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A SUMMARY OF UNDERWATER ACOUSTIC DATA

PART I - INTRODUCTION

INTRODUCTION

Underwater sound was first used by the U. S. Navy in World War I, when simplelistening systems (1) were employed to detect and locate German submarines, andecho-ranging was envisaged as a means of detecting slowspeed craft. Since then, andespecially under the impetus of World War I1, the Navy's use of underwater sound hasincreased enormously. An idea of the present-day scope of underwater acoustics canbe had from Figure 1, which shows the frequency range covered by the variousspecific Naval applications of underwater sound. It will be seen that these applicationscover some six decades in the acoustic spectrum. The present-day sonar platform maybe a harbor bottom, a torpedo, a towed body, a submarine, a surface ship, or an air-craft. The uses of underwater sound, once limited to submarine detection, no-wextend to communication, navigation, ordnance, and countermeasures;

In all these fields there is a group of relationships which basically relate thetarget (whatever it may be) to the transmitting medium (the sea) and to the equipmentbeing used. These relationships are the so-called sonar equations. Developed duringthe early part of World War 11 (2, 1), they permit the working scientist, engineer, ornaval officer either to predict the performance of a given acoustic system underspecified conditions (4, 5) or to design an optimum system to do a certain task (6, 7).The equations contain a number of basic parameters describing the sound source or
target, the medium, and the signal detection system.

The principal task confronting someone interested in performance prediction or inequipment design is to select the values of these parameters that are appropriate to hisparticular problem. Indeed, the success of his efforts depends on how judiciously heselects these values of the acoustic parameters. In making this selection, the workingscientist has been compelled to refer to a rapidly growing and highly scattered body ofliterature containing the results of wartime and postwar research. The search forrepresentative values is often laborious and sometimes frustrating, and, it is believed,has greatly hindered the use of the sonar equations in helping to solve many problems
to which they apply.

In trying to cope with this increasingly chaotic situation, it has been felt that asummary of existing information on the various parameters would be helpful. Such asrummary, based oui published and unpublished data, should present available information; a covenlient fourm, and be as all-inclusive as possible so as to be applicable to most
of the Naval needs indicated in Figure 1.

At the present time, one comprehensive survey of existing data is provided by theNDRC summaries (8) of wartime research and development. Although the volumes are
fjf unquestionable value, the data presented is largely limited to that obtained underNDRC auspices during World War II. Furthcei, the data tends to be wrapped in lengthyai,d oftet, acadcmic discossioll wh'irh makCe thI v1olun!,,s difficult to use as work ilg
reft erenceli.
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2 CONFIDENTIAL

With the aim of providing an up-to-date compilation of information, it is intended
to present a series of documents, each on one of the several sonar parameters. In this
initial volume, a short statement of the equations will be given, the various parameters
will be discussed briefly, and an example will be given of the use of the equations in
performance prediction.

The sonar equations will be discussed primarily in relation to their application to
target detection. Although they are applicable to all underviater sound problems, target
detection was originally (4, 5) and has remained (6, 7, 8) the field in which they have
found their greatest use. Detection of an underwater target can be accomplished either
by listening to the sound it produces or by receiving an echo from it. The first involves
one-way and the second two-way transmission. The appropriate equations for these two
situations are designated the listening and echo-ranging equations, respectively. In
problems other than detection ofa target, analysis will indicate whether the listening
or echo-ranging equations should be used. Consider, for example, the RAFOS scheme
for navigation of submerged submarines. A series of shots are fired at widely
distributed points at predetermined times; the submarine's position is determined from
the arrival times of the acoustic signals from the shots, at least two of which must be
received to provide a "fix." The requirement is that the acoustic signal from the shot
source shall be detected in the background at the receiver. This is completely
analogous to the passive detection of a submarine, where the acoustic signal is the
sound generated by the submarine target. The listening sonar equation would apply to
this case, since one-way transmission occurs.

