
FEATURES: 

• Sound Pressure up to 
164dB (172 dB using tone 
bursts) 

• Frequency range up to 
1 kHz with high pressure 
coupler 

• Frequency range down to 
1 mHz with low frequency 
coupler 

• Low acoustic impedance 
makes sound pressure in 
coupler independent of 
coupler volume, 
atmospheric pressure and 
the influence of adiabatic 
or isothermic conditions 

• Very low vibration level 

• Well suited for work in 
pressurized chambers 

• Three coupler 
configurations , all 
individually calibrated 

USES: 

• Measurements on 
microphones and other 
pressure transducers at 
high dynamic pressures 
and at low frequencies , for 
instance to determine: 
Sensitivity 
Frequency response 
Distortion 
and 
Linearity 

Th e High Pressur e Microphon e 
Calibr ato r Type 422 1 all ows easy 
calibr ation, both absolute and by 
compari son, of conde nser micro­
phones and other pre ssur e tr ansdu ­
cers at dynam ic pressure s as high 
as 172dB re 20µP a. In addition , it 
allows measurem ent down to ex ­
trem ely low frequ encies , theor eti ­
cally to static press ure. Typica l 

type 4221 

High Pressure Microphone Calibrator 
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meas ur ements that can be made 
are sensitivity, fr equenc y respon se, 
distorti on and lin earity . 

The hi gh sound pressure is gener­
ated in a close d coupl er . hav ing a 
small vo lum e (high acous tic imp ed­
ance). by a pist on mov ed by an elec­
trodynamic exc iter . In order to give 
the compl ete exci tin g sys tem a low 
acous ti c imp edance, th e pi ston area 
is made larg e, the entir e moving 
system is made w ith a smal l mass 
and the exc iter is eq uipp ed with 
soft fl exu res . Th e system reso nanc e 
is abou t 95 Hz. The low acous tic im ­
pedanc e of th e exci ting system com ­
pare d w ith the high impedance of 
the coup ler , ensures that th e sound 
pressure generated in the coup ler 
depend s only on the piston area 
and on the forc e produced by the 
electrodynamic system , which is 
proportion al to the current supplied 
to the dri ve coil. Thi s cu rr ent can 
easi ly be meas ur ed and held con­
stant. Th e sou nd press ur e gener-

ated in the coup ler is thus ind epend ­
ent of: 

Variation of coupl er volume 
Variation of atmospheric pr es ­

sure 
Impedance variation when the 
process changes from being adia ­
batic to isoth ermic at low fr e­
qu encie s 
Non - lin earity in load impedan ce 
at h igh dyna mic pre ss ure s 
caused by too big vo lu me 
changes com pared to the coupler 
vo lum e. 

The advantages of this system 
ca n be full y appreciated when com ­
paring it to a pistonphone, wh ich is 
a constant vo lume displa cement sys­
tem where th e pr ess ure in side th e 
coupler is influ enced by a ll thes e 
paramete rs . 

Du e to th e very high ratio be­
tw ee n th e mass of th e exciter body 
and the mass of the moving ele­
ment ( 1 50: 1) and because of the 
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very sma ll piston ampl itude (2 to 
3 µm at 1 54 dB SPL) the vibration 
level at th e posit ion of the mi cro ­
phone is very small . This is an im ­
portant featur e when testing tr ans­
ducers with low acoustic sensit ivity 
as it , in many cases, is combined 
w ith a relative ly high sensitivity to 
mechanica l vibrations . 

The Calibrator is a sma ll , com­
pact , rugg ed uni t and is de livered 
w ith adaptors allow ing direct ca libr a­
tion of all types and sizes of Bri.iel & 
Kjrer condenser microphon es. Oth er 
pressure transduce rs may be tested 
by using appropriate adaptor s. For 
measurements on tran sduc ers used 
under high stati c pressu res. the 
who le unit wi ll wo rk w ith negligibl e 
changes in specifi cati ons eve n un ­
der very high pressures. for in ­
stance in a pressure chambe r . 

Descr iption 
The compl ete system consists of 

th e press ure exc iter with piston and 
one of th e two coup lers which are 
includ ed; a high press ure coup ler 
and a low fr equency co upler . A 
cross-sec ti onal drawing of the sys­
tem fitt ed with the high pressure 
coupler is shown in Fig.1. As ca n 
be seen . th e piston su rface is plane 
with th e exc iter body. A 0 , 1 2 mm 
thick s il icone rubber membr ane, 
f ixed to both th e body and the pis­
ton and clamped at the edge of the 
housing by means of an 0 -ring , 
ma kes th e comp lete system airtight. 

The couple r is mounted on the 
top of the system by mean s of a 
thr eaded locking ring . With the low 
frequency coup ler. the conn ect ion 
is made airti gh t by means of 
another 0 -ring , whi le the mem­
brane itself serves as gasket with 
the high pr essure co upler . 

