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Abstract

This report is intended as a ready reference concerning

the standard underwater sound transducers developed by and

available from the Underwater Sound Reference Division. It

also summarises a few of the highlights of many years spent

in investigating materials, design, and construction tech-

niques to satisfy the requirements of widely varying under-

water sound measurement pr,.blems. Twenty-nine appendix**

present descriptions and performance charactezistics of as

many individual transducer types.

Problem Status

This is an interim report on the problem.

Problem Authorization

NRL Problem S02-31

Project RF 11-121-403--4472

Manuscript submitted 8 December 1972.



TWENTY YEARS OF UNDERWATER ELECTROACOUSTIC STANDARDS

Histurk'i Idckground

At the end of World War II, the Navy Underwater Sound Reference
Laboratory inherited from its predecessor, Columbia University's Under-
water Sound Reference Laboratories, a small inventory of hydrophones and
projectors consisting principally of standards developed by the Bell
Telephone Laboratories (BTL) during the early war years. The designs
were remarkably good, considering the urgency of development and the
state of the art at that time, although the electroacoustic response
characteristics were a little less than smooth and the difficulty of
repair was high.

Transduccrs available at that time for issue to other naval activities
and their contractors included the crystal hydrophones (BTL designations)
type 5E containing 45-deg Y-cut Rochelle se.lt crystals and type 3A con-
taining 45-deg Z-cut ammonium dihydroge- `iosphate (ADP) crystals, as well
as the crystal transducers types SA and 6B. In all these units, metal
diaphragms soldered around the periphery protected the crystals from water
entry into the housing. In this respect, these transducers were superior
to many types developed much later.

Two moving-coil (dynamic) transducers, types 1K and 4B, were avail-
able for use as sound sources. Each of these was fitted with a beryllium
copper diaphragm and permanent magnets. Hydrostatic pressure was com-
peasated in the 1K by an air-filled rubber bag. An integral part of the
4B housing was a high-pressure air tank from which air was admitted to the
chamber behind the diaphragm through a solenoid-actuated valve. The
solenoid was energized by a microswitch that was tripped by a float.
When this mechanism was properly adjusted and a source of voltage for
operating the solenoid was provided, the transducer was quite reliable.

An additional BTL-designed hydrophone that was available, although
little used after World War II, was the pressure-gradient type 2A. The
sensitivity was low and the model was physically rather delicate. The
sensor in these hydrophones was protected from the water by a thin metal
housing covered with a coating of neoprene.

* The first few years after the Navy took over operation of the USRL
were devoted to learning how to repair or rebuild these BTL units and how
to modify them to improve their characteristics. It was not unusual for
repairs to require two to three weeks in those days. In contrast, wo

* or three days suffice for the newer standards.
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It has been more than twenty-five years since the Navy assumed the
operation of the USRL, now the Underwater Sound Reference Division of
SNRL, and began the development of standard transducers for calibration
of underwater electroacoustic sonar transducers and other acoustic de-
vices. During those years, twenty-four different types of standards
have been developed for use in the frequency range from 0.3 Hz to 2 MHz.
These transducers are now in widespread use throughout the Navy and
industry, and have completely displaced the earlier BTL models. In
addition, a hundred or more unique designs have been produced for use
in special measuring systems.

An interesting fact is that the two oldest USRL/USRD-designed
standards in use currently were designed for the lowest frequencies
(type H11) [I] and the highest frequencies (type E8) [2]. Both of these
standards contain crystals of lithium sulfate, which has proved to be the
most reliable and predictable piezoelectric material for many standard
transducer designs, especially those for use at high hydrostatic pres-
sures and over a wide temperature range. A unique feature of the type
Hll is the Teflon acoustic window with its low water permeability, which
has been used since 1953. Using the fluorocarbon for the acoustic win-
dow rather than natural rubber or polychloroprene elastomer increased
the lifetime for underwater submergence from less than 3 months to more
than 10 years. The only other elastomer whose water permeability even
approaches the low value for Teflon and at the same time provides a
better rho-c match with water is butyl rubber. The type H17 hydrophone
[3], which is used from 20 11z to 150 kHz, was the first USRL design to be
fitted with a butyl boot (1959).

Most of the standards developed during the first 15 years were
designed for laboratory use rather than for measurements in the sea.
To make certain that superior acoustical characteristics were achieved,
a minimum of physical protection was provided. Some of the materials
used were satisfactory in contact with fresh water but corroded when
immersed for extended periods in salt water. Fortunately, alloys with
high copper content and butyl rubber boots or covering were chosen for
many dsigns. These materials have proved to be superior in the salt
water environment. Housings of type 316 stainless steel in contact with
salt water developed crevice corrosion at some of the seals.

Although the earlier standard hydrophones were designed with as little
support structure as possible around or near the sensor element, it was
found subsequently that expanded metal can be formed into cylinders and
used as a support member for the sensor element as well as to provide a
strong protective guard without seriously affecting the acoustical
performance. A certain amount of electrostatic shielding also is fur-
nished by the expanded metal. This design feature has been incorporated
in transducers for use at frequencies as high as 80 kHz with little or no
effect on the directional characteristics. When additional electrostatic
or magnetic shielding was needed, thin sheets of dead soft iron or flat-
tened expanded metal with a very fine mesh has been used arouaed the
heavier expanded-metal support frame. These thin expanded materials
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do not affect the acoustical characteristics at frequencies as high as
200 kHz.

Standard Transducer Development

The primary objective of USRD's underwater electroacoustic trans-
ducer development has been the design of transducers whose acoustical
characteristics are stable and predictable. Transducer sensor elements
have been kept as simple as possible. All pressure release materials
like corprene, air cell rubber, and other materials whose acoustic or
mechanical characteristics change markedly as functions of temperature
or pressure, have been avoided.

In general, sensor element materials, whether natural or man-made
piezoelectric crystals or ferroelectric ceramics, usually are more con-
sistent and predictable than are the mechanical mountings, housings,
acoustic pressure-release materials, potting compounds, and elastomers
used in transducer construction.

Most USRD standard hydrophone designs call for lithium sulfate
crystals with a natural rubber support. Lithium sulfate is a volume
expander and does not require that some of the surfaces be masked with
an acoustic pressure-release material to produce an element sensitive to
small acoustic sound pressures. Its volume resistivity is high; there-
fore, it can be used to frequencies as low as 0.3 Hz. ADP, on the other
hand, does require such masking if it is to have adequate sensitivity,
ane its volume resistivity limits its use to frequencies higher than
10 Hz.

When it has been necessary or desirable to block the radiation in
one direction, this has been done by using a high-density material with
a high Young's modulus. Pure tungsten or alloys such as Kennametal or
Mallory 1000 have been used with good results. Lithium sulfate crystals
cemented directly to disks or blocks of these materials have produced
sensor elements that are little affected by hydrostatic pressure or
temperature. The F30 transducer, whose electroacoustic characteristics
are independent of hydrostatic pressure, is a gnod example of this kind
of construction [4].

Ferroelectric ceramic tubes have been used in a number of transducers.
Here, again, removal of all passive materials who" characteristics are
functions of hydrostatic pressure or temperature was required to achieve
the desired stability, which led to the use of capped tubes usually
supported by a single natural rubber ring around the center of the tube.
This construction prevents the sound pressure from reaching the inside
of the tube and produces about the optimum sensitivity for a simpleconstruction. The single rubber mount keeps the acceleration sensitivity
low without complicating the design.

The end caps have been made of glass, fused quarts, magnesium,
beryllium, aluminum, alumina, or steel. This arrangement has produced
sensor elements whose characteristics usually are independent of time,

.......... 1.



temperature, and pressure. Even though the values of several of the
ferroelectric ceramic parameters are a function of time, the receiving
sensitivity of these standards has changed less than 0.5 dB during a
5-year period. The free-field voltage sensitivity changes as a function
of temperature in the range 5 to 300 C and of hydrostatic pressure in the
range from 0 to 3447 kPa by less than the normal accuracy of measurement
(+I.0 dB).

Most USRD designs for operation at high hydrostatic pressure have
contained volume expander sensor elements of lithium sulfate or lead
metanlobate. In some applications, however, pressure-compensated oil-
filled capped ceramic tubes (5] are used with excellent results up to
static pressures of 58 MPa (5800-m depth). Acceleration-balanced mounts
and a predetermined orifice size regulate the sensitivity at low fre-
quencies. The orifice diameter must be computed for the operating
environmental conditions (temperature and hydrostatic pressure), if the
exact frequency of the response roll-off is important.

Coupling Medium to Sensor

Almost without exception, all of the standard hydrophones have con-
tained Baker's DB-grade castor oil as the coupling medium between the
elastomer boot and the sensor element. Only in applications where
change in viscosity as a function of temperature or compressibility of
the fluid was the more important consideration have silicone fluids been
used. Castor oil hau the advantage of being compatible with most materials
used in transducers, including the olastomeric boot. It is less expensive
than silicone fluids and far lecs irritating to the skin or eyes of the
workers. Experience with castor oil in more than 2000 transducers during
a 22-year period has proved the reliability and value of this coupling
fluid. Castor oil whose viscosity has been reduced by additives or
chemical changes is not compatible with soi f'latomers.

Moving-Coil (Electrodynamic) Transduce%-.

Development of the USRD type J9 1(1,i V • o4 : i. ionsducer for use
as a sound source in the audio-frequency 40-, o •, 2(1,000 Ha has con-
tributed extensively to measurement acoura('* mil is considered an out-
standing achievement. This transducer and its higher powered companion
type Jil are used in underwater calibration measurements worldwide by
both naval and co mmercial activities.

The newer types J13 and J3S have increased the source strength that
can be obtained in the frequency range 10 to 600 Hz from small sound
sources. The J15-1 will provide a level of 170 da re I uPa at 50 Hal
the J3S-3 can produce 180 dS re 1 uPa. The J1S transducers with a
closed gas compensating system can be used to depths from 165 to 240 m
without high-pressure gas bottles or scuba-type pressure-regulating
equipment.

4 ,iI



USRD Stock Standards

USRD-developed standards include both hydrophones (receivers) and
transducers (reversible, sources or receivers). Hydrophones are equip-
ped with preamplifiers and normally -an be used only for receiving.
Transducers can be used as the reversible auxiliary transducer in reci-
procity calibration measurements. Each hydrophone is sent to the user
with its own calibration curve. Most of the projectors are furnished
with only an instruction book con. ining a typical calibration curve,
which is adequate for determining whether the projector is functioning
properly.

TransL•,cers usually used both. for receiving and transmitting are
provided with free-field receiving sensitivity and transmitting voltage
response calibration curves.

It usually is better practice to determine tbe sound pressure level
(SPL) by inserting a standard hydrophone into the3 sound field and
measuring the sound pressure than to rely on a transmitting current or
voltage response curve for that purpose. Widely varying environmental
conditions and the presence of objects or boundaries near the measure-
ment location can cause variation of the SPL that may not be apparent
if total dependence is placed on the transmitting characteristics of the
projector.

Approximately 600 experimnrital models oA" hydrophones have been con-
structed and calibrated. Pr-,m these have evo.ved 64 different types,
providing designs to meet al-most any measurerent problem in the frequency
range below 150 kHz. Hundreds of other transducer designs ranging from
probes 2 mm in diameter to sound sources 30 cm in diameter and weighing
150 kg have been evaluated.

The Appendices contain data for each USRD-developed standard trans-
ducer that is stocked in sufficient quantities to make it available for
issue to other users. Although there may appear to b, an overlap in
frequency range of many transducers, each has its own special character-
istics (directivity, low noise, high sensiltivity, stability at great
depth, high output) that make it uniquely tuitable for a particular
measurement.

Transducers developed by the USRD have been designated in the same
manner for more than 23 years. The letter prefix indicates the genoral
type and the digits are the model number. Prefixes are explained in
Table I.

The data presen4 .d for each transducer in this report have been
taken, for the most part, from the instruction bookse however, some
additional data are given here for the self-nois&: of the hydrophones.
Figure 1 gives an overview of all the transducers, providing a readyreference for the operating frequency range of each as a receiver, a
source, or bfth. I



Table I. Transducer type designations.

Prefix Type uf transducer

A Probe transducers (usually have preamplifier)
E High-freqt'ency transducers (operate above 150 kHz)
F Reversible transducers (I to 150 kHz)
G Miscellaneous, unique, unusual design
H Hydrophones (with preamplifier)
J Moving-coil (electrodynamic) transducers

Calibration of Standard Transducers

Each standard transducer is calibrated throughout its normal opera-
ting frequency range. The free-field voltage sensiti. ty of hydrophones
cnd reversible transducers usually is determined either by the ccmparison
(a secondary) or the reciprocity (a primary) method. Both of these
calibration methods have been fully discussed in the literature by
Bobber [7] as well ds many others and will not be elaborated here.

Standard transducers also are calibrated in closed tank systems
where temperature and hydrostatic pressure can be controlled to simulate
deep ocean conditions. The normal calibration range is from 2 to 300C
and from 0 to 70 MPa (simulated depth of 7000 m). The maximum depth
that can be simulated at frequencies from 4 to 500 klIz is 700 m. USRD
electroacoustic calibration systems cover the frequency range from
0.3 Hz to 2.0 MHz.

Availability of Transducers

USRD maintains a calibrated stock of approximately 1400 standard
transducers that are available to qualified activities for use in
research and development or underwater electroacoustic measurement
programs. A service fee covering a period of one year includes the
cost of calibration and maintenance of the transducers. A replacement
is provided if the transducer fails or is damaged during the service
period. Standards normally are to be returned to USRD after one year
for preventive maintenance, repair or mod fication, and recalibration.

Additional information about the sciencific and technical services
available from the USRD can be found in the USRD Services Schedule,
which is available on request.
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Appendix A

Type A4!
PROB HYDROPHONE

General Description
The UaIP tye A41 ptibe hydraphwis was designed to be %leod as an

underwater sound eaase• et standard for applioations in which the sound
U9e14 being• measured must be dlsturbed as little to possible by tihe prss-
mne of the peolat Figur. Al to a photagraph of the hydrophone.

fig. A], umE type Ama probe hyarophcme.

The sensitive #lhumnat is a 3,4--diam by 3,-m-wong load siroonate-
titaneto ceramic cylinder with 0,79-we wall# capped with 3,2-mm by O,79-mm
magnesium caps, and mounted on rubber supports in a castor-oil-filled
butyl-•ubber boato

A solid-state preamplifier within the probe provides the high ilput
impedance and furnishes an intermediate impedance to a second stage of
amplification located in a meparato box at the end of the cable.

Normally, On hydrophone in supplied with 9 m of 2-conductor, shielded,
vinyl-covered cable, which is bonded to the hydrophone and terminated by
an AN3106AI48-SP connector that mates with an HtS3100C-1dS-5P receptacle on
the amplifier box, Longer cables oan be used, however, with & reduction
in dynamic range,

Specifications

hvqwoenoay inge. 100 Hs to 200 kiln

Faee-ft 4 *Ztatye eeiiv -217 dR re 1 V/pPa (nominal, to
20 kHI) at output of amplifier,
with 9-m cable to hydxophone

Maximum hydmoatato preeur•.: 6.9 NPa (690-m depth)

operactikq teveqra'tw'. range., 0 to 33%C
Amp iftier: thaco Model 1538; voltage gain,

0.99 1it

Amp•Z1fier output nidmoe.- 100 0 no•ina.

POwer loq•iremenlt. 20 to 30 V ,I-a, 4 to 6 mA
Weight: Hydrophone with 'o-m cable, 0.4 kgq

amplifier bo)x, 0.66 kg

8Shtpi~6i Weight: 6 kg

-9
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Amplifier
The high-input-impedance stage is located within the probe housing;

the low-impedance output is from the amplifier at the end of the cable.
The amplifier, cable, and probe are an integral electronic unit; they
cannot be operated separately.

The over-all voltage sensitivity of a hydrophone consists of the sum\
* in decibels of (1) the voltage generated by the crystal on open circuit,

(2) the voltage coupling loss between crystal and preamplifier, and (3)
the voltage loss or gain of the preamplifier operating with its normal
load. The impedanc,ý of the A42 sensor element is sufficiently low to
ensure a negligible coupling loss: therefore, no provision has been made
to measure it. The voltage gain of the amplifier is 0.99 1 1%, so the
sensitivity of the hydrophone is specified only at the output of the
amplifier. The wiring diagram for the A42 is shown in Fig. A2.

Electroacoustic Characteristics
The free-field voltage sensitivity, determined from free-field meas-

urements, is shown in Fig. A3. Typical sensitivity in the flat region
extending from 10 Hz to .ý0 kHz is -217 dB re 1 V/pPa.

