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20. Abstract

Compared are the depth and range structures of the out-going signal field
and reverberation produced by a vertical array and a single transducer, both
driven with equal input power at a frequency of 1700 Hz.

It is shown that for the array, the peak- and depth-averaged signal levels
decay at a rate of -4 dB per distance octave (distance doubled) in contrast to
the rate of -11.3 dB per distance octave for the single transducer.

The depth-averaged reverberation levels for the array are 4 dB greater, but
decay at approx imately the same ra te , -13.5 dB per distance octave, as for the
single transducer.

By using the above decay rates and reasonable target strength values to
calculate echo-to-reverberation and echo-to-noise levels, it is shown that a
ver tical array can markedly increase the poter.tial for detection in shallow
water over that of a single transducer.
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PROPAGATION AND REVERBERATION IN SHALLOW WATER FOR A VERTICAL ARRAY
AM) SINGLE TRANSDUCER — IMPLICATIONS IN SONAR OPERATION

INTRODUCTION

Shipboard sonar systems deployed in deep water usually use mechani-
cal or electrical steering techniques to obtain bearing and depression
angles to a signal source. When these sonar systems are used in shallow
water , the inherent multi-path conditions degrade their performance .
Howeve r, viewing the acoustic problem in terms of mode theory leads to a
concept which can improve or optimize system performance. This concept .
termed Mode Enhancement Techniques (METS)I .z is based on using modal
properties of sound in shallow water to improve the efficiency of trans-
mitting a signal and to increase the signal-to-background levels of a
received signal .

A series of Shallow Water Echo and Reverberation Experiments (SWERE)
is planned to explore further the METS concept . Several configurations
of a vertical transmitting array were used to obtain data for the range
and depth structure of the intensity and coherence of echoes and rever-
beration . One aspect of this series is to determine the gains in echo-
to-background leve l obtainable using various configurations of a vertical
array rather than a single transducer.

Reported here are the results of a SWERE made in September 1975 for
an acoustic frequency of 1700 Hz. It is shown that when equal input
power is applied to a vertical array and a single transducer , the sound-
level averaged over the water column (this is proport ional to the acous-
tic energy conducted by the channel) is greater for the array . It is
also shown that the decay rate of the sound levels with increasing range
is much less for the array case than for the single transducer. The
decay rate of reverberation with increasing range (or time), however ,
is shown to be similar for both the array and single transducer. The
implication of these results in sonar operation is brought out in the
discussion where it is shown that for a reasonable target strength value ,
a vertical array can increase the potential for detection in shallow
water over that of a single transducer by improving the echo-to-back -
ground levels.

MEASUREMENT DESCRIPTION

The normal-mode-tower ,
3 
a vertical array of transducers one-half

kilometer west (see figure 1) of Block Island , was used to transmi t sound
and to receive the reverberant acoustic energy .
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Fi gure 1. Experiment Diagram

The signal and reverberation fields produced by four different
transmitting configurations of the array were recorded and analyzed.
The configurations used were cosine and uniform weighting of 11 elements
centered at mid-depth , a sing le element near the surface , and a single
element at mid-depth (see figure 2). The total input electrical power
for each configuration was made equal . This made the same avai lable
acoustic power common to all results . A CW pulse of 1700 Hz , and 200
millisecond (msec) pulse length was used for the reverberation measure-
ments.

Scientists aboard the receiving ship , a landing craft utility (LCU)
measured the vertical acoustic field , temperature profile , and water
depth at five range stat ions along a 2780 radial from the normal-mode-
tower (see figure 1). The sound-pressure leve l and water temperature
were recorded for every 5 foot (1.52 in) depth interval of the water
column . The water depth along this track is fai.ly uniform ; it ranges
from 101 .7 feet (31 in) at the tower to 109.9 feet (33.5 m) at the far-
thest station 1.6 nmi (2.5 kilometers), and remains 113.2 + 3 feet

2
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DRIVE VOLTAGES ~ V 2 = CONSTANT
DEPTH VOLTS VOLTS VOLTS VOLTS rms
(m) (rm s) (rms) (rms )

1 2.4 614

8 9.7 E~J [ 185 7
9 10.8 I 125 J 185 1

10 11.8 I 177 1 185 1
11 12.9 218 ] 185

12 13.9 243 i r 185

13 14.9 250 185 614

14 16.0 243 ] 185

15 17.0 218 185

16 18.1 [ 177 J 18~~~~~

17 19.1 125 185 ]
18 20.1 I 185 7

COSINE UNIFORM

Figure 2. Array Conf igura t ions

(34. 5 +1 m) for approximate l y 9 . 1  nm i (14.6 km) t h e r e a f t e r .  At each
station a tn -plane target was suspended at a water depth of 49 .2  feet
(15 rn) During the fi rst day the source leve l of the mid -depth element
and the target strength of the tn -plane were measured (unfortunately
the target strength proved to be inadequate for the planned echo measure-
ments) .

