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ABSTRACT

In hunting for bottom mines with acoustic means, bottom
reverberation—or “back-scattering” —forms thebackground .
in which the mine echo must be detected, In spite of its
n.anifest importance in determining equipmentdesign
parameters, It appears that the back-scattering of sound
by harbor bottoms has not been systematically investigated.
The aim of the present study hasbeen to obtain a knowledge
of the variav.on of back-scattering with angle, frequency, and
bottom type,

Measurements at eight locations in Narragansett Bay
were made with atiltable searchlight transducer at fre- .
quencies in the range 10 to 60 ke, and between 10° and 90°
grazing angle, The bottom types varied from rock through
sand to mud, The results are expressed intermsof
acoefficient 8, which might be called the *scattering strength®
of a square yard of bottom. 8 was found to decreasc with
decreasing grazing angle, and to be substantially independent
of frequency. At a grazing nngleof 30°, S was found to vary

) from approximately -13 dbfor a rocky bottomto about -30 db
frr a muddy bottom.,

8 i3 analogous to “target strength® for sonar targets,
and its valuedetermines the maximumsize of the area which
canbe insonifted without losing thetarget echoamid
reverberation. An example cf the use of this parameter in
equipment design is given,

FROBLEM STATUS

This is an interim report; work on the problem fis
continuing,

AUTHORIZATION

Nr—

NRI, Problem 502-03
RDB Project NR 522-030

e

Manuscript submitted June 9, 1953
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THE BACK-SCATTERING OF SOUND BY HARBOR BOTTOMS
AND ITS APPLICATION TO ACOUSTIC MINE HUNTING

INTRODUCTION

In acoustic mine hunting, reverberation, or more properly “back-scattering,” forms
the background in which the echo from the mine must be detected, This scattering is
produced by the bottom on which, or In which, the mine is sitcited, In actlve sonar mine
hunting the principal problem is to distinguish the mine echo {irom an “echo” having nearly,
but not entirely, the same qualities as the target echo, This “echo® is produced by a rough
surface in inlimate contact with the target. The problem is identical with the detection by
radar of a snorkeling submarine amid the clutter produced by the surface of the sea.

1t is an understatement to say that, up to this time, acoustic mine hunting has not
been entirely successtul, The type AN/UQS-1, originally designated UOL, equipment
now in fleet use, while performing well in some instances, has not been able in other
situations to lorate mines at usable ranges, The British developmental equipments
Types E and F have similarly proven unsuccessful under mroiy conditions,

ér;.;
4
|

e A
PEPYE N

The most common cause of the failure to detect mines aver some types of bottom
appears to be the scattering produced by the hottom itself. (L sooma evident, therefore,
that hefore a completely adeguate mine hu:@lng sonar can be dzveloped, oiteniion must
he directed to those features of the reverberation which ohreure the echo. Onae of these
features is its Intonsity, It is thus important to study the voriaticn of Intensity with fre-
quency, anzle of incldence of the sound beam, and type of b~iom, With these things
understood it will be possaible to deslgn a mine-huniing set with some assurance of its

t performance in advance of development,

With thiy cventurl ehjective inuind, it seemed desirable, therefore, to undertake
in a small way a syzlemaetic rpeasurement program of back.s-attering over actual bottoms,
and over a reace~bly wida rense of practical operating frejuencles, and to express the
results in fundamental terms that have practical usefulness,

e

[P

METHOD EMPLOYED

' i Since the dependence of Lack-uscattering upon grazing angle of the sound beam at the

; bottom is one of the important factors to be determined, the Girect approach to the problem
{3 to take a “searchlight” (or circular piston) tronsdncer, tilt it in the vertlical plane by
assignahle anmounts, and measure the amount of back-seattering for different angles of tilt.
This method was used {n the present work, In addition, frequency and pinglength were
changed in order to study their effect on scattering levels,

N CONFIDENTIAL 1
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Fligure I - Typical phot;idnhe of back-scattering for various (ili angles, Water
diegth below transducer, ¢ {90t; distance, transducer to refevence target, 31 feer;
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A rowod-faced ADP transducer (WRL-XQB-27) with an active face diasmeter of 13
inches weis mounted on a vertical shaft is soch a manner that it could be rotated in the

