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ABSTRACT 
Both communities have interests (or requirements) that can be described by the parameters of time and 
space. The science and technology of Marine Acoustics, dependent on specific investigators and their 
focus, is not limited in it’s interest. Navies, on the other hand, have constrained requirements and most 
usually, constrained equipments/resources. While there is often coincidence of interest, there is also 
competition for National resources; the outcome can lead to frustration on all sides. An additional issue 
has to be recognized; if the Navy believes it has developed an operational advantage by exploiting a 
particular oceanic behavior, it will (and should) protect that information, which is counter to the needs of a 
scientist, whose metric for success is publication. Balancing those competing issues can be difficult. From 
the perspective of Naval needs (requirements), several examples of the juxtaposition of sonar 
characteristics and Naval Operations onto the “world” of Marine Acoustics will be given, with an emphasis 
on ocean physical properties. 

INTRODUCTION 
The object of this paper is to provide the reader with an understanding of the interaction between two 
groups that work in the marine environment; one to understand it’s properties over all time and space 
scales (and develop tools to work in those conditions) and the other to recognize the limits the marine 
environment places on the operational requirements for defense. The introduction looks at the past 100+ 
years at an altitude of 8000 m, but provides the context of defense requirements. A major link between 
operational Navies and the marine science and engineering folks is the undersea sensor called a “sonar”. 
At the end of the 19th century, the sciences of piezoelectricity and electronics were known, but 
applications were in their infancy. A cogent example: Fessenden’s “oscillator” (Figure 1), (Scientific 
American, 1915)  was in fact, an electric motor driving a metal plate in contact with the sea to provide an 
acoustic signal to search for iceberg keels. World War I and the impact of the submarine accelerated the 
development of the first sonar devices, but no systems were in place until after the war. Work on sonars 
continued between the World Wars, but not at a pace consistent with the development of the submarine 
as a weapon of war. With the advent of WWII, that platform became so effective that enormous resources 
were devoted to the defeat of it. Though AntiSubmarine Warfare (or ASW) had a large role during the war, 
the individual  “battles” were, in fact, short range affairs, typically of order of 3-8 km. The cold war began 
during, but reached high levels of intensity soon after the end of WWII. Two paradigm shifts occurred 
shortly after that: the first, exploitation of the underwater deep sound channel (Figure 2), (Ewing and 
Worzel, 1948), predicted by Lichte (Lichte, 1919) in the early 1900’s, measured in the 1930’s; and the 
operational deployment of nuclear submarines, with ICBMs (InterContinental Ballistic Missiles; (Figure 3), 
(USN). The result of this was the elevation of ASW to one of the top national defense priorities. Initially, 
there was debate over means of long range detection of submarines—active versus passive; tests during 
a project called “Artemis” led to the conclusion that active methods were too big, and expensive, (Figure 
4), Massa Products Corporation Website) and not covering sufficient area, leading to passive methods 
and the system called “SOSUS” (SOund SUrveillance System). This particular time (the early 50’s to early 
60’s) is when a degree of divergence between the communities began; in part, it was due to the success 
of Navy systems, which resulted in an attitude of “if it ain’t broke, don’t fix it”, coupled with a desire to 
keep the success out of the news media. With the (more or less) end of the cold war, Naval interests 
shifted to littoral regions, where operational ranges were reduced to the extent that higher frequencies 
could be used for their work. In this time era, (90’s to date) also marked  the re-convergence of the two 
communities. The final paradigm shift (and admittedly speculative on the part of the author) is the reality 
today of the costs to maintain an effective Naval defense force in light of competing requirements in every 
National budget. Succinctly; the requirements have not changed; but the funds available to equip and 
maintain effective forces have effectively been reduced. The consequences are to search for ways that fit 
within a budget structure: a cogent example is the increasing use of the AUV (Autonomous Undersea 
Vehicle), which, in a piquant way, is putting the Navy back to the space and time “dimensions” of WWI/
WWII. The body of the paper is a set of four examples of Naval applications of specific oceanic (and/or 
ocean boundary) properties. 



