Group

Measuring and Studio Microphones,
Hydrophones, Preamps, & Accessories

Hydrophones types 8101, 8103, 8104 and 8105
USES: ADDITIONAL FEATURES 8101:
= Waterborne-sound measurements = Built-in preamplifier with provision for insert

= Calibration reference standard voltage callbration

= [nherent noise level well below sea-state zero and

= Ultrasonic measurements in liqui s ;
quids close to Wenz's lowest ambient

s Cavitation measurements

= Laboratory and industrial measurements in liquids ADDITIONAL FEATURES 8103:
and gases

= As underwater projectors (8103, 8104 and 8105)
= Noise measurements in humid and polluted

= Very small size (50 x 9,5mm)
= —3dB limit in air at 15kHz
m Double-shielded low-noise integral cable

atmospheres
ADDITIONAL FEATURES 8104:
EEATEEES: u Calibration reference standard
= Frequency ranges from 0,1 Hz to 180kHz
= |ndividually calibrated; traceable to NBS ADDITIONAL FEATURES 8105:

= Flat frequency response over wide range Omnidirectional over full frequency range
Working pressure up to 10”Pa (100atm. [1000m])
No metallic parts exposed

-3dB limit in air at 7kHz

= Omnidirectional over wide frequency range

= Working pressure up to 4-10°Pa (40atm. [400m])

s Shielded-element construction

= Highly corrosion resistant

= | ow-noise low-capacitance cable to MIL-C-915
(8101, 8104 and 8105)

/ The B&K range of Hydrophones ish
range of individually calibrated water-
borne-sound transducers which have a
flat frequency response and are omnidi-
rectional over a wide frequency range.
Their construction is such that they are
absolutely waterproof and have good
corrosion resistance. There are four
types of B& K Hydrophone:

Type 8101 has a built-in amplifier
which gives a signal suitable for trans-
mission over long underwater cables.

Type 8103 is suitable for laboratory 8103

and industrial use and particularly for
the acoustic study of marine animals or
for cavitation measurements.

8105 8104

Type 8104 is ideal for calibration
purposes.

Type 8105 is a robust spherical hy-
drophone usable down to 1000m ocean
depth with excellent directional charac-
teristics, being omnidirectional over
270° in the x-z plane and 360° in the x-

- B A S Scale 1:3
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Fig. 2. Schematic drawing of hydrophone
construction, Type 8103

A

Low-Noise Cable
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Shield

Insulating Bushing

120 mm (4,737)

Shielding Base
Piezoelectric Ceramics
Acoustic Centre

Bonded Chloroprene Rubber

761217/2

Fig. 1. Schematic drawing of hydrophone construction, Type 8101

The Briiel & Kjzr range of water-
borne-sound transducers consists of
the following:

The General Purpose Hydro-
phone Type 8101 is a wide-range
waterborne-sound  transducer  for
making absolute sound measurements
over the frequency range 1Hz to
120kHz with a receiving sensitivity of
-184dB re 1V/uPa. A built-in high-
quality low-noise preamplifier acts as
an impedance converter to provide a
signal suitable for transmission over
long underwater cables. The built-in
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preamplifier of the 8101 features an
insert voltage calibration facility, but
does not allow the hydrophone to be
used as a projector. A schematic draw-
ing of the 8101 is given in Fig. 1.

The Miniature Hydrophone
Type 8103 is a small-size high-sensi-
tivity waterborne-sound transducer
for making absolute sound measure-
ments over the frequency range 0,1 Hz
to 180 kHz with a receiving sensitivity
of —-211dB re 1V/uPa. It has a high
sensitivity relative to its size and good
all-round characteristics which make

Fig. 3. Schematic drawing of hydrophone
construction, Type 8104

it generally applicable to laboratory,
industrial and educational use. The
8103’s high-frequency response will be
specially valuable when making acous-
tic investigations of marine animals
and, for example, in the measurement
of the pressure-distribution patterns
in ultrasonic-cleaning baths. It is also
particularly useful for cavitation mea-
surements. Fig. 2 shows a schematic
drawing of the 8103.