Since the electronic equipment aboard the LCU required a pulse
length of 400 msec , each even t was divided into two parts. Scientists
at the shore station recorded the reve rberat ion produced by 200 msec

3
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pulses; then transmitted 400 msec pulses for scientists aboard the LCU
to record the vertical sound field. After completion of one full set of
transmitting configurations , the LCU would then proceed one-half kilo-
meter to the next stat ion. Wind speed and direction were also measured
and recorded by scientists at the shore station .

Fairly stable iso-sound speed profiles , prevailed during the measure-
ment period.  Typical sound speed profi les are shown in figure 3.

SEPT. 10 SEPT.11 SEPT.12
RANGE996 m 1840 m 2383 rn

1505 1510 rn/sec 1505 1510 1506 1511
DEPTH I I I I I

(m)

10

20

30~~ 

(I

Figure 3. Typical Sound Speed Profiles
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DATA RESULTS

SIGNAL F I E L D

Dept h

The ve r t i ca l  s t ruc tu re  and spread in values of the soun d pressure
f i e l d  as measur ed at each range are show n in f i gure 4.  The upper series
is for a un i form we igh t ing  of the array , and the lower is for a s i n g l e
t ransducer located at mid-dep th .  Thes e r es u l ts  are representat ive of the
v e r t i c a l  s ound-pressure f ie lds  produced by the four t r a n s m i t t i n g  conf igu-
ra t ions , a l l  hav ing  the s ame input  power.

The ma jo r  d i f ferences  in the ver t ica l  f ie lds  produced by the two
confi gurations are that the array-generated field is smoother than the
ragged single-transducer gener ated f i e l d , and tha t  the maximum levels
fo r the array case are approximate l y 7-8 dB grea te r  tha n the maximum
levels for the sing le-transducer case.

The smoother field suggests a pr edomi nanc e of lo w order modes , wh i l e
the ragged structure ind i c a t e s  a predo m inance  of hi gh order modes. This
is born out in figure 5, which compares the computed vertical structure
of the transmission loss curves for  a s ing le  t ransducer  and a un i fo rmly
weighted array. The given structure consists of 10 modes calculated for
the given sound speed profile and element depths , and summed to give the
loss as a function of depth , for a range of 6037 feet (1840 m) . In the
case of the single transducer , the excitation factors foe each mode are
equal and the result is a ragged curve — shown as the solid transmission
loss curve . For the array, the excitation factors heavil y wei ght the low
order modes , resulting in a smoother curve — shown as the dashed curve. It
is also seen that the computed amp litudes of the low order modes , being
greater for the array case , produce maximum levels in regions of construc-
tive interference 7 to 8 dB greater than the sing le transducer case.

The directionality of the array (represented by its beam pattern)
can be related to the observed results by associating directional source
levels to the pre ferred angles of propagation associated with the nodes.
For a constant frequency , the lower order of mode , grazing angles of
the wave trains producing the mode are shallower. The mode angles for
10 modes were calculated and are presented in table 1. Mode related
source levels for the various con figurations , as obtained from the
di rect i o n a l  source leve l curves shown in figure 6, are also presented
in tablL 1. It is evident from table 1 that the single transducer
directs energy equall y to all modes. The uniform and cosine wei ghtings ,
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‘l able 1. Mode-Related Source Levels

Single Uniform Cosine
Mode Mode Transducer Wei ghting Wei ghting

- 
N c. Ang le (dB//11.tPa) (dB//l~Pa) (dB//l~Pa) —

1 .. ° 190.2 197.7 198.3

2 2.3° 190.2 196.3 197.5

3 2.9° 190.2 193.7 195.5

4 3.6° 190.2 187.9 192.4

5 4.3° 190.2 177.7 189.8

6 5.1° 190.2 180.2 184.3

7 5.9° 190.2 187.0 167.3

8 6. 7 ° 190.2 187.3 172.3

9 7.6° 190.2 180.2 F7.7

10 8.5° 190.2 l;8.2 176.7

on the other hand , “steer” more of the available energy into grazing
ang les corresponding to 1ow orde r modes — modes 1-3 for the forme r
wei ghting, and modes 1-4 for the latter.