 

                                

Figure 1: Reginald Fessenden, with his Oscillator



                           

                                           

 

                                              

                                                     

          Figure 2: The Sound Velocity Profile and an Illustration of the Deep Sound Channel



 

             Figure 4: The Artemis Active Array

Figure 3: The Business End of a SSBN



 

Figure 4: The Artemis Active Array



THE SQS-26; A SURFACE SHIP HULL MOUNTED SONAR 
In the early 50’s, destroyer skippers found themselves in a peculiar position: their hull-mounted sonar, still 
at frequencies of 10’s of kHz could “see” 2-5 km in front of the ship and, with modest vertical angular 
depression, see a 2-5 km wide strip 55 plus km away (at least, in the North Atlantic), due to the deep 
sound channel created Convergence Zone (CZ); leaving them blind for approximately 48 km (Figure 5), 
(Dosits Website) not a good situation for a Navy ship facing a submarine with (now) fairly long range 
torpedoes. Solution? Lower the sonar frequency, increase the power and depress the vertical angle even 
more; burn through the loss due to bottom reflection and light up that 48 km “dead” zone. This was the 
birth of the SQS-26. (Figure 6), (Bell, 2003) Problem solved? Not quite; The original tests to aid in the 
sonar design were conducted in an area that was both flat (abyssal plains), and compacted (low(er) 
acoustic reflection loss). The first deployment quickly discovered this fact, and led to about a 5 year 
program, called the Marine Geophysical Survey(s), (Watson and Johnson, 1969) to categorize the sea 
floor physical characteristics and the consequent acoustic reflection loss for a broad range of frequencies 
and various Continuous Wave (CW) pulse types. Frequencies from low hundreds of Hz to more than 10 
kHz were used; seafloor footprints varied from 100’s of square meters to 1000’s. Cores were obtained 
and a great deal of effort was made to identify the seafloor makeup. However, enormous pressure was 
present to provide bottom loss curves (Figure 7), (Urick, 1979) for various areas that could be used by the 
Navy operationally. Again, an example of close cooperation between the scientific community and the 
Navy, harking back to the days of WWII, though a clear indicator of the divergence of interests. 

!  

 

Figure 5: Direct Path, Convergence Zone and the Gap Between



 

 

Figure 6: A SQS-26 System during Installation
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Figure 7: Generic Bottom Loss Curves



ABSORPTION 
The movement to low frequencies for long range submarine detection shifted the dimensions of ASW 
from a few kilometers to ocean basin size (1000’s of km). An immediate question was raised: how far 
could one see, given a specific target source level? Given the energy was traveling in the sound channel, 
the geometric spreading loss is easily calculated, but losses were also expected due to absorption. At the 
end of the WWII, it was known that sea water absorption losses were higher than pure water, but the 
reasons why were unknown. Two approaches were undertaken to resolve this issue: the first was 
laboratory (and some limited at-sea measurements); from this work, the contribution due to magnesium 
sulfate was identified in 1949 (Francois and Garrison I,1982) and the contribution due to Boric Acid in 
1972 (Figure 8), (Francois and Garrison II, 1982). The second effort involved extensive at-sea 
measurements in all the major world ocean basins, again taking advantage of the deep sound channel 
(Figure 9),(Kibblewhite and Hampton, 1980); the reason for the latter effort was the concern that 
variations in large scale ocean properties would not be reflected in laboratory or small scale data 
collection. As an aside, there were also measurements in large fresh water bodies (Lake Tanganyika, in 
Africa; Lake Superior in North America); to compare with known pure water absorption and to act as a 
check on the oceanic measurement technique. An issue that received considerable debate was the 
uncertainty of whether or not the sound channel did indeed, trap the energy totally, so a correct 
calculation of absorption could be made, or were there losses from the channel along 8-10,000 km 
pathway that would be incorrectly interpreted as absorption loss? An extremely useful study of this 
question was made by Alick Kibblewhite (Kibblewhite and Hampton, 1980), of New Zealand, in 1980. A 
key question that has not been put to rest is: at what frequency does the sound channel trapping concept 
break down? In any case, oceanic scale measurements of sound absorption, that reflect varying salt 
content of the major seas have been completed, (Figure 10), (Mellen and Browning, 1977). 

 

have been applied. Some of the data at frequencies below 200 
Hz have been omitted because the attenuation was excessive- 
ly high. Mellen and Browning 6 relate this phenomenon to an 
oceanic scattering process which sometimes becomes evi- 
dent when the boric acid absorption is very low. Measure- 
ments at frequencies below 200 Hz have been summarized 
by Kibblewhite and Hampton 26 in an effort to show a region- 
al dependence for the excess attenuation at low frequencies. 
They state that this anomalous contribution, which they also 
attribute to various scattering processes, is constant with fre- 
quency and varies with latitude, from 0.004 dB/km in polar 
waters to as low as 0.0002 dB/km in the tropics. 

