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types4133,4134,4135,4136,4138,4144,4145,

4147, 4148, 4149, 4160, 4165 and 4166

Condenser Microphone Cartridges

4145, 4144 4160 4147, 4148 4165, 4166 4133, 4134 4135 4138
and 4149 and 4136
FEATURES: USES:
Frequency ranges from M Precision sound
below 0,01 Hz to 140 kHz measurements
Dynamic ranges from B Pressure variation
—-20 dB to 180 dB SPL measurements

Very wide temperature
range

High resistance to
humidity

Artificially aged for long
term stability

Flush mounted
diaphragms

Robust construction

All operating characteris-
tics well defined

All important data individ-
ually calibrated and
supplied

B Wide range of accessories

2-0440100-2A
BP (G100

The B & K measurement micro-
phones are designed for accurate
sound measuring purposes. They are
precision engineered from materials
selected to give long term stability.
Their resistance to humidity is very
high, the temperature range very
wide and the temperature coeffi-

cients extremely small compared to’

other types of condenser micro-
phones. A robust construction
makes them easy to handle in the
field. Each microphone is delivered
in a protective mahogany box sup-

Fig. 1. 1” microphone cartridge in mahogany
case with calibration chart

plied with an individual calibration
chart giving the frequency response
and all data necessary for precision
measurements (Fig. 1).



General Description

Construction

The different cartridges have the
same basic design (Figs. 2 and 3).
The smaller diameters generally pro-
vide higher limits for the frequency
and dynamic ranges, at the expense
of a lower sensitivity.

Fig. 2 shows a sectional view of a
condenser microphone cartridge.
Depending on type, the insulator is
made of either silicone-treated
quartz, synthetic sapphire or a syn-
thetic ruby to give dimensional sta-
bility. The diaphragm is made of
pure nickel and backplate and hous-
ing are made of high nickel alloys.
This minimizes variations of sensi-
tivity with temperature.

During production the microphone
cartridges are subjected to a high
temperature (150°C), forced ageing
process which ensures good long
term stability.

Special care has been devoted to
the equalization of the static air
pressure between the inside and the
outside of the cartridge to give a low
and well defined lower limiting
frequency.

The principles of the pressure
equalization arrangements used in
the cartridges are shown in Figs. 4
and 5. The Types 4147, 4148, 4149,
4160, 4165 and 4166 are back-vented
for use with dehumidifiers, while ali
the other types are side-vented.

The cartridges are available with
four different diameters:

17*: 23,77 mm (Types 4144, 4145
and 4160)

12": 12,70 mm (Types 4133, 4134,
4147, 4148, 4149, 4165 and 4166)

1/4”: 6,35 mm (Types 4135 and 4136)
1/8”: 3,175 mm (Type 4138)

This wide range of condenser mi-
crophones is made availabie to cov-
er an extensive field of applications.
The microphones 4144, 4145, 4133,
4134, 4165, 4166, 4135, 4136 and

* Exactly 0,936 inch in accordance with the
American Standard ANSI S$1.12-1967.

Spring arrangement

\_/ -
P> Symmetrical
€ ol 2 \\\protection grid
L T~ Backplate

Quartz insulator

Output terminal
gold

Equalization adjustment
/ silver wire

-

Capillary tube for pressure /—Dlaphragm
equalization

P =Ty N

[y i — i

N @ H P

170664

Fig. 2. Sectional view of a 17

4138 together cover the require-
ments for environment, frequency
and dynamic ranges for most sound
measurements, while the special mi-
crophones 4147, 4148, 4149 and
4160 have been developed to suit
particular applications.

Each size is available with either
linear, 0° incidence, free-field fre-
quency response or linear pressure
response (the 1/8” Type 4138 pres-
sure only). When using a free-field
microphone it should be pointed to-
wards the sound source, if the sound
field is judged to come mainly from
that direction. In some applications a
pressure microphone may be used
for free field measurements if ar-
ranged so that the diaphragm is par-
allel to the direction of sound. In
coupler measurements a pressure
microphone is used. In this case no
specific orientation of the micro-
phone in relation to the sound
source is required. The smaller pres-
sure microphones (12, /4" and 18"
types) can be used for random inci-
dence measurements at audio fre-
quencies, as their frequency re-
sponses in this range are less de-
pendent on angle of incidence. The
1" free-field microphone Type 4145
can also be used for random mea-
surements in the audio range, when
fitted with Random Incidence Cor-
rector UA 0055.

A low cost microphone, Type 4130
is also available. The 4130 is a 1/2”
condenser microphone cartridge for
use with the self-contained micro-
phone system consisting of the 1/2”
Microphone Preamplifier Type 2642
and the battery operated Two-chan-
nel Microphone Power Supply Type

o

microph cartridge

Fig. 3. 1”7 cartridge with protection grid re-
moved. The diaphragm is flat and
practically flush with the housing.
This ensures a well defined acoustic

imped. and excellent idi-
rectivity
r:—:—?

-—— Pressure equalization
vent

173140

Fig. 4. Side-vented microphone cartridge

Pressure equalization
vent

173139

Fig. 5. Back-vented microphone cartridge

2810. The 2642 may also be used
with other B & K 1/2” condenser mi-
crophones. For further information
on Types 4130, 2642 and 2810, see
separate Product Data sheets.




Three 1/2” Prepolarized Condenser
Microphones Types 4129, 4155, and
4176, described in separate data
sheets, are also available. Types
4129 and 4155 are acoustically simi-
lar to the Types 4130 and 4165 re-
spectively, while Type 4176 is used
with Precision Sound Level Meter
Type 2232 (IEC 651, Type 1) and Inte-
grating Sound Level Meters Types
2221 and 2222 (IEC Draft Proposal
for Integrating Sound Level Meters,
Type 1P).

In the following section a short de-
scription of characteristics and ap-
plication ranges of each microphone
is given.

General Purpose Types

Free Field Response Types

4145, 1" diameter for general lab-
oratory use and very low sound level
measurements.

4133. 1/2” diameter for general
electroacoustic  purposes, loud-
speaker and microphone measure-
ments.

4165. 12" diameter for general and
low level sound measurements, and
for standardized noise measure-
ments according to IEC and ISO
standards. It has a sensitivity similar
to that of a 1” cartridge and may
therefore be used as a substitute for
1” cartridges in applications where
these would introduce an intolerable
disturbance in the sound field being
measured. The 4165 has a quartz
covered diaphragm and is backvent-
ed for use with the 12” Dehumidifier
UA 0308 for measurements in humid
environments.

Fig. 8. Types 4145, 4133, 4165 and 4135

4135. /4" diameter for general high
level, high frequency measurements
and model work.

Pressure Response Types
4144. 1”7 diameter used for coupler
measurements, audiometer calibra-

tion, low frequency and low level
measurements, and as a laboratory
standard.

4134. 1/2” diameter for medium
and high level measurements in the
audio range and coupler measure-
ments.

Especially suitable where good
random incidence characteristics
are demanded.

4166. /2" diameter for random in-
cidence measurements. Same appli-
cation range as the 4165. The 4166
has also a quartz covered dia-
phragm and is backvented for use
together with the UA 0308.

Especially suitable for noise mea-
surements according to ANSI
standards.

4136. /4" diameter for random in-
cidence, coupler, high level and high
frequency measurements.

4138. 1/8” diameter used for high
level and very high frequency mea-
surements, or for pulse mea-
surements.

Low Polarization Voitage Type

4148. /2" diameter. Free-field type
used with 28 V polarization voltage
for general sound level measure-
ments with battery operated assem-
blies such as Preamplifier Type 2619
in conjunction with Power Supply
Type 2804, or with Miniature Sound
Level Meter Type 2206.

Fig. 8. Types 4147 and 4148

Type 4149, Protected for Outdoor
Use

4149. /2" diameter. Free-field type,
similar to 4133 but with diaphragm
and backplate covered with thin lay-
ers of quartz (Fig.9), which in-
creases the lifetime in humid or cor-
rosive atmospheres. It is back-vent-
ed for wuse with Dehumidifier
UA 0308, (see section “Accesso-
ries”). The 4149 is used in noise
monitoring systems such as the Type
4921, for permanent outdoor
installations.

——Quartz coating

Pressure equalization
vent

172178

Fig. 7. Types 4144, 4134, 4166, 4136 and 4138

Especially suitable for applica-
tions which require a high spatial
resolution of the sound field or
where space is limited, e.g. model
testing.

Special Types

Very Low Frequency Types

4147. /2” diameter. Pressure type
designed with special attention to
the back-venting pressure equaliza-
tion arrangement to bring the lower
limiting frequency below 0,01 Hz. It
is used for ultra-low frequency
acoustic pulses, e.g. sonic boom
measurements in conjunction with
Adaptor UA 0271 and Microphone
Carrier System 2631.

Fig. 9. Cross sectional view of the quartz-
coated microphone Type 4149

Fig. 10. Type 4149

Western Electric WE 640 A Equiv-
alent

4160. 1" diameter. Pressure type
for coupler measurements and as

Fig. 11. Type 4180



1” Cartridge + 2627

1" Cartridge + DB 0375 + 2619

12" Cartridge + 2619

12’ Cartridge 4149 + UA 0308 < 2619

14 Cartridge + UA 0035 + 2619

14" Cartridge + 2633

1/8” Cartridge + UA 0036 + 2619

18" Cartridge + UAD 160 + 2633

1” Cartridge + 2631 head

12’ Cartridge + UA 0271 + 2631 head

Fig. 12. Mounting the different microphones on the microphone preamplifiers and the carrier system head. Adaptor DB 0375 is included with the

2619 S, whereas other adaptors should be ordered separately

3,16 Hz 1/3 Oct. A—Weighted Lin. Noise Level 3% Distortion 10% Distortion
Noise Level{ Noise Level |Noise Level 20 Hz to 20 kHz Limit Limit
At 1 kHz At 1 kHz
2631 \l / 4147
o—to 14145 zi
2627, OO 41 ;M, 4160
1
1 1
. e— 4145; i—i
S I S 4144, 4160
[o O—1—C 4133, 4149 fg
o- O——O——0 4134
2619 o ~O—t1—0 4148
o O O —O 4165
o Oreprree> 4166 0~
o - 4135) 0o
4136
14138 O
I o 4135 Ot
2633 o {4136
o 4138 —or—0
1
-20 0 20 40 60 80 100 120 140 160 180

® Lin. 20 Hz to 200 kHz

Sound Pressure Level dB
820609

Fig. 13. Dynamic ranges of B & K Microphone Preamplifiers (except 2642) and the Carrier

System 2631 with different microphones. The upper limit is indicated for two degrees
of distortion while the lower limit is given for various bandwidths of the measuring
equipment. The limits for 3,16 Hz and 1/3 octave bandwidth are valid at 1000 Hz only

laboratory standard. It has a linear
pressure response and is equivalent
to the Western Electric condenser
microphone WE 640A. The front
cavity of the microphone is tested
for hydrogen leakage. The 4160 is
included with the Reciprocity Cali-
bration Apparatus Type 4143.

Preamplifiers

The microphones are designed for
use with a DC polarization voltage of
200V (28V for 4148) or with a
10 MHz carrier frequency. A micro-
phone assembly will consist of a mi-
crophone cartridge and a preamplifi-
er, when using the DC polarization
voltage, and of the 10 MHz Carrier
Frequency System Type 2631 and a
cartridge when using the carrier
frequency.

The cartridges screw directly onto
the preamplifier housing or the 2631



head if both have the same diameter,
or use is made of adaptors if the
diameters differ (Fig. 12).

Three different preamplifiers are
available. They all use a field effect
transistor to achieve high input im-
pedance and low inherent noise.
Type 2619, 12" diameter is used di-
rectly with 12" microphone car-
tridges. To use 17, V4" and 8" car-
tridges with this preamplifier it must
be fitted with the adaptors DB 0375,
UA 0035 and UA 0036, respectively.
The 2619 is available in two versions:
2619 S, with accessories and 2619 T
without accessories. Type 2633, /4"
diameter is used directly with 14"
cartridges and with 18" cartridges
via the adaptor UA 0160. Type 2627
is a 1” preamplifier with electrical in-
sulation between the grounded
housing of the preamplifier and the
microphone cartridge. The 2627 is
used primarily for calibration
purposes.

Fig. 13 shows the dynamic ranges
of the preamplifiers and the Carrier
System Type 2631, when used with
the different microphone cartridges.

For further details on the Pream-
plifiers see separate product data
sheets (2619, 2627 and 2633; 4130,
2642 and 2810; and 2631).

Power Supply
The stabilized polarization voltage

for the cartridges (200 voit) and the
power supply for the microphone
preamplifier is available at the 7-pin
preamplifier input socket of the
B & K measuring amplifiers and fre-
quency analyzers to which the mi-
crophone assemblies can be con-
nected directly.

For operation with other equip-
ment and for special applications the
microphone assembly can be
powered from the Power Supplies
Types 2804 or 2807, the -Eight Chan-
nel Multiplexer Type 2811 or use can
be made of the Outdoor Microphone
Unit Type 4921 or the Microphone
Carrier System Type 2631. Further
information can be found under
“Accessories”.

The condenser microphones de-
scribed in this data sheet and pre-
polarized Types 4129 and 4176 are
also intended for use with the B & K
Sound Level Meters, which supply
the necessary polarization voltage
(OV for Types 4129 and 4176) and
preamplification. Furthermore the
Sound Level Meters contain a mea-
suring amplifier with indicating in-
strument, weighting filters and an
output amplifier for driving record-
ing instruments such as Tape Re-
corders Types 7005 and 7006 and
Level Recorders Types 2306, 2307
and 2309.

The Precision Sound Level Meters

Types 2210, 2215, and 2218 accept,
with appropriate adaptors, the 17,
1/2” and 1/4” cartridges using 200 V
DC polarization voltage. Type 4176
is intended for use with Precision
Sound Level Meters Types 2221/22
and 2232. Type 4129 is used with
Sound Level Meters 2225/26. For
further details see Product Data
sheets for 2210, 2215, 2218, 2221/22,
2225/26 and 2232.

Assembly Response

All data given in this leaflet are
open circuit, which means that the
cartridges have looked into an infi-
nitely large impedance. In practice,
however, the microphone cartridges
are used together with a preampilifier
which will influence the response of
the total microphone assembly.

The size of the influence depends
on the preamplifier input impedance,
the capacitance of the microphone
(and adaptor), the load by extension
cables connected to the preamplifier
and the attenuation of the preampili-
fier itself. The total response of the
microphone assembly is found by
adding the open circuit response to
the response curves given in the
data sheet for the preamplifiers.

For detailed information on the re-
sponse of the microphone Type 4147
used with 10 MHz carrier frequency,
see data sheet for Microphone Car-
rier System Type 2631.

