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larger than 0.3% of the amplitude of the largest pressure rise in the waveform. [33]  This lower 

threshold is plotted as the red dashed lines in Figure A.4.  If this limit is considered to be 

meaningful, then the large group of points centered about ሺ10ିଶ, 1ሻ is likely to be associated 

with unexpected vibrations. 

Another way to identify data that are meaningful is to compare a waveform at different 

stages of its propagation.  Notice that the histogram in Figure A.4(a) only has one region with a 

high point-density, centered about (2, 1).  Since the waveforms being considered are much 

longer than their characteristic periods, it may be assumed that only the trends of high-density 

regions can be interpreted in terms of propagation effects.  Thus, much of the histogram in plot 

(a) is not likely to be meaningful.  Since the area around (2, 1) seems to characterize the 

waveform measured 0.3 m from the source, it is likely that propagation would cause a 

continuous modulation of this region.  Thus, the cluster of points about (2,10) in plot (b) is the 

most likely cluster in the histogram to have meaning with respect to propagation. 

A simple numerical test can be used to test the hypothesis that the points in Figure A.4(b) 

near (2,10) are the important ones.  A prediction of the waveform that was measured 11.6 m 

from the source was obtained using the propagation model discussed in Chapter 4.  The 

waveform analyzed in Figure A.4(a), which was measured 0.3 m from the source, was used as 

the input waveform.  The measured and predicted waveforms are shown in Figure A.5(a), the 

two-dimensional histogram of the McInerny plot of the measured waveform is shown in Figure 

A.5(b), and the histogram of the predicted waveform is shown in Figure A.5(c).  The predicted 

waveform is nearly identical to the measured waveform with the notable exception of some small 

oscillations.  Note that the histogram of the predicted waveform has significantly less data 

beyond the cluster near (2, 10) than the histogram of the measured waveform.  The lack of 

oscillations in the waveform and compactness of the points in the histogram of the predicted 

waveform suggests that the large cluster of points in plot (c) are due to some kind of systematic 

error in the measurement. 
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nonlinear propagation.  In order to simplify the explanations, all of the histograms of waveforms 

measured in the plane wave tube presented below will be compared with the histograms of an 

initially broadband Gaussian noise waveform with a characteristic frequency of 1500 Hz.  The 

waveforms analyzed were chosen to have ߪ values similar to those of the reference waveforms.  

Following McInerny and Ölçmen, only those points on the McInerny plot with values of Δ݌ 

greater than 0.3% of the maximum value of the waveform are included in the plots. 

First, the reference set of histograms (initially 1500 Hz, broadband Gaussian noise) will 

be discussed.  Then, the effects of different characteristic frequencies will be discussed by 

comparing histogram sets from initially 1000 Hz and from 2000 Hz broadband Gaussian noise 

waveforms with the reference set.  The effects of bandwidths are then analyzed by comparing 

initially 1500 Hz narrowband Gaussian noise with reference set.  Finally, initially 1500 Hz 

broadband jet noise-like noise will be compared with the reference set to understand the effects 

of different initial statistics. 
 

Initially 1500 Hz, Broadband Gaussian Noise 

Portions of the histograms of the McInerny plots of initially 1500 Hz broadband Gaussian 

noise measured in a plane wave tube (a) 0.3 m, (b) 2.5 m, (c) 5.6 m, (d) 8.6 m, and (e) 11.6 m 

from the source are shown in Figure A.6.  (It should be noted that the portions shown in plot (a) 

and plot (e) are portions of the histograms shown in Figure A.4 and Figure A.5.) 
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of the noise waveform are becoming significantly distorted.  It appears that the main dense 

region has bifurcated into two portions, one centered about (2, 3) and the other centered about (3, 

27).  In addition to the main dense region on the right hand side of the plot, another dense region 

has started to form on the left hand side of the plot.  It appears to be truncated by the threshold 

introduced by McInerny and Ölçmen, suggesting that this region is similar to the region centered 

about (10ିଶ,1) in Figure A.4(b).  The dense region developing on the left of plot (c) is likely 

noise generated by some systematic error in the measurement. 

By plot (d) the dense region on the left of the histogram has become the main dense 

region in the histogram.  However, the dense region on the right, which is more likely to 

represent the evolution of the initial waveform, is still easily distinguishable.  The dense region 

on the right side of the histogram still looks like there are two portions of it, creating an inverted 

“v” shape.  The peak of the “v” shape is located near (3, 80).  It is interesting that largest values 

of ILWSF for the dense region on the right of plot (d) is approximately the same as the largest 

values of the ILWSF for the dense region on the right of plot (c), as well as the largest ILWSF 

values for the dense region on the right of plot (e).  While there is some interesting structure to 

these right-hand dense regions, the overall shape does not vary much between plots (c), (d), and 

(e), suggesting that the waveform has reached a more stable part of the propagation by ߪ ൌ 0.55.  

The most likely case would be that the waveform has already passed some threshold similar to 

the shock formation distance for sine waves.  This conclusion is strengthened by the derivative 

skewness estimates presented in Section 5.6.  The derivative skewness estimates of noise follow 

a similar trend of the initially sinusoidal signals, but progress at much faster in terms of ߪ. 
 

Characteristic Frequency Comparison 

Comparing the histograms of McInerny plots of initially broadband Gaussian noise with 

different characteristic frequencies can help us understand the importance of absorption on the 

nonlinear propagation of noise. 
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