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0. ABSTRACT (Continued)

The long experiment averaging times . ii’~~~t.~~ oceanographic measuroment s ,
and repeatability of resul ts make the results uc~fiil in the evaluation
of acoustic propagation models . ~
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VOWMF. PROPAGATI0’~ EXPER IMENTS •~l THI. AZORES FIXED
ACOSU TIC RANG F

I NTROPUCT ION

The A :orcs F i x e d  Ac ous t i c  Range (AI A R) w.is an ~nternationa1 re’~ear ’ h
~ind dci ’elopmcnr proJ e~- t in u n  ~~~~~~~ acous t i cs  in whi c h  e ight mother
mat ion s 01 NATO part ic ipated .

Fhe range consis ted ot~ . t r a n s m i t t i n g / r e c e i v i n g  array mounted
30 m above the ocean bottom at a depth of 54” m (figure 1), t-~ simil arly
constructed receiving arrays at depths of 256 and 736 m , an~ an omni-
directiona l hydrophone at a depth of 325 a. The three array positions
tormed an almost equilatera l triangle IS nmi on a side. The hydrophone ~~~~

located 1.5 nuui from the source array. Each array ~~is l oca ted on a
mountain t ~pplateau and the valley depth between these terminals reached2500 a. The arrays were s teerahie in azimuth and elevation , and spanned the
decade of acoustic frequencies from approximately 500 to 5000 ii:.

1)iiring the fir . t  half of the 1~rtl ’ s • a variet y of acoustiC e x p e r im e n t s
‘-cr0 pe r fo rme d at A l-AR to mea~~1r- e the C f t c ~ t s of the ocean surface , hot torn.
-and vo lume ova acous t ic  propagation an a hi .tatic situat i on . The published
r sult s of these ex pe r i—e nt s are cuvmnari :ed in ‘The Al AR Pro~ e’- t —

T h i s  report deals w i t h  a series of measurements carried out over
l - a ’ ~e-oni y (direct) acoustic paths. The ocean volume is conavon to all

path s between source and receiver and Its effect on propagation must be
measured and understood if we hope to understand undersea acoustic
propagation in general.

There were two direct acoustic paths ava i lab le  at •~FAR tha t could be
isolated in the time domain from bcvundarv reflected paths. Fi gure 2 show s
a ray tracing of the IS nmi direct path li nking the source array and the
southernmost receiv ing array. The direct ray ~as confined to the range
of depths from 400 to 800 a and to ray angles (referenced to the
horizontal) under 2 deg. The existence of this path is due to a positive
“hump” in the vertical sound speed profile , centered at a depth of approxi-
mately 1000 a, possibly caused by an intrusive outflow from the Mediterranean
Sea. The second direct path at AFAR was between the source arra y and
the omnidirectional hydrophone l.S nail away. The experimental results
presented below show that the two paths and the available acoustic frequency
range allow Investigation of both weak and strong scatter propagation
conditions .

1
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SIGNAL GENERATION AN!) DATA ACQUISITION

The signal ing tec hniques and hardware utilized at AFAR are described
in deta il in the “Exploitation of the Azores Fixed Acoustic Range (AFAR)
through May 1973.”

8riefly, baseband samples of the complex envelopes of signals to be
transmitted a.,crc stored in a computer memory . The samples b%e. r read from
memory at selectable rates 1 quadrature modulat ed to the desired center
frequenc ies , dig itally filtered , su ed , conver ted to analog , and distri-
buted to the appropriate power amplifier/acoustic antenna for transmission .

Received signals a r r  digitized, quadrature demodula ted to baseband ,
digita lly filtered, down sampled, and recorded on magnetic tape . The
qu’idrature demodulation to baseband mInlmt:a~d the required recording
sampie rate and also .i~~~~i 1 j t  ~‘ed j ’ ’~t-expe riment data reduction .

The tr ansmitt er and rece~ .er aercslaved to a coa~rjon frequency
standard,eliminating timing problems. particularly in phase dependent
com putations.

