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Abstract—In this paper we model the effect of bubbles on high 
frequency acoustic propagation in shallow water under strong 
winds. Underwater bubble clouds provide locally significant 
modifications of the sound speed field. The modified sound speed 
field contributes to a major transmission loss to sound 
propagation and scattering of the signals. We adopt the bubble 
field model developed by Norton, et al., generate range 
dependent discrete bubble plumes and compute the sound speed 
profile of each bubble plume. We expand our previous work on 
modeling the effect of rough sea surface and bubble plumes, to 
include both β- and γ-plumes in the model. We particularly 
compare cases where the random distribution of β- and γ-plumes 
are generated differently. With a bubble perturbed sound speed 
field, we model the communication channel using a rough surface 
parabolic equation model to generate a complex pressure field at 
a selected set of ranges and depths. These pressure fields form 
the basic frequency response of the channel. Our results show 
that under strong winds, bubbles contribute to large 
transmission loss and cannot be neglected. The dominant 
contribution to attenuation is due to β plumes rather than γ 
plumes. However γ plumes cannot be ignored because their 
existence affects the spacing between β plumes. And the spacing 
between β plumes is a significant factor, which results in less 
attenuation compared to closely spaced β plumes.  

 

I. INTRODUCTION  

 Underwater acoustic communication is extremely difficult 
due to diverse and dynamic environmental factors. Especially 
in shallow water, sound waves propagate along a narrow water 
waveguide and bounce between surface and bottom 
frequently. Even under calm conditions, many locations 
exhibit strong multipath propagation, which causes signal 
variation and large spread in both time and frequency. When 
wind picks up or swell generated elsewhere moves into the 
sea, the surface roughens and changes over time. Furthermore 
wave breaks, ultimately producing underwater bubble clouds. 
These bubbles eventually dissipate but in the meantime 
provide locally significant modifications of the sound speed 
field. Internal tides and internal waves also affect the 
propagation. Many of these phenomena will affect a high 
frequency, wide-band acoustic signal more than a low 
frequency and narrow-band one. Understanding and 
characterizing this variability is essential in designing adaptive 

techniques for communication waveforms and signal 
processing to ensure efficient and reliable communication.  

 In this paper, we address the effect of bubble plumes on 
high frequency acoustic propagation, which are dominant 
factors affecting the performance of acoustic communications 
in shallow water. G. Norton, J. Novarini, and R. Keiffer have 
published a seminal series of papers [1], [2] which model 
acoustic propagation in a shallow water waveguide with a 
randomly rough sea surface, and bubble plumes. In [1] they 
developed a bubble plume model based on existing bubble 
measurement data. In [2] they investigated the relative role of 
sea-surface roughness and bubble plumes in shallow water 
propagation for the frequency range 2 - 4 kilohertz (kHz). 
Even though Norton and Novarini only investigated the effect 
on propagation due to bubbles in the 2 - 4 kHz range, the 
bubble model is valid up to several hundred kHz as can be 
seen in [1].  Norton and Novarini have shown in [2] that a 
bubble field must correctly be modeled by discrete plumes, 
because the representation of a bubble field by a range 
independent layer shows contradictory results on the influence 
of bubbles. They further show that scattering from the plumes 
is the major loss mechanism, and not refraction. We adopt 
their bubble plume model to generate range dependent discrete 
bubble plumes and the perturbed sound speed field.  

We expand our previous work on modeling the effect of 
rough sea surface and bubble plumes [3], to include both β- 
and γ-plumes in the model. We develop the model to compute 
the bubble spectra and generate the bubble modified sound 
speed fields in shallow water under high winds. We particular 
compare cases where the random distribution of β- and γ-
plumes are generated differently. We then use our developed 
rough surface parabolic equation model [4] to produce a 
complex pressure field at selected range and depth points. 
These pressure fields are the basic data for channel 
characterization.  

The paper is organized as follows. Section II describes the 
β- and γ-plumes model based on the methods developed by 
Norton, Novarini, et al. Section III provides the numerical 
results of bubble spectra and sound speed fields using the 
modeling approach described in section II. Section IV presents 
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the effect of bubbles and their random distribution on channel 
propagation. Finally section V concludes the paper. 

 

II. BUBBLE PLUME MODEL 

A. Introduction 

The microbubble layer underlying the ocean surface can be 
pictured as patchy clouds on a persistent background. Based 
on previous measurements and his own observations, 
Monahan [5], [6] assumed the existence of three types of 
plumes which he called α-, β-, and γ-plumes, and associated 
the α- and β-plumes with stages A and B of whitecaps, 
respectively. Stage A is associated with the crest of the 
spilling breaker, and Stage B is associated with the foam 
patch. 

