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~~With the expansion of testing conducted under project BIFI , it La

~~~~

‘ C..3 clear that a high degree of automation ii required in the data aoquisi-
a tion and reduction. When a Hewlett-Packard digital eo~n’~”ig system
I became available for use in October 1968 it became poesibi. to aut oeate
- to a high degree the daily propagation t..t. conducted over the 8171

range (described in reference a). This memorandum deals with the B!?!
data aaquiaion syste. located in Building 36, which is used in thin
testing and th. two FORTRAN V progra , 51296 and S135?, which are used
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/DATA ACQUISITION ST~~ ~/_  / —

The daily propagation teats are conducted over the BIT! range,
shown in Figure 1. The range has a length of app roximet.ly 19 nautical
miles and has a depth of abou t 120 feet through most of it. extent. At
Block Island, a projector tuned at 1702 Hi ii bottom mounted at a
55 foot depth at point S. Th. receiving hydrophone is bottom mounted
near Fisher. Island in 155 feet of water at point H. The receiv ing

• station at Fishers Island is connected by means of data tran smission
• lines to the Data Acquisition and Reduction Center in Building 36 at the
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laboratory, where the signals are recorded and analysed. A reference
signa.1 corresponding to the signal transmitted at Block Island is
received at the Laboratory from the Block Island sta tion by means of
the Block Island telephone da ta line. Several frequency sensitive
reed relays are connected in the receiving circui ts at Fishers Island
and these permit remote control and calibration of the receiving system
from the Laboratory via the data transmission lines .

The receiving syste. in Building 36 is shown in Figur e 2. The
signal from the receiving hydrophone is received via the Fishers Island
tel.phone data line, the CW signal is passed through either a 2 Xi or
0.1 Us bandwidth filter prior to dtgttising . The 2 Us bandwidth filter
is used in the winter, spring, and fall when the signal to noise ratio
of the received signal is large and there is a large amount of fr ..
quency smear in the signal . The 0.1 Xi bandwid th filter will be used
in the summer months when the signal to noise ratio of the received
signal is smaller than in other seasons and due to a lack of dependenc.
of the received signal upon the sea surface , thu s, there is very litt le
frequen cy smear . The envelope of the filtered signal is then sampled
by the Hewlett -Pack ar d scanner and digital voltmeter system and th.
digital value punched in I~ l cards at a ra t. of approximately 3.5
samples per second . The ent ir e receiving system has a dynamic range of
better than 50 db. Over a range greater then 1,0 db the system i. linear
to at least .2 db per 10 db step . The system noise is low enough to
permit measurement of signals of as low as -60 db relative to a 1. Dyne
per square em.

During the daily propagation tests, pulses 45 seconds long are
transmitted from Block Island . During each one minute interval the
signal is on for about 45 seconds and off for approximately 15 seconds.
The recording sequence during the t..t. i. shown in Figure 3. Firs t
the Block Island refere nce signa l is recorded on IBM cards , prior to
the first signal sequence being received at Fishers Island , for more
than one minute or one cycle. Then the received signal at Fishers
Island 1. recorded for 15 minutes on cards . Final ly, a calibration of
the system is per formed . The calib ration level is changed in equal
increments and a same number of values are recorded at each level . The
forma t of the data on the cards 1. four digits representi ng an Integer
followed by one digit which represent. a negative exponent of the number
10 by which the first number is to be multiplied. Next the data is
reduced by means of a liSt FORTRAN V Program , 51298 on the UNIVAC 1108
computer.
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PE~)GRM4 Sl298

USL Program S1298, written in FORTRAN V language, is designed to
determine propagation loss and variance of signals received during the
daily propagation runs . The data obtained is arranged as follows :

1. One input data card .

2. Calibration cards with higher calibr ation levels preceding
lower levels .

3. The signal da ta cards in the order in which the da ta ii taken ,
as described previou sly.

The forma t of the input data card and the quantities inputted are
shown in Table 1. As seen in Figur e 3 the firs t data recorded consists
of the Block Island reference signal . This signal is used in program
Sl298 for two purposes . First , since a complete signal cycle is one
minute in length from point A to B, we can compute the sampling rate
per minute as the number of samples in the period , ~4IN. The reference
signal is also used to establish the time at which the signal is firs t
tran smitted from Block Island (point B) .  Fr o. the known propagation
time (input para meter P }d)T which is 24 seconds for the present SIFt
range) and the time after the beginning of the received pulse at which
ana lysis is to comeence (input parameter ~ 4C which is 5 seconds for
pre sent analysis) the program determi ne. point C and the signal is
analyzed from point C to point D (DUN second s long which is 30 seconds
for the daily propagation runs). The ambient noise is analysed
coemenoing at point S. The distance from point B to point E is the
input parameter RAMB (74 seconds in the present analy sis). The analy sis
of ambient is conducted from point E to F (DURA seconds long which is
5 seconds in the present case). Analysis of succeeding pulses is
accomp lished by incrementi ng points C and S by one minute (~)1IN) . The
number of pulses to be analyzed is given by INIJ1.

For each pulse analyzed , calculations are performed to measure the
m~~~i~~nii~ minimwn and average values of voltages over the pulse , and the
variance of the log of the vol tage over the pulse. Also calculated is
the aver age valu e of the voltage representing the background noise.

A number of calibration levels (inpu t parameter NCAL is the number
of levels) are analyzed . Each level has CAL measured values and the total
number of calibration values analyzed equals ICAL . The calibration
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equivalent level in db relative to 1 C)YNE per squar e cm of the highest
calibration level is given by ~4!1L and each level is decreased by ECCP
db in each of the other calibration levels. The calibration equivalent
loss of the highest calibration level is given by ~~UV ,

~~UV = - FX~UL

where N8 is the source level and FXIUL is the calibration equivalent
level , both in db relative to 1 DYN E per square cm. Each loss level
is incremented by ECDP db in each of the other calibration levels.
For each calibration level an aver age voltage level is cal culated and an
array SIGJ (JJ ) is set up such that

SIGJ(JJ ) = 20 Log (i’ )
where V is an aver age vol tage and JJ = (1..  .NCAL ) where s1GJ (i) is
the highest calibration and each succeeding value at the array repre-
sents a level with a calibration equivalent level of

~~UL — (J c—i )

