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Professor P. W. Dunphy 
560 Huntington Avenue 
Boston 15, Massachusetts 

Dear Professor Dunphy: 

l • 

i'o:rt T:rwnbull 
. Nev London, Connecticut 
. '.(/ April 7, 1965 

In accordance with the requirements of the Department of 
Co-operative Education, I am submitting this report entitled; 
"Using A BombShot Analysis Technique To Determine Underwater 
Acoustic Transmission Characteristics" covering my activities 
as a Student Aid from February to April 1965 in the Systems 
Development Branch at the u. s. Navy Underwater Sound Lab-
oratory. 

This report represents an attempt to determine acoustic 
path characteristics by means of correlating known, underwater 
acoustical data with that obtained experimentally. In doing 
this, it was found that, for certain area of ocean, the trans-
mission characteristics were 1hormal11 and therefore satisfactory. 

Sincerely, 

JEROME A. ·SCHWELL 
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The Systems Develop~nt Bran~ of the ~· s. Navy Underwater Sound . r-iilll fj!~~::i, 
Laboratory has undertaken the proJect of installing a permanent . acoustic; ~;ff~ · AWJ t: 
projector in the Atlantic ocean in order to .facilitate future underwa.ter·:·:}:;J r;; {~)t;;~~\' 

- ~ .. O:.'f!. ! .j · ~t· ~-~--:_,.,i 

· -. . t:tl'~ : m~i~: 
Data from previous tests held in the area of interest have seemed to ·;;u .. :,,.,;~! .. ;,: 

.. ' 

acouetic reeearoh. 

'. ,~tr·.::, ~-·-}LV.~~-/~ ::::::r:: ::: :::::::•~0:h::::::::i::. ~n ::~::::•~re~ :f the :tti;;~:, ·, 
sensitivity to high frequencie.s; that is, .an unusually rapid rolloff. In ·;:~; ~::;;-.;.;~l; 

. . ~ : i . :~ : . t ~' ~ ! 
order to verify this supposition, a detailed study of underwater explosionsL' ~;;':( > 

• • l• ~ :. .1 
_:.'; i 'f' ..... 1, . 

in the area of interest was conducted. These explosions were recorded on · :. · ;o.! .· .. 

magnetic tape several hundred miles away. These recordings were analyzed 

for frequency content 

area in question, but 

range of transmission. 

as A-1, A-4, A-5 and A-6 respectively. Stations A-1 and A~ were within 

the area under scrutiny; the remaining two were to be used as standards. 

Figure 11 is a diagram of the stations locations. 

In order to properly interpret the results' of this analysis, 
' 

factors must be known, such as the mechanics and spectrum of an underwater 

bomb shot, the absorbtion characteristics of the ocean and the ambient 
. ' I 

levels of the sea. 

When an explosion is detonated underwater, a spherically symmetrical 

bubble 'is formed by the high~pressure incandescent gasses of the explosion. 

This bubble appears almost instantly and expands outward until a point is 

reached where a slightly negative radial pressure occurs. Due to the 

inertia of the water, the ' bubble's radius slightly overshoots its 
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equilibrium point, and a slight damped oscillation <occurs, with the 

initial bubble breaking into several smaller ones. Each of these 
. . 

bubbles now contributes its own pressure pUlse whose amplitude is much 

smaller than that or the initial pulse but whose duration is longer. 

According to Fourier Analysis, the large initial pulse contains a wider . ' 

band of frequencies than any of the smaller secondary pulses. When all 

the contributions are summed, the spectrum of the bomb is obtained. As 

might be expected, the bulk of the energy lies in the lower frequencies. 

An actual bomb spectrum is shown in figure 1. 1 The graph shows an 

approximate slope of -4.5 db/octave. The data for this plot was obtained 

experimentally at a distance of 100 yards from the detonation point so 

that transmission losses may be safely neglected. 

Other factors which must be known are characteristics of the medium. 

The first of these is the absorbtion of sound in seawater as a function of 
: ' frequency. Figure . 2. 

" Since the distances from the various points of detonation to the 

point of reception are essentially the same for all cases, this factor 

reduces to a function of frequency. 

Large deviations from this absorbtion curve would be functions of the 

ocean bottom, since this curve 

ocean terrain. 

was ,derived under conditions or a normal 
. • r . t. 
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The third and final condition of the medium which must be known is 
' 

ambient noise level. Figure 33 shows the 

noise for ·various sea states. ·· 

bomb shots showed that the sea 

· the· curves 

this. 
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The analysis srstem consisted of a magnecord tape recorder to facilitate 

repetition of the raw data, feeding a variable filter of 50 cycle bandwidth 

{General Radio #1900-A). The output of this was fed to a General Radio 

#1521 Graphic Level Recorder. A typical plot is shown in figure 4. The 

upper curve is centered at 150 cycles and the lower is the same bomb shot 

at 550 cycles. It can be readily seen that the level is considerably 

attenuated and in the third plot, which is centered at 500 cycles the bomb's 

energy is so low as to be "lost" in the noise. 

In tabulating the data from the above plots, a value of 110 db" was · 

arbitrarily set on the center line since it is only the .relative values of 

signal and noise that are of interest. 

The value of the signal was taken to be that of the average of the 

peaks, since two similar bombs were dropped in each case. The value of 

ambient noise was eimilary derived as the average level. The tabulated 

values for all the stations are shown in figure 5. Figures 6 through 9 

are of both signal and noise at each of the four stations. These plots 

show a definite peaking in the vicinity of 200 cycles, but since ' the same 

peaking occurs in the noise levels, it is probably due to the response of 
•;'' . •. ·: . 

. ' : •'.i 

the receiving system rather tha~ ' that of; the ·transmission characteristics 

of the acoustic range. " " 
j ! ;!r ·. 

,. : ,?!: 
~ i I~:,; 

Figure lO ·is a summary of the ' above d~ta, the various 
.· ... 

ratios at each station. It can be _readily: seen from this plot that 
.. ··1 . ' ' 

is no significant difference between the 
. I 

' ' 
A-4, and A-5 and A-6, therefore .it 'can be concluded that the acoustic 

' : · .. ' ~-

range under question is suitable·;ror experimental use. Because of the 
. ~ ~' 

expanded vertical scale apparent ~rregular~t~es appear, 
;: • .~ ' I ~ . ~ .t: ~·: ~ 

but these 
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