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The Developmer;tnL ﬂand Use of
the Hydrophone

By HORATIO W. LAMSON, Engineering Department

[Editor’s Note: The following is the second
of a series of articles on the Development and
Use of the Hydrophone. Other articles on
this subject will appear in future issues of
the Experimenter.)

PART 11

In the January issue of the “Ex-
perimenter” we discussed the binau-
ral sense and saw how it was util-
ized in the operation of the C-tube
device for locating under-water
sounds. It was apparent, however,
that the C-tube had two serious limit-
ations. In the first place it was
slow and cumbersome to operate and
required the listening vessel to be
practically iying to whiie making ob-
servations, and in the second place
it was equi-sensitive in all directions
which limited its range if a multipli-
city of sound sources were present.

We shall explain in the present
article how the first of these diffi-
culties was overcome by ecmploying
the principle of compensation.

Suppose that the two hollow rub-
ber spheres which were used for
sound receivers in the C-tube are
mounted permanently in a rigid po-
sition along a horizontal line paral-
lel with the keel of the vessel and,
say, four feet apart. They might
in practice be so placed on the out-
side of the ship’s skin or located
within a water tank in the bottom of
the vessel. ‘ ‘

These two receivers, indicated at
L and R in Figure 1, are joined to-

Mounting for Three Microphones

gether by a pipe. This pipe is not,
however, continuous from L to R,
for at some point along its length it
is interrupted by a plug, P, which ef-
fectively blocks the passage of sound
from L to R. On both sides of this
plug are take-off pipes of equal
length terminating in the stetho-
scope leads L’ and R.” We have,
therefore, the sound picked up by
the underwater receiver I. trans-
mitted to the left ear L’ of the oper-
ator, while that picked up by the re-
ceiver R is independently transmit-

ted to his right ear R.
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Imagine now that the plug P is
located at the exact center of the
pipe joining I. and R so that the
sound paths I.-1." and R-R’are equal
in length. If sound waves come
from a direction (1) perpendicular
to the base line I.-R, they will ener-
gize the two reccivers simultaneous-
Iv and the operator will, of course,
observe the sound to be binaurally
centered. If, on the other hand, the
sound waves travel in a direction,
such as (2), oblique to the base line
I.-R, ecach wave front will strike re-
cciver L prior to receiver R and the
corresponding response will be ob-
served to be binaurally off center in
a_direction to the operator’s left.

Let us now assume that, by some
mechanical contrivance, the plug P
can be slid along the pipe joining
. and R and, at the same time, carry
with it the two take-off pipes, one
on each side of P, leading to the
stethoscopes. In this manner, by
moving the plug, say, to the right,
the length of the sound path from L
to L' is increased while the path
from R to R’ is simultaneously short-
ened by an identical amount ; and vice
versa.

Referring to Figure 2, let the
sound waves be traveling in the di-
rection (2) oblique to the base line
of receivers. After cach wave strikes
the receiver L it has to travel a fur-
ther distance, MR, through the
water before striking the receiver R,
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he time, T, required for the sound
to traverse this distance MR is
known as the water-lag between the
two receivers for the particular di-
rection (2). This time is, of course,
determined by dividing MR by the
velocity of sound in water, V

MR

Vi

Figure 2 shows the plug P dis-
placed to the right, in which case
the length of the sound path through
the pipe, L.-P, minus the sound path,
R-P, divided by the velocity of sound
in air, V2, gives a certain time, T,
known as the net compensation be-
tween the two receivers.