Reference to data reduction in this report will assume that all
operations are performed on samples of the complex envelopes of received
si gnals.

TI~ JOINT OCEA19OGRAPHIC EXPERIMLNT

The task of performing acoustic measurements under all bottom, sur-
face , and volume conditions , as well as transmitter and receiver
positions and speeds , is clearly beyond reach. I t  is , therefore , neces-
sary to understand the~ physics of propa gation and , hopefully , to develop
a model that w i l l  al l ow the prediction of propag ation characteris tics for
any combination of environment and geometry . The controlled geometry at
AF AR ,as well as the existence of a strongly scattered volume only path ,
has provided a unique set of measurements for testing volume propagation
mode is.

During March 1975 , an international acoustic-oceanographic
experimc n~ was condaic~ ed a ?  Al -’~I~ to obtain simultaneous . de t a i l ed
env ironmental and aco ustic data , and subsequently rredict the
propagation conditions from the environmental condit ions . h ~ Individual

results presented in this report are primarily from the March 1975 opera-
tion and are representative of other AFAR e xper ime nt a l r e c i i l t c .

H 4
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PROPAGATION MO()ELS

At the time the AFAR measurements were made , no propagation models
(of which the author is aware) existed for strong scattering by random
inho.ogeneities in the ocean volume that simultaneously i ncorporated the
effects of anisotropy , statistical inhomogeneity , and the deterministic
sound channel.~~ Recent work , primaril y by a subgroup of the J ASON
Co ittee ,’’ has had remarkable  success in p redicting the measured
acoustics using oceanographic data obtained during these experiments.
The model includes the effects of anistropy , inhomogeneity, and a sound
channel, as well as internal wave spectra.

CHARACTER IZATiON OF ThE PROPAGATION CHANNE L

We have chosen to quan ti fy the acoustic propagation characteristics
of the ocean volume in term s of the second order statistics of its re-
sponse to a sine wave excit ation , i.e., the time varying transfer func-
tion H(f ,t ,r ,). When H(f ,t ,r) is wide sense stat ionary in the three
variables of t (time), f (frequency) , and r (space) , we can write the
second order statistic as

R(t 1 -t .,, f 1 -f 2, r1-r 2
) • H(t 11 f1,r1) H’(t21

f2 , r2) . (1)

W1~en we suppress the mean values in computation , we will refer to R
as a covariance function .

The assumption of statlonarlty can not be justified a priori for the
ocean volume. We , therefore , make a less restrictive assumption

R — R(t 1
_ t 2,f1 -f~,r1-r2,t01 f01 r0) , 

(2)

where P is assumed stationary over some narrow region about the epoch,
to, center frequency, f0, and spatial point , r0.

Finally, using r , n, and S as shift variables , we can wr ite

R(t,r~,S; t0, f ,r,) ~~~~~~~~~~~

r • Sf2) H( t 0- ’tf1T0-fl/2 ,r0-S/7 ). (3)

S

LL - - _ _ _ _ _ _ _  _ _  
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While the correlation function R ( ) is useful in quantifying a propa-
gation channel’ s effect on signals , th. physics of th. channel are most
eas i ly understood in terms of Fourier transforms of R on each shift vari-
able.

R ( r ,o,o;t0 f
0
,r0) ~ 

A 2 (- ,t0,f01 r0)

R(o.n,o;t0,f01rj ~ h
’R;t0,f0.r0)

R(o,o,s;t01 f0,r0
) ~ s

2 (sin a;t0,f0,r0)sin a

where a , ~~~, and a are smear variables .

The extent of (nonnegligible) A 2 (the differential Doppler spectrum)
in C represent s the frequency smear imposed on a tone transmitted at f .f 0
~.v  -

~u t  ,o,a~ in the p!~~’ .agat ion med ium .

Similarly, th. extent of h 2 in ; measures the range of delays (time
smear) imposed on a signal due to the different travel t imes of the paths
connecting source and receiver (multipath) .

