~ 86°96- 00° 0o° 66°88- 45°68- 00° 10°86~ 02°49- 0L°L9- (1[1)d 00° 6D62°25 6562°2%
20° 86~ 20° 86~ 00° 00 2L°06= T 09°06- T 00° T TTTGETEB- T YIT29- T ¥L29- 00U T T DO0* T T &%6T L sO0OLTeE
92°66~ 92° 66~ 00° 111 B 6y°L6- S8°L6- 00° £5°20¢~ 86°£9~ 86°£9~- 80° 00° 600£°25 650£°2¢%
Z2°004- 22°001- OQO° 00 TELCEE- T SETES- T 00 -~ ~T¥0T90L- 6yY*S9- " &¥°§9-= U0 " T00° T T T&50%TZY sOITTTX
“6%°Z0V= "6$°201=" 00° " T 00® T T T BO0*%6- T ¥TTSe- 00 T T TSN S 40 4 o 0= ou* B [ AN 1] Sk 4 S 11 % 4 < S
28°%01- 28°%04- 00° 00° 6£°26~ L9°26- 00° 26°021- 5°69- 95°69~ ([ 1d 00° 6SLE°28 602%°2%
£9°20L- £9°L0i- 00¢ 00° T 2Z*00L- 2ZT004- 00° ~ 7 §9°L¥L= T {EvTL- SE°2Z- T 00° 00" T ©  602gv2E 652872
EL°LiL- £L°Lte- 00° Qo° 99°€04- 22°%0L- 00° yg°2zi- $8°Se- $8°s2- 00° 00° 682¢°2¢ e60tg°2t
0%°214- 0O%°2Li- 00° 00° 7 E£%°T0l- 66°%01- 00 — T66°80L-" T 2L T TZi®LZ- 00" T Q00° ~ ~ e&0%EC2E " 65fECTE
“EE201-  EETZ0T="00° T T 00 T ¥BY9& T 28786 U0 T IB"68= — SUVIe= SU~2Z= O0Y T 00T T T T 6SEETer  s0YETTeRX
$2°L0L- <S2°iL04- 00° 00° 12°06~ 9¢° 96~ 00° 156~ 49°99- 29°99- 00° 00° 609828 6S5%£°2%
“86°96~- 86° 96~ 00° 00° T Zy°SE¥- T 9§°e9- ~ 00° p9c28- T OZTEY= T O0Z°*19= 00" T T 00 T T T8SYEvZ2E 60%ETeE
82°26- 8L°26- Q0° 00° %2°08- 9¢£°S8- 00- 8s° 28~ 0s°2s- 0S°L5- oo° 00° 60se°28 6S55f£°2¢
~ 66°88- ~ 66°¥%- 00° "~ "~ 00° TTOWE*92- TU2S°18- T 00 T T 09%ZL5 T I2TES- f2°gS= 00" T 00° T T &8ssttt s09%Cer
TO8YTSE= " 6Y"S8= 00~ 00 US"0Z= " 808§Z= 00 —  ¥i"tZ= — t2°0%= T2°0%= O0U~ — 00" — — &09E"C¢% G&5YyE"¢E
£2°28- g2°28- 00° 00° 61°02- 28°9L- ao-° £0° 2L~ $6°9y- $6°99- (+]03g 00° 659825 602£°2%
S1°64- b S T A 00" —— 00 TRt 2% 0N 00t Z8°ty="18%°ty= 00" "~ 00° — T 80Zr2i U 6sSIZtTe¢R T
61°9¢- 6L°92- 00 00° 8L°89- 84°89- aQ- {: 1704 16°09- $6°0%- 00 00° 6S48°28 608£°2%
9§8°€L= YE°TZ- 00 T 00Y T T 26°S9- " 26°$9- — 00~ R 4 ¢ DT ——90°8g= " 90°8t=" 00 — ~00° ~ T ®08L*2% 6S¥TTI¢L
%S0 I= %S UZ= 00 00~ TV ¢iTTy= UUT - T 00~ 9yZ°SE= 92 st= 00" — 00° —  &S®L-Zt &sUsL ek
§2°29- SL°L9- 00° 00° ££°09- ££°09- 00° 00° Ly°2s- 29°2%~ 00° 00° 606£°2f 656£°2¢
16°99- "t18°%9y= 00 - 00" TTTEYTLSE T 6Y IS 00 00" T  Te9°62= t£9°s2-  00° 0T T T é6S6f°2r 800Y°2L
. t6°L9~ L16° L9~ (111 g 00° 0s°ys- 0S° 9S- 00° 00° £9°92- £9°92- 0o° o0o° 6009%°2¢ 6S09%°2¢
g 95°8S- 95°8S- 00 —00* GLLS= TSECIS= 00 00"~ T T8I EZ= " 9¥2*g2- 00 00 T T T 6S0Y°2: &s01YvYTeL
TWVIOLIT TINWYOAT T WOIIOW  IIVIAMS IO IRMIOA  BUIIOW T IJVIENS  WWIOI  JEWTOAT  BUIIUE JIVIENS =0T 1 1 F I
4 ZAUINOTIL X
i ~ T 00009000*Z = 3IWIIL 0000000S" 1 = 3INTT OV00Q00S2® ~= INIT - T TT'uNve 1ININe3El -
i
I —po00T000Y "~ T DO¥0* D000 Z 000 7 T000*Z= "~ 00°00F OU0000SZ ~ SSEYTIY Ty"sSeyT T T O0TSY T
°14 *°d18 °q °33s ‘1 °*33¢ *23S *°1°4 *33$/7°934 *v93w0 °93¢ ‘Ix °@e ‘s 13 “Q°¢ °Iux ‘0°4 ®33S/°Seh “0%) °six *s*a
92/€2/7L0 31va ¥374040 Adl q¥3A3Y Je1 NOTAVYEIGUE3IAIN 20 ANILNOD ¥INIJ0C -— £00008 MNYIION

3 0 L 39vd

0D 52258

i

)

~4
L]

L ¢ - T
: : 3 g .mmmm.. =
DR oy - Py i1 s - e N
- - k| el B @ bt Sliilt?ﬁh&k&. R st Aol 2

T DR 0 T



0D 52258

€-€ 3IN9I4

¥9°22- ¥¥*82- T 00° = sg°ss- ©S9%28-T 99%8€-"  00° T 9ETSY- T S9°ZE-" 99°gf- T 00" T 9£°CH-  WOTLV¥IG¥IAIN Tviol
00"~ ~00° - 00° 0o0° 00 T Tg0*" " " 00° = L heSEeEt e | L “00* T 00 T 00° T T T 000S"Sé- D0DSTYe~
TECTIOE= B0°29¢- 00 0 LZV- T 02%%¢T- TSI 00v I9°19(= " J0°03T- ®0°O0%i- ~00* 00" 000%"Us- U003 &8~
€6°0SL- 10°gSi- 00° 8L°SSi- gL°LYl- 6L°s%i- 00° 9E°SYI- 62°29%- L0°9%L- 00° 09°SyL- 0005°S8- 000S°9y8-
6L°8%1- LL°0SL- O00° © §9°2SL- T28°28L~ Y2°6%l- 00 To82Teyl- T 12251 98tstl- QU U iETCevi- 000S™0¢= 000S5°&82-
06°0%L- SO0°2%L- 00° 22°2%1- 68°62L- 9%0°ti£i- 00° 12°9¢i~- 6t st~ L0°s€i- 0Q0° S8 L€~ 000$°S¢- 000S°92-

T 62°%El-  L4°SEL- 00° ¥8e6EL- 18 22L- £6°£21- 00° 20°821- ~ T §¥TZ21- L8*£Zi= CO° T T I0®8ZI="  UODS"0.- 0005°69-
R LA S S S 2 1 S | A A ¥ S A r{ S 1 A 74 S [ b 1 b T4 S L A T4 SCY Sd ¥4 S i TUYZT=  OO0S"S9= 0003~ 99—
8°92L- $9°s2i- 00° 9s5°2¢4- L6°0LL- Li°4LL- QO° g9 8l i~ 88°¥it- ®L°9Li- Q0° 92°021- 0005°09- 000$°6S-
CE°9LL- £2°211- 00° £4°221- 69°00t= ZS°10L- 00° = '90°801- "~ 0T Z04- "8L°£0¢- 00° ®B°80L= ~ 000S°SS— 00DS*"9S-
L2°244- YL°git- 00° e 6L~ 95°86- 69°Y6~ 00° 12°004- 22°96- 62°S6- 00* 90°10L- 0005°0s~- 0005°6%-
2£°821- 197624 00° yETYEL- TLET8E~ T £9768=  00° T T TYETY6- T T ERTER- 28%68- ~00° "~ T8S°S6~ ~— D0DOS"SY- 0D0S°Yy-
TROVSZE= 08°9Z1= 00° T T SLv6ZY=  2UTSE= T UfT98= 00T T SZT68=TT T 98YYR= T TYT9¥=" 00 T~ "YYT&8~"  0O00S"UY¥- U00STER-
99°%ZL- £%°924- 00° £€°621- 99°98- 29°98- 00° ££°68- 62° 98~ 00°98- Q0* 9L° 68~ 000s°Ss- 000S°9s-
“29°92L- 1y°®2L- 00° 2eT it~ 29°93= " 1¥°88= 00" T " 2t°i6- T £0°88- " "£0°06- 00° T T 9t°2&~  ~ ~000S°0r- 0VOOSTE2-
$4°02L- D0%°224- 00° oL°%924- SL°08- 09y°28~ 00° 0L°y8- Ls°Le- S2°98- Qo° LB Y8~ 000S°S2- 000S°9y2-
LY~ T it- 00 2181 T e [ S S e 2 R | SRR | T S SR e o [ A ) g 00° T 96%1Z~ ~ " 000S°UZ- DOOST6L1-
TO6TXL- "62°SEL- 00T TE9C9LT=T U06°2Z= TTHTVSIS 00T T T R9T9I=T T BeTY¥Z= T USTLl- U0° — TS%TBIST TTOD0S°SL-000STYVI=

02°tos- 60°Y0L- 00° €L 9014~ 02°19- 60°%9- 00° £E° Y9~ L8°59- %6°99- 00° 68°S9~ 0005°0L~- 000S°6~
T 99°l%-  1Y°gs- D0® ~ §5°S6- 99°LYy- £%°8Y- ~ 00° ST E6- 88°9S= = Siv8s- 00° - Z1°2S~" T 000%°S- 000S°¥y~—
1y°88- 29°ge- 00° 09°L0L- Ly°89- 29° 8y~ 00° 09°L9- 00° 00° go° 00° 000S°~- 000S°*
00 "~ 00° 00° - ‘00° oo* 1§l R ¢ [ b 00T © 00"~ 00 T OO0 U0 "~ T 000%"Y DOOS°S
TTUVIOCL T TTIWMI0OA C HOLILOE CIIVIIAS T IVIOL O TIWNTOA T WOLLOE FIVIENS T WIOT T TIRWVOA WOLIUY IIVIENS - TSUL T -WoNd
¥3LVI4 HAIA aV3I¥4S INIAVINAS ¥3L4V IN0L 3und SL0MX

7~ U oooooosZc = 3JuWIL © T 000000SZ° = 3IWTIL T T T T TTTuo0u00sZs = 3NTL T T T *gWve ¥31440@
-~ 0000°000Y 00%0* 0000°2 000°0¢ © 770002~ - 00°00% T 0000°00% ~ &SIvYCLET T U2c9tel e 3

°14 *°ui@ °a ®33s 41 °1V3e ©33S ‘°I°d

3 40 L 39vd 92722720 31va 2 d0q Adl ¥3A3Y Jar

®J3s/°9340 *v93uo *93q ‘IX *aq ‘s °14 “0°0 “IHA “0°31 ®338/°sea ‘0*) *Si3 *s°a

l.:hcc.wn-u:wn 40 AN3LNOD -wustoo =~ £00008 wvV¥90¥4




¥-€ 39N014

EE06- ST~ T 1Z°60L-T98%V6~ T SEY0G=T 92V28T  YNCUZ=  96°¥%-  St°US-  92v8=  yE°UZ= 9&°¥e-  00000000°Z
££°89-  ££°06-  95°901- 98°26- 26°29-  £6°6y-  fl°li-  £9°26- 26°29-  £6°6%-  §L°Li-  £9°25- 00000008°4
26°28-  20°06-  25°SO0L- £9°26-  9S°29- T SSVey- T Z9TLu-  TS6TLEST 9STIY= T SS6VS T YUL= S6TISS T USKISSL9ITL T
20°28-  £8°68-  91°90L- 9L°26- 0£°29-  25°6y-  82°22-  ¥9°i§- 0£°29-  25°6%-  82°2i-  ¥9°1S- SE255492°4
$S°28-  $9°68-  8E°201- S8 L6- $0°2y~  60°6Y= " Tiy€2- RZ°US- T R0%LYS T0%6Y- T L¥U€LS T W2TIS— T UsgsslUN
CYT98- T RDC68- TS0 BSC06= T 68TSY- T ULC8Y- T RYLZ=T 9WTEY- &8TSV-  0LTRY=  YYIZ= 9ETEY- T TyevEESY T
SE°98-  93°98-  02°S0l- Yi°06- $9°Sy-  80°89-  9L°0L-  25£°6Y- $9°Sy-  80°8y-  91°0-  I5°6Y- £9895£85£9°1
B0°98-  99°98- ° 1S°201- ¥9°68=  F2USY= TSRUZYS TWRWI- T FWTEY- WYY GRUZVS WETEY-  ZWUEY=  £9EERI9TL
29°S8-  05°88-  $2°L0L-  £i°68- L6°9Y-  S9°29-  18°29-  22°%y- L6°9y-  §9°29-  L8°29-  22°8%- 66666665°1L
ZESY8-  90°88-  26°96- 028~ T 65°Cy-T ROV T EUYGY- U9V T EETEV- 807 ZV-  EUTSYS T EZUON= USYLeNSl
TE8CER- T T @RLR-T T 29°%6= T ESYIR-T T ULy USRI CWY= 05TV UI™E%= 98°99= 1I°99- ~ 0%"<Y- “TSYRLEZS T
£6°58-  L2°28-  00° 62°98- S8°2y-  £9°9y-  00° 02°sY- $8°29-  £9°9y-  00° 02°5y- LSY8160S°1
SO°E8- ~TS2°98-  00° T T 29°S8- T 89°Ly=  6E°SY=""00 BETYYS T89S SETSY=T 00T T T LLtyy<T TOODO00Y S T -
v6°6.~  L6°¥3-  00° 19°48- 10°8s-  86°2y-  00° 29°65- 10°85-  86°2y-  00° 29°65- 00000002°4
99°9L- TT26%28-  00° 98°LL-7 0 ZOTYE- T UEETOY=T 00T TWRUSES T UZOVYES EETUYSTT 00T T T9ZUSE=T T 000000007~
TYVVZ=T TERCIR-T T 00 T U UIECS2= TEYTIES  REYRI= 0T t9veT= . YT IE-  §eYRE= 00" T I9v2E= T 00uouuosT
yL°22-  29°08-  00° 08°22- 22°82-  15°45-  00° 2y°62- 42°82-  1£°28-  00° 2v°62- 00000008°
BSTEZ- T S0°08-  00° © 4%~ Z8TZ2E TAYTYES  UUT T TWETeZ  26TZZ= Z¥TYES 00T eSTWe- ~ T 000000SZT
85°04-  0v°62-  00° 6L°L2- 92°92-  6s°S§-  00° 25°22- 92°92-  65°SE-  00° 25°22- 00000002° &
TETEY= TE6TLL-T 00° T 61°0Z-  TUUZTEZT69CEE=T UUT T Z¥VSZ- . UZTSZE  89TEES 00 T T ZESZ= T 0U0OUO09T -
VETUY= UYTYZ= 00T U YT WUTYZS O OLSTIET UUT UYET¥EE  WUTYZE SIS U0TYETYZ= —— —U0U000uST
65°69-  25°92-  00° 8212~ £0°%2-  00°62-  00° s2°s2- 20°%2-  00°62-  00° s2°52- 0000000%°
TR RIS 000 T 28T~ T9gTY2E T 06TSZ= 00 T ZETITS  9ETYZ= U6~S2= 00" Zs*TY= " 00UOODOTT
22°29-  v6°89-  00° 28°52- y$°02-  y2°i2-  00° tec92- $5°02-  y2°12-  00° 12°92- 00000002°
90TESS USYSIYE 00T TZETES- T WSS TSYTZIST 00T T OWSEE  ¥STEEE  SYTZEE U0 URTSiS T SeEWIsZET
2003 S At LA R 0t S 1 4 SR S T S A [ 6 SN | S S 1 A ] SN | LS [ ) VETUTSUT™
62°£S-  9§°§9-  00° 9255~ $y°2L-  66°%l- 00" 86°S1- $9°2i-  66°yi-  00° 6°Si- 00000001
IYS29- TTE¥TZ9- 00T 00T T eETEES . 88TEI- 00T 00T S¥TEl=  e8El= 00" —U0” LT3 —
yyoL5-  yyus-  00° 0o° y£°8-  95°8-  00° 00° vE°8-  vg°8-  00° 00° 00000050°
e ool oCANERTY  nORRNR i o TS T 4 SRS s 3 3203 00T 00~ 00000020~
IVIOX T 3EWVOX  WOIIUW IIVIENS T IVIDI  JWNTOA  WOIIU¥ 3IVIENS  WVIUI  JENT0N  WOITU® JIVIUNS —

SAL QNV 331714 HAIA GV3NdS SNIGV3INdS ¥3134V 3NOL 33nd

T RIUIAUNVE SIOWNXY 000" L 30 WIVI *SUNVE TOT WO¥3 WOTIVEIGUIAIY TVIOX

“Ugus0To00Y — 00¥0™  — 0000¢ OGUTOV T T 000%2=  O0U°0UF 0000°SZZ &Sty iT TE"8ZYL~  O0°SY
°14 *°wi8 °@ °J33s ‘1 °7M3e °33s ‘°1°4 ©335/°9349 *v93u0 °93Q ‘Ix °eq ‘s °14 “0°¢ °INn *0°4 *33s/°saA “0*) *Sin °*sS°A

¢ 40 I9vd 9L/%2720 31ve £ 400 AQl W3IAN Jel NOILVIIGYIAIY 40 ANILNOD ¥3T440€¢ — £00008 HVEIONJ

0D 52258

- o
. * .

. , bl (1
P TR W Y ST o Pr!lilrrﬁﬂxl(ﬁ hnd: vl o




SR ades s ot et

|
|
i
|

0D 52258

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

OSRNBT4 - 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 enabling level for use by the SONAR
program. Program SRNBT4 is documented in reference (3).

3.6 Other Considerations

Although standard FORTRAN IV is the primary language of DOP, there
are two UNIVAC FORTRAN V features which have been employed:

®The INCLUDE Statement - This is 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
co?tzzable feature, an assembly-language routine must be
wr n.

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 inlcuded as Appendices B through F.
{?etggn;:?tions. assumptions, and simplifications employed in the program are

s ow:

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

®The platform's velocity vector is horizontal.
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; ®The medium varies only with depth. There is no
] current.

o coi i

E ®Al1l times are measured from the midpoint of the
transmitted pulse (see Appendices C and D).

ONo 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

1 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
single paths. This is one of the least defensible
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 emanating from
a source at some depth, d,, located on the Z axis. Since sound velocity
is a function of depth only, a ray lies entirely in a vertical plane, and
the locus of all rays leaving the source at an initial angle @, from the
horizontal is a surface of revolution. If these rays reach the surface,

Figure 4-1

Locus of rays from a source at dg at
an angle 6o from the horizontal.
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| PATEE ]
SURFACE f b

FIGURE 4-2

Two different ray-bundles, called "paths" (direct path and singly
bottom-reflected path) insonifying a common portion of the surface.
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the XY plane, their points of intersection describe a circle. For con-
venience, we consider only rays in the first quadrant of the XY plane.

The SONAR pregram is used to run a fan of rays. To cover all
frequencies seen by the receiver, these would range from vertical 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 vertical rays, and overlap would be
ccmplete unless interupted by the refraction of some ray away from a
boundary. For the purposes of the explanation following, however, we will
assume that paths A and B are illustrated in their entireties.

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
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
the ranges at which the two-way times are t -At and t + At, the time limits
due to the pulse length At. 2 2

Now the area insonified over both paths and lying within the time
: limits will return sound to the source at time t. Figure 4-4 shows this
Y annular area. The annulus is now divided into the incremental areas bounded 1
on two sides by equal-time lines and on the other two by equal-frequency
lines. (Sometimes one of these 1ines degenerates into a point). Such
” areas are labeled a 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 ,
polygon. These, combined with average transmit and receive pattern losses, i
permit the approximation of the back-scattered energy from each area. These
contributions, expressed in intensities, are summed in random phase within
the requested time and band limits.
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PATH A ~

FIGURE 4-3

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

The part of the common insonified region which also lies between

the time limits returns energy to the source at time t. This region
has been broken up into incremental areas, bounded on two sides

by equal-time 1ines and on two sides by equal-frequency lines.

=18
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4.2.2 Volume Reverberation

Figure 4-5 i1lustrates 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
lossas 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 transmissiorn losses, volume of the hollow frustum, and
volume scattering coefficient. In the turning case the insonified volume is
not a cone, and the transmit and receive directions are different. However,
the basic procedure is the same as for the non-turning case.

= X

N et

FIGURE 4-5

Volume insonified at time t between two equal-frequency cones
and two equal-time spheres. Pattern losses are measured to
each area marked on the end.

-19-
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4.3 Equations
4,3.1 Preliminary .
The following symbols and definitions 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 reverberation is to
be computed, measured from the midpoint of the
transmitted pulse

V = the speed of a platform

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

A= the wave length in water, and
w= the turn rate of the source

Let the subscripts )
0 (zero) = source,
I
R

target, and

un

receiver

Further, let the superscript "+" designate terms associated with
sound being re-radiated from a target as opposed to the unsuperscripted
terms associated with 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
Co - Vo Cos Yy
fo

/\o =
Approaching a target
’ Co fo

-20-
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The frequency observed by a receiver on the target, and that
re-radiated into the water will be

CT - VT COS YT = f Co (C«r - Vf COS ycr)

fe =
s Ay . Cy (Co - Vo Cos 70)

The wave length of re-radiated sound is

- CT-VyCosyf _ Cy(Co-VyCos vg) (C¥-VyCos ¥P)
fT fOCO (CT - v'r COS YT)

approaching the receiver,
Co ,» _ CaCy (Co - Vg Cos vp) (CF - Vy Cos v7)
CT foCoCT (Cy - V4 Cos Yq)
and the frequency seen by the receiver is
g Cr- Ve Cos vp _ f, CoCT (C4 - V4 Cos vy) (C: - Vg Cos 7q)
Ar CrCy (Co - Vo Cos Yg) (CT - Vy Cos ¥7)

Simplifying, in the vicinity of the target, C*; = C,, and
considering reverberation as being from motionless scatterers (their motion
is handled statistically as "spreading" in the returned sound) Vy = 0,
Also, we are interested only in the monostatic case (source and receiver
at the same point), so Cr = Co and Vg = V,. Applying these identities we
have . Co - Vo Cos Yg (1)
Co - Vo Cos Yy
4.3.2 Boundary Reverberation

For calculations of boundary reverberation, we will resolve the
angle Yinto its spherical components, the horizontal angle ¢ and the vertical
angle, ®. The equation now becomes

. Co - Vo Cos 6g Cos ¢g
. Co - Vo Cos 64 Cos ¢

Since C is a function of depth only, the transmitted and received
rays are in the same vertical plane. For the straight-running case,

$r= ™+ ¢o but in general ég= n + ¢ - wt. Finally, then, the frequency
of reverberation received from a point on a boundary,

f. = f. Lo * Vo Cos 6g Cos (¢ - wt) (2)
% g Co - Vo Cos 65 Cos ¢,

-21e
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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 ?iven 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),

dfg _ _¢ Vo Cos 6q Sin (44 - wt)
de, i Co - Vo Cos 69 Cos ¢,

£, Co + Vo Cos 65 Cos (9 - wt) V, Cos 6, Sin ¢, =0

Clearing fractions and rearranging terms,
Vo Cos 8o Cos 05 [Sin ¢y Cos (#g - wt) - Cos #g Sin (¢, - wt)]
+Co Vy [Cos 8r Sin (¢9 - wt) + Cos 69 Sin 04] =0

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

Vo? Cos 8, Cos 65 Sin wt
+ Co Vo (Cos 6g Sin ¢4 Cos wt - Cos 6g Cos ¢4 Sin wt + Cos 6, Sin ¢o) = 0
Again rearranging terms
(Cos 6g Cos wt + Cos 8,) Sin ¢, - Cos 64 Sin wt Cos ¢,

+Jo Cos 64 Cos 6g Sinwt =0

Co
Substituting
a = (os 8g Cos wt + Cos ¢,

b = Cos ag Sin ut

c =.!£ Cos 6, Cos 6 Sin wt
Co

we have
aSiné¢y - bCoséy +c =0
Squaring and substituting for sin? ¢, we arrive at the quadratic

(a? + b?) Cos? ¢, - 2bc Cos ¢ + c?-a? = @




T —— — ' “*'“"”"'“"""""""""""""""""""""""""""‘!

0D 52258
Set into the quadratic formula and simplified, this becomes finally

bc +a va? + b? - c? (4)

Cos ¢9 =

To understand the significance of the sign of the radical,
consider that when « = 0, sinwt = 0, and cos ¢,= + 1, That is, the |
locus of the points of tangency between iso-time and iso-frequency lines
(the min-max locus) is the X axis. Also, in this case the iso-frequency
line for f = f, is the Y axis, with greater frequencies to the u
right, lesser frequencies to the left. Thus it is seen that the posi-
tive and negative signs define ¢, for frequency maximum and minima,
respectively.

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

fRCO - fRVO Cos eo Cos ¢° = foCo + fovo Cos eR Cos (¢Q - Nt) s Or

frCo - foCo
Vo

fo Cos 6g Cos (99 - wt) + fg Cos 89 Cos ¢y - = 0 s oOr

fo Cos 8 (Cos wt Cos ¢o + Sin wt Sin ¢4) + fr Cos 6, Cos ¢,

-Lo (fFp-fFo) = 0 , or
0
(f, Cos 65 Cos wt + fg Cos 64) Cos ¢9 + (fg Cos 6g Sin wt) Sin ¢,
-Lo (fr - fo) = O

Vo
Setting
a = fy Cos 65 Cos wt + fg Cos &y ,
b=f,Cos 6g Sinwt » and
¢ (s, - 1) :
Vo
we have

aCos oo+ bSin¢yg-c=20

Squaring and substituting for sin’¢o as previously, we obtain the quadratic

(a2 + b?) Cos ¢ - 2ac Cos ¢o + c? - b? = 0,

and by quadratic formula

ac + b va?+ b? - ¢?

