
Hydrophones 

USES: 

• Waterborne-sound measurement s 

• Calibration reference standard 

• Ultrasonic measurements in liquids 

• Cavitation measurements 

• Laboratory and industrial measurements in liquids 
and gases 

• As underwater projectors (8103, 8104 and 8105) 

• Noise measurements in humid and polluted 
atmospheres 

FEATURES: 

• Frequency ranges from 0,1 Hz to 180kHz 

• Individually calibrated; traceable to NBS 

• Flat frequency response over wide range 

• Omnidirectional over wide frequency range 

• Working pressure up to 4 -106 Pa (40 atm. [400 ml) 

• Shielded-element construction 

• Highly corrosion resistant 

• Low-noise low-capacitance cablB to MIL-C-915 
(8101, 8104 and 8105) 

T he B& K range of Hydrop hones is a 
range of individually calibra ted water
borne-sound t ransducers which have a 
flat frequency response an d a re omnidi
rect ional over a wide freq uency range. 
Their const ruction is such that they are 
absolute ly water proof and have good 
corrosion resistance. T here are four 
types of B & J< Hydrop hone: 

Type 8 101 has a buil t- in am plifier 
which gives a signal suit.able for t rans
mission over long und erwate r cables . 

Ty pe 810 3 is suita ble for laborato ry 
and ind ust rial use and part icularly for 
the acoust ic stu dy of marine animals or 
for cavitat ion measureme nts . 

Ty pe 8104 is ideal for calibratio n 
purposes. 

Ty pe 8105 is a robust spherical hy
drop hone usable down to 1000m ocean 
depth with excellent direct ional charac
teristics, being omnidi rect ional over 
270° in the x-z plane and 360° in the x 
y plane. 

8105 

types 8101, 8103, 8104 and 8105 

ADDITIONAL FEATURES 8101: 

• Built-in preamplifier with provision for insert 
voltage calibration 

• Inherent noise level well below sea-state zero and 
close to Wenz's lowest ambient 

ADDITIONAL FEATURES 8103: 

• Very small size (50 x 9,5 mm) 

• -3dB limit in air at 15kHz 

• Double-shielded low-noise integral cable 

ADDITIONAL FEATURES 8104: 

• Calibration reference standard 

ADDITIONAL FEATURES 8105: 

• Omnidirectional over full frequency range 

• Working pressure up to 107 Pa (100 atm . [1000 ml) 

• No metallic parts exposed 

• - 3dB limit in air at ?kHz 

8103 

8104 

Scale 1 :3 
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Fig / . Schemat ic drawi ng nf hy droph one const,ru ction , Ty pe 8101 

The BrUel & Kjmr ran ge of wate r
borne-sound tra nsducer s consists of 
the following: 

T he Gen e ral Purpo s e Hydro
phone Type 8101 is a wide-range 
waterborne-sound tra nsdu cer for 
making absolute sound measu rements 
over the frequency range 1 Hz to 
120 kHz with a receiving sensit ivity of 
- 184d8 re 1 V/µPa. A built -in high
qua lity low-noise preamplifier act s as 
an impeda nce converter to provid e a 
signal suitab le for trans mission over 
long underwate r cables. The built -in 
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preamplifie r of the 8101 feat ures an 
insert voltage calibra tion facility , but 
does not allow the hydrophone to be 
used as a projector. A schematic d raw
ing of the 8101 is given in Fig. 1. 

T he Miniature Hydrophone 
Type 8103 is a small-size high-sensi
t ivity waterbo rne-sound tra nsducer 
for making absolute sound measure
ments over the frequenc y range 0,1 Hz 
to 180 kHz with a receiving sensit ivity 
of - 211 dB re 1 V /µPa. It has a high 
sensitivity relat ive to its size and good 
all-round characte ristics which make 
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it genera lly applicabl e to laborato ry, 
indu st rial and educat iona l use. Th e 
8103's high-fr equenc y response will be 
specia lly valuable when making acous
tic invest igat ions of mar ine animals 
and , for exampl e, in the measurement 
of the pressu re-dist ribu t ion patterns 
in ult rasonic-cleaning baths. It is also 
part icularly useful for cavitat ion mea
surements. Fig. 2 shows a schematic 
dr awing of t he 8103. 