or a calibration equivalent loss of

EQUV + (JJ -i ) * E~CDP

Having calculated the calibrati .1 levels and the .~y4.iit, mini ua,
and average of each pulse received level it is possible to calculate
the propagation loss associated with the later thr ee quantitie s . For
a given level of one of these quantitie s propaga tion loss is calculated
by either interpolating between or extrapolat ing beyond calibration
levels associated with distinct calib ration levels equivalent losses .
Let x be the quantity whose associated propagation loss P,, is desired to
be measured.

If x lies between two calibration levels then we interpolate
between those values and

= ~~UL + ECDP * MM — (10.0 * LOG (x) - SIGJ (Li.) * EDCP/

(sIGr (MM) - SI GJ(LL))

where SIGJ (144) and SIGJ (LL ) are the values of SIGJ correspon d ing to
calibration values above and below x respectively.

4



USL Tech Memo
No. 2211—91-69

If x is greater than any calibration level then we extrapolate
beyond the upper calibra tion value and

= - (10.0 * LOG(X) — sicj (1)) • ECIW/ (sIaj(i) — sIGJ (2))

If x is less than any calibration level then we extrapola te below
the lowes t calibration value and

= ~~UL + (NCAL—1)*ECIP —(l0.0’L G( x)— SI GJ (N CAL )) ’E c~~/SIGJ
(N CAL — l)—S GJ(NCAL )

If the number of calibration values NCAL , is one it is assumed tha t
the recording system is linear between x and the calibration level and

P1 = ~~UL_l0.0*WG(x)9SIGJ(1)

If x i. the aver age background noise level, P is the propagation
loss which would be measured for a signal wIth a !evel equa l to the
background noise. This quantity A14B2, is a measure of the 4~~i~
propagaticr loss which can be measured for a given level of background
noise. The background noise level M(B is related to AMB2 by the
relationship

AMB = - AMB2 + ~~UL + ~~UV

If the maximum or minimum level of signal plus noise falls below
the background noise the quantity is set equal to 200 db propagation
lose . If the average value of signal plus noise does not exceed the
background noise then the average value of propagation loss is set
equal to AMB2 and GTR is set equal to one . This effectively states that
the average propagation loss is greater than AMB2.

For each pulse the m*~~1mnin~ iiinf ~um, and aver age values of propaga-
tion loas in db are printed out. Also printed out is the var iance of tbe
propagation loss in db over the pulse length as well as the ambient in
db relative to 1 dyne per square cm, and AMB2 is db.

Also printed out are the average , of the number of pulses analysed
of the maximum , and average propagation losses and the average vari ance
over a pulse. The variance of the maximum and average prop agation loss
measurements of the number of pulses analyzed is also printed out . These
quantities are also punched on one output card, the format of which is
shown in Table 2. Also punched out on this card are sea state , and
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wind speed at the time of th . te.ts and the value of GTR. This card
can be used as data input to Program Sl35’7.

There are two printed outp uts in program Sl298 which can be used
as a check of the accuracy of the measurements taken . First the
voltage level in db of each calibration level is printed out so that
the linerity of the da ta acquisition and reduction system can be
verified. Th. second check concerns the exponents of all input data .
Due to the nature of the Hewlett Packard system the exponents of all
data , taken with a given inarii. ~ input level setting , have the same
valu , for the exponent. This value is inputted as the quantity ~~~~~~.

If the value of the exponent of any data point differs from ~~~~~, then
the value of the exponent and it. location in the da ta deck is printed
out . Thus it is insur ed that a faulty alignment of data card ooluems
in the data can be detected .

PROGRAM S1357

USL Program Sl357 , written in FORTRAN V language , is designed to
measure aver ages of the propagation loss and variance data obtained from
prog ram Sl298 and to plot these as well as theoretical predictions when
applicable on the calcomp plotter in a form such that the graphs y
be used in technical reports . The data is arranged as follows :

1. One input data card.

2. Inp ut cards containing data of theoretical prediction s .

3. Output cards from Program Sl298 .

4. Cards coattLin ing a list of sea states to be used as input
par ameters .

5. Cards containing a list of wind speeds to be used as input
parameters.

The forma t of thes e cards is shown in Table. II to V.

Prog ram 51357 is designed to generate as many as ten Calcomp plots
from a set of data generated by many prop agation test . whose data has
been analysed by means of prog ram Sl298.

6
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A sample plot of one of the ten graphs which can be obtained
is shown in Fig. 4. All values of propagation loss are plotted
vers us sea state and wind speed . Average values of propag ation
loss are also plotted against sea state and wind speed . The values
are compared with those predicted by the COLOSSUS equations . In the
second set of curves standard deviations of each average value are
plotted . A special symbol is generated for da ta whose value for
GRT is one. Thi s symbol indicates that the value plotted is an
indication of a minimum prop agation loss which could be measured .

Average prop agation loss determined by measuring an aver age
pressure level in a single pulse is compared to tha t determined by
measuring a maximum pressure level in a pulse in two graphs . Both
are plotted versus sea state and wind speed .

The average of the variances of prop agation loss measured over
individua l pulses is plotted versus sea state and wind speed . Values

~for which GTR equals one are not plotted.

The variance between pulses of measured propagation loss in a
given run determined by measuring an average pressur e level in a
single pulse is compared with that of propagation loss determined
by measuring max imum pressure level in a pulse. This is done in two
graphs where both are plotted versus sea state and wind speed .
Values for which GTR equals one are not plotted .

If ISZ (see Table III) is set equal to one , only the four graphs
in which prop agation loss is determined from aver age pressure levels
are plotted . . If ISZ equals zero , all ten graphs are plotted . If
ISEA is set equal to one , labels pertinen t to “winter da ta ” (small
positive to weak negative velocity gradients ) are put on the graphs
while an ISEA of zero corresp onds to “susuer data” (weak negativ e
to large negative velocity gradients).

Tables are also printed out which list sea state or wind speed,
average prop agation loss , number of values at the particular wind
speed or sea state consider ed and standard deviation of thes e values .

7
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S~)I1ART

The current BIfl cystem of da ta acquisition and reduction of the
daily propagation tes ts brings a high degree of auto mation to ths
proce ssing of the acous tic dat a . In the futu re it is planned to
transmit signals at leas t in three different frequencies and to receive
thes e signals with hydrophone arrays located at Fishers Island and