The effect of temperature and hydrostatic pressure on the sensitivity
of the A42 probe hydrophone has been determined in closed tanks under
controlled conditions of temperature and pressure. These measurements
indicate that the free-field voltage sensitivity does not change signifi-
cantly when the hydrophone is subjected to a hydrostatic pressure of
6.9 MPa (equivalent to 690-m water depth) and temperatures from 5 to
35 0 C.

Figure A4 shows the equivalent noise pressure level for the A42 probe
hydrophone as measured with a 1/3-octave filter, a General Radio 1554A
sound and vibration analyzer, and a low-noise transistor amplifier. The
hydrophone was shock mounted under partial vacuum within a steel chamber
isolated by air springs from building vibrations to frequencies as low as
2 Hz.

Dynamic Range. Figure AS shows typical A42 hydrophone overload pres-
sure levels for 1% distortion in output voltage. The maximum dynamic
range is obtained when the preamplifier is powered from a 30-V d-c source.

Directivity. The A42 probe hydrophone is omnidirectional within I1 dB
in the horizontal (XY) plane at frequencies up to 150 kHz. Directivity
patterns in the vertical (XZ) plane are shown in Fig. A6. Because of the
radiating end caps on the cylinder, the beamwidth in the XZ plane is
approximately half that obtainable from a 3.2-mm line with the ends acous-
tically shielded.

Preparation for Use
Mount the hydrophone in a fixture that can be clamped around the case

near the cable gland. Wash the hydrophone thoroughly with a wetting
agent or water and detergent to prevent adherence of air bubbles, which

10
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can cause erroneous results. Before any measurements are made, permit
the transducer to be immersed long enough for the temperature to stabi-
lize with that of the medium. Figure A7 is a dimensioned outline draw-
ing showing the orientation of the hydrophone.

Cautions
Do not attempt any electrical measurements at the AN3106A14S-Sp

hydrophone cable connector, because the first stage of the preamplifier
may be damaged thereby.

N~ote that the probe amplifier system has a positive ground and that
the amplifier box ground shields the entire amplifier-cable-probe elec-
tronics system.

Reference
1. D. Groves, Jr. and A. C. Time, "Standard Probe Hydrophone for
Acoustic Measurements from 10 Hz to 200 kHz," J. Acoust. Soc. Amer.
48, 72S-728 (1970).
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Fig. A4. Equiivalent noise pressure level, type A42 hydrophone.
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F'ig. AS. T~ypical hydrophone presuwre overload level for 1% distortion
in output voltage# tyjpe A42 hydrophone.

12

-C7



DIAN

L Ll 1.

Fig .A6 .. Di e t on l c ar c e is i s

Fig.e A6.Directional c hatracteritio i.A7 iesos (in

grid, each pattern, equals 40 dB centimeters) and orien-
tation of USRD type A42

hydrophone.
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Appendix B

Type E8

TRANSDUCER

General Description
The USRD type E8 transducer is a calibrated reference standard for

the frequency range 200 to 1000 kHz. It is not intended for use under
high pressure. Figure Bi is a photograph of the transducer.

Fig. BI. USRD type E8 transducer.

The active element is a 2-cm-diam disk of lithium sulfate 0.15 cm
thick cemented to a corprene disk. A pulse transformer with the imped-
ance ratio 20:1 approximately matches the impedance of the crystal to
that of the transmitting or receiving circuit through a coaxial cable.
To reduce crosstalk, the case of the transducer is connected to the
shield of this cable, as shown in the circuit diagram, Fig. B2.

Specifications

Frequency: 100 to 2000 kHz
Free-fieZd voZtage sensitivity: -209 dB re 1 V/uPa at 400 kHz

Mauim= hydrostatic pressure: 340 kPa (34-cm depth)

Operating temperature range: 5 to 350 C

Maxim power input: 1 W c-w; higher when pulsing with
appropriate duty cycle

NoitnalZ impedance.: 600 f0 at .400 kHz with 2.4-rn cable

Weight: 2 kg, without cable

Shipping weight: 6.8 kq

Electroacoustic Characteristics

Figure 93 shows typical equivalent series impedance of the E8 at the
end of the 2.4-m Rn!-62/U coaxial cable normally supplied. Figure B4
shows the impedance at the end of a 7.6-M cable. The typical free-field

14 /
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voltage sensitivity shown in Fig. B5 is reduced by approximately 1 dB for
* each additional 1.5 m of this cable.

The directivity of the ES transducer is very closely that of a theo-
retical baffled piston 2 cm in diameter, as is shown in Fig. 86.

Preparation for Use
To support the transducer, clamp a bracket around the case midway

of its length. The axis of the housing is the same as the acoustic
axis, which is normal to the radiating face. Acoustical alignment is
advisable if precise orientation at high frequencies is required.
Figure B7 is a dimensioned outline drawing showtig the orientation of
the transducer.

At high frequencies, minute air bubbles can resonate and cause erro-
neous results; to avoid air bubbles on or near the rubber window, wash
the transducer with a wetting agent immediately before immersing it in
water. Also, so that air bubbles will not be released by the slight
heating effect of the transducer, insure that it is cooler than the water
into which it is immersed. Permit the temperature of the transducer to
stabilize with that of the water before making measurements.

Operating Notes
The Ea transducer is designed to operate electrically unbalanced,

either as a projector or a receiver. When it is used as a projector, the
impedance of the driver is not important, unless high efficiency of the
driving system is required. In such case, the optimum driving impedance
for the required frequency range can be determined from the impedance
curves, Figs. B3 or B4. If the receiving response calibration furnished
by the USRD is to be used, the transducer must be terminated in an imped-
ance high in comparison with the impedance of the transducer.

The ES transducer was developed for laboratory use where high power
levels are not necessary. One watt c-w should not be used continuously;
when pulsing, it is permissible to exceed one watt if the duty cycle is
decreased appropriately as the peak power is increased. Distortion of 4
driving current or voltage is a suggested criterion for determining the
maximum power level. Overheating of the transformer is the limiting fac-
tor on power level.

Maintenance
The natural rubber used in the acoustic window is not durable. When

exposed to water for long periods of time, the rubber tends to become
sticky. This condition does not affect the acoustic properties, but does
make the window more susceptible to damage by abrasion. If such deterio-
ration sets in, return the transducer to USRD.

Reference

R. J. Bobber, "The USRL Type E8 Transducer--An Underwater Sound
Calibration Standard for the 100- to 1000-Kilocycle Frequency
Range," Navy Underwater Sound Reference Laboratory Report No. 22,
16 Jun 1952 (AD-1O 093). 15Lf
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Fig. B2. circuit diagram,
type BeS transducer.
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Fig. B3. Typical equivalent seriesdipeaner type 76mcbe.
series impedance, type ES zndcrwt .- ncbe
transducer with 2.4 m of
RG-62AJ coaxial cable.

I~~X 30quc-(ka

fig. 85. Typical free-field
voltage sensitivity, type BeS Fig. B6. Directivity, type
transducer with 2 .4-mn cable. Be transducer, in. plan.. that

include the X a"is. Scale,
center to top of grid, equals
40 dR.
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Fig. B7. D~imensions (in
centimeters) arnd orienta-
tion of type E8 transducer.
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Appendix C

Type E27

TRANSDUCER

General Description

The USRD type E27 transducer is a calibrated reference standard for
the frequency range 50 to 500 kHz. It is not intended for use under high
pressure or at high power levels. Driving voltages up to 200 V rms can
be used. Figure C1 is a photograph of the transducer.

Fig. Cl. USRD type E27 transducer.

The active face contains seven lead zirconate-titanate disks of
3.17-mm diameter and 1.52-un thickness spaced inside an 11.l-mm-diam
circle. The seven elements are cemented directly to the butyl acoustic
window. Normally, the transducer is pr.ovided with 9.1 m of RG-62U coaxial
cable terminated in a Western Electric type 358A coaxial plug.

Specifications
Operating range: 50 to 700 kHz

Free-fieZd voltage sensitivity.: -213 dB re 1 V/VPa at end of 9.1-m
cable

Transmitting voltage response: 126 dB re 1 pPa/V at 200 kHz
Macimn driving votage: 200 V rms
Nominal capacitance: 85o pr
D-c resistance: greater than 1000 MNf

18:



maximum hydrostatio pressure: 170 kPa gage (17-m depth)

Operating temperature range: 0 to 35'C

Weight with 9.1-m cabZe: 0.57 kg

Shipping weight in carrying
case: 4.5 kg

Electroacoustic Characteristics

Typical equivalent series impedance measured unbalanced at the end of
the 9.1-m RG-62U coaxial cable is shown in Fig. C2. Typical free-field
voltage sensitivity is shown in Fig. C3. Typical transmitting voltage
response is shown in Fig. C4.

The directivity of the E27 transducer is very closely that of a theo-
retical baffled piston of 11.1-mm diameter, as shown in Fig. CS.

Preparation for Use

Normally, the transducer is equipped with a special hanger. The dis-
tance from the element center of the transducer to the top of the WLount--
ing plate on the hanger is 35 cm. Any additional fixture that might be
required should be attached to this mounting plate. Acoustical alignment
is advisable if precise orientation at the higher frequencies is required.
Figure C6 is a dimensioned outline drawing showing the orientation of the
transducer.

Bubbles in the sound field can cause erroneous measurements. To
insure removal of air on or near the acoustic window, wash the transducer
thoroughly with a wetting agent immediately before immersion in water.
The transducer should be cooler than the water into which it is immersed,
so that air bubbles will not be released by the slight heating effect
from the transducer. Permit the temperature of the transducer to stabi-
lize with that of the water before making measurements.

Operating Notes

The E27 transducer is designed to operate electrically unbalanced,
either as a projector or as a receiver. When the transducer is used as
a projector, the impedance of the driving source is not critical unless
high efficiency of the driving system is required. In such a case, the
optimum driving impedance for the required frequency range can be deter-
mined from the impedance curve furnished as part of the calibration data,
or from the typical impedance curve of Fig. C2. If the receiving sensi-
tivity calibration furnished with each transducer by USRD is to be used,
the transducer must be terminated in an impedance that is high in corn-
parison with its own impedance.

19 i ...
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Fig. C2. Typical equivalent
series impedance, type E27 -
transducer.j

-ZO .• . ,4.0 100 400 1000-200 ~F.-.quenfcj (kHz)

rig,. C4. 7ypical tran...uittirig
-n1 voltage response, type E27
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Fig. C3. Typical free-field
voltage sensitivity, type B27
transducer.

rig. CS. (Right) Direotivity
type 327 transducer, in planes
that include the x axis. Scales
center to top of grid equals
50 dB.
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Fig. C6.* Dimnmion. (in o•nt~znetur.)
and orientation of type 327 tranuduaaer
(tap: UN).•
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Appendix D

Type P17
TRANSDUCKR

Ge.ro Desv1riptpion
The UM type M tran toeer Val designed as a MenAt -mWpoQb ufti-

directional t oans"e 1o4r Und.*w• • d H•a oclibration MasUeiamtent• An
the frequency mt I t 40 lull, and for operation in the temperature
range I to 3$"C at hydroattitiao plnenma to 35 Was The aotive element
consists of tltyu-t.-v 4 1,S4-omiam lead mietantabate disks 0,50l am
thick, each of which to coeted to a l1 4U-muieam, 14?7-m-thiOk
tupleten baoking plate. The elements ane artanigd in a oiwoUlar array
that• o I pproi•amtely 1.4 alm in diae•te, Figue I)l in a Photograph of
the transduacer.

Fig. Dl, UiM type 127 transducer.

The tungsten backing platen are molded in btatyl rubber that supports
tho individual elements end provide* a water seal for the rear of the
transducer. The trOtt, also. is covered with butyl rubber, The trans-
ducer in oil tlled,

The 127 transducer in reversible and obeys the reciprocity principle.
When used as a projector, it may be driven either balanced or unbalanced
at volta•els to $00 V rae.

The transducer is provided with 30 m of two--conductor shielded
neooprne-sheathed M,3-2 or vinyl-sheathed Belden 0277 cable terminated
in a type &t13106-14i-P connector.
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SpcfIitictOns

Aeqw.NQ M410 I to 40 kks
rrowt Utmg v@ q mspxNwei l1 d re n IPat/V at 10 Us
Navkw 646V volo i 100 V Mn

.W(M.,i 0Q•q.O.t oe 10400 PI at end of lI-i cable
D-o rqte@oem i greater than 500 If)

IWI 4 0tabe tete pfee V 35 Wia (3500-n depth)
OpF*t•qe @NVMe*wM roIwel -5 to +40*C
V~440 WO 10-M ot .. l 15 kv
Shippt Woe 23 kv

Ilectroacoustic Char•teristtcs
Figure DI to a typical tsnamu eLtting current rsponew, Wfzamitttng

voltae reVsoane to show in Piql 03, Zn the trequency range I to 20 kMa,
the responses an independent of pressure up to Got I¢P& and of temperature
in the ranae 3 to ISOC, Zn the frequency rcange 30 to 35 kMt, the response
varies by 01 do in the same pressure and tmqperature ranges.

Typical equivalent "ies4 Impedane. is shown in tigV D4.

The di•w•uovIt of the 1P27 transducer at frequencies up to 25 kitz is
approximately that eaxpected from an wnbaffled 21.4-cm-di•m piston radia-
tor, exaept that the back radiation is slightly highers above 25 kHts
the back radiation is auproxim•tely 30 dl below the front radiation level,
Typical directivity patterns in the XY plane are shown in Fig. D5.

Preparation for Use
The transducer is supported during use by its bracket, to which the

rigging in attached, wash the entire transducer with a wetting agent
to remve all air bubbles and thus avoid erroneous results, For best
calibration data, pem.it the temperature of the transducer to stabili•e
with that of the water before making any measurements. Figure D6 in a
dimensioned outline drawing showing the orientation of the transducer.
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Fig. D6. Dimensions (In centimeters)
and orientati~on of type P27 transducer
(tap:I UMO).

264



Appendix E

Type F30
TRANSDUCER

General Description
The UMflD type 130 transduoer was deigned as a general pulp0use uni-

directional transducer for calibration meaIureients in which stability
and reciprocity an required over extended frequency, pressure and
temperature ranges, figure 31 is a photograph of the transducer.

Fig. El. usBD type P30 transducer.

The sensitive element is a rectangular array 5.0 cm high and 3.8 cm
wide consisting of twelve l.24xl,27x0.159-cm lithium sulfate crystals
cemented to 1.27-cm tungsten cubes. The array is supported by rubber
pads in an oil-filled corrosion-resistant steel housing. A transformer
having the turns ratio 30:l reduces the output impedance to the nominal
value 100 n at 20 kHz. The transducer is designed for unbalanced
operation; the circuitry is shown in Fig. E2. A 12-m, two-conductor
shielded, neoprene-sheathed cable is provided.

Specifications

Frequency range: 10 to 150 kHz

Tranemitting voltage reeponee: 136 dB re 1 uPa/V at 50 kHz

maximum power input.: 0.1 W from a 600-a source in the
range 10 to 20 kHz; 1.0 W from
a 600-A source in the range 20
to 150 kHzl

Nominal impe1: 100 0 at 20. k•iz

Maximum hdrosetatio pressure: 24 MPa (2400-m depth)

Operating temperature range: 0 to 35 0C
Weight with 12-m oable 3.2 kg
Shipping weight: 8 kg

27 A
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Electroacoustic Characteristics
Pigure 33 shows typical tranemttlng current and voltage reponses.

The f'-oUte.ld voltage analtivilt is shown in Fig. 34 and the equlva-
lent weies Impedenoe i.n Fig. B5.

The response changes less than *0.5 43 with pressure to 6.9 MPal no
greater change is expected with pressures to 24 Wea. Zn the frequency
range 25 to 150 kHa, the response varies less than M0.6 dB throughout
the teuperature range 3 to 25eC.

The dizwectvietv in the horizontal plane is broader than in the ver-tical plane because of the dimensions of the crystal array. The patterns
are symmetrical and, at frequencie. above 25 k)la, the back radiation is
12 to 20 dB below the front radiation. Typical directivity patterns in
the XY (horisontal) and XZ (vertical) planes are shown in Fig. E6.

Preparation for Use
In normal operation, the small transformer housing extends vertically

above the transducer case. Clamp a bracket around the steel case near the
molded cable gland to support the transducer. Wash the entire transducer
with a suitable wetting agent to remove air bubbles as completely as
possible and thus avoid erroneous results. Permit the temperature of the
transducer to stabilize with that of the water before making any
meaourem.nts. Figure E7 is a dimensioned outline drawing showing the
orientation of the transducer.

FI -Notlctor Moilded I

A mospswshomethol cable Crystal

1300o 170OdF Elctrostatic
shield

cuheuter

Fig. E2. Schematic circuit
diagram, type r30 transducer.

Fig. E3. (light) Typical
transmitting current and
voltage responses, type -o "- ,,
730 transducer.
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IS

voltage sensitivity, type P30
transducer.