The Standard Measuring Hy-
drophone Type 8104 is a wide-
range waterborne-sound transducer



for making absolute sound measure-
ments over the frequency range 0,1 Hz
to 120kHz with a receiving sensitivity
of 205dB re 1V/uPa. It can also be
used as a sound transmitter (projec-
tor) which makes it ideal for calibra-
tion purposes by the reciprocity meth-
od, by the calibrated-projector meth-
od, or by the comparison method. The
8104 is shown schematically in Fig. 3.
Note: Standard Measuring Hydro-
phones Types 8100 and 8104 are now
available under one type number,
Type 8104. Apart from accessories the
two were identical.

The Spherical Hydrophone
Type 8105 is a small waterborne-
sound transducer for making absolute
sound measurements over the fre-
quency range 0,1 Hz to 160 kHz with a
receiving sensitivity of -205dB re
1 V/uPa. It is rugged, being capable of
withstanding pressures of up to 10" Pa
(100atm.; 1000m (3250ft.) ocean
depth). The Hydrophone Type 8105
has excellent omnidirectional charac-
teristics: it is omnidirectional over
360° in the x-y plane and 270° in the

x-z plane. The Type 8105 is shown
schematically in Fig. 4.

Construction

The four B & K hydrophones are pi-
ezoelectric transducers, i.e., they use
piezoelectric ceramics as sensing ele-
ments. The piezoelectric sensing ele-
ment and its internal supporting
structure are permanently bonded
into  sound-transparent polychloro-
prene rubber. The support body of the
hyvdrophone is made from a 70-30
Copper-Nickel alloy, which has ex-
tremely high corrosion resistance to
virtually all hostile environments, and
very good anti-fouling properties
when immersed in seawater. The Tvpe
8105 has no metal parts exposed.

The internal support is mechanical-
ly and electrically isolated from the
metal housing, being coupled only by
synthetic rubber. This provides vibra-
tion isolation of the sensing element.
The hydrophones are equipped with
an integral cable, the shield of which is
connected to the internal support,
thus providing electrical shielding for

——Low Noise Cable

_____ Shielded Cable
Assembly

——Positioning Belt

Bonded Chloroprene
Rubber

Piezoelectric
Ceramic

&—— Acoustic Centre

851687

Fig. 4. Schematic drawing of hydrophone
construction, Type 8105

the sensing element. Note that the
Type 8103 has its internal support and
metal housing connected at the plug
end of the cable.

Shell Jack

Shell Plug

Female Connector JJ 0415

11
L ke

Pressure ring
for two-core !
cables !

Compression
seal

Male Connector JP 0415

=L

Coupling nut

Pressure ring |
[

for four-core

[
ganies Compression

seal

Assembled Connectors

Coupling nut

-

Rubber sleeve

-

Rubber sleeve

851688 |

Fig. 5. Exploded view of B& K Waterproof Connectors JP0415 and JJ 0415
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Cables and Connectors

Special care has been taken in the
production of B& K hydrophone ca-
bles in order to obtain good electrical
shielding enabling the use of the hy-
drophones in air and in water tanks
where the electrical potential of the
water is different from the ground po-
tential, as well as in cases of high elec-
tromagnetic interference.

The Hydrophone Type 8101 is sup-
plied with an integral 10m low-noise
cable (B & K no. AC0038) of the high-
est quality which conforms to the
MIL-C-915 standard. This cable is
fitted with a B& K 7-pin plug suitable
for direct connection to the PREAMP.
socket of the B& K range of measuring
amplifiers, spectrometers and fre-
quency analyzers. Hydrophones Types
8104 and 8105 also have integral 10m
cables (AC0034) to the MIL-C-915
standard but these are fitted with
BNC plugs.

