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1. Introduction 

1.1. Purpose of the half-inch Condenser Microphone 
There are many different types of microphone and signal conditioners used to 
measure sound pressure levels. In the majority of cases, the condenser micro
phone is the type to be preferred, since it features high stability and flat 
frequency characteristics combined with reasonably high sensitivity. Its small 
size minimizes the disturbance of the sound field due to the presence of the 
microphone. 
The condenser microphone type 4148 is designed for precision sound pressure 
measurements wit h the Precision Sound Level meter 2206 and needs only a 
low polarization voltage of 28 V instead of the norrnal200 V. 
Despite the low polarization voltage, a sensitivity about 12.5 mV per Nfm2 
(-38 dB ± 2 dB re 1 V per Nfm2) is obtained, which is comparable with that 
of similarly sized microphones needing higher polarization voltages. 
Without seriously affecting the frequency response, the sensitivity can be 
varied from 12.5 mV per N/m2 to 60 mV per Nfm2 simply by varying the 
polarization voltage between 28 and 120 V DC. The microphone has a flat 
frequency response between 4 Hz and 16kHz and a wide dynamic range. Its 
most outstanding feature is excellent long-term stability under a great range 
of environmental conditions. 
An excellent battery driven precision sound measuring system is obtained in 
conjunction wit h a precision sound level meter Type 2206 or a sound level 
meter Type 2205 plus adaptor UA 0208 or with F.E.T.- preamplifier Type 
2619 and a measuring voltmeter. 

An extensive range of accessories provides great measuring versatility. 

1.2. Principle of Condenser Microphone 
A capacitive transducer converts energy from mechanical to electrical form, or 
vice versa. The conversion is effected by mechanically inducing changes in 
electrical capacitance between two conducting plates separated by an insula
tor and detecting the capacitance changes electrically. The condenser micro
phone is a transducer operating on this principle. It consists basically of a 
thin metal diaphragm mounted in close proximity to a rigid back plate 
forming a capacitor with air as insulator between the conductors. A DC 
voltage, the so-called polarization voltage, charges the system. When the 
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diaphragm is displaced due to the variation in sound pressure, the capacitan
ce varies and as the charge is constant (the charge remains constant as long 
as the time constant of the charging circuit is much longer than the period 
of the sound pressure variations) these variations are transduced into an AC 
voltage component across the capacitor. 

Sound I\. 
pressur_e ___ ____,V 

Ct+ 6C(t) 

(~======1 
Microphone 
diaphragm 

Microphone 

I 
I 
I 
I 
I 

Cs: 

Polarization 
1 voltage 

Preamplifier 

17oo5~ 

Fig. 1.1. Simplified circuit of microphone. 

By careful design the proportionality of the AC output voltage to the sound 
pressure can be obtained within a wide frequency range and an extended 
dynamic range. 
A condenser microphone posesses a small capacitance, and therefore requires a 
preamplifier of special design for useful operation, as can be seen from the 
following discussion. 
A simplified circuit diagram of a condenser microphone and preamplifier is 
shown in Fig. 1.1., and the equivalent circuit is seen in Fig. 1.2. 

where 
Ct = capacitance of transducer (microphone cartridge) 
.6.C(t) =variation of capacitance due to sound pressure 
Cs = stray capacitance 
Cc =coupling capacitance 
Ci =input capacitance of preamplifier 
Rc =charging resistance 
Ri =input resistance of preamplifier 
R = Rc in parallel with Ri 
C = Ct +Cs +Ci 

since Cc ~C, Cc is neglected in the equivalent circuit. 
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From Fig.1.2. it can be seen that the output voltage V0 is 

6C(t)Eo 
Ct 

Vo = ~c (t) 
C Eo 

j w R C 
1+jwRC 

R 

17oo7'J 

Fig. 1.2. Microphone equivalent circuit. 

It can be seen from the equation that the sensitivity is proportional to the 
polarization voltage but inversely proportional to the total capacitance' C. 
Any capacitance additional to the transducer capacitance e.g. the capacitance 
of a preamplifier, would load the transducer and decrease the output voltage 
V0 . This means that the total capacitance in circuit should not exceed Ct of the 
transducer more than absolutely necessary. Hence the need for integral 
construction of the cartridge and preamplifier (impedance converter). 

1.3. Definition of Free-field, Pressure and Diffuse Field Response 
The sensitivity of a transducer for different frequencies is normally expressed 
as the ratio of its electrical output to its mechanical input and is, in general, a 
function of frequency, being constant in a broad frequency range. When the 
sound pressure is uniformly applied over the surface of the diaphragm, the 
ratio of the RMS output voltage, e, to the RMS sound pressure, P1, is called 
the Pressure Response, Mp, of a microphone at a given single frequency and 
written 
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Relating to a reference response, Mr which equals 

( 1 -:-:r:¥-or 1 Vm2 
puar N 

a pressure response level can be defined as: 

or 1 Vcm2 
dyne 

20 log10 ~ (dB) 
Mr 

The so-called Free-field Response Mt, is defined as the ratio of the RMS 
output voltage, e, to the RMS sound pressure, P 0 , existing in the sound field 
before the microphone is placed in position, i.e. 

e 
Mf =-

at a given single frequency. 