Watch Hill and connected via telephone data links to the data reduction
laboratory at USL. It is planned to purchase Kennedy 1406 digital tape
recorder to replace the 131 card punch. This will increase the sampling
rate attainable from about 35 samples per second to 100 samples per
second . Since the Hewlett Pa ckar d System can scan through a emx4’
of 100 channels with smell modifications to the receiving sys teem end
prog rams one will be abl e to process data , in a manner slailar to that
described in this report , at many frequencies and many receiving
bydrophonee.

W~II~ A,1 I ~~~~~~~~~~~~
WILLIAM G. KAN ABIS

REFERENCES

a. Schumacher , W. R. “Shallow Water Acoustic Studies ; infor mation
concerning ; USL Technical Memorandum No. 2211—18-68
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FO~ 4AT (21s, P5.1, 6P5.O, P5.1, 21.S, 27S.0, 75.1, FJ.o)

INPUT
PARAMETER COLUMNS

INUM 1—5 Number of pulses to be analysed

ICAL 6-10 Total mimber of cal v alu e st o b er e s din

~~UV 11-15 Cal equivalent loss of first (highest value)
calibration (source level — cal equivalent
level (DB))

P1~ J 16—20 Propagation time in sec between source and
receiver

ENC 21—2 5 Time after leading edge of received pulse at
which sumaa tion should begin (SEC)

DUR 26-30 Length of signal sample to be anal ysed (eec)

CAL 31—3 5 Number of values in individual calibrations

RAMB 36—40 Time after leading edg. of transmitted pulse at
which noise should be sampled (‘.0)

DUR.A 41-45 Length of ambient desired to analyse

~~UL 46-50 Cal equivalent level of fir st (highest) calibra-
tion level (db)

ISIG 51—55 Total number of values of signal

NCAL 56-60 Number of calibration levels

ECDP 61-65 Increment in levels of cal ibrations (db)

55 66—70 Sea state

WSPD 71—75 Wind speed (mph )

EXP 76-80 Value of exponent in all data

TABLE I
INPUT CARD FOR PROGRAM S1298
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FO31AT 80 (flo.5)

PARAMLW~ER COLUMNS

53 1—10 Sea State

WSPD 11-20 Wind Speed

AVE 21-30 Average propagation lose measured over pulses

D4A12 31—40 Average of t~rfmwn propagation loss measured

AVAR 41—50 Average variances over pulses

VMAX 51-60 Variance of ~~~~~~~~ propagation loss between
pulses

VAV 61—70 Variance of average propagation loss between
pulses

GTR 71-80 l propagation loss greater than AVE

O propagation loss equal to AVE

TABLE II
OUTPUT CARD 7RC14 PROGRAM S1298
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FOPiIAT 315, 75.0 , 315

INPUT

PARAMETER COLUMN

NC 1—5 Number of prediction values

ND 6—10 Number of data cards from prog ram Sl298

NS 11—15 Number of sea states inclus ive between lower
and highest values in increments 0, 0.5, 1,2 ,
3

16—20 Prop agation loss value at origin of graphs

NW 21—2 5 Number of wind speeds inclus ive between
lowest and highest values in increment s
0, 2.5,  5, 10, 15

ISZ 26—30 Number of graphs 0 = 10 1 = 4

ISEA 31—35 Season da ta was taken 0 = sumaer; 1 = winter

TABLE III
INPUT CARD PROGRAM S1357
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FO~ 4AT 5710.5

NC = NtJMB ~1~ OF CARDS

INP UT
PARAMETER COLUMNS

CSS 1—10 Sea State

CWS 11—20 Wind Speed

COLU 21—30 Upper Prop agation 1088 prediction

COLL 31—40 Lower Propagation 1008 prediction

CW2 41—50 Wind Speed (2)

TABL E IV
INP UT CARDS WITH THEORETICAL PREDICTIONS

PROGRAM 51357
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NS = NUMBER 07 SEA STATE VALUE

NW = NUMBER OF WIND SPE~ ) VALUFZ

FOI~4AT 8710.5

INPUT
PARAMETERS COLUMNS

Z or ZZ 1—10 ZZ is wind speed (mph)

11—20 They are inputed in ascending order of
magnitude

21—30

31—40

41-50

51—60

61-70

71-80

TABLE V

INPUT CARD LISTING SEA STATE OR WIND SPEED3
PROGRAM 31357
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TO DDO .~~~~~~~~~~~~~~~

DAT E 170369 PAGE

.~h I~ (L’ -~IX — IuIh/UIJNA ) 20 ,2U ,21
£. U L s .~~~,

vu To 2�

~1 1)- C iiCAL — I i 91,91.92
•~j 1 ~~~~~~~ L (JIUL — i0 .U*A LO UIU C L MAX — T OTA / DURA ) + SIGJiI )

(.,u To 2~92 Du 3~ LL 1, io( . ML
11 (1u .o* A LoGlo( I A x ) . ’:,T.slG~J ( L L) )  GO TO 33

.j 2 C u , 5 T 1 I~ tJL
EMhX LOUL +LCsL *LCDl-—(1O .0*ALOG 1U(EMAX— T (JTA /DURA)~ SIGJ (NCAL ) )*
1LcLP/(SIG,.~(iJCAL ‘j) — SIGJ (IICAL)

G~~ TO ~~33 DO 314 I’iI~I NCAL • j , — J ,
IF (1U .0* A L U G I 0 ( L M A X ) . LT.S L GU (P~M) )  GO TO 35

34 C Oi ,T I i.iUc
EQUL — ( 1 u .U* M L OG1 O(E MAX — TOTA/O URA ) —SL GJ (1))C ECDP,(sI ( j ,J (1)

1 — S A b . J ( 2 ) )
Go TO ~~35 E$4hX EQUL + ECDP*MM — (10,p J*AL QG IO (EMAX— TOTA /DURA ) -SIGJ(LL
1) .$* LCDP/ (~~IL~.J ( i M )  — SIGJ ( L L ) )

~2 IF (IMIN — TOl u/ DUHA ) 23,23,24

~3 Ervd~ +200.0
G~ T~ 2s

~4 IF ( NCAL — 1 ) 93,93.94
93 E~Ut j = ~oUL — 10.0*A LO G1O( EMIN— TOTA / DURA ) s- SIGJ U)

G~ 10 25(
~4 DO 37 LL Z 1,e’ lC~ L

I~- (10 .O *ALU GXO ( L14 1t 5 4 ) . G1,S IGJ( LL ) )  GO 10 43
,37 CpjI .~~II’~ILjL

EMIw EQUL + ECAL * ECD1J —(1 0. O*ALOG 1O(E MI N—T OTA /D URA ).. S IGJ ( NCA L ))*
iEçuP/CS1GJ (NCAL —I) — Sj G .J(~ C A L )
G~ TO ~5

~#3 00 4(1 rv ifr l NCAL ‘1.—i
II-~ (10 .0*A LOG10( EMf N) . LT .S LG ~. i (MM)) GO TO ‘46

140 C u , .Tj 1~UL
EOUL ( 1U .( 1*AL OG 1O( LM III —I OTA/ DORA ) —SL GJ (1)) * L CD P,(SIGJ (1)

1 — S I G J ( 2 ) )
G~ TO ~ 5

46 Ei.~~~ L~ UL 4 ELU i~*t4M — ( 10.u s ’A LO G l O( L M IN— TO TA / DURA ) —SIG..HLL
1))* L.cwP/ (~~IuJ (r.’iv ) — SIliJ (LL))

~5 If ( IUT/OUN — TOTA/IJURA ) 26.26,27
A~6 A~ L’-i: MML~~

1.3
Go 10 28

~7 ii- C ~cAL — I I 9b ,9~,,Th
95 A~~~i~~ L~~’)L — 1 U.0*A L O C I (1 (T OT / Cj I.J II — 10 T A /D UI~A )  +S IGJ(1)

~u to  ft ~
96 Dv 3l~ LL 1,e’~C;-L1,- (1c.(i* MLOG10 (TU1/11U~~).vF.S1~~J(~.L)) bO TO ‘e’4
.~ h C011T1I 40L

AVL~ t~UUL +LC?IL*I CDP~~(IU.0*MLOG L LJ(TOT/I)tJI~~ 1I.iTM/OUHA)~~SI(,IJ(NCAL))
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s
~7 A j , , LSIIUL + ECLW* MM— (1U .IJSALUO1U (TOT/DUK— TOTA/DURA ) —S IGJ (LL

1)~~-. LCOP/ (~~I(~J (MM ) — S L G J ( L L ) )
~~ V,~1 IoT ~~/DUr( — (TO ~ /UUR)s * 2.o

Ailv MMLL~ +~~ UL +LbU~uV E + AV E R
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13 Fu15~ A1 ~6 (F1O.5))
j f l  Cvi5 T I1~uL

Ay t. AVE / I LOA I (IN UM ) T QUAL1~~~P~~
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U IFI PLOTS
U1 •1E ,iSIOri LOL U(100) p COL L (j 00 )  • A(2000) p Y C ~~OUI~

) • uATA (102’+) p
1C5~~(1.00) ,CwS (100) EN (1~10~ p ~(tuu) • Z ( 1 O U) , S(t ~ 0), Si( 1.OO)

~~ (1 00), W ( L 0 u )  , C W 2 ( L O O )  • XX (2000) • 11(100) • IM (100) •
y Y ( 2 0 00i  • YYY(2000), YYY1 (2000) • YYY2C2000 ), ~~ (1U0), WWW (100

1) • ~~~1 (10U) , W~~ 2(1O0) • 6Tk (20001 • GTA (10U ) • WL (3)
•XL (3) • YL (3) • ZL .(3 • XX1. (3) • £11.13)

Ci~LL PLOTS ( DA T A ( 1 ) , 3 0 2 1 e , Q )
CALL PLOT (0. ’J, 0 ,0 • —3 )
CALL SYM~ OL ( 5. U • 1.0 • 0.21 • 1511W ~.ANAbIb S13b7.90 .0 • 15 )
REA D (3,1) NC • NO • NS • EST • NW .151 •LSEA

I FOi cM ail (315 •F5 .u .315 )
RL.AD (3,2) (cSS (I) , CwS(1) ,COLU (L) • CQLL(L),CWZ (L), L 1,MC )

2 FONMAT (SF10. 5)
READ (3, 3 ) ( X ( I )  , X c ( 1 ) ,  Y l l ) .YY(I) p YYY(I), f Y Y L ( L ) .Y Y Y 2 ( I ) , IITR
1(11,1: 1,ND )

3 FOkMAT (8F10. 5)
WRI TE (4.96 ) X X ( 7 1
WR iTE (4 .96 ) Xx (8 )

9o FORMAT (F10 ,5)
DO 3u I~ 1,2
CALL PLOT (20.0, 0.0 ‘ ~3 I
YLNO +1.) EST
Y (ND +2) :10. 0
COLU(NC+j ):  EST
COLU(NC+2):1Q.0 ~~~~~~~ _ ,,,..‘

COLL(NC+Ii : ES1
COLL ( NC+2) 1O.0 