Cos ¢4 =

az +p?
-23-
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FIGURE 4-6

Finding the value of an incremental area.
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Similarly it can be shown that

bc ¥a va? + b? - ¢?
a2+b2

opposite polarity of the radicals being required by the Sin $2+ Cos ¢2= 1
identity.

Sin ’o =

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

X and  sine, = Yo

Xy '

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

Cos ¢o =

ac + b va? +b? - ¢? d (5)
x‘ = x' an
aZ + b2
/2 2 .2
Y, = X, bc a va® +b*-c
a2 +b2

From considering the geometry when « = 0, it can be seen that the upper signs
are used for insonified polygons which are clockwise of the min-max locus
when f.> f, , counter clockwise of the locus when f.< f, , and conversely
for the lower signs.
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 o= 55X, = X)) (Y, +Yy) + %(Xg = X ) (Y3 +Y,)

-%(X, - XZ)(YI +Y2)-%(X3-Xl)(Y3+Y,) or

Ro= 35XV, + XeYa = XV, = XY, # XYy + Xa¥, = XYy = XY,
o Kg¥y = K¥y 4 Ra¥y % Kg¥e < X, e KGY KLY # XVL)
Consolidating, we arrive at the computational form used in the program:
A = |a [(Xe¥y + Xg¥, + XY, # X\V,) = (XY, + XYy + XY, + XgYy )]| (6)
The taking of absolute value avoids negative areas in some quadrants.

Equation 6 is quite general and computes correct areas even for
triangles.
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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 -4
becomes quite complex, even discontinuous for certain combinations of fre- _
quency and turn angle. We will now derive a method of expressing the volume |

within an iso-frequency surface in the general case.

To begin with, equation (2) is equally applicable to volume
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, o4 will equal 6,. Thus the
equation becomes

fy =

f CO + Vo COS eo COS (¢o -~ Ut)
0
Co - Vo Cos 84 Cos ¢

clearing the fraction and rearranging terms

Cos eo [fo Cos (¢° -~ mt) + fR Cos ¢o] = io (fR o fo)
Vo

Substituting
Cos (¢ - wt) = Cos ¢, Cos wt + Sin ¢4 Sin wt,

X
Cos ¢ = s
ik
SH B B it , and

we obtain

Cos 8y e $
/x2+Y2+Zz

Cos
vx? + y? X2 + y2

2 2 ]
L.Y__ [fo ( _X_ ut + Y S.in u)t> + fR ,_x__] = _C_n (f.-R - fo) ;

or

fo (X Cos wt + Y Sin wt) + foX =Lo (= *Ty) X2+ v+ 12 >
Vo 3
v
or C
X(fo Cos t+ fg) + Y(f, Sinut) =50 (f, - £,) VAT + Y7 + 22 (7) |
Vo )
F

=26-
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Equation (7) describes the iso-frequency surface in cartesian coordinates.

For simplicity let us substitute

a = fo Cos wt + fn ’
b = fo Sin ﬂt ’ and
c=S (fg ~ fo) » Yyielding
Vo
aX+bY = ¢ VXZ+ Y2472 (8)

By rotating axes through some angle §, the Y term of the above equation
can be eliminated. Using the superscript "prime" to denote measurements
in a rotated system and the transformations

X Cosd +YSins and

X

Y YCosdé - X Sin § -

it can be seen that to eliminate the Y term in the left half of equation (8), & ]
must be chosen such that 3

asSins§ +bCoss = 0 s Or
a® sin%s = b? Cos?s , or
2 2
sin%s = b and Cos’s = S, or ;
aZ + b2 al+ b2

=b and Cos 6§ =

-Ja5+b! Ja’+b’

applying this to equation (8) we have

2! ' ' 2y

a‘X - aby + aby + b®X A "2 5 (v'\2 3 4
—_ = ¢ JxY+ (¥ 42, 0r
,/a’+b’ ,/a’ + b2 Ja’ + b2 ,/a!+5’
2 2
a“ +b ' T\ 2 1,2 2 i
engmunnnty . X =c~/(x)+(v)+z , or

,/a’+b’ :
4
3

o
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X 2 c
VX2 + (vH*+ 22 JaZ + b?
Resubstituting, C
{ 20
X - Vo (fn: fn)
Ax")? + (v + 2% AFo Cos wt + £ )7 + f,2 SinZat  , or
i Co
RO - Vo (fg-f,)

Sk Mg dol oo
IXHT+ (v + 27 VEo2 + fg2 + 2f,f, Cos wt

remembering that V(X')2 + (Y')2 + Z? = C(,t, 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 particular set of values of the parameters in the right-hand
member of the equation, cosY', and hence Y' are constant. Thus it can be
seen that for each time, t, the intersection of the iso-frequency surface
of frequency fr and the sphere of radius Cot is a circle centered on the
X' axis, which is at angle & from 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
of range or

dv = A dr

Now the area of a segment with thickness of h of a sphere of radious r is

A = 2arh where
h=vr-rcCosY
Therefore

A=2mwr? (1-Cosy) ,and

dv = 2zr? (1 - Cos Y)dr
Substituting for r, dr, and Cos Y we have

o
PYRI U PR [N SE——

Vfo 3 faz + ZfRfo COS Nt

-28-
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The volume returning energy from within the iso-frequency surface
at time t will be

t+ At
2 C
V = 20C.° -4
(] t2 5 voz(fR '2f9) dt (9)
e %E VEoZ + fRZ + 2fgf, Cos ut

The integral in equation (9) has no analytic solution, but is
evaluated digitally. The volume returning energy within any band, obviously,
would be the difference between two such integrals at the two values of fg
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, comparisons were made
in 1973 with an independent model developed by Dr. J. H. Slaton of the
Naval Undersea Center for a limited number of turning 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
with 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

AREAS FOR POSSIBLE IMPROVEMENTS AND REFINEMENTS
5.1 Volume Reverberation

The simulation of volume reverberation includes two gross
simplifications; the medium is homogeneous, and it is unbounded. Thus,
several known features of particular environments cannot be realistically
approximated. In particular, returns from scattering layers, returns from
regions of greater or lesser focusing, e.g. caustics, and returns over multiple
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 preliminary study
was made in 1967 by M.M. Jacoby of NUC, which outlined the geometric problems
of computing incremental volumes. Although precise formulae have still not
been developed, the problems seem mainly those of bookkeeping; that is, of
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
write and check-out, but require only re-writing of one DOP subroutine,
plus the changes in SONAR mentioned in 5.2.

-29-




0D 52258

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.

Jrren

Another discrepancy is in the implicit averaging of the scattering
strengths. The tacit assumption (not to be dignified as an approximation)
is that 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

i 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 believe 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.

bt §

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

5.5 Preferential Orientation of Vehicle with Respect to the
Environment.

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

The following three additions to the model would take account
of some non-uniformities. A1l would come under the heading of major revisions.
In addition, it is clear that, conditions being different at all points and
times in the environment, a single ping cycle would no longer give a general
description of reverberation. The changes would, however, make possible the
calculation of ranges of values that might be expected.
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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 1ittle 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 adaptation
would suffice. While ray tracing programs already exist and could be adapted,
the running times would be increased by an order of magnitude, at least.
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APPENDIX B

MEMORANDUM P80203/ABP : pas

18 January 1965
From: Code P80203
To: Code P802

Subject: Error from Using 10 log,,r as & Measure of Effective Train Length
When Computing Boundary Reverberation.

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

Some simple calculations 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, the
slant range (R, ) to surface intercept was computed along with the horizontal
range (X;) to this point and the two-way travel time. If time is measured
from the end of transmission, this two-way travel time (2t;) would identify
the instant when the trailing edge of the wave train will return energy
from point P,. At this same instant the leading edge of the wave train will
be returning energy from point (P;) for which the horizontal range (X2) can
be found on the basis of a slant range (R,) consistent with a two-way travel
time of 2t = 2ty + At. The width of the insonified annulus is v* = X2 - X;.
A measure of the dB error involved by using T instead of +* is given by
10 logyp .

Such calculations were carried out over a range of values for Q, of 20°
through 80° for combinations of conditions that can be obtained from source
depths of 500, 1000, 2000, and 5000 feet, and ping lengths of .040, .100,
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 T 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 7 should not increase the error appreciably.

As expected, the inaccuracy mounts rapidly with increasing path angles above
20° and with 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
with increasing ping length.

B-1
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k If the annulus width itself were the only 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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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 log;o T as a Measure of
Effective Train Length when Computing %oundary Reverberation,"
of 18 January 1965.

In the analytical 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 complexities 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 in 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 (107og,,7) is added (™= half the train length = V(At)/2
where V is the velocity o% sound and At 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 applications may involve one or more of the
foilowing:

o Long ping lengths for correlation detection
®Broad vertical patterns to provide greater depth coverage
eSteep 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 log,oT 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 i
the insonified 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 1
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 log,oT = O.
This is equivalent to saying that a ping length is chosen so that the insoni-
fied annulus at the boundary is l-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 1
equipment parameters are used. A whole family of rays are run from the :
selected source depth to the surface, and reverberation levels are computed as 1
before. 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;) on
the 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 2t; - At identifies the range from which the trailing edge is
returning energy at the same instant. Integrating the reverberation curve
between these two limits should give the actual reverberation level quite
accurately. It should be noted that the values in the one-yard increments
must be converted from dB to intensity before summing and then reconverted.
Reasonable accuracy can be achieved with much less work by using average
values for range increments several yards wide and muitiplying each average
value by the number of yards in the increment before summing.

i

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 Tog,oT as determined by the ping length of the transmission.

It is more efficient, however, to return to the working curves and add 101ogioT™
to the values of the reverberation curve for T = 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 3
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model suggests that the 10 log T correction is insufficient, particularly

at the shorter times which would be identified 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 T = 0 curve. The initial ray angles
associated with a few points on this curve are shown as a matter of interest.

Figure 3 shows the comparative reverberation levels that would
obtain if a ping length of 250-ms were used. It is clear that one must be
very careful in computing reverberation levels 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-half the ping length. This 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-

adient layers was used in this instance. Other parameters were unchanged.
he 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 original model after the latter had been advanced in time by half
the ping iength.

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
carried 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
involved 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 initial angles,
reverse at depths where the velocity gradient becomes less positive. This
results in an abrugt increase in transmission loss and a resulting drop in
reverberation level as indicated in Figure 7B (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 observations appear warranted:
®Within the 1imits imposed by the input data, accurate

expected levels of surface reverberation as a function
of elapsed time can be computed by means of ray tracing
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programs by summing the contributions of l-yard increments

of the insonified annulus which contribute at the
same instant.

®At present, this can be accomplished manually, but

1tdmay be possible to program the computer to this
end.

oThe present mathematical model can yield results which
are reasonably accurate over the elapsed time interval
during which the sound paths are such that 10 logio T
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 transmission 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 log;oT is
not a good measure of annulus width;

®The insonified annulus is wide enough to encompass
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.

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 mecdel
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
redu$ed by summing 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 log,or= 10 log V (At/2) to
account 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 At 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 jo*is a reasonably accurate measure of the thickness of
this shell providing the value chosen for V is a good average value for the
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 expected 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, calculations of volume reverberation were
made for two postulated ping lengths in an environment with an average
velocity taken to be 1660 yd/sec. The levels computed with values of 1010g,o7
appropriate for the selected ping lengths were compared with those obtained
by a modification of the integration method described in Reference A with
10 Tog,q rset at zero. The levels were plotted as functions of elapsed time
measured from the beginning of the transmission. The 10 log,or = 0 curve
can be integrated over the ping length in seconds except that the resulting
intensity is multiplied 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 shell
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
segﬂ ;arge 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.

E
|
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i : 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 )3
an insonified shell over expanding in time in an infinite, uniform medium. |
It is well known that an ocean is neither infinite in extent nor uniform 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 of 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 water, and is often observed to be a rather strong function of
% depth and time of day (deep scattering layer migration). To further
b complicate the situation, the paths in various directions are weighted :
F in accordance with the three-dimensional transducer patterns. !

£ The difficulty of realistically delineating the distribution of

acoustic properties over a large volume coupled with the even greater dif-

ficulty of integrating the return from the entire spherical shell has no

> doubt led to the common use of the simplified model. Its use can be ration-

£ 5 alized as follows. While it is true that the transmission loss to various

i portions of the insonified 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

L so that selection of a constant value consistent with the volume being

A considered should suffice. When the insonified 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-

gi fy volume scatterers. If one can assume that boundary losses are offset by )

84 the multiple paths that are set up, the truncating of the sphere can be

o ignored.

I D-2
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There is little doubt that in a qualitative sense these trends
can be expected. There is no available evidence, however, that they quan-
titatively balance out within acceptable 1imits. 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 volume 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-
P ing volume 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
4 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
A 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
B! for elongated echoes (long pings or other reasons) the applicable threshold
B 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:s1h

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 levels 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 multiplied by one-way travel times
(equal to one-half the elapsed time in the ping cycle) plus and minus
one-fourth of the ping duration. This concept fits volume reverberation
at least for times less that that required for the expanding shell 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 desirable 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 velocity (V) directed
horizontally along the X-axis in an oceanographic coordinate system. The
X-axis 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:

) .
j

—_— & ¥ X

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 = gp'r = gp"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%¥a2? + z22/b2 = 1,

E-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)T - (Vt/2)2 = (t/2) /CZ- V2
The distance from either focus to the origin should be:
Ve&tZa - (Ctys - vitZa) = Vit = Vt/2

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

2 2
The equation of this ellipse is 2X2 + = z 5 = =

c°t%/4 tf/4(c® - v9)
The eccentricity of such an ellipse is e = J(ai - b’)/a’ = V/C. Now C is

of the order of 5000 ft/sec while a V of 15 knots is approximately 25 ft/sec.
In 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 excursions in the Y direction are allowed, the insonified area
would be the surface of an ellipsoid
2 2 2
X i Y 4 Z2 ; 0
Ct %4 (tY4)(c L v3) (t2/4)(c? - v?

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 - Y plane now coincides with the surface or
bottom, and the equation for the ellipse can be expressed in the form

(C% - V2)X2+ C2Y2 = x(C2t2)(c? - v2) - c? (ad)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-
beration at some time (T) 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:

-——-—!--> ——ee e S X

A 8 € D

K e L B

1
§ - 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 D is the position when reverberation is returned at time T. The
o distances A to C = (At)V; A to D V(T +At/2); and C to D = V(T - At/2). By
8. alternately substituting T + At/2 and T - At/2 for the t in Eq. (1), one
St finds the equation for the two 211ipses when the origin for each is half-
-l way between their respective foci.
b E-2
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The origin of the ellipse stemming from the trailing edge of the
ping will be located V(A t/2) further along the X-axis 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? - v?) [X + v(at/a)]? + cv? = [C3(T + at/2)2/4](c? - v?) - c?(ad)?

Trailing edge: (C2 - v3) [X - v(at/a)]” + ¢2v? = [cX(T - t/2)%/4] (c? - v?) - c¥ad)?

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

+ Aca)(T + at/2)? - c?(ad) ¥/ (c? - v?) - v(at/a)

XL

Xy =t JcYa)(T - at/2)? - cZ(ad)?(C2- VZ) + v(at/4)

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

Xp =t V(c?/4)(T + at/2)? - (ad)?
and X =2 V(C¥a)(T - t/2)? - (ad)?

It is clear that X_ < X' first, by the quantity V( At/4), and
then by the amount the evaluation of the square root term is reduced because
(Ad)? is multiplied by C%/(C2 - V2) rather than by C2. Now V(At/4) will be
small in practical situations. For a platform velocity of 45 knots and at
At of 0.25 seconds, V(At/4) < 5 feet. The other term is more difficult
to evaluate since it depends on so many factors. At V = 45 knots, c2/(c? - Vz)
is the order of 1.00025. However, the extent to which this factor modifies
X_ depends not only on Ad, but also on At and the value 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_and X'_ will be small.

In the forward direction the differences in Xy and X'y (when Y = 0)
is less than in the case of the leading edge since the correction 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 -Xy is affected more than -X .

Another interesting case to evaluate is the one where X = 0. In
this case

Yo =+ J(CYa)(T + at/2)* - (ad)’ - (v/a)(T + atz2)t - [(c? - vE)/c?](v at/a)?

E-3

dalos el S s o bl s o




0D 52258

Y, =+ ACHa)T + at/2)? - (ad)? - (VI4)(T - at/2)? + [(C? - v2)/ct) (v at/4)’

For the circular approximation

YU =+ J(CYa)(T + at/2)? - (ad)?

Y. =+ J(C¥4)(T - at/2)? - (ad)?

e

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

In a JP training assignment, 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 3
i 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
p* path angles from the respective vehicle positions at transmission and
a9 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

s both transmission and reception in computing pattern losses, the circular
assumption should provide an adequate model for most practical cases.

A11 of the above discussion assumes that the boundaries and
vehicle velocity 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.
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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, "Analytical Methods for Predicting
the Acoustic Performance of Homing Torpedoes in Circular
Search" (NOTS 1818) of 26 July 1957.

B. NOTS P80203 memo, "Review of Mathematical Model for
Computing Boundary Reverberation", of 20 January 1965.

C. NOTS P80203 memo, "Error from Using 10 log,,™as 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 problem 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
be anticipated increases with the compiexity. 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

Rg =S - 2H + 10 log,y mg - Jg + 10 Tog,,7 + 10 log,,

Cos 6y
where

oR, is the expected level of surface reverberation at a given time
oS is the on-axis source level in dB re one microbar at one yard

o2H is the two-way transmission loss along the ray path
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©10 log,,m, 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 log,, t is the effective annulus width in dB

®10 log,,q X allows for the fact that horizontal spreading
Cos 6 ‘
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 bty the ray to boundary
intercept, and 6, is the ray angle at the source.

In this model 10 log,,T = VIAt) here V is the nominal velocity of sound

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

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

Reference C showed that t 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
T = h t
2 Coseg
where V is the velocity at the surface and 65 is the grazing angle of the path
at 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 = 2tg <2t ge + At/2 because the full ping is not insonifying
the surface. " In Model Il 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  would equal the
horizontal range to surface intercept of the leading edge,
v At

T 5 '2— (Zteo +-2—-) Cos 6.
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
could be expected to give inaccurate results for long pings even if the annulus
width were modeled adequately. Values of transmission loss, vertical pattern
losses, and grazing angle found by tracing a ray to any single point in a
wide annulus cannot be expected to represent those over the full annulus,
pargicularly in regions where one or more of the parameters is varying
rapidly. Moreover, at elapsed times sufficiently short ‘o that all of the
ping has not insonified the surface, the ray path for which the two-way
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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 levels as in Model I with 10109 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

(Rg) 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 1imits of the true annulus corresponding to At

is found by evaluating x on the time curve for T - l%g and T + 1%3 :

The actual reverberation level at time T is then found by summing in random
phase the contributions of each one-yard increment between the above limits
as shown by the R curve. The summation was a hand operation in Reference B
but it was computerized in this study in the manner delineated 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 T. 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 doppler 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
loss, scattering strength, and the transmit and receive pattern losses needed
to ascertain the back-scatter received from each incremental area. When these
contributions are summed in random phase (expressed in intensities) for each
doppler band, one gets the reverberation levels as might be observed by a system
which processes signals in narrow frequency bands. The summation of contributions
from all bands gives the total surface reverberation received. (The first
three models yield only the total reverberation as might be observed in
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we w1 —os o LaTer this was changed to 35 dB down as
noted in Figure 1. These data are useful in interpreting the reverberation
levels 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 10log,,2
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 tabie 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-directed,
straight-running platform at a 40-kt. speed, and reverberation was computed
in 1/4-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 small 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 i1s assumed to be at a 1000-ft. depth.

It proved to:be impracticable to ‘show the results for all four
models on a single graph because of ‘the clutter. Conseguently, for each
combination of environment, ping length, 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 common values for J,. Then by comparing
the most accurate of these models with the doppler-band method, one should
be able to obtain an idea of the accuracy with which we ncw evaluate J,.
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Figure 3 shows the surface reverberation levels computed in
Environment A for a 40-ms ping and a 0° 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. A1l 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 with the integrated model over the
broad minor 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
esggcted; the cosine is rapidly approaching zero as the path angle approaches

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 T = 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. With the quarter-
second ping the broad minor lobe dominates the return until 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.

St i ol ety ool L
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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 |
anticipated, the integration method (Model III) gives a decidedly different |
curve than the other two models at times less than one second. This model permits 4
development of the onset of the surface reverberation starting where

T> 2ty -4t

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 i
the picture. The next flat portion occurs when only the second lobe is
contributing materially. The shape of the remaining portion of the
curve is rather obvious.

asdh iRl Sl e B a I

The next group of figures (Figure 7-10, inclusive) compare the
results from the same three models when Environment B applies. Note that
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 v
times beyond 1.6 seconds. Therefore, only the first portion of the ping l
interval is shown in these figures. 4

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 Environment 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 levels shown
for the other two models later in the ping 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- 3
ment A applied. Model III, the integration method, tends to smooth out the
peaks and valleys as shown for the other two models, particularly when -
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 applied in Model II appears to compensate
adequately in the region of the broader minor lobe, but it tends to over-
compensate when the paths become steep enough for Cos 6, to become very

small. The introduction of a 10° up pitch produces about the same effect
in both environments.

F-6
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E ’ 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.

. Earlier, 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 1V) 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 substantialdifferences 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 J, 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 contributing a return at an

elapsed time of about one second are not subjected to maximum pattern loss.

0f course, in practical applications the actual values in the valleys are

not 1ikely 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 levels agree to about the same degree as for
the shorter pulse over the peaks, and the differences in the valleys have
b§$n 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 Tengths of 40 and 250 ms, respectively, when the transducer is pitched
K 10° up. Environment A still applies. The extent of the agreement between
» the respective curves is substantially the same as for the comparable
b5 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,

R o oS

¢ -10 log,, [Cos (8, - £)/Cos &)
.. (where ¢ is the transducer pitch angle)

*
£
? i in J, over-compensates and makes the levels a few dB higher than they
.2 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

B - the other one as it was for the zero pitch cases. This leads one to
li‘; suspect that the Cos (8, - &) / Cos 8, correction is slightly over-
g . compensating even at these angles.
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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 programmed
since it is under these conditions that J, should be most accurate.

"

o

b e

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 mignt think that coincidence should occur earlier. It is suspected
that the delay is caused by the Cos (84 - £)/Cos 8¢ term in J, over-com-
pensating for the pitch. The agreement persists to about an elapsed time
of 7 seconds, at which time the reverberation level computed by means
of 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. i

It seems possible that the slight divergence from 7 to 10 seconds results

: from the Cos (8, - £)/Cos 8, correction to J, tending to under-compensate

b at appreciable 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

d the divergence does not increase consistently as the elapsed time approaches '

] 10 seconds. The differences are so slight that they well 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 results 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 lengths with zero pitch, the minor lobe at minimum time for the
el integrated method (Model III) is a little 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
bl e 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
4 pattern does not come into play in Model III.

e

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 (8o = -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 )

o

3

v g e
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level over a relatively small portion of the total ping intervai. The
first minor lobe above the transducer axis controls the level of the
peak following the onset of surface reverberation. The first minor lobe
below the axis governs the reverberation level over the last 75% of the
10-sec. ping interval. It is difficult 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 T = 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 recommended. 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 could 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 common 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 J, which
are too nhigh, but in general the boundary reverberation at corresponding times
will 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 common to both models I and II. Here we refer

to the assumption that values of J, and transmission loss computed to a
single point in the annulus are characteristic of the entire insonified area.

F-9
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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 integration method (Model III)

3 as the regular routine in the ray tracing programs. Surprisingly enough, 1
this can be accomplished without a significant increase in run time on the -3

computer. With a suitable selection of rays, accurate modeling 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 computation.

Because of the other variables involved, it is difficult to pin j
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

Poreer pmne
£

L2 L

F-10

% A
k-
5




ye "7 A Yt A N S5 555 -

#0, DEGREES
0 20 80
T —F 4 :
4 2
FIG. 1.
i . COMBINED VERTICAL - PLANE PATTERNS
; G FOR TRANSMIT ( RECEIVE -
; 12 b~ -4
16 b -
20 - ]
24 — -
28 p~ —
?- 32t -
; § 36 =
H
40~ -
44— -
48 - -
i |
s2b- =
56 b= -
|
50 b= ]
|
.- -
LA —~
D IN_ENVIR.S |
APPENDIX F E
V ——— A Il 1
%0db_USED IN ENVIR A

F-11

0D 52258




* .

g-:w’j'ﬁ!&'g“—' g
gl

o

g el s

0D 52258

- 200

— 400

—60C

Depth, yds

=800

= 1000

= 1200

PROFILE B

FIG. 2

PROFILE

SOUND-VELOCITY PROFILES

APPENDIX F




0D 52258

4 XIAN3ddv

swey =1V p=ily (uomuesany
II'H'I $1300W ¥04 S1MAS3¥ ¢ B14

IO o — — —
(IIX Pom) payesderny

R——_pp—

T pow——— ™

PR
F-13

~ . 4~ p o -
re G eat g pls ‘w 2 y 4 '
SR N ERI A - at.‘!—ﬂoﬁv“z.m b kel s

i




4 XION3ddY

T T _ T M
I
"
- I Hss-
{i
iy
SWOST=IV:ig=d 'Y wewneiav3 | . |
- Or'IO'C $T300W ¥04 SLINSI 7 i3 i | | ~os-
_ !
|
! A
= _ —
e II PON ! |T|
I PO — — — |
T PO - 0 \
I
b ' Iﬁm - -4
J s U
|
4 Soz-
- ~c1-
o
w
N
N
w
o
o
. i ¢ I e
e Y mrl..ib & ..t&g




0D 52258

4 XIAGN3ddY

;
=
Aé._J

3 swgy =1V tiagy = §'y (eswueiiang cy-
T'I'T S1200M ¥04 SLINS3W 'S "91d

purigll ]




XN ———y
 E T 5 |
Jor
swesz=1v ‘dagi=S 'y iwemmeijn3
TE'I'T S1300M W04 S1IAS3¥ 9 BN L
cE~
IA“N'
- 3
Jn-u ....u
‘Tw
|J...-
+
B

-+ e

_ ?P.’y\.‘. .