Thus , it is seen from the mode and beam pat tern considerations , in
agreement with observed results , that the vertical array enh ances the
low order modes , and has the potential of generating greater peak levels
than the single transducer by the constructive interference of these
modes .

Range

In addition to studying the vertical structure of the si gnal field ,
comparison was made of the total acoustic energy each confi gurat ion p ro-
vided at each range . The squared pressure , averaged over the water
column , was used as a measure of the total acoustic energy . The two
resulting “array” curves , being similar , were averaged to produce a
representative curve . Similarly a representat i ve curve was obtained for
the sing le t ransducer results . Both representative curves are shown ir
figure 7.
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UNIFOR M X~~~~~0 ( ~ 
U.

SINGLE -
3 -  U~

~~~ 1 8 -
0

21

24 RANGE 1840m

27

3 0 -

33 I I I I I I I I I I
1494 1524 0 10 20 30 40 50 60

SOUND SPEED TRANSMISSION LOSS 1dB)
PROFILE (mis) MODES 1.10

1700 Hz

Figure 5. Vertical Structure of Transmission Less (Model)

Both the array and single transducer have initially about the same
total energy . These values decay at the same rate to 3281 feet (1000 m).
Beyond this range , the array levels remain greater and decay at a rate of
-4 dB per distance octave (d is tance  doubled ) , w h i l e  the si ng le transducer
levels decay at -11.3 dB per distance octave. The difference in slopes
indicates that the low-order modes comprising the field produced by the
array suffered less loss with increasing range than did the high-order

V modes predominating the field produced by the single transducer. The
array, by enhancing the low order modes (modes favored by the propagation
condi t ions )  was more e f f i c i en t  in t r a n s m i t t i n g  si gnal energy than the
sing le transducer. Thus , of the two , the vertical array has the greater
potential of transmitting more of the available acoustic energy to
longer ranges.
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— COSINE
— — — UNIFORM

50 )

)
40

- — - - -
~~~~~~~~~=--

) SINGLE ELEMENT

/

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

160 170 180 190 200

DIRECTIONAL SOURCE LEVEL (dB// lp Pa)

Figure 6. Di rectional Source Leve l

The experimental and theoretical results demonstrat e that for equal
input power, a vertical array has greater potential for producing hi gher
average and peak signa l levels at longer ranges than does a single transducer .

RE VERBERATION

The potential for increasing signal leve l is not the only techn i ca]
consideration that enters sonar design and operation . The potential to
discriminat e against reverberation is another. This section compares
the reverberation levels produced by a vertical array and a single
transducer , where both have equal input power.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ICAL ARRAY 

OCTAVE

130 - 

113 DISTANCE o:TAvE ”

RANGE 1km)

Figure 7. Depth-Average Signal Leve l Versus Range

Reverberation generated by each transmitting configuration was
received at the normal-mode-tower on hydrophones located at eleven dif-
ferent depths . The hydrophone outputs were simultaneous ly bandpass
filtered (center frequency 1700 Hz, bandwidth 200 Hz), amplified , and

• I analog recorded on eleven channels of magnetic tape . The data, upon
p layback , were envelope detected , transformed to logarithmic values , and
recorded on strip charts with 20 msec of time constant inserted. The

• resultant curves were further simplified by taking discrete values at
one-second intervals (this corresponds to one-way range increments of
750 m) out to 5 seconds (3750 m ) .  This was done for the reve rberat ion
histories for 10 consecutive pulses. The 10 values for each range were
averaged , and the average values connected linearly. A plot of four
linear-segmented curves representing the reverberation measured as a
function of range at a fixed depth for each of the configurations was
used as the basis for further analysis. A typical plot of the basic
reverberation curves is shown in figure 8.
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A UNIFORM
100 - 0 COSINEx

• S13

90

~1

80 -

70

I I I I I I
750 1500 2250 3000 3750 4500

R(m I

Figure 8. Reverberation Level Versus Range, Depth 15 m

Depth

Graphs containing the vertical structure of reverberat ion at each
of the five ranges were generated from the basic reverberation curves.
Since there were four configurations and five date-time series , a four-
row by five column matrix arrangement of these graphs represents the
vertical structure at each range produced by any given configuration ,
during any given date-time series. A graph element of the matrix for the
uniform configuration for one series is shown in figure 9.