The South Pacific data {lines PA, PB, and KIWI in Fig. 
5) would fit our equation ifpH = 7.6, which is about mini- 
mum for the Pacific Ocean, instead of nearly 7,9 as shown. 
This would require that low pH values extend 20 ø farther 
south than outlined by Lovett 9 and would be in appreciable 
disagreement with his informationSø aboutpH in the Pacific. 

A visual comparison between the values given by our 
equation, by the Schulkin-Marsh equation, 8 and by the 
Fisher-Simmons equation, 25 is presented in Fig. 6, which 
shows the variation of absorption with temperature andpH. 
The values given by our equation tend to fall between the 
others. The need for an equation with temperature and pH 
dependence is 'clear. 
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FIG. 8. Seawater absorption at three temperatures (øC) for frequencies of 
100 Hz to 1 MHz as given by our absorption equation (for $ = 35%0 and 
pH -- 8). Lines for pure water absorption have been added. 

III. RECOMMENDED ABSORPTION EQUATION 

In summary of both Part I and this paper, we present 
the equations shown in Fig. 7 for predicting the absorption of 
sound in seawater. 

The boric acid contribution has been determined from 
measurements in waters with salinities of 34%0-41%0, tem- 
peratures of - 2 ø to 22 øC, and depths to 1500 m. The equa- 
tion may not hold below 200 Hz, where the boric acid contri- 
bution may be exceeded by a scattering loss. 

Table IV presents our results for ocean temperatures of 
- 1.8 ø to 30 øC, frequencies of 0.4 to 1000 kHz, and salinities 

of 30%0 and 35%0. The values are estimated to be accurate 
to within 5% in the range of parameters covered by the 
APL-UW measurements and to within about 10% outside 
our frequency range. 

The absorption equation is plotted for three tempera- 
tures in Fig. 8, which shows the effect of the two relaxation 
phenomena. A three-dimensional plot for a family of absorp- 
tion curves is shown in Fig. 9 to illustrate the changes in the 
relaxation phenomena with temperature. 

Comparisons Of our absorption equation with the 1962 
Schulkin-Marsh equation {which has been augmented by 
the low-frequency boric acid equation prepared by Schulkin 
and Marsh in 1977) and with the Fisher-Simmons equation 
are given in Fig. 10. Above 10 kHz the agreement with the . 
Fisher-Simmons equation is much better than with the 
Schulkin-Marsh equation, with a maximum difference of 
about 20%. Below 1 kHz, in warm waters, the agreement 
with the Schulkin-Marsh equation is the better. 

Considering that our absorption equation is probably 
accurate to within 5%, we note large areas in the frequency- 
temperature domain where the disagreement with the other 
equations is significant. Our equations represent an im- 
provement of 10%-20% in absorption prediction over most 
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FIG. 9. Three-dimensional diagram of seawater absorption versus frequen- 
cy and temperature. The effect of the boric acid and magnesium sulfate re- 
laxation frequencies is apparent. 
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               Figure 8: Absorption in Seawater
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deep explosions (1500 and 3500 ft) at a deep (3900 ft) 
hydrophone suspended at the SOFAR channel axis near 
Bermuda. The transmission path was directed roughly 
northeast towards Britain and crossed the Mid-Atlantic 
Ridge at a distance of about 1800 miles from the re- 
ceiver. 

Although no bathymetry was reported, the results 
displayed effects which were obviously attributable to 
crossing the Ridge. East of the Ridge the data were of 
little value and were not used to evaluate attenuation 
coefficients because of the obvious break in the propa- 
gation characteristics. 

In the 1964 paper Urick 2ø reported more data from 
the same experiment, but in this case involving a re- 
ceiver on the bottom in 14 000 ft of water, also near 
Bermuda. He again used conventional processing in oc- 
tave bands. For this source-receiver geometry the 
transmission paths must have involved R'SR (refrac- 
ted-surface reflected) and RR (surface reflected- 
bottom reflected) propagation. Although greater attenu- 
ations are to be expected, Urick reports that the R'SR 
coefficients were only marginally greater than those 
measured using the SOFAR channel hydrophone and 
R'R' (refracted-refracted) propagation, and reported 
in the 1963 paper. No explanation is offered for this 
unexpected result. 