4 XIAGN3ddY

PP -

R e TS

——Illigon

SWey =10 '8 =518 ININNONIANG

NIGNY 1’1 S1300W 404 S1AS3w 1°813




4 X.uN3ddv

f T T T T T T T T T
L. —ozi-
kL L
TSWOSZ=10 :,0=5:8 LNINNOYIANI
111 GNY'11*1 ST300W 404 S110S3Y 8914
- —408-
— — 3! @
! = 7
R ®w
111 go W : s s
—————1100N | i
PO — .x.— ﬂa’ _ %
i
! :
= m —or
- -0z~
TS e R
e
/l//
el e
1 [ y A 1 S [0 pmisiaa, e 1 1 1
[3 I3 (14 [£3 oz 91 Tl [] v
9381
8
o
(2]
(=]

v




0D 52258

4 XION3ddY

..J...n:_ ‘agI=5 ‘g IN3INNOWIAN]
11aNy ‘11’1 $1200m w04 Sitms3Yy $°914

v'n
F-19

R

AT, S, e, 3

e 2

POPELEVEN Y

P



CaXL dddv

TSWOST=10:dNn01= 519 INIWNOYIA NI
ITILANY‘I1° S1300N 403 S1TNS3y 01914

B
2

0D 52258




N 4 XIAN3ddY
wn
a
S
T T T T T T T T T

.'.

SWOP=10: 9=5 1V INIWNOWIANI 7

E A1 GNY 111 ST300W ¥04 SIS 11°B14 X

N

d

5

i

L §

=
——— — — — — ——

T O R e



XL YT

T

SWOST=10 ' 0=F 'V LNIWNOVIANI
ALONY 1] ST3Q0W ¥O4 SLWNSI¥ 2L 814

0D 52258

F-22




4 XION3ddVY

SWop=10 14N 01=5 : V LININNOVIANI
Al ONY 111 STIQON ¥O03 S1IASIN €1 °91d

o e e - ——— —— ——— —

-




3 »..N3ddY

SWOSz10° 4N $1=5 'V LNINNONIANI .jl
ALONY 1)) $T300W ¥O3 SIINS3W 91 B3

0D 52258




AD=A035 071 NAVAL SEA SYSTEMS COMMAND WASHINGTON D C F/6 17/1
A COMPUTER PROGRAM FOR STUDYING THE DOPPLER CONTENT OF REVERBER=-=ETC(U)

1976 P MARSH
UNCLASSIFIED NAVSEA=-0D-52258

11 I O G O




©
<
o 4 XIAN3ddY
Q
S
T T 1 T 1 T T T T
= ..Inna
Mop=10 ‘H=5 ‘U ININNOUIANI
- A ONY )1} ST300W W04 S1INSIY I 91 ..13-
- J SE~-
= nﬂon:ﬂ
E
= sz~
= Lc«o
4
I
W Hai-
{
i | = | O 1 | F 1 %
f 5% z¢ 87 Ve 02 91 1 Ca +
it 2351
i
-. erermmpregen - e R o e T

R o

.“', Feang 0 iy
- tudvaiioin b o
PSR e “ e

S

e Wadle

F-25




VAT

4 X. 3ddv

T0Y=10 1 9=5 19 INIWNNOWIANI

Al ONV 111 STI00M 403 SLWS3V °Q,1NOJ §I 914

.. sr-
= or-
k. se-
L 1 1 1 L L I HI?
89 v9 o5 3 % 2 v oF —
23s°1

©

n

~N

N

wn

j=]

o

F-26




3 XION3ddv

0D 52258

W0r=10°9=5 8 LNINNOWANI
AL ONV 11l ST300W ¥O4 SIWS3U '0,1N09 S1°914

1 1 ¥ 3 1 1
o..q.l 96 T6 88 mm 08 m..n TL 89
a3s'L

:r.&,v w{F 1 g 1 8-

x v . s R
p BRTRET NPR S &t“i» Wi o i el




SWOSI=10 D=3 ' 9 ININNOWIANI
Al ONV 111 ST300M ¥0J S1InS3¥ 91°914




a
&
wn
8 4 XI1ON3ddV
1 1 1 | |} ] H
/
]
05Z=10¢ 05 1 1NIWMONIAN] 4
ALGNY i $STIGOW ¥03 S1INS3N °"G,INGI 91°014 m
) 1
|
i
.ia- 4
Joe- o
i1
~—~——ALGON -
———11l QoW
2
trs

238 ‘1

- o - . -5 i

¢ »; R, A.l. g { ;
s # &y, p . 't




e T T T U T T b foi G |
:
3
swosz=10 : 0°F 16 INGWNOUIANI
Al ONV 111 ST300N NO4 SIAS3W g, AINOJ 91°B1d
- P
b —109-
- -4 55~
A -
3
= doc-
g
w
= ~Sr-
. ~0r-
~ J 3'
e 8'
[ 0 1 1 J 1 1 1
ool 96 Té 88 1-,_0 08 9¢Z TL 89
338°1
APPENDIX F

) ¥’ o Z “" P i
gor a8 g . b sech 5 . "
it L TS




XIAN3ddY

0D 52258 |

WW9=10:4A0N=5 ‘0 INIWNONIANI L
" A) ONY 111 ST200W 403 S1INS3Y (17814

e
'

‘-

T - - 3 4 ' EE - g5
v 3 ’ oo

. l\4 na.‘
. .......,.. immc V .},
‘ ., . . 4,... ... . -

e k. TN FRE WY me—— N n‘i“gs "AF#&\.‘ .
et b G e R e o i e i 3 SR e i b it et | i




4 X "N3ddy

SWOY 10 ‘dN0! § '8 LNIWNOUIANI
Al ONY 111 STIAON ¥O04 S11NSIY °Q,LINOD LI°'9M

- N
Or— 29
L
=
—oc-
AIGON :
111 GON
ldﬁnl
gl
1 1 fi 1 1 1 1 1
89 ro 09 99 (49 X3 ry oy %m
7e ) .

=Y 5 o o
® .

& -5 i T WOF ~\. P v . )
2 i = LTS o g TS (. > -
¥ Y, PO codh. Nbaiti ol o ii'“g‘ 3 ve Avadde 4...&'.1‘.. .
e Ay ek o i ah B ki RS i " e~ & i




e s v e T e R s

0D 52258

4 XION3ddY
T T T T T T T T
SW0p=10 ‘dA01=5 '8 INIWNONIANI
A1 GNY 111 S1300W ¥04 S1IASIY "0,1NOD L1 °BI4
— == =" Al GON
—————— i1i GON
L
X
GOi lill:.m N.o urn .&m opm q.h u_w
938°1




LJ g T T T o T - T
]
W OSI=10 ‘4R PI=5 G LNIWNONIANI
ALGNY 11l ST1300W ¥O4 S1IAS3N 81°814
L 402~
|
1 : 4s1-
\\-\
/
/
—Al Gow / >
. k. T »
W — T * / .Ao “ T ;
3 - “‘
- +.
E 1
;|
]
e
L A L L . 1 A - - A
9'e T°c 8z e (1] [ Tl L3 2
as ‘L
3 .
N
w
=
=1
- o
e .- . i 4 ol g e o . oo ot
te i ' NRE SR R— A c&irh«:lﬁwmz Aol nb. -




B R R T Y ur i T e Sy Ty Ty

4 XION3ddv

SWSI=1Q 4R H1= § ‘8 LNINNOUIAN
ALONY W ST300W W04 SLTASIN '0.1M03 81731

wn
™
1
.
[+
&
<452~
foi-
4o1-
i " i i 1 A A
0’9 9s TS 8y ”y 0y L A
ot
&.x. o §5 ey, do_.m,.l " o
- RPN SRR WS o ee L) D . NPT e
B Gl i y o x st oL Lol pL




el o el o O — gl . ;, A . 41 ., ‘ 1
"4 XIGN3ddV
T T L] Ll - i | L} v
mest=10 C.o.-lh ‘0 ININNONIANI
Al ONY 1l S71300N 404 S1TAS3N '0,1N0J 81 'BI4 452
104~
.ﬂ‘l
o
v
—_————— Al dON Jos- b
—{il GON
-3
*’
I
g sr-
e | L g L A 1 1 ' i
oot 96 tAL) 8’8 re os L ' t AV L &
381
2
o~
w0
’ T ». Y .)Jw....l. =
{159 .~ BRVRET ne———r .rvtl..’bﬁ.s(..‘ .,4.5‘......w U PR N




4 XIAN3ddY

0D 52258

SWOY=10 ‘dA HP=5 '8 LNINNONIANI
Al GNV 1 57300 W03 S1IAS3y 61 3N

|||||| A aow
m aom

st~

Si-

F-37

1 T 8’0

s »

T oy o Mo ol o




4 XIuiwdddV

SHEN=10 ‘4R 00=5 ‘0 LNINNONIANI
Al GNY NI $1300W ¥0J S1TASIN Q.1N09 61°014




4 XIGN3ddv

o 5225*

SUW=10'dA =5 ‘G LNINNOUIAN]
ALGNY 11l ST300W 404 SITASIN "0.1NO3 §1°D1J




0D 52258

<

APPENDIX G

Following are listings for the DOP program as used for the test problem
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 G-1 thru G-3.
They are all radially symmetrical about their axes.

G-1
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PAGE 1
PROCEDURES FOR DOP
1 DCOMNT  pROC oconnn 1
2 CORRON FCHANG/ LMBAND,LRBND1,NBAND ;RBAND ;ANBND,FNBAND VPTTRN PCONRN 2
3 C 800 , 801 o2CONAN 3
L) C PCOPRN &
] CORRON ZCRaNDb/ BAND(BO1) ,RRFS(800),FGAN(B00) ,BNOOUT (801) PCOMAN S
6 C CLMBND1) ,(LMBAND) (LMBAND) ,(LMBND 1) sCORRN 6
7 3 scoMRN 7
8 COMHCH JCCOUNT/ LARB LMTRS LAKS JLMKS2NSURF NBTR KT oKTT sCOMMN B
9 C 9612, 17 , 400, 800 scOMMN 9
10 C sconnni0
1 COMMON FCFCNST/ TRSUE) ,FPTS5,TRS2C4LD,FI1,TRS3(4) (F2,F6,F10,F20 oCOMMNEY |
12 C ¢ LRTRS ) sConmni2 }
13 ¢ sCOMANTS 3
14 CORMONM FCFCNSY/ FLOGID,INFNT ,P123,P1,THOPI ,DEGRAD oSHIFT,VDKT ,FIE3 DCOMMN IS g
15 COMMON /CFCNST/ LOGAPL,FIMIN,F3,F90,F180 PCOMANIS ‘
16 COMMON FCHCNST/ HBANDC3) JHUNIT(2) JHSPRO(S) JNSPRW(S) ;NFRORC2) sconnN16
17 COMMON /CHCMST/ HEADSCL13oHTOTICL) JHTOT2C3) ,HTOT3(3) ,NED(Y) PCORRNIT
18 COMMON /CINDAT/ OMEGA,DELT ,CSKST ,SNKST JKSID DR ,FCOVS ,COKT scomnn 18
19 COMMON /CINDAT/ EXPS,F2SQ,F22,FCO3,BWINT,LOGNV] sCOMNNIY
20 (4 oCORRN20
21 CONMON /CINDEF/ NNAMES ,NARDAT(4L0,3) NARCNT(24) oCOPRN2Y
22 COMMON /CIMDEF/ CENTER,GOLENDFILTYER,KTSBND ,NOBTTM ,NOPRNT sconmN22 1
23 CONMON JCINDEF/ NOSURF JNOTAPE NOVOLM PLOT SPREAD ,TINCAP,TOTALS ,TVCOCOMMN23 E
24 COMMON FCINDEF/ RELBND sCORRN24
25 C PCOPMNZS
26 COMMON 7CINPUT/ IDC,IDATEC2),10V,00 PCOMMN26
27 COMMON JCINPUT/ COALPHC sPING,ORTTA ,LOGAY S ,KS1 PCOPRN27
28 COMMON JCINPUT/ VS ,BUIDTH,DELT2,FZRO,NBEAN ,ONEGAD o TH TRAX oCOnRN28
29 COMMON /CINPUT/ PULSEJPEVRY PCOPRN2Y9
30 COMNON ZCINPUT/Z TIREC4LO0) ,SPRED(150,3) 2CONNN30
11 C Qanrim) (LASPRD) SCORNN3Y
32 C PCONRN32
33 COMMON /CPRINT/ NTRIN NTRAX ,PAGE ,NPAGE NPSTRT PCORAN33
314 COMMON JUSPRED/ NSPRI,NSPRH,NSPRHY PCOMMN3S
35 COMMON /CTAPES ARV ,BRIZINPTLIPRYLIPLY PCOPAN3S
16 CONMON /CTBLKP/ DELIND JDELDEP,FACTOR,ITABLE PCOMAN3SE
37 CORRON JCXONST/ KOyK1,K2,K3,KS oK6,K8,K10,K40 PCORMN3T
38 DIMENSION NEOUND (2) PCOMMN3S
39 DIMENSION HOUTPT(14) PCORAN3Y
40 DIMENSTON IDATACY) 2COMANLD
41 DINENSION LFLAGS(16) PCOMRNGY 1
42 [ PCOMMNG2
«3 EQUIVALENCE (KO, FO,RECY) 4 (KT, XNIT) (K3, LANT) YLLLITE
44 EQUIVALENCE (NSURF ,NBOUND) PCORNNGS
45 EQUIVALENCE CIBLANKyHEADS(16)) , (NUNIT ,HOUTPT) PCOMMNLS
“6 EQUIVALINCE CTFZRO,FZROD 4CIDCL,IDATA) PCOMMNLS
47 EQUIVALENCE (LATIM NANDAT(21,3)) ,(NTIRE,NANCNT(21)) DCOPRNLT
L8 EQUIYALENCE (LASPRD yNAMBAT (22,3)) ,(LFLAGS ,CENTER) (14 LLLTY ] 5
49 FQUIVALENCE (NSSPRD4NANCNT (22)) ,(NBSPRD JNANCNT(23)) DCOMANLY
<C EQUIVALENCE (NVSPROJNAPMCNT(24)) ocoOmMNSO
5 c PCOMANS Y
52 REAL INENT oKSToKSID,LOGHV,LOGLPL,LO6MY] PCOMENS2
s IMTEGER ART,BR1,PAGE sCOMANSS
54 LOGICAL CENTER ;60 yEND yFILTER K TSBND yNOBYTR ;NOPRNT PCOMMNSS
sS L0GICAL NOSURF yNOTAPE ;NOVOLM 4PLOT oSPREAD o TIRCAP, TOTALS ;TVCOCONANSS
56 LOGICAL RELAND JVPTTRN,LFLAGS PCOMANSS
57 END OCOMMNS?
58 DCOMN2  PROC PCOMANSS
59 COMMDN AVS (3,801) ,RYB(3,801),RVVI3,801),RVT(3,801) PCOMANSY
60 4 ( (LANT,LABND1) ) DCOMMNGD
€1 DIMENSION REVERB(9612),RV(3,801,3) oCOMRNGT
62 (3 (LPMRB) (LMNT ,LMEND1,3) sCOMMNG2
63 (4 PCOMANGS
4 EQUIVALENCE (REVERBC1) ,RVS(1,1),RV(1,1,1)) (14 LLLTYY
&5 END PCOMANGS
66 DCOMNY  PROC PCOMANGS
87 common XMINC400),TRINCLD0) DCOMANG?
68 ComMon RBX (400)yRBT(400) ,RBTH(400) 4RBH(400) PCOMMNGS
69 c ( LMKS = MAX. NO. OF RAYS SORTED BY “RAYSRT®) PCOMMNGY
70 END SCOPANTO

APPENDIX G
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DCOMNG PROC

CORMON
END
DCOMNS PROC
CORRON
COnmON
CORNON
[4
[4
CORMON
DINENSION
c
<
EQUIVALENCE
EQUIVALENCE
[
[4
END
PCOMNG PROC
DATA
DATA
c
[
c
(4
c
END

PROCEDURES FOR DOP

FCSGAM(B0Y)
(LmBND1)

X(8P0) T (AJ0) , THA(BOD) , THR(E0D),R(800),00P (800D
COSTHAC(BO0) ,COSTHB (8CO)

ONT (800) ,COSONTCBO0) ,SINORT(E00)
¢

LmKs2
RBXAC400) ,RATACLO0) ,RETHA(40O0) yRBHA(4D0)
RBXB(400),RBTB(400),RBTHB(400) ,RBHB(40C)
(nks) ]

(RBXB,4OOP)

(RBTB,T(400)) o (RBTHB, THB(400)) o (RBHE ,R (400))
« )

(nks)

LMBAND/B800/ 4 LMBND 1/801/ 4LPKS/4CO/ L mkS2/80/
LPRB/D612/ ALNTIN/4O0/ LRIRS/ VT /e LMSPRD/15D/

LMRB = & o LANT * LPBND1
LMBNDT = LMBAND ¢ 1

LPKS2 = LmKS ¢ 2
LANY = 3%

APPENDIX G

G-6

PAGE 2

oCOMPNT
DCOMMNT2
PCOMmNTS
DCOPRNTS
DCOMMNTS
DCOMMNTE
OCOMMNT7
DCOMMNTE
OCOMANTS
oCOmMMNEO
(XL LLT )
pCcommN82
DCOMMNSES
DCOMMNEL
DCOMMNES
DCOMMNSS
DCOMRNE7
DCOMMNES
DCOMNNBS
DCOMANSOD
DCOMANS 1
DCOMMNG2
DCOMPNS3
DCOPMNDS
DCOPANYDS
DCORMNS O
oCOMMNS7
PCOMMNSS

|
|
|
|




SYRBOL

ALPHC
| ARY
| . BAND
BNDOUT
BR1
BUIDTH
BVINT
€0
coxv
CoAND
ccount
CENTER
CFCNST
CHENS T
CINDAT
CINDEF
CINPuT
cosont
COSTHA
cOSTHD
CPRINT
CSKs1
CSPRED
CTAPE
cTeLKP
CXCNST
00
sBITA
i sconN1
i BCORN2
9CONNS
sconné
SCONNS
sCONNG
BEGRAD
SELOEP
SELING
PELY
PELT2
i sor
| [ 1]
| END
exes
*0
1
10
£180
F1E3
‘ F1NIN
§ 2
4 #20
Py (3
"
90
FACTOR
. ({3
¢ FCOVS
FCSGAR
§ FEAR
1
-

vl &

3 FILTER
“ #LO610
. FNBAND
k " FPTS
it f22
s700
F1se
€0
HOANSD

0D 52258

PAGE 3

PROCEDURES FOR DOP

27¢0
35¢0

5¢o0

5¢o
35¢0
28¢C0
19¢o
27¢o0
18¢0

2CL

scL
22¢0
11
16cL
18¢cL
21cL
26CL
78¢C0
77¢0
77¢C0
33¢cL
18¢0
34CL
3s5¢CL
J6cL
37¢L
26C0
27¢0

11¢0
15¢c0

19¢0
18¢o0
r2¢0

5¢co
22¢0
14¢0

20
11¢0
19¢o0
28¢0
19¢o0
22¢0
16c0

S31n

S31In

ScL
4BEQ
14CL
17
19¢CL

22¢L
27¢cL

85€aQ
S4Le

SéLé

A6EQ
S4L6

séLe
15cL

23¢cL
28¢cL

24CL
29¢CL

30cL
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1 N0 EX PAGE ¢
PROCEDURES FOR 0OP
NEADS - 17¢0 45€EQ
WED - 17¢0
HEROR 16€0
NOUTPT - 3901 4SEQ
nSPRD - 1600 2
NSPRW - 1600
NTOTY! - 1700
HYOT2 - 1700
HTOTS - 1700
HUNITTY - 1600 45EQ
IBLANK - 4SEQ
10ATA - 4001 46EQ
I0ATE - 26¢€0
10¢ - 26¢C0 4éEQ
10V - 26¢€0
1F200 - 4oEQ
INENT - 14€0 s2rL
INPT - 35¢0
IPEVRY - 29¢0
1PLT - 35¢0
IPRT - 35¢0
ITABLE - 36¢€0
x0 - 37¢0 43kQ
K1 - 37¢0 43¢€0
x10 - 37¢0
k2 - 37¢0
k3 - 37¢0 43EQ
x40 - 37¢0
kS - 37¢0
K6 ~ 37¢0
X8 - 37¢0
xs1 - 27¢0 s2nL
KSIp - 18¢0 s2nL
(3 - 8co
KTSBND =~ 22¢0 s4L6
(344 - 8¢0
LFLAGS - 4101 48E0 S6L6
LABAND - 2¢0 9104
{ LEBNDY - 2¢0 994
4 Leks - 8co0 910a
; LAKS2 - 8co0 9104
LANT - 43E0
) LeRe - 8¢co 920A
; LASPRD - 48€E0 9204
LATIR - 47€0 920A
LRIRS - 8co 9204
LOG4PT - 15¢0 s2rL
Loeny - 27¢0 s2mL
LOGAVE - 19¢0 S2RL
NBAND - 2¢0
ANBND - 2¢0
NANCNT - 21¢0 47€Q 49€Q soee
NARDAT = 21¢0 47¢€@ 48eQ
NBAN® - 2¢0
NOEAR - 28¢0
NOOUND - 3801 44EQ
NOSPRD - 49€0Q
i (L) - 8co
NNARES - 21¢0
nosTTR - 22¢0 S4L6
# NOPRNT =~ 22¢0 S4L6
NOSURF - 23¢0 s5L6
& NOTAPE - 23¢o s5L6
novOoLm - 23¢0 sSLe
NPAGE - 33¢0
{ NPSTRT = 33¢0
> NsPRY - 34€0
& oy NSPRM - 34CO
- NSPRNY - 34¢€0
? NSSPRD - 49¢te
“
7

&

v

1ot g
r
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A
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8co
47Ee
33¢o
33¢o
S0cee
18¢o0
28¢0
78¢C0
33co
14C0
14C0
27¢0
23¢co0
29¢C0
76¢C0
68C0
81co
8201
68¢C0
81co
8201
68C0
81¢co
8201
68¢0
81¢co
8201
43EQ
24C0
6101

sco
6101
$9¢o
$9¢co
Soco

27¢c
14¢0
78¢c0
18¢0
23¢o
3cco
T6C0
Teco
T6C0
28¢0
23¢0

67¢o
23¢c0
11¢o0
11¢0
11¢co
23¢0
14¢0

2¢0
28¢o0
76C0
67¢0
43€0
14cC0

44E0

S31n

s5Le
86€Q

86EeQ
86¢Ea
86EQ
85¢te
seLe
64EQ
64EQ

64te

ssue
séce
86te

ssee

ss5Le

ssLe
seLe

PROCEDURES FOR BOP
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-y

v"ﬂ¢'1t L o

<,

e o

s

2

e

OO NOWVIPUN -

0000

aoen

10010
(4

AR~

0000

20010
30000

PROGRAR DOP

INCLUDE DCOMNY
INCLUBE DCOMN2

READ AND PROCESS INPUT, CARDS AND TAPE.

CALL 1DENY
1F (END) 60 TO 20000

SET UP BAND LIM]1TS,
CALL BCOmP

EXTRACY SURFACE AND/OR BOTTOM DATA FROM INPUT TAPE, AND
ARRANGE PROPERLY FOR OOP,. WRITE ON TEWPORARY FILE.

CALL RBSORT

PROCESS TABLE OF REVERBERATION TIMES AS NECESSARY,
CALL TCOomP
NTRAS = O

COMPUTE REVERBERATION FOR EACH TIME IN TABLE.
NTRIN = NTRAR ¢ K1

NTRAX = SINC/ ‘TRAR o LANT, NTIRE)

I1F (SPREAD) NTRAX = NTWIN

ZERO OUT REVERPERATION TABLE.

00 10010 kT = 1, LARB
REVERB(KT) = 0.
CONTINVE

COMPUTE A PAGE FULL--TNREE TIMES OR ONE TIME WITH SPREADING.

00 15000 KT = NTAIN, NTMAX
KTT = KT ¢ K1 = NTHIN

COMPUTE BOUNBARY AND VYOLURE REVERB. AND SPREAD AS REQUIRED.
COMPUTE TOTALS.

IF (oNOT. NOTAPE) CALL RBCOMP
IF (.NOT. NOVOLW) CALL RVCORP
IF (SPREAD) CALL RVSPRD

CALL RTCOMP

CONTINUE

PRINT REVERBERATION DATA,
CALL RVPRNT

IF (NTPAX LT, NTIWNE) 60 TO 10000
60 T0 9000

REWIND TAPES AS REQUIRED, AND EXIT.

1F (NOTAPE) 60 TO 20010
REWIND AR1

REWIND ER1

1F (PLOT) REWIND IPLTY
sToP

END

APPENDIX G
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ooP
oor
boP
soP
soP
(114
soP
o0P
soP
ooP
(1.4
(.14
soP
(1.4
soP
(114
ooP
s0P
ooP
ooP
ooP
por
soP
oor
(114
oor
oor
soP
(1.1
(1.4
ooP
soP
soP
(1.0
soP
soP
(1.1
oor
oor
bor
(1.4
boP
ooP
bOP
[ 1:14
boP
oop
ooP
(114
ooP
boP
boP
boP
oopP
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1 NDEX PAGE 7
PROGRAR DOP
3 SYNBOL s s s sESsS s s =S ES REFERENCES

9000 - 6 s
10000 - 26 54
10010 - 32 340
15C00 - 38 48
20000 - ? 594
20010 - 59 62e
30060 - 63e
ARY - 60
pcoRP - 11
(18] - 61
DCOMNT - 1
DCOMN2 - 2
END - 7
I0ENT = 6
1PLY - 62
k1 - 26 39
'L - 32= 33 36= 39
(34 - 39=
LANT - 27 |
LPRB - 32
nINC - 27 :
NOTAPE - 44 59 :
NOVOLN - 45 :
NTIRE - 27 S4 é
NTRAX - 22= 26 27= 28= 38 54 ;
NTRIN - 20= 28 38 39 3
PLOT - 62
ReCORP -~ 44
RBSORY - 16
REVERS - 33+
RYCONP - .7

4 RVCORP - 45
RVPRNT - 51
RVSPRD - 46
SPREAD - 28 46
sToP - €3
Tcomr - 2v
1MAIN - 0

APPENDIX G
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15 600

20 700
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29 900
30 901
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36 1000

44 1200
45 1500

»
o
~e

[4
49 2000

s
o
-
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SUBROUTINE IDENY

INCLUDE DCOMNY

COMMON 1DC12),1,J,K, LN
LOGICAL OUTFLS

OATA INPFLG/0/,0UTFLG/.TRUEL/

WRITE HEADING ON INPUT DATA PAGE.