The input to the drive coi l is 
through a BNC socket via a pread ­
justed resistor . The voltage across 
this resisto r can be measu red at 
another BNC socket . 

When de livered , the sys tem is ca l­
ibrated to give 20 Pa in the coup ler 
per mV across this resistor . 

Hig h Pressu re Coup ler 
The volume of the High Pressure 

Coupler has been made as small as 
2 cm 3 , in order to obta in a wide fre ­
quency rang e (high resonant fr e-
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1/4" Con denser Microphones 

Silicone Rubber Membrane 

Lock ing Ring 

Vent Flexure 

Magnetic Str uctur e 

Permanen t Magnet Input Socket 

Fig. 1. Sect iona l d rawi ng of th e calibra tor fitted w ith the hig h pressur e co upler and two 1 / 4 " 
condenser mic rophones 

quency) . The co upler has two open­
ings , each accepting 1" B & K con­
dense r microphones directly , w hi le 
1/ 2" , 1/ 4" and 1/ 8" micro phones 
can be inserted as desired in each 
opening by use of adaptors. wh ich 
are inc luded. If measur ement on 
on ly one mi cro phone is desired . one 
of the opening s can be sealed by an 
adaptor. also included . The mi cro ­
phone with preamplifi er is he ld in 
place by a spr ing arrang eme nt. (See 
Fig.2). The high pressure coup ler 
can be used in two modes: c losed 
(undamped) or partly open 
(damped). The damping is obtained 
by looseni ng two ho llow screws, 
each cont aining a disc of a sintered 
mate rial, w hich act as acousti c re­
sistors . Hereby the pressu re in­
crease at resona nce is atten uated 
and the useful fr equency range ex­
tended upwa rds. With the screws 
tighte ned, c losed coupler . it is up to 
300 Hz. w hi le it is up to 1 kHz 
wh en the damping is introdu ced . 

Fig.2. The Hig h Pressur e Calibrato r set -up 
with two condenser mic rophones for 
comparison m easurements 

Fig. 3 shows typical pr ess ure re­
sponse curves fo r the co upler . 
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If the signa l from one of two mi ­
crop hones inserted in the coupler is 
used as a feed -back signal to con ­
tro l the output vo ltage of the oscilla­
tor. the frequency range with closed 
coupler can be extende d up to 1 kHz 
with low er distortion th an when the 
damping is introduced . The use of 
the damping, however . gives a sim ­
pler measuring set -up , more suit­
able for field ca libration . 

The maximum obtainable sound 
pressure leve l is. with damping . 
1 54 dB and with limit ations in the 
frequency range , up to 1 64 dB . 
The lower frequency limit at this 
high pressur e is raised to about 
30 Hz. due to the larger piston dis­
placement. and the upper limit is 
low ered from 1 kHz to 600 Hz. due 
to nonlinearity in th e acoustic damp ­
ing resisto rs. With c losed coup ler. 
the lower frequ ency limit is depend­
ent on air leakage and is not speci­
fied as this coup ler cannot be used 
for low frequency calibration (below 
3 Hz) wh ich requir es that the entire 
microphone , including its equa liza­
tion vent. is subjected to the dy­
namic pressure . 

Low Frequency Coupler 
For measurements at low frequen­

cies, the specia l , low frequency cou ­
pler delivered with the system is 
used. Thi s coup ler (see Fig.4) is 
equipped with an equa lizatio n vent 
giving it a low frequency cut-off at 
0 , 1 Hz (- 1 dB). but can easily be 
comp lete ly sealed to allow measure ­
ments theoretically down to static 
pressure. The microphone , or othe r 
transducer. is mounted inside th e 
coup ler while the preamplifi er is 
mounted on the outs ide. The cou­
pler is equ ipped with mounting 
threads for the B & K 1 ". 1 / 2" and 
1 I 4" microphon es. whi le 1 / 8" ca rt ­
ridges are mounted by means of an 
adapto r, included . The volume of 
this coupler is approximately 
10 cm 3 with a 1 / 2" microphone 
mounted. The resonant frequency, 
which depends on the rati o be­
tween the system mass and stiff ­
ness and the air stiff ness of the cou­
pler , is between 350 Hz and 550 Hz 
at 1013 mbar static pressure . de­
pending on the size of the micro ­
phone mounted in the coup ler. 

Theoretically, the system has a 
lin ear frequency respo nse down to 
static pressure when the equaliza-
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Fig.4 . Sectional drawing of the low fre­
quency coupler with a 1" microphone 

mount ed 

tion vent is sea led but minute ai r 
leakage gives it a lower limit be­
tween 1 0 - 3 and 1 0 - 4· Hz. When 
delivered. the system is control led 
to have less than 1 dB decreas e in 
SPL at 1 0 - 2 Hz. 