LP-RP
Ve

It will at once be apparent that,
if the position of the plug P is such
that:

that is T =

T =

Fia. 1

LU
the image of the sound coming from
the direction (2) will appear binaur-
ally centered to the operator,—
since the time required for sound to
traverse the longer air path from
L to the stethoscope L’ will cqual
the total time required for sound to
travel the distance MR in water
plus the shorter air path from R
to R.” By thus making the net com-
pensation equal to the water lag we
can binaurally center a sound re-
ceived from any direction when fired
receivers are used. This equality
gives us at once the relation:

I.P-RP Ve MR
B T il
where D is the distance that the plug
P is displaced from the center of
the pipe.
Referring to the Figure 2 we see
that the distance
MR = LR cos ©,
where LR is the base line separa-
tion of the receivers and © is the
angle between the line of receivers
and the direction of the sound source.
We can, therefore, write:
D = (1,,: x L%) cos ©,

where the quantity within the pa-
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Fig. 3.
renthesis is a constant. Thus we
see that the displacement D required
to give a binaural centering of the
sound is determined directly by the
angular bearing of the sound source
from the base line of the receivers.

Obviously, then, for a given sep-
aration of receivers the position of
the plug along the pipe may be cali-
brated directly in terms of the an-
gular bearing of the sound source
from the keel of the vessel. This
sliding-plug-in-a-pipe device is called
a compensator, or, more particularly,
a two-spot compensator, since it is
a simple binaural device used with
two receivers.

In practice this compensator takes
a more convenient circular form
which, however, operates on the
principles discussed above. The low-
er stationary base-plate (see Figure
4) is perforated with four holes, the
two on the larger diameter being con-
nected by pipes of equal length to
the sound receivers, while the two
holes on the smaller diameter lead
out through equal pipes to the steth-
oscopes. The upper plate is ma-
chined with two annular grooves
which are accurately fitted to slide
over the two stationary plugs sep-
arating the incoming and outgoing
holes in the base-plate, whenever the
upper plate is rotated. The sound
energy in traveling between each re-
ceiver and the corresponding steth-
oscope passes through a distorted
U-shaped channel. The relative
lengths of these channels are altern-
ately increased and decreased as the
upper plate is rotated, that is, the
net compensation is varied from zero
to a maximum on either side.

The assembled compensator is il-
lustrated in Figure 3, which shows
the graduated scales. Care must be
taken that the cross sectional area
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Assembled Two Spot Compensator

of the sound path remains constant
throughout, or, if not, that it is al-
tered gradually, in order to prevent
reflections and standing waves within
the system. A film of castor oil lu-
bricates and affords an acoustical
seal between the moving and station-
ary parts.

The equipment which we have just
described is known as an acoustical
hydrophone because the received
energy remains in the form of sound
waves throughout the system. This
arrangement has a disadvantage in
that the compensator must necessar-
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ily be located close to the rubber re-
ceivers in order that the sound ener-
gy shall not be unduly attenuated
in passing through long pipes. Such
a location on shipboard is frequent-
ly inconvenient as well as uncomfort-
able for the operator.

The next advance in the art was to
overcome this difficulty by the use of
a combination electrical and acoust-
ical system. The rubber sphere re-
ceivers were replaced by granular
carbon microphones mounted in suit-
able housings to be used underwater.
The sound waves picked up in the sea
were thus converted to corresponding
electrical impulses which, obviously,
could be brought by cable to any
convenient station on the ship, such

(Continued on page 4)
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An Artificial Cable Box

When studying the transmission
characteristics of various types of
cables it is not always convenient
to have an actual cable upon which
This difficulty may
be overcome by employing artificial

to experiment.

cable built up of series resistance ele-
ments and shunt capacitance elements
forming a symmetrical “H-type’’ sec-
tion as indicated in the figure.

The loop resistance 4 R and the
shunt capacitance C of the section
are made the same ratio as the loop
resistance and shunt capacitance of
any given length, say a mile, of the
type of cable in question.

Such a single section may, of
course, be made to represent any de-
sired length of cable. An artificial
cable will, however, more perfectly
reproduce a real cable in its elec-
trical behaviour as it is subdivided
into a greater number of uniform
This fact will be obvious
if 'we consider that the actual cable
is composed, electrically, of an in-
finite number of sections, each hav-

sections.

ing its’ minute loop resistance and
shunt capacitance. That is to say,
the: electrical dis-
tributed uniformly along its length.
In practice, however, a limit to this
indicated below, is
reached whereat the artificial cable

constants are

subdivision, as

represents, with a sufficient approxi-
mation, the genuine cable.