The diffuse-field response level relative to reference response, Mr, 

can be defined as: 

Mf 
Rf = 2Q-Iog1 o 

Mr 
(dB) 

The definitions of Free field and Pressure Response are illustrated in Fig. 1.3. 

Free- Field Response= ~o Pressure Response= ;, 

vo~ts _f"J ~-Mi-crop-hone~CZ~~--~ 
Wavelength 

Sound pressure P
0 
____ _______ _ 

0° incidence 
f62f60 

Fig. 1.3. Definitions of Free field and Pressure Response. 
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The two definitions are identical for a microphone having negligible dimen
sions compared to the sound wavelength. If the wavelength becomes compar
able to the front of the microphone the transducer's body acts as a reflector in; 
the sound field and produces a local change in the resulting sound pressure and. 
causes an increase in pressure on the diaphragm which means an increase of the 
output voltage. 
The reflection depends on the angle of incidence of the sound, as shown in Fig. 
1.4. 

90°Parallel to plane of diaphragm 

Fig. 1.4. Definition of angle of incidence. 

In the case of the B & K half-inch microphone Type 4148, the free-field and 
pressure responses begin to diverge at about 2000Hz, where the wavelength is 
10 times the diameter of the microphone. 
The free-field response of a microphone is of interest when the transducer is 
operated in an open space, many wavelengths removed from a sound source 
or any reflecting boundaries. In closed cavities, couplers, and artificial ears 
the pressure response is important. 
Furthermore, in some instances the pressure response is a good approx1mat1on 
to the characteristics of the transducer when sound is incident upon it from 
random directions. If the sound energy density is uniform and the time average 
of the mean-square sound pressure is the same in all directions, this sound field 
is called a diffuse field. 
The ratio of the RMS output voltage, e, to the RMS diffuse-field sound 
pressure, Pd, for all angles of incidence of the sound wave is called the 
Diffuse-Field Response at a given single frequency and defined as: 

Md =-L 
Pd 
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The diffuse-field response level relative to reference response, Mr, 
can be defined as: 

Rd = 20 log 10 · ~~ (dB) 

The sound field in very reverberant rooms can be considered as a diffuse sou rid 
field •. 
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2. Description 

2.1. General 
A complete condenser microphone consists of a microphone cartridge type 
4148 and an impedance converter such as the preamplifier 2619. 
Since for free~field measurements the microphone should be placed remote 
from the measuring instruments a microphone stand and different types of 
extension cables are available, see Accessories. 

2.2. Description of the Cartridge Type 4148 
The microphone cartridge Type 4148 meets USA standard XL but has been 
designed primarily for the B & K 2206 which requires 28 V polarization but' 
can work with up to the range of 100 V. This means that the cartridge is a 
precision measuring microphone, but may, of course, be used as a studio 
microphone as well. 

Oiaphra 

Back plate 

Hole for static pressure equalization 

Fig. 2.-1. Schematic construction of a condenser microphone cartridge. 

Furthermore, the microphone is mechanically and electrically stable and can 
operate over a wide range of ambient temperature, static pressure and humidi
ty conditions. 
The schematic construction of the condenser microphone cartridge is shown 
in Fig.2.1., and consists basically of a 2 )Jm thick nickel diaphragm which is 

11 



stretched over the edge of the housing and is mounted at a distance of about 
20 JJm from the back plate. The back plate is made of high nickel alloy and 
fixed to the silicone treated quartz insulator, where the silicone increases 
the moisture resistivity. Good design, careful choice of materials, and a 
complete artificial ageing process give excellent long term stability. 
To ensure perfect electrical contact the surface of the output terminal is gold 
plated. 
The dimensions of the microphone cartridge are given in Fig. 2.2. 

Fig. 2.2. 4148 dimensions. 

The holes in the backplate control the damping of the diaphragm resonance. 
The damping is also controlled by adjusting the spacing between diaphragm 
and backplate. The 4148 is overdamped in order to obtain a free field response 
which is as flat as possible. The holes for pressure equalization are situated in 
front of the grid- and coupler-mounting thread and allow air to leak from the 
internal volume to outside to equalize changes in static air pressure. 
Therefore, pressure equalization is also obtained with closed cavity measure· 
ments. The equalization rate determines the low-frequency acoustic cut-off, 
and therefore the microphone's sensitivity to fluctuations in ambient pres· 
sure. 
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The equalization is controlled by a 20 pm wide slot in the spacer ring 
between the quartz insulator and housing. The slot resistance determines the 
acoustic cut-off at the lower limiting frequency. The time constant of the 
pressure equalization is around 0.1 sec. 
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3. Characteristics and Calibration Chart 