Due to the high equivalent volume 
of the system ( 180 cm 3

) compared 
to the small coup ler volume of max. 
10 cm3 ( 1/2" microphone), the 
sound pressure is only very slightly 
influenced by the change from an 
adiabatic process to an isothermic 
one. 

Individual Calibration 
The High Pressure Microphone 

Calibrator Type 4221 is delivered 
with four indiv idu al cali bration 
charts . Thr ee of the charts give the 
sound pressure and reference volt­
age across the bui lt -in resistor as a 
function of frequency with a con­
stant voltage applied to the sys tem . 
Th e three charts are for : 1) the high 
pressur e coupler undamped , 2) the 
high pre ssure coup ler damped and 
3) the low frequency couple r. The 
fourth cha rt gives calibration docu­
mentation for the low frequen cy 
coupler at 0,3; 0, 1; and 0,03 Hz. 
The charts serve as documentation , 
and calibration values for use of the 
system above the linear range can 
be taken from the charts. 

Measuring Set-Ups 

Using High Pressure Coupler 
Fig . 5 shows a typical measu ring 

set-up for measuring the frequency 
response and linearity of condenser 

mi crop hones . The Sine Random 
Generator Type 102 7 supp lies a 
swept-sine signal to the calibrato r. 
via the Power Amplifier Type 2 706, 
which can drive the calibrator to full 
rating. 164 dB SPL. Using the Gat­
ing System Type 4440, toneburst 
techniques can be employed and the 
maxim um sound pressure raised to 
172 dB. A SPL of 155 dB can be 
obtained without the use of a power 
amplifier if Sine Generator 1023 is 
used. The signal from the micro­
phone under test is measured by the 
Measuring Amplifier Typ e 2610 and 
recorded directly on frequency cali­
brated paper on the Level Recorder. 
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Sine Random Generator 
1027 

Measuring 
Amplifier 2610/ 36 

Power Amplifier 
2706 

High-P~re 
Microphone 
Calibrator 

Fig .5 . Set -u p for automatic frequency re ­

sponse recording of microphones 

The sound pressure in the coupler 
is measured on the Electronic Volt­
meter Type 2425or 2432 using the 
calibration value delivered with the 
calibrator, nominal 20 Pa/mV. As 
indi cated, the output from the volt­
meter can also be recorder. For 
distortion measurements , the gener­
ator and measuring amplifier could 
be repl aced by, for instance , a Het ­
erodyne Analyzer Type 2010, or a 
Heterodyne Slave Filter Typ e 2020 
could be co nnect ed externally to the 
Measuring Amplifier. Adding a 
Tracking Frequency Multiplier Type 
1901 to either of the set-ups for 
distortion measurements would al­
low direct recording of single har­
monics as a function of frequency. 

Using Low Frequency Coupler 
Fig .6 shows a typical measuring 
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set-up for measurements on low fre ­
quency condenser microphone s. It 
utilizes the Microphone Carrier Sys­
tem Type 2631 . whic h works with 
a carrier frequency of 1 0 MHz in ­
stead of a DC polarization voltage . 
The B & K 1 / 2" condenser micro ­
phone Type 4147 is specially deve­
loped for use with th is system for 
measurements at very low frequ en­
cies. An adaptor UA 0030 should 

BASIC UNIT , ELECTRODYNAMIC SYSTEM 
Coil resistance : 

30 

Input curr ent: 
(continuou s operatio n at 2 5DC) 
Max . 1,8 A RMS 

Input Power : 
(conti nuous operation at 2 5DC) 
Max . 12W 

Magnetic fi e ld : 
Colum ax perm anent magnet 

Pressure / Current const ant: 
Appro x. 1 80 0 Pa/ A 

Pressure / Insert Voltage constant: 
(adjus ted) 20 Pa/ mV 

Adjustment accuracy, 95 Hz - 124 dB: 
± 0,3 dB 

Int . resistance at voltmet er plug : 
Approx . 250 

Moving System : 
Acou stical Compliance: 
1.3 x 10- 9m5 / N 

Acoustic al Ma ss: 21 00 kg/ m 4 
Resonant Frequency: 9 5 Hz 
Diamete r of pi ston : 5 5 mm 

BASIC UNIT WITH HIGH PRESSURE COU · 
PLEA (2 cm 3)" • 

Accepts all B&K 1··. 1/ 2" . 1/ 4 " and 
1 / 8" mi crophon es; two may be mount ed 
at th e same ti me 

A. WITHOUT DAMPING : CLOSED 
Sound Pressure Level : (con tinu ous operat ion) 

Up to 162dB 
( 1 64 dB for max . 1 0 minut es) 