The extent of S In ci is the angular smear imposed on a transmitted
plane wave by refrac tive and diffractiv. effects in the medium .

The functions A 2 , h 2 , and S2 can be measured by transmitt ing signals
that are narrow compared wi th the impo sed smears , corresponding effect ivel y
to impulses in time (a narrow pu1se~ , frequency (a ton.), and angle (a
plane w a v e ) .

TEMPORAL ISOLATIO N OF THE DIRECT ACOUSTIC PATh

leasuremen t of the second order statistics of th. transfer function
,r ) for the direc t acoustic path necessitates isolation of

that path fr8. 8ther significant multipath arrivals.

Fortunately , the time occupancy of the direct path impulse response
- i imalt compared with its isolation in time from nondirect arrivals~ (Th is
is t rue for both the 18 and 1.5 mel paths .) This mi de it possible to
transmit pulses long enough to allow measurement of the direct
path steady state tesponse hu t short enough to prevent intsrsysbol
interferenc , from nondirect paths .

6
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Measurement of R also requires pulse repetition intervals small
compared to the direct path correlation time . It will be shown below
that the repetition intervals used at AFAR (typically 3 and lOs ) ~‘Iclded
smooth estimates of the time covariance function. Although it is
possible to contriv . time varying transfer functions that will yield
smooth, repeatable covarianc e estimates even when undersaapled, the
stochastic natur. of ocean volume propagation allows the conclusion that
sample rates >0.1 Hz are sufficiently high at all AF AR acoustic frequen-
cies .

EXTRA CTION OF A CW EST IMATE

Sequences ~t u.~ r r iwband Gauss ~~~ e •nve ~l p i~ pul ~.e ’s were used t ~ sim-
ulate t~~ u.tnsr~isa1on over the AFAR d ire’ c t acoustit paths . The received
pul~.e in t tms l t  lea We z I’ computed .~s time functions extending over each

~ulMe I,~~’e ’ t  it t~~ i In terva l and w.~rt~ then ive raged to  1~~tefl5tnC t h e  average
c hanne l power resp~’n~.e over the duration e~ each experiment. The tran s—
mission de la’. o f the pea k ave r~ige power response was determined and the
in~1tv idual r e t i v e d  wave forms were sampled (tapped) at that fixed trans—
miss ion deI~iv .  the re ~.ult tng s.emp le seq ~eu e approximates sampling a
t~~ transmiss ion ~ver an iso lated d i rec t path using a uniform sampling
in te rva l  equal to the pulse re pe t i tion  interval.

P(TENSITY &SP PHASE NE.ASURE~~ NTS

The tapped sequences of quadrature data s
~ 

were used to compute time
series of intensity and phase:

- U1 • JV . complex envelope

1 • U1
2 
• V . intensitY

— tan 1 V / U  • Y’~. 2~ phase

• ø1/ ( 2 w f ~,) phase delay .