For any one date-time series , the vertical structures generated by
the sing le transducers are very similar in variation and level. Simi-
larly , the vertical structere for the uniform and cosine weightings are
alike . For convenience then , the uniform case and the mid-transducers
case (denoted as S13) were selected to represent and compare results for
the array and sing le transducer. Fi gure 10 compares the verti cal struc-
tures of reverberation at each range for the array and si gnal transducer.

11
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UNIFORM WEIGHTING

P1.. RANGE 1km)
0.75 1.5 2.25 3.0 3.75

H 5dB H

REVERBERATION LEVEL (dB//lpPa)

Figure 9. Vertical Structure of Reverberation 5 Ranges
Un i fo rm Weighting

RANGE 1km)
0.75 1.5 2.25 3.0 3.75

H5d8 H

_

~
;_ -

~~~~~

-

REVERBERATION (dB//1~ Pa)

— SINGLE TRANSDUCER V

0—0 UNIFORM WEIGHTING

Figure 10. Vertical Structure of Reverberation-Array
Versus Single Transducer
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Inspection of any one of these structures show depth-segments where
minimum levels may be S to 8 dB less than maximum levels. Also , it is
quite evident that the levels produced by the array are greater than for
the sing le transducer everywhere over the receiving aperture . Although
the levels differ for the two , the curves are similar in general struc-
ture . The similarity, irrespective of the transmitting con fi gurat ion ,
is used in the next section where range dependence of reverberation is
discussed.

Range

A~ was done for the signal field , vertical averages were obtained
from the basic reverberation curves to produce one curve representing
reverberation energy versus range for the vertical array and one for
the sing le transducer. The two resulting curves are shown in figure 11.

The average leve l for the array is greater than that for the sing le
transducer. Clear trends occur beyond .92 nmi (1.5 km) in that both
curves decay at an average rate of -13.5 dB per distance octave (distance
doubled) and that with increasing range the values for the array remain
uniformly 4 dB greater.

~~~~~~~~~~~~~~~~
RANGE 1km )

Figure 11. Depth-Average Reverberat i on Leve l Versus Range
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it is seen from both the depth and range results that decay of
reverberation with increasing range is the same for both transmitting
configurations , albeit the l eve l  is greater  for  an array than for a
single transducer. Why should the decay rates of reverberat i on be simi-
lar , when the incident si gnal energies decay at much di fferent rates?
Why should the average reverberat ion levels be greater for the array
than for the sing le transducer , when both have equal input powers?

In way of explanation , it is first assumed that general ly the re-
verberation energy (or level) depends on the incident energy , the prop-
agation loss of energy , and the nature of the scatterers. These relations
are now adapted to the present shallow water situation for ranges beyond
.93 nmi (1.5 km) for the case of the array . The geometry used for the
adaption is shown in figure 12.

I NSONI F IED CYLINDRICAL RING

~ TRANSMIT 
RECORD

L D RECORD SIGNA L FIELD

D REVERBERATION “1
3
3

IJH HII~~~

///////////// ///7# /~4 ’ / / / / / / / / / /  /~//7/ ////%//////////////////////

Figure 12. Geometry for Reverberation
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The energy incident on a sector of the cylindrical ring (see figure
12) is predominantl y the energy in the low-order modes. The reverbera-
tion leve l and its decay with range should then depend on the leve l and
decay of these modes. Used as a measure of decay , is the decay rate ‘t
the low order mode field produced by the array (-4 dB per distance
octave).

From any one sector , the propagation loss of reverberation as a
function of range should be similar to that of the multi-mode field of
the single transducer. Consequently, an estimate of the propagation loss
with range is taken to he that of the single transducer (-11.3 dB per
distance octave)

The reverberation level is proportional to the number of scatterers
within the insonified ring . If the density of the scatterers is uniform ,
the reverberation leve l becomes proportional to the volume of the cy lin-
drical ring. The volume of this ring is proportional to the radius of
the cylinder; the radius being the range from the source to annulus of
the cylindrical ring. Thus , the level is proport ional to the range , r,
and would increase with increasing range as 10 log r or 3 dB per distance
octave .

The resulting rate of decay in reverberation leve l is

Net Decay Decay Rate
Reverberation Incident Energy Propagation loss Increasing Rate
(dB/distance (dB/distance vs Range (dB/ Scatters

octave) = octave) + distance act.) + (dB/dist. oct.)