Table 1 lists some of the principal uses of underwater sound together with the
applicable sonar equation.

TABLE 1
Applications of Sonar Equations

Sonar Equation

Use Listening Echo-Ranging

Communications Underwater telephony IFF
Sofar

Ordnance and Passive homing Active homing
countermeasures Acoustic minesweeping

Detection of Submarine detection Submarine detec-
underwater objects (passive) tion (active)
(sonar) Torpedo detection Torpedo detection

(passive) (active)
Mine detection

THE BASIC RELATIONSHIP

"The basic detection problem in underwater acnujtjc8 is that of detecting a wanted
SnIin an unwanted background. When we are cuncerned with detection of targets, *
the signal is acoustil: energy generated or reflected by the target. The background is

h . r,v nderwater object whi,-i go-wrat'. or refi'cts a wiinted signal .
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sometimes noise that is inherent in the transmission medium (ambient noise), noise
associated with the equipment being used for detection (self noise), or even noise
generated by the target itself, as is sometimes the case when echo-ranging on tor-
pedoes. Also in echo -ranging, the background may be reverberation created by the
generated sound.

All detection systems discriminate against the background in favor of the signal,
and only a portion of the total background present is effective in obscuring, or masking.
the signal. For example, in listening, the ear effectively rejects much of the back-
ground in perceiving a narrowband signal, so that only that part of the background near
the signal frequency which lies within the so-called "critical band" of the ear serves
to mask the signal. This part of the background can be called the masking background.
Its level can be defined as the level of the signal which is detectable, on the average,
in a certain stated percentage* of a large number of independent trials. That is to
say, when detection takes place in this percentage of trials,

signal level = background masking level.

The background masking level may be measured in a given situation, therefore, by
injecting an adjustable portion of the signal into the background and observing the
signal required for a given probability of signal detection. In general, the background
masking will differ for noise and reverberation, and we call the levels for these back-
grounds noise masking level and reverberation masking level, respectively.

The above equality is the most general form of the sonar equations. It expresses
the basic relationship in the detection problem - that there is a certain signal level
which is detectable in a certain fraction of trials in any particular background of noise
or reverberation.

THE LISTENING AND ECHO-RANGING SONAR EQUATIONS

In sonar, the signal is either the sound emitted by the target itself, or it is an
echo, produced by the target, of purposely-generated sound. In the first case passive
detection, or detection by l , occurs; in the second, active detection, or
detection by echo-ranging, tak~esplace. Corresponding to each of these cases are the
listening equation and the echo-ranging equation which express the basic relationship
stated above in terms of certain fundamental sonar parameters, all of which are in
decibel units. These parameters are:

(a) Parameters established by the detection equipment (including
the observer)

Source level (projector)
Receiving directivity index
Recognitinn diffprential

Nos ''e"'! (ee,!f noisc)

ýY'Fhl;, f r;, Ltion i '- c a! -d I h!- 'd ee et a. [on: p~rol, I> i I! ty- nd m u, I.lly, b t iIon(q .,I}way., Taken
•:. 50 SO ercerL_
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(b) Parameters established by the target

Target strength
Source level (target)
Noise level (target noise)

(e) Parameters established by the transmitting medium and Its boundaries

Transmission loss
Scattering coefficient
Noise level (ambient noise)

It should be noted that the choice of parameters is to a certain extent arbitrary.
Parameters other than these can be chosen which would express the basic detection
relationship equally well in terms of underwater sound phenomena. For instance,
instead of source level, which specifies the intensity of an emitted sound field, the
total acoustic power radiated could be specified together with the transmitting
directivity index. Again, instead of target strength, we could use "reflection cross
section" of targets as is the practice in radar. Even sound velocity could be specified
as a sonar parameter. However, in underwater sound there has grown up a body of
usage and custom which now, to a large extent, should determine the choice of
parameters and the manner of writing the equations. The above selection of parameters
is believed to be in accordance with most accepted usage in underwater sound.