Time series of phase are made continuous by finding N
1~ 1, such that

2s 
~~~ s;  N0 • 0. (4)

This is justified by assuming that phase variations are due to smoothly
vary ing pulse arriva l times and (• 

• 
-. )/2wf pulse repetition

interval. i i  i 0 

—-——-. .  ~ --.---‘- - - - 
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Figure 3 shows typical intensity and phase delay plo t s for t he
I s  nmi direct path.

Emp irical distribution functions of envelope level ~~~ were com-
puted.and typical results are shown in figure 4. At short range and low
acoustic frequency (weak scatter regime ) the statistics are log normal
as predicted by first order perturbation theory.’’ As acoustic frequency
and range are increased , the deterministic direc t path beg ins to break up
in to a tube of randomly varying “aicropaths.”’2 At sufficiently high
frequencies (and/or long ranges), the Ecropa ths add randomly at the
receiver. y ielding quad rature components with Gaussian statistics (a
Rayleig h fading envelope) .

The AFAR 1.5 mel data are apparen tly log norma l and the 18 nal
data are Rayleigh ’ at all center frequencies .

A comeonly used measure of signa l intensity fluctuation is the
variance of log (I). First order perturbation theory predicts a log
variance that increases monotonically with both range and acoustic
frequency. 1’ This is clearly a nonphys lcal result and , in fact , the
variation in log intensity saturates at a level corresponding to the
value predicted for Rayleigh fading . FI gure 5 shows val ues of log

i~~ian~ e comput d e~ ing AFAR dir . c’ path de ~ .* . The abscissa scaling
is that wh ich will yield a lln.’ .ir ~1eptmdrnce p~. !ie ’ted h~ f irst order
per urhat i n  theorv .1

~ 1~~t a  in t h e  s.~tur. .ted regir. (Rayleigh l imit)
‘~.re obtained on the 18 nmi di ‘c t  ~~~ !~ , end d.~ t a ‘n the increasiny
portion of t!~. - - i r ’ .’~ ~~~ obt.~ined t ! m  t1i t~ 1. 5 nmi path. The satura—

i ’ ~i curv e is sin il i r ~~~‘ tho.-~e obse rve d In •e ’me’sph ertc .1. t r~~~~t~ m e t  ic
pr ; ig~ t i n  me ;isurvmeflt 4

TT’!~ - ‘~!1A.R

The duration of the time smear imposed on a signal by a transmission
channel can he direct ly measured l y  tran smitting pulses of short dura-
tion compared to the smear. Figure 6 is a set of envelopes c i  direct path
err ivals produc e d by 1.25 ma pu lce~ t ran smitt ed at acenter frequc n yof 3200Hz.
The multimodal arrival structure is spread over about a 10 ms transmis-
sion delay. Fi gure 7 is an incoherent average of 4ROOi~ consecutive 

-~~

pulse arrivals (a 140—hr average);  I.e., f igure 7 Is an est imate of h U).
A theo re t ic il average power response curve derived by the JASON ~rnup,
using measure d oceanographic parameters , is an excellen t match)’

The JASON work predicts that the stat is t ics are not precisely
R.*yleigh and investigation of higher order lntensit~ moments has
verified this prediction .’~

8 
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Figure 6. Received Pulse Envelopes at S mm Sepa ra t ions
(1.25 as Gaussian Envelope Pulses at 3200 Hz Center Frequency)
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As was rinted out ~ar1ier, the Fourier trans form of the channel

time smear h (ç;t0,f ,r 
) is the frequency covariance function

R(o ,ri,o;t ,f05 r0) .  ~ig&’e 8 shows the Fourier transform of ~~~~
of i1~L c r t  7.

The frequency covariance function can also be generated directly
by computing the zero time lag crosscovariance between samples of the

• complex signal envelopes, obtained at a fixed time after transmission ,
of two t i ~ signals of differing frequency. The values of co’variance are
then plotted versus difference frequency,yielding the frequency covariance

• function. Figure 9 shows the frequency covariance functions computed
from several sets of AFAR direct path data at various center frequencies.
The e 1 covariance widths are severa l tens of hertz and L~~flp ;m 7’C favorably
with the independent measure of figure 8. The results show no clear
frequency dependence and the variation between curves is probably due
to insufficient (10 hr) averaging time .