The α-plume is the subsurface expression of the stage A 
whitecap. They are small in size and last less than a second so 
they can be ignored. The α-plume quickly decays into the β-
plume. Accordingly, the stage A whitecap evolves into a foam 
patch – the stage B whitecap. The β-plumes are attached to the 
foam patch. They have a lifetime of about 4 seconds. The β-
plumes then evolve into the γ-plumes and eventually detach 
from the originating whitecap. Their lifetimes are 10-100 
times longer than the β-plumes. Finally, the γ-plumes decay 
into the weak stratified background layer. 

G. Norton and J. Novarini arrived at the following 
conclusions: (1) the representation of a bubble field by a range 
independent layer shows contradictory results on the influence 
of bubbles, so that a bubble field must correctly be modeled 
by discrete plumes; (2) the main mechanism responsible for 
the excess loss at high wind speeds in shallow-water 
waveguides seems to be the patchy nature of the subsurface 
bubble field; (3) the β-plumes provide the dominant 
mechanism that attenuates the field;  (4) at least for 
frequencies between 2 - 4 kHz the attenuation inside the β-
plumes has essentially no effect on the transmission loss; and 
(5) the spacing of the β-plumes has a big impact on the results. 

Based on these conclusions, in our previous work [3], we 
focused on the β-plumes in our calculations only, and 
neglected the attenuation within the plumes. In this paper, we 
include both β- and γ-plumes in the model and compare the 
mixed plumes model with our previous results.  

B.  The bubble plume model 

 The bubble population of each type of the plume has the 
form 

                 ݊ሺܽ, ,ݖ ሻݑ ൌ ଴ܰܩሺܽሻܼሺݖሻܷሺݑሻ,                      (1) 

where n(a,z,u) is the number of bubbles per m3 per μm, of 
radius a(μm), at depth z(m) for a wind speed u(m/s) measured 
at 10m height above the sea surface. G(a) is the spectral 
function, Z(z) is the depth dependent function and U(u) is the 
velocity function. N0 is the bubble density at the surface. The 

constant N0 is chosen so that it leads to values for the bubble 
density within the range specified by Monahan for the 
concentration and the void fraction of the β-plume. 

Each type of plume has different values for G and Z.  
However, for all types of plumes U is taken to be ܷሺݑሻ ൌ ቀ ௨ଵଷቁଷ

                                 (2) 

B.1   β plumes 

For β-plumes Eq.(1) becomes ݊ఉሺܽ, ,ݖ ሻݑ ൌ ଴ܰఉܩఉሺܽሻ ఉܼሺݖሻܷሺݑሻ    (3) 

The spectral function for the β-plumes is given by 

ఉሺܽሻܩ ൌ ۔ۖەۖ
ۓ 0,                        ܽ ൏ ܽ௠௜௡ሺܽ/ܽଵሻଷ,     ܽ௠௜௡  ൑ ܽ ൏ ܽଵ1,                  ܽଵ ൏ ܽ ൑  ܽଶሺܽଶ ܽ⁄ ሻସ ,    ܽଶ ൏ ܽ ൑ ܽଷሺܽଶ/ܽଷሻସሺܽଷ/ܽሻଶ.଺,   ܽ ൐ ܽଷ

     (4) 

where                       
amin = 10 μm 

a1 = 15 μm 

a2 = 20 μm 

a3 = 60 μm 

The depth dependent function for the β-plumes is given by  

       ఉܼሺݖሻ ൌ ൜ 1, ݖ ൑ ݖ  .ఉ௠௔௫0ݖ ൐                   ఉ௠௔௫             (5)ݖ

where                  ݖఉ௠௔௫ ൌ 1.23 ൈ 10ିଶ ݑଶ. 
The bubble density at the surface is  

    ଴ܰఉ ൌ 2.0 ൈ 10଻  ሺ݉ିଷି݉ߤଵሻ    (6) 
 

The β-plume has a horizontal cross-section whose area 
A(z)(m2) decays exponentially with depth according to ܣሺݖሻ ൌ –଴exp ሺܣ  ሻ                            (7)݀/ݖ

where d = zβmax /5.99. For the β-plume, the area of the stage B 
foam patch determines the size of the plumes at the surface. 
The area of the foam patch can be estimated from ܣ଴  ൌ  17.0 ൅ 0.0307ሺݑ –  5ሻଶ    (8) 