-12.3 = -4 + -11.3 + +3

The net decay rate of reverberation for the array as observed from meas-
urements is -13.5 dB per distance octave — a difference of only 1.2 dB.

If one carries out the above calculations for a single transducer
and uses a value of -11.3 dB per distance doubled for both the decay
rate of the incident energy and the propagation loss versus range ,
the result  is a net decay of -19.6 dB per d i s t a n c e  octave.  The
decay rate of reverberation for the singl .e transducer case observed
from measurements is -13.5 dB per distance octave . Thus, the same
considerations lead to a much greater discrepancy with the measured
results . The observed similari ty in value of the decay rate of rever-
beration for the sing le transducer and the array suggests that it is the
low-order mode content in the inc iden t energy tha t  contributes most .
The steeper rate of -19.6 dB per distance octave would result from the
high-order mode content of the incident energy . This rate leads to no
discrepancy; it is just not observable because it is masked by the
reverberation produced by the low-order mode content.
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The decay  r a t e - i  of reverberation for both the array and s ing l e  trans-
ducer  c o n f ig u r a t  ions  are a p p r o x i m a t e l y t he  sa m e , but actua l levels for the
array are greater by 4 dB (see figure 11). The d i f f e ren ce may occu r because
the  l eve l  of low order mode con t en t  for the  a r ray  i s  greater . The predomi-
nance of t he  low order mode content  in the array field is evident from
ex p e r i n l e n t a l  and computed r e s u l t s .  An e s t i m a t e  of the actua l d i f fe rence  in
low order mode content produced by the array and single transducer config-
urations is obtained 1’Lar i~ tically by determining the di fference of the
average mode-re l ated iource l~ ve1 of the low order modes for each con-
figuration . Referring to toble 1 , the average leve l for the first
three modes of the un il )rn ..ttern is 196 dB; for the first four modes
of the cosine pattern , ~~~ dB; and for the single transducer , 190 dB.
The level of low orde r mode content for either array shading is 6 dB
greater than the content for the sing le transducer. Thus , the difference
in low order mode content of the incident energy is of the right order
of magnitude; however , to determine the difference in absolute reverbera-
tion levels would require an expression , empirical or otherwise , for the
direct relation between the incident energy and the reverberation sector —
in o t h e r  words , a rrverheration “strength” for each mode is required .
F u r t h e r  expe r imen t a l  and theore t ica l  work on this aspect is planned .

DISCUSSION — IMPLICATIONS IN SONAR OPERATIONS

EcHO TO REVERBERAT I ON

Fi gure 13 i l l u s t r a t e s  the ga in  in echo to reverberation levels  one
may achieve with an array rather than a single transducer. Shown for
comparison are linearized curves of echo and reverberation levels as a
function of range for a vertical array and single transducer. To calcu-
late the echo levels (unfortunately actual echo levels could not be
obtained since the tn -plane target deployed in the experiment had an
insufficient target strength for any echo measurements) a target strength
of 15 dB at 3.3 feet (1 m) is assumed. The echo is assumed to consist
of many modes and to propagate like the multi-mode si gnal field produced
by the sing le t r a n s d u c e r .

First , the echo levels are determined for the two con figurations
when the target is at a range of .93 nmi (1.5 km). The propagation
loss in the case of the single transducer is calculated for equat ion
( 1) by sub t r ac t i ng  the depth average s ign al  leve l at 1.5 km (129
db/ /l i~Pa) from the single transducer source leve l (182 dR//i /L P a) .
The echo leve l using the single transducer is

Echo leve l Source leve l Propagation Target
dB// l  ~zPa = dB//l /zPa - 2 loss dB + Strength dB . (1)
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TA RGET STRENGTH
15 dB