Fig. 14. Sound Level Meters Types 2210, 2218, 2215, 2221/22, 2225/26 and 2232



Cartridge Response

The microphone cartridges have  specifications) while the same ANSI
i : i ; B & K Type
well defined operating characteris change appears in a few hours at Type
) - e - - " 1/or
tlcs..Thelr seqsutn_ntles .are high in 1§0 °C for all 1 and 12 L 4144, 45, 47, 48, 33, 34,
relation to their dlmetnswns and as microphones. 49, 60, 65, 66
can be seen from Figs. 15 and 16
their frequency ranges are very Individual Calibration L 4144, 45, 60
wide. The microphones fulfil the Ameri-
M 4133, 34, 35, 36,47, 49
can standard ANSI S1.12-1967
The long term stability is extreme- “Specifications for Laboratory Stan- H 4135, 36, 38
ly good. The stability is of the order dard Microphones” as indicated in
of 1 dB in several hundred years (see Table 1. Table 1.
dB re 1 V/Pa mV/Pa
-0 T T T T ul I
PIT 1L 1T T TT3HT [ 1
Types 4144, 4160 and 4166 4160 50
m—— !
—30 4144, 4160 and 4166 /41144
:41‘1:&:I 2
Types 4134 and 4147
—40— 4147 Fa13a \ 10
\
5
—50
Type 4136 y 2
L 1] r
_60 I Type 4138 . (! X 1
- AN
Lios
~70 {
0.2
- 0.1
001 002Hz 0056 O1 02 Hz 05 1 Hz 5 10 20 Hz 50 100 200 Hz 500 1 2 kHz 5 10 20 kHz 50 100 200
Frequency
172503/3
Fig. 15. Typical freq y resp of the different pressure microphones recorded by means of the electrostatic actuator method
dB re 1 V/Pa mV/Pa
-2 I T T I
T T 1T 11 | 1 A16E
Types 4145 and 4165 - O~y 4165
== = 50
-
-30
4145
20
r 4148
4148«: Types 4133, 4149 and 4148 14 [
—40 - 4133, 4149 10
Type 4135 pes= =i N 5
—~50 1T = T
\
A\ 1o
-60 1
0.5
~70
0.2
-80 0.1
0.01 002Hz0.05 0.1 0.2 Hz 0.5 1 Hz 5 10 20 Hz 50 100 200 Hz 500 1 2 kHz 5 10 20 kHz 50 100 200
Frequency 172502/3

Fig. 16. Typical 0° incidence frequency response of the different free-field microphones recorded by means of the electrostatic actuator method
and corrected according to the curves shown in Fig. 19



Each microphone cartridge is pro-
vided with an individual calibration
chart including a complete frequency
response curve recorded by the
electrostatic actuator method. In the
case of the free-field cartridges
Types 4145, 4133, 4135, 4148, 4149,
and 4165 the free-field response for
0° incidence is also given (see
Fig. 18). This is derived by adding
the free-field corrections to the re-
corded pressure response. Similarly,
the diffuse-field response is individ-
ually determined for the cartridges
4134, 4135 and 4166.

The cartridge Type 4147 is addi-
tionally supplied with an individual
calibration chart showing the time
constant of the pressure equaliza-
tion. From this chart the lower limit-
ing frequency can easily be deter-
mined. See Fig. 17.

For the microphones, a compre-
hensive handbook is available de-
scribing, among other things, the de-
sign, the theory and the operation of
each condenser microphone togeth-
er with extensive documentation of
its properties. Also described are
the application of accessories and
the influence of different environ-
mental factors, such as temperature,
atmospheric pressure, humidity etc.
on the microphone.

Free-Field Corrections (to be add-
ed to the pressure response ob-
tained from the calibration chart)
The free-field corrections which
represent the increase of sound

gogcooOoOooooooocoBOoOOnNn

oooocooooodoOopDooOoocoooooan

Brived & Kjowr Briel & Xiaae
= tower—timitingFrequency{=3-dB* =2 FmAe — ——|
g - .
2 ~
ped 1
(=%
— L\\ - — =
g 16 75 e — s
— BRKRE .
GP 1102 o
Fig. 17. Additional calibration chart delivered with the Cond Microph Cartridge Type

4147

pressure caused by diffraction of the
sound waves around the microphone
are only important at high frequen-
cies where the wavelengths are com-
parable with the external dimensions
of the microphone.

The free-field correction curves
for diverse angles of incidence are
given in Fig. 19. It can be seen that
the random incidence (diffuse-field)
corrections are very small at audio
frequencies.

A microphone (/2" to /8" diameter)
with a flat pressure frequency char-

acteristic should consequently be
preferred for measurements in dif-
fuse-fields, for example for indoor
measurements. However, by mount-
ing specially designed correctors
(Nose Cones) the response of the 17,
12" and V4" free-field microphones
can be made practically independent
of the angle of incidence over an ex-
tended frequency range.

A detailed description of the char-
acteristics and specifications of the
microphones will be found in the
handbook available.

Briiel & Kjoer Britel & Kjcer Briiel & Kjcer
Calibration Chart for Conditions of Tests: ooooOoODOoOOoOpooOoOoOOO0O0OOODO0OO0CcCOOoOoCoOoOoOooooaoaan
Condenser Microphone Frequency: 250 Hz neter Ronge: dB Rectifier: Lower Lim. Freq:____Hz Wr. Speed:. mmjsec. Por]
Cartridge Type 4145 Brilel & Kjer Polarization voitage: 200 V - Ly L LI L] L} L ¥
Serial No, 287295 Denmark sarometric. Pressure: 260,727 175
Open Clrcuit Senshivity at 760 mm Hg Relative Humidity: .. 0/" dB
et 224 a8 re. 1 v per Nim? or % 72 5 mv par Nim? Temperature: ... & 2% 1
This calibration is traceable to the Nationai Bureau Fara N
ot Standards, Washington 5.C. Date: 39 7, / Dsignawre: ... 0. . 0
Open Circuit Correction Factor: —1 —
Koey = .S ) s rized § Y
Cartridge Capaclty: ummarizes pecifications Y
Lype dtds satisies ne specifications for Laborato
c= 646 pF Standgard Micropho of the American Na. S\
tional Standards Instityte S1.12.1667. The ~5
:?;:’mt":';u'aﬂhg':q"'"" (-3 B} as determined by of the standard are given in brackets for each item .
Qutsids olameter:
........... <& H . (0,996 % 0,0020 in}.
Leskage Resistance lestod at 2% relative humidity cougltr ueunnng Thread (grid thread): 0.910 in. 60 NS2
Frequency Response Characeristic: \;
Frequency Response Fraguency below which pressura response shall be N,
The upper curve is the open circuit free field char- fiat within 2 dB: 12.5 kHz {7 kHz). -1 5
acteristic, valid for the Microphone Cartridge with Y
pratecting grid. )SGTI:‘nd waves perpendicular fo di Hesonant Fraquency: 9.0 kHz.
phragm (see Fig.). The iower curve is the open circuit
pressure response recorded with eiectrostatic, sctu- Equivalent Alr Volums st 1 atm.. about 015 cm: (02 —
Amblonl Pressure influence on response less than N\
+ 05 dB between: 0.6 and 1.2 atm. (0.9 and 1.1 atm.)
it (( §!<; Temperature Coefficlent between _50 and ~ 60°C,  — 15 -
- 7S maximum * 0,008 dB&:°C (* 0.03 dB.°C)
Rstative Kumidity: The influence of humidity doss not
exceed * 0.1 0B in the absence of
*) Subtract the absolute value of the gain of the pro- Dynamic Range: Sound Pressure Level below which
amplifier (see back) from Ko to get the actuai the total hareonic distortion remains less than 1 %
conec’lloKn factor K. {See instruction manual for the 140 dB (130 d8).
1 N = 10 Bynesiem = 10 ubar, Sensitivity: see calibration (> - 45 dB re. 1V per Nim3).  --20 % 5% 00 : 5000 20000
. \Frequency Scale by Zero Level: 161272112
170091
d

Fig. 18.

Complete calibration chart delivered with the

microph cartridges
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Accessories

To facilitate sound measurements
under various conditions a variety of
accessory equipment has been de-
veloped. A short description of these
accessories is given in this section.
For further information please see
separate leaflets and the handbook
available with the microphones.

Calibration Equipment 4220, 4230,
4143, 2627 and 4221

For accurate calibration of the mi-
crophones and complete sound
measuring set-ups either in the lab-
oratory or in the field, the Piston-
phone Type 4220 or the Sound Level
Calibrator Type 4230 can be used
(Fig. 20). Both are battery operated
and easy to handle. The 4220 gives a
signal of 124 dB at 250 Hz and cali-
brates with an accuracy of
+0,15 dB. The Sound Level Calibra-
tor Type 4230 gives a signal of 94 dB
at 1000 Hz and calibrates with an ac-
curacy of +0,3 dB.

For laboratory calibration of stan-
dard microphones in accordance
with IEC R 327 and IEC R 402 (reci-
procity method) and for measure-
ment of the frequency response of
17, 12", 1/4” and /8" condenser micro-
phones by the electrostatic actuator
method, the Reciprocity Calibration
Apparatus Type 4143 is available
(see Fig. 21). It is an advanced, fast
and easily operated high precision
laboratory instrument. The 4143 can
also be used for comparison calibra-
tion of 1” and /2" microphones, mea-

Fig. 21. Reciprocity Calibration Apparatus Type 4143

Fig. 22. Accessories delivered with the 4143

surement of front and equivalent vol-
ume, reciprocity and comparison
calibration of accelerometers, refer-
ence sound source, ratio voltmeter
and zero indicator. The 4143 is deliv-
ered with an individual calibration
chart and a comprehensive range of
accessories. See Fig. 22.

For calibration of 1", 12", /4" and
1/8” condenser microphones at high
sound levels the High Pressure Mi-
crophone Calibrator Type 4221 is an
ideal tool (Fig. 23). Due to the low
acoustic impedance of the 4221 the
sound pressure produced in the cou-

Fig. 20. Pistonphone Type 4220 and Sound
Level Calibrator Type 4230

Fig. 23. High Pressure Microphone Calibra-
tor Type 4221

plers is practically independent of
variation in coupler volume, atmo-
spheric pressure and changes in the
process from adiabatic to isothermal
at low frequencies. Calibration can
be performed in the frequency
ranges 3 Hz to 1000 Hz and 1072 Hz
to 95 Hz at SPLs up to 164 dB. In
connection with tonebursts, supplied
from the Gating System Type 4440,
calibration up to 170 dB SPL can be
performed.

Electrostatic Actuators UA 0023
and UA 0033

The actuators are designed for
measurement of the pressure fre-
quency response of the condenser
microphone cartridges. They are
available in two sizes UA 0023 for 1”
microphones and UA 0033 for /2"
microphones. The UA 0033 can also
be used with 1/4” and /8" cartridges
by means of the adaptors DB 0264
(1/4” to 12”) and DB 0900 (/8" to 1/2").

Electrostatic actuators not only
enable laboratory frequency re-
sponse calibration of microphones
to high levels of accuracy but also
allow users without extensive lab-



Briiol & Kjoar Beiel & Kjome Briiel & Kicwr i
CCoD0DoQNOoOCOoO0OO0QOoDOoDONODOoCoODODUODOO0DOoOoOO0O0OC0DO00cO00oooooOoaoaoaonnoag
Briiel & Kjcar Fotentiometer Range:______ dB Rectifier: Lower Lim Fraq:__ Hr Wr. Spaed: mmfsec. Poper Speed:_____mmjsec.
Conanh 507 —w ¥ v ¥ v ¥ ¥ o]
- s
¢ }
J
]
100¢ T
obl: [ i
Microphone r # . 4 "
Type 4133 _gg] L7160 km/h.
fitted with 90_ X TRei T
Nose Cone r 4
L —+t =
W incidence) | tHa VY 4
T a t 80 kmy/h. Y a1
T 2t T 1 T -
-+ — X —
. T : Sy 4
L s ]
b T {
70r
L i
T
L ¥
¥
t
5
X S { }
140 km/h 11
UO_ v : o T 1T
Al T T
[ A \ 1
a 1 —
F < + T
L t 1 e
50l ha 20 km/h. Y 1
T f ¥ ¢
F ¥
3 e X t
P I
L ¥ R » s )
a0 A Y ;
*O‘ 0 km/h 1 T +
L # L Ht
’ i 1 A YW
i T i
X }
k X it
20 ] A = s it
oA —
e s .
I L A § IR A ¥ T
Rac_Na: L H t 7
= .. =
Date:
Sign. 2 E ; H 1
ian.s
QP 1124 0 20 H: 50 100 200 0 1000 2000 5000 10000 D A B ClLin
i g Li~
Multiply Frequency Scole by Zoro Level! 1612/2112 A B Cli ey
Fig. 24. Induced noise levels as a function of windspeed and freq y of the 12’ free-field

Cond

Microph Cartridge Type 4133 fitted with Nose Cone UA 0386

dB !
Type 4145 + UA 0387 —
0 % — \,§

| 0° Incidence |

—2 =)

\
4 — \\ \v Sensitivity Limits
—6 Random lncidenc:\é\ \
-8 %00 {ncidence N \\ X
NN

o | |

1 156 2 3 4 5 8 7
Fig. 25. Frequency response of the 1’ free-field Cond
fitted with Nose Cone UA 0387

8 9 10 kHz  15172495/120
Microph Cartridge Type 4145

A\
dB T T
Type 4133 or 4149 + UA 0386
4 Py
0° Incidence / }\
2 /
0} BN

e}
S R

To—
7
L 0° incidence Random Incidence
-4 &)
Sensitivity Limits \\
—6 | 1
1 15 2 3 4 5 6 7 8 9 10 kHz 15 172496/1 20

Fig: 26. Frequency response of the 12’ free-fieild Cond Microph Cartridges Types
4133 and 4149 fitted with Nose Cone UA 0386

A

dB
Type 4165 + UA 0386 .
o Sensitivity Limit —
————— 1
— 0° Inciden:e‘t>‘\\\
-2 ¥ — -
F——) o
?s 0° Incidence P~ \,\R ndom Incidence
_a 8 ™~ ~_
~ PANN
-6 Sensitivity Limit ‘\‘\
-8 \
—10 e
1 1,5 2 3 4 5 6 8 9 10 kHz 15 761135 20
Fig. 27. Frequency response of the 12" free-field Cond Microph Cartridge Type 4165

fitted with Nose Cone UA 0386

10

oratory facilities to carry out period-
ic checks on the frequency response
characteristics of their own micro-
phones to ensure that they remain
within acceptable limits.

Nose Cones UA 0387, UA 0386,
UA 0385 and UA 0355

The Nose Cones (Fig. 28) are de-
signed to reduce the aerodynanically
induced noise present when the mi-
crophones are exposed to high wind
speeds in a known direction, for ex-
ample during sound measurements
in wind tunnels, ducts, etc. They are
designed to replace the normal pro-
tection grid of the microphones, and
are of a streamlined shape with a
highly polished surface in order to
give the least possible air resis-
tance. The fine wire mesh around the
circumference allows sound waves
to penetrate to the microphone
diaphragm.

Fig. 24 shows the aerodynamically
induced noise at various windspeeds
in the microphone cartridge 4133 fit-
ted with Nose Cone UA 0386. The di-
agram is valid for microphone 4149.

When the Nose Cones are used,
the omnidirectional characteristics
are improved (Figs. 25, 26, 27 and
30). Fig. 31 shows the omnidirection-
al characteristics of the 1/8” pressure
cartridge fitted with Nose Cone
UA 0355.

Random
UA 0055

The UA 0055 (Fig. 29) screws di-
rectly onto the one inch microphone
Type 4145 instead of the normal pro-
tection grid. it improves the micro-
phone’s omnidirectional characteris-
tics so that IEC 651 Type 1 is fulfilled
up to 10 kHz. See Fig. 32.

Incidence Corrector

Fig. 28. Nose Cones UA 0355, UA 0385,
UA 0386 and UA 0387



Rain Cover UA 0393

The Rain Cover (Fig. 29) is de-
signed to be mounted on B & K 1/2”
condenser microphones instead of
the normal protection grid, and al-
lows permanent outdoor installation
even under adverse weather condi-
tions. When fitted, the Rain Cover
will improve the omnidirectional
characteristics of the 1/2” free-field
microphones (see Fig. 33). The com-
bination of a 1/2” free-field cartridge,
UA 0393 and Windscreen UA 0570
fulfils the requirements on directivity
given in |IEC 651 for Type 1 Sound
Level Meters. To allow remote cali-
bration and checking of remote mi-
crophone installations the UA 0393
has a built-in electrostatic actuator.
The Rain Cover can be delivered cal-
ibrated at the factory together with a
1/2” microphone cartridge to give an
equivalent SPL of 90 + 1dB by in-
jection of an AC voltage of 215 V.

The B & K plugs JP 0012, which fit
the actuator terminal are available in
sets UA 0129, 20 plugs with mount-
ing tool and UA 0130, 25 plugs only.
The cabie AC 0010 for plug JP 0012
is available in free length.