In this one-dimensional representation of the plume, we 
use the square root of the area, denoted by Lβ(z), as the 
equivalent horizontal length of the plume, then 



 
 

ሻݖఉሺܮ ൌ ଴ఉܮ exp ቆെ  2݀ఉቇݖ

଴ఉܮ ൌ ݖఉሺܮ ൌ 0ሻ ൌ ሺ17.0 ൅ 0.0307ሺݑ െ 5ሻଶሻభమ (9) ݀ఉ ൌ ఉ௠௔௫ݖ 5.99⁄  

where L0=(A0)1/2. 

 To complete the description we need to specify their 
distribution in range. Since the β-plumes are attached to stage 
B whitecaps, the spacing Sβ in meters, between β-plumes is set 
equal to the spacing between foam patches, which is given by 

                        Sβ = (237) u-1.07                              (10) 

B.2    γ plumes 

For γ-plumes Eq.(1) becomes ݊ఊሺܽ, ,ݖ ሻݑ ൌ ଴ܰఊܩఊሺܽሻܼఊሺݖሻܷሺݑሻ,    (11) 

The spectral function for the γ-plumes is given by 

ఊሺܽሻܩ ൌ ۔ۖەۖ
ۓ 0,                        ܽ ൏ ܽ௠௜௡ሺܽ/ܽଵሻଷ,     ܽ௠௜௡  ൑ ܽ ൏ ܽଵ1,                  ܽଵ ൏ ܽ ൑  ܽଶሺܽଶ ܽ⁄ ሻସ ,    ܽଶ ൏ ܽ ൑ ܽଷሺܽଶ/ܽଷሻସሺܽଷ/ܽሻ௣ሺ௭ሻ,   ܽ ൐ ܽଷ

     (12) 

where                       
amin = 10 μm 

a1 = 15 μm 

a2 = 20 μm 

a3 = 60 μm. 

P(z)=4.37+(z/2.55)2 

The bubble density at the surface is  

଴ܰఊ ൌ 6.0 ൈ 10ହ  ሺ݉ିଷି݉ߤଵሻ    (13) 
The depth dependent function for the γ-plumes is given by  ܼఊሺݖሻ ൌ ݁ି௭ ௗം⁄        (14) 

Hall [7] and Wu [8-9] obtain a simpler expression base on 
Thorp’s results [10]. This result was used in our computing 
model.  ݀ఊ ൌ ൜0.4,                                   ݑ ൑ 0.4ݏ/݉ 7.5 ൅ 0.115ሺݑ െ 7.5ሻ, ݑ ൐  (15)   ݏ/݉ 7.5

Monahan describes the γ-plume as having a cross section 
that decays exponentially with depth. From Monahan’s 
parameterization, the area at the surface can be estimated to be 
approximately nine times that of the β-plumes. Hence its 

equivalent length at the surface is three times that of the β-
plumes. Therefore ܮఊሺݖሻ ൌ ଴ఉܮ3 exp ൬െ ݖ 2݀ఊൗ ൰    (16) 

As for the spatial distribution of the γ plumes, it can be 
assumed that close to the surface they are contiguous to each 
other. 

C.  Background layer 

Concerning the persistent background layer, the bubble 
density is adopted that has the same spectral form as that used 
for the γ-plumes but with a much lower density and 
penetration. The spectral density is then given by ݊௕௟ሺܽ, ,ݖ ሻݑ ൌ ଴ܰ௕௟ܩ௕௟ሺܽሻܼ௕௟ሺݖሻܷሺݑሻ        (17)                

The spectral function is the same as for the γ-plumes shown in 
Eq. (12).  

The bubble density at the surface is  

଴ܰ௕௟ ൌ 2.0 ൈ 10ସ  ሺ݉ିଷି݉ߤଵሻ     (18) 

The depth function is assumed to have a form suggested by 
Hall [7], 

                   ܼ௕௟ሺݖሻ ൌ ݁ି௭ ௗ್೗⁄ ,                           
݀ఊ ൌ ൜0.4,                                   ݑ ൑ 0.4ݏ/݉ 7.5 ൅ 0.115ሺݑ െ 7.5ሻ, ݑ ൐  (19)   ݏ/݉ 7.5

D. Speed of sound in a bubbly mixture 

 To calculate the effective speed of sound in a bubbly 
medium, an approach is used based on the compressibility of 
the mixture which renders an effective sound speed for linear 
pressure waves in a bubbly medium [11]. The presence of 
oscillating bubbles causes the medium to be dispersive. 

