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Introduction

The principal difficulty which has been experienced in inveati-
gating the hearing abllities of fish has been the lack of a suitable
laboratory test faecility for presenting fish with sounds. Aquarium
tanks are not asdequate for this purpoee, since they are completely
surrcunded by pressure release boundaries, which reflect and distort
sounds. So far, the most auitable sclution to the problem of pro-
viding en appropriate acoustic environment has been to perform the
experiments on &n mocuptic reange in the sea, with the fish, hydro-
phones, and sound projectors mounted in midwater, well away from -
reflecting bounderiee. This approach presents many technical and
blological difficulties, however, and is not entirely satiafactory.
Difficulties are experienoced in presenting low frequency aounds
under these conditions, since the experiments must be dane at con-
sidersble depths to ensure imounity from the effects of the sea
surfaoe. . .

This paper describes an acoustic tank which has been ocon-
structed to provide a sultable acoustic field in the laboratory.
The tank is intended for an investigation of the ability of flsh to ,
detect low froquency scunds, and in partiocular to test the sugges-
tion that at low frequencies fish are sensitive to particle
velocity, rather than pound pressure.

The acoustic tank

Parvulescu (1964) Pirst suggested that a sultable acoustic
tank for hearing studies oould be constructed from a sesled water-
filled tube, with & sound projector at sach and. He pointed out
that by intrcducing a phase shift between the 2 opposing sound
projectors, it was possible to vary the ratio of acund pressure to
particle velocity at the centre of the tubs.

Our version of Parvulescu's tank is a steel tube 80 cm in
length and 25 cm in internal dlameter, with 5 om thick wells. It
is capped by heevy conioal end pleces, each incorporating e rubber
diaphragm 15 co in diameter. EBach disphragn is driven by a -
vibrator {Derritron, type VB 2). A row of 5 ocslibrated hydro-
phones sre spaced along the centre of the tube, 15 cm apart, with
slectrical connections passing to the extericr via waterproofed
connectors. The tenk le filled by totsl immeraion in a large
container of de-gassed sea water (to avoid bhubble formation). A
slow flow of water (sufficient to keep & fish alive) ls maintained
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by way of entry and exit velves at each end, and is fed by a
constant head device.

The vibrators are driven from a single oscillator, feeding
two power amplifiers via attenuators and a phase shift network,
The cutputs of the 5 pressure sensitive hydrophones are fed to pre-
asmplifiers incorporating appropriate filter networks, and are dis-
played on an oacilloscope and vacuum tube voltmeter.

Principles of operation

Though the distance between the 2 opposing diaphragms is
110 cm, the effective length of the tube consists of the distance
between the 2 most extreme hydrophones, i.e. the 60 cm in the
middle of the tubular portion. In considering only this region we
elimingte end effects at the diaphragms, and in the region of the
access ports in the conical end pieces.

The equations presented below have been derived using ona-
dimensional acoustio wave theory. This should be adequate for
describing acund pressure and particle veloecity relationships near
the tank centre-line (which forms an axis of symmetry) particularly
since the tank has been designed to minimise radial movements in
the water. The performance of the tank at higher frequencies can -
be expected to depart fram the ideal, firstly, becauss the wave-
langth of the sound appreaches the length of the tank, and,
secondly, becauge there will be a complex interaction between
sound waves generated inside the steel casing, and those generated
in the water masa, We have sc far limited our cbservations to
frequencies below 150 He.

Let the sound pressures at the 2 extreme hydrophones be

represented respectively by:-
P1 P(1 +}) exp (iv) R & ) |
and P, K1 -%) exp (- i) ...... . (2

Where 2 is a measure of the imbalance between the two pressuresg and
2 is the phass difference between them (radians).

If p and v are the sound pressure and particle velocity at the
cantre of the tube, then :- :

P = E'(cnscp-n-iZaian)fcosK memearasannaas
v = «P(sino + 12 cos o)/(Z sinK) ....... (&)

Where Z ia the acoustic impedance of the contained water, and K
is the number of wavelengths between each of the extrems hydro-
phone positions and the tank centre.

Since the pressure waveforsms from the ? extreme hydrophones
cen be examined to determine velues of P, 3 , and ¢, then the
particle velosity at the tank centre can be caloulated using (4).

The tank is normelly used in 2 extreme modes. In the first,
the phase difference between the two diaphragms (@) is zero, and
the amplitudes are adjusted to provide & pressure paximum &t the
centre hydrophone. In this case the fish (which is adjacent to
the centre hydrophone) experiences a stimulue conaisting primarily
of sound pressure, In the second mode, the phase difference
between the 2 diaphragms (%) is adjusted to achieve a situation
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where the particle vaiocity is & maximum, sand sound pressure a
minimunm. This i3 normally done by carefully ad,justing the phaae
and amplitudes of the diaphragms to minimise p, (@ =M= .

In practice, by var_ying ¥, 1t is posaible to vary the quantity
/b/2v/ within wide limits.

The use of the tank in hearing studies

Two main techniques are being used to study the hearing of fish
inside the tank. In one, the fish is trained to respond to the
onset of a stimulus, and a minimum detectable stimulus level
determined. In the other, the very small electrical potentials
generated within the ear are deteoted, and theilr amplitudes com-
pared under different stimulus conditions, It is clear from pre-
liminary studies that at low frequenciea particle velocity amd not
sound pressure 1s the relevant atimulus parameter,
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