The characteristics of the 4148, e.g. sensitivity, frequency response, cartridge 
capacity and summarized specifications as well as the conditions of calibration 
test are individually recorded for each cartridge. A typical cartridge calibration 
chart is shown in Fig. 3.1 . 
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Fig. 3.1. Typical cartridge calibration chart. 
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3.1. Sensitivity, Frequency Response 
The microphone cartridge has a nominal open circuit sensitivity of 12~5 mV 
per N/m 2 or -38 dB re 1V per N/m 2 (i.e. 1.25 mV/)Jbar =-58 dB re 1 V/]Jbar) 
when used with a polarization voltage of 28 V. The microphone cartridge may, 
however, be operated with any polarization voltage up to 120 volts. The 
resultant change in sensitivity can be seen in Fig. 3.2. The output voltage of the 
transducer is approximately proportional to the polarization voltage. Using up 
to 120 V polarization voltage the sensitivity can be increased to 60 mV I per 
N/m 2 • The frequency response for various polarization voltages is illustrated 
in Fig. 3.3. 
The 4148 has a frequency response which is corrected for free-field measure
ments, so that it gives an output which represents the free-field sound pressure. 
The normal incidence free-field response with protecting grid is constant 
within ±2 dB from 4Hz to 16 kHz with preamplifier Type 2619,as shown in 
the top curve of Fig. 3.1. 
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Fig.3.2. Sensitivity as a function of polarization voltage. 

The diaphragm of the microphone has a natural resonance at about 11 kHz, 
which is controlled by the compliance and mass of the diaphragm itself, and 
the inside volume of the microphone. This resonance is damped very carefully, 
by air friction in the strictly controlled air gap between the diaphragm and the 
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Fig. 3.3. Frequency response at different polarization voltages. 
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back plate. Thus a frequency response which is flat to higher frequencies than 
the resonance is obtained. 
The low frequency response is determined either by the acoustic cut-off of 
the microphone, or by the electrical low frequency cut-off of the preampli
fier, whichever is the greater. The acoustic cut-off is below 2.0 Hz {-3 dB 
point) and is determined by the pressure equalization hole. 
The electrical low-frequency cut-off {-3 dB) is determined by the preampli
fier input resistance and the total capacitance in the input circuit, as can be 
seen from the equation in Section 1.2. 
This frequency is 

where 
and 

R 
c 

27T RC 

=input resistance of preamplifier 
= cartridge capacity + input 

capacitance of preamplifier 

Typical values for Rand C when the preamplifier is Type 2619 are: 

giving 

+3 

co 
""'0 0 
c 

=4GQ 
= 18 pF 
=3Hz 

...... -;~ ~ .... 
::I 
Q. 

Acoustical Response _.. • 
~~':···· 

.,..--.. ··· ~ ~ 
-; -3 
0 

-6 

0.5 

/ ,, 
·• ~!--System Response "" .· 

/ .·· ~~--->-- 1EIL),;LI 1Response , •"""""''f-

~"".····· , .·· 
~ I Ill I 
2 5 10 20 50 

Frequency in Hz 

-f'lDo 58 

Fig.3.4. Upper Limit of Low Frequency Response 

16 



Note that R should be as large as possible for a good low frequency respon
se, hence the use of field-effect transistors in the 2619 and UA 0208. Large 
input C, however, reduces the sensitivity and loads the transducer, although 
the low frequency response would benefit. 

3.2. Free-Field Corrections 
The pressure increase which is caused by the reflections of free-field sound 

waves on the microphone diaphragm becomes appreciable above 2000 Hz. 
The corresponding correction curves are shown in Fig.3.5. a and b. By 
adding the free-field correction to the pressure response the frequency 
response for the various angles of incidence is obtained. (A definition of 
angle of incidence is shown in Fig.1.4.) The free-field corrections are less 
dependent on the angle of incidence if a Nose Cone is screwed onto the 
microphone cartridge (see: Accessories). 

10 
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Fig.3.5.a. Free Field Corrections when Pressure Characteristics 
are Determined by Electrostatic Actuator Method. 
(Without Protecting Grid). 
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The random incidence corrections, S, are calculated according to the formula 
given in the recommendation of the I EC for Sound Level Meters (I EC 23 
Para. 8.2): 

S2::;: 0.018 · S20 + 0.129 · S230 + 0.224 · S260 + 0.258 · S290 + 0.224 · 
S2120 +0.129 · S2150 +0.018 ·S21ao 

So, S3o, .... S1so = free field corrections at the respective angles of incidence. 
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Fig.3.5.b. Free Field Corrections when Pressure Characteristics 
are Determined by Electrostatic Actuator Method. 
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3.3. Directional Characteristics 
The knowledge of the directional sensitivity of the microphone facilitates 
the calculation of the free-field corrections. A set of directional characteri
stics measured by means of a Polar Diagram Recorder, (the Turntable Type 
3921 in conjunction with the Level Recorder Type 2305) is shown in Fig.-
3.6. and can be considered as typical. 

