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Ich W emO... | INTRODUCTION Qﬁ : s

\\ A horizontal, geometrically spaced array, is under consideration
for 1mplantment in the Bermuda area. The problem is to obtain the:
pattern of the array for a perturbed wgvefront. The first solution to
this problem was obtained by Stocklim®. Stocklin considered a random.
phase at each receiver, that was Gaussian distributed-and independént
from regeiver to receiver. This model was later extended by Berman and
Bermansfwho considered correlated phases. Experimental values of
phaseyé}ime delay) spreads and correlation of phases was obtained by
Worle The purpose of this memorandum is to apply some of the
experimental values to the theoretical equation andto find the effects
on a possible sub-arrgy.gcr ' “iration of the proposed array.
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For a linear array, the complex pressure for a planar perturbed
wavefront is (See Figure 1),

Ptz expljlhodz: +¢:)] ()

where is the wavenumbecr

°( is the direction cosine
¢; is the random phase at .the ith receiver
N is the number of receivers.

The power output P is
N

N .
Y ) W

J:I ‘é2¢

The average power output is

<L 3T expfhaCu-x)]<exelf (b-¢)] D

".:l (Y]

where < > , represents the expected value over an ensemble of
signals.

Let us now assumg that the ¢ 's are Gaussian distributed with zero

mean and variance €¢ and correlated spatially by @ . Then (see
Van Trees4)

Lexp[fca-4)1> = exe[- 6 Ci- &)]
Using symmetry Rx_'?pzrties, %
(P> =7:T N+2 2';_&903[&4'“‘6”‘; lexd-60-)] ()
2 (2 J=é+)

Equation (3) will be used for computation. It is normalized so

that a perfectly coherent wave in the broadside direction will be
unity, i.e. Odb.
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EXPERIMENTAL VALUES

3
Worley found that at 400 Hz, the standard deviation
of the path length was 1.5 ft. He also found that the
phases were correlatezd and that the correlation versus

distance resembles a SIn % curve with the zero
crossing at 750 ft. x
COMPUTATIONS

Let us consider a 9 element, geometrically spaced
array with the smallest szgcing of 8 ft. and a geometric
ratio of 1. ?51‘ Let cohz, C= SoooFt. /sec.
= In order to show
the effect of the varlous parameters, three cases will be
considered.

Case A
Let 63 =27TF6G4 _ 21 (vo0) -5
C

So000 N"?JIQ»S

tet Sy =/, ¢=4
30 L#J ;

This 1s the non-cofrelated case. In addition, the standard
deviation of the phase 1s the same for all directions.
Using these values and equation 3, we obtain the curves
shown in Fig. 2. This i1s compared to the perfectly coherent
plane wave. There 18 a significant difference between the
two curves.

Case Eut G¢ - M'—TF;Q- Cos ©

.=/ r¥
Let e‘d ) € 3.
=0, ¢4
As the plane wave approaches end-fire, the standard deviation
of the phase decreases. This 1s more realistic than case A.
The perfectly coherent case and case B are compared in Fig. 3.

Case C C"-,-Q’TFQ Coo ©
= Sin (Tf‘x _LCOOO)

Qr(x.,— ) C‘.o.$67
3

e =
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where L - 750 ff'
This case 1s the most realistic case.
Using this Ceq and equation (3), we obtain the

curve shown in Figure 4., The perfectly coherent case is
superimposed -on this curve. Note that the two patterns are
almost indistingulshable. The reason is that although the -
phases vary from trial to triel, for any given trial, al-
though there may be a large phese difference due to travel
time to the receiver, some of the other receivers have
almost the same phase difference because of the high phase
correlation. The sub array is about 472 ft. There are
many palirs of elements that are separated by distances

much less than 750 ft and these pairs are highly correlated.

CONCLUSION

For the case of 400 Hz, and from experimental values
obtained by Worley, there i1s no appreciable degradation in
the pattern due to a perturbed wavefront. We may infer that
this is true for frequencies less than 400 Hz, since then,
the standard deviation of the phase decreases and the cor-
relation between phases increases. For higher frequencies
than 400 Hz, there will probably be an appreciable degrada-
tion of pattern due to a perturbed wavefront. :
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1. Enclosure (1) is a write-up showing the effect of a perturbed

wavefront on .the pattern of a geometrically spaced line array. It

is shown that perturbations, based on experimental evidence, do not

deteriorate the pattern for frequencies less than or equal to 400 Hz.
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TH Pt

F. H. Hunt
By direction

Copy to: /
NAVSHIPS, Code OOVIL Cy 56

S ————