. vertical piave, The lower end of the sk=ft and the transducer were ut a degth of 7 feet

»

below the surface. A handwheel and a graduated circle at the top end of the shaft per-
mitted ac.2urate positioning In tilt, Short sound pulses of sdjustable le from 0.5 to

5 ms and o1 adjustable frequency from £% to 60 kc were emitied {from the transdocer;

the returra from the bottom was amplifi#4 in 2 wideband amplifier, displayed on an
oscillose:ope, and photographed with a #iill camera, Because of the apparent fluctuation
of reveri=ration (to be described belrw), the camera shulter was kept open for a period
of appruxiireately 5 seconds end the raxa’ mum reverberatica recelved duricg this interval
was messsiired on the photographs; thus, »hat was cbserved was not mean veverberation
but max:itnum reverberation over a 5-s3erund Interval. ILiZewd, this may be the more
ugeful auzntty from a practical viewpoérck. Photographs of hack-scattering for different
tilt angless are shown in Figure 1,

The trassducer, tilt shaft, and electranics were movuted on a small berge approxi-
mately 5 feet long by 15 feet wide, The tilt shaft was mounted on one end (Figure 2), and
31 feet g+w-i:y from the shaft, at the othey end of the barge, a S-foot Mark VI miae case
(Flgure 7 was mounted on an A-frame o sexve as 2 reference target.
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Figure 3 - Mark VI -ine enge mounted on an A-frame §

The bavrge waa towed to govesrl lounita s (Fipare 4) in Norragansett Bay, Rhode Island,
and the reverberatir‘n vog natareed g ads :f’“n\ of fruicer vy, dapression angle, and p(ng-
length, The Loticm {ypru varicd from xools (' oo A, 3) 1o eond (83, S4) and mud (S5, 88)
At all locationg the water depth vag freant oo i for (0 Bultomy £0 be entlrely beyond the
TFresnel zone of the transducer at tha ilsb o s forgoncy vied (89 ke),

SCATTERING STRENGTH: DEFINITION AND COMPUTATION

‘Y Let a plana \"ﬁvo of {ntonclly Ij ba Inctdent upon an area one yard square of a scat-
tering curizce, Tatthe intaa=ity of the genitered wave, weamrad at 1 yaed in the direction
back ¢ to*g-md thi mevcee, ha T, The ratio of teea two inteneittes vl ba called the bocks
scatterin: el oF ¢ Fimply reatterine strongth, and will be denoted by 8, Thus, refer-

g Ting 1o vigure §, I

f 85101039510103’1':"

.s,

Since 3 refers to one square yard, the dimenslons of 8 are (yards)®, s s a function of
the grazing angle 8 hetween Jhe incident ray and the surface,

- el v
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Scattering intensity at 0, one yard from a small
area dA of bottom, is-

T¢I, s dA

S=E 10 logs

Figure 5 - Definition of scattering ltren.gth s

In using s to compute the intensity of back-scattering {t ts necessary to know the

insonified area A which scatters sound back toward the gource at any one instant,
This area Is determined by the beamwidth of the transducer and the ginglength, The
product of s times A {s the intensity of back scattering ut unit distance from an area A,
for unit incident intensity. The unit of distance is taken to be one yard and A is meas-
ured in square yards, For example, assume a searchlight transgucer which emits
short pulses and receives back-scattering from the bottom to have 21 Inteasity Ip on its
axis at a disiance of one yard {rom the transduacer, Then {f we ascume Laverse square
spreading, .ne intensity at the bottom at distance r yards will be Ij = L, /r*, and the
intensity of scattering in the backward direction will be Ig = Iy sA. Back at the trans-
ducer, the scatteving intensity will be

I

s

L5
lr--;r——;zsA (1)

in order to climinate the need for kaswing I, and the recciviny sensiitvity of the
transducer, echoes from a reference *cpherce® can be used to "enliheate” the back
scattering. Suppose this spitere to have a target strensth T Catorss aed by its dlameter
and to be located at a distance rg yards from the transducer. Its echo Is of intensity

I,T
I = —
8 l's

“he term target strength is customarily applied to 10 log T instead of T; it may,
how. ver, be applied to cither 10 log T or T if \he units are understood.
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ud the ritlo of intensities of back-scattering to sphere echo s
) 1 r.\ .
5 SA a8
1" T(r) y @