WRITE (IPRY,5D1) WED
FORMAT (BAb,A&L,16H-= INPUT DATA =-=/)

READ NEXT VARIABLE NANE AND RELATED DATA FROM DATA CARD(S).

CALL INPUTCNNAMES,I10C,INPFLG,OUTFLGE)
1F (60) 60 TO 700

IF C(END) 60 TO 900

IF C(INPFLG .6T. 1) END = .TRUE.

60 TO 600

60 = LFALSE.

1F (NOTAPE) 60 TO 2000

READ FIRST MEADER RECORD FROM INPUT TAPE.

READ (ART) (10(1), I = 1, 6)
1F C10¢6) .NE. 0) 60 To 1000

END = .TRUE.

WRITE (IPRT,901)

FORMAT (69X, 18nees END OF RUN oee)
60 7o 30000

READ SECOND WEADER RECORD, PRESERVE ANY DATA FROR INPUT
TAPE WNICH MAS NOT BEEN READ IN FRON CARDS.

READ (ARY) (1DC1), 1 = 6, 12)

00 1500 1 = 1, 12

4 =1

IfF (J .6V, K2) 4 = 4 ~ K1

IF (NARCNT(J) .E0, 0) 60 TO 1200
IF (3 NE. 11) 60 TO 1500

KSI = KS1 = DEGRAD

60 To 1500

10ATA(I) = PO (1)

CONTINUVE

SCALE INPUT DATA AND PRECOMPUTE RELATE® QUANTITIES.

OMEGA = OMEGAD * DEGRAD

DELY = DELT2/F2

KS10 = KSI/DEGRAD

BVINT = BVIDTH

1F (.NOT. KTSBND) BWINT = BWINT/FIES
LOGRYI = LOGAY - LOG4PI

CSKSI = cO0S(KS1)

SNKSI = SIN(KSI)

PR = DELY2 o CO/F4

COKT = CO » VOKT

FCOVS = COKT/VS

FCOS = COee3 o TwoPI

IF (FZRO .LE. O.) FZRO = F1

F2SQ = FIR0ee?

FI2 = FIRO * F2

EXPS = EXP(S/F10 + FLOG10)

1F (THTRAX <E@. 0.) THNTRAX = §90

1fF (THTPAR .6T. F180) THTMAX = F180

NSPRNY = K1
SPREAD = SPREAD oOR. (NSSPRDP.NE.D) .OR. (NBSPRO.NE.D) .OR.
1 (NYSPRDP.NE.D)

APPENDIX G
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1N EDR PAGE 9
SUBROUTINE 1DENT 4
7 1F (.NOT. SPREAD) 60 TO 5010 I0ENTY 71 ‘
72 (3 I0ENT 72
73 (4 GENERATE ANY REQUIRED MISSING SPREADING TABLES, 10ENT 73
74 (4 IPENT 74
75 1F C(NSSPRD <EQ, 0) .OR, (NPSPRD .EQ.0) .OR. (NVSPRD .EQ. 0)) I0ENY 75
76 1 CALL SPRCWP I0ENT 76
” NSPRNT = MAXO(NSSPRO,MBSPRD (NVSPRD) I0ENTY 77
78 (4 I0ENT 78
79 S010 NSPRN = NSPRWT - K1 I0ENT 79 1
80 NSPR1 = NSPRN ¢ NSPRMIT IOENT 80
8 IF (NOPANT) 60 TO 7010 10ENT 81
82 (4 I0ENT 82 3
[} (4 SET UP APPROPRIATE PAGE MWEADINGS. 10ENT 83 3
84 c I0ENT 84
8s K =0 10ENT 83
86 4 = xS I0ENT 86
a7 1F (.NOT.SPREAD) 60 TO 6020 I0ENT 87
a8 4 =0 EPENT 88
89 IF (TV6) &k = K10 I0ENT 89
20 1F (FILTER) K = K ¢ kS I0ENT 90
91 6020 m = K1 I0ENT 91
92 L =K1 IDENT 92
93 IF (KTSBNO) L = O 10ENT 93
9% IF (.NOT. TOTALS) 60 TO 6030 I0ENT 94
95 HTOT3C(1) = NEADS(L*36) I0ENT 95
96 L =xK3 10ENT 96
o7 n = K3 I0ENTY 97
98 3 I0ENT 98
99 6030 L = L * kS I0ENT 99
100 00 6040 I = K1, KS IPENT 100
10¢ L =L ¢ K1 I0ENT 101
¢ 102 NBAND(I) = WEADPS(L) IDENT 102
P 103 4 =3 ¢ K1 IDENT103
3 104 HSPRD(I) = NEADS (J*10) I0ENTI04
6 105 K=K ¢ K I10ENT105
106 HSPRW(I) = NEADS(K®15) IDENT 106
107 6040 CONTINUE I0ENT 107
' 108 HERONC1) = NEADS(Me37) IPENT 108
: 109 NFROM(2) = NEADS (Me38) 10ENT 109
110 7010 IF (.NOT. NOTAPE) REWIND BR1 I10ENT110
y 111 30000 RETURN IPENT 111
112 END I0ENT192
- 3
4
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1 NDE

SYRBOL

501
600
700
900
901

(I T U T U O U A I R N T T T T O T I T M O I A T I I I O O A O I Y T T O I T O O Y O O AL O T T B B I B

T & T ® FE S

10MR
15e
16
17
29MR
¢

11e
19
20+
29
3%
6
Ll
41
49
79«
91«
99«
107«
110
111
36RD

53=
59

49
57
18=

63

25Rp
25R0

15A6

29wr
38=
85=
68

97
90

43 45+
60

51

28=

63
104 106
36rp 37=
26 36r0
18

39= 40
89= 90=
79 91
99 100

SUBROUTINE IDENT

REFERENCES

108 109

38 44 100= 102
44

41 8é6= 88= 103=
105= 106

92 100 101 103

APPENDIX G
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1 N0 ER PAGE 11
SUBROUTINE IDENT
ks1 - 42= s1 55 Sé
(331 - S1=
RTYSBND - 53 93
L - 400 92= 93= 95 96= 99= 101= 102
LoG4PY -~ sS4
LOGNY - 5S¢
LOGAVI - S4=
L] - 400 91= 97= 108 109
RARO - 7
NARCNT -~ 40
NesSPR) - 69 75 n”
NNARES - 1546
NOPRNY -~ 81
NOTAPE - 21 110
LE{d 3] - 80=
NSPRN - 79= 80
NSPRNT - 68= 7= 79 80
NSSPRD - 69 75 7
NYSPRD - 70 75 ”
OREGA - 49=
ORMEGAD -~ 49
OUTFLE -~ 5Le 60A 1546
RETURN - m
S - 64
SIN - Sé
SNKSI - Sé=
SPRCAP - 76
SPREAD -~ 69= 7 87
THTRAX - 65= 66=
TOTALS -~ %
e S 89
Tvor: - 60
vs - 59
Ry - S8

=datebtatatotctatdatatatctctatctctmtctagatatntctctatatatctctrtatctctatt=t=t
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inoen
; s SUBROUTINE BCONP
3 INCLUDE OCORNMT
; . CORAON 8,080 CS) o CNT(3D o0 ,E,Folol 8,y
. BNBL3) = COSCTHTRAR © DEGRAD) ¢ VS
? IF CTHTRAR .EQ. FP0) BNO(S) = 0.
[ IF CTNTRAR .EQ. £180) BNO(3) = -yS
[ IF (XTSONS) 6O TO 3000
10
;; (3 QUTPUT DAND LIMITS IN KILONERZ.
13 Q= (CORT ¢ VSI/CCOKT - vS)
14 SN0t1) = FIRO * @ - FZRO
15 8 = FIR0
1% oNDC2) = FIRO - FIRO/Q
17 ® = 5200
9 BRO(3) = (COKT ¢ DNOL3IDD/CCOKTY ~ BNO(3D) o FIRO ~ FIRO
1 60 Yo 2000
20 ¢
;1 ¢ OUTPUT DAND LINITS IN KNOTS OF BOPPLER.
2 ¢
23 1000 oup¢1) = vs
246 8= 0.
23 NR(2) = VS
26 o =ys
27 (3
28 2000 € = 0.
29 IF (CENTER) € = BVINT o FPTS
30 P=peceE
g; IF (.NOT. RELDND) B = O,
4
33 (3 COMPUTE WO, OF BANDS WITH POSITIVE AND NEGATIVE DOPPLER,
g; 3 ALSO BAND LIRIT BUE TO THETA MAX.
3
38 90 2500 1 = 1, 3
37 CNT(I) = ABSCAINT(BNOCID/BVINT))
38 IF CCNTCL) @ SUINT ¢ E LV, ABSCOND(1))) CNT(1) = CNT(I) ¢ §1
39 1F CCENTERD CNT(I) = CHT(I) ¢ FPTS
40 2500 CONTINUVE
41 CNT(3) = SIGNECHT (3),8N0(3))
42 IF (BND(3) <6T. Do) CHT(3) = CNT(3) - F1
43 (3
46 3 MBAND = THEORETICAL NURGER OF UNSPREAD BANDS.
43 3 NBAND - NSPRN = NO, OF UNSPREAD BANDS TO BE COMPUTED.
4 3 ANBAND = NO. OF BANDS TO BE OUTPUT, INCLUDING SPREADING.
:: 3 NPSTAT = FIRST BAND TO BE PRINTED.
3
' FNBAND = CNT(1) ¢ CNT(2)
50 RBAND = FNDAND
$9 NOAND = MINOCLABAND JMBAND ¢ NSPRNIFIRCCNT(1) = CHT(3)) ¢ NSPRW)
s2 ANBND = RINOCLWBAND , NBAND ¢ NSPRN)
s3 L = IFIXCCNT (1)) & NSPRN
sS4 F =
sS 3F (.NOT. CENTER) L = L - K1
; 56 NPSTRY = MOD(L, IPEVRY) ¢ ki
£14 (4
ss < COMPUTE VALUES OF DAND LIRITS FOR COMPUTATION AN® OUTPUT.
s9 ¢
d 60 L= ANBND ¢ K1
- 61 90 3000 1 = 1, L
62 BAND(I) = BUINT * §F ¢ p
63 BNOOUT(I) = BAND(1) -
‘ 66 IF (KTSOND) BAND(I) = FZRO o (COKT ¢ BANDCID)/
. 6S 1 (COKT - BAND(I))
.., 66 IF (FILTER) RRFS(I=1) = RRFC(BANDC(I=-1)4BAND (1) )eFPTS)
F 'y 67 AL
L] 68 3000 CONTINVE
. p (1) ¢ &
4 70 3 RESET FLAG FOR VOLUNE REVERS. PATTERN COPP. (NON=TURNING).
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sconp
aconr

scone
sconp
scone
scone
sconr
scone
ascone
scomp
scone
scome
scone

scone
sconp

sconp
econe
ocone
ascone
sconP
sconp
oconP
sconp
aconr
scone
sconr
sconp
sconr
scone
ascone
sconp
SCORP

[ 1414
scone
oCORP
sconr
acomp
sconp
SCORP
sconp

scomr
econpP
[ 14 114
scone
scomp
SCORP
scone
scone
aconP
ocone
sconr
sconr
ascone
scone
ocone
sconp
sconp
sconp
scone
score
scone
scone
S CORP

1
2
3
4
5
6
7
8
14
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INDEKX PAGE 13
SUBROUTINE BCOMP
71 [ scomp 71
72 VPTTIRN = FALSE. ecomp 72
73 c ecomp 73
74 RETURN ecomp 74
75 END ecomp 75
3
4
]
i
43
d 2
- j

vl 4

s
2 ve

M"mv'ﬂ o=
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Ctan s om0

-y

P

s

2 ¢

* .
‘s » 2

S

synoOL

100¢C
2000
2500
3000
ABS
AINTY
[ ]
SAND
asconr
[ L]

snpoUT
SVINT
(1. 34
CENTER
(41}
cos

[
scomne
OEGRAD
€

[ 4

(A
F180
90
FILTER
FNOAND
EPYS
(2114

3

1F1x
IPEVRY
[§)
KTSBNG

L
LABAND
ABAND
RIN0
ANBND
noe
NBAND
NPSTRY
NSPRN
e
RELOND
RETURN
(14
RAFS
s16n
THTRAX
yPTTRN
vs

LIS I A I I I I D I I R I I I I IO I |

23e
28
40e
68
38

15=
63

é=
41

%=
64s

7=
42

38

38=
26=

29=
62
67

66
37

E 1}

53
1%

SUBROUTINE BEONP

REFERENCES
30= 62
[ 11 66
8= 14 16= 18- 23=
62
(1]
39= 4= 42= 49 51
31= 63
30 38
67=
17 18 64
38 39 61s 62 63
$5s= Sé 60= 61
16
23 25 26
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PAGE 15

SUBROUTINE RBSORY RBSORY 1
RASORTY 2

INCLUDE DCOMN1T RBSORY 3
INCLUDE DCOANS RBSORY 4
CORMON T4dyK oL oM oW oNANE JNCoND oA Do TEST WRFLE RBSORY 5
LOGICAL WRFLG RBSORTY 6
RBSORY 7

NSURE = 0 RASORY 8
NBTR = O RBSORY 9
IF (NOTAPE) 60 TO 1¢ RBSORT 10
ROSORTIY

TEST = 0BTTA © SHIFY RBSORTI2
L=0 RBSORTIS
RBSORTV 16

READ DEPTM ID. RECORD AND TEST FOR SURFACE. ROSORTIS
RBSORT 16

MRFLE = FALSE. RBSORT17
READ (ARY) 1, 0, N RBSORTIE
1% €1 .tq. 0) 60 V0 15 RBSORT 1Y
1F (0 «NE. (o) 60 TO 2 RBSORTY20
1F (NOSURF) 60 TO 7 resorv2t
NSURF = N RBSORT22
60 70 S ABSORT2Y
RPSORT24

TEST FOR BOTTOM DEPTH. RBSORT2S
ROSORT26

1F (ABS(D - DOTTM) .67, TEST) 60 TO 7 RBSORT27
1F (NOBTTM) GO TO 7 RESORT 28
NBTH = N ROSORT29
RASORT30

READ DATA FOR NEXT PATH., SKIP PATHS NOT AT (DESIRED) SUKFACE RASORT3I

OR BOTTYOM. RBSORT32
RBSORY33

WRELE = TRUE. RESORT34
00 14 1 = 1, N RBSORT3S
READ C(AR1T) Jo (RBTHUKD JRBXI(K) JREBNIK),RET(K)y K = 1, J) RASORT36
1F (.NOT, WRFLE) 60 TO 14 RBSORT37
50 9 K = 1, J RRSORT3E
RBH(K) = RBH(K) - S RASORY 39
CONTINVE RRSORT4O
RBSORT41

PUT DATA IN ASCENDING ORDER OF X, IF NECESSARY, RESORT4L2
RBSORTSLY

1F (RBX(2) .67. RBX(1)) 60 TO 12 RESORT44
NA = 3/2 RBSORT4AS
NB = ~LPKS RESORT46
20 11 K = 4, & RBSORTAT
NB = NB ¢ LPKS RBSORTLE
NC = NB ¢ ) RBSORTLY
0 1C M = 1, NA RBSORTSO
ND = NB o W RBSORTSY
A = RBXIND) RRSORTS2
RBRC(ND) = RBX(NC) RASORTSS
RBX(NC) = a RBSORTS4
NC = NC - 1 RESORTSS
CONTINUE RBSORTSS
CONTINUVE RRSORTS?
RESORTSS

SAVE RINIMURM X AND T FOR EACH PATH, IF TIRCHMP OPTION. RASORTSY
KkBSORT60

1F (.NOT, TIMCHP) GO TO 12 RBSORTEY
L=EL ¢ RASORT G2
XmINCL) = RBX(1) RBSORTO3
TRINCL) = RET(Y) RBSORTO4
RBSORTES

WRITE DATYA ON INTERRMEDIATE TAPE, RESORTGS
RBSORTS?

WRITE (BR1) J,(RBX(KI,RBT(K)I RBTH(K) JRBH(K), K = 1, J) RBSORTES
CONTINUVE RESORTEY
60 70 1 RBSORT?0
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(4
15 REVIND BRY
16 RETURN
END

SUBROUTINE ROSORT

APPENDIX G
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RBSORTT
RBSORTT2
RBSORT?S
RBSORT74
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4 INDETN PAGE 17
. SUBROUTINE RBSORY
SYRBOL 2 = ¥ = » = X ® T E:T F =S S 8% REFERENCES # ® = ¥ 5= 8 E 8 2 8 S S = = ®
E
1 - 17¢ 70
2 - 20 27
] - 23 340
- 14 - 21 27 28 35e
: ° - 3 40e 3
| 10 - 50 S6e ]
| 1" - 47 57e 1
12 - (1) 62e
13 C 61 68
1% - 35 37 69e 1
13 - 19 72e .
16 - 10 73
A - 5¢0 52+ Sé 1
ABS - 27
ARy - 1880 36R0
[ 1 3] & 68WR T2
(] - 5¢co 18R0 20 27
[ 1220 - 12 27
oCORNY - 3
SCOMN3 - &
1 - 5¢co 18R0 19 35=
J - 5¢o0 3ero 38 45 49 (117}
K - sco 36R0 38= 39 47= osvr
L - 5¢0 13= 6z= 63 64
LAKS - 46 48
n - 5¢o 50= S1
| ] - sco 18r0 22 29 35
NA - 5co 45= 50
e - 5¢0 46= 48= 49 s1
NBTR - 9= 29=
[ 14 - 5¢o 49= S3 sS4 S5+
N - sco S51= 52 53
NOBTTR - 28
NOSURF -~ 21
| 4 NOTAPE -~ 10
| 1 NSURF - 8= 2=
ROM - J6m0 39= 68uR
RBSORY - 1
' ({2} - 36mp 64 (1] ]
ROTH - 3600 48R
[ "ex - 3600 4 52 s3= S4= 63 cowr 3
F RETURN -~ 73 3
H - 9
SHIFT - 12
TEST - 5¢o0 12= 27
E Timene - 61
™IN - b4
WRELG - sco oLé 7= 34= 3?7
i RRIN - 63s=
‘
#
|
|
-~
R E s
R .
’b .
R o< |
; B
AR
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SUBROUTINE TCOmP

INCLUDE DCOMNY
INCLUDE BCOMN3
CORMON I,4JoKoMeIBOUND JNRIN,NRAK NTHL

1F (.NOT. TINCHP) 6O TO 10
TIRE COMPUTATION IS DESIRED. WNOTE THAT CONSTANT CHECKING IS

DONE TO ENSURE THAT ALL ADDED TIMES LIE PEVWEEN 1/2 DELTA ¥
AND PING INTERVAL. NO SUCH CHECK 1S MADE ON INPUT TIMES.

{14
TCOonP
Tcomp
TCoNP
({ L4
Tcome
Tcorp
Tcorp
TCconP
Tcomp
Tcomp

ALSO LENGTN OF THE TIME ARRAY 1S CHECKED TO AVOID OVER-FILLING.TCOMP

IF (NTIPE .EQ. LMTIM) 60 TO 10
NTIRE = NTIME ¢ K1

1F (NTIME .EQ. LATIM) 60 TO 9
TINECNTIME) = DELY

NTIRE = NTIPE ¢ K1

1F (NTIME .EQ. LATIM) 60 7O 9
IF (NOTAPE) 60 TO 6

COMPUTE TIMES ASSOCIATED WITN WAVE-FRONT ARRIVAL OVER EACH
COMBINATION OF TWO-WAY PATHS,.

NRAX = 0

00 & IBOUND = K1, K2

1F (NBOUNDCIBOUND) .E®. O) 60 ¥0O &

NMIN = NRAX ¢ K1

NMAX = NWAX ¢ NBOUND(1BOUND)

DO 3 I = NWIN, NMAX

READ (BR1) NTBL,(RBX(K),RBT(K),RBTH(K) JRBN(K), K = 1, NTBL)

00 2 4 = I, NPAX

TINE(NTINE) = C(TRINGI) + TASLKP(XMINCJI) RPAX,RBT,1,NTBL)) ¢ FPTS
1F (ITABLE .EQ@. 0) 60 70 2

1F (TIMECNTIME) .6E. PING) 60 TO 2

A = NTIME

IF (TIME(NTIME) .LE. DELTY) 60 TO 1

NTIME = NTIME ¢ k1

1F (NTI®E .EQe LATIM) 60 TO 9

TIME(NTINE) = TIAE(M) - DELT

IF (TIME(NTIRE) ,.6T. DELT) NTIWNE = NTIRME ¢ K1
1F (NTIME ,€Q., LATIR) 60 YO 9

TIRE(NTIME) = TIME(M) ¢ DELT

IF (TIMECNTIME) «LT. PING) NTIMNE = NTIME ¢ K1
IF (NTIME .EQ. LATIM) 60 TO 9

CONTINUE

CONTINUE

CONTINUVE

REWIND BR1

ADD PRESET TABLE OF TIMES.

00 7 I = K1, LATRS

IF C(TRSC(I) .6E. PING) 60 TO 9

TINE(NTIME) = TRS(1)

IF CTIMECNTIME) 6T, DELT) NTINE = NTIME ¢ K1
IF (NTIME .EQ. LATIW) 60 TO 9

CONTINUE

CONTINUE WITH EVERY 1/2 SECOND TO PING. ADD PING INTERVAL.
TIRECNTIME) = TIMEA(NTIRE=1) ¢ FPTS
IF (VIMECNTIME) .GE. PING) 60 TO 9
NTINE = NTINE ¢ K1
1F (NTIME .NE, LATIM) 60 TO &
TIREINTIRME) = PING

SORT TINE ARRAY INTO ASCENDING ORDER, ELIMINATING DUPLICATES.

APPENDIX G
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Tcomp
Tcome
Tcore
Tcome
cone
Tcome
Tcore
TCcomP
TCconp
TCcomP
TCOoPP
Tcone
TCcomP
Tcore
Tcorp
TComP
TComP
Tcome
TCcOomP
Tcone
Tcome
Tcome
TCcome
Tc.mp
Teump
Tcone
TComp
Tcome
TCcome
TCcOMP
Tcore
Tcome
TCcomP
TCOMP
Tcore
TcCorP
TCcomP
Tcomp
Tcorp
Tcome
TCcomP
TCcorP
Tcorp
Tcomp
TCcompP
Tcorp
Tcorp
Tconp
TCOomP
TCOmP
TCOMP
Tcomp
TComP
Tcorp
TcorP
TCOomP
Tcomp
TComP
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SUBROUTINE TCOMP

10 CALL SORT(VIME,NTINE)

INITIATE PAGE COUNTER AND COMPUTE TOTAL NUMBER OF PAGES OF
OUTPUT FOR THIS FILE OF INPUT DATA.

PAGE = 0

NRAX = (NTIME - K1)/k3 ¢ K19

1F (SPREAD) NWAX = KTIME

NPAGE = (((MNBND =~ NPSTRTI/IPEVRYI/K4D ¢ K1) o NRAX
IF (TOTALS) NPAGE = (NTIWNE - K1)/K40 ¢ K1

RETURN
END

APPENDIX G
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PAGE

Tcomp
Tcome
Tcomp
Tcomp
Tcomp
Tcomp
Tcomp
TComp
Tcomp
Tcomp
TCcomp
Tcomp
Tconp
TCcomp
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1 NDE X PAGE 20
SUBROUTINE TCOMP
SYRBOL = =¥ = 3=z = = 3 F = REFERENCES = = ¥ =z ¥ 2 T I T T EF -
1 - 38 bis
2 - 33 35 6 L7
3 - 30 48 -
4 = 26 27 49
6 - 20 S4e
T - sS4 59« :
e < 63e 66
9 - 16 19 &C 43 (1] 55 58 64 68e
10 - 4 14 720
BR1 - 31RD 52 :
DCOPNT - 3
DCOPNY - 4
DELY - 17 38 41 “2 bb s?
FPIS - 36 €3 3
1 = 5¢o0 30= 33 S4= 55 56
180UND - 5¢0 26= 27 29
IPEVRY - ey
ITABLE - 35
J = 5¢0 33= 34
K = 5¢o0 31RO
K1 - 15 18 26 28 39 42 45 54 57 65
78 8C 81
K2 = 26
K? - 78
K40 = &0 &1
LRTIN - 14 16 19 43 43 46 se 66
LRIRS - 54
n - 5¢o 37= 41 b4
ANBND - 8¢
NEOUND - 27 29
NMAX - 5€0 25= 28 29= 20 33 7a= 79= 80
NRIN s 5¢o 28 = 30
NOTAPE -~ 20
NPAGE - e0= 81=
NPSTRT - ey
NTBL - 5¢0 31R0 3¢
NTIPE = 14 15= 1¢ 17 18= 19 34 36 37 38
: 39= 40 (3] 42= 43 ‘4 45= 46 56 57= }
1 58 63 64 65= 66 68 7246 7€ 79 81
PAGE - 7=
PING c 36 45 55 64 68
RPN - 31RD
RET - T1RD 34
RETH - T1RD
REX - 31R0 34
RETURN - e3 s
SORTY - 72
SPREAD - 79
TABLKP - 34
Tcomr - 1
TimCcRP - 4
TIRE - 17= 34= 36 38 41= &2 Lé= 45 56= 57
63= 64 68= 7286
™in - 34
TOTALS - g1
A L - 55 56
ARIN - 34

§ 3!
N APPENDIX G

G-24




e

- g

e

Rl v , WV :r'".-

“

g

7

R

~
1

-

-

I NDEDR

1 SUBROUTINE RBCOMP

2 (4

2 INCLUDE DCOMN1

4 INCLUDE DCOMN2

S INCLUDE DCOMNS

u 6 COMMON DD(2),XD(2),TD(2) ,THAD(2) ,THBD(2),RD(2)

? COMMON CSTHAD (2) yCSTHBD(2) ,ONTD (2) ,CSORTD(2), SNORTD(2)
8 COMMON XTMU,OMTTAU,CONTRU ,SORTAU ,CTHTRU(2)

9 COMMON RT(2) ,THAT(2),THBT(2)

10 COMMON ARG,FA ,0A,06,0C,0AB,0AC,00C,0ABC,0AABC,0BABC

" COMMON CSALFA ,CSALFR,CSBETA,CSBETB,CSGANA ,CSGCANB

12 COMMON CALFAP ,CALFBEP,CGARAP ,CCAPBP ,COSA,COSB

13 COMMON PHI,PHMONT ,DELR,TWRAX ,TURIN ,TTRAX,A,D0PSKP

1% COMNON XT(2) X2(2),X302),X4(2),71(2),Y2(2),Y3(2),Y4(2)
15 COMMON T,11,1J9JA¢JBsJBOUND,JCJ0oJDDoJDELTJDMAX,JDNIN,JE
1¢ COMMON JRNAX ,JURP (KBAND (K TIM L oLEAP JLL 4ALRUC2) oMM MMy ME NA, NB 4 NEXT
17 EQUIVALENCE (PLRUCI) ML), (BLAU(2) ,HU) , (DOP,IDOP), (NNAX JAN)
18 EQUIVALENCE (QCOS,QAABC),(QSIN,QBABC),(QCOSR,QAB)

19 DIMENSION 1DOP(1),ANAX(2)

20 LOGICAL VTMAX,DOPSKP

21 (4

22 [4 BOUNDARY LOOP--

23 (4 ONCE THROUGH EACH FOR SURFACE AND BOTTOM

24 (4
25 00 9C10 460UND = 1, 2
26 JMAX = NBOUND (JBOUND)
27 1F (JMAX E@. U) 60 TO 9010

28 (4
29 [ PATH LOOP-~
30 (4 ONCE THROUGH FOR EACH SURFACE REFLECTED PATH AND EACH BOTTOM
31 (4 REFLECTED PATH ON THE INTERMEDIATE TAPE. (PATH A)

12 c
33 00 8010 JA = 1, JPAX
2% C

xS 4 POSITION TAPE AT JA“TH RECORD,

26 C

37 IF (JA .EG. 1) 60 7O 1020

38 00 1010 I = JA,JNAX

39 BACKSPACE BR1

40 1010 CONTINUE
41 C
42 1020 READ (BRT) WA (RBYACI) ,RBTACI) ,RBTHACI) ,RBNALID, I = 1, NA)
43 BACKSPACE BR1

' C
&S (4 PATH COMBINATION LOOP-~-
46 (4 ONCE THROUGH FOR EACH COPBINATION OF PATNS TO SURFACE
47 (4 OR TO ROTTOM. (PATH B)
48 €
49 D0 708C 4B = JA, JMAX
S0 READ (BR1) NB,(RBXB(1),RBTB(I),RBTHB(I) ,RBHR(I), 1 = 1, NB)
1 (4

S2 C DEFINE THE AREA COPRON TO THME TWO PATHS AND ALSO TO THE
S3 (4 CURRENY TIME INTERVAL, IF ANY SUCH AREA EXISTS.