ioo - ~~~~~~~~~REVERBE RAT ION 
} ARRAY

~~~~~~~~~~~~~~~~~~~~~~~~REVERBERAT U ON~~SINGLE
ECHO . TRANSDUCER

1.5 2.0 2.5
RANG E (km)

Fi gure 13. Echo to Reverberation Leve l Ver t i ca l  Array Versus S i n g l e
Transducer Target St rength  15 dB

The depth average signal level at 1.5 km for the array is 4 dB greater
than for the single transducer (figure 7). Since the echo field Consists
of the same modes for either transmitting confi guration , the depth aver-
age echo level should be 4 dB greater or 95 dB//l~.tPa.

The echo decay beyond 1.5 km is determined for the two cases by
equation (2).

Incident Echo Propagation
Echo Decay Leve l Decay Loss VS Range
dB/distance octave = dR/ d i s t a n c e_octave  + dB/distance octave .(2)

-22.6 = -11.3 + -11.3 Single
Transducer

-15.3 = -4.0 + -11.3 Array

17 
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The echo-decay rates for the  two confi guration s are combined with the
corresponding echo levels for a target at 1.5 km to form the two echo
leve l versus range curves shown in fi gure 13.

The reverberat ion levels v e - r -~us range for the two confi gurations
are obtained from figure 11 .

It is evident from figure 13, that the  echo to revcrberat ion levels
for the sing le transducer , in contras t to the array case , become markedly
worse with increasing range (this would improve , Io ~ei.-er , when the mode
content of the sing le transducer tV i el d is reduced to low-order modes or
when transition takes place from the reverberat i on zone to the ambient
noise zone). It is also evident t h a t  the  slower rate of echo decay for
the array reduces the reverberation limited regions. This is illustrated
in figure 14, where for a target strength of 20 dB , an array would allow
tracking the target through what is the reverberat i on l i m i t e d  region for
the single transducer. p

Another possibility for improvement over a single transducer is
revealed by examining the vertical structure of reverberation (see figure
9). It is seen that depth segments are present over the aperture of the

TARGET STRENGTH 20 dB

- 
~~ RBERATION ‘ARRAY

• REVERBERATION ) SINGLE
• .~ “N.. ECHO TRANSDUCER

~ 80 -

w

..—~ 
I I

1.5 2.0 2.5
RANGE (km )

Fi gure 14. Echo to Reve rberat ion Leve l Vertical Array Versus Single
Transducer Target Strength 20 dB
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receiving a r r a y ,  where differences between minimum and m a x i m u m  l eve l s
are from 5 to 8 d13 . Selectiv ity of receivers where minimum reverberation
levels occur could provide a mea ns for improving echo to reverberation
levels.

ECHO TO NO ISE

The results of th e section on signal field demonstrate the potential
of a vertical array to produce greater average and peak levels than would
a sing le t ransducer. ‘ibis imp lies that under the given conditions , a
target echo would he greater for the array case. Thus for a noise back-
ground situation , the vertical array potentially would allow detection
at longer ranges than would a single transducer.

Mode Enhancement Techniques — METS

The potential gains in echo-to-background levels from a vertical
array would be even greater if mode enhancement techniques could be used
in both transmitting and receiving. In transmitting, modes favored by
the propagation conditions could he enhanced and manipulated to produce
maximum signal levels within suspected segments of the water column .
Resulting echo levels would be greater. In receiving, modes contained
in the echo could be enhanced which have maximum amplitudes at depth
segments where minimum reverberation or ambient noise levels occur.

CONCLt JSIONS

Experimental and theoretical results are reported on shallow-water
propagation and reverberation of 1700 liz sound produced by a vertical
transmitting array and a single transducer. Aspects of normal mode
theory are app lied to exp lain the results.

It is found that the signal field of the array is predominantl y of
low-ord’r modes and decays -at a much slower rate than the hi gh-mode-dom -
m ated field of the sing le transducer. Thus , by enhancing low-order
modes (those favored by the channel) a vertical array can produce greater
average and peak values at a given range than a single transducer h a v i n g

V the same input power.

i~ is also found that for equa l input power , the level of reverber-
ation for the array is greater , hut that the decay rates for the two  arc
approxim ately the same . The similarity in decay for reverberation hut
difference in decay for signal has sonar implications. Example ca l cuL i -
tions of echo to reverberation versus range show that echo-to-reverberation

J 19
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levels are markedl y greater for a vertical array than for a single trans-
ducer.

It is noted that the sonar imp lications discussed have been based
on data that were envelope detected . Neither correlation properties of
the echo , nor of reverberation , have entered the discussion. These con-
siderations would wei gh even more so in favor of a vertical array. In
fact , the vertical correlation of reverberation versus hydrophone spacing
has been examined and is t h e subject of another report .

The use of a vertical array to improve the efficiency of transmit-
ting a si gnal , and to increase t h e  signal-to-noise or echo-to-reverbera-
tion levels , is a form of mode enhancing. Further exp loration of Mode
Enhancement Techniques and their app lication to sonar desi gn and operation
are being pursued .

20
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