Let us now consider bow signal level and background masking level can be
exoressed in terms of the parameters.

Signal Level

A noisy target generates sound having an intensity specified by the source level
of the target At a distant point, the source level is diminished by the transmission
loss. Thus for listening we have, using decibel units,

signal level = source level - transmission loss.

In echo-ranging, the sound projector produces a certain source level. When the sound
reaci hetaget, its level will be reduced by the transm--ssonlse. The target
reflects a portion of the incident acoustic energy back toward the projector; the intensity
of the reflection is determined by the target strength of the target. In travelling back
toward the projector, the intensity level of the reflection is again reduced by the amount
of the transmission loss. We thus have*

signal level = source level + target strength - twice
the transmission loss.

a,.kgr'and Masking Level

In underwater sound there are two fundamentally distinct types of unwanted back-
gr',unds. In echo-ranging, reverberation or back scattering of the generated sound often
. the background in which the signal is detected. Other types of backgrounds, whatever
they may be, will be called noise, It is convenient and customary in the sonar equations
to distinguish and treat separately noise and reverberation.

Sig7s jr. this e uburn r,.s..t from the custorna ry deliitions C,! AL, qua ntities.
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Noise backgrounds can be expressed in terms of an equivalent nondirectional
sound field, the intensity level of which is called the noise level. The detection
system discriminates against the noise background in two ways. First, the directional
properties of the receiving transducer reduce the noise background, as presented to
the system, by the amount of the transducer's directivity index, provided that the noise
is essentially isotropic, that is, that it has no strong directional components. Second,
the remainder of the de.tection system, including the observer, discriminates against
noise in various ways and by means of various techniques. The amount of this dis-
crimination by the electronics and the observer is termed the recognition differential
of the system. Together, recognition differential and directivity1inidexfoirm e -total dis-
crimination of the detection equipment against noise. The noise level reduced by the
amount of this discrimination is the noise masking level, or

noise masking level = noise level - directivity index
+ recognition diflerential for noise.

When reverberation forms the background, a somewhat similar expression
results. At any instant of time, the intensity level of the reverberation, when
expressed as the level of an incident plane wave, is called reverberation level. Just
as for noise, the detection system has a certain ability to discriminate against
reverberation in favor of the signal, expressed as the recognition differential for
reverberation, which in general will be different from that for noise. We then have
for a reverberation background

reverberation masking level = reverberation level
+ recognition differential for

reverberation*

Reverberation level is not a basic sonar parameter because it varies with time on
any one ping, and because it depends on other parameters, such as source level and
transmission loss. A more fundamental parameter, to be discussed below, can be
termed the scattering coefficient. It expresses the fraction of the incident acoustic
energy which is scattered back toward the sound projector by a unit area or volume of
the scatterer.

Statement of the Equations

Combining these expressions for signal level and background masking level, the
sonar equations may be stated in the compact form given in Table 2.

"FABLE 2
Th- Sonar Equations

IBasic Equation: Signal Level Background Masking Level

Listening Equation: Source Leevel - Transmission Noise Level - Directivity Index
Loss 4 llecognition Differential for Noise

Edho-Hanging Equation:

' INoisi background: -iource Level + Target Strength Noise Level - l)irectivity Index
- 2 (Transmissioa ILoss) H lecognition Differential for Noise

2 I .- ,- rl _ration ',our.re L, v,-l •i " i St . -,'et !Ieverberation Level i l[ecognitioa
I jc.ckrjund: - 2 (lransmissiv Lo-I••) Differential for Hleverberation

*Directi..it'y index does not -pýie-•r .i: the r,-;crberition equation because of the definition

"re :.er ,ierstion level ir, trrns ,, in ix,,] ]tInc w-ve.
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THE SONAR PARAMETERS

acýurce Level

The source level of a projector or target is the intensity of the sound emitted by
-he projector or target at a distance of 1 yard from its effective acoustic center, *
expressed as spectrum level in db relative to the Intensity equivalent of a pressure of
1 dyne/cm 2 in a 1-cps band for a wideband source, and in db above the same reference
level for a single frequency source. For a projector the reference point is on the
projector's axis; for a target this point is taken in the direction toward the
observer.