The Standard Measuring Hy
drophone Type 8104 is a wide
range waterborne -sound t ransdu cer 



for mak ing absolute sound measur e
men ts over t he frequenc y range 0,1 Hz 
to 120kHz wit h a receiv ing sensitivity 
of - 205 dB re l VI µPa . It can a lso be 
used as a sound transmitter (projec
tor) which makes it idea l for ca libra
tion purp oses by th e reciprocit y meth
od, by t he calibrat ed-pr ojector met h
od, or by t he compari son me thod . Th e 
8104 is shown schematical ly in Fig. 3. 
Note: Sta nd ard Measurin g Hyd ro
phone s T ypes 8100 and 8104 are now 
ava ilable under one typ e num ber, 
Type 8104. Apart from accessories t he 
two were ident ica l. 

Th e Sph e ri ca l Hydrophon e 
Type 8105 is a small waterborn e
sound t ransd uce r for making abso lut e 
sound measurement s over the fre
quenc y ran ge 0,1 Hz to 160 kHz wit h a 
receiving se nsitiv ity of - 205 dB re 
l V /µPa. It is ru gged , being capable of 
withsta ndin g pres sur es of up t o 107 Pa 
(lOOatm .; 1000m (3250ft.) ocean 
de pth). The Hydrophon e Type 8105 
has excellent om nidi recti onal cha rac
terist ics: it is om nidir ect ional ove r 
360° in the x-y plane and 270° in t he 

x-z plane. The Type 8105 is shown 
sc hematicall y in Pig. 4. 

C onstruction 
Th e fou r B & K hydr ophone s a re pi 

ezoe lect ric t ran sd uce rs, i.e., the y use 
piezoelectric ceramic s as sen sing ele
ments. The piezoe lect ric sens ing ele
ment and its int ern al supp ort ing 
struct ur e a re perma nent ly bo nd ed 
int o sound -t ran sparent polychloro
prene rubber. Th e supp ort body oft he 
hyd ropho ne is made from a 70- 30 
Copper-Ni ckel alloy, which has ex
t rem ely high corrosion resistance to 
virt ua lly all hosti le en viron ment s, and 
very good anli -foul ing propertie s 
when imm ersed in seawater. T he T ype 
8105 has no met a l pa rts expose d. 

Th e in ternal suppor t is mechani cal
ly and electricall y isolated from t he 
meta l housing, being coupled only by 
synthet ic rubb er. Thi s provid es vibra
t ion isolat ion of t he se nsing element. 
Th e hydro ph ones a re eq uipp ed wit h 
an int egra l cab le, t.he shield of wh ich is 
conn ect ed to th e in terna l supp ort , 
thu s providing electr ica l shie ldin g for 
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Cables and Connectors 
Special care has been ta ken in the 

product ion of B & K hydrophone ca 
bles in order to obta in good elect rical 
shieldin g enab ling the use of the hy 
drop hones in air and in water ta nks 
where the elect rical pote nt ia l of the 
wate r is diff eren t from the grou nd po
tent ia l, as well as in cases of high elec
tromagnet ic inte rfer ence. 

The Hydroph one Type 8101 is sup
plied with an integra l 10 m low-noise 
cable (B & K no. AC0038) of the high
est qua lity which conform s to the 
MIL- C-915 sta ndard . T his cable is 
fitted with a B& l{ 7-pin plug suitable 
for dir ect conn ectio n to the PREAMP. 
socket of the B & K range of measurin g 
amp lifiers, spectro mete rs and fre
quency ana lyzers. Hyd rophones Types 
8104 and 8105 a lso have in tegral 10 m 
cables (AC0034) to the MIL- C- 915 
sta nd ard but these are fitte d wit h 
BNC plugs. 

For use at greate~ depths (up to 
1000m with the 8105), MIL- C- 915 
stand ard ext ension cab les of up to 
300 m are avai lab le to orde r. T hese can 
be fitte d to the hydr ophone 's integral 
cable by the use of B & K Wate rproof 
Connecto rs JP 0415 (male) and 
JJ0415 (female) , shown in F ig. 5, 
which are suita ble for use with the 
Hydr ophones Types 8101, 8104 and 
8105. Pic toria l assembly inst ruct ions 
are provided with each male or female 
conne ctor set. Note: T hese connec
to rs are compa t ible with connecto rs 
J P0 205 and JJ0205 used on exten sion 
cables of earlier versions of B & K Hy
drop hones. 

Th e Miniat ur e Hydr ophone T ype 
8103 is fitt ed with a 6 m integral dou 
ble-shielded cab le terminat ed with a 
B&K miniat ure plug JP00 56 and in 
cases of high electromagnetic interfer 
ence a metal scre en can be clamped 
onto the meta l support . Thi s supp ort 
is connected inte rnall y to the oute r 
shield of t he cable which is connected 
to t.he inn er shie ld of the t.ermin ati ng 
plug encl of the cab le. When this con
nection has to be broken to isolate the 
fluid surr oun ding the hydrophone 
from the signal ground , the 8103 
should be used with a transformer
coupled output preamp lifier such as 
the Type 2626. 