~~~~IFII. EQ.2 ) GO 10 13
X ( f ~O +1) :~j,0X ( ND +2) :j , Q
CSS(NC+1) = 0.0
CS5(NC+2 ) 1.0
GO TO 21.

13 XA (ND +1) 0.0
X X ( N D +2) :5, 0
C~ 5(NC +1) 0.u
CwS (NC +~ ) 5.0
CWI (NC +1) 0,0
C~ 2(NC +2) 5.o
CALL LINE (X X . ’ . N~ , 1.— i ,  5 1
00 71 L : 1,ND
IF (G T R ( L ) , L T . Q . 5) GO 10 71.
XXL(1): X1( (L )
XXL (2 ) = (1, 0
XXL (i) 5, 0
YL (1): Y (L) +1,0
YL(2) : EST
Y L (3 )  :
CALL L INE (XXL ‘ YL .1 ,i,l.,Zj)

li CUi~TINUE
CA LL LINE (CW S • CULL , Nc , 1. 1, ~o)
CA~.L LINE ( CWS • COLU • Ni. • 1. 3., ls I
CMi.. L LINE (c~ 2 p CULL • NC , 1. 1• .1~~)CAi.. L L if -J E ( C 4 ~2 • CuLU p MC • 1, 1, L~~1
GO T O 22

41. CALL LIUE (X , i , Iqj p 1 • — 1 p  ~ ) tJSL Tech Memo - -hO 72 L l,N0 B-i No. 2211-91-69
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it- (GIR (L).LT .O ,5) GO 10 72
XL (1) A (L)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~YL(1): Y (L) +1,0 
~~~~~~~~~~~~~~~~~~~~~~~~YL 2) EsT

YL (3) = 10.0
CALL LINE XL ‘ ‘(1. .3. .1,1,21)

72 CCis’ITINUE
CALL LINE (CSS ~ COLL . NC , 1. 1, ~8)
CALL LINE (CSS , COLU • NC , 1. 1, ~ )

24 CAp...L AXIS (0, 0 , u ,0 •22JIPROPA 6ATION LOSS IN Ub,22.10,Q,90,0.
IYINDs I) • Y (ND +2) .10.0 )
IF (I,E~ .2 ) GO TO 15
CALL AXIS (0,0’ U .u. 9HSEA STAT~ .9.32.U,Q.U,X(ND+1),X (tijjp2) .3.0.0)
GO TO 23

15 CALL AXIS (o ,OpO , 0,27MW IN 0 SPEED (MILLS PER HOUR) ,27.12,,U,,
1 XX (ND+1),XX(NL)+2),10,0 )

23 CALL SYMBOL(2,U ,9,0,O,1q, L6HPROPA 6AI ION 1.055.0,0.18)
CALL SY MBOL (3.U ,8.b ,0,13, bIIVERSUS,0.Q,b )
I F ( I ,E Q ,2 ) GO TO 1~4CALL SY MB O L (2 . 0 .8 . r j , 0 ,1 ’e ,LB H SEA STATE .0.0.181
GO TO 214

14 CALL SYMBQL (2.0,8,U,Q,114,3.8H ~jNL) SPEELi .0 .0, 18)
24 CALL SYM 8OL(2.U ,7.S,0,1q ,1bHFREQUEN~ Y 170u p11.0,0.18 )

ZF (I,EQ,2 I GO TO 61
CALL SYMBOL (l.b .7 .tiO,.10 ,‘4,0,0, 1)
CALL SYt4BOL (1.5,b.75,,1O,28,0,Q,—1)
IF (ISEA .EQ ,1) 6~ TO 100
CALL SYMHOL (2,0,7.Q,,1,32HPRED3.CTIO (4 FOR NEGAT -yE 6~AOLEI4T,0.o,32)
CALL SYMBOL (2.U ,6.75,.1.3LHPREDICTL QN FOR ISOIHEHI’iAL WATLH ,Q ,0,31 )
GO TO 1014

100 CALL SYMBOL(2 ,t.~,7,(10,,1,37I1LOWLR PRLijICIION FOR ISOTHEMMAL A IER ,
1 0, 0, 37)
CALL SYMBQ L(2.0,6.75, ,1,37HUPPLK PKLO1.CTION FOR LSOTIIEkMAL WAT LR ,
1 0, 0, 37)

1014 CALL SYMBOL C 1.5,6.50,.10 ,5.U ,Q . 3  I
CALL SYMBO L (2 ,0,6.5O ,,1O,13HMEA ~Uk~~) LOSS,0.0,13 1
CA LL SYMBOL ( e,0,6,50,,1. 5,o,0,—j I
CALL SYMBOL ( 44,O ,6,60,,3,21,Q ,0 ,1 I
CALL SYMB OL (4 ,b0,6,50,.1,I2HMINIMUM i..OSS.~~,0.1Z)GO T O 69

o1 CALL ~,YMBOL 1 1.~ .7.00.  .10 p 4 p OIU . 1)
CALL SYMBOL 1 1.5 p 6.75. .10 , 28, u.0 •1 )
CALL SYMB OL 1 1.5 .6,50. .10 , 144, 0.0 •1 )
CALL SYMBOL ( 1.5 .6,25. .10 , 15, u.o .1)
iF (ISEA .LQ,1) G~ TO 104
CALL SYMUOL (2 ,O p7.U ,,1,47rIPRED1CTLOf ,I I- Oil NLc,MTIVL GRADLE.NT (REFERL. N
ICE ).0,0,147)

CA LL SYMIj QL ( 2 ,O pb, 75 , ,j , 14OPI p RL UICTLO14 FOR L5OT’~t ERI’IAi.. ATL r((HEFL. R~.N
ICL. ),0.U ,’46
CA LL SYMbUL(2 .(1 ,6,5,,I,51hI’I~ED1CTIQ,~ I-Oil NLGATL V C. (,,~AOAEt p t(BL UCK I

• ISLANU JATA I ,0 .U ,b1) •CALL SYMDQL (2,U ,6,25p ,1,5Ur1pRL LiiCTlui ~ P-OR ISOIPIEi MAL ~ATL R (bLvCK I
1SLsI40 lJATA ).O,0 ,b0)

(50 TO 105
1112 CALL YM13 Q L(2 ,U , F,00,,1,SIPILOWLi Plft.u j CrLOf ~ FOr~ A5U rI I~Jg ML ~ A ( t ~.k ( R  - 

-

1LF~ RENCE I • 0,0 ,52) tJSL Tech Memo
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CALL SYMLIQL(2.u ,b ,75,,1,52PIUPPLK PRL$J 5LCTL ON FOal ISO I 1IERMAL wA t Ek (k
1EFtRE.NCE I. 0.0,52 )
CALL SYMth)L(2.u ,6,5Q,,1,S6PILOWLR PRU)ICTION FQR ISO rHLI~MAL W A 1~ R(b

1LOCK ISLAI~o DATA ).U ,0,56)CALL SY MBO L( 2.0 P6.25 , . 1.S6HUPPER PKLiICTL ON FOR ISU rHERMAL wA IER W
ILUCK ISLAIJI) DATA ),0•0 ,56)

105 CALL SYMBU~ ( 1,b ,7,25,,10,5,0,0,-j )
CALL SYMBOL (2,0,j,25,,10,J3HMEASUk~.L) LO5S,U .U ,13 )