In most cases, particularly for large targets and projectors, it is obvious that
the source level cannot be measured at 1 yard, but must be computed from levels
determined at greater distances. Measurements on targets such as ships and sub-
marines usually have been made at distances of the order of 100 yards, and it is
customary to express target source levels in terms of a 100-yard reference distance,
Since standardization of units is necessary in the sonar equations, 1 yard will be used
as the unit of distance. Source levels referred to a distance of 100 yards may be
converted to 1-yard levels for use in the equations by applying the transmission loss
at 100 yards; usually 20 log r, or 40 db, will be used.

When the total acoustic power output of a projector is given, its source level can
be computed from the formula,

source level = 71. 6 + 10 log P + D

where P = acoustic power in watts and D = transmitting directivity index. Sometimes
the acoustic intensity at a point off the axis of a projector may be required. This
I evel can be determined by reducing the source level by an amount given by the
projector' s beam pattern.

The source level of a target may occasionally be required for computation of
,ýise level in the echo-ranging equation, as is sometimes the case for active acoustic

r~oming systems in torpedoes.

D:rectmity Index

As used in the equations, this is the receiving directivity index, that is, that of
receiving transducer used as a hydrophone. It is usually defined, with the

,ransducer used as a projector, as the ratio expressed in db of the intensity at a
distant point along the axis of the transducer to that of a nondirectional projector

a.diating the same total acoustic power. A similar but more complicated definition
ý,:o)lies for transducers used as hydrophones; for reciprocal transducers used in the
'arne fashion the two are the same.

Many transducers and arrays are of one of the two simple shapes - the linear
-ya and the circular array - and have beam patterns which can be approximated by

•ls- fer a circular piston or a line transducer, both in infinite baffles. A nomogram
-h permits easy computation of the directivity index for these two types of

-t,s-r,-t or projector from which the sound appears to !,e radaLed, when the

"-, r-..-d s, great distance.
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transducers in terms of their dimensions and frequency is given in Figure 2. The
directivity index for the particular type of transducer can be read off the center scale
of this diagram as its point of intersection with a straight line joining appropriate points
on the frequency and linear-dimension scales. For example, the directivity index of a
circular piston of 5 inches diameter at a frequency of 30 kc is 18 db.

The term, directivity index, expresses the degree of discrimination produced by
the receiving transducer in favor of the signal against an isotropic background, that is,
a nondirectional sound field. Reverberation, however, is not generally isotropic; for
reverberation backgrounds it is necessary to use a modified index called the directivity
index for reverberation. This quantity will be discussed in connection with
reverberation.

Target Strength LINE LENGTH OR DIRECTIVITY INDEX

PISTON DIAMETER d" FREQUENCY

in'h.. LINE PISTON
Target strength is the ratio, 60 -0 20r

expressed in db, of the intensity of an so 20

echo at a distance of 1 yard from the
acoustic center of a target to the inci- 40 ,4
dent intensity. The target strength of 35

a target will vary with the angle of 35 - 30

incidence and the direction relative to
the target in which the echo is observed.
In all ordinary echo-ranging, the echo 20

20 20
is observed in the direction back along 20

the path of the incident sound.
20

Again it is seldom possible or
desirable to make a measurement one

10 5 - -1Iyard from the acoustic center of a -
t a r g e t. It is therefore necessary to 9
make the echo measurements at

7 7

greater distances and to compute the

target strength by reduction to 1 yard 6 - 6

on applying t he proper transmission S 5
loss.