In the present method the ratios I./1, and rg/r were measured from oscilloscope photo-
graphs, and A was computed from the geometry, enabling 8 = 10 log s to be determined if
T is known,

— -

The accuracy of the method obvlously depends on the validity of the assumed value of
the target strength T of the reference target. U the target is a perfect sphere, it 1s well
known that T = a®/4 where a ls the radlus of the sphere In yards. It {s known alse that
for this expression to apply accurately, the sphere has indeed to be “perfect®; even slight
departures from sphericity, such as dents and protuberances, affect the value of T. In the

- ficld a Mark VI mine case, a hollow ball of 3/18-inch steel about 3 fect (n diameter and
free from visible dents, was used, Lead weights were placed inside the ball to reduce its
buoyancy, and then it was made watertight by welding, The ball was suspended by the
block and tackle arrangement shown in Figure 3, Computation indicates that the echo
from the supporting lnes is negligiblo compared to the echo from the ball. The principal
departure from sphericity at one place on the ball was a flat arming plate about 8 inches
in diameter, which originally provided nccess to its interior. When the ball was hanging

. {n the water, this plate was on the far side, away from the transducer. Although it is

. realized that this target is not a perfect one, it is belleved that for this object the theo-
retical target strength of ~12 db £3 db Is a reasonable approximation, This uncertainty
i{s considered tolerable for the present exporiment,

-
3
3

w

Some discussion is in order regarding the back-scattering strength 8. It will be seen
from Equation (1) that the product sA i3 analogous to the taxzot strenglh T, and that the
ratlo of T to 8A ls the echo-to-reverberation ratlo for a target, such as a mine, of
strength 7', Thus, 8 may be thought to be the target strength of a unit aren square yard
of buttom, In mine hunting, once the insonifled area A 18 known, a comparison of the
product (zA) with the target strength of the mine will reveal whether the mine will be
detectablo In the reverberation backyrowd, Or, in equipment design, s permlts 2n esti-
mate to be mude of the maximum arca, end thence the beamwlidth-pulse length combination,
which can be searched on any one ping without obscuring a target of assumed strength In the
reverberation background.

During World War 11, the NPRC! used the quantity 10 lez m* as a stattering parameter.
Thus, " s delined as the amount of en7r(y seattered p2r grcond into unit solid angle in
the backward direction by a unit area of bottom, for valt Ircident Intensity, In the echo
ranging equation this parameter, tn prectienl uge with directlonnl terasducers, 1s coupled®
i with another pacametoer Jp, called the “bottom reverberaticn cClvectivity Index,” which is
defined mathematically in analogy with the ordinary di »ctivity indox of the transducer for
an {sotropic nolse {ield. The relationchlp between m’ and the quantity s is

»

8 87;‘ (3)
“Physics of Sound in the Sex,” NDRC, S8ummary Technical Report Div. b, Vol. 8,
! p. 252, 1946
2 bid, p. 264
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Although it would appear that the distinction between S and m” 15 trivial, there is s
considerable conceptual advantage in using the parameter s together with the instantaneous
- innonified area A, instead of m” and J,,. The geometrical “feeling” for the scattering
problem which is thereby provided is most valuable 'n handling unusual situations, ‘

COMPUTATION OF INSONIFIED AREA

With a given transducer using a given pinglength, it 13 necessary In a reverberation
computation to find the insonified area A, which at any one instant scatters sound back
toward the source, The particular instant chosen will be, for reasons of convenience and
practical utility, the Instant when the center of the ping reaches the range at which the
axis of the transducer beam intersects the bottom, In other words (referring to Figure 6),
for u searchlight transducer tilted downward at a small angle 9, the area’ A will be a
portion of an ever expanding ring defined by the pinglength and beamwidth @ ; its area will
be found at the instant when it i$ centered ahout P, the intersection of the axial ray and
the bottom.

/.’