Fig. 3.6. Typical directional characteristics. 

Better omnidirectional properties can be obtained by screwing a Nose Cone 
UA 0052 onto the cartridge instead of the protecting grid (see Accessories). 
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3.4. Dynamic Range, Noise and Distortion 
Combining the microphone cartridge with the type 2619 Preamplifier the 
lower dynamic limit is set by the inherent noise level of the preamplifier. 
With a signal to noise ratio of 1 and a microphone sensitivity of 12.5 mV 
per N/m2 this limit will be equal to a sound level of 28 dB re 2 x 1Q-5 Nfm2 
when measured with a standard weighting network A. 
The noise level of the preamplifier Type 2619 is approx. 6pV weighted with 
A network. 
The upper limit of the dynamic range is set by the distortion and is 140 dB 
SPL re 2 x 1 Q-5 Nfm2 for 4% total harmonic distortion, with Preamplifier 
2619. The safety limit is 154 dB SPL re 2 x 1Q-5 Nfm2. If the microphone 
is connected to a large capacitance, this distortion is increased. e.g. with the 
UA 0208 adapter which has an input capacitance of 50 pF, the 4% distor
tion level is at 134 dB. 

3.5. Equivalent Volume 
It may be important to know the microphone equivalent volume when the 
cartridge is used in acoustic coupler measurements or in artificial ears, be
cause the equivalent volume has to be added to the volumes enclosed in 
the coupler. Here it is convenient to express the acoustic driving-point im
pedance of a microphone Za. i.e. the complex ratio of the sound pressure P 
to the volume velocity of the diaphragm in N sec m-5, in terms of an 
equivalent volume V e of a gas enclosed in a rigid cavity by use of the 
relation 

where '( 

Ps 

Za 

V I Ps 
e jw Za 

ratio of specific heats 
ambient pressure (Nfm2) 

acoustic driving-point impedance 

One way of measuring the equivalent volume of a condenser microphone 
cartridge is shown and described in B & K Technical Review No. 1 1959. 
The equivalent volume is generally a complex quantity and a function of 
frequency, for this microphone approximately 80 mm3 at 250 Hz and 
1 atm. 

3.6. Polarized cartridge capacity 
The particular value of cartridge capacity, measured at 250Hz, is given in 
the individual calibration chart delivered with each cartridge. 
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Static capacitance in shunt with the microphone reduces sensitivity by 

Ct 
201og10 

Ct +C; 
dB 

where Ci is the sum of input and stray capacitance. 
The 4148, for example, has a capacitance of 17 pF at 250 Hz and 28 V 
polarization. An additional input capacitance of 17 pF will reduce the sensiti
vity of the microphone by 6 dB. The 2619 preamplifier has an input capaci
tance of only 0.5 pF, so that the sensitivity is reduced only 0.2- 0.3 dB. 

3.7. Long Term Stability 
Microphone sensitivity may change during a long period of time even if no 
accident or mishandling has occured. These changes are due to changes in 
the materials making up the device. The major contribution to change in 
response is metal flow in the diaphragm, "sag". 
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Fig. 3.7. Long-term stability. 
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This "sag" is noticeable as a decrease in diaphragm tension and a resultant 
(inversely proportional) increase in compliance characterized by increased 
sensitivity especially for frequencies below the diaphragm resonant frequen
cy. Since heat softens metal this flow or "sag" appears fastest at high 
tern peratures, the resultant sensitivity increase at 1500 C is about 0.2 dB per 
hour. 
Fig.3.7. shows an extrapolated plot of sensitivity stability as a function of 
temperature, thus allowing calculation of the approximate stability at any 
temperature within the range. For example, the drift at room temperature is 
about 0.2 dB per 1000 years. For further information on the subject please 
refer to B & K Technical Review No. 2, 1969. 
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4. Environmental influences 

4.1. Influence of temperature 
Special care has been taken during the development and manufacture of the 
microphone cartridges to obtain a characteristic which, to a high degree, is 
independent of temperature. 
An extended artificial ageing procedure before and after calibration ensures 
constant sensitivity within a certain limit over a great temperature range. A 
typical temperature-sensitivity graph is drawn in Fig. 4.1 for 250 Hz. The 
variation in sensitivity is < 1.5 dB over the range of- 500C to 1500C (-580F to 
302oF. 

dB 4148 
Typical Change in Sensitivity 

+ 1 

0 

............... ..___ 
---1---1---1-----1------ 1 

- 20 20 40 60 80 100 120 140 160 •c 

Fig. 4.1. Dependence of the microphone sensitivity on temperature. 

The temperature coefficient is between + 0.000 dB/oC and -0.015 dB/°C. 
The influence of temperature on long-term stability is described in Section 
3.7. Note that long exposure at high temperatures produces permanent 
sensitivity changes. The Preamplifier Type 2619 operates in the temperature 
range -2QOC to 600C (-40F to 1400F). A gooseneck extension UA 0196 
can be used to separate the cartridge from the 2619 if high temperature 
measurements are to be made. 
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4.2. Influence of Ambient Pressure 
Fluctuations in ambient pressure such as when sound measurements are made 
in aircraft during flight and fluctuations such as from closing doors, are 
equalized by the equalization hole in the microphone, and are not-detected. 