F r e quency respons e 
The typical frequen cy responses of 

the hydroph ones are shown in Fig. 6. 
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Th ese are measured in a water tank in 
free-fie ld condi t ions achieved by 
mean s of pu lse techniqu es using a 
Gating System Type 4440. 

Ca libr atio n 
Eac h B & K Hydroph one is submi t 

ted to an exte nsive ageing and tem
pera ture sta bilizing procedure before 
being individ ually calibra ted. Indi vid
ua l calibratio n data and frequ ency re
sponse curves are supplied with each 
hydr ophone. The receiving sensit ivity 
calibra tion of the B & K Hydro phones 
is t raceable to the Nat ional Bur eau of 
Standards (Washington D.C.). 

A convenient ca libra t ion check at 
low freque ncies can be perfor med us
ing the B&K Hydrophone Calibrator 
Type 4223. Thi s provides a rapid and 
easy met.hod for a ir ca libration of 
sound measurin g syste ms termi na t ing 
in B & K Hydroph ones. Being bat tery 
powered , the 4223 can be used both in 
the laboratory and in th e field. 

Th e principle of operation of the 
4223 is the producti on of a soun d pr es
sure in the coupl er cavity by four pis
to ns which oscillate back and forth in 
phase . A frequ ency of 250 Hz is pro
du ced which is elect ronically mai n
tai ned within ± 2%. 

Fig. 7 shows sect ional draw ings of 
the Cal ibr ator. T he coupl ers suppli ed 
with the Calibra to r are shown fitte d 
with their respect ive B & K Hydro
phon es . The sound press ure levels 
produ ced in the coup ler volumes are 
157, 166, 162 and 151 dB re 1 µPa for 
the 8101, 8103, 8104 and 8105 , respec
tive ly. Note that the sound pressure 
level in the coup ler volume can be 
monitored with a '/2" micropho ne (see 
inset of Fig. 7), thus enabling the cali
brat ion to be t raceable to NBS. 

A barometer is su ppli ed with the 
4223 giving the atmosphe ric pres sure 
correct.ion in dB in the range 0,79 · 105 

to l ,05· 105 Pa (790 to 1050 mbar). 
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Fig. 7. Moun t ing of 8 & 1( Hydroph on es and their respect ive coup lers onl o th e Calibrato r 'f'.vp e ,f223. '/'h e inset sh ows Cl 1hn mic roph one 
inserted in to a coup ler for mon itor ing th e sound press ure level 

Di rectiv it y p atte rns 
The hyd ophones have very good 

omnidi recti na l charact eristics. The 
typical dire tiv ity pat tern s of the hy 
drophon es in water are shown in 
Fig. 8. The s polar directi vity pattern s 
have been easured in free-field con
diti ons ach' ved by means of gating 
techniqu es in a water tank. T his 
method re uires a standard hydr o
phone as a rojector and the unkn own 
hydrophone as the receiver whose po
lar dire ctivi y patt ern is to be dete r
mined. 

Fig. 9 sho vs a typica l arra ngemen t 
which perm t s automat ic plotting of 
th e polar ca ibrat ion cha rts. T he out
put of the ine Rand om Generat or 
Type 1027 is gated into a ser ies of tone 
bursts by the Gat ing System Type 
4440 and amp lified , if necessary, by a 
Power Amplifier Type 2713 to give a 
suitab le signal level. It is t ran smitt ed 
to a Standard Measurin g Hydrophone 
Type 8104 that operate s as a proj ec-

tor, emitt ing a serie s of' pu lses under 
water. An Oscilloscope, t riggered by 
the 4440, can be used to display th e 
received signal and to monit or I.he 
measuring gat e position. 

T he receive r Hydrop hone (a T ype 
8104 is shown ) is moun t.eel on a T urn
tab le T ype 3922 so tha t the polar 
characterist ics can be charte d. Th e re
ceiver signa l is amp lified and, if need
ed , filtered to remove low frequen cy 
comp onent s before it is passed to the 
Oscilloscope and th e 4440. 

A suitable delay is arranged to 
match the dimen sions of the tank 111 

use, so that the measuring gat e is open 
only while the di rect signal is being 
received , and closed when the reflect 
ed signals arrive. The figure also 
shows a typical emitted burst , th e re
ceived signal compl ete with echo es, 
and the measuri ng gat e signa l showing 
the position of the measuring peri od. 