Figure 6 - Geometry of scattering {or small angles
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Two cases must be dlmlngulched. At small angles of tilt, as in Flgure 8, the area
A wil! be détermined in part by the pinglength, At high angles of tilt (Figure 7) the scat-
terlng area is independent “f pinglcnath and is defined solely by the beamwidth &,

[

Figure 7 - Geometry of scattering for large angles

Let us agsume the transdvcer has a beam paltern resembling that of a perfect search-
Mght, which bns uniform intensity within a cone of total angle dand z:cro Intensity outstde @.
It will be hown later how @ can be determined from the actual beam pattern, or from the
face d?.-rneter of the transducer, We wili thus replace the true beam pottern by this ideal,

: equivelent geavchlight beam of width ®, At small angles ¢ of tiit, and at a range r, it
E will be seen from Figure 6 that
¢

A= Or £5"-se(: 6 _ 4)

where ¢ i3 the velocity of sound and 7 is the pinglength, provided ¢ is large and hoth @
and 7are small. At increasing sngles of tilt, this area becomes larger and larger, until
at some angle @, it is equal to the area cut out by the beam alone,

At stlll larger tilt angles (Figure 7) the reverberating area A becomes an ellipse of
major axis ¢r csc @ and minor axis Or so that

CONFIDENTIAL
SECURITY. INFORMATION

Mok ATk L



aa = o can S e

CONFIDENTIAL . MAVAL RESEARCH LABORATORY ‘ . ..ll

A .%@,)‘mo. . o

Equation (£) may be called the “small-angle” formula for A, and Equation (5) the ®large-

. angle® formula. These two are equal at the transition angle 6, defined by

Or—(;—’- sécﬂ. s-}(@r)'csc 0.

Tor : - - -
* , , (8)

tan 6, =
L7
2

We must now Justify the subterfuge of replacing the actual directivity pattern of the
transducer by the ideal searchlight bearn, and show how the width of the ideal beam is
related to the actual pattern, At any one instant of time, the actual insonified area is an
annulus of width (c7)/2 sec @ = W. This annulus Is not insonified uniformly; a portion dA -
of it lying at an angle ¢ to the axis receives an intensity q (¢) relative to the intensity at the
point where the beam axis intersects the bottom. Similarly, on reception the scattering
received from dA produces a response q (¢) at the transducer terminals, relative to the
response produced by an equal area centered at the intersection of the axis of the beam
and the bottom. Thus, q (¢) is the intensity beam pattern function; for simplicity the trans-
mitting and recelving response functions q (¢) are taken to be the same. If the annulus lies
at range r,

dA = Wrdé.

The ihtelﬁ:lty of the sound incldent on dA, in terms of the axlal intensity at unit distance,
I, 1s 2% q(¢), so that the back scattered Intensity at one yard from dA is
r .

s-ln.- q () Wrd ¢.
r
The response which this produces at the transducer is
612 q*(¢) Wrd ¢
red

If the transducer is in an infinite baffle, there i3 no rear response and only portions of the
bottom such that -7/2 < q < 7/2 are effective. ‘Ihe total response becomes

1
] 2
I =5-%Wr q*(¢)d ¢
r r
-X
2
Writing r
F]
o= q(¢) de, (N
%
]
CONFIDENTIAL
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as in tqunon (1)..

Thus, i1 we define & in terms of the actual beam pattern q(¢) in accordance with

, - Equation (7), all of the scattering appears to come from the area A « Wr®, as though .
! the energy radiated by the transducer were confined to & cone of apex angle & with uni~ !
S form intensity I, at one yard. . '_
! - When the trnnsml'mng and recelving directivity patterns are not the same, as in the

case with scanning systems, the angle @ is defined by
L b 4
¢ ) 2
8 . o J q(#) q’(¢) d4,
W - - .1

where q{#) and q' (¢) are the two beam pattern functions,
© is related to the ﬁuuntlty Ib = 10 log };, used by NDRC through the factor 27,

O-lﬂb. . )

Since 8 « m*/217, it follows that };, m” = & s and the reverberation eomputed from either
palr of parameters is the same.

The evaluation of Equation (7) has been accomplished? for certain types of transduceu.
!‘or s circular piston transducer in an Infinite baffle of radius “a” at wavelength A,

23, w]*
q(e) = "—"" ’

2u

where
ug-~== sing¢.