For that section of the transmission path west of the 
Mid-Atlantic Ridge, the attenuation coefficients derived 
in the course of the 1963 experiment are anomalous 
with respect to the standard Thorp relationship. These 
differences with other data available at the time was, 
in fact, a major reason for the experimental program 

carried out by Sussman et al. to which reference will 
be made later. 

Reference to the sound velocity structure for the 
transmission path involved, indicates that the hydro- 
phone at 14 000 ft lay at approximately the critical depth 
(CD) in that region. It was possible, therefore, that 
the small difference in the attenuation coefficients, as 
measured by the axial and critical depth hydrophones 
for these near-axial sources, arose not from sea-sur- 
face scattering but from the effect of a scattering pro- 
eess within the body of the water column, such as has 
been hypothesized in recent years. Accordingly, we 
used a procedure described elsewhere •s'•6 to evaluate 
the attenuation coefficient for this part of the North 
Atlantic Ocean. By taking the difference between the 
attenuation coefficients evaluated for the two hydro- 
phones to obtain a s (arising from the scattering mech- 
anism assumed dominant at low frequencies, and fol- 
lowing the terminology used in Ref. 14) and adding back 
the Thorp attenuation aA{f) we could obtain a value for 
the total attenuation a(f) which was not biased by any 
difference between the actual spreading loss and the 
cylindrical spreading assumed by Urick. The velocity 
structure along the transmission path did show that the 
environment was not strictly range independent. 

Uriek does not differentiate between the 1500 and 
3500 ft shots in his 1963 paper but the implication is 
that the attenuation coefficients derived were not sig- 
nificantly different, even though the actual energy levels 
were 10 dB lower for the shallower shots. With this 
assumption, values of a based on the difference method 
were evaluated for both the shallow and deep shots. 
The values of c• obtained for each frequency band were 
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             Figure 9: World Wide Attenuation Measurements



 

 

TABLE III. Analysis of low-frequency absorption measurements. 

Location 

Adjusted For Best Fit 

As fl 
(dB/km) (kHz) (10 -S Np) (dB/km) 

Adjusted to Give Weighted Final Equation 
Same fl as Eq. (7) Average a Parameters 

fl (cO,) fl (c•),) m (c•X)m m 
(kHz) (10 -5 Np) (10 -5 Np) (kHz) (10 -5 Np) 

NE Pacific -0.0026 0.83 + 0.08 0.52 

Atlantic -0.0065 1.12 ñ 0.22 0.78 

Mediterranean Sea +0.0150 1.41 ñ 0.20 1.25 

Red Sea -0.0091 1.81 ñ 0.22 1.24 

Gulf of Aden -0.0258 1.23 ñ 0.18 0.61 

-0.0030 

-0.0026 

+0.0215 

-0.0096 

-0.0278 

0.90 0.52 0.52 ñ 0.04 0.90 0.51 

0.93 0.85 0.86 ñ 0.03 0.93 0.94 

1.29 1.36 1.31 ñ 0.12 1.29 1.16 

1.81 1.24 1.24 ñ 0.05 1.81 1.22 

1.31 0%58 0.55 ñ 0.04 1.31 0.54 

aAverage of the sets in Table I using a weighting of 1/o. 

cient determinations, his plots of loss-versus-range gave us a 
good basis for estimation. The shortened range at the higher 
frequencies causes a considerable increase in the standard 
deviation of the calculated coefficient. Thorp presents re- 
sults for both "refracted only data" and "all-path data." We 
have used only the refracted data, expecting a better fit to 
theory. 

$. Mod/?orranoan Sea 

Skretting and Leroy •2 made transmission measure- 
ments in the western Mediterranean using explosive sources 
in June 1966 (trial 1). Similar measurements had been made 
in 1964 and 1965 and some were made later (trial 2) but we 
have sufficient information only on trial 1. Of all the low- 
frequency measurements examined, these are unique in that 
refraction upward from the deep was so uniform that spheri- 
cal spreading was a close approximation. The shock wave 
data and the bubble pulse data gave nearly the same results, 
indicating that finite amplitude effects were negligible. We 
used the shock wave data which were scaled from Fig. 3 of 
Ref.'l 2. The frequencies bracketed the relaxation frequency, 
and the data were analyzed to determine a best fit to the 
relaxation equation. Our analysis required a correction of 
+ 0.015 dB/km, which is in fair agreement with the correc- 
tion of + 0.02 dB/km made by Skretting and Leroy to elimi- 
nate the negative attenuation at the lowest frequencies. 