~~~~ SYM~h)L C £e, 0, 7, 25, , L,  5,0. 0,—i
CAL L SYMB OL C Ie, 0 ,7, 35.,1,21,O, 0 ,—1, )
CALL SYMBOL (‘+,50,7,25,,1,I2HM1NLMUM LUSS.0,O.12)

o9 L F ( I , EQ ,2 ) GO TO 20
00 7 K~ 1. N5FN(K ) = 0.u
FM(K) = 0 ,0
V ( K )  = 0, 0
ww(K) =0.0

= 0.0
W W W I(K )  0.0
WWe 2(K) 0.0
GTA (K) 0.1

-/ W (Ic ) 0 ,0
GO TO 28

20 DO 47 K 1. N W
FN (K ) : 0,0
FM ( K ) : 0 .0
V I K ) = 0, 0
WW(K) U-.0
W W v (K ) = 0.0
W W~ 1( K ) z 0,0
WWW 2( K )  0 .0
GTA(K ) 0.0

‘47 W IK) 0.0
~8 DO 4 J:1. ND

IF (I, EQ,2 I GO TO 16
K 2.0*X(J) +j,0
W RITE C ‘4,95 1 K
GO TO 25

16 XX IJ) XX (J)/ 5•o
WRi TE (4,96 ) AX (7~
W RiTE (14,96 ) XX (8 )
K 2, 0*XX (J) +3.,0
W R ITE ( ‘4.95 ) Pc

25 IF (K ,GT .3) K K — K/3
WR ITE C ‘+.95 ) K
IF (K .GT ,a) K ~ — 1.
WR I TE C ~~P95 I ~1F (K,GT,ju)K : K —
W RiTE 1 4,95 1

95 FORMAT (IS)
Fi~(K) Fi-d K ) + 1,0
It- CG TR (J ),GT. 0,5) GTA( Pc)
e l K )  W (K) + Y (J )

Ww (K) + YY (J )
V I K ) V (K) +
IF (GTR (J),Gl ,U .~~) GO TO 99
FM (K) : FM(K ) . 1.u USL Tech Memo
W W A ( K )  w~ w ( K )  + YYY(J) B—3 No. 2211—91—69
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w W * 1 ( K ~ + YYY I (K )
W~de2(K) ~Wi’2 (K) + Y Y Y2 ( K )

~9 W Ir(ITL. (14 .11) FW(l.~) , W C K )  • V ( X )  p K
ii FOii~MAT ( 3F 10.1 , 110

‘4 CONTINuE
IF(I, EQ,2 I Go TO 18
REA D ( 3 . 6 ) ( Z ( K )  • K 1.NS I
GO TO 2o

1~ RLAIJ (3 ,6 ( Z Z C K I ,  K 1. NW I
40 IF(I,EQ,2 ) GO 10 17

DO S K 1. t”S
I t - ( F N ( K ) . UT . 0. 5) GO TO 20~FN(K FN( K—1 )
e l k )  W ( K 1)
W W ( K )  vde (K—1 )
2C r..) = Z(K 1)
V(K) V (1c 1)
G O b  5

200 W ( K )  W (K)/FNCK )
W W ( K )  : W W ( K ) / F N ( K )

5 S( i~
) SQRT ( V ( K )/ FN( K )  — W (K)*.2,0

GO T O 60
17 DO ‘45 K: 1. Nw

IF (FN (K), GT.0.5) GO TO 201
FN(K) FN (K—1 )
W ( K )  W ( K 1)
WW( K ) WW (K 1)
Z Z ( K )  ZZ ( K — 1)
V (K) V (K 1)
GO TO 45

201 W (K ) : W ( K ) / F N( K )
W W ( K )  : W W ( K ) / FN(K )

‘+5 S( K ) SQR T(  V ( K )/ F N( K )  e~ K)**2.U
60 CALL PLOT (20.0 ,0.0, —3)
6 FORMAT (8F10 .5)

I F ( I ,EQ,2 ) GO TO 19
DO 12 K 1 ’  N~S i CK )  : W ( K I + S ( K )

1.2 52 (K) w(K ) — 
~ t K)

GO TO 27
1900 ‘+2 K 1 .  I’~i51 (K )  : W (K) + 5(K)
4+ 2 S2 ( K )  W ( K )  — S ( K )