Let Ceff be the complex effective sound speed (m/s) in the 
bubbly mixture, C0 the background sound speed (m/s), Cp the 
phase speed (m/s), α the attenuation (dB/m), and fr the 
resonant bubble frequency (Hz). Then 

           ଵ஼೐೑೑మ ൌ ଵ஼బమ ൅ ଵగ௙మ ׬ ൝௔·௡ሺ௔ሻௗ௔ሾ೑ೝమ೑మ–ଵା௜ఋሿൡ௔೘ೌೣ௔೘೔೙                  (20) 

where 

௥݂ ൌ ሺ1 ൅ ሻభమݖ0.1 ቆ3.25 ൈ 10଺ܽ ቇ, 
and                  ܽ௠௔௫ ൌ 1000 exp ቀെ ௭ସ.ଵቁ. 
 The phase velocity and attenuation are then given by 

௣ܥ                             ൌ                    ௘௙௙൯,                              (21)ܥ൫݈ܽ݁ݎ



 
 

and 

ߙ                           ൌ– ଶ଴ఠ௟௡ଵ଴ ݅݉ሺ ଵ஼೐೑೑ሻ                               (22) 

 
E. Statistical fluctuation of bubble parameters 

 To simulate ocean experiments the bubble concentration, 
N0, the plume depth, zmax, the size of the foam patch, L, and the 
spacing between plumes, S, is randomized.  

 There is not enough information in the literature to 
quantify all the statistical deviations necessary to randomize 
the model. Norton, Novarini, and Keiffer assume a 20% 
variation for N0 and S. A 30% variation is allowed for plume 
depth, zmax, and the equivalent length, L.  

 

III. NUMERICAL RESULTS OF BUBBLE PLUMES 

We compute the bubble spectra and the effective sound 
speed using the analysis in Section II.  

Figure 1a shows the bubble spectrum for a β-plume 
evaluated at z = 0.2 m depth and a wind speed of 12 m/s using 
Eq. (1) – (10).  Figure 1b shows the bubble spectrum for a γ-
plume evaluated at z = 0.2m and a wind speed of 12 m/s using 
Eq. (11) – (16).  

 

Figure 1a. Bubble spectrum for a β-plume evaluated at z=0.2m and a 
wind speed of 12 m/s.  

 

Figure 1b. Bubble spectrum for a γ-plume evaluated at z=0.2m and a 
wind speed of 12 m/s.  

Figure 2 shows the sound speed profile versus depth along 
the axis of a β-plume at 12.5 kHz and a wind speed of 12 m/s. 
Figure 3 shows the sound speed profile versus depth along the 
axis of a γ-plume at 12.5 kHz and a wind speed of 12 m/s.  

 

 

Figure 2. Sound speed profile versus depth along axis of a β-plume at 
12.5 kHz and a wind speed of 12 m/s. 



 
 

 

Figure 3. Sound speed profile versus depth along axis of a γ-plume at 
12.5 kHz and a wind speed of 12 m/s. 

Figure 4 shows a single β-plume at a wind speed of 12 m/s 
and frequency of 12.5 kHz. Figure 4 shows a single γ-plume at 
a wind speed of 12 m/s and frequency of 12.5 kHz.  

 

 

Figure 4. One β-plume at 12.5 kHz and a wind speed of 12 m/s. 

 

Figure 5. One γ-plume at 12.5 kHz and a wind speed of 12 m/s. 

 

IV. EFFECT OF BUBBLE PLUMES ON 
PROPAGATION 

In this section we examine the effect of a bubble perturbed 
sound speed field on the propagation of sound waves. In our 
previous work [3], we observed that there was not much 
difference between the transmission loss for the cases of a flat 
surface and a rough surface when bubble plumes were present. 
Consequently, for high wind speeds the dominant attenuation 
mechanism is the scattering from bubble plumes rather than 
scattering from a rough sea surface. Based on this observation, 
we use a flat surface in our parabolic equation (PE) modeling 
for the propagation computation [4]. Unless otherwise 
indicated all the plots in this section are for a point source at a 
depth of 11.1 meters with a center frequency of 12.5 kHz. The 
bubble perturbed sound speed fields that we use are also for 
that center frequency. An ensemble average of the intensity 
was taken over the realizations. 