4 4

Transmission Loss 3 3

When sound is radiated by a source
its intensity decreases with distance
as a result of various effects such as 2 2

spreading and absorption. In general,
transmission lo s s is the decrease in
level expressed in db of the acoustic
intensity between any two points in the Figure 2 Directivity index norogram for

soundfield. Asused inthe sonar equa- line and circular piston transducers in an

tions, the *ransmission loss is the dif- infinite baffle

ference between the level at one yard
(the reference distance) f r o m a pro-
jector, or from the acoustic center of
a target, and the level at the field point. Transmission loss is the only sonar param-
eter which is primarily range-dependent, and its value in the field at a given time

and place largely determines the performance of any sonar system.

CONFIDENTIAL
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Noise Level

Because of the great difference in their characteristics, it is convenient in the
sonar equations to distinguish between "noise" and "reverberation" even though
reverberation is strictly a "noise"l in that it tends to obscure a wanted signal.

Background noise has many diverse origins. For example, it may even be
electronic circuit noise originating in the input stage of an amplifier. Most forms of
background noise are essentially isotropic, that is, nondirectional, and for this reason
it is customary to define noise level in terms of an equivalent isotropic noise field at
the transducer. Measurements of background noise level made with directional hydro-
phones can be converted to isotropic levels by adding the directivity index. The in-
tensity level of this equivalent isotropic noise field, expressed in db relative to the
intensity equivalent of a pressure of one dyne per cm 2 in a frequency band 1 cps wide,
is the noise level at the detection system.

Scattering Coefficient

This parameter, in conjunction with others, defines the reverberation level in
echo-ranging applications. Reverberation is .2ie result of back-scattering of sound by
discontinuities of some sort in the ocean. When these discontinuities are caused by the
rough ocean surface or bottom, the scattering is called surface reverberation; when
they exist in the body of the ocean itself, volume reverberation is said to occur.

Let us assume that a sound wave is incident upon a unit area of scattering
surface or upon the face of a unit cube of a scattering volume of ocean. The scattering
coefficient is defined as the ratio, expressed in db, of the sound power scattered by
such a unit surface or volume to the power Incident upon it when the scattering is
assumed to be isotropic. This coefficient divided by 4ur for volume scattering,
or 27T for surface scattering, is the ratio of the back-scattered intensity at one
yard from the unit volume or area, to the incident intensity. As for target strength,
the scattering coefficient is more generally a function of the incident angle and the
scattering angle. However, interest has hitherto been almost entirely with scattering
in the direction back toward the acoustic source.

At a given instant, the reverberation level depends upon the range, the scattering
coefficient, the source level, the pinglength, and the transmission loss between the
source and the reverberating area or volume. TIn making a reverberation computation,
certain complications arise from the properties of the ocean itself. For example, the
transmission loss for reverberation is generally different from that of the echo, be-
cause, in general, the scattering area or volume is not located in the same position as
the target. Further, the scattering coefficient of a surface varies with angle of in-
eldernce and, therefore, with, range, while the volume scattering c~oefficient in the ocean
vari ez with depth. For any given, situation, therefore, it is ncccssary to draw a rough
ray diagram to determine all possible sources of reverberation and to make estimates
of the scattering coefficient and transmission loss for each such source.

Recognition Differential

A detection system is normally capable of detecting signals when their level is
beiow the backgroun~d level. As has been stated above, this discrimination arises from
the directional properties of the transducer, and from the characteristics of the
combination of electronics, method of presentation, and observer being used. The
recognition differential defines the second of these contributions; it is the ratio

CONFIDENTIAL
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expressed in db, of the signal level to the background level, measured at the trans-
d&cer terminals, for an arbitrary detection probability. Normally, this probabi] ty is
taken at 50 percent; this value will be implied unless otherwise stated. Other
detection probabilities are more appropriate, however, for some purposes and may be
derived from a "transition curve" in which detection probability is plotted as a function
of the signal-to-noise ratio.