Fig. E5. Typical equivalent
series impedance, type 130
transducer.

Orr

Fig. E6a. Typical directivity patterns
in the XY (horizontal) plane, type 130
transducer. Scale: Center to top of
grid, each pattern, equals 50 45.
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Fig. E6b. Typical directivity patterns in the XZ
(vertical) plane, type F30 transducer. Scale:
Center to top of grid, each patterns, equals 50 dB.

4.4

0at's

Fig. E7. (Right) Dimensions (in
centimoeters) and orientation of
type r'30 transducer.
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Appendix F

f

Type F33

TRANSDUCER

General Description

The USRD type 133 transducer was designed as a general purpose uni-
directional transducer for use in calibration measurements in the fre-
quency range I to 150 kHz. Figure Fl is a photograph of the 4-ransducer.

Fig. Fl. usRD type r33 transducer.

The sensitive element consists of two piezoelectric ceramic arrays
mounted coaxially. The smaller, inner array is composed of twelve
1.27-cm-diam by 2.Z-mm-thick lead zirconate-titanate elements cemented
to Kennametal disks. This array is approximately 3.8 cm wide and 5 cam

, high; it is useful in the frequency range 15 to 150 kHz.

The larger array is constructed from 64 modified barium titanate I:
ceramic plates 2.54 cm long by 1.9 am wide by 6.35 - thick. Each plate
is cemented to a steel backing plate embedded in butyl rubber to form an
array approximately 20.3 cm wide by 21.6 am high. When the two arrays
are driven simultaneously, the transducer is useful in the frequency
range I to 50 kHz. Normally, the transducer is calibrated unbalanced,
with the shield and the low-output lead connected to ground.

The transducer is provided with 30 a of vinyl-sheathed cable. The
leads to each array section are individually sMielded, as shown in the

31
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circuitry of Fig. F2. A 30-cm length of cable provided with mating con-
nectors serves to connect the inner and the outer sections in parallel.
The entire transducer then can be driven by a signal applied to pins A

* and B of the AN adapter. The shields are accessible at pin E.

Pressure-release Corprene is used between the individual ceramic ele-
ments. Both sections are sealed in transparent polyurethane; castor oil
provides the coupling medium between the polyurethane potting material
and the butyl-rubber acoustic window.

Spec ifi cations
Frequenoy range: both sections, 1 to 50 kHz

inner section, 15 to 150 kHz

Transmitting voZtage response: 128 dB re 1 UPa/V at 10 kHz (both)
133 dB re 1 .Pa/V at 50 kHz (inner)

Maxcimum driving voZtage: 200 V rms

Nominal capacitane at end outer section, 54500 pF
of 30-m cable: inner section, 12000 pF

both sections, 66500 pF

D-c resistance: greater than 500 Mf

Mawimwn hydrostatic preesure: 3.4 MPa (340-m depth)

Operating temperature rnge: 0 to 350 C

Weight with 30-m cable: 17.3 kg

Shipping weight: 25 kg

Electroacoustic Characteristics

Figure F3 shows both the transmitting current and voltage responses
of both sections in parallel and of the inner section alone. No signifi-
cant changes have been observed in the operating characteristics at
hydrostatic pressures to 3.4 MPa (340-m depth) and temperatures between
5 and 300 C.

Typical equivalent series Impedance is shown in Fig. N4.

With both sections operating, the total beam width at the 3-diB-down
points is 7.5 deg at 50 kHz. The minor lobes are down at least 14 dD
with respect to the major lab*. When only the inner section is used, the
total beam width at 150 kHz is 12 deg. Typical dIr*etIvItV pattern# in
the horizontal (XY) plano for both sections in parallel and for the inner
section only are presented in rigs. F5 and 76.

Preparation for Use
Attach a figxture to the mounting bracket provided. Do not support

the transducer by the cable. To remove air bubbles as cmpletely as pos-
sible and thus avoid erroneous results, wash the entire transducer with a
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wetting agent as it is lowered into the water. Permit the temperature of
the transducer to stabilize with that of the water before making any
measurements. Figure F7 is a dimensioned outline drawing showing the
orientation of the transducer.

30. HCOS46 cable C ( .- 30-cm MCOS-6

Fig. F2. (Right) Oue ____________-. C
Schematic diagram 0 o Blu e i
of cable, type Red_____(_)

____ 0o0Jl(F33 transducer. -r---- - .

Slc lack
,. o _ - _'~t ... .. ... . A

Wkt s t.i to

"M3101-14S.S5
200-

1Y94--I~I I off
I.- - =; -:

Bnner section

CURRENT
170 -

A

lth SectionsJ

aa

130
I1 -~ - - ie

I N-
Y Fig. F3. (Left) Transmitting

'aA1 i y current and voltage reaponseot
- -- ,type 133 transducer.
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Bth Sfetiouis 2t11

Fig. F4 (Right) Typical
equivalent series impedance, eun

type F33 transducer. -0
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Fig. F6. Typical directivity patterns in the hotisont~al (XV) plane, hotype
F33 transducer# inner section only. Scalet Center to top of grid, each
pattern# equals 50 dD.

Fig. F7. (Right) Dimen-
sions (in cent~imeters) and 41

orientation of type P33

transducer (tap: UNC). 5. M.? ... al
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Appmndis 4

Type P36
T•ANSOMUCIR

General Description ~ndg:t et t v e th epie
The Um M i! St"duour is 4evitned to Prvid 136 rownesin the frequency rm" 10 ft to 10 kul when l use as hyd lpent It to

usefl als asN &O ow& his lto thle M"ll I to 10 Mat• piiqu 41 to a

phetognAp of the trafueuoet.

Fig. al. US m twp v transducer.

The sensitive element @wwiste of seven lead itxmonate-titanate aoned
cyllnders oaunted one above the other to fom a line 204) rm long, The
elemnte ate housed within aill ol-filled butyl rubber boot Over a frae-
work of elt steel rode that provide protection and support without affect-
ing the acoustic charaoteristlcs The transducete iunplied with 30 m
of 2-conduetot shielded Aeoprene-shhathi cable

Specifications
rIqtwwmot tahit 10 No to 20 kin, an hydrophoae
Ioo--totd ve t t .W e ti*v*itm -201 da to I V/u*t at and of

30-m ooble

r t" vatta" rolme 114 dD n I ~ atl 10 kHz

di' &*ow OVO 150 V nwa
Nomia oaqmottv" 60000 pr (with 30-r cable)
D.-0 reieisasel greater than 1000 NO

Mwtm hWo Oeto p#eOWM 2. 1 NIa (370-m depth)

Ope'timg te mutS•v vi 0 to 336C

btMIh wtith 30-mt iabi 4 kV

Shippi'v WeteI*: 6 kg

[lectroacoustic Characterlstics
Piqgue 02 It a typical Aice-fil.d voltage .a tailtuj cwv for the

type V36 transducer# masured in terms of open-circuit voltage at the end
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of 30 me ofVable, Vhe sensitivity of each transducer to provided by the
oalibration our" furnished with it. Denaitivity depend* on the frequency
oharoteristtes of the amplifier used and on the resistance and *apac-
tans. of t~he Input circuit (including transducer, cable, anda ampifier
Ijot impedontie). lie capacitance of the transducer with 30 a ot cable
Ao yroater than 60 000 p1, The input impeodance of the amplifir should
be at least 3 N1t to insure timat its effect on the response of the trtans-
dueor at Low frequencien to negligible,

rThe sensittivity of ,.I$ type IP3 trathidtcer does not vary significantly
with temperature In the rang" 5 to 30C. No changes have been observed in
the sensitivity of the transducoer with hydrostatic 1"sessre up to 20 7 M
(400 pet),

Additional *WeL can be used with the transduoera however, the added
"Able will increase the shunt capacitance, and the over-all sensitivity
will be correspondingly lower.

The twwmnitting voltage awepwms from I to 25 Mis to shown in
Pig, 03% St to reeaoomnded that the transducer not be used above, 20 kits,

Wm61@evitV. The tiansducer ts omnidirectional within t*05 dD in the
plane (XY) normal to its longitudinal axisi, The vertical (XS plane)
directivity is equivalent to that of a 20.3-cm line. T'ypical vertical
directivity patterns are shown in fig. 04.

Petepertton for Use
Figure 05 In a dimensioned outline drawing showing the ortintation of

the transducer, Attach a fixture to the molded cable gland as near an
possible to the transducers When no fixture is used, a line should be
attached to the lifting eyes to remove the tension from the cable and the
gland, A pa ey4 is provided at the lower end of the transducer also#
so that a weight can be attached if noeoesary. The weight should not be
greater than 12 kg. Wash the entire transducer with a wetting agent.
hir bubb~1es must be removed as completely #a possible when the trans-4
ducer in lowered into the water# to avoid erroneous results, Permit the
temperature of the transducer to stabiliss. with that of the water before
making any measuremants,

~rnwu Ofta)

Fig. 62. Typical free-field
Voltag" sensitivity# type P36
transducer.

37 .P



XV

1W~~~ x-* n.

/T 
-

.-
- - - - \

U! e - - . -

Fig. -3 Tyia transi-tin

Fig. G3. Typical tdaremittiny pat

terns in the vertical (XZ) plane,
type P36 transducer. Scale: cen-
ter to top of grid, each pattern,
equals 50 dB.

4.4..
DIA.

UFig. G5. (Left) Dimensions in
CKN?~ centimeters) and orientation of

type P36 transducer.
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Appendix H

Type F37

TRANSDUCER

General Description

The USRD type F37 transducer provides a smooth response in the fre-
quency range 10 Hz to 37 kHz when used as a hydrophone. It is useful
also as a sound source in the range 1 to 37 kHz. Figure HI is a photo-
graph of the transducer.

Fig. Hi. USRD type F37 transducer.

The sensitive element consists of eight lead zirconate-titanate
cylinders mounted one above the other to form a line 16.5 cm long. The
elements are housed within an oil-filled butyl-rubber boot over a frame-
work of six steel rods that provide protection and support without affect-
ing the acoustic characteristics. The transducer is supplied with 30 m
of 2-conductor shielded Hypalon-sheathed cable.

Specifications

Frequenoy range: 10 Hz to 37 kHz, as hydrophone

Free-fieZd o'Ztage senaitivity: -204.0 dB re 1 V/PPa at end of
30-m cable

Transmitting voZtage response: 121.7 dB re 1 jjPa/V at 10 kHz

Maimumw driving vottage: 100 V rms

NominaZ capacitanoe: 60000 pF (with 30.5-rm cable)

D-o resistance: greater than 1000 MW

Maximum hydroetatio pressure: 2.75 MPa (275-rn depth)

Operating t•o.trat.re range: 0 to 35*C

Weight with 30-rn cable: 4 kg
Shipping weight: 6 kg

Electroacoustic Characteristics
Figure H2 shows a typical free-field voltage sensieiviti curve in

terms of open-circuit voltage at the end of 30 a of cable. The sensi-
tivity of each transducer is provided by the calibration curve fwumished
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with the transducer. The sensitivity depends on the frequency character-
istics of the amplifier used and on the resistance and capacitance of the
input circuit (including transducer, cable, and amplifier input impedance).
The capacitance of the transducer with 30 m of cable is greater than
50 000 pF. The input impedance of the amplifier used should be at least
3 MW to insure that its effect on the response of the transducer at low
frequencies is negligible.

Additional cable can be used with the transducer. Because additional
cable will increase the shunt capacitance, however, the over-all sensi-
tivity will be correspondingly lower.

The transmitting voltage response from 1 to 40 kHz is shown in Fig. H3.
It is recommended that the transducer not be used above 37 kHz.

The sensitivity of the type 137 transducer does not vary significantly
with temperature in the range 5 to 30C. No changes have been observed in
the sensitivity of the transducer with hydrostatic pressures up to 2756 kPa
(275 m depth).

DirectIvity. The type F37 transducer is omnidirectional within
10.5 dB in the plane (XY) normal to its longitudinal axis. The vertical
(XZ plane) directivity is equivalent to that of a 16.5-cm line. Tyricalvertical directivity patterns are shown in Fig. H4.

Preparation for Use

Figure H5 is a dimensioned outline drawing of the transducer showing
its orientation. The transducer can be mounted in a fixture that can be
clamped on the packing gland as near as possible to the transducer. When
necessary, a weight can be attached to the pad eye provided at the lower
end of the transducer. The weight should not be greater than 12 kg. The
entire transducer should be washed with a wetting agent. All air bubbles
must be removed as completely as possible when the transducer is lowered
into the water, to avoid erroneous results. Permit the temperature of
the transducer to stabilize with that of the water before making any
measurements.
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Appendix I

Type F40

TRANSDUCER

General Description

The USRD type 140 transducer is primarily a high-power sound source.
It can be used as such in the frequency range 1 kHz to 30 kHz, or as a
receiver (hydrophone) in the range 1 Hz to 30 kHz. Figure I1 is a photo-
graph of the transducer.

PIP

:4 . .• .. . "!',

Fig. I1. USED type F40 transducer.

The sensitive element is a 10-cm-diam piezoelectric, lead zirconate-
titanate, hollow sphere with a wall 6.35 mm thick. A 1.9-cm-diam access
hole permits soldering a lead to the inside silver electrode before the
opening is covered with a glass-to-metal seal. The entire sphere is
encapsulated in polyurethane; type DSS-2 cable enters the access hole
through a Mhort length of stainless steel tube that is molded in place.
The transducer can be suppl.Ldd with a 30-m cable or a 1-m cable with a
waterproof connector. The wiring diagram is shown in Fig. 12.

Specifications
FPrequen~o 2Uge: 1 to 30 kHz as source

Free-field voltage sensitivity -187 dB re I V/I.Pa at end of
(nomfinal): 30-m cable

"Transmitting voltage response: 128.5 dB re 1 VPa/V at 5 k z

42

W C.. ? , ; . , . :.

* i .. ."' " " • " ; ' . . . ..r -. . • " ' •: " '• " . . ." • • .. " " ' " ' ''



Maximum driving voltage: 400 V rms

Nominal capacitance: 47000 p1 with 30-m cable

D-c resistance: greater than 1000 Mn

Maximwu hydroetatic pressure: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 35*c

Weight with 1-m Oable: 4 kg

Shipping weight: 9 kg

Electroacoustic Characteristics
Figure 13 shows typical transmitting voltlge response. The transducer

will produce an undistorted signal that is linear with driving voltage
up to 400 V rms in the frequency range 1 to 20 kHz.

Figure 14 gives the equivalent series Impedance.

Figure 15 provides typical free-field voltage sensitivity at the end
of 30 m of cable. A calibration curve is provided with each transducer.
The sensitivity depends on the frequency characteristics of the amplifier
used and on the resistance and capacitance of the input circuit (including
transducer, cable, and amplifier input impedance). The input impedance
of the receive amplifier should be at least 3 MN to insure negligible
effect on transducer sensitivity at low frequency. Additional cable can
be used with the transducer, but the shunt capacitance will be increased
and the over-all sensitivity will be reduced correspondingly.

Measurements on the type 140 transducer show that neither the trans-
mitting response nor the receiving sensitivity change within the tempera-
ture range 0 to 30 0 C or the. pressure range 0 to 6.9 MPa.

Directivity. The type 140 transducer is omnidirectional within
:0.5 dB in the horizontal (XY) and vertical (XZ) planes to 25 kHz. The
horizontal plane is that passing through the center of the spherical
element pe'pendicular to the axis of symmetry of the transducer.

Preparation for Use

Mount the transducer rigidly in a fixture attached by screws in the
tapped 10-32 holes in the cable gland tube. Before submerging it, wash
the entire transducer thoroughly with a detergent to eliminate bubbles
that cling to its outer surface. Permit the temperature of the trans-
ducer to stabilize with that of the water before making any measurements.
Figure 16 is a dimensioned outline drawing showing the orientation of the
transducer.

2. . -conductor-shielded . .

Fig. 12. Wiring diagram, type Piz- 2-c|-eulectric

140 transducer. - | c-r-,-

. . . . . . . . . . .. . ..... .. .. . . . . .- o .
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Appendix J

Type F40A
TRANSDUCER

General Description

The USRD type F40A transducer is primarily a high-power sound source.
It can be used as such in the frequency range 1 kHz to 20 kHz, or as a
receiver (hydrophone) in the range 1 Hz to 20 kliz. Figure J1 is a P10to-
graph of the transducer.

Fig. Ji. USRD typo P40A transducer.

The sensitive element consists of two 10-cm-diem piezoelectric, lead4
zirconate-titanate, hollow spheres with a wall 6.35 mmn thick. A 1.9-cm-
d jam access hole permits soldering a lead to the inside silver electrode
before the opening is covered with a glass-to-metal seal.* The spheres
are encapsulated in polyurethane; the cable enters the access hole
through a short length of stainless steel tube that is molded in place.
The transducer is supplied with a 0.*5-an cable and waterproof connector.
Type DBS-2 cable with mating connector can be provided in any length up
to 61 m. The wiring diagram is shown in fig. J2.