For use at greater depths (up to
1000m with the 8105), MIL-C-915
standard extension cables of up to
300 m are available to order. These can
be fitted to the hydrophone’s integral
cable by the use of B& K Waterproof
Connectors JP0415 (male) and
JJ0415 (female), shown in Fig.5,
which are suitable for use with the
Hydrophones Types 8101, 8104 and
8105. Pictorial assembly instructions
are provided with each male or female
connector set. Note: These connec-
tors are compatible with connectors
JP0205 and JJ 0205 used on extension
cables of earlier versions of B& K Hy-
drophones.

The Miniature Hydrophone Type
8103 is fitted with a 6m integral dou-
ble-shielded cable terminated with a
B &K miniature plug JP0056 and in
cases of high electromagnetic interfer-
ence a metal screen can be clamped
onto the metal support. This support
is connected internally to the outer
shield of the cable which is connected
to the inner shield of the terminating
plug end of the cable. When this con-
nection has to be broken to isolate the
fluid surrounding the hydrophone
from the signal ground, the 8103
should be used with a transformer-
coupled output preamplifier such as
the Type 2626.

Frequency response

The typical frequency responses of
the hydrophones are shown in Fig. 6.
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These are measured in a water tank in
free-field conditions achieved by
means of pulse techniques using a
Gating System Type 4440.

Calibration

Each B&K Hydrophone is submit-
ted to an extensive ageing and tem-
perature stabilizing procedure before
being individually calibrated. Individ-
ual calibration data and frequency re-
sponse curves are supplied with each
hydrophone. The receiving sensitivity
calibration of the B& K Hydrophones
is traceable to the National Bureau of
Standards (Washington D.C.).

A convenient calibration check at
low frequencies can be performed us-
ing the B& K Hydrophone Calibrator
Type 4223. This provides a rapid and
easy method for air calibration of
sound measuring systems terminating
in B& K Hydrophones. Being battery
powered, the 4223 can be used both in
the laboratory and in the field.

The principle of operation of the
4223 is the production of a sound pres-
sure in the coupler cavity by four pis-
tons which oscillate back and forth in
phase. A frequency of 250Hz is pro-
duced which is electronically main-
tained within + 2%.

Fig. 7 shows sectional drawings of
the Calibrator. The couplers supplied
with the Calibrator are shown fitted
with their respective B& K Hyvdro-
phones. The sound pressure levels
produced in the coupler volumes are
157, 166, 162 and 151dB re 1 uPa for
the 8101, 8103, 8104 and 8105, respec-
tively. Note that the sound pressure
level in the coupler volume can be
monitored with a !2” microphone (see
inset of Fig. 7), thus enabling the cali-
bration to be traceable to NBS.

A barometer is supplied with the
4223 giving the atmospheric pressure
correction in dB in the range 0,79-10°
to 1,05-10°Pa (790 to 1050 mbar).
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Fig. 7. Mounting of B& K Hydrophones and their respective couplers onto the Calibrator Tvpe 4223. The inset shows a 12" microphone
inserted into a coupler for monitoring the sound pressure level
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Sine Random Generator

Type 1027 is'gated into a series of tone

bursts by the Gating System Type
4440 and amplified, if necessary, by a
Power Amplifier Type 2713 to give a
suitable signal level. It is transmitted
to a Standard Measuring Hydrophone
Type 8104 that operates as a projec-

tor, emitting a series of pulses under
water. An Oscilloscope, triggered by
the 4440, can be used to display the
received signal and to monitor the
measuring gate position.

The receiver Hydrophone (a Type
8104 is shown) is mounted on a Turn-
table Type 3922 so that the polar
characteristics can be charted. The re-
ceiver signal is amplified and, if need-
ed, filtered to remove low frequency
components before it is passed to the
Oscilloscope and the 4440.