4. Red Sea 

Mellen et al. •3 summarized the results of absorption 
measurements in the Red Sea with a reference to a technical 
report for the details. The data were very valuable for this 
study because of the high temperature (22 øC). 

5. Oulf of Adon 

Mellen et al. •4 reported measurements of sound trans- 
mission using explosive sources over a 500-km track in the 
Gulf of Aden. The frequency range of 0.25 to 6.0 kHz was 
suitable for determining the relaxation frequency. During 
this process, we found that a correction of -- 0.021 dB/km 
was required, which is in close agreement with the 0.02 dB/ 
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kyd given by the investigators as the loss caused by scattering 
due to inhomogeneities in the sound speed. 

II. BORIC ACID CONTRIBUTION 
A. Equation for excess absorption due to boric acid 

The excess sound absorption caused by boric acid is 
calculated from the first term of the absorption equation (1) 
and is referred to here as a•. 

al =/llPlf•f2/(f2• +f2), (2) 
where, as stated in Part I, P• = 1. The maximum product of 
the boric acid absorption and the wavelength (aA)m, which 
occurs'atf=f•, appears to be a more fundamental constant 
than A •, and is related to A• by the sound speed c. With 
conversion of units, the relation is given by 

(a/I.)m = cA •/2(8686) 103 Np. (3) 
By replacingA • in Eq. (2)and multiplying by A (A = c/f), the 
absorption per wavelength can be expressed as 

a•A = 2(a/l )m f• f/(f2• + f2) Np. (4) 
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FIG. 3. Boric acid excess absorption per wavelength (a,[)• for waters with 
diverse pH. The best-fit line shown is given by Eq. (9). 
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     Figure 10: pH Dependence of Attenuation

705 R.H. Mellen and D. G. Browning: Dependence of absorption in the ocean 705 
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shown in Fig. 2, indicate rather large differences, 
particularly near i km, the nominal depth of the deep 
sound channel axis at the lower latitudes. The North 
Atlantic and North Pacific curves are roughly the ex- 
tremes. 
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The pH correction factor depends on the equilibrium 
of the boric acid reaction with can be written as 9 

5= [1 + 10 (•K'•s)] '• (4) 
where 5 is the ratio of borate [sum of second and third 
states of Eq. (1)] to total boron concentration and where 
pK (- logt0 of the equilibrium constant of boric acid in 
sea water) is a slowly varying function of temperature 
and salinity. t0 

For a single-step reaction [where the second state of 
Eq. (1) is ignored], the absorption per wavelength at 
the relaxation frequency is approximately given by u 

c; , (5) 

where the C,'s are the concentrations of the two reac- 
tants in the first term and the product [Eq. (1)]. 

Equation (5) should also approximate the two-step 
reaction since the intermediate state concentration 
much less than the final. 

We neglect sound-speed variations and write Eq. (3) 
As 

a•=0. ! (A/Ao)f%/(f • + f•)dB/kyd , (6) 
where A 0 is the value for Thorp's conditions; namely, 
pH =8.0, t= 4 øC, and salinity S = 35 ø/00. 

Laboratory measurements of the temperature depen- 
dence of the relaxation frequency give an empirical 
relation that is nomeally •dependent of pH as 

fr= 10(t'4)/tøøkHz , (•) 

where t is the temperature (øC). 