Specifications
Frequenoy 2'ane: 1 to 20 kEz as source

Free-fieZd voltage sensitivityJ -187 dB re 1 V/pPa at end of
(nanina): 30-mn cable

TZ'ramtting vo7~tooe resaponse: 131.5 dB re 1 uiPa/V at 5 kfz
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Maximum driving voltage: 400 V rms

Nominal capacitance: 97000 pF with 0.5-m cable

D-o resietance: greater than 1000 )M

Maxim= hydzoetatio preBauz'e: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 350C'
Weight with 1-m oabZe: 6 kg

Shipping weight: 11 kg

Electroacoustic Characteristics

Figure J3 shows typical transmitting voltage response. The F40A
transducer will produce an undistorted signal that is linear with driv-
ing voltage up to 400 V rms in the frequency range 1 to 20 kHz.

Figure J4 provides typical free-field voltage sensitivity at the end
of 12 m of cable. A calibration curve is provided with each transducer.
The input impedance of the receive amplifier should be at least 1.5 MA to
insure negligible effect on transducer sensitivity at low frequency.
Additional cable can be used with the transducer, but this will increase
shunt capacitance and reduce over-all sensitivity correspondingly.

Measurements on the type F40A transducer show that neither the trans-
mitting response nor the receiving sensitivity change within the tempera-
ture range 0 to 30°C nor the pressure range 0 to 6895 kPa.

The electrical impedance of the F40A transducer, measured in water
under free-field conditions, is shown on the left in Fig. J51 the locus
of impedance in the region of the resonance frequency, on an expanded
scale, is shown on the right.

Directivity. The type P40A transducer is omnidirectional within
+0.2 dB in the horizontal (XY) plane to 20 kHz. This horizontal plane
passes between the two spherical elements perpendicular to the axis of
symmetry of the transducer, Typical directivity patterns in the verti-
cal plane (XZ) are shown in Fig. J6.

Preparation for Use
Mount the trmnsducer rigidly in a fixture attached by screws in the

tapped 10-32 holes in the cable gland tube. Before submerging it, wash
the entire transducer thoroughly with a detergent to eliminate bubbles
that may cling to its outer surface. Permit the t rature of the trans-
ducer to stabilize with that of the water before making any measurements.
Figure J7 is a dimensioned outline drawing showing the orientation of the
transducer.
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Appendix K

Type F41
TRANSDUCER

General Description
The UORD type F41 transducer is a laboratory standard for use in

underwater sound reciprocity calibrations in the frequenoy can" 15 to
150 klis. Figure r.U is a photograph of the transducer.

Fig. Kl. UsM type 141 transducer.

The sensitive element consists of twelve 1.27-cm-diam by 0.254-rn-
thick lead uirconate-titanate elements cemented to high-density
Kennametal disks. The array is approximately 3.8 am wide and 5 cm high.

Corprene is used an the pressure-release material around each of the
twelve ceramic elements, which are sealed in tranaparent polyurethanea
castor oil is the acoustic coupling medium between the polyurethane
potting compound and the butyl-rubber acoustic window. A thin expanded
metal sheet connected to the metal housing affords electrical shielding
for the active array.

A 30-m, 2-conductor, shielded, neoprene-sheathed cable is provided.
The transducer can be used balanced or unbalanced# for the U81D calibra-
tion, the shield is connected to one lead# as shown in Fig. K2.

Specifications

Fre quenoy range: 15 to 150 kla

Transmitting voltage response: 131 da re 1 UPa/V at 50 kl.
Maximum driving voltage: 200 V r-!

Nominal capacitance: 12000 pF

D-o resistance: greater than 1000 MA

Maximum hydrostatic press8ue: 3.4 MPa (340-m depth)

Operating temperature range: 0 to 35°C
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Appendix L

Type F42
TRANSDUCER

General Description
The USED type F42 transducer is primarily a sound source. It can be

used as siuch in the frequency range 2 to 45 kflz,,or as a receiver (hydro-
phone) in the range 1 Hz to 45 kHz. Figure Li is a photograph of the
transducer.

Fig. Ll. USRIV type 142 transducer.

The sensitive element is a 5.*0-cm-diam piezoelectric, lead zirconate-
titanate, hollow sphere with a vaill 3.2 am thick. An access hole permits
soldering a leaO. to the inside silver electrode before the opening is
covered with a gl.ass-to-metal seal. The entire sphere is encapsulated in
polyurethane, the ciable enters the access hole through a short length of
swaged copper tubing that is molded in place. The transducer is supplied
with a ~l-. cable with a waterproof connector. Additional cable up to
45.a long can be attached. The wiring diagram is shown in Fig. L2.

Specifications
Prequenoc range: 1 to 45 kHz as source

Free-fieZd voltage eeneitivity -192.5 dB re 1 V/iiP& at end of
(nominal): li-mn cable

Tzuanamitting voltage reeponee: 110.5 dB re 1 UPa/V at 5 kHz

Maoimwn driving vol tage: 400 V rms
Nominal aapaoitanoe: 31000 pr with 1-mn cable

D-o reeietwioe: greater than 1000 NO~

Maainmw hyidrostatic pveaazwe: 6.9 I4Pa (690-mn depth)

Operating teemprtum range: 0 to 350C
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Weight with 30-m caboZe: 4 kg

Shipping weight: 9 kg

Electroacoustic Characteristics
Figure L3 shows typical transmitting voltage responae. The transducer

will produce an undistorted source level that in linear with driving volt-
age up to 400 V rms in the frequency range 1 to 30 kHz. Figure L4 gives
the impedance of the F42 transducer.

Figure L5 provides typical free-field voltage sensitivitg at the end
of 11 m of cable. A calibration curve is provided with each transducer.
The sensitivity depends on the frequency characteristics of the amplifitr
used and on the resistance and capacitance of the input circuit (including
transducer, cable, and amplifier input impedance). The input impedance
of the receive amplifier should be at least 3 MN to insure negligible

,effect on transducer sensitivity at low frequency. Additional cable can
be used with the transducer, but the shunt capacitance will be increased
and the over-all sensitivity will be reduced correspondingly.

measurements on the type F42 transducer show that neither the trans-
mitting response nor the receiving sensitivity change within the tempera-
ture range 0 to 30 0 C or the pressure range 0 to 6900 kPa (equivalent to
685-m water depth).

Directivity. The type F42 transducer in omnidirectional within
±0.5 dB in the horizontal (XY) and vertical (XZ) planes to 45 kHz. The
horizontal plane is that passing through the center of the spherical ele-
ment perpendicular to the axis of symmetry of the transducer.

Preparation for Use
Figure L6 is a dimensioned outline drawing showing the orientation

of the transducer. Mount the transducer rigidly in a fixture. Before
submerging it, wash the entire transducer thoroughly with a detergent
to eliminate bubbles that cling to its outer surface. Permit the tempera-
ture of the transducer to stabilize with that of the water before making
any measurements.

Fig. L2. Wirding diagram, type Shielded t ablet....

P42 transducer.
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Appendix M

Type F50
TRANSDUCER

General Description
The USRD type I50 transducer was designed for use primarily as an

underwater sound receiver in the frequency range 1 Hz to 70 kHzi however,
it can be used as a sound source in the frequency range 10 to 70 kHz.
The active sensor element consists of lead zirconate-titanate cylinders
mounted coaxially and mechanically isolated from each other in an oil-
filled, butyl boot. Normally, these transducers are supplied with a
23-m 2-conductor shielded cable. Figure M1 is a photograph of the trans-
ducer.

Fig. MI. USED type F50 transducer.

Specifications

Frequency range: 1 Hz to 70 kHz

Free-field voZtage sensitivity -205 dB re 1 V/WPa at end of 23-m
(noninaZ): cable, below 10 kHz

Transmitting voltage response: 117.5 dB re 1 0Pa/V at 20 kHz

Maximum driving voltage: 200 V rms (300 V pulse, 30% duty
cycle)

NominaZl capacitance: 0.015 PF at end of 23-m cable

D-c resistance: greater than 1000 Wf

maximum hydroetatio pressure: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 350C

Weight with 23-m cable: 4.3 kg

Shipping weight: 8.6 kg

Electroacoustic Characteristics

The free-field voltage sensitivity of the type F50 transducer is
determined by comparison with standard hydrophones in free-field measure-
ments, or by the reciprocity method. Figure X2 shows a typical free-
field voltage sensitivity curve in terms of open-circuit voltage at the
end of a 23-m cable. A calibration curve is provided with each transducer.
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SFigure M3 shows a typical transmitting voltage response curve. The
transducer will produce an undistorted source level that is linear with

driving voltage up to 200 V rms or 300 V pulse, 30% duty cycle, in the
frequency range 10 to 70 kHz.

Measurement indicate that the open-circuit voltage sensitivity of
the transducer is independent of temperature in the frequency range 1 Hzto 70 kH4- at temperatures between 3 and 300C. The sensitivity changes by
approximately 1 dB at 70 kHz because of a slight shift in the resonance
frequency as the temperature nhanges.

Measurements made at hydrostatic pressures to 6895 kPa in a closed
tank under controlled pressure and tempeature conditions indicate that
at this pressure the sensitivity decreases approximately 0.8 dB uniformly
over the frequency spectrum.

Typical impedance values for the F50 at 25°C are shown in Fig. M4.

Directivity. The FS0 transducer is omnidirectional within ±0.5 dB at
frequencies below 70 kHz in the horizontal (XY) plane--that is, in the
plane normal to the longitudinal axis of the transducer. The vertical
directivity approximates that of a 4-cme line. Typical directivity pat-
terns in the vertical plane are shown in Fig. M5.

Preparation for Use
Figure M6 is a dimensioned outline drawing showing the orientation of

the transducer. Mount the transducer in a fixture that can be clasped
around the stainless-steel mounting sleeve near the cable. Wash the
entire transducer with a wetting agent or detergent to remove all air
bubbles. Permit the temperature of the transducer to stabilize with
that of the water before making any measurements.

Reference
A. C. Time, "A New C&1%,ed-Cylinder Design for an Underwater Sound
Transducer (USRD Type 150)," J. Aooust. Soo. Amer. 51, 1751-1758
(1972).

Fig. N2. Typical free-field 10|
voltage sensitivity, type F50 ---

transducer, open-circuit S
voltage at end of a 23-.
coaxial cable.
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Appendix N

Type G19
CALIBRATOR

Introduction
The calibrator provides a rapid, economical, and reliable acoustic

bench test for small hydrophones in the frequency range 100 to 1000 kHz.
Its primary function is to calibrate hydrophones by the comparison method;
however, the theory of operation is given here to enable the user to adapt
the system to his particular needs. Figure Nl is a photograph and Fig. N2
is a dimensioned outline drawing.

Fig. Ni. (Left) USRD type G19 calibrator.

_______ 10.2

S-,• ,• :,_ _ |1USRL i-v rto
CALIBRATOR

I WI"'4|f I

I; M
Fig. N2. Dimensions (in
centimeters), type G19
calibrator.

Theory

The calibrator consists of an open-ended column of water that is
excited by an electrodynamic driver. A cross section is shown in Fig. N3.
The driver consists of a 5-cm-diam magnesium piston suspended by two
sheets of rubber with silicon* oil at the periphery between the rubber
supports. This method of suspending the diaphragm permits considerable
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motion yet retains a high acoustic shunt impedance at the periphery of
the piston.

The equivalent circuit of the system is shown in Fig. N4. For sim-
plicity, only the mechanical circuit is given; it is assumed that the
electrodynamic transducer is a constant-force generator when driven with
a constant electrical current.

When the system operates in the region where the stiffness of the
suspension is negligible and the impedance of the slit around the piston
is high, the circuit reduces to that shown on the left in Fig. N5; the
result is a simple division of force between the mass of the diaphragm
and that of the water. (onversion to acoustic parameters gives the cir-
cuit shown at the right, where the pressure on the hydrophone is repre-
sented as appearing across the hydrophone stiffness (assumed very high).
The mass of water on the diaphragm side causes the pressure to decrease
as a probe moves upward away from the diaphragm (or the arrow in Fig. N5
moves downward). This reasoning predicts a linear pressure gradient in
the tube, as would be expected in the region where the water impedance is
all inertial. The longer the column of water, the less steep is the
pressure gradient. Increasing the length, of course, lowers the high-
frequency cutoff becausa of the length resonance of the water column.
The diaphragm suspension must also be made stiffer to support the static
head.

Substituting numbers for the BL factor and the mass of the diaphragm
yields a calculated rms pressure level of about 2x10 9 uPa at 2 cm from
the diaphragm for a driving current of approximately 0.25 A. The meas-
ured pressure for the experimental unit was within 1 dB of this value in
the mass-controlled frequency range. This pressure can be increased, if
necessary. A maximum of one ampere can be used.

Both the radial and the axial distribution of pressure in the tube
have been investigated. The vertical gradient is linear from about 2 cm
above the diaphragm to the top of the water column. There was no hori-
zontal gradient at low frequencies.

Measurement Technique
Figure N6 shows the output of a constant-sensitivity hydrophone whose

acoustic center is 11.4 cm from the driving piston of the calibrator.
The hydrophone has an active element that is approximately 2.5 cm long
and a boot 5 cm in diameter. The low-frequency peak results from the
calibrator diaphragm and water mass in resonance with the suspension
stiffnessj the high-frequency peak is at the resonance of the water
column.

Comparison measurements can be made at and through the frequencies of
the peaks if care is taken to avoid extraneous resonances of supporting
stands at low frequencies and unstable conditions at high frequencies
caused by air in the water. The presence of air will lower the high-
frequency resonance. It is recommended that comparison measurements ne
made in the frequency range 100 to 1000 Hs for greatest aocursiy.

6



Procedure

Fill the calibration tube witi, clean, fresh water so that, with the
hydrophone submerged, the water level will be within l.S am of the top.
After filling, dislodge any clinging air bubbles with a battle brush or
some similar device. Next, immerse the reference hydrophone in the tube
so that the center of its active element is approximately 11 to 12 am
from the driving piston. Take care to insure that no air bubbles are
trapped under the hydrophone. After reading the output of the reference
hydrophone, imnerse tho hydrophone to be calibrated so that its acoustic
center is at exactly the same distance from the driving piston and the
water level is the same as for the reference reading, A difference of
6 mm in distance from the piston or in water level will result in a 0.3
to 0.4 dB difference in sound pressure leveL.

Limitations
The limitations of the method are: (1) When dimensionally different

hydrophones are to be compared, the locations of the sensitive elements
ot the hydrophones must be known, (2) The vertical position of the acous-
tic cen'er of the hydrophone in the tube must be known with reasonable
accuracy. (3) The acoustic impedance of the hydrophone must be high in
comparison with the impedances of the tube system. (4) The frequency
range is limited.

Advantages

The advantages of the method areo (1) Instruments can be easily
inserted and removed from the tank. (2) There is no coupling problem as
occurs with closed air chambers. (3) The equipment is rugged. (4) It is
easily handled and portable. (5) It is virtually unaffected by tempera-
ture. (6) Because of the high acoustic pressure available, only a
voltmeter and a signal generator are required, no power amplifier or
voltage amplifier is needed.

Absolute calibrations are possible if the various parameters are
measured carefully enough. Absolute calibration is not the Intent, how-
ever, because much more sophisticated methods are available for this pur-
pose. A comparison calibration wherein an unknown is compared with a
standard is the most practical and convenient application of the
calibrator.

Reference
C. C. Sims, "Hydrophone Calibrator," USRL Rdsearoh Report No. 60,
12 Apr 1962 (AD-279 904).
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Fig. N3, (Right) Close section#
typou all val.ibwatior

Cd M. Ad AtI( it~M

a ( s i t * I

Md 8 MASS OF PISTON
Rd 2 RESISTANCE OF SUSPENSION
Cd a COMPLIANCE OF SUSPENSION
Ad a AREA OF PISTON
At a GROSS-SECTIONAL AREA OF TUBE

MW LUMPED MASS Of 'WATER

I,, a MYOROPHONE IMPEDANCE

Fig. N4. Equivalent, circuits type 019 calibrator.
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Appendix 0

Type 634
TRANSDUCER

General Oescrption
The Um type 034 transducer io primarily a sound soliroe for the fre-

quaeny ranp gtoo "a to 3 kft, but it my also be used as a receiver,
tipre 01 to a photograph of the tranuducer,

Fig, 01, USRO type G34 transducer,

The transducer consists of two alutminum pistons 0. 5 am in diameter
driven by seven staaks of clad siroonate-titanate disks 5 am in diameter
by 0,635 am thick. This piesoeltetric cerimic piston assembly in munted

in a cylindrical housing made of alwsinwme steel# or beryllium•,oppert
depending upon the serial number. The housing of the latest model ti of
beryllium-copper, which has low corrosioi and high strength chozacterie-
tics, The aluminum pi.tons of this model are covered with butyl rubbor•,
and a bias bolt is used through the center of the pViton. The electrical
cable is attached by a plug-in underwater bulkhed 'connector. Figure 02
shows the electrical circuit.