S& (4
55 TURIN = ARAXYI (TIMECKTY)=DELTRBTALY),RBTB(1))
5¢ TURAX = AMINTCTIPELKTY)SDELT,RBTAINA) ,RBTBINB))
57 1F C(TWPAX .LE. TWPIN) 60 TO 7080

58 (4

s9 00 103G Jc = 1, NA
60 X€4C) = REBXACIC)

61 1030 CONTINUE

62 JC = NA

63 (4
64 DO 1040 1 = 1, NA

[} J€ = JC ¢ x1

S 66 x(JC) = Rexg(D)
' 67 104U CONTINUE

68 CALL SORT(x, JC)

69 [

70 (4 EVALUATE TABLES FOR OVERLAPPED AREA.
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PAGE 21

RBCONP
r8COMP
RECONP
RBCONP
RBCONP
RBCONP
RBCONP
RBCONP
RECOMP
RBCONP 10
RBCONP11
RECONP12
RBCOMP13
RBCONP14
RBCOMP1S
RBCONP16
RBCONP17
RBCOMP 18
RBCOMP19
RBCONP20
RBCOMP21
RBCONP22
RBCONP23
RBCONP24
ROCONP2S
RBCOMP26
RBCOMP27
RBCOMP28
RBCOMP29
RECOMP 30
RBCOMP31
RACOMNP32
RBCOMP 33
RBCOMP34
RBCONP3S
RBCONP36
RBCOMP37
RRCONP3S
RBCONP3O
RBCOMP4O
RBCONP4T
RBCOMPA2
RBCOMP4S
RBCONP&S
RBCOMP4LS
RBCOMPLS
RBCOMPAT
RBCOMP4R
RBCONPLY
RBCOMPSO
RBCONPST
RBCOMPS2
RBCOMPS3
RBCONPSE
RBCOMPSS
RBCOMPSE
RBCONPST
RBCOR®SS
RBCONPSO
RBCONPEO
RBCORPOT
RECONPE2
PBCONPSS
RBCONPEL
RBCONPES
RBCONPLS
RBCONPLT
RBCONPES
RBCONPSO
RBCOMP?0
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INDEN PAGE 22
SUBROUTINE RBCOMP i,
71 3 RBCONP71
72 0 =0 . RBCONP72
: 73 11 = K1 wzwns
74 12 = K1 onr7é
3 75 00 1050 1 = 1, JC RBCONPTS
76 TCID41) = TABLKP(X(1),REXA,RBTA,I1,NA) RBCONPT6
77 1F CITABLE .E@. 0) 60 TO 1050 RBCONP77
78 II = ITABLE RBCONPTS
79 TCIDO1) = (TCJID*1) ¢ TABLEKP(X(1),RBXB,RBTB,1J,08)) ¢ FPTS RBCONPT79
80 IF (1TABLE .E@. 0) 60 7O 1050 RBCONPSN .
81 1J = ITABLE reconPs ol
82 b = Jp + K1 RBCONPE2
83 X¢40) = X(1) RBCONPS3
84 THBC(JD) = AINTRP(RBTKE) & DEGRAD RBCONPB4L
85 R(JD) = AINTRP(RBHB) RBCORNPSS
86 THACJID) = TABLKPCX(ID JRBXA,RBTHALII,NA) & DEGRAD RBCONPSE
87 RCID) = EXPCFLOGTIO © C(AINTRP(RBMA) ¢ R(JDID/F20) RECONPET
(1] COSTHACJID) = COS(THALJID)) RpCONPES
89 COSTNB(JD) = COSC(THB(JD)) RBCONPEY
920 OMTCJD) = ANOD(OMEGA * T(J0), TWOPI) RBCONPOO
91 1F (ABSCOMT(JD)) .6Te PID ONT(ID) = ORT(JIP) =~ SIGN(TWOPT, ORT(JD)IRBCONPO1
92 COSONT(JD) = COSCONT(JD)) RBCONPH2
93 SINORT(JD) = SIGNC(SORT(F1-COSORT(JD)202) ,0NT(JID)) RBCONPY3
9% 1050 CONTINUE RBCONPIS
95 4 RBCONPOS
96 4 TRANSRIT-RECEIVE LOOP-- RBCORNP96
97 c JC = 1, TRANSAIT PATH A, RECEIVE PATH B RBCONPIT
98 4 JC = 2, TRANSAIT PATH By, RECEIVE PATH A RBCONPYS
99 4 RBCONP9Y
100 0 7070 4C = 1,2 RBCON100
101 (4 /BCOR101
102 3 FORE - AFT LOOP-- R8CON102
103 3 JE = 1, FORVARD HEWISPNERE, OR RECEIVE FREQUENCY GREATER RBCON103
106 4 THAN TRANSAIT FREQUENCY. RkBCON 104
105 (3 JE = 2, AFTER MEMISPNERE, OR RECEIVE FREQ. LESS TNAN XMIT FREQ.RBCOMN10S
106 c RBCON106
: 107 00 7050 JE = 1, 2 RBCON107
i 108 LL = (JC - K1) * LAKS2 RBCON 108 ;
! 109 AR = LAKS2 - LL RBCON109 .
110 FA = K3 - JE * g2 RBCONI10 T
11 eCoS = FA ReCORT1?
112 QCOSA = FA RBCOR112
13 90 2020 1 = 1, 40 RBCOM113
114 AL = LL ¢ 1 RBCON114
115 MY = AR ¢ ] RBCOR11S
116 IF (OREGA .E@. FO) 60 TO 2010 RBCON 116
117 QA = COSTHACRU) © COSOMT(I) ¢ COSTHA(ML) RBCON117
118 Q8 = COSTHACRU) * SINORT(I) ReCOR118
119 QC = @B * COSTHA(ML)I/FCOVS RBCON119
120 GAB = QA992 ¢ @Bee2 [RBCONI120
121 QCOS = (@B » QC + FA ¢ QA * SGRT(OAB - aCe*e2))/eA8 RBCOR121
122 QSIN = (@8 * @COS - @C)/eA RBCON122
123 QCOSR = (QCOS ¢ COSORV(I) ¢ @SIN * SINONT(I)) RBCON123
q 126 2010 DO'(I) = FZRO ¢ (COKT ¢ ¥S o COSTHACRU) * QCOSW) RBCON124
. 125 /CCOKT = VS * COSTHA(AL) ¢ @COS) aBCON12S
' 1 126 2020 CONTINUE RecOR126
127 AN = K1 RBCOR 127
128 POPSKP = LFALSE. RBCON128
4 129 SORTRY = 0. RBCON 129
z 130 c ROCONR130
131 ¢ LOOP 7O PROCESS CONSECUTIVE STRINGS OF DATA WNICH ARE RBCON 131
132 3 RONOTONIC IN “POP° RBCON132
133 [ RBCON133
£ 134 3010 JOELT = ISIGN(1,I00P(AN) - T00P(AN+1)) RBCONI34
R, 135 AL = K1 ¢ CJOELT ¢ x1)/K2 L{ I R}}]
S 136 nU = K3 - AL RBCON136 3
P 137 12 = 40 - K1 RBCOR1S?
{ 138 50 3020 1 = AN, 1J /BCON13S
e = 139 IF CIDELT NE. ISIGNC1, I00PCI) = IDOP(I41))) 6O TO 3030 RBCON 139 s
) . 140 3020 CONTINUE *BCOR140 o8
P ;
4
%
13
; b
b .
5.
-,
iyt
ok APPENDIX G
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1IN0 EDR PAGE 23 4

SUBROUTINE RDCONP 3

141 1= 30 RBCON141 5

%2 < RBCON142 ;

143 3030 mx = 1 RBCONT43 :

144 JONIN = MANAR (ML) ROCONT44 :
%S JORAX = MNAX (M) RBCON14S
- 146 4 RBCOMI46
147 20(1) = POPCJIONAN) RBCOMI4?
148 IF (JE .EQ, K2) OB(T) = FZRO RBCOM143
149 300 = JOMAX RBCONI4Y
150 ASSIGN 3050 VO NEXT RBCON150

' 151 90 3040 KBAND = NSPRH1, NBAND RBCON1S1 1
152 EF C00(1) .6T. BAND(KBAND21)) 60 TO (3070, 3090), JE RBCOMIS2
153 3040 CONTVINUE . RBCOMISS
156 60 YO 7030 RBCON1S4
155 3 RBCOM1SS
156 (4 LOOP FOR ALL DESIRED BANDS AND FOR ALL DATA AT CONSTANT DOPPLERRBCOM1SS
157 (4 VITHIN A BAND, 1F BANDWIDTN §S GREATER THAN DATA SPACING. RBCONIS7
158 4 IN THE FOLLOVING TABLES, THE SUBSCRIPYS 1 AND 2 REFER TO RBCON158
159 3 OATA POINTS OF THE LOVEST AND NIGHEST FREQUENCY--SUBSCRIPTS RBCON 159
160 3 WL AND WU REFER TO POINTS OF TME LOVESY AND WIGMESY TIWES, RBCOM 160
161 (4 RBCONI61
162 3050 ASSIGN 4020 TO NEXT RBCOM162
163 (4 RBCON 163
164 3060 00(2) = 00(1) RBCOR 164
165 20(2) = xp(1) RBCON 165
166 ¢2) = To(1) RBCOM166
167 THAD(2) = THAB(1) RBCON167
168 THBR(2) = THBO(1) RBCOM 168
169 RO(2) = RO(1) RBCON 169
170 CSTHAD(2) = CSTHAD(Y) RBCOM170
1”7 CSTHBR(2) = CSTHBR(T) RBCOM171
172 ONTR(2) = ONTR(1) RBCON1IT72
173 CSONTD(2) = CSONTOC(T) RBCOM1?3
174 SNORTH(2) = SWONTR(Y) RBCON1I74
175 (4 RBCOM17S
176 J00 = 400 ¢ JOELY RBCOM176
1w IF (OOPCI00) JLT. BAND(EBANG*1)) 60 TO 3080 RBCON177
178 20(1) = POP(JI09) RBCOM1T7S
179 3070 x0C1) = nCy00) RBCOR179
180 1) = T(I00) RBCOM180
181 THADCT) = TNALIDD) RBCOM181
182 THBRC(1) = THB (JDD) RBCOM 182
183 ROC1) = REIDD) RBCOM183
184 CSTHAB(Y) = COSTHACIND) RBCOM184
185 CSTNBD(1) = COSTHR(JDD) RBCOM18S
186 ORTH(1) = ONT(I00) RBCOM186
187 CSORTO(1) = COSONT(JIPN) RBCOM 187
188 SNOMTR(1) = SINORT(JIDD) RBCOM 188
189 60 To 4010 RBCON 189
190 (4 RBCON 190
191 3080 400 = 00 - JOELTY RBCONI91
192 90(1) = BAND (KBAND 1) RBCOA 192
193 3090 X0€1) = TABLKOP(DO (1) ,00P X ,MN,AX) RBCOP 193
194 SOPSKP = JTABLE o.E@. O RBCOR 194
195 1F (DOPSKP) 6O TO MEXT RBCON 195
196 TOC1)= AINTRP(T) RBCON 196
197 THADCY) = AINTRP(THA) RBCON 197
198 THBO (1) = AINTRP (THB) ascon192
199 ROC1) = AINTRP(R) ROCON 199
200 CSTHAD(1) = AINTRP(COSTNA) RBCON200
201 CSTHBDB(1) = AINTRP(COSTNB) /BCON201
202 ONTOCT) = AINTRPCORT) ABCOM202
203 CSONTD(1) = AINTRP(COSORT) ROCON203
204 SNORTO(1) = AINTRP(SINONT) RBCON204
208 (4 ROCON20S
206 4010 60 7O NEXT RBCON206
207 c RBCON207
208 4020 ASSIGN 6010 TO LEAP RBCON208
209 KTIm = K1 RBCON 209
210 TIMAX = LFALSE. RACOM210
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(4
4C30

~neoA

4040

4050

4060

(3
4070

4080
(4

4090

c
4100

<
4110

4120

(4
4130

SUBROUTINE RBCORP

1F (pOPSKP) 6O VO 4040

IF (ALRUCJIE) oEQ. K1) 60 VO 4030
IF (TUMIN .LT. TOCAU)) 60 TO 4040
60 70 7020

1F (TURAR oLT. TO(RL)) 60 TO 7020
IF (TUNIN oLT. TRINL)) 60 TO 4080
ARG = TURIN
60 TO 4120

LOOP FOR ALL TINES AT CONSVANT DOPPLER

1F (X(KTIM) oLE. XTRU) 6O VO 7010
RY(AL) = RT(AV)

THATIPL) = THAT(RUV)

THBTIRL) = THBT(RUY)

ARG = ARINI(TIKTIN), TURAX)

ASSIGN 4110 TO JumP

1F (ARG oLV. TURAX) ASSIGN 4100 TO Jump
IF (OOPSKP) 60 TO JUmP

IF (ALRUCJIE) oEQ. K2) 6O TO 4070

IF (XTRU 6E. Xp(MU)) GO TO JUMP

1F (ARG .LT. TOCAU)) 6O TO JUmP

AR = Ay

60 TO 4090

IF (ARG LT, TOD(RML)) 6O VO JURP

IF (XTAU oLT. XDC(ML)) 60 TO 4080

IF (ARG .GE. TO(RU)) TTRMAX = ,TRUE.
60 T0 4060

R = M

XTAU = XO(AM)

RT(AY) = RO(RA)
THAT(RU) = THAD(AR)
THBT(RU) = THBO(RR)
CTNTRUCT) = CSTHAD(PR)
CYNTRU(2) = CSTHBD(RR)
ORTTAU = OATO (RR)
CORTAU = CSORTD(MN)
SORTRU = SNORTD(MR)
KTIm = KTIN - K9

60 Yo 4130

XTRU = X(XTVIR)

RT(AU) = RI(KTIN)
THAT(RU) = THACKTIR)
THBTC(AU) = THB(KTIR)
CTNTRUCT) = COSTHACKTIN)
CTNTAU(2) = COSTHB(RTIN)
OnTTAU = ONTI(KTIN)
CORTRU = COSOMT(KTIR)
SORTAU = SINORT(KTIR)

60 70 4130

TIRAX = TRUE.

ETAU = TABLKP (ARG T XoKTIN,J0)
RT(AU) = AJNTRP(R)

THATERUD = ATINTRPITHA)
THOTIRU) = ALINTRP(THD)
CTHTAUCT) = AINTRP(COSTHA)
CTHTAUC2) = AINTAP(COSTNS)
ORTTAU = AINTRP(ORT)

CORTRAU = AINTRP(COSONT)
SORTAU = AINTRP(SINORT)

L = x3 - JC
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aecon211
RBCON212
RBCON21S
RBCON214
RBCON21S
RBCON216
ROCON217
’BCON218
RBCON219
RBCON220
RBCON229
RBCON222
RBCON223
RBCON224
ROCON22S
RBCON226
ROCON227
RPCON228
RBCON229
RBCON230
RBCON231
RBCON232
RBCON233
RBCON234
RBCON235
ROCON236
RBCON237
RECON238
RBCON239
RBCON240
RBCON241
RBCON242
RBCON243
RBCON244
RBCON24S
RBCON246
RBCON247
RBCON248
RBLON249
RBCON250
RBCON251
ROCON252
RBCON253
RBCON254
RBCON25S
RBCON256
ROCON2S5T
RBCON258
RBCON259
RPCON260
RBCON 261
RBCON262
RBCON263
RBCON264
RBCON26S
RBCON266
RBCON267
RBCOR268
RBCON269
RBCON270
RBCOR271
RBCON272
RBCON273
RBCON274
RBCON27S
RBCON276
/RBCOR277
RBCON278
RBCON279
RBCON280
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SUBROUTINE RBCOMP

LOOP FOR POINTS ™ AND 4~-
1 = 1y, CORPUTE FOR POINTS 1 AND 3
1 = 2, CONPUTE FOR POINTS 2 AND &

90 5020 1 = 1, 2

L =Kk3 -1

FA = FIRO * CTNTRUCLL)

QA = 0DIL) & CTHTRUCIC) ¢ FA = CONTRU
Q8 = FA « SONTRU

QC = FCOVS ¢ (PO (L) - FZRO)

QAB = QA%e2 ¢ Qpes2

QAC = @A ¢ 0OC

@8C = @B * QC

QABC = SQRT(APAK1(§0, QAR - Q@C**2))
QAABL = QA * QABC

QBABC = QB * QABC

11 = K2 « (1 -K1)

PORT ~ STARBOARD LOOP--
L = 1, AREA IN FIRST QUADRANT (OWEGA = 0)
L = 2y AREA IN FOURTH QUADRANT (OREGA = 0)

0 5010 L = 1, 2
13 =L ¢ 11

A =K3 -0 e k2
FA = XTRU/QAB

X1€14) = x3C(19)

X3(14) = FA * (QAC - A * @BABC)
Y1(14) = v3(1d)

¥3C€14) = FA o (QBC ¢ A & QAARC)
CONTINUE

CONTINUVE

60 TO LEAP
ASSIGN 6020 TO LEAP
60 70 7010

CSGARA = SINC(THAT(PU) ¢ THAT(ML))/F2)
CSGARD = SINC(THBT(MU) ¢ THBTI(ML)I)I/F2)
COSA = SQRT(F1 - CSCAPA*e2)
COS8 = SQRT(F1 - CSGAMB#e?2)

PORT - STARBOARD LOOP--
L = 1, AREA IN FIRST QUADRANT (OREGA = ()
L = 2, AREA IN FOURTH QUADRANT (OREGA = 0)

0 6030 L = 1,2

A= (ERAELI*Y2(L) ¢ X3CL)eva(L) o X2CL)ov1(L) ¢ XT(LIeVI(L)) -
(X2CLDevA(L) ¢ XACLDeV3(L) @ X1CLDev2(L) ¢ X3(LIeVICL)))

A = ABSCA/C(RTANU) ¢ RT(ML)))

PHI = ATAN2(YI(L) + V2(L) ¢ ¥Y3(L) + v4(L),
1 X1C(L) ¢ X2€L) ¢ X3CL) * x&(L))
PHRORT = PHI ~- ORTTRU

CSALFA = COSA * COS(PHI)

CSBETA = COSA * SIN(PNI)

CSALFB = COSB ¢ COS(PHMONT)

CSBETB = COSB * SIN(PHMONT)

CALFAP = CSALFA o CSKSI ¢ CSGARA ¢ SNKS]
CCAMAP = CSGAMA ¢ CSKSI <~ CSALFA » SNKSI
CALFBP = CSALFD * CSKSI ¢ CSGAMB ¢ SNKST
CEGARBP = CSGAMB * CSKSI - CSALFD * SNKSI

DELR = A & OXL(XPIT,CALFAP,CSBETALCCARAP) ¢
1 OXLCRECV,CALFBP ,CSBETD,CCARMBP)

RVIKTTRBAND o JOOUND) = RVIKTTKBAND ,JBOUND) ¢ DELR
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RBCON281
ROCOM282
RBCON283
RBCON284
RBCON28S
ROCON286
RBCON287
RBCON288
RBCON28Y
RBCON290
RBCOM291
RBCON292
RBCON293
RBCOM294
RBCOM29S
RBCOM296
RBCON297
RBCON298
RBCON299
RACON3 00
ROCOR301
RBCON302
RBCOR303
RBCON304
RBCON30S
RBCON306
RBCOR30?
ascon308
RBCONZ DY
RBCON310
[econ311
RBCOR312
RBCORT13
ROCON3 14
RBCON3 1S
RBCON3 16
RBCON3I7
RBCON318
RECON319
RBCON320
RBCON321
RBCON322
RBCON3Z3
RBCONZ24
RBCOR32S5
RBCOM326
RBCON327
RBCOR328
RBCON329
RBCON330
RBCON3I3T
RBCON332
RBCON333
RBCOM3I34
RBCON33S
RBCON336
RBCOR337
RBCON33S
RBCON33Y
RBCONS40
RBCOR34T
RBCON342
RBCON343
ROCON3LL
RBCON3AS
RBCON346
RBCOR34?
RBCON34S
RBCON3S4S
RBCON3SO
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1 nECEDR

351
3e3

15e¢
7

369

mn
172
373
374
375
376
m
3re
379
38
e

b

vl 4.