IF (1 ,L0.2 I GO TO 62
27 W(N S+1) EST

W (NS+2) 10. 0
S1 (NS+1) EST
S1(N5+2) :jO. U
S4(NS+1) ~.ST
52(N5+2 ) j 0. U
C5S (NC +1) (3,0
CSS(NC+2 )
Z (p JS+ l )  0.0
Z(NS+2) 1.0
CA LL LINE ( j p W , - ~S. 1,1. b I
00 81 L~ l’flS -

-

It - ( G T A ( L ) . L T . U . 5) GO fO 81 USL Tech Memo
lL(1)~ ZCL) 

B—4 No. 2211—91-69



• - OATL 1’4U369 PAUE

1L 2) 0 ,0
4 L 13)  1,0
WL (1)~ *(L) ~1.U* L (2 )
W L ( 3 )  1.0,0
CALL LINE ZL • WI.. .1 .1 ,1,21)

81 CONT iNUE
CALL LINE (Z ,S 1 ,NS , j , — 1, 2~

)
CALL LINE (L ,S’ ,NS , 1, — i ,  23)
CA LL LINE (CSS,COL ~ ,I1C , 1. ~~

p 44
CALL LI~~. (CSS •COLLp NC p 1. 1’ 28)
CALL AX IS (0,0. 0.U, 9HSEA STATLP9,12 .0 ,U,U,X(Nf j+1),X (NO+2) p10.0)
CALL AXIS (0.0 • u.0 .22rPPROPAGAT IOFj LOSS IN oB.22,10.O.90,0.

1Y (NO +1) , Y (NL) +2) .10.0 I
CA LL SYP-BOL (2.0,9.~~,0.1’+,18HPROpA A TLUN LUSS.0.0,18)
CALL SYME3t)L (3,U ,b,5 ,Q,lQp bHVEkSU5p (j.U ,~ I
CALL SYMBOL (2 ,0,8.u,0,14,1.8H SEA STAlL .0,0.181
CALL SYM 8OL (2.0,7.5,0,114,1.bHFR~ p,JUElii, y 1700 P11.0.0,16 1
CALL SYMBOL (1.S, 7.00, .10 .4,0,0,—I )
CALL SYMBQL(1,b ,b,75,,10,28,0.0,—1)
It- (ISEA ,EQ .1) G~ TO 101
CALL SYMBOL(2 .U ,7.Q,,1,32 MPRED ICTIOI4 FUR NEGATIV E GRAOLAN T ,Q ,0 ,32)
CALL 5YMBoL (2 ,0,6.75,,1,31HpRELaICTIQI~ FOR ISOTHERMAL WA TE l~,Q,0,31)GO TO 106

101 CALL SYMBOL(2 .IJ,7,00,,1,37HLOWER PR~.oLC JION FOR ISOTHER MA L WA TER,
0,0, 37)

CALL SY MBQL(2.U ,b .75,.1,37HUPPLR PRL~ 1CTLOh Ful~ ISOTHERMAL wATt.R ,
0. 0, 37)

106 CALL SYMBOL (1.5,6 .5Q,,10,5,0.O, 1)
CA LL SYMBOL (2,0,6 ,50 ,,1O ,X4HAVERAGL VALUES , 0.0,1 14)
CALL SYMB OL ( ‘e,0,6,5O,~~3 , 5,0.0 ,.~.
CALL SYMBOL C 44,0,6,60,,1,21,O ,0 ,1
CALL SYMBOL (k ,50 ,6,50,.1 ,12HMIN1MoI- LO5S.o.o.12)
CALL SYMBOL C1.5.6,25, .10,22p0,0,—1)
CALL SYMBOL (2.0,6,25,,10,2qHUPPER STANOAR IJ DEV IA T IONp U .0.24)
CALL SYMBOL (1.5,6 .00. .10.23.0.0.—i)
CALL SYMBOL (2.Q,6 ,00 ,,IQp2 14HLQWER SIANL)AR () OEV IATION.u .O.2’4)
W R I T E  (‘4 ,10)

10 FORMAT ~Q p-p St.A SlATE AVER LOS5 NUt-~ VALVES STAN UARO LILVINTION )
DO B M: 1,NS

9 FORMA T (‘4FIO, 5)
6 W R ITE (4,9) Z (t- - )  p elM ), FN( M) , SIt .; )

IF (ISZ .~.O ,j) ~‘u T O 30
W w ( N S +1)
WW (NS +2) 10,0
*ee INS +1) 0,0
W W I ~ (NS +2) 10.u
W W e l ( N 5  +1) = 0.0
W W e 1 ( N S  +~~

) 5, 0
w w e 2 ( I 4 S  +1) LJ.0
*w e2 (NS +~~) 5, 0
CALL PLOT ( 20 .0 ,  0 .0 ‘ —3
CAL L LINE (2, W, NS, 1 .1 • ~~

)
CALL LINL. (Z , ~W , N5, 1 .1 p + I
00 ~~~ L~ I’ NS
II- ((5TA (L).LT.0,5) GO TO 82 

•LL C1 ) 1(L) IJSL Tech Memo£L( 2) u ,O B— 5 No. 2211—91—69 
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21.13) 1,0
W L ( 1)  W IL l +1, 0
WL(2 ) LST
WL . C3 ) 10. 0
CALL LiNE ZL • WL .1 .1,1,21)

62 CONTINUF
CALL AX IS (0,0 p ~,0 .221$PROPAGAT1ON LOSS iN O9,22,1U,O ,90.0,
IY(ND+1) , Y(ND +2) .10.0 )
CALL AXIS (0.0. 0.0. 9HSEA STATL ,9,12.0,U .U ,X(N0+1).X (140+2) .10,01
CALL SY MBOL(2.0,9.U,0.14 ,1BHPROPAGATION LOSS.0.0.181
CALL SYMt3OL (3 .0,8.5,O,10, 6HVEKSUS,0,U p b I
CALL SYM bOL (2.0,8.U .0,1’e,ibH SEA STATL .0.0.18)
CALL SYMBOL 2,O ,7.b.0.141,I8HFKEQUENC V 1700 HZ.0,0.18 )
CALL SYMBOLC2. 0,7.UO,,1O .14,0.0,—i )
CALL SYMBOL (2 .ti ,7 .Q,,1,3ZHMAXIMUM OvER PULSE .0.0,32)
CALL SYMI3QL (2 .U ,b .75,,10, 5,0.0.— I)
CAL L SY MBOL(2 . b ,6,75,4 ,31.HAV E.RA GE Ov ER PULSE ,0.0.31 )
CALL SYMBOL (‘4,75 ,6,75,,1, 5,0.0,—i )
CALL SYMBOL (‘4,75,6,85,,1,21,0,0,—j. )
CALL SYMBOL (b.00,6.75 ,.1,12HM 1NIMUM LOSS.0.O.12)
CALL PLOT (20.0, 0.0 • —3 )
00 205 K~ 1,NS
IF (FM (K),GT ,0.5) GO TO 202
W W W ( K )  W W W ( K 1)
WW W1( K ) CWW I (K— 1)
WWW 2 (K ) : W W W 2 ( K — 1 )
Z (K) Z (K—i)
GO TO ZO5