Specificetions

Foquenoy rahge: 200 H, to 3 kH&

Free-field vo1ttage *enoibivityf -180.7 dB re 1 V/uft at end of
30-m cable I.
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'ýanemitting voZtage responae: 123 dB re 1 wPa/V at 1 kHs at
end of 30-M cable

Maximum driving voZtago: 1000 V rms
Vm.i4Z oapzoitana oe .48 u?

D-o reoistawsoe: 200 Mn

Operating temporoatue range: 0 to 350C
mwinwvm Ora2ting depth., depends on housing materials

steel (serials 1-5), 345 m
aluminum (serials 6-9), 241 m
he-Cu (serials 10 and up), 1379 m

Weight. depends on housing material:
steel (serials 1-5), 41 kg
aluminum (serials 6-9), 26 kg
Be-Cu (serials' 10 and up), 60 kg

Electroacoustic Characteristics
Figure 03 shows typical transmittng voltage response. The 034

transducer will produce an undistorted source level that is linear with
driving voltage up to 1000 V rms in the frequency range 200 Hi to 3 kHz.
Typical transmitting current response is shown in Fig. 04.

Figure 05 shows typical free-,feld voltage sensitivity. at the end of
a 76-m, 2-conductor, shielded cable.

The type G34 transducer has been calibrated in the temperature range
22 to 27*C, but it has not been calibrated at depths greater than 15 m.
It may be operated to the depth indicated under "Specifications" for the
three different housing materials.

The electrical impedance of the G34 transducer, measured in water
under free-field conditions, is shown in Fig. 06.

Directivity. The type G34 transducer is omnidirectional within *1 d4
in the plane of the acoustic center (YZ) up to 3 kHs. Typical directivity
patterns in the -ertical (XZ) plane are shown in Fig. 07.

Preparation for Use

Figure 08 is a dimensioned outline drawing showing the orientation
of the transducer. Mount the transducer by using the attached lugs or
by applying a clamp around the cylindrical housing. Do not use an eye
bolt in either piston for mounting or lifting. Before submerging it,
wash the entire transducer thoroughly with water and detergent to elimi-
nate bubbles that may cling to the outer surface. Permit the temperature
of the transducer to stabilize with that of the water before making any
measurements.
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Fig. 02. (Right) Wiring
diagram, type G34 transducer. ___________________U . .. ... ... .. .. ... ... ... . . ., . , - -

-Fig. 03. (Left) Tyia trans-'
mtiqvoltage raostp

- 034 transducer, unbalanced,
black lead and shield grounded,
76-mn cable. Serials 10 and

Ito higher operates satisfactorily
00 above 3 kliz.

go -I - -- I 111
0.1 0.1 0.3 02. 1.0 1.0 3.0 Ii'o

It

Fig,. 04. (Right) T, t a -08-

mitting current response, typeitg-

G34 transducer, unbalanced, 00
black lead and shield grounded,
76-rn cable.oIS e. --..-- d

abov 03 0i-.6 1 . 1 .

PlioUenY (kH*)
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Fig. 05. (Right) Typical free- I
field voltage sensitivity# type *I I
034 tranodiacert open-circuit ~ '.:: : . - - '-

voltage at end of 76-mt cable# 49I
ublne#boklead andIIh

shield grounded. .. *~.sI' a,,'aoo (W

-IMF Fig. 06. (Left) Typical imped-

acoftype 034 tasue
une frot-field conditions inIVA ~ water,

.3W.
Fig. 07. (Right) Typical direc- Li .-

tiiypatterns in the vertica I~
(XZE plane, type 034 transducer. 

-Z3.oScale: center to top of grid, 0O
each Pattern, equals 50 dB./
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Appendix P

Type HI1

HYDROPHONE

General Description

The USRD type HIl hydrophone is designed for use in the frequency
range 3 Hz to 2 kHz. The hydrophone is usable down to 0.3 Hz; however
the loss in the preamplifier increases by approximately 6 dB per octave
below 3 Hz. Figure P1 is a photograph of the hydrophone.

Fig. P1. USRD type Hill hydrophone.

The hydrophone consists of a piezoelectric sensor element and an
associated preamplifier assembled into a single unit. The sensor element
consists of six Y-cut lithium sulfate crystals 2.54 cm in diameter and
0.305 cm thick (the crystals in serials 131 to 145 are 0.228 om thick).
The crystals with their electrodes are cemented together into a single
stack and are connected electrically in parallel. The acoustic window is
Teflon, which has low water permeability and greatly increases the life
of the hydrophone. The preamplifier is a cathode-follower circuit that
offers a high input impedance to the crystal transducer and an output
impedance of approximately 600 Q. A transistor preamplifier can be pro-
vided if required. A 12-m, 2-pair, shielded, 6-conductor cable is con-
nected to the hydrophone through a watertight seal.

Specifications
Frequenoy range: 0.3 Hs to 2 klz

Free-field votUge senaitivity -188 dB re I V/u&a at 1 klz at end
(nominat): of 12-m cable

Maximum hydroatatio pressure.: 6.9 NPa (690-a depth)

Operating temperature rang*: 0 to 350C

Preap Ziier:cathode follower

?i'eamplfier output inpedxsoe: aproximately 6000' 'I
71
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Power requirementa: B-supply, 135 V, 3-4 mA

A-supply, 6 V, 150 mA

Weight with 12-m cable: 6.4 kg

Shipping weight: 14 kg

Preamplifier

The over-all response of the hydrophone consists of (1) the open-
circuit crystal voltage, (2) the voltage loss due to coupling the crystal
to the preamplifier, and (3) the voltage loss or gain of the preamplifier.
When these three quantities, expressed in decibels, are totaled, the sum
represents the over-all response of the hydrophone. The sum of the coup-
ling loss and the preamplifier gain or loss is called the "preamplifier-
coupling characteristic." The crystitl-to-amplifier voltage loss, or
coupling characteristic, and the preamplifier gain or loss are collec-
tively measured by inserting a known calibrating voltage (not greater
than 0.1 V) across a precision 10-A resistor in series with the crystal
and preamplifier input. The typical preamplifier coupling characteristic
for the type H11 hydrophone is shown in Fig. P2.

The power supply and output connections of the hydrophones are shown
in the schematic circuit, Fig. P3. For the lowest loss in the pre-
amplifier, the hydrophone output should be terminated by a load greater
than 10 000 il. The output is unbalanced.

The A-supply battery voltage may vary from +0.5 V to -1.0 v from the
nominal 6.0 V, and the B-supply battery voltage may vary by +10 V from
the nominal 135 V. If a long extension cable is used, due allowance
should be made to maintain these voltages at the end of the extension
cable.

The type 9002 triode tube in the preamplifier is selected and aged.
Hydrophones serials 131 to 145, and a few of the hydrophones with a lower
serial number that have been modified, contain the type Raytheon CK6533
tube.

Electroacoustic Characteristics

The free-field voltage sensitivity of the type Hll hydrophone is
established by comparison with standard hydrophones in free-field open-
water measurements or by the reciprocity method in a closed-chamber low-
frequency system. The typical free-field voltage sensitivity of the
type H1 hydrophone is shown in Fig. P4. The sensitivity of the type H11
hydrophone does not change more than 1.5 dB with temperature from 5 to
35 C. The sensitivity does not o.iange with hydrostatic pressure up to
6.9 -Pa.

Equivalent noise preessur of the type HII hydrophone is shown in
Fig. P5. These values were determined from measurements made with a
20-Hz filter in the electronic measuring system and were verified by
measurements with & low-noise transistor amplifier and a General Radio
type 1554-A sound and vibration analyzer.
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Preparation for Use
Figure P6 is a dimensioned outline drawing showing-the orientation

of the hydrolphone. Mount the hydrophone in a fixture that clamps the
body. It may be used in any position desired. Wash the diagram with
a wetting agent, and stir the instrument under waterl this will help to
free most of the trapped air bubbles. Do not hang the instrument by
the cable because the strength of the packing gland is not sufficient to
sunport the weight.

Reference
1.* D.* Groves, "The USRL Infrasonic Hydrophone Type Hll," Navy Under-
water Sound Reference Laboratory Report No. 37, 3 Jan 1956
(AD-8S 170).

-00

Fig. P2. (Above) Typical pre-
amplifier coupling characteris-
tic, type Nil hydrophone (ratio
in decibels of open-circuit
voltage at preamplifier output

to opn-ciruit cysta

voltage). O

II

. *r al

Fig. P3. (Right) mrampifier "111 A*

phone. A transistor preampli- m. e~a~e.gw.

requred. I

73



.21.0 10 10 1000 6000
Froqiuency (Nz)

FNg. P4. Typical free-field voltage sensitivity, type Hil hydro-
phon ,in terms of open-circuit voltage at end of 12-rn cable.

80-

70-

40 

I

t0,004 0.01 1.0

Fig. P5. (Above) Typical equivalent noiser
pressure com~puted from noise voltage at
end of cable, type H11 hydrophone.

Fig. P6. (Right) Dimensions (in oenti-to VKw
meters) and orientation of Hii1
hydrophone.vi
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Appendix Q

Type H17

HYDROPHONE

General Description

The USRD type H17 hydrophone is designed primarily for use as an under-
water sound measurement standard for the frequency range 50 JFz to 150 kHz
and for use at hydrostatic pressures up to 6.9 MPa. The hydrophone con-p: sists of an active element of four lithium sulfate crystals mounted in a
symmetrical-drive arrangement that is surrounded by castor oil in a butyl
rubber boot and a high-impedance cathode-follower type preamplifier with
a 600-41 output impedance.

The hydrophone normally is furnished with 12 m of 5-conductor, shielded
neoprene-covered cable with a type AN3106-20-15P connector at the free end.
Figure Qi is a photograph of the hydrophone.

Fig. Q1. USRD type H17 hydrophone.

Specifications. Frequanoy range: 20 Hz to 150 kHz

Pree-field voZtage senhitivit6y -201 dB re 1 V/uPa at end of 12-m
(nontinazl): cable

Maximum hydrostatio pressure: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 35 0c

Prwfp ?.t~fir: cathode follower

Preomrptifiev output imIpedance: approximately 60011
Power requirement.: B-supply, 135 V, 2 mA

A-supply, 6 Ve 200 mA

Weight t~ith aabte: 3.9 kg'1 8S'ipping weight: 9 kV
Premplifier

The over-all response of a hydrophone consists of (1) the voltage
generated by the crystal on open circuit, (2) the voltage lose due to
coupling the crystal tothe proamplifier, and (3) the voltage loss orS~gain of th preoaoplifiLer. Whan the"e three quantities are expressed in

Sdeomls, they add up to the over-all respons of the hydrophone.
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Figure Q2 shows typical coupling loss and preamplifier characteristic
of the type H17 hydrophone. A precision 10-0 resistor is contained in the
hydrophone for determining the loss of each individual hydrophone. The
calibration voltage across the resistor should not exceed 0.1 V when the
coupling loss measurement is made.

The power supply requirements and the schematic circuit of the pre-
amplifier are shown in Fig. Q3. For the least loss in the preamplifier,
the hydrophone output should be terminated by a load greater than 10 kQ.
The output is unbalanced; that is, one terminal is normally at ground
potential. The output is connected to a low-capacitance coaxial cable.

The A supply battery voltage may vary by +0.5 V to -1.0 V from the
nominal 6.0 V, and the B supply voltage may be ±10 V from the nominal
135 V. If an extension cable is used, allowance should be made to main-
tain these voltages at the output end of the 12-m cable.

Electroacoustic Characteristics

The free-field voltage sensitivity of the type H17 hydrophone is
established by comparison with standard hydrophones in free-field meas-
urements or by the reciprocity method. Figure Q4 shows a typical free-
field voltage senwitivity curve for the type H17 hydrophone, measured in
terms of open-circuit crystal voltage.

The effect of temperature on the sensitivity of the type H17 hydro-
phone was determined in a low-frequency closed tank and in an anechoic
closed tank in which the temperature of the water was controlled from
5 to 25 0 C. The voltage sensitivity in the frequency ranges 10 to 500 Hz
and 2 to 150 kHz was measured at a sufficient number of discrete tem-
peratures to define any trend. The open-circuit voltage sensitivity of
the hydrophone was stable within ±0.5 dB in the frequency range 10 Hz to
15 kHz and temperature range 5 to 25*C, and within ±2.0 dB from 15 to
150 kHz in the same temperature range.

The effect of hydro~tatic preusure on the sensitivity was determined
in the same closed tank" ii which the temperature characteristics were
determined. Free-field voltage sensitivity measurements were made in the
frequency ranges 10 to 500 Hz and 2 to 150 kHz at the hydrostatic pres-
sure 6.9 MPa. The open-circuit voltage sensitivity of the hydrophone
remained the same within ±1.0 dB from 10 Hz to 50 kHz, and within ±1.5
dB from 50 to 150 kHz at pressures from 0 to 6.9 MPa.

The equivalent noise pressure of the type HI17 hydrophone is shown in
Fig. Q5. This curve agrees well with the theoretical values. Theoe
measurements, made with a 10-Hz filter in the electronic calibration sys-
tem, were verified by laboratory measurements with a low-noise-level
transistorized amplifier and a General Aadio type 1554-A sound and v.bra-
tion analyzer.

Directivity. The type H17 hydrophone is omnidirectional within ±1.0
dB at frequencies below 50 kHz in the horisontal (XY) plaxiel that is, the
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plane normal to the vertical axis of the preamplifier housing. The hydro-
phone is bidir4otional in the Same plane at the 0 and 180-dog orientations
within *1.0 dB in the frequency range 50 H& to 150 kNa. Directivity pat-
terns of the hydrophone for the XY, XZ, and Y1 planes are tiown in Figs.
Q6, Q7, and Q,. A steel-stamped 110" on the nsa. housing imuediately
above the rubber boot is the sero reference fox Oto hydrophone.

The maximum sound preaaut* that can be ateasured with the type HL7
hydrophone is limit•ed by the highest voltage that can be impressed on the
input of tho preamplifier without distortion. The type H17 hydrophone
can be used at sound pressures up to 210 dl re 1 uPa without overloading
the preamplifier.

Preparation of the Hydrophone for Use

Figure Q9 is a dimensioned outline drawing showing the orientation
of the hydrophone. Mount the hydrophone in a fixture that clamps around
the case near the cable gland. Do not support it by the cable. Wash
the rubber boot with a wetting agent. Completely remove all air bubbles
from the boot to avoid erroneous results.

Reference
I. D. Groves, "The USHL Broadband Hydrophone Type H1,11 Navy Under-
water Sound Reference Laboratory Research Report No. 59, 15 Feb 1962
(AD-271 910).

'ro 1F"lriiill 1 111 Iii lluli ..-

0,1 1.0 I0 I00 *01Frequency (kHz)

Fig. Q2. Typical preamplifier coupling character-
istic, type H17 hydrophone (ratio in decibels of
open-circuit voltage at preamplifier output to
open-circuit crystal voltage).
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Fig. Q6. Typical 4irectivity patterns in the XY plane, type Hi? hydro-

phon,-. Scalet Center to top of grid, each pattern, equals 50 dB.
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Fig. Q7. Typical directivity patterns in the XZ planet, type H17 hydro-
phone. Scales Center to top of grid# each pattern# equals 50 dB.
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Appendix R

Type H17M
HYDROPHONE

General Description
The USRD type B17M (modified) hydrophone is designed primarily f--

use as an underwater sound measurement standard in the frequency range
20 Ha to 150 kHz. The sensitive element consists of four lithium sulfate
orystals mounted on rubber supports in a castor-oil-filled butyl rubber
boot. A solid-state preamplifier provides high input impedance and low
output impedance through the use of field-effect transistors in a circuit
stabilized by feedback. The voltage gain is 10 dB.

Normally, the hydrophone is supplied with a 12-m, 5-conductor,
shielded, neoprene-covered cable with a type AN3106-20-15P connector at
the free end. Longer cables (300 to 600 m) can be used, however, with
reduction in the dynamic range.

Figure Rl is a photograph of the hydrophone.

Fig. Ri. USRD type H71M hydrophone.