 Figure 6 shows a picture of whitecaps approximately 160m 
x 160m of the sea surface taken from an altitude of 400m for a 
mean wind speed of 13.6 m/s [12]. Since our propagation 
model is 2-dimensional, we can only calculate propagation 
along the path defined by a bubble plume, which we call a 
“track”. Therefore we looked at various tracks. We see that 
there are tracks where the spacing of the foam closely matches 
Norton’s spacing Sβ, and other tracks where there are large 
gaps between the foam patches (β plumes). Because of these 
random tracks of plumes and associated spacing, we examine 
the following three cases. (1) A random distribution along a 
track of β-plumes and γ-plumes, where the β-plumes are 
widely separated and the γ-plumes fill in the spaces between 
the β-plumes. (2) The same track distribution of β-plumes and 



 
 

γ-plumes as in case (1), except the bubble distribution in the γ-
plumes was replaced with the background layer. (3) A random 
distribution of β-plumes only which are separated by Sβ. This 
is basically the case we analyzed in our previous work [3]. 
Comparison between case (1) and (2) would show whether γ-
plumes contribute significantly to the propagation loss. 
Comparison between case (1) and (3) would show how critical 
the spacing is for the β-plumes and would further verify the 
observation noted by Norton, et al. 

 

 
Figure 6. Aerial image of whitecaps approximately 160m x 160m of 
the sea surface taken from an altitude of 400m for a mean wind speed 
of 13.6 m/s 
 

Figure 7 shows one possible random track of β plumes and 
γ plumes as of case (1).  The β plumes actually have sound 
speeds down to about 800 m/s, but if a color code was used 
which went from 800m/s to 1500m/s, the γ plumes would not 
be visible. Figure 8 shows one possible random track of β 
plumes as of case (3). The β plumes are closely separated by 
Sβ. Note that the depth scales are different on Figures 7 and 8. 

 
Figure 7. A random track of β-plumes and γ-plumes, case (1)   

  
Figure 8. A random track of β-plumes, case (3) 

 
Next we compare the transmission loss of sound 

propagation in the three cases. Figure 9 shows the field plot 
generated using a range independent reference sound speed 
profile under a flat surface. This is the case without any 
bubble. Figure 10 shows the field plot of a random distribution 
along a track of β-plumes and γ-plumes, where the β-plumes 
are widely separated and the γ-plumes fill in the spaces 
between the β-plumes. This is case (1). Figure 11 shows field 
plot of the same track distribution of β plumes and γ plumes as 
in case (1), except the bubble distribution in the γ plumes was 
replaced by the bubble distribution of the background layer. 
This is case (2). Figure 12 shows the field plot of a random 
distribution along a track of β-plumes only which are 
separated by Sβ. This is case (3).  

 
 

Figure 9. Field plot of no bubbles  



 
 

 
Figure 10. Field plot of a random distribution along a track of β-plumes and γ-

plumes, case (1). 

 
Figure 11. Field plot of a random distribution along a track of β-plumes and 

the background layer, case (2). 
 

 
Figure 12. Field plot of a random distribution of β-plumes only which are 

separated by Sβ, case (3). 

 Comparing the three cases with the no bubble case in 
Figure 9, we see that the presence of bubbles causes 
considerable loss. This is further evident as shown in Figure 
13 and Figure 14. Figure 13 compares the transmission loss 
difference among no bubble case, case (1) and case (2) at z = 
10m depth. Figure 14 compares the transmission loss 
difference among no bubble case, case (1) and case (3) at z = 
10m depth.  

 
Figure 13. Comparison of transmission loss for no bubbles (green), case (1) 

(blue) and case (2) (red) at z=10m depth. 
 

 
Figure 14. Comparison of transmission loss for no bubbles (green), case (1) 

(red) and case (3) (blue) at z=10m depth. 
 

We observe that there is negligible difference between 
transmission loss for case (1) and case (2) as shown in Figure 
13. In other words, the propagation with and without γ plumes 
is not much different. As shown in Figure 14, we see that there 
is significant difference between transmission loss for case 1 
and case 3. This indicates that the spacing between β plumes 
is a significant factor. It also shows that along tracks where β 
plumes are spaced by Sβ (case (3)), there is considerable 
attenuation from the case of no bubbles.  



