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and ca:lpa~d to observed vollllle backscatter. It is pointl!c out 

that the apparent horizontal coherence of the microstructure 

.should make IIlicrostructure b.acKscatter dOfllinate over that due 

to b"1ologica1 aaterial for narrow (vertical) sonar beams. It 

is noted that the presence of a· subaarine wake might be inferred 

from the absence of coherent microstructure backscatter. 
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.. , ACOUSTIC BACKSCATTER • 
t 

urTROIX.iCTION 

C.i) In che last few years that ocean and at-

mosphere have a microstructure in 
superimposed upon the gross 
BT-slides sho~ld have suggested this , 

I with instr~ments of shorter response 
1 

'[ vertical resolu'Cion) showed the. 
ever tiner s~ales, until the recent 
r,ess) with a resolution ofl.S mm wavelength limit 

I ot a few cm. 

ce) ~~ shall discuss the to the &I,und 

i cond~ tions in the sea, and Volume scattering i ~ 

generf111y asc,ribed t., organisms, we shall at-
I 
I 

t 1 r tempt to escima'Ce tiler'elcJi..ive 

J by direct SOUl"c1~ and not from. , ~ereas the 

atmospheric mic~struc~~re has been radar scattering 

i and not by sounding.'" (Perhaps the 

more appropr~tt> t;') the 

I than cyphonosphores.) 

f • Bangor (John WOOds f . r 
Some pr~lt.inlry experiments by • 

~ "rivate cOlllllWlic"tions) i..~J.ving some scattel~d re-
• 

J 
turn ".«11<;1\ appeared to be relaterS JIlicrostruct'.lr6 , 

. " .. 

I ~ 
1 
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THE MICROSTRUCTURE SPECTRUM 

(U) '.:ltimately we shall need the appropriate spectrum of microstruc­

ture, According to Cox et ale (Ref. 1), the spectrum of the vertical 

tern!!!:.' .cature graaient; J a' = d 9/dz, is 

F (k) = 3xlO·S (OC/m),:, F () 1 F (k) 
9' cpm a,·1t = 2ft 9' 

where k is in cyclical and It lncircular spatial frequencies. The 

'spectrulJ1 of temperature is F e( It) =K -2 Fe I!'~).A typical sound ve­
locity is l!:rll'] m/sec and varies by 3.1 (m/sec)lc:. Thus the spectrum 

of perturbations of sound velocit~, Cl' relative to the mean velocity, 

(0' is 

for It = 0 (1 cpm}. At' K = 0 (0.1 cpm) Cox ft ale get larger values, 

pprh~ps A = ':' x 10-10 ",-1. More recent work (Gregg ane C:)x, in press) 

rather sUJgest tht' larger values, and this canes close to RO('~nts 
,'. ' 0-10 -1 T .. (Ref. 2) rough result. s. We wlll use A = 5 x I m. 0 ant1.Cl-

pate the results trom the next section- the scatterlng cross sectior. 
per unit distance is gi'/en by: 

and thus of ord~r -90 to -100 db/me 

2 
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sr~~TER:~G THEORY 

eli) In the t"lVe equation* 

~se the perturbation expansion 

, = ~O + ~ + ••• t 

to obtain 

2 o , 2 2 
~-C V-~ =0 7 0 C 

Then ~ith CPo = exp i( feZ - IIrt), and 

Now set 

~ = 0 

-= C + o + ••• , 

! 2 e xz-wt) 
.K 

'1\ = • -llot f ' p) •• 1pz 

• In J more cOMplete 'M1Ylis we 
l.h.s. 0' the wave equation (C'hlll'tV\U 

Random Med1um t p. 41). But r.his 

c2 
V 109 ". vp to the 
Propagacion in a 

\o~,",.~Y su11 tena • 
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T~.e pole at p = -x gives the backscattered wave 

cp = _ e Jl 2T1'i. dz e2iJlZ C ( ) -i(Ult:+JtZ) 2 I 
1 nco h 1 Z 

The backscattered power is, ac~ordingly, 

".;hich, upon ;.ver.:lging, can be written 

x2 II dz dz' .2h(z-z 'j O<z-, ') 

whe:-e p(~_Z/) = (C1(z) Cl{Z/)}/C~ is the autocor.:~lation of therela .. 

tive sound velocit.:;, whnse Fourier transform is the power SpectNrIl as 

previous~y definea. With a ,-:hi. of variables Zl := i (z+z'), C = 
z-z I, we have firiJUy 
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where. L ~ J. dZ is the length of the region. 