In detection, recognition of a signal involves the performance of a human
observer. Recognition differential is accordingly in part a psychophysical factor which
depends upon such qualities as alertness, fatigue, and mental outlook. Values of this
parameter refer to an "ideal" or "optimum" observer who is perfectly trained and
alert. Departures from this condition may be called an "observer loss," which ap-
parently has not yet been determined quantitatively although it is of great operational
importance.

It is important to note that the recognition differential depends upon the bandwidths
of noise and signal presented to the detector. In conformity with the use of a I-cps
bandwidth for noise level and source level, the recognitional differentials for a noise
background will be referred to signal and noise in a 1-cps band.

The appendix lists the definitions, units, and points of reference of the various

parameters in tabular form.

SOLUTION OF THE EQUATIONS

It is convenient for further discussion to write the sonar equations in symbolic
form. We can denote the sonar quantities by the following symbols, which largely
follow those used in Reference (8):

L = source level

H = transmission loss for the signal

D = receiving directivity index

MN = recognition differential for noise

MR = recognition differential for reverberation

R reverberation level

T = target strength

N = background noise level

H-eierrlng to Table 2, the sonar equations become:

Listening

L - H N + MN - D

Echo-Ranging - Noise Background

L - 2H , T N + MN - D

CONFIDENTIAL
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Vcho-Ranging - Reverberation Background

L - 2H + T = R + MR

In the last equation, as mentioned above, it is necessary to expand the reverberation
level R in terms of the parameter, scattering strength, and certain geometrical and
physical factors. Writing

10 log mv = scattering coefficient of unit volume,

10 log ms = scattering coefficient of unit surface,

v = directivity index for volume reverberation,

s = directivity index for surface reverberation,

T = pinglength, in yards

r = range, in yards, and

HR = transmission loss for reverberation,

it can be shown that for volume reverberation

R = L-2HR +11ogrMv-JV+101ogT+20logr

and for surface (including bottom) reverberation

R = L-2HR +10logMre-JS +10logT+ 10 logr

where the last two terms are the volume or area, respectively, from which the re-
verberation is assumed to come.

Substituting for R, and rearranging, we obtain

Listening

L - N + D - MN = H

Echo-Ranging - Noise Background

L + T - N + D - MN =2H

Echo-Ranging - Reverberation Background

Volume Reverberation

T- 10logrmv+Jv - 10 log - MR =2H - 2HR + 20 log r

Surface Reverberation

T - 10 log ms +J MR 5  2H - 2HR + 10 logr

CONFIDENTIAL
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In this form, the left-hand side of the equations contains only range -independent
factors of the~rnedium, equipment, and target. Writing these as 2;,, x n Evr' and

Zr'respectively, we have

Listenin

Z I = Hi

Echo-Ranging - Noise Background

Zn = 2H

Echo-Ranging - Reverberation Background

Volume Reverberation

z vr = 2,H -2 H R + 20log r

Surface Reverberation

zsr ý H- 2 H R+l10log r

Given the appropriate range-independent parameters and the range dependence of the
transmission losses for the signal and reverberation where necessary, we may solve
these equations individually for detection range by plotting the right-hand side of thie
equations as a function of range, and reading off the range at which this equals
2:1 En Evr Xsr, as the case may be. In echo-ranging calculations itis usually necessary
to compute all three ranges and to choose the least range as the effective range of
detection. The result will show whether noise or reverberation forms the limiting
background under the chosen conditions, In equipment design, where certain equipment
parameters necessary to give a pre-assigned detection range are to be found, the
solution is obtained in reverse.

Although the above arrangement of the equations facilitates detection-range
computations, it is more meaningful, especially in other applications of the equations,
to plot each side of the particular equation arranged in its basic form,

signal level = background masking level,

as a function of range. The detection range for the particular background is then
determined as the range at which the two plots intersect. This method has the
advantage of showing at a glance whether, in echo-ranging, noise or reverberation is
limiting, and presents the manner in which signal and background masking levels vary
with range. The method is particularly desirable in the case of a reverberation back-
ground where it may not be immediately apparent whether surface, bottom, or volume
reverberaijon is limiting.