. Hence, x 4 272
2 k)

* 2 . A T J "‘
o= q(d)de =2 ] q(¢)de = 32—~ duftos ¢

.1 o
’ ]

-

E It 2ra/x 182 3, it can be shown that this integral has approximately the value

, @ = 0.3687 /2 (8)
b

“The Discrimination of Transducers Agulnn Reverberation,” UCDWR Report UTS,
May 1943
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In ternis of the beam patiern, & in degrees is related to the angle  in degrees between
the 3-db down poinis according to : :

=018y, e

Figure 8 shows the beam pattern of the transducer used in the present experiment
at a frequency of 48 ke. The radius of the active face of this transducer was 6§ inches.
Hence, for this trequency we find from Equation (8) that & = 4,5°% from the beam pattern,
using Equatton (), ¢ = 4.3°. Figure 9 shows ® as a functfon of frequency for this trans-
ducer, using values obtained from measured beam patterns,

180°
Figure 8 - 4b-kec beam pattern, NRL-XQB-27
frequency transducer

REDUCTION OF DATA

At each of the locations {n Narragansctt Bay (Figure 4), still-camera photographs
were taken with the shutter open for a 5-second perlod {or various combinations of fre-
quency, tiit angle, and pinglength, These photographs showed a maximumn In back-
scattering at a time very aearly corresponding to the slant distance along the axfal ray
between the transducer and the bottom. This maximum was measured In arbitrary scale
units and compared with the amplitude at that frequency of the echo from the lMark VI
niine case located 31 feet from the transducer, The reverberating area A in square
yards was computed from the value of & (Figure 8), the slant range to the bottom, the
tilt angle, and the pinglength, In this computation, elther the small-angle formula (Equa-
tlon (1)) or the large-angle formula (Equation (5)) was vsed, depending on whether the tilt

- was less than, or greatep than, the value of transition angleg, (Equation (8)). With (1)
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Figure 9 - Equivalent angle ® vs, frequency
transducer NR1L..-XQB.27

the ratlo of intensities Irﬂ“ of back-gcattering amplitude to mine case echo (2), the ratlo
r/rg of the slant distance to the bottom compared to the distance to the mine case (3), the
theoretical value of T (-12 cb) of the target strength of the mtne case, and (4) the scattering
area A, the scattering strength 8 was computed from

X r‘
§=101o s=1om(—1‘-~—l
¢ s(EE) %

following Equation (2), A total of 68 rolls of 35-mm film were exposed at the eight
locations shown in Figure 4, giving an averags of 300 {ndividual scattering measurements
at each location,

VARIATION OF SCATTERING WITH PINGLENGTH

By referring to Equation (4), it will be seen that the area A, and therefore the back-
scattering Intensity, chould vary linaarly with pinglength, 7, below the transition angle 6,
and he independent of pinglength when the tilt angle ts greater than 8, That this actually
accurs is shown In Figure 10, where cach plotted point regults from a single reverberation
photograph, and the theoretical variation with pinglenith is Indicated. An idea of the
variability of individual measurcments s also evident, Many other measurements have
shown that there I8 no apparent depondence of the computed value of 8 upon pinglength, It
thus appears that the variation with pirglength is in agreement with theory based on simple
geodmetrical considerations,
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. VARIATION OF SCATTERING WITH GRAZING ANGLE

Thia type of variation was studied by keeping, the pinglength and frequency constant,
and changing the tiit of the transducer at about 10-degree Intervals between 10° and 0%,
Fligure 11 shows the variation of 8 with grazing angle as measured at all locations (Fig-
ure 4) except location D.LH., where this type of data was not obtained. Each plotted
point i3 tha average of several to many individual measur2ments,

It §5 snparent that 3 decreases with decreasing grazing angle for all types of bottom
eacountercd, This gencral variation Is well known, being first observed in World War Il,:‘
it apyliea alyo in radar In conncction with the back-scattering of radlo waves from the
s0a sur{aces ard Lns bean sbserved In medel experiments using high-frequency sound$

4 “Physica of Sound in The Sea,” NDRC Summary Technical Report Div. 6, Vol. 8,
pp. 314-318, 1946

s *Prop-gation of Short Radic Waves,” M.L.T. Rad. Lab. Series, Vol. 13, pp. 503-510,
New York: McGraw-Hill, 195} : '