It is recommended that, whenever
weather protection is important, the
Permanent Outdoor Windscreen
UA 0570 is always used in conjunc-
tion with the Rain Cover UA 0393,
and that the Preampilifier heating el-
ement operates continuously.

Fig. 29. Random Incid Corrector
UA 0055 and Rain Cover UA 0393

Permanent Outdoor Windscreen
UA 0570

The Windscreen UA 0570 (Fig. 34)
for 1/2” microphones, reduces the
aerodynamically induced noise dur-
ing outdoor sound measurements.
The Windscreen is designed for
mounting on the microphone assem-
bly and gives an effective reduction,
of the order of 10 dB or higher, of
wind induced noise at lower wind ve-
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locities. It is well suited to permanent
outdoor installations in connection
with Rain Cover UA 0393. Addition-
ally, it is equipped with spikes to
prevent birds from resting on top.
The Windscreen is recommended for
all unattended noise measurements.

Windscreens UA 0207, UA 0237 and
UA 0459

The Windscreens UA 0207 and
UA 0237 (Fig. 34) fit the 1” and 12"
microphone assemblies respective-
“ly. They are made of specially pre-
pared porous polyurethane sponge
attenuating wind noise 10 to 12 dB,
at lower wind velocities, and are well
suited for hand-held outdoor sound
measurements. These windscreens
are only available as sets. Set
UA 0253 contains six 1” windscreens
UA 0207, and set UA 0254 contains
six 1/2” windscreens UA 0237.

The Windscreen UA 0459, 65 mm
diameter, is designed to fit the 1/2”
Condenser Microphone Type 4130
but can also be used with the other
1/2” microphones if a small screen is
required. The UA 0459 has approxi-
mately the same properties as the
UA 0237. The windscreen is available
in sets of six as UA 0469.

For complete curves showing the
influence of any of the windscreens
upon the free-field corrections see
the handbook for the microphones.

Fig. 34. Windscreens UA 0570,
UA 0237 and UA 0459

UA 0207,
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Fig. 35. Turbulence Screen UA 0436

Fig. 36. Probe Microphone Type 4170

Turbulence Screen UA 0436

The Turbulence Screen UA 0436
(Fig. 35) is designed to attenuate tur-
bulence noise, when measuring air-
borne noise in ducts, wind tunnels
etc. The UA 0436 can be used to-
gether with any 1/2” free-field con-
denser microphone mounted on a
1/2” microphone preamplifier. The
turbulence noise suppression ob-
tained using the UA 0436 is approxi-
mately 16 dB better than that ob-
tained with the Nose Cone UA 0386
in the frequency range 70 Hz to
1,5 kHz.

Probe Microphone Type 4170
Probe microphones can be used in
a variety of applications, such as
measurements inside the ear and in-
side ear protectors, measurements
on sound insulating materials and in-
side intricate machinery, as well as
in other confined spaces, e.g. small
ducts, furnaces, oilburners etc.

Type 4170 (Fig. 36) is a pre-adjust-
ed probe microphone with built-in
preamplifier. It uses an acoustical
exponential horn to couple a probe
tube to. a 1/2” condenser micro-

phone. An acousti¢ matching imped-
ance at the microphone equalizes
the frequency response of the as-
sembly, thereby obtaining a frequen-
cy response from 30 Hz to 8 kHz
within 3 dB. In order to obtain mini-
mum disturbance in the sound field
being measured the probe tube is
very thin and has a high acoustic
orifice impedance. The probe micro-
phone is delivered with an individual
calibration chart and an adaptor
DP 0181 for fitting it to the Piston-
phone Type 4220 or to the Calibrator
Type 4230 for calibration.

Power Supplies 2804 and 2807

The Power Supply Type 2804 is
battery driven and can be used with
the Preamplifier Types 2619 and
2633. It supplies all necessary volt-
ages for two microphone assemblies
and can be adjusted to give 28 or
200 V polarization voltage. The Two
Channel Power Supply Type 2807
can supply all voltages for two mi-
crophone assemblies using 200V
polarization voltage, and allows
automatic switching between the
measuring points, e.g. for sound in-
sulation measurements.




Eight Channel Multiplexer Type
2811

For multichannel measurements,
the Eight Channel Muitiplexer Type
2811 (Fig. 39) can supply all neces-
sary voltages for up to eight micro-
phone assemblies. The polarization
voltage may be 0, 28 or 200V and
manual, automatic or external scan-
ning may be selected. The 2811 has
a built in {EC/IEEC interface.

Outdoor Microphone Unit 4921
The Outdoor Microphone Unit - )
Type 4921 (Fig. 37) has been de- Fig. 38. Power Supplies Types 2804 and 2807
signed to allow permanent outdoor
noise monitoring. It consists of the
1/2” quartz-coated microphone Type
4149  fitted with  Windscreen
UA 0570, Rain Cover UA 0393 and a
preamplifier all mounted on a stain-
less steel tube. A weather-proof
case, to which the steel tube is con-
nected, contains power supply, am-
plifier, calibration generator and a
dehumidification system. Several
different output possibilities are
available to suit any particular mea-
suring requirement. Moreover facili-
ties for remote control and external

Fig. 39. Eight Channel Multiplexer Type 2811

supply of power and calibration sig- Microphone Carrier System 2631

nal are included. For further informa- The Microphone Carrier System
tion see system development sheet Type 2631 (Fig. 40) is made for mea-
“Airport Noise Monitoring Systems”. surement of low frequency pressure

variations and shock waves and
shouid be used with the microphone
cartridge Type 4147. It supplies a
carrier frequency of 10 MHz to the
o microphone cariridge instead of the
W1 normal 200 V polarization voltage.

Artificial Ears, Ear Simula- " Fig. 40. Microphone Carrier System Type
tor and Couplers 2631

The Artificial Ears Type 4152 and
4153, Ear Simulator Type 4157 .
(Fig. 41) and the couplers DB 0138, veloped for measurements on head-
DB 0909, and DB 0161 have been de- and earphones.

Fig. 37. Outdoor Microphone Unit Type 4921 Fig. 41. Artificial Ears Types 4152 and 4153, and Ear Simulator Type 4157



Sealing Kit UA 0240

This kit (Fig. 42) is for sealing car-
tridge Types 4144 and 4145 so that
measurements down to 0,1 Hz can
be made.

Dehumidifier UA 0308

" Use of dehumidifier is recom-
mended in any situation where hu-
midity may affect measurements.

The 1/2” diameter Dehumidifier
UA 0308 (Fig. 43) is designed to be
mounted between a microphone pre-
amplifier or a sound level meter, and
a backvented 1/2” condenser micro-
phone cartridge. It contains silica gel
and effectively removes humidity
from the air in the microphone. A
small window in the Dehumidifier’s
case allows the humidity content in
the silica gel to be controlled, as the
gel changes colour from biue in dry
state to red when saturated. By heat-
ing for some hours at 100°C, or
longer at lower temperatures, the gel
is easily dried out again. When used
in 100% RH the Dehumidifier re-
quires drying-out approximately
once a month.

Flexible Adaptors UA 0122 and
UA 0123

The Flexible Adaptors (Fig. 44) al-
low the 1/2” and /4” microphones to
be mounted on the 1/2” preamplifi-
ers. The UA 0123 has a straight con-
nector while the UA 0122 has a right
angled connector. The flexbility of
the adaptors makes the microphone
assembly less sensitive to mechani-
cal vibration and high temperatures

Fig. 42. Sealing Kit UA 0240

(150°C). Both sets are delivered with
adaptors for flush mounting of the
microphone for measurement of tur-
bulence and other pressure varia-
tions in the plane of a surface.

Adaptor DB 0025

The 1/2” to 1”7 Adaptor DB 0225
(Fig. 44) screws onto the 1/2” micro-
phones to give them the same exter-
nal dimensions as the 1”7 micro-
phones. For use of 1/2” microphones
with 1”7 standard couplers, or 1”7 ac-
tuator with 1/2” microphones.

Adaptor DB 0264

The 1/4” to 1/2” Adaptor DB 0264
(Fig. 44) screws onto the /4” micro-
phones to give them the same exter-
nal dimensions as the 1/2” micro-
phones. For use of 1/2” accessories
with 1/4” microphones, e.g. with /2"
actuator.

Adaptor DB 0900

The 1/8” to 1/2” Adaptor DB 0900
(Fig. 44) screws onto the 1/8” micro-
phone to give it the same external
dimensions as the 1/2” microphones.
For use of /2” accessories with the
1/8” microphone, e.g. '/2” actuator.

Portable Floor Stand UA 0587
This portable tripod (Fig. 45) is of

rugged construction. The micro-

phone assembly is held in position

\\

Fig. 43. /2” Dehumidifier UA 0308

by means of the Tripod Adaptor
UA 0588 which is included with the
tripod. Height of the tripod is adjust-
able from 50 to 140 cm. The Adaptor
UA 0588 may be ordered separately
for use on any stand with 38" W
thread. A 3/8” W to 1/4” W adaptor
DB 1112 is supplied with the tripod,
which is also suitable for mounting
Sound Level Meters.

NB. The Adaptor UA 0588 does not
accept the 1/4” Preamplifier Type
2633.

Rotating Microphone Boom Type
3923

The 3923 (Fig. 46) is designed for
use in sound power measurements
to ISO 3741 and in building acous-
tics. It is battery powered, from re-
chargeable NiCd-cells, but can also
be operated from mains via the bat-
tery charger ZG 0113. It has rotation
times of 16, 32 and 64 s and a built-in
microswitch allows synchronization
of external equipment. The length of
the boom can be varied from 50 cm

-to 200 cm.

Fig. 44. Adaptors UA 0122, UA 0123, DB 0225,
DB 0264 and DB 0900
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Fig. 45. Portable Floor Stand UA 0587 fitted
with Adaptor UA 0588

Fig. 46. Rotating Microphone Boom Type
3923 mounted on a tripod
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FEATURES:

® Small compact
construction

® High input impedance
B | ow output impedance
B Wide dynamic range

B Adapts to microphones
with different diameters

ADDITIONAL FEATURES
TYPE 2627:

B Insert voltage calibration
capability

B Standardized input
configuration

B Conforms with IEC R327
and ANSI S1.10-1966

B Attenuation < 0,08 dB

types 2619, 2627 and 2633

Microphone Preamplifiers

2633

USES:

B Sound measurements with
B & K condenser
microphones

B General purpose
transducer preamplifier

B High impedance input
probe for B & K measuring
amplifiers and frequency
analyzers

ADDITIONAL USES
TYPE 2627:

B Insert voltage calibration of
condenser microphones for
open circuit voltage
determination

® Calibration of microphones
in connection with
reciprocity calibration
apparatus

B Calibration of sound
measuring set-ups

2-044 0097-2A
BP 0097

2619

2627

17




The Preamplifiers Type 2619,
2627 and 2633 are designed espe-
cially to match the needs of the
B & K condenser microphones but
may find application whenever a
very high input impedance is re-
quired from the B &K Measuring
Amplifiers and Frequency Analyz-
ers. They are small and compact in
design and operate over a wide
range of temperature, humidity and
other environmental effects. The
preamplifiers have a very high input
impedance and present virtually no
load to the microphone cartridges.
This together with a very low inher-
ent noise level, gives a low iower
limiting frequency and a wide dy-
namic range. The low output imped-
ance allows the connection of long
cables between the preamplifier
and the measuring instrument.

The preamplifiers are supplied

with power via a 7 core cable from
the 7 pin preamplifier input socket
on the B & K Measuring Amplifiers
and Frequency Analyzers. Special
power supplies are available for use
if it is required to connect the
preamplifier to other instrumenta-
tion. The polarization voltage for the
microphone cartridge is supplied by
the same input socket or power sup-
ply via the 7 core cable of the
preamplifier and the preamplifier it-
self. Input adaptors connected in-
stead of the microphone cartridges
block this polarization voltage and al-
low connection of other transducers
such as an accelerometer. Also
they allow the preamplifier to be
used as a general purpose high im-
pedance input probe.

Fig.1 shows how the preamplifi-
ers fit to the different microphones
and the adaptors for direct electrical

input. The Dehumidifier shown is
used with special microphones as
indicated for measurements in hu-
mid atmospheres over longer peri-
ods of time.

For use with Microphones Type
4125 and 4175, a low cost pream-

plifier Type 2642 is available.
Please ask for separate Data
Sheets.

N.B. Use of the Prepolarized Mic-
rophone Type 4155 with the Pream-
plifier Type 2619 requires the dis-
connection and grounding of the pol-
arization voltage on earlier instru-
ments. Current instruments are pro-
vided with a 0—28-—-200V selec-
tor. Please see the Type
4155/4175 Data Sheet.

4145

4166

or 4136

Type 2619 with
(10—32 NF)

Input

Type 2627 with 1’ microphone 4144, 4145 or 4160

Type 2619 with Adaptor DB 0375 and 1’ microphone 4144 or

Type 2619 with 1/2" microphone 4133, 4134, 4149, 4165 or

Type 2619 with Dehumidifier UA 0308 and 1/2°° microphone
4149, 4155, 4165 or 4166

Type 2619 with Adaptor UA 0035 and 1/4"’ microphone 4135

Type 2633 with 1/4” microphone 4135 or 4136

Type 2619 with Adaptor UA 0036 and 1/8°° microphone 4138

Type 2633 with Adaptor UA 0160 and 1/8’' microphone 4138

Type 2619 with Input Adaptor JJ 2614 for B & K plug JP 0101

Adaptor JJ 2615 for micropiug

tB& K C

Fig.1. Adaptors required to

Preamplifier 2619

This preamplifier fits directly onto
the 1/2” microphone cartridges
and adapts to the 17, 1/4” and-
1/8" cartridges. It has a high input
impedance and low inherent noise,

18

and can be operated either from a
120V supply, or from a 28V sup-
ply, such as the battery driven Mic-
rophone Power Supply 2804. A hea-
ter element is built into the tip of

1ser Microphones and direct electrical signals to the Preamplifiers Types 2633, 2619 and 2627

the preamplifier to prevent conden-
sation forming in the microphone if
it is used in very humid environ-
ments.



Fig.2. Type 2619S as delivered in maho-
gany case with accessories

Additional protection is obtained us-
ing the Dehumidifiers and special
microphones. If the 2619 is used
with the Power Supply 2804 the
current for the heater element must
be supplied separately. The 2619 is
delivered either as 2619S in a ma-
hogany case containing the pream-
plifier, two adaptors and a flexible
extension rod, or as 2619T in a
plastic box containing only the
preamplifier. The adaptors delivered
with 2619S are the DB 0375

Extension Rod UA 0196 is used to
increase the distance between the
preamplifier and the microphone
and to give directional flexibility to
the microphone. Increased distance
between preamplifier and transdu-
cer allows measurement at higher
temperatures (150°C, 302°F).

Preamplifier 2633

This preamplifier is only 1/4" in
diameter and fits directly to the
1/4” microphone cartridges while
the 1/8" cartridges are fitted by
means of the Adaptor UA 0160.
The preamplifier has a high input
impedance and low inherent noise.

Fig.3. Type 2619T as delivered in plastic
box

which allows 1" microphones to be
used and the JJ 2615 allowing
cables with microplugs to be con-
nected (B&K no. AO
0038/0089/0122). The Flexible

Pig.4. Flexible Extension Rod UA 0196,
Adaptor DB 0375 and Adaptor JJ
2615

Fig.5. The 2633 as delivered in mahogany
case

Preamplifier 2627

This preamplifier has been de-
signed especially to allow calibra-
tion of the 1 inch B & K condenser
microphone cartridges according to
the insert voltage method either in
connection with reciprocity calibra-
tion or by comparison with a known
sound source. These methods are
described in the IEC recommenda-
tion R327 and in the American
standard ANSI S1.10-1966.

The Type 2627 fulfils these rec-
ommendations and allows insert cal-
ibration to be made with Types
2610 and 2636 Measuring Amplifi-
ers using external junction box ZH
0007 and an external oscillator.
Some amplifiers and analyzers, e.g.
Types 2606, 2607 (earlier types)
2010 and 2120 have a direct in-
sert voltage calibration facility.