Specifications
Frequency range: 20 Hz to 150 kHz

Free-fieZd voltage sensitivity -191 dB re 1 V/pPa to 150 kHz at
(nominal): end of 12-m cable

Maximrum hydrostatic preasure: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 350C

Preamplifier: transistorized, 10-dB gain

Preamplifier output impedance: less than 35 11 in series with 100 PF

Power requirements: 12 V, 5.0 mA

Weight with 12-m cable: 3.9 kg

Shipping Weight: 9 kg

Preamplifier
Figure R2 shows the wiring diagram of the cable and calibration cir-

cuit of the type H17M hydrophone. The transistorized preamplifier pro-
vides a hydrophone output impedance of 35 n in series with 100 IF. The
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unbalanced output is connected to an RG188/U coaxial cable that is part
of the five-conductor hydrophone cable.

The over-all voltage sensitivity of a hydrophone consists of the sum
in decibels of (1) the open-circuit voltage generated by the crystal,

J, (2) the voltage loss due to coupling of the crystal to the preamplifier,
and (3) the voltage loss or gain of the preamplifier operating into its
normal load. The typical hydrophone preamplifier coupling gain, which is
the ratio in decibels of the open-circuit voltage at the preamplifier
output to the open-circuit crystal voltage, is 4.0 ± 0.5 dB. Each hydro-
pshone contains a precision i0-S resistor for use in determining the pre-
amplifier coupling gain. Do not apply more than 0.1 V across this
resistor when making these measurements.

When a 12-m cable ia used, the dynamic range of the preamplifier is
such that sound pressures of 3200 Pa (190 dB re 1 jIPa) can be measured at
frequencies below 30 kHz without preamplifier overload. For undistorted
output signal at higher frequencies, the sound pressure limit is lower.

Electroacoustic Characteristics

The free-field voltage sensitivity of the type H17H hydrophone is
determined by comparison with standard hydrophones in free-field measure-
ments, or by the reciprocity method. Figure R3 shows the typical free- A

field voltage sensitivity in terms of open-circuit voltage at the end of
a 12-m cable.

The effect of temperature and hydrostatic pressure on the sensitivity
of the H17M hydrophone has been determined in closed tanks under con-
trolled conditions of temperature and pressure. Measurements indicate
that the free-field voltage sensitivity in the frequency range 20 Hz to
150 kHz changes by less than 1.5 dB with temperature from 10 to 25°C. No
greater change would be expected in the range 5 to 35°C. The sensitivity
is not affected by hydrostatic pressure to 6900 kPa.

Figure R4 shows the equivalent noise pressure of the type H17M hydro-
phone These measurements were made with a 1/3-octave filter, an 80-dB-
gain, low-noise, transistorized amplifier, and a General Radio 1554A
sound and vibration analyzer.

Directivity. The hydrophone is omnidirectional within ±I dB in the
plane (XY) normal to the longitudinal axis at frequencies below 40 kHz.
It is bidirectional within ti dB in the XY plane at the 0- and 180-dog
orientations in the frequency range 20 Hz to 150 kHz. The vertical
(XZ plans) directivity is equivalent to that of a 2.54-cm line. Sori-
zontal and vertical patterns are shown in Pigs. R5 and R6, respaetively.

Preparation for Use

Figure R7 is a dimensioned outline drawing of the hydrophone showing
its orientation. Mount thi hydrophone in a fixture that can be claped
around the case near the cable gland. Do not support the hydrophone by
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the cable. Wash the hydrophone thoroughly with a wetting agent or a
detergent to remove all air bubbles from the boot and reduce the possi-
bility of erroneous results. Permit the temperature of the hydrophone
to stabilize with that of the water before making any measurements.

10 a .12 VOLTS

I .NIOUTPUT

71 FLO OUTPUT
POTTED M____

I' ---- I f -,SROUNO. -0 'NO ASSEMBLY 7 --.4

L2~ _ 4~ ALO CALISRATE
0 A 4 "' 0 HI CALIURATE

C NOT USED

Fig. R2. Wiring diagram, type H17M hydrophone.

Fig. R3. (Left) typical
free-field voltage sensi-

--190. -tivity, type H17M hydro-

S191. 2dB t 1 ..... phone; open-circuit
voltage at end of 12-m

200 .. cable.0. .6 1 .0 '.O 10 50 100 MG
Frequeny (kH.)

*654-

Fig. R4. (Right) ;6-
Typical equivalent t
noise pressure 6 - -

measured at end of
12-m cable, type S SWO tore(Kr,•sn) %
H17H hydrophone. - -_

•I /0.0o0. 1. 10
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Fig. R5. Typical directivity pat- Fig. R6. Typical directivity pat-
terns in the horizontal (XY) plane, terns in the vertical (XZ) plane,
type H17M hydrophone. Scale: type H17M4 hydzophone. Scale:
center to top of grid, each pat- canter to top of grid, each pat-
tern, equals 50 dB. tern, equals 50 dB.

4.&4

Fig. R7. (Right) Dimen-
$ions (in centimeters)
and orientation, type
ff1714 hydrophone.-
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Appendix S

Type H23

HYDROPHONE

General Description

The USRD type H23 hydrophone is designed primarily for use as an
underwater sound measurement standard in the frequency range 20 Hz to
150 kHz. Figure S1 is a photograph of the hydrophone.

Fig. Si. USRD type H23 hydrophone.

The sensitive element consists of eight lithium sulfate crystals
mounted on rubber supports in a castor-oil-filled butyl rubber boot. A
solid-state preamplifier provides high input impedance and low output
impedance through the use of field-effect transistors in a circuit
stabilized by feedback. The voltage gain is 10 dB.

Normally, the hydrophone is supplied with 23 m of 5-conductor
shielded neoprene-covered cable with a type AN3106-20-15P connector at
the free end. Longer cables (300 to 600 m) can be used with a resultant
loss in sensitivity, particularly at the higher frequencies, and with a
reduction in dynamic range.

Specifications
Frequenoy range: 20 Hz to 150 kHz

Froe-fieWd voltage Bmitivtityj -188 dB re 1 V/VPa to 20 kHz at end
(nominal): of 23-m cablel

above 20 kHz, the average end-of-
cable sensitivity is approximately
-191 dB re I V/uPa

Maximoi hydrostati p3'se8u2'G 17 HPa (1700-m depth)

Operating tvnpratw'e range: 0 to 35@C
Premplifier: transistorized, l0-dB gain

PreZ'opifier output ipeqdaeO: less than 35 fQ in series with 100 ur

Power requirownto: 12 V, 5.0 mA

Weight with 23--m oabl: 6 kg

Shipping weight: 13 kg
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Preamplifier

* The over-all sensitivity of a hydrophone consists of (1) the voltage
generated by the crystal on open circuit, (2) the voltage loss due to

* coupling of the crystal to the preamplifier, and (3) the voltage loss or
gain of the preamplifier operating into its normal load. The sum of
these three quantities expressed in decibels in the over-all sensitivity
of the hydrophone.

Figure S2 shows the typical coupling loss characteristic of the
transistorized preamplifier. The associated circuitry is shown in Fig.
S3. Each hydrophone contains a precision 10-1 resistor for use in deter-
mining the preamplifier coupling characteristic. Do not app 1h more than
0.1 V aosoes the preoision resistor when making the ooupling measurement.

The nominal output impedance is lses than 35 0 in series with 100 0F.
The unbalanced output is connected to an RG188/U coaxial cable that is
part of the 5-conductor cable. When 23 m of cable are used, the dynamic
range of the preamplifier is such that sound pressures of 3.2 kPa (190 dB
re 1 )iPa) can be measured without overload below 30 kHz. For undistorted
output signal at higher frequencies, the sound pressure limit is lower.

Electroacousti c Characteristics

The free-field voltage sensitivity of the type H23 hydrophone is
determined by comparison with standard hydrophones in free-field measure-
ments, or by the reciprocity method. Figure S4 shows typical free-field
voltage sensitivity in terns of open-circuit voltage et the end of the
23-m cable.

The effect of temperature and hydrostatic pressure on the sensitivity
of the H23 hydrophone has been determined in closed tanks under controlled
conditions of temperature and pressure. Measurements indicate that the
free-field voltago sensitivity in the frequency range 20 Hz to 150 kHs
changes less than 1.5 dB with to erature from 5 to 250C. The sensitivity
is not affected by hydrostatic pressure to 7 )Pa. Little or no change
has been found at pressures to and including the maximum design pressure
17 NPa in the frequency range 100 to 4000 Kz. Measurements have not been
made above 4000 Us at pressure greater than 7 MPa.

Figure 65 shows the typical equivalent noise pressure, which is the
sound press=re that is equivalent to the open-circuit noise voltage gone-
rated by the hydrCioces. Uquivalent noise pressure can be computed from
Sthe relation p - Mn s w' re p is the equivalent noise pressure,
e is the noise voltage per hertz, and M is the free-field voltage

"aMnaitivity.

Directivity. The hydrophone is omaidirectional within 11 da in the
plane (XY) normal to the longitudinal axis at frequencies below 50 kMz,

7It is bidirectional within *1 d4 in the XY plane at the 0- and 180-deg
orientations in the frequency rane 20 Hs to 150 MsB. The vertical (1Z
plane) directivity is equivalent to that of a S-cm line. Morisonta.1. and

"* ver4cal patterns are showi in Viys. 86 and 87, respectively.1
B,[

4%
814



Prepara...ion and Use

Figure S8 is a dimensioned outline drawing showing the orientation
of the hydrophone. Mount the hydrophone in a fixture that can be clamped
around the case near the cable gland. Do not support the hydrophone by
the cable. Wash the hydrophone thoroughly with a wetting agent or a
detergent to remove completely all air bubbles from the boot and reduce
the possibility of erroneous results.

10o-I iJ ii..J..ti~ ..1lII l liI111 11 111! I
0.02 0.1 1.0 10 100 200

FPquency (kfz)

Fig. S2. Typical coupling loss, transistorized
preamplifier of type H23 hydrophone (ratio in
decibels of open-circuit roltage at preamplifier
output to open-circuit crystal voltage).
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RZ -10 RE 442 VOT

ai HIIOUTPUTWMIT

!> -d'-3 F LO OUTPUT
POTTED BL...

P WIAM . ' - 1 E -,GROUND
_E 7 ORANGE A LO CALIBRATE

12 4-- 31, GREEN -,,J.. 0 HI CALIBRATE

4 
-

Fig. S3. Wiring diagram, type H23 hydrophone.

0.02 o.1 1.4 to 100 a
•,e,, (km)

Fig. S4. Typical free-field voltage sensitivity,
type H23 hydrophone (open-oircuit voltage at end
of 23--n cable).
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Fig., SS. Typioal equivalent noine pressure# type H123

Fig.S6.(Right) Typical 4ireotivity
patterns in the hozibontal (XY) plane#,
type H123 hydraphones Boalet center
to top of grid,, each pattern# equals
504do,
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Fig. S7. (Right) Trypical. directivity
patterns in the vertical (WZ Plane,
type H123 hydrophone. Scale: center/
to top of grid, each pattern, equals O

50 dB.

4.4

DIA.

Fig. S8. (Right) Dimensions 30.5

(in centimeters) and orients-
tion of type H123 hydrophone. EF o 25.1
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Appendix T

Type H52

HYDROPHONE

General Description

The USRD type H52 hydrophone is an underwater sound measurement
standard for use in the frequency range 20 Hz to 150 kHz. It can be
used to a depth of 5200 m. Figure TI is a photograph of the hydrophone.

Fig. Ti. USRD type H52 hydrophone.

The sensitive element consists of eightlithium sulfate crystals
mounted on rubber supports in a castor-oil-filled butyl-rubber boot.
A solid-state preamplifier within the transducer housing provides high
input impedance, low output impedance, and a 10-dB voltage gain.

Normally, the hydrophone is supplied with 23 m of multiconductor,
shielded, neoprene-covered cable bonded to the transducer and terminated
by a type AN3106-20-15P connector. Longer cables can be used, however,
with a reduction in the dynamic range.

Specifications
X. Frequenyo range: 20 Hz to 150 kHz

j. Free-field voltage esenitivity -187 dB re 1 V/uPa to 150 kHz
(nominal): at end of 23-m cable

Maximum hydrostatio pressure: 52 MPa (5200-m depth)

Operating temperature range: 0 to 35 C
Preamp Zifier: transistorized, lO-dB gain
?i'emplifier output irdnped e: less than 35 0l in series with 100 jAP

Power requirement: 12 V d-or 10 M
Wefight with 33-rn cable: 4.3 kg
Shipping weight: 12 kg

IrkPreamplifier
The wiring diagram of circuitry associated with the integral pro-

amplifier is shown in Fig. T2. The unbalanced output is connected to
an RG174/, coaxial cable that is part of the hydrophone cable.
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The over-all voltage senaitivity of a hydrophone consists of the sum
in decibels of (1) the voltage generated by the crystal on open circuit,
(2) the voltage ioss due to coupling of the crystal to the preamplifier,

and (3) the voltage loss or gain of the preamplifier operating into its
normal load. The typical H52 hydrophone voltage coupling gain--the ratio
in decibels of the open-circuit voltage at the preamplifier output to the
open-circuit crystal voltage--is 8.0 ± 0.5 dB from 20 Hz to 150 kHz.
Each hydropone contains a precision 10-0 resistor for use in determining
the hydrophone voltage coupling gain. Do not apply more than 0.1 V
across this resistor when making the coupling measurement.

To prevent excessive input voltage to the preamplifier, the maximum
sound pressure to which the hydrophone is subjected with 23 m of cable
should be limited to 5600 Pa (195 dB re 1 uPa).

El ectroacoustic Characteri stics

The free-field voltage sensitivity of the typ- H52 hydrophone is
determined by comparison with standard hydrophone in free-field measure-
ments, or by the reciprocity method. Figure T3 shows the typical free-
field voltage sensitivity.

The effect of temperature and hydrostatic pressure on the sensitivity
of the H52 hydrophone has been determined in closed tanks under controlled
conditions of temperature and pressure. The free-field voltage sensi-
tivity in the frequency range 20 Hz to 100 kHz changes less than 1.0 dB
with temperature from 3 to 250 C at pressure to 6.9 MPa. From 100 to
150 kHz, the variation in sensitivity with temperature is caused by
changes in the characteristic impedance of the butyl rubber boot. No
change in sensitivity with temperature has been observed up to 51.7 MPa
in the frequency range 20 Hz tc 4 kHz. Measurements have not been made
above 4 kHz at pressure greater than 6.9 MPa.

Figure T4 shows the typical equivalent noise pressure, which is the
sound pressure equivalent to the open-circuit noise voltage generated by
the hydrophone. These measurements were made with a 1/3-octave filter,
an 80-dB-gain, low-noise, transistorized amplifier, and a General Radio
1554-A sound and vibration analyzer.

Directivity. The hydrophone is omnidirectional within ±1 dB in the
plane (XY) normal to the longitudinal axis at frequencies below 50 kHz.
The vertical (XZ plane) directivity is equivalent to that of a 5-cm line.

Above 50 kHz, the hydrophone protective guard affects directivity in
the XY plane. These variations can be seen in Fig. TS, which shows typi-
cal directional characteristics in the XY plane, with and without the
guard, Figure T6 shows patterns in the vertical (XZ) plane.

Preparation for Use

Figure T7 is a dimensioned outline drawing showing the orientation of
the hydrophone. Mount the hydrophane in a rigid fixture that can be
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clamped around the case near the cable gland. Do not support the hydro-
phone by its cable. Wash the hvtrophone thoroughly with a wetting agent
or a detergent to roauove completely all air bubbles from the boot and
reduce the possibility of erroneous results. The protective guard can
be removed to improve directional cha4Vateristics, but should be replaced
before tranopmrting or storing the hydrophone. Permit the temperature of
the hydrophone to stabilize with that of the water before making any
measurements.

P V I: Cook. - A N 0 Hi Out

SSGLY 3 , F Lo out
2 4 Lo col

an and 4 B- lack P bt rid

* I

Clie

Fig. T2. Wiring diagram, type H52 hydrophone.

•-,[I I llI l II ll''''' 1 1 IIIIII 5 F FI
1190

0,02 0.10 1.0 10 100 200
Frequency (kHz)

Fig. T3. Typical free-field voltage sensitivity,
type H52 hydrophone; open-circuit voltage at end
of 23-m cable.
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Fig. T4. Typical equivalent noise pressure,
type H52 hydrophone.
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Appendix U

Type H56

HYDROPHONE

General Description

The USRD type H56 hydrophone is an underwater sound measurement stand-
ard for use in the frequency range 10 Hz to 65 kHz. Xt was designed to
provide high sensitivity and low self noise and thus permit the measure-
ment of low signal levels. Figure U1 is a photograph of the hydrophone.

4

Fig. Ul. USRD type H56 hydrophone.

