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X BCn o,

> An impulse type acoustic transducer to be onerated as deep as

\

10,000 ft is a particular need for some of our experiments. The ¥thumn-

er® source (on loan from WHOI) appears to be worth looking into for this

A8 Nonr =304 (94) [

In this connection I have done some calculations of energy snec-

apolication. -

trum levels as a function of frequency. " The basic data available for this
purpose is in the form of three photographs of a CRO presentation of the
thumper pulses received by a hydrophone 6 ft below the transducer. This
datﬁs reproduced in Pig. !-K.'C'The main thump pulse is most clear in the
lower tracing designated by the time scale 0.5 millisecond, square,"” and
looks spmewhat like a ""bell' pulse whose width is about one half millisecond.
In ordesr to compute the spectrum of the main pulse, it has been meas -

ured and approximated by curve fittingy as stiown in Fig. 1B. “The spectrum

-

g
of the pulse is computed by taking its urier transform. ./ _

éKLTt th ni tal ”’“*”’”;f,'z

*Columbia University, Hudson Laboratories Technical Memorandum No.
March 6, 1962.
1This work was supported by the Office of Nav;l Research under Contract
Nonr 266(84).
1y. B. Hersey, H. E. Edgerton, S. O. Raymond, and G. Hayward, "Sonar
uses in oceanography,’ Conference Preprint 21-60, Instrument Society of
America, 1-9 (1960).

2 See Appendix A for the detalz 8 n I
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FlG. 1A PRELIMINARY DATA
EG&G Type ST-8 Sonar Thumper
L EG&G Type 2370 transducer No. 1, 4,000 volts C = 160 mfd.

: Transducer 6 ft. below surface facing down.

Hydrophone, serial No. 100, Type BC 32 (Atlantic Res. Corp.) total capacity
with 100 ft. of cable = .019 mfd, positioned 6 ft. below transducer.

Y deflection = 0.2 volts/lquare i

Peak pressure at 3 ft. is calculated to be about 0.5 x 105 dynes/cm?2,

Pt

ﬁ il.\‘ NEPUTSE]
’ -~ 5 milliseconds/square
g.....mm' N
M\h \ HO :l' OM]
k , 1 millisecond /square
Ny “ - _‘\2/ '\-' =
\ﬁ-‘\ ( %ﬁm §
g
o

fl = )
“m\ﬁ/ \ 0.5 millisecond /square

E \./
Made on the Atlantis, January 18,

”W . .
A 1960 by Dr. J.B. Hersey and

Gary Hayward.
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N sttt

Figure 2 is a plot of the relative spectrum and shows that the

1 @ main thump has most of its energy in the frequencies between 20 and

il 1000 cps. The two broken line plots show how an increase in the width ]

b 2 of the main pulse would improve the efficiency at the lowest frequencies.

T

This result is obtained by adjusting the peak pressure so as to keep the
total energy constant. Then we see that a doubling of the present thump- !
or pulse width leads to a change in the useful low-frequency band frem

E the original 20-1000 cps to 20-700 cps and a doubling of the energy per

cycle, even though the peak pressure has been reduced by the factor

in order to keep the same total energy. If the thumper pulse width
is made four times as long, the useful low-frequency band becomes 20-
500 cps, and the low-frequency energy per cycle is four times as large.

In addition to the main thump pulse there is a damped oscillation
which appears to be characteristic of the thumper source itself. Here
again a curve was fitted to the data for calculation of the spectrum. ’

The actual energy spectrum levels in unite of org-/cmz/cyclo are shown

in Fig. 3. For comparison purposes the enexgy spectra of the main thump
pulse and a blasting cap or detonator are also shown.' It ie clear that the
thumper is an extremely weak sound source in comparison with the detonator
of 0.002 1b. It is also obvious in Fig. 3 that the main thump would be sub-

merged by the 123-cps oscillation on recordings restricted to the frequency
band from about 90 to 150 cps. N
In order to get some idea of the useful range of the thumper source,

its pressure level spectrum at 10 kiloyards has been computed. This re-

‘See Appendix B for details of calculation.
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sult is compared to Knudsen's' ambient noise curves in Fig. 4. We can
conclude from this that for sea state one the thumper can be used up to
ranges of about 5 miles, but the energy in the band from about 150 to 300 cns
will be submerged in ambient noise.

There are several important conclusions that are suggested in the
above results. First, we can get imoroved efficiency in the interesting
band of frequencies between about 150 and 500 cps by increasing the thump
pulse width by a factor of 2 or 4. Second, 2 considerable amount of energy
may be gained for the thump pulse by eliminating the thumper plate oscilla-
tion. This might be accomplished by using a thicker and, therefore, more
rigid plate.

‘v. o. Knudsen, R. S. Alford, and J. W. Emling, J. Marine Research
7, 410-429 (1948).
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APPENDIX A

Spectra of Pulses

Assume a sound pulse of the form

a0
p(t)npo .‘ﬂt- z!'- f S(u).mﬁd

The Fourier transform of p(t) is

o 2 +
Sw)=p, f+obzte"”dt-poe f e
e CESE 3
P, Tﬁz +00 2p
=TO f e =T-¢
r | @
:-—T——Q

The relative spectrum of Fig. 2 was obtained by normalirzing, i. e., dividing

V&P

by il and taking 20 times the logarithm of this quantity.
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This procedure can aleo be applied to the damped oscillation

P e ein w,t fort>0
o

pit) = .
0 fort=<0

In this case the Fourier transform is

w t o tjw t,
. © -at i 1 £
S{w) = PO L (O-u'l‘n W ‘t) - htdt = po ot !0 Zj .. ! e y‘"dt

(o + jw + jw ‘)tdt P © “ath - j"l)tdt

P ©
L e i WL, LJ
. L 2) 23 -L 2j
7 P 1 x 1 - Po¥1
z; “‘fjg*“’l) at) (@ -017 (;2 ~'w—z+ulz+2jau
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APPENDIX B

Energy Spectrum Levels

If an acoustic pressure pulse p(t) bas a Fourier transform

Sw) , then the energy .poctl:um level E(w) is defined by the fol -
lowing relationship® '

L) L ] 2
ek 2 1 S(w
[ oEer =2 fpwle- L [ ASell e,

where

p = density

and

e = speed of sound

Then we see that the energy spectrum level is

2
S(w
E‘““"‘zﬁ;%L

The thump energy spectrum level ig, therefose,

P
E{w) = -% -—?- e .
pc
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{ Similarly, the energy spectrum level of the damped oscillation is

2 2
) o |

1
sl 0, S Sy SN
(" ~w +ul ) + (2 aw)

These are the formulae used in constructing Fig. 3 for energy spec-

trum levels.
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