A suitable delay is arranged to
match the dimensions of the tank in
use, so that the measuring gate is open
only while the direct signal is being
received, and closed when the reflect-
ed signals arrive. The figure also
shows a typical emitted burst, the re-
ceived signal complete with echoes,
and the measuring gate signal showing
the position of the measuring period.

A similar set-up can be used to de-
termine the sensitivity of the un-
known hydrophone.

Use as projectors

The piezoelectric effect of the sens-
ing element is reversible, i.e., mechani-
cal excitation causes an electrical out-
put, and conversely, an applied alter-
nating voltage causes corresponding
mechanical excitation. Therefore, the
Hydrophones Types 8103, 8104 and
8105 (but not the Hydrophone Type
8101 because of its built-in preamplifi-
er), can be used as sound transmitters
(projectors), for both measurement
and reciprocity calibration. Transmit-
ting responses to voltage for the Hy-
drophones Types 8103, 8104 and 8105
in water are shown in Fig. 10. Note the
12dB/octave slope which is typical for
piezoelectric hydrophones.

When hydrophones are used as pro-
jectors, the driving signal requires
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Fig. 8. Typical directivity patterns of the Hydrophones Types 8101, 8103, 8104 and 8105

power amplification. The B & K Power
Amplifier Type 2713 has been espe-
cially designed for driving the Hydro-
phones Types 8103, 8104 and 8105
used as projectors, but is also useful
for driving other highly reactive loads.
The 2713 is a low-noise 100 VA power
amplifier with a frequency range ex-
tending from 10 Hz up to 200 kHz, and
a gain continuously adjustable be-
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tween 0 and 60dB over six 10dB
ranges. It also features selectable max-
imum output voltage limits as well as
extensive protective functions to pre-
vent damage to both the amplifier and
the transducer.

Measurements
Before measurements are taken, the
high-impedance output signals from

the Hydrophones Types 8103, 8104
and 8105 should be routed through a
signal-conditioning  amplifier.  Al-
though the entire B&K range of ac-
celerometer preamplifiers is suitable,
the use of the Conditioning Amplifiers
Types 2626, 2635 or 2650 is particular-
ly recommended. These preamplifiers
feature a dial-in sensitivity adjust-
ment to give convenient output values
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Fig. 9. Arrangement for obtaining polar directivity patterns of hyvdrophones in small water
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(for example 0,1 or 1 V/Unit) and have
a wide frequency range, and adjust-
able low-pass and high-pass filters.
Note that the 2635 is portable, being
battery powered. For technical details
of these preamplifiers, the reader is
referred to their respective product
data sheets.

The Hydrophone Type 8101 .fea-
tures a built-in preamplifier which
acts as an impedance converter. The
output signal does not require further
conditioning and the 8101 can be di-
rectly plugged into the Preamplifier
socket of the B & K range of measuring
amplifiers, frequency analyzers and
real-time analyzers which supply the
necessary voltages.
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Fig. 10. T'vpical transmitting response to
voltage of Types 8103, 8104 and
8105

Specifications Built-in Preamplifier 8101

GAIN:
0dB

FREQUENCY RANGE:
< 0,5Hz to 300kHz

INPUT IMPEDANCE:
1000 M€ | 10pF

MAXIMUM INPUT SIGNAL:
12V supply: 2,5V RMS (~3850Pa)
24V supply: 5,0V RMS

INHERENT NOISE:

80
=
23 sol -
© 3 \ lata
a. T 2g,
25 40 - ~2
o B
ol Type 8101\ \\ P
=20
0
10 Hz 100 1000 Hz 10 kHz 100
Frequencv 173008/2

MAXIMUM OUTPUT SIGNAL:
12V supply: 2,5Y RMS or 10mA
24V supply: 5,0V RMS or 20mA

OUTPUT IMPEDANCE:
504

POWER REQUIREMENT:
+12 to 24V DC, 12 to 24 mA
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Specifications 8101, 8103,