The sensor element normally supplied consists of a capped length-
polarized tube with the area ratio 3:1 of end caps to ceramic tube. This
ratio provides the maximum sensitivity at the lowest impedance for opera-
tion independent of hydrostatic pressure to approximately 6.9 MPa. The
upper frequency limit of operation for this dasign is about 65 kHz. When
operation to 100 kHz is required, a hydror -e containing circumferentiaily
poled etriped lead zirconate-titanate cylinders can be supplied on special
request (subject to availability). The 3:1-area-ratio model provides
better reproducibility from unit to unit and better temperature independ-ence than does the striped-cylinder model.

The hydrophone usually is supplied with 23 m of multiconductor,
shielded, neoprene-jacketed cable terminated by a type AN-3106-20-15P or
a Marsh & Marine underwater connector. Longer cables can be used, how-
ever, with a reduction in the dynamic range. The hydrophone is fully
rubber covered to insulate all metal parts from the water. A solid-state 4

preamplifier within the transducer housing provides high input impedance,
low output impedance, and approximately 11 dB voltage gain.

Specifications
frequenoy range: 10 Hz to '65 kHz (100 k•z for striped

cylinder)

Free-f•ied voltage e itivity, -173 dB re 1 V/pPa at the end of
(nominaZ, at 10 kHz): 23-m cable

Maximum hdrostati , preaeure: 6.9 MPa (690-m depth)

Operating temperature range: 0 to 300C

Prenarpifier: tr- sibtorized, 1J-db gain
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Preamplifier output impedance: less than 35 a in series with 100 pF

Power requirement: 24 V, 7 mA

Weight with S3-m cable: 6 kg

Shipping weight: 14 kg

Preamplifier

The wiring diagram for the circuitry associated with the integral
preanplifier is shown in Fig. U2. The unbalanced output is connected to
a coaxial cable that is part of the hydrophone cable. The typical H56
hydrophone voltage coupling gain (the ratio in decibels of the open-
circuit voltage at the preamplifier output to the open-circuit crystal
voltage) is 11.0 ± 1.0 dB from 30 Hz to 100 kHz. Each hydrophone con-
tains a precision 10-a resistor in series with the sensor element for
use in determining the hydrophone voltage coupling gain. Do ;Ot ap~ly
more than 0.1 V across this resistor when making the coupling measurement.

To prevent excess input voltage to the preamplifier and keep the dis-
tortion less than 1% at frequencies below 30 kHz, do not subject the
hydrophone to sound preesure greater than 636 pPa (176 dB re 1 pPa).

Electroacoustic Characteristics

The free-field voltage sensitivity of the type H56 hydrophone is
determined by comparison with standard hydrophones in free-field measure-
ments or by the reciprocity method. The typical free-field voltage sen-
sitivity for the 31l-area-ratio capped-tube model is shown in Fig. U3.
Individual calibration curves are provided for each hydrophone at the
time of issue.

The effect of temperature and hydrostatic pressure on the sensitivity
of the H56 hydrophone has been determined in closed tanks under controlled
conditions of temperiature and pressure. Figure U4 shows the effect of
temperature on the sensitivity of the striped ceramic tube sensor element.
The sensitivity does not change more than 1.3 dB at pressures to 6.9 MPa.
Temperature and pressure effects on the 3:1-area-ratio capped-tube sensor
element is less than 0.75 dB at pressures to 6.9 MPa and for temperatures
in the range 6-290C.

Figure US shows typical equivalent noise pressure for the type H56
hydrophone with a 100-pF sensor element and an open-circuit crystal volt-
age sensitivity of -183 dB re 1 V/pPa. The equivalent noise pressure is
the rms sound pressure of a sinusoidal plane progressive wave which, if
propagated parallel to the principal axis of the hydrophone, would pro-
duce an open-circuit signal voltage equal to tho rms value of the inherent
open-circuit noise voltage of the hydrophone in a transmission band hay-
ing a bandwidth of 1 Hz and centered on the frequency of the plane sound
wave (see ANSI standards S1.1-1960 and S1.20-1972).

The data presented in Fig. US were obtained from measurements made
with a 1/3-octave filter, a low-noise transistorized amplifier, and a

W
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General Radio 1554-A sound and vibration analyzer. The hydrophone was
shock mounted within a vacuum bell that was isolated from building vibra-
tions by air shock mounts.

Directivity. Both models of the hydrophone are omni~directional within
±1 dB in the plane (XY) normal to the longitudinal axis at frequencies

* below 60 kHz. The vertical (XZ) plane directivity patterns are shown in
* Fig. U6 for the 3:1-area-ratio capped-tube sensor.

Preparation for Use
mount the hydrophone in a fixture that can be clamped around the case

near the cable gland. The hydrophone normally is used with its length
axis coincident with the Z axis. Wash the hydrophone thoroughly with a
wetting agent or a detergent to remove all air bubbles from the boot.
Permit the temperature of the hydrophone to stabilize with that of the
water for best calibration accuracy, Figure U7 4s a dimensioned outline
drawinig showing the hydrophone orientation.

Reference

T. A. Henriquez, "An Extended-Range Hydrophone for Measuring Ocean
N4oise," J. Acoust. Soc. Amer. 52, 1450-1455 (1972).

PRIEMIGL A LA C3

CRSTAL I PXf.0AL a

GK("l 0 No C41

.0 Lo Sit

Fig. U2. Wiring diagram of aikcuitry associated with
the integral preamplifier of type H56 hydrophono.

-.00
Fig. U3. Typical free-field voltage senuitivity,
type H56 hydrophonel, 31l-area-ratio cappeod-tubef model; open-circuit crystal voltage at the end ofr a 23-m cable.
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Fig. U4. (Right) Effect of tempera- Z C

ture on the free-field voltage sen-
sitivity of the striped ceramic tube
model, type H56 hydrophono, I I
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Fi g. U7. Dimensions
(in centimeters) and
orientation of type

z H56 hydrophone.

Fig. U6. Direotivity patterns in the vertical
(XO) plane of type H56 hydrophone, 3: 1-area-

r atio capped-tube model.
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Appendix V

Type J9

TRANSDUCER

General Description

The USRD type J9 transducer is a laboratory standard underwater sound
projector for use in reciprocity calibrations or as a sound source for
the audio-frequency range 40 Hz to 20 kHz. Figure Vl is a photograph of
the transducer.

Fig. VI. USRD type J9 transducer.

The 4.7-cm-diam diaphragm is supported by a novel rubber suspension
system that permits large linear movemenL. v the diaphragm, but offers
a high acoustic impedance to the region around it.

When the transducer is submerged, water enters the rear compensation
chamber and compresses the butyl rubber compensation bag until the inter-
nal air pressure is equal to the external water pressure on the face of
the diaphragm, which does not then undergo any static displacement when
the depth is changed.

Each J9 transducer normally is supplied with either 12 or 30 m of
shielded 2-conductor rubber-covered cable. The electrical connections
for the cable are shown in Fig. V2.

Specifications

Operating range: 40 Hz to 20 kHz

Reoiprocity range: 40 Hz to 20 kHz

Maximum power input: 20 W above 100 Hz
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Efficiency: approximately -32.b dB re ideal

Drivi-ig impedance: 23 A at 1 kHz

MaginWum depth: 24 m

Weight with 28-m oabZe: 9.1 kg

Shipping weight: 16.8 kg

Electroacoustic Characteristics

Typical transmitting current and voltage response data for the J9
transducer are shown in Fig. V3.

Typical impedance data are shown in Fig. V4.

The acoustic output of the J9 transducer is linear with driving power
up to 20 W.

Power Limitation

The transducer should not be driven with more than 20 V or 1.25 A at
i* .frequencies above 100 Hz. The displacement of the diaphragm limits the

driving power below this frequency. Monitor the waveform to prevent
overdriving at frequencies below 100 Hz and reduce the driving voltage
to maintain a good wave form.

Hydrostatic Pressure Compensation
The transducer will operate at depths to 24 m with increasing reso-

nance frequency; below 200 Hz, the response characteristics change as a
function of depth.

laflate the compensation bag with air as dry as possible; do not
infZate by mouth. Open the small valve located on the compensation
housing and, with the aid of a small rubber or plastic tube and a squseme
bulb, gently fill the bag with air; do not overinflate. The bag should
feel limp to the touch. After inflating the bag, close the valve and
tighten it with the small key provided for this purpose.

Preparation and U!e
Figure V5 is a dimensioned outline drawing showing orientation of the

transducer.

Support the transducer by the motuting lugs provided.

Wash the transducer thoroughly with a wetting agent to aid in the
removal of air on or around the diaph-agm and housing. while the trans-
ducer is submerged in the water, move it briskly from side to side and
forward and backward a few times to help dislodge air bubbles.

Examine the compensation bag after a few hours of operation and
occasionally thereafter to insure t',at no air leaks exist.

Reference

C. C. Sims, "High-Fidelity Underwater Sound Transducers," Proc. IRE
47, 866-871 (1959).
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Appendix W

Type J9S

TRANSDUCER

WITH DEEP-SUBMERGENCE COMPENSATOR Mod II

General Description:

The USRD type JPS transducer with deep-submergenoe compensator Mod II
is acoustically identical with the standard J9 at shallow depths. With
increasing depth, however, the atiffnesa of the gas in tho type J9 trans-
ducer causes the transmitting response to drop off slightly at frequencies
below 300 Hl. The deep-submergence feature of the type JPS allows the
transducer to be used to depths as great as 180 m. Figure W1 is a photo-
graph of the J9S transducer.

Fig. WI. USRD type J98 transducer.

The compensator consists of a 1-liter compressed-gas cylinder, a
first-stage pressure regulator, a seocond-stage pressure regulator, and
a pressure-relief valve. The compressed gas may be either dry nitrogen
or dry air. Dry nitrogen gas is preferred.

The transducer is delivered with the deep-submergence device attached
and ready for use.

Instructions

Figure W2 is a dimensioned outline drawing showing orientation of the
transducer.

Check to see that the compressed-gas cylinder as supplied is fully
oha•ged with nitrogen at 12.4 MPa (1800 peag) pressure. Before lowering
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the transducer into the water, open the v;alve at the conpreeeed-gas
cyjinder approximately one turn counterclockwise. Lower the transducer
into the water to a depth of 5 or 6 m. Should bubbles rise for more than
a minute, retrieve tie transducer, determine the cause of the malfunction,

*: and .make the repair indicated. When properly operating, the transducer
should not discharge air until a depth of 20 to 24 m has been reached.
Failure to compensate will cause flooding of the transducer and mechanical
damage.

Recharge the compree8ed-gae cylZinder after each retrieval to insure
that an adequate supply of gas is available for subsequent use. The cyl-
inder can be recharged by a compressor or a cylinder of dry air or dry
nitrogen. A charging hose is supplied, along with an adapter. The fit-
ting on the hose mates with a standard corjpressed-air cylinder; the
adapter is used with compressed-nitrogen cylinders. The maximum pressure
to be used is 12.4 MPa (1800 psig).

Operation

The operation of the compensation system is similar to that described
for the Jll transducer in NRL Report 6981 (see Reference).

Figure W3 shows the flow of gas in the system. The bladder permits
compensation of the transducer at depth even for changes in depth of
several meters without calling for additional gas from the high-pressure
bottle. This feature extends the useful working time at depth and elimi-
nates the frequency discharge of overpressure into the water.

Reference

G. D. Hugus III, "Pressure-Compensating System for Gas-Filled Trans-
ducers," NRL Report 6981, 25 Sep 1969 (AD-693 451).
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Fig. W2. Dimensions (in centimeters)
and orientation of type J9S transducer.
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Fig. W3. Flow of gas in the system.
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Appendix X

Type Jl1

TRANSDUCER

General Description

The USRD type Jll transducer is a laboratory standard underwater
sound projector for use in reciprocity calibrations or as a sound source
for the audio-frequency range 20 Hz to 12 kHz. Figure Xl is a photo-
graph of the transducer.

V 4

i.i

4- Fig. Xl. USRD type J.11 transducer.

The 10-cm-diam magnesium diaphragm is supported by a novel rubber
suspension system that permits large linear movement of the diaphragm,
but offers a high acoustic impedance to the region around it. The 4
diaphragm is driven by a large moving coil positioned in the field of a

iV permanent magnet ..

When the transducer is submerged, water enters the rear compensation
chamber and compresses the butyl rubber bag until the internal air pres-
sure is equal to the external water pressure on the face of the diaphragm,
which does not then undergo any static displacement when the depth is
changed.

Each type ll transducer is supplied with 38 m of shielded 2-conductor
yellow Hypalon-covered cable. The electrical connections for the cable
are shown in Fig. X2.
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Specifications

Operating range: 20 Hz to 12 kHz

Reciprocity range: 20 Hz to 12 kHz

Maximum power input: 200 W above 100 Hz

Efficiency: approximately -28 dB
re ideal at 1 kHz

Driving impedance: 23 Q at 1 kHz

Maximum depth: 23 m

Weight with 38-m cable: 57 kg

Shipping weight: 73 kg

El ectroacousti c Characteristics

Typical transmitting current and voltage response data are shown in
Fig. X3. Typical impedance data are shown in Fig. X4.

Power Limitation

The driving power should not exceed 200 W at frequencies abovo 100 Hz
and must be decreased at lower frequencies. To prevent overdriving below
100 Hz, monitor the waveform and adjust the power to maintain a sine wave.
This limitation at low frequencies is imposed by the displacement of the
diaphragm.

Recommended maximum power for reciprocity is 50 W.

Hydrostatic Pressure Compensation

The transducer will operate at depths to 30 m with increasing reso-
nance frequency; below 100 Hz, the response characteristics change as a
function of depth.

Inflate the compensation bag with air as dry as possible; do not
infTate by mouth. Open the small valve located on the compensation hous-
ing and, with the aid of a small rubber or plastic tube and a squeeze
bulb, gently fill the bag with air; do not overinflate. The bag should
feel limp to the touch. After inflating the bag, close the valve and
tighten it with the small key provided for this purpose.

Preparation for Use

Figure X5 is a dimensioned outline drawing showing orientation of the
transducer.

Support the transducer by the mounting lugs provided. Wash the trans-
ducer thoroughly with a wetting agent to aid in the removal of air on or
around the diaphragm and housing. While the transducer is submerged in

U
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the water, move it briskly from side to side and forward and backward a
few times to help dislodge air bubbles.

Examine the compensation bag after a few hours of operation and
occasionally thereafter to insure that no air leaks exist.

A COICLa COIL Pig. X2. (Left) Cable connec-
OD ~ 2*odctr hile tions for type J11 transducer.

£14 310.11. Hyel~ Kpinl0.hCtathed cable
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Frequency (k~l)

Fig. X3. Typical transmitting current and voltage
responses., type Jll transducer. Response below
0.1 kliz is a function of depth.
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Fig. M4 (Right) Typical imped- to.---
ance, type J11 transducer.
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Fig. X5. Dimensions (in centimeters)
and orientation of type Jill transducer.
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Appendix Y

Type J11S

TRANSDUCER

WITH DEEP-SUBMERGENCE COMPENSATOR MOD II

General Description

The U3RD type ilS transducer with deep-submergence compensator
Mod II is acoustically identical with the standard Jill at shallow depths.
With increasing depth, however, the stiffness of the gas in the Jill
transducer causes the transmitting response to drop off slightly at fre-
quencies below 300 Hz. The deep-submergence feature of the J11S allows
the transducer to be used to depths as great as 183 m. Figure Yl is a
photograph of the JllS transducer.

Fig Y1. USRD type J11S transducer.

The compensator consists of a 3-liter compressed-gas cylinder, a
first-stage pressure regulator, a second-stage pressure regulator, and a
pressure-relief valve. The oompressed gas may be either dry nitrogen or
dry air. Dry nitrogen gas in preferred.

The transducer is delivered with the deep-submergnce device attachedo

and ready for use.

Instructions

Figure Y2 is a dimensioned outline drawing showing orientation of the
transducer.

Check to see that the compressed-gas cylinder as supplied is fully
charged with nitrogen at 12.4-MPa (1800-pile) pressure. Before lowering
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the transducer into the water, open the valve at the compressed-gas
cylinder approximately one turn counterclockwise. Lower the transducer
into the water to a depth of 5 ox 6 m. Should bubbles rise for more than
a minute, retrieve the transducer, determine the cause of the malfunction
and make the repair indicated. When properly operating, the transducer
should not discharge air until a depth of 20 to 24 m has been reached.
Failure to compensate will cause flooding of the transducer and mechanical
damage.

Recharge the compressed-gas cylinder after each retrieval to insure
that an adequate supply of gar is available for subsequent use. The
cylinder can be recharged by a compressor or a cylinder of dry air or dry
nitrogen. A charging hose is supplied, along with an adapter. The fit-
ting on the hose mates with a standard compressed-air cylinder; the
adapter is used with compressed-nitrogen cylinders. The maximum pressure
to be used is 12.4 MPa (1800 psig).

