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~ ~~~ • ~~ INTRODUCT ION

horizontal, geometrically spaced array, is under consideration
~~~~~~~~ . for implantment in the Bermuda area. The problem is to obtain the
~~ pattern of the array for a perturbed ~~vefront. The first solution to

this problem was obtained by Stoc~cliri’~. Stocklin .considered a~ random.phase at each receiver, that was Gaussian distributed and independent
from r~~eiver to receiver. This model was later extended by Berman and
Bermap-~ who considered correlated phases. E~cperimental values ofphase jtime delay) spreads and correlation of phases was obtained by

f Worley.r. The purpose of this memorandum is to apply some of the
experimental va~Lues to the theoretical equation and~to find the effectson a possible sub—arr ~ration of the proposed array.
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For a linear array, the complex pressure for a planar perturbed
wavefront is ~See Figure 1),

L L - ~~ ex p~~~~~~z - ~-q S~)J (1)
• I~1 &~~!

where ...~p4 is the wavenuiubcr

0< is the direction cosine

is the random phase at ,the 1th receiver

1%! is the number of receivers.

The power output is

~ -H~= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The average power output is

~ 
j ...~~~ ~~ 

expj ~-,4c (;~
x
~ J<€x pff Cø~ -c6~ J>

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

Let us now ass~~~ that the ~~‘s are Gaussian distributed with zero
mean and variance G’ó and correlated spatially by Q . Then (see
Van Trees4)

<‘exp 1~ C~s-~~) J > =  exp[- G~T Ci- e~)J
Using ayi etry roperties,

<p>~ L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (3) i s~~~
’ kj

aI
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. 0db.
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£~.t’~.RIMENTAL VALUE S

Worley
3 found that at 400 Hz , the standard deviation :

of the path length was 1.5 ft. He also found that the
phases were correlat9d and that the correlation versus
distance resembles a s”) )~ curve with the zero
crossing at 750 ft.

COMPUTATIONS

Let us consider a 9 element, geometrically spaced
array with the smallest spacing of 8 ft. and a geometric
ratio of 1.551. Let lZ~ _ •LlOO Il Ii~ ~~~ ooJ~t .Jsec,.
and ~~.t 1.s~~t. In order to show
the effect of the variou s parameters, three case s will be
considered.

Case A
Let ~~T7~~~Cd _~~ir ( ciao)~ .~rC 3o 0 0

Let e~1 m / ~ ‘=j

~.o , ‘ dThis i. the non-corr elated case. In addition , the standard
deviation of the phase is the same for all directions.
Using these values and equation 3, we obtain the curves
shown in Fig. 2. This is compared to the perfectly coherent
plane wave. There is a significan t difference between the
two curves.

Case B’
Let ~~~~~~~~~~~~~~~~‘~d C O.S Q

Let
-O~,

As the plane wave approaches end-fire , the standard deviation
of the phase decrea ses. This is ~or. realistic than case A.
The perfectly coherent case and case B are compared in Fig. 3.

Cass O C~~~~~~~7T FiS.. c~~ e

• e~~ _ _ _ _ _ _ _ _ _ _ _- 

Xa ._Xi) C.oS G)

• • ~~~~~~~~~~~~~~~~~ ~• .±T~• • ~



NUSL Tech Memo
- 2211—99-70
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This case is the moat realistic case.

Using this 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 indistinguishable. The xeason is that although the.
phases vary from trial to trial, for any given trial , al-
though there may be a large phase difference due to travel
time to the rec eiver , 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 pairs 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 is 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.

BENY4MIN. F. CRON.
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1. &iclosure (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.

2. ~uclosure (1) is forwarded for your information and retention.
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