J. Acoust. Soc. Am., Vol. 61, No. 3, March 1977 



SIGNAL VARIATION 
A feature of every sonar signal received (no matter what frequency is used; no matter what signal type is 
used; no matter how long the signal is examined) is the frustrating variation in amplitude with time, that 
does not have any obvious explanation. Setting aside large scale circumstances such as the Lloyd’s 
Mirror (boundary image interference) phenomena, the general cause is micro-path differences leading to 
phase shifts that result in both constructive/destructive interference. Then one is left with the question: 
what caused the path differences? That question has as many answers as there are ocean dynamic 
features the sound field traverses. The spatial and temporal scales are extreme; ranging from seconds to 
months and from centimeters to kilometers. Features such as internal waves, boundary currents, gyres to 
tiny temperature patches, fresh water cells in the Arctic and bubble plumes from breaking waves are a 
few examples from a very long list of possibilities. Two examples are detailed: Project MIMI and the Cobb 
Seamount tests. MIMI (University of Miami/University of Michigan) transmitted 420 Hz signals from near 
Miami, Florida to Bimini, in the Bahamas (Figure 11), (Steinberg and Birdsall, 1966) approximately 70 km 
in distance, but across the funnel that the Gulf Stream flows through. The acoustic path did encounter the 
sea floor, so the causal(s) for change were the dynamics of the water column and the sea floor 
encounters. The second sea test,Cobb Seamount; (Figure 12), (Ewart, 1984) was from one seamount to 
another, approximately 18 km miles apart off the US west coast 500 km from the Washington State 
coastline; a path that only traveled through the water column and included frequencies from 2 to 13 kHz. 
The results have published in a number of articles and were the first to link specific ocean dynamic 
processes to signal variation. 
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I. STRAITS OF FLORIDA 

The area under study lies between Fowey Rocks 
(Fig. 1), the site of the sound projector, and the West 
coast of North Bimini where the receiving hydrophones 
are located. The bottom profile between these locations 
(Fig. 2) shows a 400-m-deep shelf out to 13 miles and a 
comparatively sharp dropoff to a depth of 800 m. 
Thirty miles beyond, the Great Bahama Bank rises 
abruptly from this depth. 

The sound-speed-versus-depth structure (Figs. 3 
and 4) shows a variable-depth mixed layer and a region 
below it where sound speed decreases with depth. 
Hence, the medium is essentially downward-refracting. 
The increase in depth of the lines of constant sound 
speed is usually explained as arising from the Coriolis 
force on the northerly flowing water. The force tends to 
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increase the height of the water column on the eastern 
side and equilibrium requires a corresponding decrease 
in the density of the column. Hence, lines of constant 
temperature (and constant sound speed) increase in 
depth toward the east. 

The variable-depth mixed layer of April (Fig. 3) is 
characteristic of spring, summer, and fall, while the 
100-m-deep mixed layer extending across the Straits in 
November (Fig. 4) is more typical of winter. The 
sound-speed/depth profiles were derived from measure- 
ments of temperature and salinity as a function of 
depth that were made at regular oceanographic stations 
(Fig. 2) by the R/V GERDA2 Changes with time in the 

• The measurements were part of a program of Investigation of 
Americal Tropical and Subtropical Seas carried on in the Division 
of Physical Sciences under U.S. Office of Naval Research support. 

Figure 11: The MIMI Experimental Site



 

A new algorithm was developed 8'9 to separate multi- 
path arrivals where several paths which are independent in 
the Fresnel sense are too close together in time to be separat- 
ed by standard inverse or matched filter techniques. To ac- 
complish a precise separation of the paths, both narrow- 
band and wideband pulses were used. The pulses were 
transmitted at four center frequencies coveting a 2.5 octave 
band in acoustic frequency from 2-12.5 kHz. Two receiver 
towers were emplaced with a horizontal separation of 150 m 
to enable a study of the transverse coherence of the field. 
Each tower had two receiving transducers spaced 3 m verti- 
cally to let us observe the vertical coherence and arrival an- 
gles. The height of the towers was sufficient to allow separa- 
tion of the bottom return by time gating. Oceanographic 
measurements were made over space and time scales suffi- 
ciently broad to determine an estimate ofp(•,•,•') and to test 
homogeneity and isotropy. 