The amount of inductance present
in: a' cable is so small in comparison
with the capacitance that its effect
at voice frequencies becomes entirely
negligible in ordinary methods of
testing.

The General Radio Company has
developed a series of artificial cable
boxes, designated as Type 321-C,
each containing the electrical equi-
valent of thirty-two miles of standard
paper cable of a gauge frequently
used in practice.

This cable is divided into seven
units of 16-8-4-2-1-14-14
lengths respectively. By means of
seven telephone key switches any com-
may be
thrown in or out of the circuit at
Thus, any dcsired length of
cable up to thirty-two miles may be
obtained, in half-mile steps.

mile

bination of these units

will.

Type 321 C
CABLE BOX

In order to represent more
accurately an actual cable, the 16-,
8- and 4-mile units are built up of
the proper number of 2-mile sections ;
the 2-mile unit is built up of two 1-
mile sections and the 1-mile unit of
two 14-mile sections. The resistance
elements of the cable are wound non-
inductively and calibrated to 14 %,
while the capacitance elements, which
are high-grade rolled wax paper con-
densers, have a precision of 14%.
The cable will withstand D. C. or

peak potentials up to 300 volts.

The terminals of the cable are
brought to two pairs of input and
output binding posts, and the whole
assembly is mounted on an aluminum
panel and cnclosed in a shiclded wal-
nut cabinet measuring approximately
15” long, 8” wide and 5%" deep.

Three different cable boxes have
been designed representing side-cir-

cuit types of 16, 19 and 22 gauge
The elec-
trical constants at 796 cycles are

non-loaded paper cable.

as follows:

Resistance
Gauge  Per Loop Mile Cap. Per Mile
16 B&S 42.2 ohms .062 MF
19 B&S 83.2 ohms W62 MF
22 B&S 171 ohms 073 MF

The net price of the Type 321-C
artificial cable box containing any
one of these standard gauge is
$180.00. The illustrations show the
exterior panel view and the interior
assembly of the instrument.

For the convenience of those desir-
ing to experiment with longer lengths
of cable, the Type 321-D box has
been designed. This contains thirty-
two miles of any one of the standard
gauges listed above built as a single
unit with a switch for throwing it in
This unit, which
is built up of sixteen 2-mile sections,
carries a net price of $150.00. By
joining a Type 321-C box in series
with one or more I'ype 321-D boxes

or out of circuit.

any desired length of artificial cable
may be obtained in half-mile steps.

The Radio Company
would be pleased to design and quote

General

prices for special equipment of this
sort built to any desired specifi-

Internal View Cable Box

Besides the non-loaded
cables described above, it is readily

possible to build a loaded artificial

cations.

cable with any desired inductance per
loop mile or to construct any de-
sired artificial open wire line having,
of course, a much higher-ratio of in-
ductance to capacitance.

- hi
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(Oontinuéd from page 2, column 3)

as the chart room, etc. The two
electrical impulses on entering the
compensator were made to pass
through two individual telephone re-
ceivers, where they were transferred
back into sound energy. These

sounds were then fed into the two in-
put pipes of the compensator, which
functioned identically as described
above.

Fig. 4
DISSECTED TWO SPOT COMPENSATOR

The proper operation of such a
system obviously requires that the
two microphones, as well as the two
telephone receivers, be binaurally
matched.

It has doubtless been apparent to
the reader that, as in the case of the
C-tube, a single position of the com-
pensator gives a binaural centering
for sounds arriving at either of two
ambiguous angles symmetrical with
respect to the base line. This am-
biguity is eliminated in practice by
employing three microphones mount-
ed on the vertices of an equilateral,
horizontal triangle. By means of
a switching device the compensator
may be connected across any of
three possible pairs of receivers. If,
now, the compensator scales for each
of these basc lines are referred to
the center line of the vessel, two comn-
secutive observations on any two of
the base lines suffice to remove the
ambiguity. One type of mounting
for these three microphones when
suspended in a water tank in the bot-
tom of the vessel is illustrated on
Page 1.