-
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Fig. 4.2. Influence of static pressure on frequency response. 

How~ver, the static pressure affects the response, as shown in Fig. 4.2. For a 
more detailed discussion of the performance under low pressure and varying 
altitude conditions, see B & K Technical Review No. 1, 1960. 

4.3. Influence of Humidity 
When a microphone is moved from warm to cold environs there is a risk of 
water condensation between the diaphragm and the back plate, making the 
cartridge noisy. The moisture will escape in 1 or 2 minutes through the 
pressure equalization hole. Using the 2619 preamplifier on 120 V supply the 
built-in heating coil prevents condensation. Also the 2614/15 preamplifier 
generates a little heat so that moisture can be removed. A description of these 
phenomena will be found in the B & K Technical Review No.1, 1960, p.12-15. 
Without regard to condensation, the relative humidity percentage has practi
cally no influence on the microphone sensitivity. 
For permanent exposure outside, a Rain Cover Type UA 0056 should be used~ 
(See Accessories). 
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4.4. Influence of Vibration 
The influence of vibration will depend on the direction in which it is applied to 
the microphone. When the force acts parallel to the axis of symmetry, i.e. at 
right angles to the diaphragm, the sensitivity to vibration is mainly determined 
by the mass of the diaphragm and the air column on both sides of it. The 
microphone is sensitive to vibration acting in this direction, but due to the low 
diaphragm mass, the signal produced from vibrations having an acceleration of 
1 g is as low as an equivalent sound pressure level of 80 dB. 
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5. Operation 

5.1. Mounting 
When setting up the microphone in the measuring site, due regard should be 
paid to the environmental factors mentioned in Chapter 4. Apart from the 
physical environment, the proper location for any one microphone depends 
on many factors, such as: 

a) type of sound, i.e. plane wave, standing wave or reverberant field 

b) type of measurement, i.e. free-field or pressure measurement 

c) the purpose of the measurement (e.g. frequency response determination, 
noise measurement, environment certification) 

It is impossible to specify the proper location criteria for every test but in 
general the following guide lines apply: 

a) for plane wave tests, the microphone should be oriented so that the angle 
of incidence is oo, i.e. the diaphragm surface should be perpendicular to 
the pressure wave. 

b) for free-field measurement, the microphone should be sufficiently far 
away from the nearest surface to avoid the effects to reflections. (Reflect
ing surfaces destroy the free-field conditions). 

5.2. Operation with the 2619 Preamplifier 
The characteristics and power supply requirements of the 2619 are given in 
its instruction manual but it must be remembered that when the 4148 is 
attached to the 2619 it must never be used at a polarization voltage above 
120 v. 
The contacts of the 4148 are housed in a special removable teflon casing. 
This casing prevents accidental shorting of the cartridge to 200 V polariza
tion voltage if the unit should inadvertently be connected to a standard 
8 & K instrument, but does not interfere with contact when attached to 
8 & K 28 V equipment. However, to use the 2619 preamplifier with the 
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4148 it is necessary to remove this protective casing as the contacts of the 
2619 are the size used on 200 V equipment. When the teflon casing is out of 
the microphone extreme care must be taken never to connect the comb ina-

4148 2619 

Fig 5.1. Preamplifier Type 2619 

tion of the 2619 and 4148 to 200 V (or any voltage over 120 V). 
If desired the 2619/4148 combination can be mounted on microphone 
stand UA 0049. 

5.3. Operation with Cathode Followers 2614 and 2615 
The same warnings about polarization voltage and the teflon casing apply 
with the 2614 and 2615 as with the 2619. 

5.4. Operation with Sound Level Meter 2206 (2205 + UA 0208) 
The 4148 has been designed especially for use with the 2206 and it is an 
integral part of it. Please refer to the relevant Instruction Manual for operating 
instructions. 
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6. Service and Maintenance 

Good quality of materials and workmanship and an extensive calibration 
procedure have ensured extreme stability and repeatability of results. If, 
nevertheless, any difficulties should occur,e.g. noise, change in sensitivity or in 
frequency response, first check the characteristics of preamplifier or sound 
level meter,respectively, according to their manuals: furthermore measure the 
voltages, and verify the connections and cables. Service Instructions are 
available for the 1/2" Preamplifiers as well as for the Sound Level Meter. 
These instruction leaflets also contain sections dealing with trouble shooting, 
instruments necessary for service and repair, spare parts, position of compo
nents, circuit diagrams etc. If necessary,write or phone the nearest B & K 
Service Department, giving full information of instrument type number and 
serial number and of the trouble. Water Condensation inside the cartridge is 
likely to make the transducer noisy, but the influence of humidity is virtually 
nil (section 4.3.) 