:«’?ﬂbfa e

e030
C

7010

7025

(4
7040

TUsy
7083
w70

7080
eC10
9010

SUBROUTINE RBCOMP
CONTINUE

1F (TTMAX) 60 Y0 7020

KTIM = KTIM ¢ K1

1F (KTI™ .LE. 4D) 60 TO 4050

1F (DD(1) oLE. BAND(KBAND#1)) KRAND = KBAND ¢ K1
1F (KBAKD .6T. NBAND) 60 TO 7030
1F (JDD .NE. JDWIN) 60 TO 3060

1F (DDC1) .LEe F2RO) 60 TO 7030
DOPSKP = STRUE.

p0(2) = pD(1)

DDC1) = AMAX1(BAND(KBAND+1), FZRO)
60 T0 4020

1F (MX (EQ. JD) 60 TO 7040
AN = MX
60 T0 3010

wN = K1

1F (TAT®AX .LE. F9C) 60 TO 7060
CONTINUVE

1F (JA .EQ. JB) 60 TO 7080
CONTINUE

CONTINUE
CONTINUE
CONTINUE

RESIND BR1

RETURN
END

APPENDIX G
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RBCOM3SI
RBCON352
RBCON3S3
RBCONISS
RBCON3SS
RECOM3S5E
RBCON3S?
RBCON3SS
RBCON359
RBCON360
RBCON361
RBCOMN362
RBCON363
RBCOMN3 64
RECONI6S
RBCON366
ROCON36T7
RBCON368
R/RBCONI 6P
RECON3T70
ROCONT7Y
ROCON3T2
RECOM3T?S
RBCON3T74
RBCON3T7S
RBCON3T6
RBCON3?7
RBCON3T78
RBCON3T79
’BCON380
RBCON3B1
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SUBROUTINE RBCOMP
SYRBOL = T 2% s =% T8 855 ESE REFERENCES 2= s 2 " R P E S SSBFS
1010 - 38 40e
1020 - 37 42e §
1030 - 59 61e
1040 - 64 67¢
1050 - 75 77 80 94e
2010 - 116 1240 3
2020 - 113 126+ 3
3010 - 134e 367 :
3020 - 138 1400
3030 - 139 143
3040 - 15 153«
3056 - 150 162¢
3060 - 164e 358
3070 - 152 179
3080 - 177 191
3090 - 152 193¢
4010 - 189 206
4020 - 162 208e 363
4030 - 213 217+
4%40 - 212 214 219
4050 - 226e 385
40¢C - 235e 242
4070 - 233 239
4080 - 218 240 2430
4090 - 2% 245
4160 - 23 257
4110 - 230 268
4120 - 220 269¢
4130 - 255 266 279
5010 - 303 312e
5020 - 285 313
6010 - 208 316«
6020 - 316 319e
6030 - 328 351e
7010 - 224 317 353
7020 - 215 217 353 356¢
7030 - 15 387 359 36%5e
7040 - 365 369
7050 - 107 371e
7060 - 370 372
7070 - 100 373e
7080 - “9 s7 372 375e
8010 - 3 376
9010 - 25 27 377¢
A - 13¢co0 305= 309 311 329= 331= 347
ABS - 91 331
AINTRP -~ . 85 87 196 197 198 199 200 201 202
203 204 270 27 272 273 274 278 276 P34
ARAX1 - $S 294 362
ARINT - 56 229
AROD - 90
ARG - 10¢0 219= 229= 231 235 239 261 269
ATAN2 - 333
2 BAND - 152 1? 192 356 362 3
K5 sn1 - 3 42r0 43 sSors 379 3
oKy - 124 125
i CALFAP - 12¢0  342= 347
g ? CALFBP - 12€0  344= 348
" CCARAP - 12€0  343= 347
ceAmBP - 12€0  345= 348
CORTAY - 8co 2%2= 264= rad i 288
) cos - 88 89 92 337 339
A cosa - 12¢0 321= 337 338
d cose - 12¢0  322= 339 340
[ e 2 cosony -~ 2= 93 17 123 187 203 264 276
,, ‘ COSTHA - 88s= 117 118 119 124 125 184 200 261 273
g 3 coSTHE - 89= 185 201 262 a7
- CSALFA - 1100 337= 342 343
ES- ..
?ql
Lo )
b !
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INDER
SUBROUTINE RBCONP
CSALID - 11c0  339s= 344 348
CSPETA - 11¢0  338= 347
CSRETD - 11€0  340= 348
CSGARA - 11€0  319s= 321 342 343
CSGARD - 11c0  320= 322 344 345
cskst - 342 343 344 348
CSORTY - 7€0 173= 187 203= 252
CSTHAD - 7¢0 170= 184+ 200= 249
cSTNED - 7€0 171= 185= 201= 250
CTNTRY - 8CO  249= 250= 261= 262= 273 274
oCORNT - 3
sconN2 - 4
SCONNS - [
”» - 6C0  147= 148= 152 164= 178 192
356 359 361 362=
DEGRAD -~ 84 86
PELR - 13¢0  347= 350
PELY - b1 Sé
sop - 17ea 124 162 177 178 193
soPSKP - 13¢0 2006 128+ 194= 198 212 232
Exp - 87
£0 - 116 294
2] - 93 321 322
F2 - 319 320
F20 - 87
F90 - 370
FA - 10c0 110= m 12 121 287+ 288
311
FCOVS - 119 290
FLOGIO - 87
TS - 79
faR0 - 126 148 287 290 3s9 362
1 - 15¢0 38= 4200 sone 64e 66 75=
86 113= 14 115 17 18 123
1%1= 143 285= 286 297
0P - 17e0 1903 136 139
n - 15¢0 73= 7 78+ 86 297= 304
19 - ’::co T4= ) 81= 137= 138 304=
13160 - 134 139
ITABLE - 144 78 80 81 19
an - 15¢o 33= 77 38 49 372
» - 15¢0 49= 372
Jo0UN - 15¢0 25= 26 350
T3 - 15¢0 s9= 60 62= 6Ss= 66 6846
279 288
» - 15¢0 72= 7 79 82w 83 8
88 89 00 (1] 92 3 13
355 365
Y - 15¢0  149s= 176= (144 178 114) 180
184 188 186 187 188 191= 358
FTYTS 15¢0 134= 138 139 176 191
JOMAY - 15¢0  145= 147 149
JONIN - 15¢o0 144= 358
3 - 15¢0  107= 110 148 152 213 2ss
Y - 16¢0 26= 27 33 38 49
'3 JUnP - 16¢0 230= 231e 232 234 238 239
1] - 65 73 7% 82 108 127 138
254 297 354 356 369
¢ k2 - 110 138 148 233 297 308
’ &3 - 110 136 27 286 308
KPAND - 16¢0 151= 182 " 192 350 3S¢=
KT - ss sé
1 KYIN - 16¢0 209= 222 229 254 257 238
M 262 263 264 265 269 334 358
] d (34 - 350
1 L 16¢0 286= 288 290 303« 304 303
4 333 334
! Lear - 16c0 208= 318 316=
e = L - 16¢0  108= 109 1M 279= 287
2F”H
et
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287

193

360=

289

76
124

308

83
137

31

37

357
39

306=

79
138=

309

100=

86
149

182

362
260

PAGE

309

83
139

310

(34
269

183

213

261
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LPKS2
LIS

LNy
LL]

L} ]

NA

NB
NBAND
NBOUND
NEXRT
NSPRM1
OMEGA
ony
onvye
onTYRU
Sanv
PNl
PHRORY
Pl

QA
QAABC
QAp
QABC
QAC

(1]
QBABC
[ 114

(14
Qcos
Qcosn
QsSIN

R
RBCORP
RBNA
(1.11.]
RBTA
RBTB
RETHA
RBTHB
RBXA
RBXB
RO
RECY
RETURN
RY

RY
SI6N
SIN
SINORT
SNKS1I
SNOMTD
SoOnTAU
SORT
SORT

T
TABLKP
7

THA
THAD
THAT
THE
T™HEO
THET

L T T T O T T Y N T T R IO O O T A I T MY U I IO O DO Y Y Y N Y IO T O B I )

225=

93
320
118
343
174=
129=

121
79=
79

166=

167=
226=

168=
227=

162=

92
186=
263=

335
339

120
295=
120=
295
309
119
296=
in
1”21
121=
123=
123
183

SUBROUTINE RBCOMNP

19 125 135=
239 240 243
233
236= 243" 245
253

134 138 193
145

118 124 136=
236 241 246
272 319 320
365 366

59 62 64
79

195 206

93 186 202
202= 251
275= 335
337 338
340

121 122 288=
311
121 291= 294
296
120 121 122
309
122 290= 292
122 123 125
124
199 258 270
76

79

86

199= 246
258= 270= 331
340

188 204 265
345
204= 253
265+% 277= 289
321 322

180 196 229
193 269

196+ 214 217
197 259 271
197= 247

259= 271 319
198 260 272
198= 248
260= ene= 320

136
319

246
366

145
247
33

76

263

291

289~

293

277

269
218

144
320

369=

214
248

86

27s

235

217
331

225
258

239

PAGE

249

226
259

296

241

29
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SUBROUTINE RBCOMP

THTNAX
TINE
TTRAX
TURAX
TURIN
TwOPl
Vs
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: 1 MNDEX PAGE 31
1 SUBROUTINE RVYCOMP RVCORP 1
2 (4 avconP 2
3 INCLUDE DPCOANT fvcOonP 3
4 INCLUDE DCOMN? RVCORP & |
5 INCLUDE DCOMNG RVCONP S ‘
- 6 COMMCN T¢4JyK NN ,OMT ,CSOMTF ,SNOMTF ,FRoFRSA,FESA ,FXoCSASNA,PN,B,6 RVCONP 6 |
7 COMMON SNPHI(2)4CSPH1IC2) X (2D oV (2),2(2):0,00,R FRY RVCORP 7 |
8 COMMON T1,T2,A1,A2,V0L1,T3 rvconp 8 i
9 5 RVCONP 9 i
10 ¢ COMPUTE ONE-WAY RANGE TO MIDPOINT OF TRANSWITTED PULSE. RVCORP10 |
- 11 3 PRE-COMPUTE RELATED VALUES FOR VOLURE AND FOR RANGE LOSSES. RvCcoRP11 |
i 12 3 RVCORP12
13 R = TIRE(KT) » €O » FPYS RVCONP13
1% FRV = EXPCCLOGAV] = ALPHC * TINE(KTID/F10 o FLOGI0D/Reet RVCOMP 14
15 IF (OMEGA .EQ. Do) FRV = FRY @ RVCONP1S
16 1 ((R ¢ DR)ee3 - ARAKI(R - DR, FO)ee3) o P223 RVCONP16
17 IF (YPTTRN) 60 7O 9C00 RVCONP17
] 18 ¢ RVCONP18
| 19 ¢ PATTERN LOSSES MUST BE CORPUTED, RYCORP19
| 20 ¢ RVCONP20 ]
21 OMT = AMOD(OMEGA * TIRE(KT), TNOPL) avcomp21 5
22 1F (ABSCOMT) .6T. PI) ONT = ONT - SIGN(TWOPI, OMT) RVCONP22
23 CSOMTF = COSI(ONT) avCONP23
e R e S e By o SR ORTE. T SIEM(SORTLF 1=CSONTFO02) ,0NT) ¢ FIRO RVCONP24
25 CSOMTF = CSOMTF o F22 e et e . RMCORP2S. SR £
26 FCSGAM(NSPRHT) = O, RVCONP26 i
27 1F (OMEGA +EQ. Do) FCSCARINSPRNT) = F1 RVCORP2?
28 TT = ARAXIC(VIME(KT) - DELT, FO) = FPYIS RVCORP2E
29 T2 = ((TIMECKT) ¢ DELT) o FPTS = T1)/F10 RVCONP29
30 (3 RVCONP30
I 31 c COMPUTE AVERAGE PATYERN LOSSES FOR EACH BAND. RVCONP31
| 32 [ RVCOMP32
| 13 00 8000 I = NSPRH1, NBAND RYCORP3Y
| 34 FEGANCI) = 0. RVCONP3L
35 FR = (BAND(I) ¢ BAND(I®*1)) o FPYS RVCOMP3S
i 36 FRSQ = FRee? RVCONP3E
| i 37 FXSO = FISQ ¢ FRSQ ¢ FR o CSOMTF RVCONP3?
i 4 33 FX = SORT(FNSQ) RVCONP38
| 1 39 A1 = FCOVS * (FR ~ FZRO) RVCORP3Y
[ “C CSA = A1/FX RVCONP4O
r s 4t IF CABSCCSA) .6T. F1) CSA = SIGN(F1, CSA) RVCONP&Y
| ‘ 42 SNA = SQRT(F1 - CSA#**2) RVCONP4L2
; 43 NN = MINO(K2 « IFIXCFNBAND @ SNA) + K1, 360) RVCONP4S
i 73 PN = NN RVCORPLL
s 45 0D = TWOPI/PN RVCONP4S
46 b = 0. RVCONP4S
i .7 SNPHIC1) = SNOMTE/EX RYCORP4?
48 SNPH1%2) = ~SNPHI(1) * FR/FIRO RVCONP4S
49 CSPHI(1) = SQRT(FT - SNPHI(1)*e2) RYCORPLY
50 CSPNI(2) = SQRT(FT - SNPHI(2)#e2) RVCONPSO
51 IF (ABSCF250 - FRSQ) «LE. FXSG) 60 VO 2000 RVCORPSYT
52 CSPNIC1) = SIGN(CSPHICY), CSA) RVCORNPS?
53 CSPNIC2) = -SIGN(CSPHI(1), CSAD RVCOMPSS
S4 2000 DO 4000 & = 1,NN RVCONPSE
B s 0 =0 ¢ po RYCONPSS
i' : 56 B = SNA » SINCD) RVCONPSE
‘ 57 6 = SNA # COSD) RVCOMPS?
58 [4 RVCORPSS
L 59 00 3000 k = 1, 2 RVCORPS9
v 60 XC(K) = CSA * CSPHI(K) = B » SNPNI(K) RVCORPGO
61 Y(K) = B * CSPHICK) & CSA & SNPHI(K) RVCONP6 1
62 X(K) = X(K) * (SKS1 ¢ ¢ & SNKSI RVCORPO2
63 I(K) = 6 * CSKSI - X(K) # SNKSI RVCORPOS
¢ 64 3000 CONTINUE RVCORPO4
B o 65 FEARCI) = FGAM(I) ¢ OXLUXMLIT,XC1),¥(1),2¢(1)) RVCORPES
FE 5 66 1 * ONLURECY,X(2),V(2),2(2)) RVCONPES
be - 67 4600 CONTINUE RVCORPO?
P ¢8 FGAMCI) = FGAMCID/PN & EXPS RVCONPOS
Ee * 69 1F (OMEGA .E@. D.) 60 7O 4000 RVCORPES
BE << 70 13 = 71 RVCONPT0
i
'[ 3
i » .
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1IN0 EDNX PAGE 32
SUBROUTINE RycCOmP

” A2 = F22 * FR RVCOMP?1
72 A1 = A1/SQRT(A2) RVCOMPT72
73 A2 = (FRSQ ¢ FISQ@)/A2 RVCOMP?3
T4 voLt! = 0. RVCONP74

75 C RVCOMPTS
76 00 5000 & = 1, 10 RVCOMPT6

7”7 T3 = 713 ¢ 72 RVCOMPT?
7 VOLY = VOLT - T3ee2 & AMAXT(FY =~ A1/SQRT(A2 ¢ COSC(OMEGA = T3)),FUIRVCOMPTS
7% S000 CONTINUE KVCOMPT9
80 FCSEGAR(I+1) = vOLY » T2 « FCO? RVCOMPEO

81 6070 7000 4 RVCOMPB1

82 6000 FCSGAM(I*1) = FCOVS = (BAND(I®1) - FZROD/(BAND(I*1) ¢ FZRO) RVCOMPB2

a3 7000 FGAMCI) = FGANM(I) * (FCSGAN(]) - FCSGAM(I®1)) RVCOMPET
84 RVVIKTT,1) = FRY * FGAM(]) RVCOMPB4
8s 8000 CONTINUE RVCOMPBS
8¢ 4 RVCOMPBS
87 (4 FOR STRAIGHT-RUNNING CASE, PATTERN LOSSES FOR ANY BAND WILL RVCOMPE?
28 (4 BE THE SARME AT ALL TIMES, RVCOMPSS
.17 [4 RVCONPBY
%0 IfF (OMEGA EQ. Do) VPTTIRN = ,TRUE, RVLORPSD
91 60 To 37000 RVCOMPO1
92 9000 00 106000 I = NSPRH1, NBAND RVCORP92
o3 RVVIKTT,I) = FRY * FGAM(]1) RVCOMPO3
9 10000 CONTINUE RVCOMPO4
TT9S T T 30000 RETURN RVCONPOS
(T3 END B RVCONPOS
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| 3
E
E INDEDR PAGE 33 4
| SUBROUTINE RVCONP ;
P SYRBOL = = ¥ 3 ®E ® ¥ S E ¥ 5 R ¥ B ¥ REFERENCES = 8 8 ¥ = ¥ S 8 8 ¥ E ¥ E =™
| 2000 - 51 S4e 3
i 3000 - 59 64e
4000 - S 67
- 5000 - 76 79
6000 - 69 82¢
7000 - 81 83e
8000 - 33 85+
9000 - 17 92e
10000 - 92 94
30000 - 91 95
Al - 8co 39= 40 72 78
A2 - 8co 71= 72 73= 78
ABS - 22 41 s1
ALPHC - 1
ARAXY - 16 28 78
AROD - 21
[} - 6C0 S6= 60 61
BAND - 35 82
(4] - 13
cos - 23 5?7 78
CSA - 6co 40= A= 42 52 s3 60 61
csks1 - 62 63 g
CSONTF - 6C0 23= 26 25= 37
CSPH1 - 7¢0 49= S0= s2= $3= 60 61
(] - 7¢0 46= S5= 56 s?
ocomNT - 3
oconN2 - 4
DCOMNG -~ 5
»”" - 7¢0 45= S5
PELT - 28 29
(1} - 16
EXP - 14
EXPS - 68 1
f0 - 16 28 78 4
(2] - 24 27 4 42 49 S0 78
i F1C - 14 29
FCO3 - 80
FCOVS - 39 82
FCSGAR - 26= 27= 80= 82= 83
FGAR - 34= 65= 68= 83« 84 93 ' 4
FLOG10 -~ 1% |
FNBAND - 43
FPIS - 13 28 29 35
R - 6co 35= 3¢ 37 39 48 "
FRSO - (14 36= 37 51 73
| FRY - 7¢0 14= 15= (1] 93
| FX - 6C0 38= 40 47
Fuse - 6co 37= 38 s1
F22 - 25 14
FZRO - 24 39 48 82 E
f2sa - 37 s1 7 1
(4 - 6co S7= 62 63
% 1 - 6¢0 33= 34 35 6S 68 80 82 83 84
) 92= 93
1F1X - 43
3 4 - 60 Sk= 6=
K - (14 59= 60 61 62 63
- K1 - 43
K2 - 43
KT - 13 14 21 28 29
Eq (344 - 84 93
. Loeavy - 1%
| . RINO - 43
£ s NOAN®D - 33 92
i [T - 6€0 43= 4 S4
3 3 NSPRNY - 26 27 33 92
| - OMEGA - 15 21 7 69 78 90
* ont - 6€0 21= 22= 23 24

s

R e
; jr;
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1 NDEDN PAGE 34
SUBROUTINE RVCOMP
ox - 85 66 o
P1 - 22
PI23 - 16
PN - [14] (YL 45 68
® - €0 13= % 16
RECY - 66
1 RETURN - 95
RVCORP - 1
RVY - B4= 93=
sten - 22 2 “ 52 53
SIN - Se
SNA - 60 42= 43 56 57
SNKS1 - 62 63
SNORTF - 6C0 2= &7
SNPHI1 - 7¢0 47= 48= 49 50 60 61
SORT - 26 38 &2 49 S0 T2 78
1" - 8co  28= 29 70
12 - aco  29= 7 20
15} - 8co  70= 7= 78
4 TINE - 13 1% 21 28 29
TwoP1L - 21 22 45
oLl - 8c0  74= 78 80
VPTIRN - 17 90=
x - 7¢0  60= 62 63 65 66
AMIT - 65
v - 7¢0  61= 65 66 ;
2 - 70 63= 65 66 :

R
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SUBROUTINE RVSPRO

INCLUGE BCOMNY
INCLUBE PCOAN2
CORMON INAK I 011 ¢doKokK

00 13 § = k1, K3
00 11 1 = NSPRHT, NOAND
11 = I-NSPRN
50 10 Kk = g1, NSPRY
KK = ABS(K-NSPRNT) ¢ K1
RV(2,11,4) = RV(2,110d) ¢ RV(1,1,0) * SPREDIKK,J)
11 = 11 ¢ 1
1F (11 .6T. LABAND) 60 TO 11
CONVINUE
CONTINVE
CONTINVE
RETURN
END

APPENDIX G

G-39

o T IR et ANRSDTIR S T BT PN Ty

PAGE 35

RVYSPRD
RVSPRO
RVYSPRD
RYSPRD
RYSPRD
RYSPRO
RYSPRD

VRN WVEI WN =

RYSPRDI?
RVSPRD13
RVYSPRD 14
RYSPRD 15
RVYSPRO16
RVSPRDPI7
RVSPRD 18
RYSPRD 19
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? 1 80 E2X
L
: SYRBOL Tz = zsz=3zs
:
: 10 - 10 15
| 11 - 8 14
13 - L4 17»
ABS - n
oconNt - 3
oCORN2 - 4
1 - 5¢o 8=
13 - 5¢o 9=
IMAX I 5co
4 - 5¢o 7=
K - 5¢0 10=
K1 - 7 10
K3 - 7
KK - 5¢o0 1=
LRBANS -~ 16
NOAND - 8
NSPRY - 10
NSPRN - 9
NSPRHT - 8 1"
RETURN -~ 18
RV - 12=
RYSPRD - 1
SPRED = 12
PRI R R R P R Y A e R T g 2

%

-

v d

T Siaaa B

p—
ool

2

.-t!nr, =,

~

-
B

..,i;‘,;,'.v

—

PAGE 36
SUBROUTINE RVSPRO

=g = = == REFERENCES " " = ® fF E = ¥ E® E S T 8 E
16
9 12
17? 13= 1%
12
"
"
12
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3
3
1NDER PAGE 37
1 SUBROUTINE RTCORP RTCONP 1
2 [ aRvCcONP 2
3 INCLUDE BCORNY RTCONP 3
4 INCLUDE DCOMN2 RTCONP &
g H CORRON IRAX.1,J,T,TR avcone S
6 c RYCOMP 6
1 4 INAX = KTT cTCOMP 7
3 [ IF (.NOT. SPREAD) 60 YO 2 rvconP 8
’ ImAX = K2 RTCONP 9
10 IF (.NOT. (FILTER .OR. TVG)) 6O TO 2 RTCONPI0 ]
7 IRAX = K3 RTCONP11 ‘-
s 1° T=F avconP12 ;
3 13 IF (TVE) T = TVGF(TINE(KT)) RTCONP13 ]
3 14 00 1 I = 1, RNBND RTCONPI4 ]
1 ™ms7v RTCONP1S 3
i 16 1F (FILTER) TR = T & RRFS(I) RTICONP16 i
" RVS(3,1I) = RYS(2,1) « TR RTCONPIT :
18 RYP(3,1) = RYB(2,7) « TR RTCORPIS .
1% RYV(3,1) = RYV(2,1) = TR RTCONP19
20 1 CONTINUE RYCONP20
21 3 rRTCORP21
22 2005 I = KTV, INAX RTCONP22
23 4=0 RTCONP23
2 (4 RTCONP24
25 33 =3 ¢k ATCONP2S
26 RYSCILPBNDT) = RYS (I ,LMBNDY) ¢ RVYS(]3,)) RICORP26
27 RVBCILMNENDT) = RVB(I,LABNDT) ¢ RVB(1,J) RTCONP27
28 RVVCI,LABNDT) = RVVCI,LNBND1) ¢ RVV(I,J) RTCONP28
29 3 RTCORP29
30 6 RVT(1,3) = RVS(I J) ¢ RVB(1,4) ¢ AWV (I,J) RTCONP30
31 IF (RVS(1,0) oNE« Do) RVS(I4d) = FI0 « ALOGIO(RVS(I,4)) RYCORP31
32 IF (RVB(1,0) oNE. 0o) RVBC1,4) = F10 « ALOGIOCRVB(1,J)) RTCONP32
33 IF (RVWWCI,0) NEs 0.) RVV(I,J) = F10 ¢ ALOGIOCRV(1,4)) RvCONP33
34 IF (RVTC1,3) oNE. 0.) RVT(IoJ) = F10 o ALOGTOCRVT(I,4)) RTCORP34
35 c RTCORP3S
36 IF €4 LV, RNBND) 60 TO 3 RTCONP3S
! 37 I1F (4 .EQ. LMBNDT) 6O TO S RTCORP3?
38 J = LABNDY RTCORP3S
39 60 TO & RTCORP3Y
40 (4 RTCOKP4AD
3 &1 S CONTINUE ATCONPSY
i 42 RETURN RTCOMPA2
43 END RTCONP4S
3
. ¢
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SYREOL

WS W -

ALOE10
pcomnt
bCOmN2

F10
FILTER

IMAX
J

K1

K2

KT

KTTY
LeBND 1
ANBND
RETURN
RRFS
RTCONP
RVE
RVS
RVT
RVY
SPREAD

TIRE
T®
Tve
TVGF

14

20e
10
36
39
37
32

16
14=

7=

23=
36

22
36

27=
26=
34=
28=

12=
15=

22s

Lle
33

33
16
9=

25=
37

28

3C
30

30
13=

SUBROUTINE RTCOMP

3%
34

17 18

33 36

1= 22

26 27

38=

37 38

32=

31=

33=

15 16

17 18
APPENDIX G
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SUBROUTINE RVPRNT

INCLUDE DCOMN1T

INCLUDE DCOMN2

COMMON 1,J4,K, 0,11

ODIMENSION HRYB(6)

DATA MTIME/EHTINE =/ (HRVB(I), T = 1,6)

1 76k  SUR, 6HFACE o GHBOTTOM, 6H  VOL, GNUME
DATA ITOTAL/Y/

s 6K TOTAL/

IF (PLOT) WRITE C(IPLT) TIMECNTAIN) JMNBND, (BNDOUT(K) ,BNDOUT (K+1),
1 RYS(2,K)oRVB(2,K),RVVI2,K) 4RVT(2,K) ¢ K = 1, MNBND)

1F (NOPRNT) 60 TO 30000

1F (TOTALS) 60 TO 2000

J = NPSTRY
1 PAGE = PAGE ¢ k1

SRITE CIPRT,10) HED IDC,IDV,IDATE yPAGE JNPAGE,

1 VS,COoFIRO,0C,S KSID,0MEGAD ,PING,DELT2,08T TR

1F (TOTALS) 60 VO 2920

1F (SPREAD) 60 TO 5
WRITE CIPRT,11) HEAND(HTIME,TIFE(K), K = NTHMIN, NTRAX)
60 YO0 o

w

WRITE C(IPRT,11) HBAND o (HTIME,TIME(NTAIN), kK = 1, 1)

6 MRITE (IPRV,12) HOUTPT, (MRVE, K = 1, 1)
1F (TOTALS) 60 TO 210C
PO 3 x = k1, K&
WRITE (IPRT,20)

00 2 L = X1, KS

WRITE C(IPRT, 2(C) BNDOUT(J), BNDOUT(J*1),

1 (RVS(11,J), RVR(I1,44), RVV(I1,4J)e RVT(II,d), I = 1, D)
J = J ¢ IPEVRY

IF (J «6T. ANBND) 60 TO &

¢ CONTINUE
3 CONTINUE
60 70 1

4 WRITE CIPRT,30) HTOT1, (RVSCI1,LMBND1),RVBCII,LPBND1),
1 RYV(II,LMBND1) (RVT(I1,LMBND1), 11 = 1, 1)
60 T0 32000

200C 1F (.NOT., SPREAD) 1 = K1
4 = K1
11 = NTWMIN
2010 ITOTAL = 1TO0TAL - K1
1fF (1T0TAL .NE. C) 60 TO 21C0
1TOTAL = Ké&D

60 10 1

C

2020 WRITE (IPRT,13) NTOT1,MNBND,HTOT2,BWIDTH,HTOT3

60 70 ¢ g

C

21C0 IF (MODCITOTALGKS) EQ. 0) WRITE (IPRT,20)
WRITE CIPRT,21) TIMECII), C(RVSCK,LMBND1),RVB(K,LNBND 1),
1 RYVIKLMBND 1) yRVT(K (LMBND 1)y K = J, 1)
1 =1 ¢x1
4 =4 + 1
11 = 11 ¢+ k1
1F (11 «LE. NTRAX) 60 TO 2010

C
30C0C RETURN
4

10 FORMAT (BA6,AL,9N 1t
1 4HPAGE ,15,3M OF,15/
2132K0V.S, KTS. CeCy YDSe/SEC. FeOy KNZ.
3x1, OEG. OMEGA,y DEG/SEC. Peley SEC.

vAb,6X,6HIDY 9 REoTXoAHDATE G 2A6,TX,

0.0, FT. Sy OB,
DEL. Ty SEC.
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PAGE 39

RVPRMT
RVPRNT
RYPRNTY
KYPRNTY
RVPRNT
RVPRNT
RVPRNT
RVPRNT
RYPRNT
RVPRNT 10
RYPRNY 11
RYPRNT 12
RVPRNTA3
RYPRNT 14
RVPRNT1S
RVPRNT 16
RVPRNT 17
RVPRNT18
RVPRNT19
RYPRNT20
RYPRNT21
RVPRNT22
RYPRNT23
RYPRNT24
RYPRNTZS
RYPRNT 26
RVPRNT27
RVPRNT28
RVYPRNT29
RVPRNT30
RVPRNT31
RYPRNT32
RVPRNT33
RVPRNT34
RVPRNT3S
RVPRNT36
RVYPRNT3?
RVPRNT38
RVPRNT39
RVPRNTAO
RYPRNT41
RVPRNT42
RVPRNTA3
RVPRNT 44
RYPRNTAS
RYPRNTLS
RVPRNTLT
RVPRNT4S
RVPRNTGY
RVPRNTSD
RVPRNTS1
RVPRNTS2
RYPRNTS3
RVPRNTS&
RVPRNTS5S
RVPRNTS6
RVPRNTS?7
RVPRNTSS
RVPRNTSS
RVPRNT60
RVPRNTG1
RVPRNTO2
RVPRNTO3
RVYPRNTO4
RVPRNTES
RVPRNTO6
RVPRNTO6?
RVPRNTSB
RYPRNTEY

