
non-dimensional frequency
0.9 0.95 1 1.05 1.1 1.15 1.2no
rm

al
iz

ed
 d

is
p 

x/
x st

  (
dB

)

10

20

30

40

bandwidth = 0.0125
bandwidth = 0.025
bandwidth = 0.05
bandwidth = 0.1

Figure 2: The array of attachments can be designed to make the response of the primary
element behave as a bandpass
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Figure 3: Performance degradation as errors in the property distributions increase from one
part in 10

4 (where bandpass performance is unaffected) to 10% (where bandpass response is
no longer apparent).

One parameter of importance to the performance of such systems is the modal overlap, defined
as the width of a resonance peak of a single element of the array over the separation of
adjacent peaks. Mathematically this is given by

h =
1

QnD

r
an

gn
(4)

While it has been predicted that a modal overlap, h < 2 will cause significant performance
degradation, Fig. 4 details the relationship with disorder across many values of modal overlap,
h . This is generated by taking the in-band difference between a zero-disorder response and the
response of a statistically randomized error allocation in the frequency distribution. Of interest
is the fact that the system shows a linear relationship between disorder and RMS difference
at low levels of disorder when h � 2. In this regime, the system will perform at or very close
to the ’as-designed’ response. In the second regime, the RMS difference is insensitive to
increasing disorder and the system begins to exhibit the visible response degradation shown
in Fig. 3. This transition also corresponds to the same one part in one-thousand threshold
discussed earlier. Beyond this region there is another region that exhibits the linear one-to-one
relationship between disorder and RMS difference of the transfer functions. In this region the
SOA is considered out of its performance range and inoperable. It is also worth noting, that
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