Handling Precautions and Cleansing of the Microphone Diaphragm. 
The diaphragm, which is only 2J,Jm(0.00008in.) thick, is carefully stretched 
during the transducer's assembly by a special procedure in order to have the 
required characteristics. Consequently on no account should the diaphragm 
come into contact with fingers or other objects (it can be damaged by 
improper handling). The protecting grid should only be removed when abso
lutely necessary. This grid is an effective protection against mechanical da
mage but cannot stop liquids or dust from falling on the diaphragm. Should 
the diaphragm become contaminated it may be dried off with cotton wool or a 
very soft paint brush, using great care and if necessary a proper solvent e.g. 
alcohol, petrol, carbon tetrachloride. The diaphragm will not normally cor
rode, but any appreciable added mass will change the frequency response. 
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7. Microphone Calibration 

The microphones are accurately calibrated at the factory but recalibration 
may be desirable from time to time, especially after operation at high tempera
tures for long periods of time. 

Some of the more common calibration methods include: 
a) Pistonphone 
b) Electrostatic actuator 
c) Reciprocity calibration 

Both sensitivity and frequency response of the microphone must be calibrat
ed and a combination of techniques is sometimes required to get a complete 
calibration. The pistonphone makes possible very accurate ( ±0.2 dB) sensi
tivity calibration at 250 Hz. The electrostatic actuator while less accurate, 
due largely to the probability of error in the distance between the actuator 
and the diaphragm, gives an adequate measurement of frequency response. 
This is especially true since frequency response is a relative rather than an 
absolute measure. The pistonphone and electrostatic actuator have the ad
vantage of being usable for calibrating an entire measuring and/or recording 
system, but it must be remembered that the standard deviation of an entire 
system may be as high as 1.5 to 2%. 
For laboratory situations the reciprocity technique is another accurate me
thod giving both sensitivity and frequency response data. It is possible to 
keep the probability of error for this technique below 1%. The reciprocity 
technique is also useful for measuring the effect of protecting grids, nose 
cones, etc., but cannot be used for system calibration. 

7 .1. Pistonphone Type 4220 
The Pistonphone Type 4220 (Fig 7.1) is a small portable battery-driven unit 
weighing only 1.5 lbs, which is extremely well-suited for field calibration of 
the complete sound measuring system. When fitted to the 1/2" Microphone 
a sound pressure level of 124 dB ± 0.2 dB re 2 x 10-4 JJbar is obtained at 
250Hz with less than 3% distortion. Each pistonphone is individually cali
brated within ± 0.2 dB. The 4220 fits 1" as well as 1 /2" microphones. 

7 .2. Sound Level Calibrator Type 4230 
The Type 4230 is a pocket sized, battery driven calibrator (Fig.7.2.) design-
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ed for easy field use. The calibration signal of 1 kHz at a pressure of 94 dB 
re 2 x 10-5 Nfm2 ( 10 J.l bar or 1 Nfm2) begins when the button is pressed 
and lasts up to 1 minute (depending on battery condition). Since 1 kHz is 
the reference frequency for the standard international weighting networks 
(A, B, C, D and Linear) this calibrator provides a common calibration value 
for all five networks. The calibration accuracy is within ± 0.25 dB at 250C 
and within ± 0.5 dB over the entire operating range 0 to 50oC. The 4230 
fits both 1" and 1 /2" microphones. 

Fig. 7.1. Pistonphone 4220. Fig. 7.2. Sound Level Calibrator 4230. 

7.3. Microphone Calibration Apparatus Type4142 
Great accuracy may be obtained by the reciprocity technique, which is the 
method retained by the American Standard Association (SI.1 0-1966). This 
method is relatively time-consuming and is employed mainly for calibration 
of standard microphones. This absolute calibration method uses 3 micro
phones coupled in turn to each other acoustically. One acts as a transmitter 
and the other in turn as a receiver. When the volume of the coupler and the 
current through the transmitting microphones are known the absolute sensi
tivity of the individual transducers can be calculated. (For more details see: 
Instructions and Applications 4142). The Microphone Calibration Appara
tus (Fig.7.3) provides all the accessories which are needed for carrying out 
the reciprocity calibration of B & K microphones in combination with a 
Beat Frequency Oscillator and a Microphone Amplifier. Three different 
coupler volumes are available: 20, 3 and 0.3 cm3 usable up to 20kHz. In 
addition, Type 4142 includes two electrostatic actuators (Types UA 0023 
and UA 0033) for frequency response calibration of B & K condenser mi
crophones and provides a stabilized 800 V polarization voltage for use with 
the actuators. 
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Fig. 7.3. Microphone Calibration Apparatus 4142. 