Correction of Pressur e/ In sert Voltag e con­
stant, 95 Hz: 

OdB 

Influenc e of ambient pre ssure at 95 Hz: 
0 ,02 dB/ 100 mbar 

Influence of temperature at 95 Hz : 
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Typica lly < 0 ,0 1 dB/ DC betwee n - 1 ODC 
and + 55 DC 

be used with 1 " microphones and 
an adaptor UA 0271 (included with 
2631) should be used with 1/ 2" 
microphones . The DC output from 
the system is recorded by a Level 
Recorder 2307 used in its DC mode 
- with an external DC bias - as a 
direct waveform recorder. The 
sound pressure in the coupler is , in 
this case , monitored on an oscillo­
scope via the drive coi l current. 

Specifications 4221 
Frequ ency Range (± 1 dB) : 

3 Hz to 300Hz 

Frequency Range with compr esso r micro· 
phon e: 

3 H, to 1 000 Hz 

Harmonic Distortion below 150 Hz and 
154 dB : 

< 0,6 % 

Harmonic Distortion below 150 Hz and 
164 dB : 

< 2% 

Vibration lev el at microphon e po s1t1on at 
154 dB and 100 Hz: (is proportional to th e 
SPL and to the square of th e fr equ ency) 

Approx . 0,01 m/ s2 

Sound Pressure Level : 
(tone burst operation ; 1 5% duration) 
Up to 170dB 
( 172 dB for max . 10 min utes) 

B. WITH DAMPING : OPEN 
Sound Pressure Level : 

(conti nuou s operat ion) 
Up to162dB 
( 1 64 dB for max. 1 0 minut es) 

Correction of Pressure / In sert Voltag e con ­
stant , 96 Hz : 

- 0.4 dB ± 0 .2 dB 

Influ enc e of ambient pressure at 95 Hz : 
< 0,04 dB/ 100 mbar 

Influ enc e of temperature at 95 Hz: 
Typica lly < 0 ,01 dB/DC betw een - lO DC 
and + 55 DC 

Freq uency Range (± 2,0 dB) below 154 dB : 
20 Hz to 10 00 Hz 

Frequ ency Range (± 2 ,0 dB) below 164 dB : 
30 Hz to 500 Hz 

Harmonic Di stortion below 164 dB (20 Hz 
to 150 Hz) : 

< 2% 

Harmonic Di stortion below 164 dB (40 Hz 
to 160 Hz) : 

< 2% 

Carrier 
System 

2631 

Level Recorder 2307 
1503s,n 

Fig .6. Set-up for recording low frequenc y re­
sponse of microphones 

Vibr at ion level at microphone pos1t1on at 
1 64 dB and 1 00 Hz: (is proportional to th e 
SPL and to the frequ ency) 

Approx . 0 ,08 mi s' 

BASIC UNIT WITH LOW FREQUENCY 
COUPLER (10cm l ) .. 

Sound Pressure Level: 
(continuous operation) 
Up to 162dB 
( 164 dB for max . 1 0 minutes) 

Correction of Pressure / Inse rt Voltage con­
stan t , 96 Hz : 

OdB 

Influence of ambient pressure at 95 Hz : 
0 ,04dB / 100 mbar 

Frequ ency Range (specifi ed·) : 
(+ OdB - 1 dB re. 95 Hz) 
0 ,01 Hz to 95 Hz 

Vibration Level at Microphone po s. at 
164 dB and 100 Hz : (is proportional to the 
SPL and to the squ are of th e frequency) 

Approx . 0 ,05 mi s' 

GENERAL 
Tot al w eight 
(including Mahogany case): 

5,2 kg (11 , 5 lb) 

Acce ssor ies includ ed: 

1 Low Frequ ency Coupler UA 0500 
1 High Pressu re Coupl er UA 0499 
2 Adaptors for B & K 1/ 2" Mi cro-

phones UA 0498 
2 Adaptor s forl / 4"Mic rophones UA 0497 

2 Ad aptor s for 1/ 8"Mi crophon es UA0496 
2 Spring holders for 1 I r Preamplifi ers 

UA 0495 
2 Spr ingholde rs for 1 I 4" Preampl if iers 

UA 0 494 
Preamplifier Dummy DP 0 189 
Cable. BNC to B & KAO 0064 
Cable. BNC 10 B & K with 
separate ground AO 0 127 
Thr eaded Adapto r for 1 I 4 " - 1 / 8" 
UA 0501 

•• Specifications valid at 10 13 mbar ambient pres sure 
• In principle the system works down to even lower 

frequencie s. in fact to static pressures; but uncon· 
trolled leakages may be expected to cause a 
lower limiting frequency of 0 . 1 mHz to 1 mHz 