The preamplifier may be used in
either driven shield or grounded

switch for shield

switch for heating element

Fig.6. View of the preamplifier with the
housing removed, showing the con-
tacts for connection/disconnection of
the heating element and for groun-
ding/driving the shield around the in-
put contact to the output

shield configurations in order to be
in complete agreement with meth-
ods used in standards laboratories
throughout the world.

It contains an input stage, an out-
put stage giving a low output imped-
ance and the supply for the driven
shield surrounding the input stage
that minimises stray capacitances.
The thread for the microphone car-
tridge is isolated from the preampli-
fier housing to allow an insert vol-
tage to be applied in series with the
microphone for finding its open cir-
cuit sensitivity. A heating element
is built into the preamplifier to pre-
vent condensation forming in the
microphone or preamplifier when
used in very moist environments.
The heating element can be discon-
nected by means of a small switch
situated on the printed circuit
board. See Fig.6. This allows micro-
phone calibration to be made with-
out any temperature influence from
the preamplifier.

The shield around the input con-
tact can be connected either to the
output or to the ground by means of

Fig.7. The Preamplifier Type 2627 as deliv-
ered in mahogany case
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another switch also shown in Fig.6.
This allows use of either a driven or
a grounded shieid.

During design and manufacture
of the preamplifier special attention
has been given to keeping stray cap-
acitances and leakage resistances
at a minimum also when the pream-
plifier is used in moist environ-
ments. A double screening secures
very low cross-talk (better than
—60dB at 1 kHz).

Insert Voltage Calibration. This
type of calibration is used to find
the open circuit sensitivity of a mic-
rophone, which is defined as the
voltage appearing at its terminals
when the microphone is working
into an infinitely large electrical im-
pedance and standardised mechani-
cal configuration. it is measured by
the substitution method where a
known sound pressure is applied to
the microphone diaphragm alter-
nately with a calibration voltage ap-
plied in series with the microphone
when the microphone is terminated
in the same acoustic impedance.
The calibration voltage is adjusted
until the output voltage from the
preamplifier is the same as when a
given sound pressure is acting on
the microphone diaphragm in the
absence of the calibrating voltage.
The open circuit sensitivity is then
equal in magnitude to the calibra-

tion voltage divided by the sound
pressure applied.

Insert Voltage Calibration with
B & K Equipment. The Preamplifier
2627 connects directly to the 7-pin
preamplifier input of the Measuring
Amplifiers Types 2606 and 2607
{earlier types) and the Frequency An-
alyzers Types 2010 and 2120. The
input socket of these intruments de-
livers all necessary voltages for the
preamplifier and the polarization vol-
tage (200 V) for the microphone car-
tridge. The insert calibration vol-
tage, which is also supplied via this
socket, may originate either from
the 1000Hz reference osciliator
built into these instruments or from
an external signal source, for in-
stance the Sine Generator 1023, in
order to allow calibration at other
frequencies and levels. For other in-
struments, including Measuring Am-
plifiers Types 2610 and 2636, ex-
ternal junction box ZH 0007 and an
external oscillator must be used. As
a sound source the Sound Level Cal-
ibrator Type 4230 working at
1000Hz or the Pistonphone Type
4220 working at 250Hz may be
used.

The Preamplifier Type 2627 is
also delivered with the Reciprocity
Calibration Apparatus Type 4143
which is designed for reciprocity cal-
ibration of 1" condenser micro-

3,16 Hz 1/3 Oct. A—Weighted Lin. Noise Level 3% Distortion 10% Distortion
Noise Level| Noise Level [Noise Level 20 Hzto 20 kHz Limit Limit
At 1 kHz At 1 kHz /
2631 \( ~/ 4147
-O=—tO 4145
2627, lo 4144, 4160 ﬁ
. E— I:HA‘J=I
ey 4144, 4160
o s 4133, 4149
: I 4734 L
2619 o Ot 4148]
[ Omea OO~ 4165 —0~4
o OO 4166 0=
o - 4135 0—0
4136
] o i[ﬂ:e OO
4135 e
2633 o 4136
o - 4138 OO
1
—20 0 20 40 60 100 120 140 160 180

Sound Pressure Level dB

® Lin. 20 Hz to 200 kHz

820609

Fig.8. Compared dynamic ranges of all the B & K preamplifiers with different condenser micro-
phones. For description of Type 2631 Carrier Frequency System see separate literature.
The upper limits are indicated for two degrees of distortion while the lower limits are

given for various bandwidths of the m Iring equip
1/3 octave bandwidth are valid at 1 kHz only

1it. The limits for 3,16 Hz and

20

phones in accordance with IEC 327
and 402, insert voltage calibration,
comparison calibration and measure-
ment of the frequency response of
condenser microphones by the elec-
trostatic actuator method.

Application Ranges

The preamplifier Type 2619 in
connection with a 1/2” or 1" con-
denser microphone creates a micro-
phone assembly well suited for
most sound measurements. The
2633 with a 1/4" or 1/8” micro-
phone is specially designed for high
intensity, high frequency applica-
tions. The small size and compact
construction make it ideal for such
applications as jet noise and boun-
dary layer investigations.

The Type 2627 which is primarily
designed for use where the insert
voltage calibration technique is ap-
plied can be used with all B& K 1"
condenser microphones for sound
measurements. Special features for
this purpose are a very low inherent
noise level, and a very small attenu-
ation. With an adaptor UA 0030
also 1/2” microphones can be fit-
ted.

Accessories

The preamplifiers are delivered
with certain standard accessories
as described. Full information on ac-
cessories available for use with the
B & K condenser microphones and
preamplifiers are given in the data
sheet for the microphone car-
tridges.

Extension cables

Three standard length extension
cables are available. The cables
have a very low capacitance and ex-
tremely good shielding so that
several lengths can be connected to-
gether. The influence on distortion
and high frequency response can be
seen from Fig.12 to Fig.17. The
table below gives the capacitance,
diameter and length of the cables.

Extension Cable Type A0 0027 | AO 0028 { A0 0029

3m 10m 30m
Ly h
engt 101t 33f 100t
Diameter 6 mm 9mm gmm
174" 3/8" 3/8”

Capacitance to ground |300pF 570pF 1700pF
of the signal conductor j{100pF/m) (57 pF/m){ (57 pF/m)




Tape Cable AR 0001

This very flat, flexible 7 core
cable is used when it is necessary
to carry an extension cable through
closed windows, doors, etc. The flat
cable can easily follow sharp bends,
the thickness being only 0,2 mm.

Length of the cable is 300 mm
(12”). Typical applications are in
sound insulation and reverberation

measurements in buildings.

Frequency Response —
Transducer Capacitance

The frequency response of the
preamplifiers depends on the trans-

+6

ducer capacitance connected to the
preamplifier input and the capaci-
tance load (extension cables) con-
nected to the output. The curves be-
low show the frequency response of
the preamplifiers with different
B & K condenser microphone car-
tridges and no extension cables con-
nected.

Typical B & K microphone capaci-
tances are:

Type 4144, 4145, and 4160 50
to 66 pF (1" dia.)
Type 4125, 4133, 4134, 4147,

d8
+4

P—
L

+2

-6
-8 GPF/

|
||

3,2 pF
~12 s

| |

0,1 0,2

50
Frequency

20 50 kHz 100 200

800809

™M

N

150 pF

°

]
.
gt B
e
kel

L nI—T .
™
w ™

H~+t otF ©

|

I
N

Ag:.
~

0,2

o
)

20

100 200

790582/1

50 100 200 500 20 kHz 50

Frequency

Type

2627

|
Pted

170614/1

0,1 02 05 THz 2 5

20

50 100 200 10 20 kHz 50

100 200
Frequency

4148, 4149, 41565, 4165,
4166 and 4175

17 pF (1/2” diameter)

Type 4135 and 4136: 6pF

(1/4" diameter)
Type 4138: 3 pF (1/8" diameter)

The capacitance of the adaptors
necessary to connect the cartridges
to the preamplifiers has been in-
cluded as indicated on the curves.

Fig.9. Preamplifier Type 2633. Frequency re-
sponse. curves with different transdu-
cer capacitances connected at the in-
put

Fig.10. Preamplifier Type 2619. Frequency
response curves with different trans-
ducer capacitances connected at

the input

Preamplifier Type 2627. Frequency
response curve of the preamplifier
unloaded and an input capacitance
of 50 pF corresponding to 1’ micro-
phone. Lower curve with 5 pF input
capacitance indicates the influence
on frequency response of varying in-
put capacitances. With 50 pF input
capacitance the response is linear
from 2 Hz to 200 kHz + 0,5 dB

Fig.11.
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Loading — Frequency Response
The capacitive load of extension
cables on the output of the preampli-
fiers will influence the frequency re-
sponse and the wupper distortion
limit. The curves below show the in-

fluence on the high frequency cut-
off at different load capacitances
and different transducer capacit-
ances corresponding to those of the
B & K condenser microphone car-
tridges. When determining the total

500

nF \
200

Type 2633

-

00

1/
/7
/

50

20

Load Capacitance

500

20 30 40 50 60 80 100 kHz 200
Fregquency 800807

I;
/
7

Type 2619 —

Pt 50 pF

Load Capacitance
g 8 8
/
/)
//
/
/
/

/

17 pF

/

20 3pF + UA 00 N F+ UA 0038 T
pF + 36 \Gp + 35
™ ‘\\ \
NN
10
N
N
. \\
2
1 2 3 4 5 6 8 10 20 30 40 50 60 80 100 kHz 200
Frequency
170246/1
200 \\
N
© nF N
g \ Type 2627
S100
g \‘\
2 80 .
S
b 60
S B0,
- ~
40 \\
30 N
\\
20 Ing
10!
8
6
J‘l 2 3 4 5 86 8 10 20 30 40 50 60 B0 100 kHz 200
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Frequency
171273/1

frequency response of the preampli-
fier with extension cables these
curves should be held together with
the curves given for Frequency Re-
sponse-Transducer Capacitance.

Fig.12. Preamplifier Type 2633. Upper fre-
quency limit (—1 dB) as a function
of load (extension cable capacit-
ance) for different transducer capac-

itances

Fig.13. Preamplifier Type 2619. Upper fre-
quency limit (—1 dB) as a function
of load (extension cable capacit-
ance) for different transducer capac-

itances

Fig.14. Preamplifier Type 2627. Upper fre-
quency limit (—1dB) as a function
of load (extension cable capacit-
arice) at 50 pF transducer capacit-
ance



Loading — Distortion

If the maximum output current of
the preamplifier is exceeded the sig-
nal will be distorted. The curves be-

100
50
VRus
20 \\ \
10 N N
e — e — _—_—————-—.*—/ \
T5 ~
2z} \\ N
2’ <
2, N
5 10n
;_% 0,5 Type 2633 \\
4% distortion limit K\ \\
02 —~ 120V supply < 4
«== 28V supply R \
01 | |
2 5 10 2 5 102 2 5 Hz 105 2
800808/1
100 | ’
RM52 100 nF
20 N 50nF
10
9SS T Ll —J—2%n
7}
52 ~J
§ 1 N
8 o5} Type 2619 “~
- 4% distortion limit N
1 1
0.2l.——_120 V supply I\
LR N
0,1
2 5 10 2 5 102 2 5 Hz 105 2
170244/2
100
50
Vams —
20 \\ \\ ™.
N
1000k \ 5nF N
10
\ ~ N \ ~
= N 10 nF N 1nF
c 5
a NN
& \ N ™.
g2 NN N
3, N\ \\ L
] \
£ 05 \\\\
02l Type2627 N ™
| 1% distortion limit N \\
0,1 | 1
2 5 10 2 5 102 2 5 Hz 108 2

low give the upper distortion limit
(4%) as a function of output voltage
and foad capacitance at the output

170507/2

the preamplifier. For normal
cable lengths the distortion will be
lower than 1%.

Fig.15. Preampiifier Type 2633. Upper limit

of dynamic range (4% distortion)
due to capacitive loading as a func-
tion of input voltage and frequency

Fig.16. Preamplifier Type 2619. Upper limit

of dynamic range (4% distortion)
due to capacitive loading as a func-
tion of input voltage and frequency

Fig.17. Preamplifier 2627. Upper limit of

dynamic range (1% distortion) due
to capacitive loading (extension
cables) as a function of input vol-
tage and frequency
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Specifications 2619, 2627 and 2633

B & K Type no. 2633 2619 2627
120V/2mA 28V/0,5mA 120V/2 mA [ 28V/0,5mA 120V/2mA
DC Power Supply Heater
Heater 12V / 80 mA 12V/60 mA
Polarization Voltage Transmitted through preamplifier to microphone cartridge from power supply
>50GQN//0,25pF at | 10GQ// 0,4 pF >10GQ//0,8 pF >7GQ//1pF grounded shield:
Input Impedance 60°C (approx. 5 GQ// (typical) <5pF
0.25 pF at 100°C) driven shield:
>10GQ//< 0,5 pF
Output Impedance <100Q 600 Q (typical) <250 <700 <500
Max. Output Current 1,4 mA peak 0,25 mA peak (typical) | 1,5 mA peak 0,5 mA peak 1,4 mA peak
Temp. Range —20° to + 60°C* —20° to + 60°C —20° to + 60°C —10° to + 60°C
) 9 (—4° to 140°F) (—4° to + 140°F) (—4° to + 140°F) {14° to 140°F)
Attenuation
(Preampilifier alone) <0.06d8B <0,1dB <0,03dB <0,1dB <0,08dB
Phase (20 Hz to 20 kHz) +2,0° +2,b° +2,0°
Linearity (2 Hz to 200 kHz) g0, —130 (8PP + 200, — 130 (20PF) +20, 120 (80PF)

Preamplifier Noise (dummy mi

crophone): Lin. 20 Hz to 200 kHz and A-weighted. Typical values are given in parentheses

60 pF (1” microphone)

<10 pV (7 pV) Lin.
<2 uV (1,7 pV) A-weighted

<15 uV (9 uV) Lin.
<3 1V (2,3 uV) A-weighted

17 pF (1/2” microphone)

<25 pV (12 uV) Lin.
<4,5 uV (3,3 uV) A-weighted

6 pF (/4" microphone)

<30 uV (19 uV) tin.
<7 uV (5,8 uV) A-weighted
Approx. 150 uV,
34 uV at 100 °C

<50 pV (23 pV) uin.
<15 pV (7,5 uV) A-weighted

3,5 pF (1/8” microphone)

<50 uV (23 uV) Lin.
<12 uV (7 pV) A-weighted

<<70 uV (50 uV) Lin.
<25 uV (14 uV) A-weighted

12,7mm (0,5in)

23,8mm (0,936 in)

Cable Length

Diameter: 6,35 mm (0,25in)
Dimensions:
Length: 88 mm (3,46 in) 83 mm (3,25in) 99 mm (3,9 in}
3.4m (11,2 ft) 2m (6,6 ft) 2m (6,6f1)

Frequency Range:
See Figs. 9, 10, and 11

Distortion:

Max. input Voitage:

Connection Type:
B & K 7 pin plug

See Figs. 15, 16, and 17

See Figs. 15, 16, and 17

Type 2619T: None

Type 2633: None

JJ 2612

Smali screwdriver QA
Accessories Available:

Extension cables:

Type 2627: Coaxial input Adaptor

1/2" microphone

For Types 2619

0001 adaptor UA 0588)

UA 0588: Adaptor for mounting 1" and
ods with 3/8” W thread

Portable Floor Stand UA 0587:

Insert Voltage Junction Box ZH 0007:
(for Type 2627 only)

preamplifiers on trip-

and 2627 (includes

Accessories Included:
Type 2619S8: Adaptor for 17
phones DB 0375
Coaxial Input Adaptor JJ 2615
Flexible Extension Rod UA 0196

micro-

A0 0027, length 3m (10ft)
AO 0028, length 10m (33 ft)
AO 0029, length 30 m (100 ft)

Tape Cable:
AR 0001, length 300 mm (12")

Microphone Power Supplies:

Type 2804, 2 channel, battery driven,
for Type 2619 and 2633

Type 2807, 2 channel, automatic switch-
ing between channels

*  Up to 100°C {212°F) with reduced specifica-
tions, see Input Impedance and Preamplifier
Noise entries
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2. THE CONDENSER MICROPHONE AND ITS PREAMPLIFIER

2.1. PRINCIPLE OF OPERATION

The condenser microphone has operating characteristics of high stability, flat response
over a wide frequency range, reasonably high sensitivity, and very low internal noise.
These qualities combined with its minimal effect on the sound field in which it is placed
make it for many purposes the most suitable transducer available for measuring sound
pressure.