7 .4. Electrostatic Actuator UA 0033 
The electrostatic actuator may be used seperately when only the frequency 
response is to be investigated. The actuator is placed on the microphone 
cartridge (with protecting grid removed), the cartridge being held vertically. 
Three insulating glass studs contact the erlqe of the cartridge so that the 

Fig. 7.4. Electrostatic Actuator UA 0033. 
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actuator grid is held just away from the diaphragm. An AC voltage applied 
between diaphragm and actuator produces an electrostatic force on the 
diaphragm, simulating a sound pressure, but not influenced by ambient 
conditions, etc. Hence it is an excellent means for determining the variations in 
microphone sensitivity under changing environments. 
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Fig.7.5. Corrections to be subtracted from the response obtained 
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with actuator UA 0033. 

Note: If the 4148 is calibrated with the actuator UA 0033, certain correc
tions have to be applied. This is because of the high compliance of the 4148 
diaphragm, and the actuator influences the response both electrically and 
acoustically. The pressure response curve given in the calibration chart of 
each 4148 cartridge was obtained with a specially designed actuator which 
gives accurate results. If the normal UA 0033 is used, the corrections shown 
in Fig.7.5 should be subtracted from the response obtained. The correction 
is only required at high frequencies. Note also that the corrections of Fig. 
7.5 are for zero DC bias on the actuator. If a DC voltage is applied as in the 
normal use of the actuator, the corrections are greater. Remember that the 
actuator frequency is twice the oscillator frequency. 
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8. Accessories 

Wind Screen UA 0082 
The wind screen is designed for mounting on the preamplifier equipped with a 
condenser microphone cartridge and the rain cover. It is covered with a double 
layer of nylon cloth, and gives an effective reduction, of the order of 10 dB or 
higher of wind induced noise at lower wind velocities. It is possible to mount 
the 1", 1/2" or 1/4" microphone insidethewindscreen,butwhenmounting 
a 1/2" or a 1/4" microphone and preamplifier a tightening ring and mounting 
tube must be used. The mounting tube is insulated from the microphone and 
preamplifier housing in order to avoid a disturbing ground loop, and it is plated 
for corrosion protection. When using the wind screen with the rain cover (See 
below) screwed onto the microphone cartridge, the signal lead to the electro
static actuator inside the rain cover is fed through a slot in the tightening ring. 

Fig. 8.1. Windscreens UA 0082 and UA 0237 . 

. Wind Screen UA 0237 
This is a ball of specially prepared porous polyurethan spohge. It has a 
diameter of 9 em (3 1/2") and is simply pushed onto the microphone (with 
protecting grid) as far as it will go. 

Rain Cover UA 0056 
This accessory has been designed in order to allow permanent outdoor 
installation of the microphones, e.g. on airfields, even under extreme weather 
conditions. With a view to reducing the maintenance to a minimum, an 
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electro.static actuator is built into the rain cover, allowing remote controlled 
calibration and check of the installations to be made. 

Fig. 8.2. Rain Cover UA 0056. 

Nose Cone UA 0052 
The Nose Cone UA 0052 is designed to substitute for the protection grid of 
the B & K 1 /2" microphones including 4148. The Nose Cone is extremely 
useful for measurements in wind tunnels, ducts and in other locations where 
the microphone is subjected to high speed airflows as well as for many 
out-of-door applications, where wind disturbance is likely to occur. In addi
tion, a microphone, when used with the Nose Cone, has omnidirectional 
properties which are often of advantage for indoor uses. {Fig.8.3 Free-field 
corrections are shown in Fig.8.4. 
The construction of the Nose Cone is clearly seen from the sectional drawing 
in Fig.8.5. It is shaped to give the least turbulence to air flow. The fine wire 
mesh around the circumference allows sound waves to penetrate to the 
microphone diaphragm, while the truncated cone inside the mesh reduces the 
air volume in front of the diaphragm. 
The reduction of wind noise which is obtainable with a Nose Cone is of the 
order of 10 dB with B & K microphones. It is described in detail in the B & K 
Technical Review No.2, 1960. 
In addition to wind noise reduction, the Nose Cone provides excellent me
chanical protection and improves the omnidirectivity of the microphone. 

Microphone Stand. 
The Microphone Stand UA 0049 fitting all types of B & K microphones will be 
of invaluable assistance in field measurements, where the microphone should 
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Fig. 8.3. Directional Characteristics with Nose Cone UA 0052. 
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always be placed in an undisturbed region of the sound field, i.e. in most cases 
remotely from the instruments. 
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Fig. 8.4. Free-field corrections with nose cone. 

The Stand is a I ightweight portable tripod of rugged construction. It has rigid 
telescopic legs and can be used not only for supporting the 8 & K microphones 
but also for the somewhat heavier Sound Level Meters. (Fig.8.6.). 

Extension Cables. 
Several standard lengths of extension cable are available, the cables being 
specially designed and supplied with B & K microphone connectors at both 
ends. Each conductor is insulated with polyethylene and the outside cover of 
the cable is a coating of grey coloured P.V.C. 
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UA 0052 

4133 

2615 

Fig. 8.5. ·Sectional drawing of nose cone. 