 
 

V. CONCLUSIONS 

In this paper, we adopt the bubble plume model developed 
by Norton et al, and generate the bubble modified sound speed 
fields in shallow water under high winds. We conclude that at 
high wind speed bubbles cannot be neglected. The bubble 
plumes create a much reduced sound speed field near the 
surface and affect the sound propagation dramatically. 
Following Norton and Novarini, we recommend that a bubble 
field must be modeled by discrete plumes rather than a range 
independent bubble layer. In a previous paper [3] we 
examined the effect of the discrete bubble plumes on acoustic 
signal propagation under both a flat surface and rough surface. 
We observed that both bubbles and rough surface contribute to 
large transmission loss. The transmission loss caused by 
bubbles is much more than the loss caused by rough surface. 
Consequently, for high wind speeds the dominant attenuation 
mechanism is the scattering from bubble plumes rather than 
scattering from a rough sea surface. Therefore in this paper we 
ignore the rough sea surface and assume a flat surface. For this 
study we include γ plumes as well as β plumes. We conclude 
that the dominant contribution to attenuation is due to β 
plumes since they have a higher bubble density. Norton et al, 
also found this to be true for their case. However, γ plumes 
cannot be ignored because their presence affects the spacing 
between β plumes. The spacing between β plumes is a 
significant factor affecting the attenuation of sound 
propagation. In our previous paper [3] we used an observed 
spacing, Sβ between β plumes. As seen in Figure 6 β plumes 
along some tracks, i.e., the paths defined by the bubble 
plumes, can be spaced much greater than Sβ and this results in 
less attenuation. We know that under windy conditions there 
exist many γ plumes between β plumes. So while only β 
plumes need to be considered, tracks with realizations of 
spacing greater than Sβ need to be considered, but not with a 
spacing less than Sβ.   

More detailed channel characterizations under rough 
surface with bubbles are currently under investigation and 
results will be reported in the near future.  

 
REFERENCES 

[1] J. C.  Novarini, R. S. Keiffer, and G. V. Norton, “A model for variations 
in the range and depth dependence of the sound speed and attenuation 
induced by bubble clouds under wind-driven conditions,” IEEE J. Ocean 
Engineering, Vol. 23, pp 423-438, October 1998. 

 
[2] Guy V. Norton and J. C. Novarini, “On the relative role of sea-surface 

roughness and bubble plumes in shallow-water propagation in the low-
kilohertz region,” J. Acoust. Soc. Am., Vol. 110, pp 2946-2955, 
December 2001. 

 
[3]   C. A. Boyles, A. P. Rosenberg, and Q. Zhang, “Underwater Acoustic 

Communication Channel Characterization in the Presence of Bubbles and 
Rough Sea Surfaces,” IEEE/MTS Oceans 2011 Conference, Santander, 
Spain, June 2011. 

[4] A. P. Rosenberg, D. Chizhik, Q. Zhang, “High Frequency Rough Surface 
Parabolic Equation Modeling for Underwater Acoustic 

Communications,” Proceedings of IEEE Milcom2009, Boston, MA, 
USA, October 2009. 

[5] E. C.  Monahan, in Proc. 7th Conf. on Ocean-Atmosphere Interaction, 
Anaheim, CA , Am. Meter. Soc., 1988, pp 178-181. 

[6] E. C.  Monahan and M. Lu, “Acoustically relevant bubble assemblages 
and their dependence on meteorological parameters.” IEEE J. Ocean 
Engineering, Vol. 15, pp 340-349, 1990. 

 
[7]  M. V. Hall, “A comprehensive model of wind generated bubbles in the 

ocean and the predictions of the  effects  on sound propagation at 
frequencies up to 40kHz,” J. Acoust. Soc. Am., 86 (1989), 1103-1116. 

[8]  J. Wu, “Bubbles in the near surface ocean: A general description,” J. 
Geophy. Res,. Vol 93, No. C1, 587-590, January 15, 1988. 

[9]  J. Wu, “Individual characteristics of whitecap and volumetric description 
of bobbles,” IEEE J. Oceanic Eng., Vol. 17, No. 1, 150-158, January 
1992. 

[10] S. A. Thorpe,”On the clouds of bubbles formed by breaking waves in 
deep water and their role in the air-sea transfer,” Philos. Trans. R. Soc. 
London Ser. A, vol. 304. Pp. 155-210, 1982. 

[11]  C. S. Clay and H. Medwin, Acoustical Oceanography, John Wiley and 
Sons, 1977, Appendix A6. 

 
[12] W. K. Melville and P. Matusov, “Distribution of breaking waves at the 

ocean surface,” Nature, Vol 417, May 2002. 

 


	Select a link below
	Return to main menu
	Return to previous view



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