AN

5%

Diaphragm

/ Insulator

Os00

I

XXX

Back plate —]

Housing

MAVAR
/

Hole for static pressure equalization 162159

Fig.2.1. Schematic construction of a condenser microphone

The condenser microphone, shown in Fig.2.1, consists basically of a thin metal diaphragm
and a rigid back plate constituting the electrodes of an air dielectric capacitor. If a constant
charge is applied to the capacitor by a DC voltage (the polarization voltage}, the variations in
capacitance caused by the varying sound pressure on the thin diaphragm are transformed
into voltage variations. Since static pressure variations can be bigger than the sound
pressures normally encountered, a pressure equalization vent ensures that static pressure is
the same inside and outside the cartridge cavity.

To increase the relative variation in capacitance, and thus increase the sensitivity, the stray
capacitance of the condenser microphone and following amplifier input must be as smali as
possible. Therefore the microphone and the first amplifier stage, the preamplifier, are
normally placed in close proximity. Furthermore, the small capacitance of the microphone
requires a very high load resistance to ensure a low lower limiting frequency. So the
preamplifier stage is designed as an impedance converter, providing the low output imped-
ance required for signal transmission by a cable to the first stage of the sound analyzer
system.

An equivalent circuit of the condenser microphone and microphone preamplifier is shown in
Fig.2.2. A constant charge, Q, is applied to the diaphragm-backplate capacitor by connection
of a DC voltage via a high impedance resistor, Rc. The polarization voltage, Eg, and charge
are related by Equation 2.1:

Ey, - Q (2.1)

0 - — .
Ct

where C; = the capacitance of the microphone cartridge.
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Sound

pressure
{> %C( +AC{Y)

Microphone
diaphragm

DC source 1

! Polarization I Preamplifier
! voltage 170053/1

Fig. 2.2. Equivalent circuit of a condenser microphone and microphone

preamplifier
where:
Ct = Capacitance of the microphone cartridge

AC(t) =  Variation in capacitance due to incident
sound pressure

Eq = Polarization voltage

Cs = Stray capacitance

Ce = Coupling capacitance

Ci = Preamplifier input capacitance

R; =  Resistance of charging circuit

R;j = Preamplifier input resistance

vit} = Output voltage

Since the charge on the capacitor is held constant, the variation in capacitance due to a
change in sound pressure is transformed into a variation in voltage. When unloaded, the
cartridge open circuit output voltage, v, {t), is given by:

ACt)"Ey _ AC() " Eg

Yot C, + AC(H) c,

since C, > > AC(t) (2.2)

The microphone cartridge is connected to the preamplifier via a coupling capacitor, C., which
blocks the DC polarization voltage. Fig.2.3 shows the simplified equivalent circuit of the
condenser microphone and preamplifier. The stray capacitance, Cs is small and may be
considered as an integral part of C;, Cc >> C;, and is therefore neglected in the simplifica-
tion. it can be shown that the output voltage, v(t) is given by:

Il
10 0

G

Vo ()=ACINE, (m, - R
C, o v (t)

O
170073/1

Fig.2.3. Simplified equivalent circuit of a condenser microphone
and microphone preamplifier
RcRi

here: R =
where R+ R



AC(t) - Ep C: jwRC AC(t) - Eo jwRCy
vit) = ——Mmm - — - - = . - (2.3)
Ci C 1 + jwRC C: 1 + jwRC

where C=C +C

So the sensitivity, S is given by:

v(t) AC{t) - E jwRC
S = = o . (2.4)
Aplt) C: - Aplt) 1 + jwRC
where Ap(t) = sound pressure variation with time,
and Ap(t) = K; AC(t) where K, is a constant
So Eo jwRCy _
S=Ky - — - where Ky is a constant (2.5)

From the expression for the microphone sensitivity, S, (Equation 2.5), two basic cases
can be considered. First, the high frequency response, when w RC>> 1. In this case:

Eo

S =Ky -
2 ¢

(2.6)

It is seen that the sensitivity is proportional to the polarization voltage but inversely pro-
portional to the total capacitance C. Any capacitance additional to the transducer capacit-
ance, such as that of the preamplifier, would load the transducer and decrease the over-
all sensitivity. This means that the total capacitance in the circuit should not greatly ex-
ceed the capacitance of the transducer, hence the usual close proximity of the cartridge
and its associated preamplifier.

The second case is at low frequencies, when w RC << 1, thus giving

Eg .

s = Ky o> JwRC, (2.7)
t

This expression is frequency dependent, and associated with the transition to frequency
dependence of sensitivity a cut-off frequency (f;) can be defined when w RC = 1 and the
sensitivity is reduced by 3 dB. For this case:

1
= 2.8
fe 27RC (2.8)

Hence, for a very low lower frequency limit, the input resistance of the preamplifier must be
very large. With preamplifiers such as the preamplifiers discussed in this book, this lower
frequency limit is of the order of 2 Hz. If lower frequency measurements are required, the Mi-
crophone Carrier System Type 2631 is recommended in place of the conventional preamplifi-
ers. The 2631 is fully discussed in its own Instruction Manual.
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3. MICROPHONE AND PREAMPLIFIER SELECTION

3.1. MICROPHONE SELECTION

The design of a microphone necessarily involves a compromise of many factors. It is
therefore impossible to select a microphone which is suitable for all measurement purposes.
In practice, it is necessary to select from the most significant features of the microphone,
such as linearity of high frequency pressure response, linearity of high frequency pressure
response, linearity of high frequency free-field response, linearity of high frequency random
incidence response, extended low frequency response, omnidirectivity, dynamic range, as
well as any environmental requirements of the measurement location. The condenser
microphone provides the most satisfactory combination of all these acoustical characteristics
when the problem of precision measurements is considered, and combined with its high
long-term stability and its compact dimensions it is generally accepted as the best micro-
phone type for measurements. This section attempts to provide a guide to the selection of a
measuring microphone from the wide range of B & K microphones. All details will be found
in other sections of this book and the characteristics given here are necessarily summarized.

The main characteristics of the B & K Condenser Microphones are listed in Table 3.1. In
general, there is an initial preference for a half-inch microphone for several reasons:

a) The choice of sensitivities and frequency ranges allow a wide range of requirements
to be covered.

b) The directional characteristics of the half-inch microphone are more uniform within
the audio frequency range than those of the one-inch microphones, allowing accu-
rate measurements to be made even in an ill-defined sound field.

Microphone Diameter Nominal 0° Incidence Typical Random Pressure Nominal Polarized
Type Polarization Free Field Incidence Response Response Sensitivity Capacitance
Voltage Response + 2 dB +3dB +2dB at 250 Hz
H2) (Hz) (Ha) (mv/Pa) | (dBre (pF)
1 V/Pa)
4144 one-inch 200 V 20-10k 26—-8k 50 ~26 65
4145 one-inch 200 V 26—-18k 20-10k 50 —26 66
{with UA 0055)
4165 half-inch 200 V 2,6 —20k 50 —-26 19
4166 half-inch 200 V 20-12k 26—-9k 50 —-26 21
4133 half-inch 200V 4 —-40k 125 -38 18
4134 half-inch 200 vV *30-22k 4-20k 12,56 -38 18
4147 half-inch * 0,0065—18 k 1,1-10—3pF/Pa 19,5
4148 half-inch 28V 4-16k 12,5 -38 17
4149 half-inch 200 V 4—-40k 12,5 -38 18
4135 quarter-inch 200 v 4—-100k 3,0—-45k 4 —48 6,4
4136 quarter-inch 200V 4 -70k 1,6 —b6 6,4
4138 eighth-inch 200V 5,0 - 100 k 65— 140k 1,0 —60 35

* Intended for use with Microphone Carrier System 2631
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Table 3.1. Comparison of the principal characteristics of B & K Condenser Microphones




Fig.3.1.

c) Itis, in practice, the most reliable of the range.

From this point, check if any national standards (such as ANSI) or international stand-
ards (such as IEC, ISO) apply to the measurement. If not, take a free-field response mic-
rophone for measurements in open measurement sites and a pressure response micro-
phone for coupler measurements or for measurements in a diffuse sound field. Note that
the diffuse field (random incidence) response of the one-inch diameter free-field micro-
phone can be improved by fitting a Random Incidence Corrector UA 0055 (see section
9.6).

If low level measurements are required, then choose in preference a one-inch micro-
phone or a half-inch cartridge Type 4165 or 4166. Note, however, that the noise floor
of the 4165 with preamplifier is higher than for one-inch microphones. If high level or
high frequency measurements are required, choose a quarter-inch microphone. For very
high frequencies, or where very small microphone size is necessary, the eighth-inch mic-
rophone can be used.

If any special environmental problems are involved, such as permanent exposure to moisture
in an outdoor monitoring situation, the half-inch Type 4149 becomes an automatic choice.
The 4149 should always be used in connection with a Dehumidifier or as part of the Outdoor
Microphone Unit Type 492 1. For intermittent long-term outdoor use {(periods of hour rather
than day durations) or indoor use under humid conditions, the half-inch rear-vented Types
4165 or 4166 may be used with Dehumidifier UA 0308 (see section 9.7).

Other environmental problems could occur in explosive or highly ionised media, where a
200V polarization would not be acceptable. In such cases, two standard possibilities ex-
ist: a low DC polarization voltage may be used with the 4148 (nominally 28V DC, max.
120V DC) and a low AC voltage (< 10V), 10 MHz, when the Carrier System 2631 is

3,16 Hz 1/3 Oct. A—Weighted Lin. Noise Level 3% Distortion 10% Distortion
Noise Level| Noise Level [Noise Level 20 Hz to 20 kHz Limit Limit
At 1 kHz At 1 kHz
2631 \f -£ 4147)
O—t-O- {4145
2627, Ot 41;&4, 4160 j#
1 T
O] 4145, i—i
T’ e 4144, 41[60
[e2 -O——O- 4133, 4149 ];
o O 4134
2619 O o e -4148]
o —O—C- 14165| ~0—4
o OO~ 4166 -0—¢
(o2 *> 4135 O—10
4136
1i41% —O04—0
o 4135 =0
2633 (e, {4138
o R * 4138 OO
1
20 0 20 40 60 80 100 120 140 160 180
Sound Pressure Level dB
® Lin. 20 Hz to 200 kHz 820609

Comparison of the dynamic ranges of all the B & K Microphone Preamplifiers fitted with different
Condenser Microphones. For description of Type 2631 Carrier Frequency System, see separate
literature. The upper limits are indicated for two degrees of distortion, while the lower limits are
given for various bandwidths of the measuring equipment. The limits for 3,16 Hz and 1/3 oc-
tave bandwidth are valid at 1 kHz only
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Quarter-inch 4136 Preamplifier 2633}
Quarter-inch 4135 Preamplifier 2633}
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Preamplifier 2619
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Fig.3.2.° Comparison of the frequency response ranges (+ 2 dB) of recommended microphone and micro-

phone preamplifier combinations

used with one-inch or half-inch microphones. Since the sensitivity is proportional to the
applied polarization voltage (Chapter 2), a microphone may be operated using a reduced
polarization voltage if the corresponding reduction in sensitivity and a small change in
the frequency characteristics are acceptable.

Comparisons of the dynamic ranges and frequency response ranges for the recom-
mended microphone and preamplifier combinations are given in Figs.3.1 and 3.2 respec-
tively. In both cases, the lower limit of the range is generally determined by the preampli-
fier characteristic while the upper limit of the range is determined either by the micro-
phone or by the preamplifier.

3.2. PREAMPLIFIER SELECTION
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A complete microphone consists of a microphone cartridge and a preamplifier for imped-
ance conversion, permitting the use of long cables and measuring instruments with a rel-
atively low input impedance. The microphone preamplifiers are designed according to
two different principles:

Preamplifiers providing DC polarization voltage
Preamplifiers using a carrier system

Principal characteristics of the B & K microphone preamplifiers are shown in Table 3.2.

It will be found for general purpose measurements that the selection of the preamplifier
follows from the microphone chosen, but the full range of possibilities is shown in Table
3.3. Special cases arise where it is required to perform Insert Voltage calibration of the
microphone (see section 4.3.4) when the 2627 will be preferred. For very low frequency
measurements, the 2631 becomes the only possibility below 2 Hz. For very low level
measurements, the low noise of the 2627 preamplifier is often decisive.

The half-inch Preamplifier Type 2619 can be operated without its heater to give a cold-
operating system, although for outdoor measurements it is always recommended that
the heater be used.

The 2619 can be delivered as 2619 S in a mahogany box with various accessories or as
2619 T without accessories. See section 8.1.3.



2633 2619

Preamplifier Type No. 120 v 28V 120V 28V 2627 2631

Supply Supply | Supply | Supply

Voltage Voltage | Voltage | Voltage
Input impedance (GS2) > 50 10** >10 >7 >10
Input parallel capacitance C; (pF) <0,25 0,4+ <0,8 <1 <0,5
Lower frequency limit (—2 dB) electrical
One-inch microphone 60 pF (Hz) <0,8 <1 <0,3 DC
Lower frequency limit (—2 dB) electrical
Half-inch microphone 18 pF (Hz) <1 <2 DC
Lower frequency limit (—2 dB) electrical
Quarter-inch microphone 6,4 pF (Hz) <2 <2 <2 <3
Lower frequency limit (— 2 dB} electrical
Eighth-inch microphone 3,5 pF (Hz) <2 <2 <4 <6
Upper frequency limit (—2 dB) eiectrical
(kHz) > 200 > 200 > 200 > 200 > 200 >150
Maximum sinusoidal output voltage
(V RMS) 32 7 32 4 32 7
Maximum output current {mA peak) 1,4 0,25** 1,5 0,5 1,4 10
Typical preamplifier gain, g variable
(dB) -0,04 -0,1 -0,03 -0,1 -0,08 1,2—-6 V/pF
Output impedance (£2) <100 600** <25 <70 <50 <10
Noise Floor (dummy microphone) 20 (lin) 23 (lin)
equivalent sound level in dB
One-inch microphone (50 mV/Pa) 6 (A) 10 (A)
Noise Floor (dummy microphone) 28 (lin)
equivalent sound level in dB
Half-inch microphone (50 mV/Pa) 13(A)
Noise Floor (dummy microphone) 40 (lin) 74 (lin)
equivalent sound level in dB *
Half-inch microphone (12,5 mV/Pa) 25 (A) 64 (A)
Noise Floor (dummy microphone) 51 (lin) | 51 (lin)** 56 (lin)
equivalent sound level in dB
Quarter-inch microphone 4135 (4 mV/Pa) 39 (A) 39(A" 45 (A)
Noise Floor (dummy microphone) 59(lin) | 59(lin)** 64 (lin)
equivalent sound level in dB
Quarter-inch microphone 4136 (1,6 mV/Pa) 47 (A) 47(A)** B3 (A)
Noise Floor (dummy microphone) 68 (lin) 68(lin)** 71 {in)
equivalent sound level in dB
Eighth-inch microphone (1,0 mV/Pa) 56(A) 56(A)** 62 (A)
Temperature Range { °C) — 20 to + 60 *** ~20to+60 | —10t0+60 | —20to+60
Notes I (1) (2)

(1) Insert voltage calibration capability
{2) Carrier System

*  Half-inch microphone 4147 {1,1 x 10—3 pF/Pa)
** Typical value
*** up to + 100°C with reduced specifications

7407742

Table 3.2. Comparison of the principal characteristics of B & K Microphone Preamplifiers
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Preamplifiers
One-inch Half-inch Quarter-inch
2631 2627 2619 2633

One-inch 4144 {none) none DB 0375*

4145 {none) , none DB 0375*
Half-inch 4133 {UA 0271) (UA 0030) none

4134 {UA 0271) (VA 0030) none

4147 UA 0271 (UA 0030) {none)

4148 (UA 0271) none**

4149 (UA 0271) (UA 0030) none

4165, 4166 {UA 0271) (UA 0030) none
Quarter-inch 4135 (UA 0035) none

4136 {UA 0035) none
Eighth-inch 4138 (UA 0036) UA 0160

* DB 0375 is provided with 2619S 740769/2

** Must only be used with polarization voltage < 120 V {(nominaliy 28 V)

Table 3.3. Adaptors required for fitting microphones onto microphone preamplifiers. A blank space in the
table implies that the combination is not recommended. Parentheses indicate that a more sui-
table alternative exists

3.3. MICROPHONE POWER SUPPLIES
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Microphone Power Supplies are intended for use with a condenser microphone and pream-
plifier in applications where a measuring amplifier or analyzer with built-in power supply is ei-
ther not available or not necessary. The microphone power supply provides the necessary
voltages to power the preamplifier and the DC polarization voltage for the microphone. A low
impedance output permits the use of long cables between the power supply and measuring
equipment. The main features of the units available are summarized below. Full details can be
found in the respective. Product Data and Instruction Manuals.