A similar set-up can be used to de
termin e the sensit ivity of the un 
known hydrophon e. 

Use as proj ecto r s 
The piezoelect ric effect of the sens

ing element is reversible , i.e ., mechani
cal excita t ion cau ses an electri ca l out
put, and conversely, an appl ied alt er
nating voltage causes corre spondin g 
mechani cal excitat ion. T herefor e, the 
Hyd roph ones Types 8103, 8104 and 
8105 (but not th e Hydro phone Type 
8101 because of its built -in preamplifi
er) , can be used as sound tran smitt ers 
(pr ojec to rs), for both mea surem ent 
and reciproc ity ca librati on. Tran smit 
t ing responses to volt age for the Hy
droph ones Types 8103, 8104 and 8105 
in wat er ar e shown in Fig. 10. Not e the 
12 dB /oct ave slope which is ty pical for 
piezoelectric hydr ophone s. 

When hyd roph ones are used as pro
jectors, the drivin g signal require s 
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Fig. 8. Ty pical directivity patterns of th e Hyd rophones 7) ,pes 810 1, 8103. 8104 and 8/05 

power amplificat ion. The B & K P ower 
Ampli fier Type 2713 has been espe
cially designed for driving the Hydro
phones Type s 8103, 8104 and 8105 
used as project ors, but is also useful 
for driving other highly reactive loads. 
The 2713 is a low-noise 100 VA power 
amp lifier with a frequ ency ran ge ex
tending from 10 Hz up to 200 kHz, and 
a gain cont inu ously adjustab le be-
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tween O and 60dB over six lOdB 
ranges. It also feat ures selectab le max
imum out put volta ge limits as well as 
exte nsive protect ive functions to pre
vent damage to both the amplifier and 
the tra nsducer. 

Meas ur e m ent s 
Befo re measu rements are taken, the 

high- impeda nce outp ut signal s from 

851885 

the Hydroph ones Types 8103, 8104 
and 8105 should be routed through a 
signa l-conditionin g amp lifier. Al
though the entir e B &K range ef ac
celeromete r preamplifiers is su itab le, 
the use of the Cond it ionin g Amp lifiers 
Types 2626, 2635 or 2650 is particu lar
ly recommende d. The se prea mplifi ers 
feature a d ia l-in sensitivity adjust
ment to give convenient outp ut values 
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(for example 0,1 or 1 V / Uni t) and have 
a wide frequency range, and adju st 
able low-pa ss and high-p ass filt e rs. 
Note that th e 2635 is po rtab le, being 
batt ery powered. For techni cal detail s 
of t hese pream plifiers, t he reade r is 
refer red to t heir respecti ve produ ct 
data shee ts . 

Th e Hyd ro phone T~1pe 8101 .fea
ture s a bui lt -in pream plifier which 
act s as an imp edance converter. The 
output signa l does not requ ire further 
conditi oning and the 8 101 can be di 
rectly plugged into the P rea mp lifie r 
socket of the B & K range of mea sur ing 
amplifier s, frequ ency analyzer and 
rea l-t ime ana lyzers which suppl y th e 
nec essa ry voltage s. 
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Fig. /0. 'f'ypi cc,/ tran smittin g response trJ 
voltage of Type s 810:J, 8 10-1 and 
8 10.5 

Specifications Built-in Preamplifier 8101 
GAIN: 
OdB 

FREQU ENCY RANGE: 
< 0,5 Hz lo 300 kHz 

INPUT IM PEDANCE : 
1000Mll 10pF 

MAX IMU M INPUT SIGNA L: 
12V supply: 2,5V RMS ( - 3850Pa) 
24 V supp ly: 5.0 V RMS 

INHERENT NOISE: 

80 

o'-- ~ ~-'-~~ ~.,..,,.~~~ '-- ~ ~-,1 
10 Hz 100 1000 Hz 10 kHz 100 

Frequency , 1300812 

MAX IM UM OUTPUT SIGNA L: 
12V supp ly: 2.5V RMS or 10m A 
24 V supp ly: 5.0 V RMS or 20 m A 

OUTPUT IMPEDAN CE: 
~ 50!! 