8104 and 8105

Type 8101 8103 8104 8105
Voltage sensitivity, nominal: 630 uV/Pa* 30 uV/Pa* 56 pV/Pa*
(with integral cable) (— 184 dB re 1 V/uPa) (—211dB re 1 V/uPa) (— 205 dB re 1 V/uPa)
Charge sensitivity, nominal: = 1,2x107 pC/uPa* 4,2x1077 pG/uPa* 4,0x 107 pC/uPa*
Capacitance, typical: ]
(with integral cable) =230 PE 810Dk 7200 pF

(1598 0 1HztosokHz | (F0598) o170 100kHZ [ (+ 20B) 0.1 Hz to BOKkHz [ (+0.5dB) o4y o 00up,
Frequency range: i=2.5d5) (=8,5dB) (+2dB) (=4dB)

¢ (+2dB) (+2dB) 0,1Hz to 120kHz (+2dB)
1Hz to 1 1

(_10dg)! HZ 10 20kHz (~10ap)% 1 Hz o 180kHz | (-10dB) “ 10dmo 1Hz to 160kHz
Horizontal directivity:e o :
(at 100 kHz) + 2 dB (typical)

: e + 2 dB (typical) + 4 dB (typical) + 2 dB (typical) + 2 dB (typical)
NecaRCiecHVIves at 15 kHz at 100 kHz at 50 kHz over 270° at 100 kHz
Leakage resistance: u
(at:20°C) — = 2500 M
ng'z::‘tﬂm Short-term -10°C to + 60°C ~40°C to + 120°C (~40°F to 248°F)
ran;e_ Continuous {(14°F to 149°F) -40°C to + 80°C (-40°F to 176°F)

Charge: < 40,03 dB/°C < +0,03dB/°C < +0,03 dB/°C
(+0,017 dB/°F) (+0,017 dB/°F) (+0,017 dB/°F)
Sensitivity change
with temperature
Voltage: 0 to -0,03 dB/°C <-0,03 dB/°C -0,04 dB/°C <-0,03dB/°C

(0 to -0,017 dB/°F)

(-0,017 dB/°F)

(0,022 dB/°F)

(~0,017 dB/°F)

Max. operating static
pressure:

252dB = 4 x 10% Pa = 40 atm. = 400 m ocean depth

260 dB = 9,8 x 10°Pa
= 100 atm. = 1000 m

ocean depth

Sensitivity change with
static pressure:

<-3x 107 dB/Pa (-0,03 dB/atm.)

Allowable total radiation dose: 5 x 107 Rad.
Dimensions: Length: 248 mm (9,76") 50 mm (1,97") 120 mm (4,73") 93 mm (3,667)
Body dia: 24 mm (0,95") 9,5 mm (0,37") 21 mm (0,83") 22 mm (0,87")
Width across the cage: 132 mm (5,217)
Weight:
(including integral cable) Skg (6,6 Ib) 170g (0,37 Ib) 1,6 kg (3,5 Ib)
10 m waterblocked low- | 6 m waterproof low-noise | 10 m waterblocked low-noise shielded cable
noise shielded cable to | double-shielded teflon ca- | to MIL-C-915 with BNC plug

Integral cable:

MIL-C-915 with 7-pin B & K
plug

ble with standard miniature
coaxial plug

Accessories included:

Individual calibration chart and calibration data

Removeable protective
cage

1 Adaptor DB 2609

Mahogany case

Accessories available:

Waterblocked low-noise
shielded extension cable

to MIL-C-915 available

to any length up to

300 m.... ... AC 0038
Underwater connectors:
Male ..........ccccceieici. JP 0415
Female........iiindJ 0415

Waterblocked low-noise shielded extension cable to-
MIL-C-915 available to any Iength

up to 300 m.. ST e
Underwater connectors

... AC 0034

...JP 0415
-JJ 0415

* Nominal value, each hydrophone is supplied with its own calibration data

® See polar directivity diagrams given in Fig.7
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