CONFIDENTIAL
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EXAMPLE OF USE OF THE EQUATIONS

Let us determine the detection range of an eCL -raniTins equipment having tCe
:-..•owIg assumed characteristics:

acoustic power output. P .......................... 100 watts

volume reverberation directivity index.Jv -. . . ....... 21 d1

pinglength. -. ..................... . ...... 58 yd (70 ms)

directivity index. D .............................. 24 dh

recocnition differential for noise, MN ................. 25 db (1-cps band)

recognition differential for reverberation. MR ...... .0 db

noise level. N ................................. -65 db (1-cps band)

woen the characteristics of the target and ocean are as follows:

target strength, T ............................... 15 db

volume scattering coefficient, 10 log mv ..............- 65 db

transmission loss ................................ HE "R

to 1000 yd 68 64
2000 yd 84 75

3000 yd 96 83
4000 yd 107 90
5000 yd 119 96

the conditions being such that surface (including bottom) reverberation can be
neglected.

At the limiting range of detection with a given background, noise, or reverber-
ation,

signal level = background masking level.

Now it has been shown that

signal level = L + T - 2HE,

:/',ise masking level = N - D - MN

t.... , i-, rat_,n n assking leve R MR•

= L - 2 1tý .10 log nv -J. . 101.og - 20log r- MR.

"• I. s gi;v'n by the equatini

L • 71.0 ' l6- I . P D

71. 0 2(' .24 . iif db

CONFIDENTIAL.
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Inserting this value for L and the values of the other parameters in the above equations,
we have

signal level = 116 + 15 -
2 HE

= 131 -
2 HE

noise masking level = -65 - 24 . 25

= -64

reverberation masking level 116 - 2 HR - 65 -21 + 18 + 20 log r + 0

= 48 - 2HR +201ogr

Plotting signal level and the noise and reverberation masking levels against range
(Figure 3), it is found that equality of the signal level and reverberation masking level
occurs at a range of 2000 yards, and that the equality of signal level and noise masking
level occurs at a range of 3100 yards. It follows, therefore, that under the given con-
ditions the equipment is reverberation-limited, and that the detection range will be
2000 yards.

CONCLUDING REMARKS

rhe foregoing example tilus- 0
trates a graphical solution of the
equations employing a set of arbitrary .... . ..
values of the sonar equations. It is
seen that the computation of a detec - -0

tion range, or of slgnal-to-bacNground
ratio at some g i v e n range is fairly .
straightforward once the appropriate I N..
constants have been chosen. But the '"i PREITO ~ Y~~RXW1

sonar engineer or naval officer, in 40 .". .LS
working a practical problem, must

start with operational data (such as -NOISE- M~AKING LEVEL

sea state, targetdepth, BT condition) _
rather than with the acoustic param- , 0 A !-
eters. He relies on the results of i- I
research and field measurement to . T1.K ' .'.C. ....
p r o v i d e him with the values of the
parameters which apply to his oper- _. .
ational situation.

Under a projeci unofficially t
Lei-m e- P L oje ct SAD (Summary of
Acoustic Data), an attempt is being " -

made to summarize some of the basic
informationof underwater sound. 0 oc 2oo 20 oo 400 50W
This information, in the formof seven RANG .,,.
documents - of which this is the
first - w i I I contain numerical data
and necessary explanatory material liir,- sl.,i',tion of the sfona r equation-s for

inla form, it Is hoped, c:onvenient for e, (- io- ranging case
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practical use. They will be based on published reports and on up-to-date information
obtained on visits to the principal underwater sound laboratories In this country and in
the United Kingdom.