Operation
The operation of the compensation system is described in NRL Report

6981 (see Reference).

Figure Y3 shows the flow of gas in the system. The bladder permits
compensation of the transducer at depth, even for changes in depth of
several meters, without calling for additional gas from the high-pressure
bottle. This feature extends the useful working time at depth and elimi-
nates the frequent discharge of overpressure into the water.

Conservation of Compensating Gas

Several tests were carried out to determine the amount of depth
change that can be compensated by the rubber bladder alone. At the
maximum depth of 183 m, the rubber bladder will provide compensation
for a decrease in depth of 115 m. The amount of compensation by the
bladder is reduced with decrease in operating depth as shown in Fig. Y3.

Calculations show that if the gas supply is fully charged to start
with, seven excursions can be made from the surface to 183 m and back
before is becomes necessary to replenish the gas supply. The amount of
gas used from the bottle for each full-depth excursion is based on the
drop in bottle pressure recorded during tests in a pressure tank.

The maximum pressure differential that occurred within the transducer
was not measured. The maximum value would occur during rapid descent to
or ascent from operating depth, when the highest demands are made on the
supply regulators and the relief valve. Maximum rates of descent and
ascent during the tests were recorded, however. The highest rate of
descent was 2.53 m/sec; the highest ascent rate was 2.8 m/sec. These
rates were experienced without structural failure of the transducer.

Reference

G. D. Hugus III, "Pressure-Compensating System for Gas-Filled
Transducers," NRL Report 6981, 25 Sep 1969 (AD-693 451).
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Appendix Z

Type J13

TRANSDUCER

General Description

The USRD type J13 transducer is a laboratory standard underwater
sound transducer for use as a c-w source in the infrasonic and audio-
frequency range 10 Hz to 3 kHz. Figure Zi is a photograph of the trans-
ducer.

Fig. Zi. USRD type J13 tra-;.ducer.

The 10-cm-diam, truncated-cone diaphragm is supported by a novel
rubber suspension system that permits 1.2-cm peak-to-peak linear movement
rc the diaphragm, but offers high acoustic impedance to the region aroun¢6
it. The diaphragm is driven by a large moving coil positioned in the
field of a permanent magnet.

When the transdjcer is submerged, water enters the rear compensation
chamber and compresses the butyl rubber bag until the internal air pres-
sure is equal to the external water pressure on the face of the diaphragm,
which does not then undergo any static displacement for water depth to
22 m.

Each type J13 transducer is supplied with a 38-m length of shielded,

2-conductor cable. The electrical connections are shown In Fig. Z2.
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Specifications

Operating range: 10 to 3000 Ha

Maximum input power: 250 W, continuous duty

Effioienoy: approximately -25 dt re ideal
at 100 Ha

Driving impedanoe: 35 n at 100 Hs

Maximumn depth: 22 m

Weight: 55 kg

Shipping weight: 88 kg

Electroacoustic Characteristics'

Typical transmitting current response in shown in Fig. Z3; typical
impedance data are given in Fig. Z4.

Power Limitation

Above 50 HS, the maximum input power is limited by the rate at which
the hGat generated in the driving coil can be dissipated, and should not
exceed 250 W for continuous use. Sufficient data have not been obtained
to enable the maximum allowable continuous-duty driving power to be
determined. Accordingly, it in recommended that the input power be
reduced or turned off whenever possible; do not exoeed 3 A.

At low frequencies (below 50 Hz), the power limitation is imposed by
the allowable displacement of the diaphragm. To prevent overdriving
below 50 Hz, observe the output of a monitoring hydrophone and adjust te
"power into the transducer to maintain a waveform similar to that observed
at low levels. Take care to avoid transients such as those caused by
switching at the input to the power amplifier when driving at or near the
maximum input power.

Compensation for Hydrostatic Pressure

The transducer will operate at depth to 22 m with minor changes in
response. To determine the source level accurately, therefore, a cali-
brated hydrophone should be used.

Inflate the compensation bag with air as dry as possiblei do not
inflate by mouth. Open the small valve located on the compensation hous-
ing and, with the aid of a small rubber or plastic tube and a squeeze
bulb, gently fill the bag with air; do not overinflate. The bag is
accessible through the holes in the back plate and should feel slightly
firm (approximately 13 kPa, or 2 psig). After inflating the bag, close
the valve and tighten it with the small key provided for this purpose.

Preparation for Use

Figure Z5 is a dimensioned outline drawing showing orientation of theStransducer. /
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Appendi x AA

Typo J13S
TRANSOUC•R

WITH DIP-SUIMCRRENCE COMPENSATOR Mod I I
Genetal Description

The UsmD type A1)8 trarnsducer with leep-submergence omopensator Hod 11
is acoustically dentoial with the standaid J13 at shollow depths, With
inoretaing depth, hwever#, the stiffness of the I&s in the transduoer
oauses the tranwmitting rtspone•i to drop off at frequencies below 300 Has
The deep-suhmswgrnoe leaturo allgw* the transducer to be used tie dept~hs
as pieat as IS13 as tApn Ml to a photograph of the J138 tranldueers

Fig. AA1. USRD type J138 transducer.

The compensator consists of a 3-liter compressed-gas cylinder, a
first-stage pressure regulator# a second-stage pressure regulator, and a
pressure-relief valve. The compressed gas may be either dry nitrogen or
dry air. Dry nitrogen gas is preferred.

The transducer is delivered with the deep-submergence device aitached
and ready for use.

Figure AA2 is a dimensioned outline drawing showing the orientation
of the transducer.

Instructions
Check to see that the compressed-gas cylinder as supplied is fully

charged with nitrogen at 12.4 HPa (1800-psig) prescure. Before lowering
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the tansducer into the water, ope •he te at te oowpr.vaed-Vas
.i v/.der ap mately one turn oowiterolookwise. Lower the transducer
into tihe water to A depth of 5 ofr 6 m, 81huld bubbles rive for more than
a minute, retrieve the transducer, detemine the cause of the malfunotion#
and wake tits repair indicated, When properly operating, the transduoer
should not diecsharq air until a depth of 20 t'o 24 a hoe been reached,
Irailwe to apensatse will cause flooding of the transduoer and meohani-
cal damge.

Reokah" the preemW -ga# oeyUtieoi afte' earoh ro.toe to insure
that an adequate supply of Pjas is available for subsequent use, The
cylinder can be rechargd by a oowgroesor or a cylinder of dry air or dry
nitrogen, A charging hosae t supplied, along with an adapter. The fia-
ting on the hose mates with a standard compeused-air aylinders the
adapter is used with @ompressed-nitrogen cylinderst The maximum pressure
to be used is 12A4 1••a (1000 pail).

Operation
The operation of the ao"pensation system is described for the J118

transducer ti tht reference. The compensation system used with the J13S
is identical.

"Figure AA3 shows the flow of gas in the system. The bladder permits
vcopensation of the transducer at depth even for changes in depth of
several moters without calling for additinal gas from the high-pressure
bottle. This feature extends the useful working time at depth and elimi-
nates the frequent discharge of overpressure into the water.

Conservation of Compensating Gas
Several tests were carried out to determine the amount of depth change

that can be compensated by the rubber bladder alone. At the maximum depth
of 183 m, the rubber bladder will provide compensation for a decrease in
depth of 115 m. The amount of compensation by the bladder in reduced
with decrease in operating depth as shown in Fig. AA4.

Calculations show that it the gas supply is fully charged to start
with, seven excursions can be made from the surface to 183 m and back
before it becomes necessary to replenish the gas supply. The amount of
gas used from the bottle for each full-depth excursion is based on the
drop in bottle pressure recorded during tests in the pressure tank.

The maximum pressure differential that occurred within tho transducer
was not measured. The maximum value would occur during rapid descent to
or ascent from operating depth, when the highest demands are made on the
supply regulators and the relief valve. Maximum rates of descent and
qscent during the tests were recorded, however. The highest rate of
descent was 2.53 m/sec; the highest ascent rate was 2.8 m/sec. These
rates were experienced without structural failure of the transducer.

Reference
G. D. Hugus, I11, "Pressure-Compensating System for Gas-Filled Trans-
ducers," NRL Report 6981, 25 Sep 1969 (AD-693 451].
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Appendix 88
F

Type Jl5-1
TRANSDUCER

General Description
The U2RD type JiS5- transduoer is a standard underwater sound trans-

ducer for use an a c-w source in the infrasonia and low audio-frequency
ro ,ge 10 to 900 Hs. Pigure Ul is a photograph of the transducer.

Fig. 0B1. USRD type J15-1 transducer.

The 10-om-diam, truncated-cone diaphragm is supported by a novel
rubber suspension system that permits 1.2-cm peak-to-peak linear movement
of the diaphragm, but offers high acoustic impedance to the region around
it. The diaphragm is driven by a large moving coil positioned in the
field of a permanent magnet.

When the transducer is submerged, water enters the rear compensation
chamber and compresses the butyl rubber bags until the internal air pres-
sure is equal to the external water pressure on the face of the diaphragm,
which does not then undergo &ny static displacement for water depth to
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Each type J15-1 transducer is supplied with up to 183 m of shielded,
2-conduotor cable. The electrical connections are shown in Fig. BB2.

Specifications
Operating range: 10 to 900 Hz

Maximum input power: 250 W, continuous duty (50-600 HZ)

Lo.ed impedanoe: 35 9 at 100 Hz

Maximum depth: 165 m
Weight: 46 kg
Shipping weight: 80 kg

Electroacoustic Characteristics

Typical transmitting current response is shown in Fig. BB3, typical
impedance data are given in Fig. BB4. Measurements are made unbalanced
with the shield and black lead connected together.

Power Limitation

Above 50 Hz, the maximum input power is limited by the rate at which
the heat generated in the driving coil can be dissipated, and should not
exceed 250 W for continuous use. Sufficient data have not been obtained
to enable the maximum allowable continuous-duty driving power to be
determined. Accordingly, it is recommended that the input power be
reduced or turned off whenever possible; do not exceed 3 A.

At low frequencies (below 50 Hz), the power limitation is imposed by
the allowable displacement of the diaphragm. To prevent overdriving
below 50 Hz, observe the output of a monitoring hydrophone and adjust the
power into the transducer to maintain a waveform similar to that observed
at low levels. Take care to avoid transients such as those caused by
switching at the input to the power amplifier when driving at or near the
maximum input power.

Compensation for Hydrostatic Pressure
The transducer will operate at depth to 165 m with some changes in

response. To determine the source level accurately, therefore, a cali-
brated hydrophone should be used.

Inflate the compensation bag with air as dry as possible; do not.
infUate by mouth. Open the small valve located on the compensation hous-
ing and gently fill the bag with air; do not overinflate. The bag is
accessible through the holes in the back plate and should feel slightly
firm (just slightly above atmospheric pressure). After inflating the
bag, insert the plug and tighten.

Preparation for Use

Figure BBS is a dimensioned outline drawing of the transducer.
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For proper operation, the J15-1 must be mounted with the driving face
looking toward the water surface. Mounting in any other position will
prevent proper compensation and free movement of the driven diaphragm.

Before submerging the transducer, wash it thoroughly with a wetting
agent to aid in removing air on or around the diaphragm and the housing.
While the transducer is in the water, move it briskly from side to side
a few times to help dislodge air bubbles.

Examine the compensation bag after a few hours of operation and
occasionally thereafter, to insure that no air leaks exist.

Fig. 882. (Right) Cable connections SI UndrwaterShi l 2-€ondu- t-r Condmetor iI

for type J15-1 transducer; d-c resist- I h e,*ld cab)l. ct~W Cil
ance between white and black leads: Whi t

25 0 (approx)• Typ MUs
connactor

100 ,::

type J15-ltransducer

-205

F0. Ti rso
i. F19. BB3. TypeiI- rndcae r.nmtig.turn epne
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transducer..

44-
'~7'

46 COMPENSATION

50

Fig. 885. Dimensions (in centimeters) and
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Appendix CC

Type J15-3

TRANSDUCER

General Description

The USRD type J15-3 transducer is a standard underwater sound trans-
ducer for use as a c-w sburce in the infrasonic and low audio-frequency
range 10 to 600 Hz. The transducer consists of three driven diaphragm
assemblies. Each of the 10-cm-diam, truncated-cone diaphragms is sup-
ported by a novel rubber suspension system that permits 1.2-cm peak-to-
peak linear movement of the diaphragm but offers high acoustic impedance
to the region around it. The diaphragm is driven by a large moving coil
positioned in the field of a permanent magnet. tigure CCI is a photo-
graph of the transducer.

Fig. CC1. USRD type J15-3 transducer.

When the transducer is submerged, water enters the rear compensation
chamber and compresses the butyl rubber bags until the internal air pres-
sure is equal to the external water pressure on the face of the diaphragm,
which does not then undergo any static displacement for water depth to
180 m.
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Each type J15-3 transducer is supplied with up to 200 m of 2- or
6-conductor cable. The electrical connections are shown in Fig. CC2.
A separate signal source can drive each of the three diaphragms, or they
may be connected electrically in series and driven from a single source.

Specifications

Operating range: 10 to 600 Hz

Maximum input power
Total power: 750 W, continuous duty (50-600 Hz)
Each diaphragm assembly: 250 W

Loaded impedance (100 Hz): 110 fl, all in series; 35 0,
each assembly

Weight: 170 kg

Shipping weight: 223 kg

Electroacoustic Characteristics

Typical transmitting current response is shown in Fig. CC3; typical
impedance data are given in Figs. CC4 and CC5. Measurements are made
unbalanced with the shield and black lead connected together.

Power Limitation

Above 50 Hz, thsd maximum input power is limited by the rate at which
the heat generated in the driving ooil can be dissipated and should not
exceed 250 W total for continuous use. Sufficient data have not been
obtained to enable the maximum allowable continuous-duty driving power to
be determined. Accordingly, it is recommended that the input power be
reduced or turned off whenever possible, do not exceed 3 A.

At low frequencies (below 50 Hz), the power limitation is imposed by
the allowable displacement of the diaphragm. To prevent overdriving
below 50 Hz, observe the output of a monitoring hydrophone. and adjust the
power into the transducer to maintain a waveform similar to that observed
at low levels. Take care to avoid transients such as those caused by
switching at the input to the power amplifier when driving at or near the
maximum input power.

Compensation for Hydrostatic Pressure

The transducer will operate at depth to 180 m with some changes in
response. To determine the source level accurately, therefore, a cali-
brated hydrophone should be used.

Inflate the compensation bag with air as dry as possiblel do not
inftate by mouth. Remove the cap at the T fitting located on top of the
compensation housing and gently fill the bags with airl do not over-
inflate . The bags are accessible through the holes in the back plate of
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each tubular housing and should feel slightly firm (just slightly above
atmospheric pressure). After inflating the bag, replace the cap and
tighten. Excess pressure can damage the diaphragm assemblies.

Preparation for Use
Figure CC6 is a dimensioned outline drawing of the transducer.

For proper operation, the J15-3 must be mounted with the driving
face looking toward the water surface. Mounting in any other positioni
will prevent proper compensation and free movement of the driven
diaphragms.

Before submerging the transducer, wash it thoroughly with a wetting
agent to aid in removing air on or around the diaphragm and the housing.
While the transducer is in the water, move it briskly from side to side
a few times to help dislodge air bubbles.

Examine the compensation bag after a few hours of operation and
occasionally thereafter to insure that no air leaks exist.

GROWNI 1 05 1

Fig. CC2. (Right) 08 "IV"

Cable connections, type 0 .4 S *
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COORDINATE SYSTEM FOR TRAPNSDUCCI ORIENTATION

Tits ooddinato • vtem uhoiwi in t•he akeoh beiw to fulignetd to the' traenh
dcert and hoves with it# Wiffo.lese of Its "tseal Pa iond, The • n•ill
I*to a de ohion angle PwAsur4 foro %h# 4• **Laie the angle $ Lis iatfiuth
angle In son&* %wils'tion,

Rea~ 1nd afitsvt meoie ent re made with aowid ptopAqated par-
allel tot e povtivt *fuie otherwise sk.egltiod, Trandui a are
orientedi go tt'llows,

Active Acoustic

cylinder The oylindriual axits to tihe A &*is, A retetence urnk
for another aiis is specifled.

plant "ae plan$ (of piston) room t Inn tile VA plane, with
The tap of the transducer in in tho #4l dirootion,i: noutit teia~atte ernti

Aphers Specify pointa an' the surface tar any two of the three

Other Provide a skoeth of noncontorrming aimoiqrations and
offset acoustic ceniters.

D~vetiVitif Po4t*60M81 Unless otherwise specified, the following applyi

XV 0' 90 QV upvard
XI V 04 downward 9Oa ow

Vt Kt~patd06 gooaw

+Z

* Origin to at actual
'00of asumired acousticcenter of tZansduae r

+X
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