~~~~H LH:JJT

~~~
lt \ 

+

~ :

0 400 600 800 t 000
FR EQUENCY IHZ 1

Figure 8. Frequency Covariancs Estimate
(Transfor. of Figure 7, Time Spread)
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~.:~ire  ~) . Frequency Cov. t rtanc e I s t i r . .~t - - . it L ight i ffercnt Center
f reqtzencies AFAR 18-nm i ~z rec t Pat h

f-~ -) ) i U \ t  ~Y U I \ )~

Di~~tt ’rential -;- ~ icr ~-~ t r-i have been com puted for the 18 miii
direct I.~~u’.t1c - ;et h h . t r ansmitting cequences f IM) ms Gaussian
enve lope pulces t f i -~ed center frequency . Iht ~ 2Ise repetition
in terval  of lO s  is ‘.nall compared to  the mea’.urcd cova r iance time s
It i l l - \ )  \4 experiment ii fr~’~~i~- nc  i es.

The ta ;~ seque nce s were broken into 50 percen t overlapped , zero mean
segments , il ann ing Ilndowed . and I-oii r ier t ran sformed . Magnitude squa red
spectra were averaged over al l segments and normalized to obtain power

re 1 det~si t v est ir et es . Figure 10 show s a tvp i cat result for the
i direc t path obtained by averaging five .10 hr , SO percent over-

l apped ~ nents (10 data hr). li gu re 11 contains smoothed spectra l
• cct in ,mte s 1 ’ r data taken simu ltaneously at three different center

frequenc ies. The measured frequency smears are on the order of mi lii-
h e r tz  and , is xrected , i n c r e a s e  w i th  cen te r  frequency.
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1h~ Fourier t ransform of channel frequency smear is the t ime auto-
c)va rl ; Ince function . Normal ized t ime .iutoc ’virfllnce funct ions were
com)u it ed fron the tap data ‘~equencrs , us ing fast Fourier transform
techniques. I:igur(. 12 ~ho~ s typi cal results. rigure 13 ~s a p lot of
direc t N~th i c  cov .eriance time as a function of center frequency
r~ca sured during a number of \FAR ex~’cri rreIet . The circled da ta ~Irc

~.i 1ue-~ ~h t i . ened d u r i n g  the  Joint Occat ~ rap hic  Experiment of 19Th and
re l rcsen t  the longest avera~:ing t ime s (~~l~1O dat a ‘ir) . The coherence
t ime is ~

- ) sat I liz and falls ~i 1t • i~ ; ~~~~~~~~~ .i~ t• 1~

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

i~~~
.40 ~~~~~~~~ . . . . . . . . . . — .  _ _  -~~

‘•
-~~ - t,c,. . . . . . 4 . 4 0 0 4

* 4 • . . . . 0 —- 1
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. . • , • 

1•~~~~1 I i• • • • 1 • !• i_ L . 1  1 ~~~~~~~~04 00 04 06 17 18
• 

FR E Q U E NC y  (LOG 1 /HOURS)
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Figure 10. Differential Doppler Estimate, AFAR 18-rai
Direct Path (130 as Gaussian Envelop. Pulse , 412 Hz

Center Frequency , 10.158 s Pulse Repetition Interval)
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:cigure 11 . Smoothed Estimates of Differential Doppler Spread,
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Fi gure 12. Autocovariance of a CW (Approximation)
Signal Received Over the AFAR 18-iai Direct Path

(130 a Gaussian Envelope Pulses , 412 Hz Center Frequency,
110 hr Av.rage, 10.158 a Pulse Repetition Interval)
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Figure 13. Time Lag for Autocovariance to Decay to lie of Maxi ia
as a Function of Center Frequencey , AFAR 18-nM Direct Path

(130 as Gaussian Envelope Pulses , Pulse Repetition
Intervals <10.158 s). Solid Line is a Least Mean Square Fit ,

- CF~
’; C • 9.2 x 10’, - -1.12 ± a,a • 0.06.l/e

ANC~J LAR SMEAR

Physical limitations at AFAR made estimates of angular smear (or
its transform spatial covariance) difficult to obtain. Under certain
restrictive assumptions , it was possible to derive estimates of lie
covariance length for horizontal and vertical separations in a plan.
perpendicular to the direction of propagat ion. The aperture weighting
for each of the antennas at the receiver end of the 18 r.i direct path
was assumed to be Gaussian. In addition , the spatial covariance func-
tion was assumed to have a Gaussian shape in the receiving plan.. The
assumptions lead to the following expression for spatial covariance: U