Due to the very low capacity and extremely good shielding of the cables, 
several lengths can be coupled together without influencing the frequency 
range of the measuring arrangements. For very long cables, however, the effect 
of cable capacity upon the distortion and frequency response of the overall 
measuring arrangement is not always negligible. 

Fig. 8.6. Microphone Stand UA 0049. 
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Extension Cable Type AO 0027 AO 0028 AO 0029 

Length 3m (10ft) 10m (33ft) 30m (1OOft) 

Diameter 6 mm (1/4") 9 mm (3/8") 9 mm (3/8") 

Capacity to ground of 300 pF 570 pF 1700 pF 
the signal conductor (100 pF/m) (57 pF/m) (57 pF/m) 

Tape Microphone Cable AR 0001. This very flexible, flat 7 -cored microphone 
cable is used when sound insulation and reverberation measurements a·re made 
in buildings and where it is necessary to carry a microphone cable through 
closed windows and doors. The flat cable can easily follow sharp bends, the 
thickness of the cable being 0.2 mm. Cable length: around 30 em. 
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SPECIFICATIONS 4148 

Dimensions with grid: 
Dimensions without grid: 

Thread for coupler mounting: 

Sensitivity: 
(open circuit) 

Frequency response: 
(reference frequency 250 Hz) 
(Open circuit\) 

Frequency limits: 
(Aco~stical only) 

Pressure Equalization 
Time Constant: 

Dynamic Range Limit: 

Resonant frequency: 
(900 phase shift) 

Polarization Voltage: 

Polarized Cartridge Capacity: 

Diameter 
13.2 mm (0.52") 
12.7 mm (0.50") 

Height 
16.3 mm (0.64") 
15.2 mm (0.60") 

12.7 mm- 60 NS2 (1/2") 

12.5 mV per N/m2 at 28 V polarization 
(-38 dB re 1 V per N/m2) 

(free-field oo incidende): 

. +o2 
4Hz to 250Hz _

1
:
0 

dB 

250 Hz to 5 kHz ± 0.5 dB 

H 
~1.0 

5k zto10kHz_
1
.
5

dB 

H ~1.5 d 
10 k z to 16 kHz _

2
.
0 

B 

-3 dB point between 1 and 2 Hz 

Between 0.08 and 0.16 sec. 

4% distortion 
(approx. 140 dB re 2 x 1Q-4 1-1 bar) 

11kHz 

28V 

17 pF (at 250Hz) 
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Unpolarized Cartridge 
Capacity: 

Temperature Range: 

Temperature Coefficient: 
(-500 to+ 1000C) 

Static Pressure Sensitivity: 

Equivalent volume: 

Stability: 

Vibration Sensitivity: 
(axial) 

Humidity Sensitivity: 

Accessories: 

40 

16 pF (at 250 Hz) 

Up to 15ooc 

Between + 0.00 dB/OC and 
-0.015 dBJoc 

-0.0025 dB/mm Hg 

Approx. 80 mm3 

Drifts less than 0.1 dB/century at 21oc 
(extrapolated) less than 0.2 dB/ hour at 
1500C 

Approx. 80 dB SP L at 1 g 

Less than 0.1 dB in the absence of con
densation. 

Standard range for B & K 1 /2" conden
ser microphones. 





B & K INSTRUMENTS: 

ACOUSTICAL . ... 
Condenser Microphones 
Piezo-Electric Microphones 
Microphone Preamplifiers 
Microphone Calibration Equip. 
Sound Level Meters 
{general purpose-precision
and impulse) 
Standing Wave Apparatus 
Tapping Machines 
Noise Limit Indicators 

ELECTROACOUSTICAL . .. . 
Artificial Ears 
Artificial Mouths 
Artificial Mastoids 
Hearing Aid Test Boxes 
Telephone Measuring Equipment 
Audiometer Calibrators 
Audio Reproduction Test Equip. 

STRAIN .... 
Strain Gauge Apparatus 
Multipoint Panels 
Automatic Selectors 
Balancing Units 

VIBRATION .... 
Accelerometers 
Accelerometer Preamplifiers 
Accelerometer Calibrators 
Vibration Meters 
Magnetic Transducers 

Capacitive Transducers 
Vibration Exciter Controls 
Vibration Programmers 
Vibration Signal Selectors 
Mini-Shakers 
Complex Modulus Apparatus 
Stroboscopes 

GENERATING .... 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 

MEASURING .. .. 
Measuring Amplifiers 
Voltmeters 
Deviation Bridges 
Megohm meters 

ANALYZING .... 
Band-Pass Filter Sets 
Frequency Spectrometers 
Frequency Analyzers 
Real-Time Analyzers 
Slave Filters 
Psophometer Filters 
Statistical Analyzers 

RECORDING .... 
Level Recorders 
{strip-chart and polar) 
Frequency Response Tracers 
Tape Recorders 

BAil EL & K."'A:.R 
DK-2850 Naarum, Denmark. Teleph. : (01) 80 05 00. Cable: BRUKJA, Copenhagen. Telex: 5316 
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