OB NOVE WN

De BTM,,RVYPRNTT70
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INDER PAGE 40
SUBROUTINE RVYPRANT
14} 4 FTal F8.2,F15.2,F150hoF1304,F9:2F10030F15.39F16069F13:40F17.4) RVPRNTZ?1
n ¢ RYPRNTT2
3 11 FORMAT (1HO, 2a6, A&, 3C13X,A6,F12.8,7X)) ~RYPRNTTS
% ¢ ~RVPRNT 74 .
s 12 FORMAT (SX,2A6,17Xo2A6923%3A6,13X,5A6/3X2A6,3%,3(20,6A6)) RVPRNT7S
70 ¢ RYPRANTT6 9
7 13 FORMAT (1HO,30K,4A614,2A6,A3,56.3,346) RVPRNT?? '
78 ¢ RVPRNT78
:9 20 FORMAT (1X,F8.6,F9,6,3(2K,4F9.2)) RVPRNT79
¢ (4
3 21 FORMAT (F17.8,10,7(20,4F9.2)) RVPRNTSY
e ¢ RVPRNTS?
&3 30 FORMAT (1HD,3A6,A1,6F92,2(2X,4F9,.2)) RVPRNTSS
86 END KVPRNTSS
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SUBROUTINE RVPANT

40
38e
39e
42e
25
27
67e
25w
75e
TTe
33un
81e
83e

25w

704
22wk
Seun

704

J4ur

22uR
49
15=
11uR
29

57
32=

43ur
172ur

63
22w

17ur

34ur
J4un

52

576k

57e
65e

27uR
25uR

25uR

f2un

25uR
33ur

1280
32

SBuRr
36

25uR

42WR
42uR

79e

27ur 34uR L3WR

43uR 48= S8WR

27wk 30ve 3ur

S1= b4

J4uR 35= 36

22uR 25um 27uR

46 47 49

Sour

SevRr

48

SBWR

S8ur
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46"

62=

42ur

47=
29=
6C

SOWR

63

S4wR

S9uRr
S8WR
61

60=

S7uR

61=
SouR
62

S8ur
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PAGE 42
SUBROUTINE RVPRNT

RVT
RVY

s
SPREAD
TIRE
TOTALS
vs

43um Soum
A3uR Soun

25uR Ssur
28

[ I R I I |

e A a

& 5 vi

v s

R
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INOEDX PAGE 43
BLOCK BATA FOR POP
1 BLOCK PATA sLocx 1
2 (4 ootk 2
3 INCLUGE oCOMNY stock 3 <
(3 INCLUBE dCONNG Lotk 4 i
S ¢ Lotk S |
(] OATA KO/O0/ oK V14 R2/24 (K343 oRS1SI K616/ KB/81,K10/10/,K40/40/ sLock 6 ‘
7 OATA (TRS(ID, 1 = 1960/.019005000002003004/,FPT5/.5/, stoek 7 j
[ ] 1 (TR32€1) 1 = 1,4)/:6,.7,.8 LA A sLock 8 ]
L] 2 CURS3CID, 1 = 1,40/002,%0401060108/,F2/2:/4F4/40/,F10/1047, stocx 9 ;
10 3 F20/20./,FL0610/72.30258509/,INFNT/ 1,638/ sLocx 10 {
- " & PI23/2.09439510/,P1/3.14159265/,TWOP1/6.28318531/, sLock 11 :
17 S DEGRAD/ 0174532925/ ,303FT/0150400000000/,V0KT/1.77625736/, sLotk 12 ;
13 6 FIE3/1000./40L064P1/10.9920986/ oF ININIO200777777777/,¥3/3./, sLotk 13 g
1% 7 $90/90./,F180/1080./ sLotx 14 i
13 DATA ART/22/,BR1/28/7:INPT/IS/JIPRTIO) IPLTINSY sLotk 15 :
16 OATA WED/S2NIPROGRAR B00003 -~ GOPPLER CONTENY OF REVERBERATION / BLOCK 16 ?
114 BATA (NEADS(1I), I = 1, 41)/30n ODOPPLER BAND, KNOYS . sLOCK 17
18 1 300 FREQUENCY BAND, KILOMERTZ sLOCk 18 §
19 2 308 PURE TONE AFTER SPREADING sLOCK 19 :
20 3 308 ’ sLoCk 20 4
21 4 30n SPREAD WITN FILVER . sLock 21 1
22 s 30u SPREAD WITH TVE . sLotx 22
23 6 308 SPREAD VITN FILTER AND TVE sLocx 23
24 14 368 KNOTS NERTZFRON- 70- TIRE / BLOCK 26
23 OATA (uTOTIC1), 1 = 1, 4)/24NTOTAL REVERBERATION FROA/ sLOCK 25
26 OATA (NTOT2(1), 1 = 1, 3)/718N BANDS, EACN OF / BLOCK 26
27 PATA (NTOT3(1), 1 = 1, 3)/18n SANDWIOTH / stock 27
28 OATA ITABMN/ 1/,1PEVRY/ Y/ sLock 28
29 [ 4 8LOCK 29
30 PATA NNARES 740/ NANCNT /24 » O/ ,LFLAGS/16 * FALSE./ sLock 30 1
31 PATA CINARBAT(T,d), & = 1, 3D, 1 = 1, 40)/ sLOCK 31 ‘
32 A 6n3oc . Oy 4,6MPATE 1o 2o6M10YV o 3o 1,80L0Ck 32
33 [ ] 6ne0 o &y 1,60C0 o So 1.6MALPHC , 6, 1,8LOCK 33
34 [ ONPING , T, 1,6M0BTTR , B8, 1,6MLOGAY , 9, 1,8L0CK 34
35 [ ons 10, 11,6021 e 11, 1,6HVS o 12, 1,8L0CK 35
36 E OCNBVIDTH, 13, 1,6M0ELY , 14, 1,6MHF0 o 15, 1,8L0CK 36
37 ¢ ONNBEAR , 16, 1,6HOREGA , 17, 1,6MTHTRAX, 18, 1,80L0CK 37
38 6 ONPULSE , 19, 1,6NPRINTE, 20, 1, sLOCk 38
39 (] ONTIRE  21,400,6MSSPRED 9421,150,6MBSPRED¢571,150,8L0CK 39
40 1 ONVSPRED 721,150, sLOCK 40
41 P ] SNCENTER, D, 71,6060 o Dy 1,6WEND o  0,9,0L0CK 41
42 [ ONFILTER, O¢ 1,6HKNOTS O 1,6MNOBOTT, 0,1,000CK 42
43 L 6NNOPRIN, O, 1,6WNOSURF, 0O, 1,6NNOTAPE, 0,1,80L0CK 43
46 n 6NNOVOLU, 0y 1,6HPLOT o, 0, 1,6HSPREAD, 0y 1,8L0CK &4
45 [ ONTIRECO, O, 1,6MTOTALS, O, 1,6NTVG o, 0,1,8L0CK 45
46 [ ] 6NRELATI, O, 1/ 8LOCK 46
47 ({1 8LOCK 47
£ ]
E B
-~
iy
§
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-
v
. APPENDIX G
g 4
- | G-47
L




0D 52258

SYRBOL

ARY
aR1
sCORNY
oCOMNG
PEGRAD
(3)

F10
F180

E 00 000 0 0.0 0.0 0 00 0.0 000000 00000000000t

PAGE 44
BLOCK PATA FOR 0OP

5 8 8% g v e seEsES REFERENCES s s s = s ssssssEwsss

1504
1504 3
3

4
1204 “

80aA
S0a
1404
1304
1304
90A
1004
1304
94
1404
1004
70
1704
1604
250A
260A
2704
704 80A 90A 1704 250A 260A 270A 3104
1004
1504
2804
1504
1504
280A
3104
obA
60A
60A
60A
60A
60A
6DA
60A
60A
3004
1304
3004
3104
300
1104
1104
1204
70A
8oa
90A
1104
1204
1
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FUNCTION FNCHS(ARG)

ENYRY ONL CTFLAG,COSA,COSH ,COSC)
NBEAR = O FOR NARRON BEAR

= 1 FOR BROAD BEAW

IFLAG = 0 FOR RECEIVE

= 1 FOR TRANSAIT

CORMON /CINPUT/ X(16), MBEAR

A = ACOSECOSA)

FCuS = 100e(=2,24)

IF (IFLAG .E@. 02 6O TO 1
FCNS = FCNS * COS(A®2,.0)0e2
IF (MBEAM .NE. 0) RETURN
FCHS = FCNS * ABS(COSA)
FCNS = FCNS o COSCA®4,0)002
RETURN

ENTRY RRF(FREQ)

FUCNS = 1. = (FREG/31.4159)004
RETURN

ENTRY TVGF(VIRE)
FNCNS = 0.1 ¢ .9 » TIRME/2.

RETURN
END

APPENDIX G
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FNCNS
Fucns
Fncns
incns
FNERS
FNCNS
FNCNS
FNCNS
FNENS
FNCNS
FRCNS
Facns
FRCNS
FNCNS
FNENS
Fuchs
FuCNS
Fnens
FNCRS
FuCNS
(414 1]
FaCNS
FuCNs
FNCNS
FNCNS
FNCRS
(4 14 }]
FNCNS
FNCHS
FNCNS
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1 80 EX PAGE 46
FUNCTION FNCNSCARG)
SYRBOL ® T ¥ : 3 B T ¥ &S E 38 3B S REFERENCES ® ¥ 3 8 #§ 8 59 5 8 88 s 88
'
1 - 16 18+
A - 12= 13 15 18
ARS - 17
ACOS - 12
ARG - 146
CINPUT - 10¢L
cecs - 15 18
COSA - 3 172 17
cose = 3
cosc - 3
FChS - 13= 15= 17= 16=
FNCNS - ) 23= 28=
FREC - 21 23
1FLAG = 3 14
NEEAR - 1Qco 1s
oxe - 3
RETURN - 16 19 24 29
RRF - 21
TIRE - 26 28
TVt - 26
x - 10¢co0
APPENDIX G
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SUBROUTINE SORT(ARRAY,,LENGTN)
DIMENSION ARRAY(1)

SORT IN ASCENDING ORDER (SIMPLE REPLACEMENT SORY)

1F (LENGTH .LE.1) 6O TO 4

PO 2 3 = 2,LENGTH

IF CARRAY(S) oGE. ARRAY(J=-1)) 60 TO 2
TERP = ARRAY(J)

1 =2

ARRAY(1I) = ARRAY(1-1)

I=1-1

IF €C1 o6Te 1) AND. (TEMP .LT. ARRAY(I-1))) 60 TO 1
ARRAY(I) = TEMP

CONTINUE

REMOVE DUPLICATE ENTRIES

00 3 1 = 2, LENGTH

IF CARRAV(I) JEQ. ARRAY(I-1)) 60 70 5
CONY INUE

RETURN

4 = LENGTH

LENGTH = T - 1

IF (1 <GEe J) 60 TO &

1=1¢1

IF (ARRAYCI) .EQ. ARRAY(I-1)) 60 70 6
LENGTH = LENGTH ¢ 1

ARRAYCLENGTH) = ARRAY(I)

60 70 6

APPENDIX G
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PAGE

SORY
SORY
SORTY
SORY
SORY
SORTY
SORY
SORY
SORY
SORY
SORTY
SORT
SORT
SORT
SORY
SORY
SORT
SORT
SORT
SORT
SORT
SORT
SORY
SORT
SORTY
SORT
SORY
SORT
SORT
SORTY
SORTY
SORTY
SORY
SORTY
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SUBROUTINE SORTUARRAV,LENGTH) .
SYRBOL ® 2 §$ s ® ¥ = S 5 S g ¥ S 3z 8 REFERENCES ¥ 8 ¥ 23 8 S 8 ¥ E &S 5 5 8 8 %
1 - t2e 1% 4
2 - 7 8 16 -
3 - 20 22e
4 - ) 23 27 .
H - 21 25e
6 - 27e 29 32
ARRAY - 16 201 8 L] 12= 14 15= 21 29 31=
)} - 10= 12 13= 14 15 20= 21 26 27 28
29 31 “3
] - 7= 8 9 10 25= 7 3
LENGTH -~ 146 L] ? 20 25 26= 30= 31
RETURN - 23
SORT - 1
TENP - 9= 14 15
1
&
3
B 4
~ -
.

’W’W' ;".-<’“ -
ve ,
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FUNCTION TABLKPC(ARG INDEP,DEPND,ITABMN,1TABPX)

COMNON /CTBLKP/ DELIND ,DELDEP,FACTOR,1TABLE
DIMENSION INDEP(1),DEFNDIY)
REAL INDEP

OELIND = INDEP(2) - INDEP (1)
00 3 ITABLE = 1TABMN, ITABMX
FACTOR = ARG - INDEP(ITABLE)
IF (FACTOR © DELIND) S5, 6, 3
CONTINVE

ITABLE = 0

60 70 7

1F (1TABLE .EQ. 1) 60 10 4
DELIND = INDEP(ITABLE) - INDEPC(ITVABLE-1)
FACTOR = FACTOR/DELIND

TABLKP = AINTRP(DEPND)

RETURN
END

APPENDIX G

PAGE 49

TABLKP
TABLKP
TABLKP
TABLKP
TABLKP
TABLKP
TABLKP
TABLKP
TABLKP
TABLKP10
TABLEPYY
TABLKP12
TABLKP1S
TABLEP14
TABLEP1S

OB NO VI WN S

TABLEP20
TABLEP2Y
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FUNCTION TABLKPC(ARG,INDEP ;DEPND,ITADAN,ITABNX)

SYROOL ¥ ¥ 2 % 3 3 ¥ T E 8 == 8S REFERENCES % 5 = s = = " s S = S8 8 =8

3 - 8 10 11e

4 - 12 15 .

s - 10 15

] - 19 19 |
7 - 13 20 "3
AINTRP -~ 19

ARG - 146 9

cveLker - 3L

OELOEP -~ 3¢co 4
DELIND -~ 3¢o 7= 10 16= 17

DEPND = 146 401 19

FACTOR - 3¢co 9= 10 17=

INDEP - 16 401 SeL 7 9 16

ITABLE -~ 3¢co0 8= 9 12= 15 16

ITABPRN -~ 1A6 8

1TABRR - 1A6 ]

RETURN -~ 20

TABLKP -~ 1 19=

mtebetetetotatototctatatdatototatatotatalatotctatdatatatatatatadatatatctodadctatadotadadatad

APPENDIX G
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FUNCTION AINTRP(DEPND)

CORMON /CTBLKP/ BELIND 0ELDEP,FACTOR,ITABLE
OINENSION DEPNDC1)

IF C(FACTOR .NE. Os) 60 TO 1
AINTRP = DEPNDC(ITABLE)D
60 70 2

DELDEP = DEPNO(ITABLE) - DEPNO(ITABLE-1)
AINTRP = DEPNDC(ITABLE) ¢ DELDEP o FACTOR

RETURN
END

APPENDIX G

G-55
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AINTRP
AINTRP
AINTRP
AINTRP
AINTRP
AINTRP
AINTRP
AINTRP
AINTRP
AINTRP10
AINTRP11
AINTRP12
AINTRP13
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sSYRBOL
1

2
AINTRP
csLe
DELOEP
SELING
DEPND
FACTOR
1TABLE
RETURN

5 e B i 3204

6

8

1

p14%

3¢co

3¢o0

16

3¢co

3¢co
12

10
12¢
1=

10=
401

[]
7

FUNCTION AINTRPCDEPND)

e
"
7 10 "
1"
10 1
APPENDIX G
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I NDEN

VR NOWVEI N -

AN

1030

1100

11C5
1110

1120

1130
1140

1150

1160

1170

1200

1210

SUBROUTINE INPUT(NARTAB ,DATAINPFLG,0VUTFLE)

CORMON /CINCOD/ INAP,JIRAGE ¢ IPAGE (80) ,IBLANK,NURBER(2Y)
EQUIVALENCE (JQUOTE ,NURBER(17)),(1CORMA ,NURBER (20))
EQUIVALENCE (IEQUAL NUNRER(21))

COMMON /CRACHN/ NUORDNCHAR ,RAXCOL

LOGICAL BCOFLG,DECPT,ENPNT,CXBOTN,0UTFLG,LVALUE,LTRUE

DOUBLE PRECISION VALUE,P10

DIMENSION NARTVABU(1),DATAC1) ,AVALUE(T)

EQUIVALENCE C(VALUE JAVALUE yIVALUE LVALUE JNARE) o, (1,IIMAGE),

1 (NTRUE,LTRUE)

DATA ITYPE/O/ o0/ 37, ITRUE/SHTRUE ./ 4010/1.01/,FRRATI/6MC(B0AT)/,
1 LTRUE/.TRUE./

ITYPE = 1, INTEGER (NO DEGIPAL POINT)
ITYPE = 2, REAL (WITH OR WITHOUT EXPONENT)
1TYPE = 3, DOUBLE PRECISION (D-TYPE EXPONENT)
ITYPE = &, COMPLER (TWO REAL NUMBERS IN PARENTMHESES)
ITYPE = 5, LOGICAL (.TRUE, OR .FALSE. ONLY)
=

1TVPE 6o ALPHAMERIC CENCLOSED IN APOSTROPNES, TNUS “ABC”)

60 7O (1260, 160G, 1030, 2000>, J

READ FRPMAT1, IMAGE

1F (OUTFLE) PRINT 2001, IMAGE
1 =0

60 10 1600

1 =21¢1

IF (JTVYPE .EG. 6) 60 VO 1160

IF CIMAGE(L1) .E@. IBLANK) 60 TO 19CO

IF (IPAGE(1I) .NE. ICOMMA) 60 TO (1130, 1110, ¢
60 10 (120C, 1400), 9

00 1120 Kk = 1, 19

IF (IMAGE(I) .NE. NURMBER(KX)) 60 TO 1120

IF (K .LT. 18) 60 TO 1300

1F (DECPT) 60 TO 1300

CONTINUE

IF (L ¢ NARE .NE. 0) 60 TO 1995

4 =1

IF (DECPT) ITYPE = §

IF (IMAGE(I) .E9. IEQUAL) 60 YO 1200

IF (L .LT. NWORD) 60 TO 1150

IF C(ITYPE .NE. 6) 60 TO (1900, 12100, J
1F (BCDFLE) 1 = 1 - 1

60 To (1500, 12100, 4

FLOCL JNCHAR,NAME) = FLDC(O,NCHAR,IMAGE(]))
L = L ¢ NCHAR

60 TO (1900, 1140), J

1F (BCDFLE) 60 TO 1170

IF (IMAGE(1) .E@. ICOMMA) 60 YO 1200

60 70 1900

IF C(IMAGE(I) .NE. 1QUOTE) 60 TO 1140

NOT = 1 - NOT

IF (NQT .EQ, 0) 60 TO 1140

IF CIMAGE(I*1) ,NE. JQUOTE) BCDFLG = .FALSE.

60 T0 1900
4 =2
K =]

=

1 81

60 70 1140

1=k

1F C(1TYPE .6E. 5) 60 7O 15C0
NNARES = NARTAB(1)

INPFLE = O

NARSAV = NARE

O 1220 K = 1, NNARES

IF (NARE NE. NAMTAR(K®1)) 60 TO 1220
1F (ITYPE .EG. 0) 60 TO 1260
4 =1

60 TO 1999

APPENDIX G
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INPUT
neuY
1NPUT
INPUT
INPUT
INPUT
INPUT
INPUY
INPUTY
INPUT
INPUT
INPUT
1NPUTY
INPUT
INPUT
INPUT
INPUY
INPUT
INPUTY
1INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUY
INPUT
INPUT
INPUT
INPUT
IneUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
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SUBROUTINE INPUTCNANTAB,DATA2,INPFLE,OUTFLE)
71 1220 CONTINUE INPUT 71 .
72 60 TO 1996 INPUT 72
73 1260 NL = NNARES ¢ K ¢ 1 INPUT 73 .
74 NW = NNAMES ¢ NL INPUT 74
75 NC = NNARES ¢ NR INPUT 75
76 NARTABCNC) = O INPUT 76
14 I1F CIPAGE(1) .£0. I1EQUAL) 60 TO 1600 INPUT 77
78 J =2 INPUT 78 .
79 NARTABINC) = NTRUE INPUT 79
80 60 TO 1998 INPUT 8C
81 1300 IF (K .6¥. 10D 60 TO 1320 INFUT 81
82 1F (.NOT. EXPNT) 60 TO 1310 INPUT 82
83 JEXP = JEXP * 10 ¢ SIGn(K - 1, JESIGN) INPUT 83
84 60 TO 1900 INPUT 84
85 1310 IF (DECPT) L =L ¢ 1 INPUT 85
86 VALUE = VALUE ¢ D10 ¢ DBLECFLOATCSIGN(K - 1, IVSI6N))) INPUT 86
87 60 TO0 1900 INPUT &7
88 1320 k = k = 10 INPUT 88
89 60 TO (1330, 1330, 135G, 1360, 1380, 1900, 1390, 1325, 1335),K INPUT 89
90 1325 3TYPE = 3 INPUT 90
91 1330 IF (.NOT. DECPT) 60 TO 1340 INPUT 91
92 IF (K +EQ. 2) 1ESIGN = - 1 INPUT 92
93 1335 EXPNT = ,TRUE. INPUT 93
94 60 70 1900 INPUT 94
95 1340 IF (K <EQ@. 2) IVSIGN = - 1 INPUT 95
96 60 70 1900 INPUT 96
9?7 1350 DECPT = ,TRUE. INPUT §7 |
98 ITYPE = 2 INPUT 98 |
99 60 TO 1900 INPUT 99 |
100 1360 IREPT = VALUE INPUTICO
b 101 60 TO 1620 INPUT101
§ 102 1380 ITYPE = & INPUT 102
; 103 60 T0 1900 INPUT103
! 1C4 1390 1TYPE = 6 INPUT 104
1 105 BCDFLG = oTRUE. INPUT13S
H 106 4 =1 INPUT1G6
107 netT = 0 INPUTAC?
4 108 60 70 1900 INPUT 108
109 1400 1F CINPFLG NE. 0) 60 TO 16C0 INPUT 109
3 110 L= 1EXP - L INPUT 110
] 1 1EXP = ABS(L) INPUT11Y
1 112 0 1430 Kk = 1, JEXP INPUTI12
: 113 1F (L) 1410, 1440, 1420 INPUT113
114 1410 VALUE = VALUE/»10 INPUT114
115 60 T0 1430 INPUTT1S
{ 116 1420 VALUE = VALUE » 910 INPUT116
117 1435 CONTINUE INPUTIT?
118 1440 1F C(1TYPE .NE,. &) 60 TO 1500 INPUT118
119 1F (CXBOTH) 60 TO 1500 INPUT 119
120 CXVAL = VALUE INPUT120
121 CXBOTH = TRUE. INPUTT21 f
122 60 TO 1610 INPUTI22
3 123 1500 IF CINPFLE NE. 0) 60 TO 1600 INPUTI23
124 00 1590 K = 1, IREPY INPUTI24
125 1505 INDEX = NANTABI(NC) ¢ 1 INPUTI2S
=) 126 IF CINDEX .6T. NARTABCNM)) 6O TO 1997 INPUT 126
| 127 NARTAB(NC) = INDEX INPUTI27
e 128 INDEX = INDEX ¢ NARTAB(NL) INPUT 28
£ 129 60 TO (1520, 1530, 1540, 1540, 1560, 1580, 157C), ITVPE INPUT 29
| 130 1520 IVALUE = VALUE INPUT 130
¢ 131 1525 DATACINDEX) = AVALUE(Y) INPUT 131
I 132 60 7O 1590 INPUTI32
B il 133 1530 DATACINDEX) = VALUE INPUT133
Er 3 134 60 70 1590 INPUT134 « 8
? 135 1540 INGEX = INDEX ¢ NANTAB(NC) - INPUTI3S
. 136 IF C1TVYPE .EQ, 4) 6O TO 1550 INPUT136 E
i 137 PATACINDENSI) = AVALUE(2) INPUT13?
: i 138 60 TO 1528 INPUT 138 s
139 1550 DATACINDEX) = CXVAL INPUTI39 )
&‘ 140 DATACINDEXR®1) = VALUE INPUT 40

APPENDIX G




%
162
143
144
145
146
147
148
149
15¢C
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

168
169

m”7
172
173
174
175
176
177
178
179
18C
181

183
184
185
186
187
188
189

191
192
193
194
195
196

1560

1570

1580

1585
1590
1600

1610

1620
1900
1995

1996
1997

1998
1999
2002

2001

2010

2020
2021

2030
2031

2040
2041

SUBROUTINE INPUTINANTAB OATAINPFLE,0UTFLS)

60 Y0 1590

LVALUE = .FALSE.

1fF CNARE oEG. JTRUE)D LV.LUE = oTRUE.
60 TO 1525

M = INDEX -~ IEXP

DATACINDEX) = DATA(Mm)

1F (n .EQ, L) 60 TO 1585

60 YO0 15C5

OATACINDEX) = AVALUE(Y)

1EXP = JEXP ¢ 1

1F (BCDFLE) 60 TO 1610

1TYPE = 7

L = INDEX

CONTINUE

CXBOTH =  FALSE.

IREPT = 1

4 =2

kK =0

I1TYPE = 1

L=0

1EXP = 0

1ESIGN = O

IVSien = 0

DECPY = LFALSE.

EXPNT = FALSE.

VALUE = 0.