18
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~1 0

cz,B are the 1/. covariance lengths in the X and Y directions ,
• respectively, ..-id

2 .~ 2 2 2  (6)A • •~~ • ~
.. •

‘ ‘ 2 ‘
• .

w).ere R is the radius of the antenna (see figure 1), and ijR is the
effective radius of the antenna aperture at which th. response has fa l len
to i/C of the ma.siaia.

Sinc e the three antennas ar. similar ly constructed, it was assumed
that ~ • 1.~ . Estimates of the horizontal and vertical covariance
lengthl (ci j ) wer e computed using the thr e, available antenna pairs at
the receiver; the results are plotted as a funct ion of center frequency
in figure 14. The resulting cova~lance lengths (~60A horizontal , elOA
v .rticsl) imply angular smears ~l horizontal and 1150 vertical . The
asy etry is a manifestation of a corresponding asy .try in oceanic
index of re fraction vari ations .~~ ’
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Figure  14. Spatial Separation for Covariance to Decay
to 1/c as a Function of Pulse Center Frequency. AFAR 18-nmi

Direc t Path (130 as Gaussian Envelope Pulses , 3 a
Pulse Repetition interval ) . The Horizontal Separation

Is Shown W ith [jots , the Verti cal Separation With Triangles

TDU~ LAGGED SPATI A L COVARIANCE

The covariance lengths of figure 14 were derived by crosscorrelat-
1mg the outputs of two ant ennas at zero time lag . Since the inhc.og.nei-
ties in the ocean volume are in motion, one aight expect the çe.k covar-
iance between two antenna.s to occur at nonzero time de1ay .~~ ’ ‘ Figure
15 shows time lagged crosscovariance functions computed between an tenna
pairs for the 18-r .i direct path. The (almost) hori zontally separated
antenna pai r show s no evidence of a peak at nonzero time lag, presumably
a reflection of th, long horizontal covariance lengths . In contrast,
the vertically separated pair shows obvious nonzero lag peaks. The
dominance of vert ical variation is consistent with an internal wave
viewpoint as the source of time variabi1ity.~ ’ Figure 16 shows four
sets of fourteen 6-hr average lagg ed spatial covaria nc e function s arranged
in order of increasing vertical separation . Figure 17 shows the cor-
responding result for a single long term average (6 X 14 • 84 hr).
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VERTICAL ‘~F PA RA T IO N  31

~ 

,

~

.1.
,

/
/
~~T::*~

4_
•

~~

• — .
HORIZONTAL S~~P A f l A Y , ~~~~ ‘ 6

VERTICAL S E P A P A ’ I n ~ N 265

~ 

_ _ _ _ _ _ _• 10

A .
HORIZONTAL sE PA RAT ION 6

• V ERTIC A L S E P A RA T I O N  I .~

I ._A’ • •

- 200 V 200
TIME ~A( ,

Figure 15. Time Lagged Crosscovariance Between Spatially Separated
Antenna (130 as Gaussian Envelop. Pulses , 4671 Hz Center Frequency,

l(I .l’6 s Pulse Repetition Interval , 6 hr Average).
The Ante nna Pairs Lie in a Plane Perpendicular to Line of Sight.
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t~X Represents the Horizontal Separation , ~Y the Vertical Separation .
Each Group Contains 14 Covariance Estimates From Contiguous

Time Blocks . Each Estimate is a 6-hr Average
(6 x 14 *4 Total Data hr).
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SU*~ARY

Table 1 su arizes the measurement results presented for the 18
nai direct path.

Table I. St ary of Results

Typical Value Frequency Dependenc e

Time Covariance (e 1) 1000 s I 400 Hz f’~~
’1

Frequency Covariance Ce ” 1) ~30-50 Hz none

Spatial Covariance (e 1),
(Gaussian sha pe assu mptions)

Hor izon tal ~200 a I 2 kHz f ~ 1

Vertical ~4 a I 2 kHz f ¼

Tn .I~ Ll1ti~- T i :

1. The envelope stat ist ics are approximately Rayleigh.
2 . The variance of log e intensity is ii’/s (predicted value

for R a yl e i g h fading).
3. Time lagged spatial covariance functions reveal evidence of

spatial transport due to the motion of refractive index inhcsoge neit ies .

The results presented in this report define prop agation character-
istics under a very limited set of’ experimental conditions. Their main