THE OBSERVED REVeRBERATION 

(U) Anderson (1967, JASA 41:1467, :1000) ha measured the hori­
zontal backscatter for 10 and 25 kHz at depths of 200 to 1000 m. His 
cesults for the San Diego trough .(in yd-I ~~·sha~l equate to 
db m-l ) are sketched below: 

E 

1000 
-100 

eU) The marked day-night variation 

tion and atteats to the biologic .to .. lf"t" •• ,.., at least in 
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the ~pper 500 m. Scatter at 25 kHz is perhaps 5 db la~ger than at 10 
kHz. At greater depths the numbers are not inconsistent with our es­
timates of -90 to -100 db/m for the microstructures.. The observed 
values are subject to very great fluctuations in time and space. 

(U) As pOinted out above, the scattering strength per unit volume of 
the .microstructure is small compared to that of biological origin. 
Nevertheless, the fact that the microstructure is coherent over siz­
able distances in the horizontal plane makes it possible to separate 
the weak microstructure component of the scattered wave from the random 
biological component~ 

A NARROW BEAM ANTENNA 

(U) 1'h~ observed return from the point scatterers is really in units 
1 " 

of db m - eer unit soUd angle. For a n"arrow angular acceptance 60 

the !:>iolo-;ical scattering cross ~ectionmust benrultiplied by ( 60)2, 

and can "be' reduced arbitradlyl)Y·.'~ofmingnarrow beams. There is 
however no point of forming~a~ any narrower (plane waves any 
"planerlt) than is dictated by the .horizontal extent of the microstruc­
ture, and this appears to be of the order of 100 to 1000 A* (A. is ver­
tical microstructure wavelength). Fot" the case 100 A, we have (60)2 = 

-4 . 
10 ,and so 

(~) biological, day -70 -40 = -110 db/m 
night . -90 -40 = -130 db/m 

(a) microstructure . -95 db/m 

and 'so the microstructure shoul~ give the dominant return. 

* . " 
The aspect ratio (a. by point) has been only poorly observed. Simul-
taneous drops for a few horizontal separations (Osborn) have given 
SOM indication of this ratio. Pemaps the est meaningful evidence 
COMS fro. direct obs.rvationl by ,Cuba divers off Malta (\1bOds et 
al.) WlO IUCCeeded in dyeillg sa. of the stratification sheets. 
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DETECTING SUBMARINE W;XES 

~ 
j 

(C) Suppose the ship alluded t~ !~ the' last were moving • 
J 

~ 

along and measuring tne cQherent microstructure • If 

ti the ship then crossed th~ wake of ~ there would be a sharp 1 
\. 

drop in the coherent bac.kscatter. 

ti (C) OUr model of a submadne, wake 
~ 

of diameter L .... 10 m 
in which the microstructure has 

horizontally coherent., 

(C) The problem of picking the in the wake 

out of the coherent background is thes_ as picking 

a coherent region the size of the a random background. 

Thus, for the purpose of COIIIPutirl-'J noise (S,llf), we simply' 

need to compute the ratio of "the a cdherent micro~ 

structure filling, the wake to the from. biologi-

I cals in the wake. 

~ 
eel For ). = 10 aD and L = 10 a, db/., or for a wake of 

10 m vertical dimenlion, and S!tl ::I 

I if the distance 

between iJaport81t biological ' is large caapared to 

" " I 
I'.nd if thAt syst- has a 

large enough bandwidth, the can "be resolved. • 
The strong retuma froa discrete , Clipped with a COlftsponding 

I distance between biological 

the ... general cMNcter .. that • 
, I 1 
i 

I 
! 
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