Two, and sometimes three, independent Fermat paths 
were observed in the received acoustic signals for all eight 
pulse types. The basic algorithm for multipath separation 8'9 
was refined and developed into a signal processing system. 
That system was used to process the acoustic data we pres- 
ent. In this paper we present the analysis of 7.3 days of acous- 
tic transmission data from the two vertically spaced receiv- 
ers on one tower. The phase (transit time) and amplitude of 
the primary (first) path time series have been obtained. These 
results are compared with theoretical predictions. 
I. EXPERIMENT OVERVIEW 

The design of MATE was based on the experience 
gained from the 1971 acoustic experiment and made use of 
recent progress in oceanographic research on internal waves 

(IW) and finestructure (FS). The philosophy was to combine 
an extensive ocean monitoring program with expanded 
acoustic observations. Essentially two complementary and 
simultaneous experiments were conducted: an oceanogra- 
phic environmental sampling program and an ocean acous- 
tic transmission experiment. The measurements extend over 
the spatial and temporal scales relevant to the tidal, IW, and 
FS fields. A brief overview of the experiment is presented in 
this section. Further detail is given elsewhere. 2'1ø-13 

MATE was conducted over a four-week period in June 
and July of 1977. A view of the experiment is shown in Fig. 1. 
Two receiver towers were placed on Cobb Seamount 
(46ø46'N, 130ø47'W). A sister seamount 20 km to the south- 
west was used for placement of the acoustic transmitter 
tower. (Cobb, the major topographic feature of the region, is 
located 500 km west of Washington State in the northeast 
Pacific.) The fixed transmitter and receiver arrays allowed us 
to make acoustic measurements minimally affected by trans- 
ducer motion. The topography falls off rapidly from Cobb to 
the surrounding abyssal plain with only a few other nearby 
features. Cobb Seamount was selected following a search for 
a site where the available models for IW would likely apply, 
and we expected that the topographic influence on the IW 
field would be small. 

The environmental program during MATE was specifi- 
cally designed to over-sample the IW variability within the 
context of the Garrett-Munk model 14'15 as well as to sample 
the tidal and FS fields. Conductivity-Temperature-Depth- 
Sound Velocity (CTDSV) casts measured vertical variabil- 
ity, and a series of yo-yo casts examined vertical-temporal 
lags. The background vertical sound speed profile was ob- 
tained from an average of 38 vertical casts made from the 
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FIG. 1. Diagrammatic overview of MATE. 
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Figure 12: The Cobb Seamount Test Site



VHF ACOUSTICS 
The Navy has two primary requirements for high resolution mapping of the seafloor: Navigation and Mine 
Countermeasures. The natural variation of the ocean bottom is high; add to that the debris deposited 
there by everyone and the result is a complex boundary that may present hazards, and if also littered with 
sea mines, extreme danger. Bathymetric mapping began with high frequency down-looking “fathometers”  
(10’s of kHz), which soon gravitated to Side Looking Sonars  (SLS’s) (or Side Scan Sonars(SSS’s)), that 
provide excellent, almost photographic images of the seafloor. As frequencies increased ( to 100’s of kHz) 
the size of “visible” objects dropped to less than a few cm, at least for shallower depths. There are various 
configurations of the SLS; with a “towed fish” (Figure 13), (NOAA Website) or a hull mounted unit being 
the two popular versions. The operational trade-off is a hull mounted system can be more powerful and 
sensor position can be well defined for mapping registration, but, as the water depth increases the desire 
to stay near the seafloor and use higher frequencies for better resolution often leads to the towed fish 
option. It should also be noted, that off-shore oil exploration and the logistic systems for handling the 
product lead to significant investment of this industry in the development of high resolution sonars, for 
equipment positioning, monitoring and repair work. Synthetic Aperture Radar (SAR) has been in use for 
some time; but it’s counterpart, Synthetic Aperture Sonar (SAS), (Figure 14), (Kongsberg Maritime 
Website) took longer to develop; the requirement of exact sensor position location, together with a 
reasonable estimate of water column (sound speed) variability is necessary for it’s successful use. The 
aperture increase allows return to lower frequencies and retain high resolution, which extends the water 
depth coverage. It is possible to “see” objects of order 3-5 cm. Configurations to date have been towed 
fish. A major application of the high resolution sonars, is (as expected) object identification, but research 
continues to take advantage of the complex reflected signal to study detailed physical properties of the 
seafloor. Additionally, mapping of the ocean bottom at these high resolutions leads to research of the 
evolutionary formation processes of the seafloor and predictive methods for estimating its composition. 

!  

!  
 

Figure 13: Side Looking Sonar “Fish”

Figure 14: SAS Image



CONCLUDING REMARKS 
As would be gathered from the above comments, the interaction between defense forces and the national 
science and engineering community has a mixed history. The focused requirements of a Navy, together 
with limited resources can cause divergence of interests; taken overall, the interaction has been valuable 
for both and will continue to be so.  
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