Type 2804 .

Two channels, battery operation

Provides either 200 V or 28 V polarization

Cross-switching between channels

Power output sufficient for the 2619 Preamplifier when operated without heater coil
and for Type 2633 ‘

Type 2807

Two channels, mains operation

Provides 200 V polarization

Manual or automatic switching (chopper) between channels
Channel attenuation adjustable

Type 2811
Eight channels, mains operation

Provides OV, 28 V or 200 V polarization
Manual, automatic or external channel selection



4. OPERATION

4.1. PRELIMINARY CONSIDERATIONS

B & K Condenser Microphones are supplied in mahogany cases containing the Micro-
phone and its individual calibration chart. In the mahogany cases of the quarter-inch and
eighth-inch microphones, provision is made for storage of one preamplifier adaptor (not
provided). In these cases, the quarter-inch and eighth-inch microphones are screwed to
a small mounting stud which is fixed to the case (see Fig.4.1).

170670

Fig.4.1. The mahogany cases of the quarter-inch and eighth-inch
microphones

The following general considerations should be observed before starting measurements:

1. When attaching the microphone to the preamplifier or the protection grid to the car-
tridge, use finger torque only to tighten the threads.

2. Keep dust and foreign objects away from the diaphragm. In general the microphone
should be kept in its case when not in use.

3. Do not forget to remove the silica gel cap from a one-inch microphone before meas-
urement. Note that this cap is fitted over the protection grid of the 4144 and 4145
microphones.

4. Fit the right accessory (windscreen, nose cone, rain cover, random incidence correc-
tor, etc.) according to the particular environmental conditions {see chapter 9).

Note: The microphone diaphragm should not come into contact with fingers or other ob-

jects. The protection grid should only be removed when absolutely necessary. Should
the diaphragm become contaminated with liquid, dust or oil, it may be carefully cleaned
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with cotton wool or a very soft paint brush. The diaphragm will not normally corrode. If
the diaphragm becomes slightly contaminated the influence on the frequency response
will normally be negligible.

4.2. MOUNTING THE MICROPHONE AND PREAMPLIFIER

Normally the mounting of the microphone and preamplifier is not critical, small, relatively
slow movements not causing any problems. The main consideration is that the mounting
should not introduce any unwanted signal due to, for example, wind noise (Section 9.2),
vibration (Section 8.9) or reflections. When a steady floor stand is appropriate, a rigid tripod
is recommended, such as the UA 0587 Tripod.

4.3. FIELD CALIBRATION

The most important characteristics of the microphone are individually calibrated at the
factory and are given on the calibration chart supplied inside the lid of the microphone
case. Because of this individual calibration and the stability of the microphone and
preamplifier when they are carefully handled, field calibration is necessary only to cor-
rect short-term drift of the measuring instrumentation. However, it is reassuring, and it
is often simpler, to carry out a complete system calibration using a reference sound
source applied to the microphone, adjusting amplifier gains to give an appropriate meter
deflection or recorder pen indication. The simple procedures involved are described in
the following sections.

4.3.1. Pistonphone Type 4220
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The Pistonphone Type 4220, shown in Fig.4.2., is a portable battery-driven calibrator
designed for field or laboratory calibration of sound measuring equipment. The basic design
provides a coupler which accommodates the one-inch microphones, and adaptors are

Fig.4.2. Pistonphone Type 4220



provided to accommodate half-inch, quarter-inch and eighth-inch microphones. The micro-
phone should always be fitted with its standard protection grid when used with the
Pistonphone, and in this configuration the sound pressure level at the microphone diaphragm
when the microphone is properly seated in the coupler is nominally 124 dB re 20 uPa at
250 Hz. Because the free-field correction at this frequency is very small, the Pistonphone
may be used to obtain both free-field and pressure calibration. The exact sound pressure in
the calibrator is given on an individual calibration chart provided with the Pistonphone and
this is accurate to x 0,15 dB. The calibration is subject to a correction for atmospheric
pressure which is given by a barometer provided with the Pistonphone. For further details,
see the Instruction Manual for the 4220.

4.3.2. Sound Level Calibrator Type 4230

Fig.4.3. Sound Level Calibrator Type 4230

The Sound Level Calibrator Type 4230, shown in Fig.4.3, is a relatively low priced,
miniature, portable, battery operated calibrator designed for field calibration. It operates at a
frequency of 1 kHz, and is therefore independent of any frequency weighting network which
may be selected on the indicating instrument. The calibration level is 94 dB re 20 uPa. The
calibration is a pressure calibration and a small correction is therefore required for free-field
calibration. The accuracy of the calibration is = 0,3 dB at 23°C * 3°C and it remains with
+ 0,5 dB over the temperature range 0°C to 50°C. For further details, see the Instruction
Manual for the 4230.

Note: For highest accuracy, reference should be made to the individual frequency re-
sponse curve of the microphone and any difference in sensitivity at 1 kHz and 250 Hz
should be taken into consideration.

4.3.3. Measuring Amplifier Reference Voltage — Microphone K-Factor

The B & K measuring amplifiers and analyzers have a built-in reference voltage, which is
usually 50 mV at 1kHz. This reference voltage can be used to calibrate the measuring
system after the preamplifier, assuming accuracy of the microphone open circuit sensitiv-
ity and nominal gain of the preamplifier which generally is quite justified. The sensitivity
of the microphone and preamplifier combination is given by:
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C
So+g+2010910<—c—:t—+tT> dBre 1V per Pa 4.1
I

where: S, = microphone open circuit sensitivity (dB re 1V per Pa)
g = preamplifier gain (dB)
C: = microphone capacitance (pF)
C; = preamplifier capacitance (pF)

Values of S, and C; are given on the microphone calibration chart. Values of g and C;
are given with sufficient accuracy for general purpose use in Table 3.2.

In practice, use of equation 4.1 is made simpler by information on the microphone cali-
bration chart (Fig.4.4). The calibration chart gives a correction factor K, which is the dB
difference between a reference sensitivity of —26 dB re 1V/Pa (50 mV) and the micro-
phone open circuit sensitivity.

Kg = —26-S, dB (4.2)
Typical overall gain of the preamplifier in use is given on the back of the microphone cali-
bration chart. The figure given on the back of the calibration chart, G, includes the effect
of microphone and preamplifier capacitance, so

C
G = +20lo —1t ) dB 43
g 910 (Ct T Ci> ( )
Hence, an overall correction factor K can be defined:
K = — G dB (4.4)

For example, the open circuit correction factor K, is given as + 12,3 dB on the calibration
chart of a half-inch microphone Type 4133. When used with Preamplifier Type 2619, the
back of the calibration chart gives an overall gain factor G of —0,2 dB. Therefore, the overall
correction factor K is + 12,3 — (-0,2 dB) = + 12,5 dB.

This is very simply used in practice by first setting up the measuring instrumentation to
the reference sensitivity of —26 dB re 1V per Pa and then correcting this by adding K
dB to the readings obtained. Alternatively, the measuring instrumentation can be set-up
for a microphone sensitivity of —26 dB — K dB re 1V per Pa.
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Fig.4.4. A typical microphone calibration chart
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Details of the calibration procedure are given in the relevant Instruction Manual of the
measuring amplifier or analyzer.

4.3.4. Insert Voltage Calibration
Insert voltage calibration is a technique which can be used for two purposes:

1. In calibration laboratories, it is used to assess the open circuit sensitivity of microphone
cartridges.

2. It can provide a convenient means for checking in the field the electrical sensitivity of a
complete sound measuring system, including preamplifier and cables. However, the
method does not account for the mechanical parameters which determine the acoustical
properties of the microphone cartridge itself.

Preamplifier

— if V is same in
both cases then

If the microphone were not loaded by V=kV
Pl i = o
a preamplifier the open-circuit output
voltage would be Vg V; = Vi, = microphone
open-circuit output voltage
Insert Voltage
V¢ applied in series
‘with microphone

P e Ve
Open-circuit sensitivity = ?"

Preamplifier

Sound source
~stopped

If the microphone were not loaded by
a preamplifier the open-circuit output V=kV,
voitage would be V4

""““-----,.,“\\\\WW""””""

820196

Fig. 4.5. Principle of the Insert Voltage Calibration

The Insert Voltage Preamplifier Type 2627 should be used for this application. In the
calibration (Fig.4.5), the microphone is first subjected to a sound pressure of known level
and frequency (say 94 dB at 1 kHz from the 4230 Calibrator). This causes the microphone
to generate an internal voltage V, (corresponding exactly to the open circuit microphone
voltage) which, when loaded by the preamplifier, produces an output voltage V at the
preamplifier output. The sound source is then switched off and the insert voltage V, of the
same frequency applied (such as the internal reference voltage of a measuring amplifier). The
level of the insert voltage is adjusted so that the voltage measured at the preamplifier output
is again V.

Provided this voltage V is noted, when the microphone and preamplifier are used remote
from the measuring equipment, or if for other reasons it is convenient to apply a direct sound
pressure to the microphone, the insert voltage method can be used to adjust the sensitivity
of the equipment. This will provide a system calibration which relies only on the value of V re-
maining constant.

One advantage of the insert voltage calibration technique is that the preamplifier and (where
these are used) line drive insert amplifiers and transmission lines may be checked. Full details
of the method are contained in the Instruction Manual of the measuring amplifier or analyzer.
(Types 2010 and 2120 have a direct insert voltage calibration facility.)
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4.3.5. Electrostatic Actuator

As long as microphone sensitivity remains constant, there is, in practice, no risk of
change in frequency characteristics. However, if for any reason field calibration of fre-
guency response of the microphone and preamplifier is required, the only simple method
available is the electrostatic actuator. Three versions of the principle are available from
the B & K accessories, UA 0023 for one-inch microphones, UA 0033 for half-inch micro-
phones and for smaller microphones fitted with a suitable adaptor, and the Rain Cover
UA 0393 for half-inch microphones (the Rain Cover has an integral electrostatic actua-
tor). Detaiis of the calibration method are given in section 7.3 with particular reference
to UA 0023 and UA 0033, but the method is equally applicable to UA 0393. However,
the electrostatic actuator of the Rain Cover UA 0393 is particularly intended as a single
frequency calibrator for a remote outdoor microphone. Although it can be used for rela-
tive measurements of frequency response, at high frequencies an acoustical influence
due to the Rain Cover introduces non-linearities.

4.4. ACCESSORIES

Table 4.1 lists the various accessories which adapt the condenser microphones to the
measuring environment. Use of the accessories is discussed in Chapter 9.

8 @
g
3 2 ©
Microphone é 2 § E e é £ _ 5 § _ 5
Type 5 g 5 3 8 8 E 2 o 28 5
£ 3 g2 © ® 3 3 8 £ £ 3 g
< = C = b [ e © o R
L= = & 2 P & 38 A o< 8
4220 or
5 4144 | UA 0207 (UA 0387) UA 0240 |UA 0023 | "o
£
: 4220
£ 4145 | UA 0207 UA 0387 UA 0055 |UA 0240 |uA 0023 of
= 4230
4220 or
4133 [UA 0237 |UA0570 |UA 0393 |UA 0386 |UA 0436 UA0033 | "o 0
4220 or
4134 |UA 0237 |UA 0570 {UA 0393 |({UA 0386} (UA 0436) UA 0033 | "/ 0
4220 or
4147 |UA 0237 [UA 0570 |UA 0393 |(UA 0386)| (UA 0436) UA0033 | "5 0
4220 or
5 4148 |UA 0237 |UA 0570 |UA 0393 |UA 0386 |UA 0436 UA0033 | "0
s
< ' 4220 or
K 4149 |UA 0237 |UAO570 |UA 0393 |UA 0386 |UA 0436 UA0033 | 70
4220 or
4165 |UA 0237 [UA0570 |UA 0393 [UA 0386 |UA 0436 UA0033 | 0o
4220 or
4166 |UA 0237 |UA 0570 |UA 0393 |{UA 0386)| (UA 0436) UA0033 | "0 0
UA 0033
5 4135 UA 0385 + 4220
£ DB 0264
3
5 UA 0033
5 | 4136 UA 0385 + 4220
DB 0264
< UA 0033
£ fc, 4138 UA 0355 + 4220
T DB 0900

740775/2

Table 4.1. Principal sound measurement accessories for use with B & K Condenser Microphones. A blank
space in the table indicates that an accessory is either not available or not recommended. Par-
entheses indicate that a more suitable alternative exists
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5.1. PRINCIPLE

5. CONSTRUCTION

Fig.5.1. Half-inch Condenser Microphone Type 4165

B & K Condenser Microphones have a main body housing of monel, on which a thin
(between 1,6 um and 6.5 um depending on type) nickel diaphragm is mounted. The
diaphragm is the moving electrode of a parallel plate, air dielectric capacitor. The fixed
electrode is a rigid monel backplate mounted inside the monel body on a quartz, synthetic
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Fig. 5.2. Cut-away views of the one-inch and half-inch microphones
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a) Types 4144, 4145 (one-inch diameter)

b) Types 4133, 4134, 4149 half-inch diameter)

c) Types 4147, 4148, 4165, 4166 (half-inch diameter)
d) Types 4135, 4136 (quarter-inch diameter}

e} Type 4138 (eighth-inch diameter)



sapphire or ruby insulator. The housing, insulator and diaphragm form a closed cavity. As a
pressure difference is experienced between the inside and outside of the cavity, such as
would occur if the microphone were placed in a sound field, the diaphragm will be deflected,
causing a capacitance variation which can be measured electrically. The frequency character-
istics of the microphone will be determined by the diaphragm movement, principally by its
resonance and the damping added to it. The resonance frequency is determined by the mass
of the diaphragm and the tension in it. Damping is a function of the air flow in the space be-
tween the diaphragm and the backplate, and it may be varied by changing the geometry of
the backplate and the distance between diaphragm and backplate (normally 20 um).

Because changes in atmospheric pressure as a function of time and location far exceed the
small pressure variations due to sound, a small equalization tube vents the inner cavity to the
atmosphere. The vent is large enough to permit equalization of the low frequency atmospher-
ic variations, but not the sound pressure variations. There will be a resulting lower limiting
frequency for the microphone cartridge, which for the more commonly used types is approx.
2 Hz (—3 dB). One type is specially constructed for lower frequency operation.