It is intended that the summaries be as comprehensive as possible, consistent
with early publication. Subsequent revisions to this series may contain the results
of new research, inadvertently omitted material, and corrections of errors.

In many of the fields of interest little information is available. The summary
documents will try to point out such areas, and so serve as guides to subjects in which
more research is needed. Many phenomena in underwater sound are conjectural and
existing data are contradictory. It is almost inevitable that in dealing witb such
subjects the ideas and evaluations of the authors become introduced into the text. A
conscientious attempt will be made to point out such cases and to indicate where con-
jecture and guesswork are necessary.

It is suggested that any shortcomings In the documents to follow can be corrected
in future revisions. Constructive criticisms in this regard, as well as the results of
new research, are accordingly invited.

The authors wish to express their gratitude to Mr. Wilbert Annis of the Acoustic
Branch, ONR, for his interest and encouragement in this work. To the many others in
the various laboratories and elsewhere who have given freely of their time and their
information, the indebtedness of the authors is gratefully acknowledged.

CONFIIDENTIAL
SECURITY INFORMATION



CONFIDENTIAL

REFERENCES

(1) LCDR A. P. Hilar, USN, "Sonar - Detector of Submerged Submarines"

(U), OPNAV P413-104, April 1946

(2) R. W. Young, Internal UCDWR Memorandum of October 1942 (C)

(3) C. Eckart, "A Survey of the Problem of Maximum Echo Ranges"
(preliminary draft) (U), NDRC Sec 6.1-sr 30-1315, Report U-130,
November 19, 1943

(4) P. J. Hines, R. L. Mador, and B. W. Porter, "A Method of Predicting
Sonar Search Effectiveness" (C), NEL 312, July 15, 1952

(5) F. S. White, Jr. "A Preliminary Study of the Operational Performances
of QHBA Sonars as Indicated by Figure of Merit Tests" (C), USNUSL
Report No. 148 (1952)

(6) H. Primakoff and M. J. Klein, "The Dependence of the Operational
Efficacy of Echo-Ranging Gear on its Physical Characteristics"
(C), CUDWR-OSRD, Sec 6.1-sr 1130-2141, March 1945

(7) H. L. Saxton, "Factors Influencing the Design of Long Range Echo-
Ranging Equipment" NRL Report 8-3467, May 1949

(8) NDRC Div. 6, 'Summary Technical Reports' (R), Volumes 7, 8, 9 (1946)

CONFIDENTIAL 15
SECURITY INFORMATION



CONFIDENTIAL

APPENDIX
The Sonar Parameter_

"Point of
Name Definition Units Reference

Source Level Intensity level of sound emitted db above 1 yd from the
by a projector or target 1 dyne/cm2 "acoustic

pressure center" of the
in a 1-cps source
band for a
wideband
source

Receiving Ratio of the intensity produced db Any distant point
Directivity Index at a point on the axis (when a along the trans-

transducer is used as a pro- ducer axis
jector) to that which would be
produced at that point by a
nondirectional projector radi-
ating the same total acoustic
power

Target Strength On reflection from a target, db 1 yd from the
the ratio of reflected to "acoustic cciter"
incident intensity of the target

Transmission Loss Ratio of the intensity of a db I yd from the
sound field at unit distance source
from a source of sound to
that at a distant point

Noise Level Equivalent isotropic inten- db above At receiving
(ambient noise or sity of noise inherent in I dyne/cmz transducer
self-noise) the ocean (ambient noise) pressure in

or due to the presence of a 1-cps
the equipment (self-noise) noise band

Scattering Coeffi- Ratio of intensity of db 1 yd from the
cient scattered sound from scattering area

a unit area (1 sq yd) of or volume
surface, or from a unit
volume (I cu yd) of
ocean, to the intensity
of the incident wave

Recognition Ratio of intensities of db Transducer
Differential signal to background when electrical

detection probability is terminals
50%

16 CONFIDENTIAL
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