values are the stabi l ity of experiment geometry, the existenc e of
detailed enviroomental data, and the repeatability of results. They
should be useful in quantitative evaluation of theoretical propagation
models. Clearly, additional experimentation is necessary under different
conditions of geometry and envirooment. Finally, propagation between
moving platforms can be expected to strongly affect measured results.
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FI TRAPOLAT ION OF RFSIILTS

This section contains qualitative extrapolat ions of the AFAR
strong fluctuation regime results to other ocean acoustic propagation
conditions . The remarks are based on a combination of measured ocean-
ographic parameters and physics reported by S. 14. Flatte .~

2 The AFAR
etron~ fluctuation result s presented above were for a shallow angle
(
~ 2 ~eg), shallow depth (~ 600 it), volume only path with fixed end-
points. We make the following qualitative generalizations subject to
the caveat , “. . . acoustic expcrinents invariab ly fall into ‘anomalous’
regions . • • •

5I1 ’

S1~ F.PER RAYS

‘Jben the deterrilnistic ray path departs si gnificantly (> few
degrees) from horizontal , the sound speed fluctuation correlation length
along/tran sverse to the path decreases/increases rapidly dum to the
large ratio of horizontal to vertical correlation lengths in t)’e ocean
(typ ically > 10:1).

The contribution to acoustic phase fluctuation at any point along
a ray path decreases w ith the correlatlcn length of sound speed f luctus—
t1t~na measured along the ray direct ion it that point. Also, the number
of micro paths for-med by scat tering of a determinist ic ray decreases with
increasing c~’rrelat ion length transverse to the ray direction .

There~ore , for a fixed path length , steeper rays have smaller ru’s
phas~e fluctuation and form (aver micropaths. (i.e., longer paths are
required to reach the region of ..aturated fluctuations).

DFEP FR RAYS

The variance o f sound speed generally decrease s with depth , result-
ing in smaller acoust ic pha sp fluctuation . Longer propagation range.
are required before the phase differences in a tube of rays along a
deep path are large enough to cause sel f—inter ference.  Additionally,
both horizontal and vertical sound speed fluc tuation correlation lengths
increase with depth.

— - - • 
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GEOG RAPH I C POSITION

There are certainly large variations in oceanographic parame ters
with geography ; however , the limited experimental data available in the

• literature indicate some degree of universality in spatial and tem-
poral sound speed fluctuation spectra . Recent measurement s by the AFAR
group (unpublished) reveal a similarity in the depth dependence of
sound speed variance for two i~

.s r t t - regions in the North Atlantic
and .~ third area in the Gulf of Mexico.

Pl ATFORM MOTION

When either or both endpoints of an acoustic link are in motion ,
the correlation t ime of an acoustic psth will decrease as the translated
(and rotated ) path sweeps through independent reglona of sound speed
f l uctuat ion . The large ratio of hoti?ontal to vertical sound speed cor—

• relation length will result in similar ratio ir’ the relative effect. of
horizontal and vetiical platform speeds. Unpublished data of the AFAR

~-r~ up show that for platfor m s trsn slat1n ~’ horizontally and transverse
to an ocean volume acou stic path , signal correlation time falls off
linedrly with speed for speeds In excess of -5 knots.

CONCWSIOP4

The information presented in this document shows that signals
transmitted along acoustic paths in the ocean that contain no boundary
interactio ns are randomly perturbed (smeared) in tim e, frequency, and

• angle. Qualitative extrapolation to other conditions of propagat ion
is possibl e , and the reader who is interested in more physical insight
and ni erical precision is urged to read references II , 12. 15 , and 1t ~.
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