POW ER REQU IREME NT: 
+12 to 24 V DC, 12 to 24 mA 
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Specifications 8101, 8103, 8104 and 8105 
Type 8101 8103 8104 8105 

Voltage sensitivity , nomina l: 630 µV/ Pa· 30 µV/ Pa· 56µV / Pa ' 
(with integral cable) (- 184 dB re 1 V/µ Pa) (- 211 dB re 1 V/µPa) (- 205 dB re 1 V/ µPa) 

Charge sensitivity, nomin al: - 1,2 x ,0 - 7 pC/ µPa' 4,2 x 10-1 pC/ µPa' 4,0 x 10-7 pC/µ Pa· 

Capaci tance. typica l: - 3850 pF 7800 pF 7200 pF (with integra l cable) 

(+ 1,5dB) (+ 0.5d B) ( ± 2 dB) 0, 1 Hz to 80 kHz (+0,5 dB) 

Frequency range: 
(- 2.5dB) 0,1 Hz to 60k Hz (- 3,5dB) 0,1 Hz to 100kHz 

(+ 2d B) 
(- 4dB) 0,1 Hz to 100k Hz 

(+2d B) (+ 2dB) (- l OdB)0,1 Hz to 120kHz (+2 dB) 
(- 10dB )1 Hz to 120kHz (- 10dB)0,1 Hz to 180kHz (- 10d B)0,1 Hz to 160k Hz 

Hori zontal directi vity: • 
± 2 dB (typica l) (at 100 kHz) 

Vertical directivi ty: • 
± 2 dB (typical) ± 4 dB (typ ical) ± 2 dB (typical) ± 2 dB (typica l) 

at 15 kHz at 100 kHz at 50 kHz over 270° at 100 kHz 

leakage resis tance: - > 2500 MP. (at 20°CJ 

Operating 
Short-te rm -10 °c to+ 60°c - 40°C to + 120°c (-40 °F to 248°FJ temperatu re 

Con ti nuous (14°F to 149°F) -4 0°C to + 80°c (- 40°F to 176°F) range: 

Charg e: ,;, +0,03 dB/ °C ,;, + 0,03 dB/ °C ,;, +0,03 dB/ °C 
( +0,017 dB/° F) (+ 0,017 dB/ °F) ( +0,017 dB/ °F) 

Sensiti vity change 
with tempe ratu re 

Voltage: o to -0,03 dB/ °C ,;, - 0,03 dB/ °C ,;, - 0,04 dB/° C ,;, -0.03 dB/ ° C 
(0 to -0,017 dB/ ° F) (-0,017 dB/ °F) (- 0,022 dB/ °F) (- 0.017 dB/ °F) 

Max. opera ting static 260 dB = 9,8 x 106 Pa 
252 dB = 4 x 106 Pa = 40 atm . = 400 m ocean dep th = 100 atm . = 1000 m pressure: 

ocea n depth 

Sensitiv ity change with 
,;, -3 x 10-1 dB/ Pa (-0,03 dB/ aim .) static pressure: 

Allowab le tota l radiation dose: 5 X 107 Rad. 

Dimensio ns: l ength: 248 mm (9,76" ) 50 mm (1,97" ) 120 mm (4,73" ) 93 mm (3,66" ) 
Body dia: 24 mm (0,95") 9,5 mm (0,37") 21 mm (0,83" ) 22 mm (0.87") 

Wid th across the cage: 132 mm (5,21 " ) 

Weight: 
3 kg (6,6 lb) 170 g (0,37 lb) 1,6 kg (3,5 lb) (including integra l cable) 

10 m waterblo cked low- 6 m waterproo f low-noise 10 m waterb locked low- noise shielded cable 

Integral cab le: 
noise shielded cable to double-shielded teflon ca- to Mll-C-9 15 with BNC plug 
Mll -C-915 with 7-p in B & K ble with standard miniature 
plug coaxia l plug 

Individua l ca l ibra ti on char t and ca libratio n data 

Accesso ri es included : Removeable protecti ve Mahogany case 
cage 
1 Adaptor .............. DB 2609 

Waterblocke d low -noi se Waterblocked low-n oise shielded extension cab le to-
shielded extension cable Mll- C-915 ava ilable to any leng th 
to Ml l -C-915 available up to 300 m ................................................................. AC 0034 

Accesso ries avai lable: 
to any leng th up to Underwater co nnectors: 
300 m ...................... AC 0038 J 

Male .............................................................................. JP 0415 
Underwater conn ector s: Female ........................................................................... JJ 0415 
Male ......................... JP0415 
Femaie ...................... JJ 0415 

• Nominal value. each hydrophone is supplied with its own cahbrollon data 
• See polnr dfrec11vlty diagrams given In Flg.7 
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