University of Texas, Defense Research Lab. Monthly Progress Report {Confidential),
Decermnber 1952
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There {3 st.ong tendency for the scatterlug to dopend upon the type of bottom, The
hard, rocky boltoms of areas A and B have the highest back-gcatterbig wnd the silty
bottcns tho least, The rate of decrease of 8 with decreasing grazing angle also appears
rouzhly to depand on bottom type—the softer bottoms having a faster rate of decrease.
The sand avd silt bottons, except for area 85, tend (o huve preater backag2allering at
norncl incldence (0 = 997) and {all off faster with decreastng 6. For the xocly Lottoms
A ard 3, 8 vartes apyreximately as sinfl g with n about 2,0, Same of the (hyzicul characs
teristfes of 1ha bicttom materinls, ns glven by analyses of core sampley, nralinled in
Table 1, The technical term “silt” {3 most nearly equivalent to *mud” In ils ordinary
usage,

VARIATION WITH FREQUENCY

The frequency varlotion of back-scattering was observed by comparing the ratlo of
intensities of scattering to sphere echo at fixed tilt angle and pinglength for a aumber of
freques. les hetween 10 and 60 ke, The response of the transducer preveated working
outside these {requency limits, Figure 12 shows 10 lcg S at 8 = 30° plotted agalnst fre-
quency for four of the locations, Since the data points do not lle on smocth curves, there
is no clear evidence of a strong dependence on frequency. The ucattering at the silty
areas 85 and C might be said to show a slope of about 2 db per octave; at the othar twvo
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areas, B and D,L.H,, 8 seems to be independent c(fremm:y This lact of a clexr frequency
varistion is in agreement with the results of a wartime lnveat!gatlot. -of scattering at 10,
20, 40, and 80 kc at 30° grazlnganglo.
TABLE 1
Bottbm C'Mracterisucs at the Data Stations

Density | Water | Organic Contert %

Area Bottom Content |(Bised on weight of
Classmgauon wWet | Dry (%) | dry sample)
Aand B Silty sand
(Fort Wetherell) and rock 1.6 | 2.9 n 232
C Very tine sandy
(Mackerel Cove) silt 1.8 7123 3 1.7
D.LH. Highly organic
(Dutch Island Harbor) | silt and shell 1.3 )21 80 1.4
83 Clean, slightly
silty sand 1.9 | 2.8 24 0.7
54 Very silty fine
sand 16 (2.9 33 1.2
) Medinm organic
clayey silt 1.5 128 51 4.3
88 Medium organic
. silt 14123 1 53 4.3

AREA B (SARD AND ROGKY

|0 e S

)8 Joe
ARFA D.5I.H. (SILY AND SNELL) ]
_mg__ o—-——-——r--—o-——«
(db)

s AFEA C (?“‘!' 5|L'” "Z

~30 b 5 O o
RIA S |

~38 AR .1 (3LT)

| { i1

0 20 30 40 80 €0
FREQUERCY (Ng)

Flgure 12 - Variation of ch—-cnuerl;: with
frequency at & grazing angle of 3

7 <Bottom Reverberation: Dependence on Frequency.” UCDWR Report U-79, 143
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CAUSES OF SCATTERING

It is interésting and important to consider whether the back-scattering of sound by s
natural bottom s due primeorily (1) to tts roughness, or (2) to its particulate nature, that
ts, the fact that the bottom s granular and consists of numerous scatterers in the form
of dediment particles, This 15 not entirely an academic matter, for it determines the
method of classiiying botioms as to scattering ability.

From the well-known dependence of scattering on bottom type it would appear that
the material of the bottom {tzelf ts the principal causs of scattering. This has becn the
tac{t assumption of the model studies at the University of Texas and is the subject of a
recent theoretical paper.8 However, there ls evidence ln the present field data to show
that the bottom contour may play an even more Important role, In the case of the rocky
botlows, the variation of back.scattering with angle s approx{mately like the Lambert’s
Law variation to be expected from a perfectly diifuse reflector, Indeed, a photograph of
the bottom at Locatlon 9B (Figure 13) taken by the Woods Hole Oceanographic Institution
with a special camera,” shows the bottom to be quite rough, with rock and shell protruding
through a sandy veneer.  Scattering from such a bottom must be the resuit of its rough-
nena, Auother bit of evidence from Figure 11 is that there is no indication of an increased
relurn at normal {ncidence, IUf the bottom were a predominantly specular reflector, there
should exist a ropid Increase In § within the beamwidth of the main lobe as the grazing
angle approaches 80°, The absence of such #n increase Indicates a rough, diffuse-reflecting
bottom. ‘The absence of a streng freguency vartation is also consistent with roughness-
caused scattering. The field daia thus point to roughness as being the Important source
of back-scattering. However, 1t will requli-c sjiecially designed fleld experiments, together
with eoliateral data such a3 photographs of the bottowm to adequately study this subject.