202 W W W ( K )  = W W W C K ) / F M ( K )
WW * 1(K) W W W I ( K ) / F M ( K )
W W W 2 ( K )  W W W 2 ( K ) / F M ( K )

205 CONTINUE
CALL LINE (Z p WWW . N~~. 3. .1 , ‘4 1
CALL AXIS (0.0,0,0, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL AXIS (0,0’ u.u , 9IISEA STATE.9.)2.Q,Q .(j,X(ND+j),X (ND+2) ,1U .0)
CALL SYMBO L (2,0,9.U ,Q,14,18H VAR IANCE .0.0.18)
CALL SYMB QL (3.0,8,s,o.1o, 6HVEK5USpU ,0,6 )
CALL SYMBOL (2.U ,8.u,0,14,18H SEA STATE .0.0.18)
CALL SYMBQL (2.0,7.5,Q ,114~ ibHFRLQU~N~ y 1700 P11.0,0,18 )
CALL SYMBOL (2.0,7.00,,10 ,4,0 ,U, — 1)
CALL SYMBQL (2 .5,7.~~,,1,32HVjRI~~ C~ ~vLK PULSE .0.0.32)
CALL PLOT (20.0, o.O • —i
CALL LINE (Z p WeWl , N5, 1 .1 • b I
CALL LINE CZ p W WW2 , NS. 1 ‘1 p 44 1
CALL AXIS (0.0.0.0, 81CVARIANC L ,8,i0 . .90, .*ww (rJS+1.) ‘wWW (NS+2 ) .10.0)
CALL AXI S (0.0. 0.u, 9HSEA STATL ,9,12.U,0 .0,X (NU+1).XIND+2 ) p10 .0)
CALL SYMBOL (2 .O ,9.U ,0.14,LBH VAR IANC E ~0.U.1b )CALL SYMBQLC3.0 ,8,5,0.10, 6HVEKSUS ,u, 0,o I
CALL SYMBQL (2 .0,8,0,0,114.18t-l SEA STATt- ‘0.0.18)
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1.700 P11.0.0.18 1
CALL SYMB OL(2.0,7.o0,,1U .44,0.0,—i )
CALL SYMItQL (2.b,7 .0 ,.Ip32HVARIANCE oF M vL RA~E U~~LR PULSE .0 ,0 ,32 )
CALL SYMbOL (2.0,6.75.,10• b,0,0, j.)
CALL SYMIsO L(2 . 5 ,6 ,75, ,1 , 31HVA RiA NCE OF MAXIMU,4 ()VL. ft P’ULSL. ,0.u ,31)
GO TO 30

62 22 ( 1-4 w + 1) = 0. 0
Z4 (N w + 2) ~,O USL Tech Memo
W ( I J W  +1) z EST B—6 No. 2211-91—69
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W (i~W +2) : 10.0 USL Tech Memo
S1 (NW +1) : EST No 2211—91-69
51(NW +2) : 10,0
S2 (Nw +1) EST
S2(1Jw +2) : 10.0
CWS (NC +1) 0.0
CWS (NC +2) = 5.0
CW2(NC +3.) 0,0
CW2(NC +2) 5.u
CALL LINE (ZL ,W ,N W , i.j,5)
DO 83 L 1.NW
IF (GTA(L) .LT.O,S) GO TO 83
ZZLI1): Z1(L)
ZZL(2) : 0,0
ZZL(3) 5. 0
WL (1) W( L) +1,0
WL (2) = EST
WL (3) 10,0
CALL LINE (221. • WL .1 .1,1,21)

83 CONTINUE
CALL LINE (ZZ .51 , NW .1, 1.22)
CALL LINE (22 ,S2 p NW ,1, 1,23)
CAL.L LINE (CWS ‘ COLU ~ NC ,1,1,’4)
CALL LINE (CWS ‘ COLL p NC .1,1,28)
CALL LINE (CW 2 , COLU p NC .1, 1,14)
CALL LINE (CW 2 ‘ COLL p NC .1,1,15)
CALL AXIS (Q,0,O,0,27HWINC) SPEED (MILES PER HOURI,27 ,12..0.,
1 XX (ND+1 ),XX (N0+2),10.0 I
CALL AXIS (0,0 • 0.0 ,2ZHPROPAGATION LOSS IN LJB,22 ,1PJ,0,90,Q,

LY (ND+ 1)  , Y(ND +2) .10.0 )
CALL SYMBOL (2.0,9,O,O,14,I8PIPRQPAGATIQN LOSS.0.0.18)
CALL SYMBOL (3 ,0,8.5,o,10, 6HVERSU5,u ,Q ,b I
CALL SYMBOL (2.0,8.o,Q,14,18H W IND SpEED .0.0,18)
CALL SYMBOL (2,0,7,5,0,14p3.8HFREOUENçy 170u P12.0.0.18 )
CALL SYMBOL C 3.5 .7.00. .3.0 , 14. 0.0 .~ i)CALL SYM bOL 1 1.5 ,6.75, .10 , 28, U .U .1 )
CALL SYMBOL ( 3,5 .6.50. .30 , 1’4, 0~ 0 ‘—1 )
CALL SYMBOL ( 1.5 .6,25. .10 , 15, 0.0 .1)
IF (ISEA ,EQ .1) Go TO 103
CALL SYMbOL (2.0,7,o,,1,47HPREDicTIO,~ FOR NEGATIVE GRAOIENT (REFERLN

iCE ),Q,0,L+7)
CALL SYMBUL (2.0 ,b.75, ,1,46HPRLL)ICTIUN FOR ISOTHERMAL WA TLK (REFEKEN
iCE 1.0.0,146 )
CALL SYMBOLC2 .O ,6.b,.1,52.HPRED1CTIOP4 FOR NEGATiVE GRA (l1ENT (BLOCI ( 1
iSLAND OATA ),0 .U ,51)
CA LL SYMBQL(2 ,0,6,25,.1,SOHpREL)ICTIQ N FOR ISOTHERMAL WA TLR (BLQ(.k I

iSLAND DATA ),0.0,50)
GO TO 107

104 CALL SYMBOL (2.0,7.U0,,1,52PILOWER PKL~ 1CTION FuR ISOTHERMAL WA IER (P(
IEF-ER ENCE ) ,  0, 0,52)
CALL SYM13OL (2,O pb .75,,1,52HUPPLR PHLaJICTION FuR 1SQ1I1~,iMAL WA ILR (R

1EFLRENCE ). 0.0,52)
CALL SYMBQL (2 ,0,6.5O,.i,5OHLOWLR PRLO1C1ION FOR ISO rHEKMAL wA TER IB

• 11.0CR ISLAND OATA ).U ,0 ,5b )
- - 

CALL SYML3OL (2 .U ,6,25,,1,S6PIUPPLR PRLtJICTZUN FOR ISUIHt -RMAL wA1~.R(ei
11.0CR ISLAN U OATA ).U ,0 ,56 )