We have seen that the displace-
ment of the compensator is a cosine
function of the angular bearing of
the sound source. Hence, the most
accurate bearing is to be obtained
by choosing that base line which is
most nearly perpendicular to the di-
rection of the target

An auxiliary piece of apparatus
deserves mention. This is a device
known as the pilot valve which is

inserted in the stethoscope leads.
When turned in one direction this
valve affords a direct by-pass con-
nection between the two stethoscope
leads and by so doing excites both
cars simultaneously at all times and
producecs, thercfore, an artificially
centered “pilot” sound. Occasional
reference to this pilot sound gives
the operator a means of checking
his truc binaural center, which, dur-
ing protracted periods of listening,
tends to become vague due to men-
tal fatigue.

Two-spot - hydrophone equipment
of this sort was manufactured in a
variety of forms during the latter
months of the World War. It
proved to be more convenient and
rapid in operation than the C-tube
and permitted bearings on a sound
target to be taken with considerable
success while the listening vessel was
underway, obviously a distinct ad-
vantage in U-boat hunting.

In a subsequent issue we shall con-
tinue our resume of the development
of the hydrophone art.

A 600,000 Ohm
Potentiometer

Probably the most satisfactory
method of controlling the gain in an
amplifier consists of using a high
resistance potentiometer in the input
or grid circuit of one of the ampli-
fier tubes after the manner indicated
in the figure. This potentiometer
must necessarily have a very high re-
sistance in order that it shall draw
no appreciable current from the scc-
ondary of the preceding coupling
device and thereby disturb its char-
acteristics.

GRID
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Such a potentiometer is likewise
useful as a voltage divider to in-
crease the range of a vacuum tube
voltmeter and in numerous other
lines of research.

The General Radio Company is
developing a 600,000 ohm poten-
tiometer to be known as the Type
452, which will be calibrated in 15
steps of two TU each, giving a total
attenuation of 30 transmission units.
This instrument will be mounted in
a walnut cabinet approximately 5"
square and 3" deep. The resistance
units between successive steps on the

INPUT
OUTPUT
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potentiometer are colloid metal re-
sistors and are calibrated with a pre-
cision of the order of 5%, which is
quite satisfactory for this type of
work. The correct calibration of
such an instrument in terms of trans-
mission units stipulates, of course,
that it be used merely as a voltage
divider, that is, that no energy be
drawn from the output. Price on
application.

Plug in System for
Audio Frequency Couplers

Experimenters who are interested
in the subject of audio frequency am-
plification and more particularly in
the various methods of audio fre-
quency coupling often feel the necd
of an arrangement whereby different
couplers may be quickly inserted in
the amplifier system for comparison.

PLATE: F~

GRID B+

A combination of the General Radio
Type 274-B Basc and the 1'vpe 274
Four plug plate offers an excellent
solution to this problem. The coup-
lers which may be either transfoviner,
impedance, or resistance arc mount-
cd permanently on the type 274
Four plug plates while the type 274-
B Base are properly connected in the
amplifier circuit. This feature makes
possible a quick determination of the
relative merits of different types of
amplifying systems. By making the
connections to the type 274-B bases
as indicated in the diagram an ad-
ditional feature is secured since the
type 274 Multi-connector plugs fits
the two middle jacks thus permitting
the experimenter to make easy con-
nection to the output of the different
stages of the amplifier. The prices
of the various items mentioned are

as follows:

Type 274-F Transformer mounting plate .75

Type 204 B B aScs. ik tr ol sgaibre te s o4 1.00

Type 274-M Insulated multi-connector
Yl e e S R R R T PR .60
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