'.o. R e M L T BT TR R

el

Figure 13 - Photograph of bottom
at area B

8 Nolle, A. W., “Backward Scattering of Sound in A Fluid from the Boundnry of a Granular
Medium,” Paper read atthe San Diego meeting of the Acoustical Society of America, 1952

Owen, D. M., “Two Deep Sea Cameras Assembled for Coastal, Harbor Survey, and
Mid«Level Photography,” WHOI Reference 52-62, 1952
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 FLUCTUATION OF SCATTERING

. The plng-to-ping fluctuation of scattering level was investigated in a preliminary
way by photographing Individual pings with a movie camera having its shutter speed
synchronized with the plng repetition rate of 18 per second. On each film frame, the
amplitude of the scattering peak was measured and converted into db. One example
of a seattering versus time plot Is given in Figure 14. During the 54-second interval
ghown, the scattering intensily varied through a range of 124 db, with the maximum
values aLuut 5 db greater than the mean. Other fluctuation plots indicated that the
maximum mean ratio lay in the range 3 to 5 db.

) | T T | |
a} —
g 2 —
c Op— —
g-z —— —
a-‘ . ——
AREA A
GRAZING ANGLE 10°
Y : FREQUENGY 40ke . —
WATER DEPTH 24’ BELOW YRANSDUCER
. PING REPETITION RATE 16 par sec
“C ) na | | ]
] [] 3 4 ) ]
TIME(sec)

Figure 14 - Time variability of scattering

I! seems reasonuble to attribute this fluctuatidn to the motion of the barge. When
the barge moves, however slightly, co does the {nsonified area on the bottom, and the
scattored returns from Individual secatterers will interfere differvently at succegsive
{nstonts of time, The exlent and rapldity of the fluctuztion, when correlated with the
e:tent ard rapidity of the motlor. of the barge, can provide valunhin {nformation as to
the slze and dlstvibution of the scatterers on the bottom, It also hag Lenring on the
ahility to Jatect a nteady target echo in the variable scattering background,

COMPARISON WITH OTHER VALUES

Our knowledze asg it cxisted at the end of World War II regarding back-scattering
of bottoms Is suminiarized in Reference 1, Values of S that are stated to be “over-all
mean” values nt 10° grazing angle are as follows:
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Bottom Type 8
ROCK -28£5db
MUD ([SILT) -35¢5db
SAND AND MUD -36%5db
SAND . -40 % 5db

‘These values are copled from Table 7 of Reference 1, with a correctiv Jf 10 log 27

= -8 db applied in order to convert 10 log m” to S, in accordance with Equation (3).

A comparison with the present results shown in Figure 11 shows that the above values
are lower by approximately 3 to 10 db. This is roughly the difference between the “mean”
and the “maximum?” values eutimated above. It should be pointed out that much of the
wartime data was obiained with horizontally directed transducers, so that the angle of

incldence at the bottom was conjectural; in addition, no systematic measurement vari.
atlon with angle of incidence was attempted.

More recent data is contained. in a progress report of H. M. Underwater Detection.
Establishment, Portland, England,}® Scattering levels were measured as a function
of range over various types of bottoms, and comparead with computed levels of the echo
from an 18-inch sphere, Plots of scattering and echo level versus range are given.
Knowling the transducer beamwidth and pinglength, these plots allow values of the
scattering strength S to be compuled as a fuaction of angle. In making this conversion,
{so~velocity water vas nssumed and ray-bending was neglected. Figure 15 gives 8
versus grazing angle as compuled from the UDE data, tegether with some of the points
from Figure 11. This UDE data {s particularly valuable in providing information in the
important region of graziug ongle below 10°, There is seasonable agreement between
the British data and thot obiainod in Narrogansett Bay, The straight lines drawn througt
the British points in Figure 14 tndic.ite that s varies approximately as the 1.5 power of
grazing angle; thus, bottom raverheration should fall off with range f ¢ small grazing
angles at a rate peoporticnal to the «4,5 puwvar of the ranze, Since Lue target echo varles
a8 the -4th power of the rar(s, thia means that butlow evesoaration dies away slightly
faster with range (or time) than the target echo, It chouvld be pointed out that the British
values should ba higher thau the true *mean” volues by pevhoyz 8 ¢b, because of multiple
gurface-reflected paths exiallag with a vertically wideheta transducer.