107 CALL SYMBO L (1,5,6 ,00,,3.0,23,0,0,—3.)
CALL SYMBOL (2,0,b ,00.,10,2a4HLOWEK ~TAa JuAHo Lh~vIA1iuN.U .0,2’4)

B-?
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CALL SYMBOL (1.5,5.75,.i0,22.0.0,—1)
CALL SYMBOL (2.O,S .75,,i0,24HUPPER STANDARD DEV IAT ION. 0.0.2’8)
CALL SYMBOL (1.5,5 .50,.10,5 ,0.0,—i)
CALL SYMBOL (2 ,0p5 ,50,,10,I4HAVERAGE VALUES, 0.0.14)
CALL SYMBOL (‘4.25,5,55,.i, 5,0.0,—i )
CALL SYMBOL (4 ,25 ,5,65,.1.21,0.0,1 )
CALL SYMBOL (14,50,5,55,.3.,12HMINIMUM LOSS.0.0.12)
WRITE (4,90)

90 FORMAT ( 5DM WI ND SPEEDAVER LOSs NUM VALVES STANDARD DEVIA TION)
DO 8DM : 1,NW

80 WR ITE (4,9IZZ (M) • W(M ) , FN(M) , SC M~
IF (ISZ,E0,1) G~ TO 30
WW (NW +1) : EST
WW ( NW +2) : 10.0
WWW (NW +1) : 0.0
W W W ( N W  +2) = 10.o
W w W 1( N~ +1) : 0.0
WWW 1(N W +2) 5.0
W W ~ 2(NW +1) 0.0
WWW2 (N W +2) 5,0
CALL PLOT (20.0. 0.0 • —3 )
CALL LINE (22 , W, NW. 3. .1 • 5 )
CALL LINE (ZZ , Ww . NW. 1 .1. . ‘4 )
DO 84 L I’NW
IF (GTA( L) .LT.0 . S) GO TO 84
221.11): Z2 (L)
ZZL(2 ) 0.0
ZZL (3) = 5.0
WL (1): W IL l +1.0
WL (2) EST
WL (3) 10.0
CALL LINE (ZZL • W L •1 .1,1,211

014 CONTINUE
CALL AXI s (0,0 , 0,0 ,22HPROPAGATION LOSS IN DB,22,30,O,9(j.0,

1Y (ND+1) , Y (NO +2) .10.0 )
CALL AXIS (0.0.0.O,27HWINU SPEED (MILES PER HOUR) ,27,12.,0..

1 XX (ND+1),XX(NO+2),10,O )
CALL SYMBOL (2,0,9,O ,0,14,L8HPROpAGATION 1.055.0.0.18)
CALL SYMBOL (3.0,8,5,O.1O, 6HVERSUS ,0,0,6 1
CALL SYMBOL (2 ,0,8.0,0.14pi 8H WIND SPEED .0,0,18)
CALL SYMB QL (2.Q,7,5,0,144,3.81IFREQUENCY 1700 P12.0.0.18 1
CALL SYMBOL (2.0 p7 .oop .io .44,0.0,—i)
CALL SYMBOL (2.5p7.(3,,1p32HMAXIMIJM OVER PULSE .0.0,32)
CALL SYMBOL (2.O ,b.75,,IQ, 5,0.0,—i )
CALL SYMBOL (2.5,6,75,.3.,33I$AVERAGE evER PULSE .0.0,311
CALL SYMBOL I 4,5,b, 75,.3.. 5,O,0 ,i )
CALL SYMBOL I 14.5,6,85,.1,21,0.0 ,1 )
CALL SYMBOL (5,00,6.75,.1,I2HMINIMUM LOSS.0.0.12)
CALL PLOT 12O .Op 0.0 p ~3
DO 2’45 K: 1,N*
IF IFM (K ).GT.0.5) GO To 203
W W W ( K )  = * W W ( K 1 )

• WW w1 (K) *WW 1 (I (—1)
WWø 2 (K) WWW2 (K—i )
22(K) 221K—i )
GO 10 2145

2113 W * W ( K )  = W W W ( K ) / F M ( K )  
~JSL Tech Memo

W W W 1(K) W W W 1’ K ) / F M ( K )  B—8 No. 2211—91—69
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W WW 2( K)  : W W W 2 ( K) / FM ( K)
2145 CONTINUE

CALL LINE (22 , WWW , NW , 1 p3 , • 44 )
CALL AX IS (Q,0.0,0,$I4VARIANCE ,8,1O .,9U .,WWWi (Nw41) ,wWW1~~W+2),3.0,)CALL AXIS (0.0.0.0,27HW1N 0 SPEED (MILLS PER HOUR).27.12.,0..

3. XX (ND+i),Xx(ND+2),1o.0 )
CALL SYMB OL (2.0,9.Q,O,iie,18p~ VAR IANCE .0,0.1.8)
CALL SYMBOL (3,0 ,$,5,o,1o, 6HVERSUS,O ,0,6 I
CALL SYMBQL (2.0,8.Q,0,144,18H W IND SPEED .0,0.18)
CA LL SYMBOL (2 ,0 p7 ,b ,o,14,18HFREQUENCV 1700 HZ.0.0.18 I
CALL SYMBOL (2.0,7.0O,.1O .4,0.0,—i)
CALL SYMB OL(2.5,7.0,.1,321IVARIANCE OVER PULSE ,0.0,32)
CALL PLOT (20 .0. 0.0 • .3 1
CALL LINE (ZZ, WWWI , NW , 1 .1 p 5 )
CALL LINE (ZZ , WwW2 , NW , 1 .1 . 44 )
CALL AXIS (Q,0.O,0,8I$VAR IANCE ,$,1Q ,,90,,WWW 1 (NW.i ),WWW1 (Nw+2),30.)
CALL AXIS (0,0,o.0,27HW 1N0 SPEED (MILES PER HOUR) ,27,12,,0.,

2. XX (ND+1),xx(NL)+2),1o,0 )
CALL SYMBQL (2,0,9,Q,0.ile,3.814 VAR IANCE .0,0.18)
CALL SYMB OL (3,0,8.5,0,10p 6HVERSUS,0,0,6 )
CALL SYMBQL (2,0,8,0,0,14,3.$H WIND SPEED .0.0.18)
CALL SYMaoL(2 ,0,7,5,o,iq,i8ijFREQUEN~~ 1700 P12.0.0.18 )
CAL L. SYMBOL (2,0,7.OO,,1O ,44,0.0,—j.)
CALL SYMB OL(2.5,7.Q,.1,32HVARIANCE OF AVE RAGE OVER PULSE ,0.0.32)
CALL SYMBOL (2,0,6,75,,1o, 5,0.0,—i )
CALL SYMBOL(2 ,5,6.75,.j.,31HVARIANCE OF MAXIMUM OVER PULSE .0.0,31)

30 CONTINUE
CALL PLOT (20,0,0.0, —3
CALL PLOy (0.0,0.0,900)
END

•1 p -:’ -~
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