By careful choice of these mechanical parameters, various microphone types covering a
wide range of applications can be made. Choice of materials and extreme care in manu-
facture make their characteristics stable with time and temperature and define the differ-
ence between a measuring microphone and other condenser microphones.

Cut-away drawings of the four main microphone sizes are shown in Fig.5.2.

5.2. DIMENSIONS

Dimensions of the microphone cartridges are shown in Fig.5.3 and Table 5.1.
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a) b) c)
Fig.5.3. Microphone dimensions (see also Table 5.1)
a) One-inch
b) Half-inch

¢) Quarter-inch and eighth-inch
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Microphone Type
Dimension
4144, 4145 4133,4134, | 4147, 4148 4135, 4136 4138
4149 4165, 4166

A 23,11 12,7 12,7 6,35 3,175
thread A | 60 UNS-2 60 UNS-2 60 UNS-2 60 UNS-2 M 3,175 x 0,2

B 19 12,6 16,3 105 6,7

c 17 11,5 15,2 9 6

D 23,77 0,02 12,7 £ 0,03 12,7+ 0,03 6,35+0,03 | 3,175 *+0.05-0

E 23,77 £ 0,02 13,2 £ 0,02 13,2 £ 0,02 7+0,03 35
thread F | 60 UNS-2 60 UNS-2 60 UNS-2 60 UNS2 | M3x0,25

F 23,11 11,7 11,7 5,7 3

G 8,5 6 6 5 2,75

H 15 3,6 3,6 1 05

J 3,3 2,8 2,8 1,8 1,75

K 22,70 12,2 12,2 5,95 3,0

740765/2

Table 5.1. Microphone dimensions (see also Fig.5.3)

5.3. PRESSURE EQUALIZATION ARRANGEMENTS
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Two alternative static pressure equalization arrangements are available for the half-inch
microphones. These are:

a) Side vented equalization
b) Back vented equalization

The one-inch, quarter-inch and eighth-inch microphones are side vented.

The microphones are designed for a lower limiting frequency (—3 dB) of around 2 Hz,
adjustment on one-inch microphones being made in production by inserting varying diame-
ters of silver wire into the capillary tube of the vent until the required frequency limit is
achieved.

Where the microphone is likely to be used in a humid environment (such as in outdoor
measurements), it is an advantage to have an equalization vent to the rear of the car-
tridge. This permits drying of the air supplied to the interior of the microphone (see sec-
tion 9.7).

For very low frequency measurements, the one-inch microphones Type 4144 and 4145 may
be sealed using a special sealing kit UA 0240. Kit UA 0240 can be used for Types 4144 and
4145 but is not suitable for other microphone sizes. The half-inch microphone 4147, which
is specially designed for low frequency measurements, has been sealed by special production
processes. A controlled vent arrangement determines the lower limiting frequency, which is
of the order of 0,005 Hz (-3 dB).



5.4. OUTDOOR MICROPHONE TYPE 4149

For permanent outdoor use, considerable problems arise with humidity and a risk of fungus
growth. For such applications, the half-inch diameter Microphone Type 4149 has been
developed. It is intended principally for use with the Outdoor Microphone Unit 4921 and the
specifications of this Unit should be carefully examined before employing the 4149 out of
doors with any other preamplifier.

The 4149 is acoustically similar to the 4133 but is back vented for use with a dehumidi-
fier. Additionally, the diaphragm and back plate are coated with a thin layer of quartz.
The quartz layer adds only 4% to the mass of the diaphragm, which has an insignificant
effect on the electroacoustic properties.

The quartz layer on the diaphragm effectively seals the porosity of the diaphragm mate-
rial which would otherwise allow the penetration of moisture in high humidity condi-
tions. Simultaneously, it protects the diaphragm against corrosion.

The quartz layer on the back plate protects the surface against corrosion, while not af-
fecting the electrical characteristics of the condenser microphone.
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6. CHARACTERISTICS

Note: The characteristics discussed in this chapter refer particularly to use with a vol-
tage preamplifier (such as the B &K Types 2633, 2619, 2627) and DC polarization.
Some modification is required when considering use with the Microphone Carrier Sys-
tem 2631. These details are covered in the separate Instruction Manual for the 2631.

6.1. SENSITIVITY

6.1.1. Open Circuit Sensitivity

The open circuit sensitivity is the sensitivity of the microphone cartridge when it is not loaded
by a preamplifier. This sensitivity is measured for the individual cartridge at 250 Hz with
200 V polarization (or 28 V polarization for the 4147 and 4148) and is given on the
individual calibration chart, an example of which is shown in Fig.4.4. The nominal open
circuit sensitivities and accepted deviations from these values are shown in Table 6.1.

Microphone Nominal Open Circuit Sensitivity Accepted
Type Deviation
mV/Pa dB re 1V/Pa (dB)
One-Inch 4144, 4145 50 —-26 1,5
4133, 4134, 12,5 -38 +2
4149
Half-Inch
4165, 4166 50 —26 +1
4147 1,1 x 10~3 pF/Pa* £15
4148 12,6 -38 +1,6
4135 4 —48 +3
Quarter-Inch ’
4136 1,6 —b56
Eigth-Inch 4138 1,0 —60
* In use with Microphone Carrier System Type 2631 810073

Table 6.1. Nominal open circuit sensitivity of the microphones

6.1.2. Loaded Sensitivity
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When the microphone is loaded by the capacitance of the preamplifier, the overall sensi-
tivity of the microphone and preamplifier is given by:



Ci

Smp = So * ¢ S (6.1)
where Smp = overall sensitivity of microphone and preamplifier (mV/Pa)

So = open circuit sensitivity of microphone (mV/Pa)

g = voltage gain of preamplifier

C:{ = microphone cartridge capacitance (pF)

Ci = input capacitance of preamplifier (pF)

Further practical details are given in section 4.3.3.

6.2. FREQUENCY RESPONSE
6.2.1. Microphone Calibration Chart

The calibration chart provided with each individual microphone (see, for example, Fig.4.4)
gives the microphone frequency response measured with an electrostatic actuator (see
section 7.3). The basic response curve is a pressure response curve, to which is added,
where appropriate, the free-field correction for 0° incidence, and the random incidence
correction (See section 6.2.3). In all cases except that of the 4147 microphone, the nominal
polarization voltage of the microphone is used, 200 V or 28 V as stated on the calibration
chart. For the 4147, however, which is primarily intended for use with the Microphone
Carrier System 26341, 28 V polarization is used, since this frequency response is indistin-
guishable from that of the 2631.

The calibration curve provided extends down to 20 Hz, but it may be assumed that the
response is linear down to the approach of the lower limiting frequency as determined by its
pressure equalization system (see section 6.2.6). However, in order to obtain the true
frequency response of the microphone and preamplifier, the frequency characteristic of the
preamplifier must be added to that of the microphone. In most cases the influence of the pre-
amplifier response is negligible, but if measurements below 20 Hz must be performed, or if
the preamplifier is to be loaded with a long cable, there may be an influence of some
significance.

The preprinted card to which the individual frequency response of the microphone is glued
provides other important individual characteristics appropriate to the type and the purpose of
the microphone. In addition, more general specifications indicate characteristics of the

microphone type which have been verified for the individual cartridge in the factory
calibration.

6.2.2. High Frequency Response
The frequency response of the microphone is determined by four main factors:
a) Diaphragm stiffness

b) Mechanical damping of the diaphragm due to viscous resistance to air movement be-
tween diaphragm and backplate

¢) Diaphragm mass

d) Interference and diffraction effects at frequencies where the microphone diameter
becomes of the same order as the wavelength.
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Fig.6.1. Definitions of free-field response and pressure response

The mass and stiffness of the diaphragm are the major components which determine the
mechanical resonance frequency of the microphone. Above the resonance frequency, di-
aphragm motion becomes mass controlled rather than stiffness controlled, and sensitiv-
ity decreases for increasing frequency.

Around the resonance frequency, however, the sound pressure at the microphone diaph-
ragm increases due to interference and diffraction effects. The problem can be appre-
ciated from Fig.6.1 which shows a microphone in an otherwise free sound field. Be-
cause of the diffraction and interference problem, we can consider two possible
sensitivities; first the sensitivity of the microphone to the pressure actually existing at its
diaphragm (V,/p1, the Pressure Response), and secondly the sensitivity of the micro-
phone to the pressure which would exist at the diaphragm position in the absence of the
microphone (Vo/po, the Free-Field Response). The difference between the two re-
sponses in dB is known as the Free-Field Correction of the microphone, and by increa-
sing the internal damping of the microphone around its resonance, it is possible to con-
struct a microphone whose Free-Field Response to sound incident along its axis is inde-
pendent of frequency to relatively high frequencies. The alternative to this is to construct
a microphone whose Pressure Response is linear to the highest possible frequency.

Absolute calibration of the pressure response of a microphone is possible by the reciproc-
ity calibration technique as described in IEC 327. Since this technigue is time consum-
ing, the frequency response of B & K microphones in production is tested using the elec-
trostatic actuator technique. This gives a response which is very close to the closed cou-
pler response. Maximum deviations from the pressure response as measured by IEC
327 are about 1 dB around the resonance frequency for the one-inch microphones. This
is described in detail in the Bruel & Kjaer Technical Review No.2, 1969. However, for
smaller microphones, the error is significantly smaller. For example for the half-inch mic-
rophone it is about 0,25 dB.

Most free-field corrections given in this manual are thus relative to the electrostatic actu-
ator response given on the microphone’s individual calibration chart.

6.2.3. Free-Field Correction Curves to Electrostatic Actuator Pressure Response
The level difference between the pressure actually existing at the microphone diaph-

ragm, p1, and the free field sound pressure, p,, is referred to as the Free Field Correc-
tion of the microphone:

Free Field Correction = 20 log, (Jl> (6.2)
Po
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The Free Field Correction is a function of frequency, and the various corrections for the
B & K microphones types are given in Figs.6.2 to 6.16. The figures give curves for
correcting the electrostatic actuator response given on the supplied calibration chart for
various angles of sound incidence.

The Random Incidence correction is also given in Figs.6.2 to 6.16. The Random Incidence
obtained using these curves characterizes the frequency response of the microphone in a
diffuse sound field. It is an averaging of the microphone’s response at all angle of incidence.
The corrections given are calculated as defined in IEC Publication 651 1979 “Sound Level
Meters”, Appendix B:

2 _ 2 2 2 2
S2 = 0018 (Sy2 +S,g0%) +0,129 (S35 + S, 50?) (6.3)
+0,244 (Sgo% + S, 90%) + 0,258 S 2

where Sg, S30., S60. S90. S120. S150, S180 are microphone sensitivities at the re-
spective angles of incidence (mV/Pa).

The Free-Field Corrections should be added to the pressure response characteristics of the
microphone given on the electrostatic actuator chart to give the free-field characteristic for
the respective angle of incidence. The corrections are functions of the geometry of the
microphones and to a very small degree the acoustical impedance of their diaphragms.
Therefore, the corrections are similar for a given microphone type. However, due to the great
differences in resonance frequency and diaphragm impedance Types 4165 and 4166 have
different corrections.

IEC Publication 655, 1979 “Values for the difference between free-field and pressure
sensitivity levels for one-inch standard condenser microphones” specifies values to be added
to the microphone pressure sensitivity level when a high degree of accuracy is not required,
or when an accurate free-field calibration is not possible. Fig.6.17 illustrates the values given
for 0° and 90° incidence for a one-inch microphone type A, as defined in IEC 655, with
flush mounted diaphragm used without the normal protection grid. B & K one-inch micro-
phone Type 4145 corresponds to a type A microphone which is defined as follows:

Type A: Microphones characterized by having a nearly constant free-field sensitivity at
normal incidence over a broad frequency range, commonly known as free-field
type microphones. The resonance of the diaphragm is heavily damped.

(Earlier B & K one-inch microphone Type 4131 also corresponds to a type A micro-
phone.)

Free field corrections for the microphones plus accessories are given in Chapter 9.
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6.2.4. Pressure Response Microphones

The B & K Pressure Response microphones (Types 4144, 4166, 4134, 4147, 4136, 4138)
are designed so that damping of the high frequency response provides a pressure response
calibration which is independent of frequency to the highest possible frequency. This means
in practice that no correction is required to the nominal pressure response sensitivity of the
microphone below 8 kHz for the one-inch microphone 4144, below 9 kHz for the half-inch
microphone 4166, below 20 kHz for the half-inch microphone 4134 (below 18 kHz for
4147), below 70 kHz for the quarter-inch microphone 4136, or below 140 kHz for the
eighth-inch microphone 4138. These limits are for = 2 dB on the sensitivity.

The use of pressure response microphones is most advantageous under conditions
where the local pressure is of interest, regardless of whether the microphone itself dis-
turbs the sound field. Particular examples are coupler measurements, and measure-
ments at walls or surfaces, where the microphone (possibly without its protection grid)
can be mounted with its diaphragm flush with the surrounding surface. Since the one-
inch and half-inch pressure response microphones have flatter random incidence re-
sponses than the corresponding free-field microphones, these pressure response micro-
phones are best suited for diffuse field measurements. When a one-inch free-field micro-
phone is used for diffuse field measurements, it is recommended that it be used with
Random Incidence Corrector UA 0055. With the quarter-inch diameter microphones,
however, the situation is reversed and the 4135 is the better random incidence re-
sponse microphone.

6.2.5. Free-Field Response Microphones

The B & K Free-Field Response microphones (Types 4145, 4165, 4133, 4148, 4149,
4135) are designed so that damping of the high frequency response is such that when the
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free-field correction for zero degree incidence (Figs.6.2, 6.4, 6.8, 6.10, 6.12) is added to
the electrostatic actuator response characteristic, the resulting free-field response is indepen-
dent of frequency to the highest possible frequency. This means in practice that sound
measurements may be made in a free sound field with the microphone directed at the source
with an error of less than = 2 dB for frequencies below 18,5 kHz for one-inch microphone,
below 20 kHz for the half-inch microphone 4165, below 16 kHz for the half-inch micro-
phone 4148, below 40 kHz for 4133 and 4149, below 100 kHz for the quarter-inch
microphone 4135. The eighth-inch microphone 4138 has a free-field response which is
independent of frequency up to 60 kHz when used at 90° incidence. As a general rule, the
error for any incidence is less than 2 dB at the frequency where the diameter of the
microphone corresponds to one quarter wavelength. If the incidence of the sound is not well
defined, it will always be advantageous to measure with the smallest microphone available.

A fairly flat free-field response is obtained with a pressure response microphone used at
90° incidence, since the free-field correction for this angle is small. It could have advan-
tages when measurements are to be made on sources which move in one plane, since
the 90° incidence is independent of source position.

6.2.6. Low Frequency Limit
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At frequencies below 20 Hz, the response of the cartridge continues linearly until close to the
low frequency limit quoted on the microphone calibration chart. At lower frequencies, the
cartridge response is dependent on whether the pressure equalization vent is outside or
inside the sound field. The two configurations are shown in Fig.6.18.
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_ ( IA _ Sound E _ ? 1/ - Sou}ud
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810489

Fig.6.18. Egqualization vent outside (A) and inside (B) the sound field
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Fig. 6.19. Low frequency response of one-inch microphone Type 4144
{—3 dB point at 1,46 Hz) with static pressure equalization
vent outside (curve A) and inside (curve B) the sound field




When the equalization vent is inside the sound field (Fig.6.18.(B)), the cartridge response
falls at a rate of approximately 20 dB/decade below the low frequency limit (—3 dB point).
An increase in the low frequency response results when the equalization vent is outside the
sound field because the exchange of air between the inside and the outside of the cartridge
results in a reduction of the total stiffness. In this case the cartridge response theoretically
extends to O Hz. Fig.6.19 shows the low frequency response for one-inch microphone Type
4144 in both configurations.

6.2.7. Frequency Response in a Helium Atmosphere

When a microphone is placed in a helium atmosphere, a change in the kinetics of the di-
aphragm motion relative to the normal air atmosphere is inevitable. The resulting
changes in the microphone response are shown in Fig.6.20 for one-inch microphones
Types 4144 and 4145, and in Fig.6.21 for half-inch microphones Types 4133, 4134,
4147 and 4149.