EXAMPLE OF USE OF THE RIAULTS

Let ug conuidar by a1 ciample how the valus of 8 can be used to make a prediction
of detsction vange for a hypothetleal eguipment over a muddy beltom such ag arcas C or
£5. Let the trasducer ba of th - grarchlight type having both transwitting und recelviog
beems 24 ¢ wide, and using a pleclength of 1 as, or 0.8 yard. Assume a tilt cugte of 10*
in 100 feet of water, If we toke O = 24° = 6,043 radian and compute the slant range to e

100 ft/tan 10° = 570 feet or 100 yards, the area that back-scatters sound (at the instant
when the center of the plug 1123 at the slunt runge) is

(0.043)(120)(0.8) = 8,5 square yards = 8.1 db rel. 1 yd®.

10 Great Britian UDE Scientific and Technical Progress Report 1952/1, 1952
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Referrine ‘) Figure 11 for area C at 10°, we {ind 8 = -33 db. The product (sA) is then
=33 + 8.1 = -25 db. This value is equivalent to the target strength of the smallest target
that can be detected In the scattering background, if the recognition differential is taken
at zero db, If we use a value of -18 db as the mean target strength of a mine, the mine
@ echo will be 7 db higher than the scattering background under the assumed conditions,
A similar calculation for a smaller value of tilt will yteld another value of echo-to-
background ratio, and the predicted range, at which this ratio equals the recognition dif-
{erential, can be found by interpolation or extrapolation. In performing such calcuiations
for an actual fleld situation, care should be taken to allow for ray-bending at small tilt
angles caused by velocity gradients, and for surface-reflected back-scattering from the
bottom. In equipment design, the wbove calculation would be performed backwards.

' ! ! Aneas Al
2= san0 AND nOGK
v
«20 = po—
s s> AREA 84 SAND
(db) . *
J——X AREA 88
~30}— el siLr [Muo) -]
: 4: _,z*\,‘ AREA C
-e0l —
BRITISH DATA o~ _
/6‘:0“ .
NARRAGANSETT BAY DATA _X
o3 byl 11
[ ] g° B 10® 20°* 30°

GRAZING ANGLE

Figure 15 « Comparison of Narfagansett Bay data with British values,
computed from reverberation vs. range data in UDE Progress Report

1952/1

CONCLUSIONS

A sinall pregram of scattering mer:mrenents tn Narragansett Bay has cbtzined some
values of sceattering strength for dlffercnt boltems, frequencies, and tilt angles that appear
to be ugeful for planaing purposes. The resultssre escentially preliminary; inorder tohave con.
fidence [n range predictions and In the perfortaunce of rationally designed equipment,
additional measurements are required, It s especially important to extend the data upward

in frequency and downward in gcazing angle, 50 as to cover the entire range of interest
in mine hunting.

There I8 evidence that bottom type, whether sand, mud, ete., as revealed by particle-
size annlyses, 18 at best only a poor criterion of scattering strength, For example, a
sandy boltom may be a very Intense scattarer of sqund if it I8 ripple-marked, If rough-
ness, rather than particle-size, is the important factor in scattering as the data seem to
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indicate, the bottom 'type shown by standard analyseé is only an indirect indicator of

scattering strength. Bottom pt stographs, which may be s2id te result from the back-

scattering of light, might provide excellent clues to the behavior of the bottom to sound,
If such s the case, it would appear that harbor surveys pertaining to acous'ic mine
hunting must measure scattering directly with sound, rather than indirectly by some
other method, and so provide scattering contour charts-to show the areas where mines
can, or cannot, be located with present systems,
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