IF (1 LT, MAXCOL) 60 TO 1100
I1F (K .NE. 0) 60 TO 1105

60 70 1030

IF (INPFLE .NE. 0) 60 7O 1900
INPFLG = 1

INPFLG = 1 ¢ INPHLG

INPFLG = 1 ¢ INPFLE

4d =4

1TYPE = 0

RETURN

1F CINPFLE .EQ@. 0) 60 70 16C0
IF (.NOT. DUTFLE) PRINT 2001, IRAGE
FORMAT (208,20A1)

0 2010 4 = 1, 8¢

IRAGE(S) = 1BLANK

CONTINUE

IMAGECIIMAGE) = NUMBER(14)
PRINT 2001, IMAGE

4 =2

60 To (2020, 2030, 2040), INPFLE
PRINT 2021, NAMSAYV

FORMAT (20K, 17HTO0 MUCH DATA IN , A67)
60 T0 1999

PRINT 2031, NANSAV

FORMAT (20X, A6, 17H NOT IN NAME LIST/)
60 T0 1999

PRINT 2041

FORMAT (20K, 33NSYNTAX ERROR OR ILLEGAL CHARACTER/)

60 Y0 1999
END

APPENDIX G
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INPUT 141
INPUT 162
INPUT 143
INPUT 144
INPUT 145
INPUT 146
INPUT 147
INPUT 148
INPUT 149
INPUT 150
INPUT59
INPUTI52
INPUT 153
INPUT154
INPUT15S
INPUT156
INPUTIS7
INPUTISB
INPUT 159
InPUTI6C
INPUT 161
INPUT 162
INPUT163
INPUT 164
INPUT 165
INPUT 166
INPUT 167
INPUT Y68
INPUT 169
INPUTITC
INPUTI71
INPUTIT72
INPUT173
INPUTI74
INPUTI7S
INPUT176
INPUTI77
INPUT 178
INPUTI79
INPUTIED
INPLT 181
INPUT 182
INPUT183
INPUT 184
INPUT 185
INPUT 186
INPUT18?
INPUT 188
INPUT 189
INPUT190
INPUT 191
INPUT192
INPUT 193
INPUT 194
INPUT19S
INPUT 108
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INOE

sSYREOL

103C
1100
1105
1110
1120
1128
114C
115¢C
11€7
1M72¢
1éce
1210
1220
1260
13¢C
1318
1328
13zs
1138
1338
134C
135C
126C
1788
13973
1400
1410
1420
143C
144C
1560
1505
1520
1928
152¢C
154¢
1554
156C
1570
1580
1585
15¢9C
16C0
161C
162C
1960

1995
1996
1997
1998
1999
2000
2°%01
2010
202C
2021
2030
2031
204C
2041
ABS
AVALUE
BCOFLE
CINCOD
CPACHN
CXpOTH
CavAL

0 0 00 00

PAGE 56

SUBROUTINE INPUTINANTAB DATAQINPFLE,OUTFLE)

23
28

24
167
168

e

L3

41e

48

e

45

52e

41

4S

&7

68

36

85

83

9Ce

91e
93e

95

97
1C0e
102«
104
1099
114e
116+
115
118

62
148
13Ce
138
133
135¢
139
142¢
1459
149
153
132

151
166

103
170
172¢
173
175
176
177«
178e0
182¢
187«
188«
190
191
193¢
194 ¢

11€e
4

119
139

169

37
52

b17]

61e
710
72e
e

117
118

16

13
160

48
108

189
179

13
49

121=

REFERENCES
sS4 60
57
119 123¢
141 154
109 123 15Se
s1 sé 84
167 1m0
192 .+ 198
184P0
137 149
5Ss= 108= 151
158=
APPENDIX G
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INDEX PAGE 57
SUBROUTINE INPUTC(NANTAB,DATA,INPFLG,OUTFLE)
010 - 908 1304 86 114 116
DATA - 146 1001 131= 133» 137= 139 140= 1%6s 149
DeLE - 86
DECPT - 8L6 36 4 8s 9 97s 164=
EXPNT - 8L6 82 93s 165
FLD - ho=
FLOAT - 86
FRMATY - 1304 24R0
1 - 11¢€0 26= 28= 30 3 34 41 4és H 52
ss S8 So= 61= 7 167
1 - 1BLANK - 3c0 30 1814
ICORRA - 4EQ 3 S0 {
1EQUAL - 5EQ 41 ”
1ESI6N - 83 92= 162= |
b 1€2P - 83= 110 111 112 %5 150= 161= ]
11RAGE - 3co 11€e 183 |
1PAGE - 3co0 24R0 r41d ] 30 31 ) 41 S0 52 $S
147 1728PR  181= 183= 184P0 |
INAR - 3¢c0 1
INDER - 125= 126 127 128= 131 133 135s 137 139 140 |
1S 146 149 153 |
INPFLE - 1A6 64= 109 123 179 171= 172= 173= 17”7 186 |
INPUT - 1 |
1QUOTE - 4EQ 52 ss
IREPT - 102= 124 156= |
1TRUE - 130A 143
1TYPE - 1304 29 40t 43 62 68 9 s 98= 102= 104=
118 129 1% 152= 159= 175=
IVALVE - 11ee  13C=
IVSI6N - 86 95 163=
4 - 1304 23 1 32 39= 43 45 .2 S?7= 69=
73= 106= 157= 17¢4= 180= 189 185=
3 - 33= 34 35 58= 61 66= 67 12 81 83
86 88= 89 92 95 112= 1247 158 168
L - 38 42 46 47= ess 110= tER) 12 1? 153s
160=
LTRUE - 8L6 12e0 %A
LVALUE - e 1160 142= 143=
! n - 145= 146 147 f
H maxcoL - 6co 167
NARE - 11€0 18 46 65 67 143
NARSAV - é5= 187PR  190PR
NANTAB - ‘3155 1001 63 67 76= 9= 125 126 127 128
1 1
ne - 75= 76 79 125 127 138
NCHAR - 6C0 13 47
nL - 73= 76 128
1 (L] - V= 75 12
NNARES = 63= 66 73 7% 75
’ net - $3= 5¢ 107=
NTRUE - 1260 79
NURBER - 3¢o0 4EQ SeQ 3¢ 183
NWORD - 60 &2 :
OUTFLG -~ 146 8Le 25 178
RETURN - 176
SI6N - 83 L1
: VALUE - - 908 11e0 8= 100 114= 116= 120 130 133 140
66=
¥
B
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BLOCK PATA FOR 1NPUT SUBROUTINE

SLOCK PATA
CORMON /CINCOD/ INAM,IIMAGE ¢ INAGE (80D (IBLANK NURBER(ZT)
OATA IBLANK/ 1N ¢/

1.A1A CNURBERCID 151,210/ 1IN0 1N T, TN2, 13 o 1A, 1S, 1M6, INTo 1HB, 1N9,

N TN= TN o TN G INC o THD TN IHD o INE, TH oo TN/

NOTE THAT THE FOLLOVING DATA 1S MACHINE DEPENDENT.
NWORD = NO.OF BITS 1IN RACHINE WORD.

NCHAR = NO.OF BITS 1IN ALPNA-NURERIC CNARACTER.
RANCOL = NO.OF COLUNNS TO BE READ FROM CARDS.

CORMON /CRACHN/ NWORD JNCHAR ,RANFOL

DATA NWORD/36/,NCHAR/ZS/ JRANCOL/20/
END
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. I NDEXN i ] PAGE 59
PLOCK DATA FOR INPUT SUBROUTINE £
+ SYREOL ¥ = 3 ¥ 3 ¥ E ¥ & S % 3 8T S® .!'f'é“CES .-s‘---s-n-.‘n.--- :
CINCOD - 2CL i i
CPACHN - 172¢L 1
. 1 - 40A
IBLANK - 2¢o0 © 36A
- JIMAGE -~ 20
IPAGE - 2¢0
1NAR < 2¢0
PARCOL - 12¢0 1304
NCHAR - 12¢0 1304
NURRER - 2co 4DA
NWOKD < 12¢0 1304
mexe - 1
3 ‘
] E
t
3 3
'. -
4
, T
. :
Fe |
"
5 5 "
‘. -
[ - n
!:-a
. .:‘
3 ~>.,. 3
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I NDEX PAGE 60
eesnacesces SUPER INDEX ®ececccees

SYRH0L =~ *szssssxsssssssssss  ROUTINES IN WNICH THE SYNPOL 1S USED s=3ssssszsssEssEss
A - FNCNS rRecCORP RBSORTY
Al = RVCORP
A2 - RVCOMmP
ARS - BCOmP FNCNS INPUT rRoCORP RESORY RVCONP RVSPRD
ACOS - FNCNS
AINY - BCOmP
AINTRP = RBCORP TABLKP
ALOG1D = RTCOWP
ALPRC - Dbcomml RvCOMP
ARAX1Y - RBCORP RVCOMP
ARIN1 = RBCOMP
AROD - RBCOMP RVCORP
ARY - bComN1 IDENT RBSORT 1|LCK ALTY (]
ARG - FNCNS recorp TABLKP
ARRAY - SORT
ATANZ - RBCOMP
AVALUE - INPUT
] - Beone rRvCORP
6AND - BCOmP bCOmNT rRBCOPP rRVCOPP
BCDFLE - INPUT
BLONP = 1RAIN
(1] - @econr
BNDOUT - BCONP oCOMNT RVPRNT
[ 18] - btomNY IDENT RBCOMP RBSORT Tcome 1eLcx 1nA I
BVIBTN - DCOMNT I0ENT RVYPRNT
SWINT - BCOmP ocomnt 10ENTY
(14 - bLommY IDENY RVCONP RYPRNT
coxy - BComp scomN? IDENT Recomp
CALFAP - RBCORMP
CALEBP - RDCOMP
CBAND - opcommt
CCOUNT - DCOMN1
CENTER - BLONP [ 1{.LL}]
CPCNSY - DpCONNY
CCAPAP -~ RBCOMP
] CCARDP -~ RBCONP
i CHCNST =  DCORN?
CINCOD - INPUY Lcx0
CINDAY - DCOMNY
3 CINDEF - DCONNT
! CINPUT =~ DCOMNT FNCNS
CRACHN =  INPUT m.LeExd
CNY - BComP
CORTAU - RBCOMP
cos - pcomp FNCNS 10ENY RecORP RVCONP
COoSA = FNCNS rRecCOmP
' cose = FNCNS reconr
cos¢c - FNCENS
COSORT = DCOMNS rRacomp
COSTHA = DCOMNS ReCORP
COSTHD - DCOANS raCOmP
CPRINT =~ bBCOmNY
cSA - RvCOmP
- CSALFA =~ RBCOMP
' CSALF® -~ RBCOMP
CSBETA = RBCOMP
CSBETE - RBCOMNP
¢ CSGARA - RBCOMP
CS6Ame - RBCOPP
csks1 = btomnt IPENT rRBCORP RVCORP
csSorPTe -~ RBCOMP
CSORTF -~ RVCORP
(41001 - RvCOmP
CSPRED -~ DCOMNY
CSTHAD -~ ROCORP
CSTHBD = RBCOMP
CTAPE - peomnt
CTBLKP = AINTRP sconnt TABLKP
APPENDIX G
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1 NDEDN PAGE €1
eesdnsnses SUPER JNDEX teecncesee
. CTHIP - KBCOMP
CYEOTH = INPUT
5 CHCNST - DCOMND
CEVAL = INPUT
[} - ECOmMP FIESORT RVCOPFP
[ 1] = DCOMN? FVERNT
(217 = INPUT
a4 . DATA - INPUY
bBLE - INPUT
0BTTP - DCOMNI RESORT RVPRNT
PCOPNY =~ ECOMP 1DENT RECOMP RESORT RTCOMP RVCOMP RVPRAT KySPRD
TCOnP 1ILCK IPAIN
DCOPN2 - PRECOMP RICOMP RVCOPP RVPRNT RVSPRD TMAIN
DCOMNT =~ RBSORT Tcome
DCOPNG - RVCOMP
DCOMNS - FBCOMP
DCOMNS = TELCK
(1) - RpCOMP RVCOMP
DECPT - INPUT
DEGRAD =~ BCOMP DCOMN1 IDENT RECOMP 18LCK
DELDEP =~ AINTRP DCOMNT
DEZIND =~ DCOMNI TAPLKP
DELR - RBCOPP
DELY - DCOMN1 IDENT RECOMP RVCOMP Tcomp
DELTZ =~ DCOMN1 1DENT RVPRNT
4 DEPND - AINTRP TARLKP
oop = DCOMNS RECOMP
DOPSKP =~ RBCOPP
[ 1} - DCOmMNT IDENT RVCO™P
E - BComP
END - DCOMN1 IDENT 1MAIN i
Exp - 1DENTY RECOMP RVCOMP i
EXPNT = INPUT
EXPS - OCOMN1 IDENT RVCONP 3
i [ - BCOMP ]
f e - DCOMNY RECOMP RVCOmP i
F1 - BCOMP DCOMNY IDENT RBCOMP RTCOMP RVCOMP 18LCK
F10 - DCOMN1 1DENT RYCOMP RVCOMP 18LCK
. 180 - BCOWP pCOmMNT 10ENT 18LCK
FE2 - DCOMN1 1DENT 1eLCK
FImIN = DCOMNY 16LCK
¥2 - DCOMNT 1DENT RBCOMP 160 CK
520 - DCOMN1 RECOMP 18LCK
(3] - pCcomwnt 1BLCK
(X3 - DCOMN1 10ENT 1ELCK
i FoC - B8ComP DCONNT IDENT rRECOMP 1B8LCK
(1) -~ RBCOMP
FACTOR = AINTRP DCOMNY TABLKP
(115} - pcomn1 IDENT RVCOMP 4
FCCLYVS - DCOMN1 10ENT RBCOPP RVCOPP ;
FCNS - ENCNS
FCSGAM - DCOMNG RVCOMP
FGAP - DCOMNY RVCOMP
(T FILTER - BCOMP DCOMNY 1DENT RTCOMP
FLD - INPUT
FLOAT = INPUT
$ FLOG10 - DCOMNT 1DENT RECOMP RVCOMP TBLCK
FNBAND = BCOMP DCOMNY RVCOPP
2 FPYS - BCOMP ODCOMNY RBECOPP RVCOMP Tcorp Telcr
i FR - RvcoOmP
k. FREQ - FNCNS
¢ FRMATY - INPUT
e FRSQ - RvVCOMP
& iy 2 ey - RvCOmP
¢ - (1] - RvCOMP
s fFase - RvCOmP
By 22 - DCOMNY 10ENT RVCOmP
R & ¥ FIR0 - ECOWP oCOMNY 10ENT RBCOMP RVCOMP RVPRAT
(251 - bCOAN] IDENT RVCOPP
3 - RVCOMP
L 43
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NBAND
HEADS
HED
WEROM
NOUTPT
HAVE
HSPRD
NSPRY
NTIPE
HTOT1
nTov2
HTOT3
HUNLY
1

18LANK
180UND
1COMMA
10
10ATA
IDATE
p{ .14
I0ENTY
1o0P
10V
1EQUAL
1ES16N
1ExP
161X
1FLAS
1F2RO

s 4o

"T¢

-
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ocomnt
oconnt
pconnt
DCONN1
oconNd
[YLLLE]
RVPRNTY
oCOMNY
oconN?
RVPRNT
CCONN1
bLonnd
DCORNNY
oconnd
aconr
RVSPRD
DCOMNT
TconP
INPUT
IDENT
oCconNY
DCOMN1
DCOMNY
1mAIN
RBCOMP
DCOMNY
INPUT
INPUT
InPUY
scone
FNCNS
oCOoNN1
RpCOMP
INPUT
RBECORP
INPUT
RICORP
TABLKP
1nPUTY
oconn1
IDENT
[ I{LLAI
I0ENT
BCORP
oconn1
SCOnNY
INPUT
INPUT
RBCOMP
AINTRP
TABLKP
TABLKP
RYPRNT
1NPUT
InPUT
InPut
INPUT
I0ENT
Tcone
RBCONP
RBCOMP
rRecone
RBCORP
RBCOMP
RBCORP
RBCOMP
RBCOPP
RBCOMP
RECONP
RBCONP

10ENT
I0ENT
I0ENT
IDENTY
I0ENY
RVPRNT

I0ENT
IDENT

RVPRNT
RVPRNT
IDENT

IDENT
SORT
INPUT

IDENTY
RYPRNT
T0ENT

RYPRNT

RVCONP

RVPRNT

180K
INPUT
mLck

bCcomNT
RYPRNT
IDENTY

oconNt

1sLck

INPUTY
feLck

RYPRNT
150LCK
RVPRNT

18LCK
10LCK
RVPRNT
INPUT

Tcone
18LCK0

RYPRNT

RYPRNT
18LCK
RYPRAT

RoCOmP

ROSORT

® SUPER JNDEN tecceecsce

TeLcK

16LCK

RECONP RBSORY RTCOMP RvCcORp

16LCk 18LCK0O

TCOMP 1BLCK

1RAIN

BLLR

TABLKP TcomP

RTCORP RVCONP RVPRNT RVSPRD
APPENDIX G
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1
PAGE 63
[ETIXI TR L ] SU’E' INDEX detsdssose
sunp - RBCOMP
X - IOENT INPUT RBSORT RVCORP RYPANT RVYSPRD TcoON
K0 - DCOMNY 18LCK 7
K1 - BCcomP DCONNY 10ENT rRBCOMP rRYCOMP RVCOMP RYPRNT "YSPRY 1
. Tconp T8LCK TMAIN
x10 - bcomNt I0ENT 100LCK
p K2 -  oCORMN1 TOENT R8CONP RICONP rvCONP Teonp 1mLex
K3 -~ DCOMNTY 1DENT RBCONP RICONP RYSPRO TCORP 1L
K40 - bComnt RYPRNTY Tcone TeLcx :
't - DCOMN1 IDENT RYPRNT 1BLCK 3
K6 - DCOMN1 1BLCK
K8 - 0COMNY RVPRNT 18LLK 1
KBAND =~ RDCORP
KK - RVSPRD
KS1 - scommt 10ENT
KSID - DCOMN1 I10ENT RYPRNT
Xy - pComNY RBCOMP RYCOMP RVCORP 1MAIN
(3L - RBCOMP 3
KTSBND ~- BCOMP YL LT I0ENT s
X7y -~ DCLOANY RBCOMP R7CONP xVCOonp IMAIN
L -~ BCOMP I0ENT eyt RECONP RBSORY RVPRNT
LEAP - RBCOMP
LENGTH ~- SORT
LFLAGS - DCOmNY 18LCK
L -~ RBCOAP
LWBAND - BCOMP oconnl PCONNG RVSPRO 3
LMBNDY - DCONNY DCOMNG rRTCONP RVPRNT
LAKS - oCOMN1 oCONNG RBSORT
LAKS2 - pcommt DCONNS RBCONP
LANT - DCOMNT 1MAIN
LPRB - pcomnt 0COMNG 1mALIN
LMSPRD - DCOMNT DCONNG :
LRYIR - DCOMN1® DCOMNNG TConP 3
LRIRS - DCOMNY dCONNG TCONP
LOG4PT -~ DCOMNY IDENT 18LCK
LOGRY - DCOMNT1 I0INT
LOGAVI =~ DCOMNY IDENT rvComP
t LTRUE = INPUT
i LVALUE = INPUT
: " -~ IDENT INPUT RBSORT TCOMP
naxo - IBENY
MAXCOL - INPUT 18LCKO
WBAND - BCOMP sCONNY
NINC - BCOMP RVCONP 1MAIN
" - RBCOMP
nny - RBCOMP
[T - RBCOMP !
W -~ RBCOMP :
HNBND - BCOMP YL LIT] RTCONP RVPRNT TCORP 3
ANRY - RBCOMP :
nop - BCORP RVPRNT ;
n - RrBCOMP :
"y - RBCOMP |
N - RBSORT
NA - RrBCOMP RBSORTY
NARCNT -  DCOMN? IDENT 18LCK |
E NARDAT = DpCOAN? TeLCK ’
’ NARE - INPUT :
NANSAY - INPUT
¥ NARMTAB - INPUT
NB - mBCOMP RBSORT
- NBAND - BCORP oconNt rRecone RVCORP ayseRe
NBEAR - pCOMNt FNCNS
NBOUND - DCOANT RBCOMP Tcone
: NBSPRD ~ DCOMN1 10ENT
. NBTR - ocomN? RBSORT
N 3 - INPUT RBSORT
EEF " NCHAR =  INPUT 1BLCKD
4, no -~ mBSORT
. NEXT -~ RBCOMP 3
- <
v
L9
!
L3
-
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1 1 NDETX PAGE 64 -
(EITRTITRT L} su'(. INDER eeacccedcese E
NL - INPUT [
NR - INPUT ¢ =
NPAX - TcompP
NRIN - TCcomP @
i NN - RvCOmP
. NNARES - DCOMN1 IDENT INPUTY 1.Lcx
NOBTTR - DCOMN1 RBSORT
NOPRNT =~ DCOMNY I0ENT RVPRNT :
NOSURF <~ DCOMN? RUSORT .
NOTAPE - DCOMNT IDENT RBSORT TCOMP 1RAIN :
NOVOLW - DCOMNI 1MAIN
NPAGE - DCOMNI RVYPRNT TconP
NPSTRT -~ pBCOMP BCORNT RVPRNT Tconp
Nev - INPUT
» NSPR1 - DCORN1 IDENT RVYSPRD
i NSPRN - BCONP DCORNT IDENY RYSPRO
i NSPRNT - DCOMN1 IDENT RBCONP RVCONP RYSPRO
NSSPRD - DCOMN1T IDENT
NSURF - DCONN1 RBSORT
NTBL - TCOmP
NTIRE - DCOMN1 TCORP 1MAIN
NTRAX - DCOMN1 RVPRNT 1MAIN
NTRIN - DCOAN1 RVPRNT 1RAIN
NIRUE -  INPUT
NURBER - INPUT 18LCK0
NVSPRD -~ DCOMN1 IDENT
NWORD - INPUT 18LCKO
OMEGA - DCOMNI IDENT rRBCOMP RVCORP
i OREGAD - DCOMN1 IDENT RVPRNT
k onY - DCOMNS RBCOMP RVCORP
i orTD - RBCOMP
ONTTAU - RBCOMP
I OUTFLE =~ 1DENT INPUT
. onL - FNCNS rRECOMP RVCORP
PAGE - pcomnt RVPRNT TCONP
PN - RBCOMmP
: PHMONT - RBCOMP ¢
i 3 rI - pcomnt reCOMP RVCORmP 1eLCK "
| 1 rI23 - DCOMN1 rRVCOMP 18LCK
‘ PING - OCOmN1 RVPRNT TConP
! 3 PLOY - DCOMNY RVPRNT 1RAIN
(L] - RVCOMP
PULSE - DCOMNY ;
[ ~ BCONP 4
(1) - RBCOMP ]
QAABC - RBCOMP
(11} - RBCOMP
eARC - RBCOMP
(713 - RBCOMP
(1] - mBCOMP
GBABC - RBCOMP
(113 - RBCOMP
(13 - RBCOMP
ecos - RBCOMP i
QCOSm -~ RBCOMP g
F esSIN - RBCOMP .
(] - ocomns recone rRvcome 3
RBCOAP = IMAIN 3
3 (1] - DCOAN3 RBSORT Tcone 3
ROMA - DLOMNS rBCOMP
(11T - 0COMNS reconp
ROSORT = IAAIN
(11} - pCOMN3 RBSORY Tconp
ReTA - OCOMNS recone
. (3]} - 0COMNS rRecOMP
s (1) [] - 9CONNS RBSORT TCconP
8 APTNA - DCOMNS
M0TN - PCOANS
(1] C (L} ] Tcone .
e - ptonns




IiNDE

RBXB
R0
RECV
RELBND
RETURN

REVERD
RARF
RRFS
RY
RYCONP
RY

RvVS
RVCORP
RVYPRNTY
RYS
RVSPRD
/vy
RYY

S
SNIFT
SIN
SIN
SINONY
SNA
SNKSS
SHONTD
SHOMTF
SNPH1
SORTRY
SORY
SPRCAP
SPREAD
SPRED
SQRTY
sTor

LIS I I LT O I L A D L M U M O A A I I L O I D U A MM A O T T I O A D AL A A DY I L R T B I O}

DCONNS
recomp
DCONNY
scone
AINTRP
RVCONP
OCONN2
scone
sconP
RBCONP
IRAIN
sconN2
sconN2
1MAIN
LTS
oconN2
MAIN

sconN2
oCONN2
sconnt
sCONNY
sconp
I0ENT
PCONNS
RVCONP
sconn
RBCORP
RvCORP
RVCONP
rBCONP
ROCONP
IDENT
oconnt
scomny
RBCORP
1MALN
PCONNS
RVCORP
RVCORP
RVCORP
RBCORP
1MAIN
RBCONP
SORT

RBSORY
DCONNS
rpCONP
RBCONP
DCORNS
*BCONP
RBCONP
BCONP
sconnt
oconnt
DCONNS
[I{ L1 }]
RYCOMP
sconny
oCONNY
sconNY
RBCONP
oCONNT
FNCNS

rRoCONP
RBCORP
sCONNY
INPUT

RVCORP
BCORP

BCONP

ROCORP

RocoOnP
sconnt
[ 14114
RVYPRNT
1RAIN
FNCNS
oconnt

ReCONP
RTCORP

RTCORP

RTCOMP
RTYCONP
I0ENTY

RBSORTY
eyt

ReCORP
RBCONP

IDENT

TCORP
IDENY
RYSPRD
RVYCORP

RBCONP

({14

sconnt
ROSORTY
FNCNS
RBSORTY
IDENT

TCORP
sLex
1sLcx
IOENT
RTCORP
IDENTY

[(I{L[}]
bconnt

seststtnee SUPER INDEX tevecednes

RVCONP

FNCNS IOENT 18PUY ROCONP RBSORTY
RVSPRD SORT vasLke TCORP
RYCONP

RYSPRO

RVYPANTY

RYPRNT

RYPRNT

RVCORP RYPRNT

ROSORT RYPRNT

1Lck

RpCORP RVCONP

RvCORP

RBCONP RVCORP

RTCORP RYPRNT Tcone 1RALN
RYCORP

I0ENT ROCORP

Tcone

R8Conr RICORP Rycomr RYPRNT TCONP
TConP

RYPRNT TCORP

e

RTCONP

'eConp RYCORP feLck

RVConP

IPENT RBCONP RYPRNT
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ITNDED
WRFLE = RBSORY
X - DCONNS
1 - recomP
x2 - RBCOMP
x3 - Racomp
xe - RBCOMP
x0 - mBCONP
AMIN - DCOMN3
XRIT = BCOMNY
XTAU - RBCOMP
v - RVCORP
" - RBCOMP
v2 -~ Racome
v3 - RreconP
% ~ RBCOMP
YOKT -~ DCOMNY
H - RucOMP

RBCONP

RBSORT
RBCONP

IDENT

eseecdeses SUPER INDEX eeceestace

TCOonP
RYCORP

18Lck

PAGE 66
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END OF CORPUTATION,
6 APRIL 1976 VERSION.
(PROGRAR INDEX COPYRIGHT 1966, NARRY Mo MURPHY, JR.)
(AS MODIFIED AT NUC BY P, NARSH, R, ALLIES, N, PINNEY, ET AL)
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