The parameters which bring about this difference are:

a) below resonance, the stiffness of the gas in the cavity
b) atresonance, the viscosity of the gas between diaphragm and backplate
c} above resonance, the inertia of the gas between diaphragm and backplate.

Figs.6.20 and 6.21 show the changes associated with b) and c¢), but not the very small
change associated with a). The change in stiffness is only of the order 4%.
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6.3. DIRECTIONAL CHARACTERISTICS
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Since microphones of similar types have the same mechanical dimensions, the directional
characteristics of the microphone and preamplifier combination are similar. The influence of
the protecting grid is not well defined at frequencies which are relatively high for the
microphone size because of interference of the grid with the sound field at these frequencies.

Typical directional characteristics are given in Figs.6.22 to 6.28. All of these curves are
normalised relative to the O° response and the sensitivity for other angles of incidence

can therefore be obtained from these figures together with the individually calibrated fre-
quency response of the microphone.

The omnidirectivity of the one-inch free-field microphone can be improved by fitting the
random incidence corrector UA 055 {see section 9.6). More generally, fitting a nose cone to
the microphone improves its omnidirectivity; see section 9.4 for details.



\\
lj};

\
.
7,

\ \\\\\\\\\

Zxz \\\\
}\l\
i
o
7

= A\
i\\\\\\%{\\t@_ **?/,,',7,,,,,,,;;};, pln <
1“,» \\ &\i\&\x\\\@g %%f/{///% // oy §
i

Fig.6.22. Directional characteristics of the one-inch microphones

N\
N
SR
il
1 \“\{\\\\‘\{\\%\\\\\‘\{%“\{\\\\““ g e
\ \ ‘\\\\\\\\\\\\\ XN ///////
%, R \%1 %// 7 7

Fig. 6.23. Directional characteristics of half-inch microphones Types
4165 and 4166

59



A
J:

N

\
AN
W
,;»»
)
7

\\}\\\\\\
o
/////

£Half-inch Microphones 3
133, 4134, 4147, 4149,

X

7/
M’% /

-3

//-—

W
W
/
,;

7,7~
i
Adn sk i

N
N
W

W
)\

N
&\\
N
N

3
N

25
N
o

Wi
il

o

il

S
RSN

i
';;Iii’i';g”””llll iy

il
- W}

1%
ooppooo?

HdBT

I
|

[}

5

{f
il
.

/)
)/
U
s

' ‘ z witl grid ==« =-——— N ; \\\\\\\
i i
- AR
° \\ \\\\

SrE
B
bl G
‘ \\\ 5
\\\\\\\\\\\\\\\\\\\\\\\\
o
AN\
2, \\\\\\\

.

7
7
\\{{\.

o

¢
%
A\

o
&
o3
[~1
s
~3
(=]
=
[~ "

a

b}

a)

Fig.6.24. Directional characteristics of half-inch microphones Types 4133, 4134, 4147 and 4149
a) 5 kHz, 20 kHz and 80 kHz b) 10 kHz and 40 kHz

M“““““Uu?uuuguug
w““ 2 é )
pe =
=\
7 % O\
NN

BN

4 kHz without grid — - — - =

8 kHz without grid - — - —
16 kHz with grid — = — —
/;/ 16 kHz without grid ~———

7 110752 i S SN WY
S \ o NS S if
Al O L L

/ 12,6 kHz with grid = = — -
// 12,5 kHz without grid ——

I /////// // v\
IS y // 55 FERRRRN !

i SN

s } 1
s

OopongoBd

o i HR
R = s BN,
\\%§§_§%¢/////// s \~~+ &
& = L O 5%
P b S A

a)

Fig.6.25. Directional characteristics of half-inch microphone Type 4148
al 4kHz and 12,5 kHz b) 8 kHz and 16 kHz

60



4135 or 4136 with or without grid 8 kHz
4135 0r 4136 withgrid 20kHz — = = — = = )

/////////

l or without gri 2 — ===
il .

TNzl ) e
st i 2
=
XX s
NN\ E

\\\‘\\\\\\\\\\\\\%\\\\\§§ "’

N\ — 7
.. =
N

’ ¥

!
4

“7//
N

a)

& -inch Micr 4135, 41 \\\\

Qn 4‘/{/7/ 4135 or 4136 wgthgrid 1_2,?2kH'z ——— \\\\\

y/////%/ e I ‘
AR \, \

i é /,' ,;',,.—---.ég:;g\\\\\\\\\\& \\}\\“\\\\\ “\}&\ \;,“

k\\\ N \m‘

° mml‘
,,;,:,,z;;;nm//},},, i
il M

N\
\

OO

i
e

b)

Fig.6.26. Directional characteristics of quarter-inch microphones Types 4135 and 47136 (see also
Fig.6.27)
a) 8 kHz and 20 kHz
b) 12,6 kHz and 37,5 kHz

61



o
5

A
= s SR
o 4 N U (175 X S \\
S oI ’.{{@5 S
i

uooog

O

zi»dB

0 S P
5 /1/////}/ 4132 with grid 50 kHz — — — — \ N ////////j{/ 4{«'////;%; 5@&\‘\\\\\\\\,\\\\\&\\\\\\ o%
SN s wwiasoien =~ N\ Bl == A \ :
& -

i
f |
ST L el =t S e - g8
< Y SmEE
- = KON et
O@QQ %, N :\gg withc?utdgfigOZ‘(()O kHz —-— g RN
00000\\““@ 00‘7004;027 g —— 8 — 53811 )
a) 0000005000 90000006809°°

b)

Q@Q&;’
I e = SN Vil = N\ P
y W7 4136 with grid 80 kHz — — — = \\\\\\\\ 3 S , //// % % \\%\\\\\\v \\\\\\\ 2
8 e
2 TN g e = | |2 T, s
] ‘N}“§!“§\““ lz//////l‘;,t/l/!m//// S > \\\\\\\“.\\‘;‘\\\‘\‘\&}}t\\)\g\\g@ W5 -4’1]//////
% s 5:5’5 gﬂ% Microphone 4136::,
NN\ S NN bl
C \\\\\\\\\\ \\\§$\= —_ﬁé%%//// // N % \\\ \\\\ 4136 with grid 200 Kz +.oomr, // 2
. . B %N :
2, \%% é//%// o° A
4747000,.,,“1 = = o\&“““

c) d}

Fig.6.27. Directional characteristics of quarter-inch microphones Types 4135 and 47136 (see also
Fig.6.26)
a) Type 4135 only: 50 kHz and 80 kHz
b) Type 4135 only: 125 kHz and 200 kHz
c) Type 4136 only: 50 kHz and 80 kHz
d) Type 4136 only: 125 kHz and 200 kHz

62



g

00agg

197

3

poooa

“““ﬂﬂ

“““BUUUDUUE
°

%y
S ///////%
N s? 4égaka§9
4’; = S X é?'huAQé?' 4@%?/”
i 2= S\ Bl 3
i g i el il R il i pe
A /// 5 2, \\\ without grid /// S
. s N\ | 5
_ QA — &
A= «
00000 §§ %% RS
00000 % 7403“““$$

oggpopono®

b)

.

¢ \\ ‘5 S /
. \\\\\\\\\\\\\§\\\\\\\ $ ////
58 \\\\\\\\ \\\\\ 'S \ ///

¢
LA 2
\5\\‘§\\\\\\\\§\\\\\\\“\\\\

// //’4?
/ 7
1

\|
\

L
T

; , ¥
oD ainln 2 i S sl o =
N N 2 TR il s

S Z /) o \\ /) ///
. e //

W
o

W
\

H

T
QQQ\\\\\\\\\
o
\

{{‘{%{%‘
.
A

d)

Fig.6.28. Directional characteristics of eighth-inch microphone Type 4138
a) 60 kHz and 140 kHz b) 80 kHz and 160 kHz
c) 100 kHz and 180 kHz d) 120 kHz and 200 kHz

63



6.4. DYNAMIC RANGE

The dynamic range of the combined microphone and preamplifier system is character-
ised by defined upper and lower limits. Upper limits are generally specified for two de-
grees of distortion (3% and 10%), while the lower limits are given as noise levels for var-
ious bandwidths of the associated indicating equipment. The dynamic ranges of the rec-
ommended B & K microphone and preamplifier combinations are illustrated in Fig.3.1
and the values given in Table 6.2.

Note the lower limit indicated in Table 6.2 corresponds to the specified maximum noise.
Typically, the A-weighted noise limit will be approx. 2 dB below the specified limit. The wide
band noise limit will typically be 3 to 4 dB below the specified limit.

Preamplifier Microphone Lower Limit Upper Limit
Type Type 3,16 Hz | 1/3 octave| A-weighted Linear < 3% < 10%
at 1 kHz at 1 kHz 20 Hz to 20 kHz | distortion | distortion
(dB) (dB) {(dB) (dB) (dB) {(dB)
2627 One- s 19 ~ 13 22
Inch 4145 0
146 150
One- 4144 -20 -2 y .
Inch 4145 ~-20 -1
4133 40*
-5 13 26 160 162
4134 38
2610 Half- 4148 —6 12 25 38 140 150
Inch 4149 -5 13 26 40 160 162
4165 —15 4
) 17 26 146 150
4166 - 16 3
Quarter- 4135 12 30 45 56 164 172
Inch 4136 19 38 53 64* 172 180
Elghth‘ *
Inch 4138 28 47 62 71 168 178
4135 5 23 39 51% 164 176
Quarter-
2633 Inch 4136 13 32 47 59* 172 180
Elghth *
inoh 4138 23 43 56 68 168 178
Microphone | Half- 4147 30 49 63 73 150 160
Carrier Sy- inch
stem 2631
* Lin 20 Hz to 200 kHz 810092
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Table 6.2. Dynamic ranges of microphone and preamplifier combina-

tions

At normal sound pressure levels the distortion in the microphone is negligible. However, at
very high sound pressure levels (> 140 dB for one-inch microphones) appreciable distortion
occurs due to the parallel input capacitance of the preamplifier, non-linear motion of the
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diaphragm and preamplifier clipping. The upper limit of the useful dynamic range is generally
specified as the sound pressure level which produces a 3% harmonic distortion in the
combined system output voltage. Distortion levels also depend on the capacitive loading of
the preampilifier by extension cables. The distortion characteristics of the microphones are
shown in Figs.6.29 to 6.32 for short (2 m) extension cables. The microphones should not
be exposed to sound pressure levels greater than the values given in Table 6.3.

In view of the high sensitivity of the microphones and the iow inherent noise levels of
microphone preampilifiers, the inherent thermal noise of the microphone cartridge itself must
be taken into account in determining the lowest level to which the combined system can
measure. The lower limit of the dynamic range, therefore, is determined by either the
electrical noise of the preamplifier, or the inherent thermal noise of the cartridge. With the
most sensitive cartridges, the preamplifier noise component will generally be dominant at low
frequencies and the cartridge noise component dominant at high frequencies.

The cartridge thermal noise, which is due to thermal agitation of the diaphragm, may be
represented by an effective noise pressure p which is a function of the ambient temperature
and the measurement bandwidth:

. Maximum Sound
Microphone Pressure Level
Type dB re 20 uPa
One-Inch 4144, 4145 160
4133,4134 174
4147, 4149
Half-Inch
4165, 4166 160
4148 154
4135 178
Quarter-inch
4136 186
Eigth-Inch 4138 178

810074
Table 6.3. Maximum sound pressure level to which the microphones
may be exposed
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= Boltzmann's constant = 1,38 X 10723 J/K

absolute ambient temperature (Kelvin)

acoustical damping resistance of diaphragm system (Nsm™>)
f = measurement bandwidth (Hz).
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[

where:

>Dox4Ax
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The noise pressure p, which is acting on the diaphragm, results in a noise spectrum
corresponding to the cartridge frequency response when measured with a constant band-
width. An overall measure of the thermal noise of the microphones is given by the Inherent
Noise Levels in Table 6.4. This level is the A-weighted effective sound pressure level due to
the cartridge noise. The noise voltage present at the microphone output terminals may be
found by multiplying the Normalised Noise Pressure value, also given in Table 6.4, by the
cartridge sensitivity at the corresponding frequency and the square root of the measurement
bandwidth. Figs.6.33 to 6.38 show estimated third-octave analysis inherent noise spectra
for one-inch cartridges Types 4144 and 4145, and half-inch cartridges Types 4165, 4166,
4133 and 4134 respectively. Third-octave analysis noise spectra are also shown for the
combined microphone and preamplifier (Type 2619) system. The inherent noise levels of the
one-inch microphones are very low, permitting signals to be detected down to levels of
approximately —19 dB using a 3,16 Hz narrow band filtering. For the cartridge Types shown,
the overall system noise is dominated by the preamplifier noise component at low frequency.
The cartridge noise component increases at approximately 3 dB per octave and becomes
dominant at higher frequencies up to the limit of the cartridge frequency response. For the
quarter-inch and eighth-inch microphones the preamplifier noise component is dominant over
the entire frequency range. The lower limit of the dynamic range is considerably higher for
these microphones due to the smaller cartridge capacitance which increases the preamplifier
noise level and the lower sensitivity of the cartridges.

For further details, see B & K Technical Review No.3 1972 “Therma!l Noise in Micro-
phones and Preamplifiers”.

Microphone Normalised Inherent Noise Broad-Band
Type Noise Level Noise
Pressure (dB(A) re 20 uPa) Level
(uPa//Hz) dB re 20 uPa
One- 4144 0,6 9,5 10
inch 4145 0,9 10 10,5
4133 2,2 20 21,5
4134
1,3 18 21,5
Half- 4147
inch 4148 1,0 12,5 12,5
4149 2,2 20 21,6
4165 1,2 14,5 15,5
4166 11 15 15,5
Quarter- | 4135 5,7 29,5 34
Inch 4136 30,6 37,5

810075

Table 6.4. Cartridge inherent noise specifications
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Fig.6.37. Third-octave inherent noise spectrum of half-inch micro-
phone Type 4133

Brisel & Kjeer 'D ing Object: __Halt-inch Micraphone Type 4134
coOooQoono DDDDDDE\DDDUDDDDDDUDDDDDDDDDUDDDC}UDDDDDDq
d8 ing No.: Sign.: Date: 26-1-79 i Zero Level: D A B Ciin.
5 T ¥ £ L ¥ X X - TR T L -
4134 + 2619
T T
T Lin=
40. (T
v
;
18 t
A 1
= T
e T >
+2 = Type 4134 mounted on Type 2619 T
Preamplifier = T
- AYY T
7= T T
0. +10
T =
Type 1 T
4134 ] 7
G 0 (Estimated) : 1
t
:
: ;
T T
o 1 ] 1 T
2 Hz 5 10 20 50 100 200 500 1000 2000 5000 10000 20000 50000 100000
QP 1143 Pot, Range:___dB  Rectifer: Lower Lim. Freq.: Hz  Writing Speed: mm/sec. Paper Speed: mm/sec. 800371

Fig.6.38. Third-octave inherent noise spectrum of half-inch
microphone Type 4134

69



6.5. PHASE CHARACTERISTICS AND PULSE RESPONSE
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In operation the microphones use a system of positive polarization on the backplate, and
therefore at low frequencies a phase inversion occurs, the preamplifier output voltage being
negative going for a positive going incident sound pressure. The phase response characteris-
tics of the microphones, obtained using an electrostatic actuator, are shown in Figs.6.39 to
6.43. For practical purposes the actuator response curve corresponds to the pressure phase
response of the microphone. The resonance frequency of the microphone is defined by a
phase lag of 90°.

The free-field phase response of the microphones may be obtained for 0° incidence using
the actuator phase response curve and the estimated free-field phase correction curve shown
in Fig.6.44. An example of this is shown in Fig.6.45 for half-inch microphone Type 4133. At
20 kHz the actuator response curve shows a phase lag of 80°. The corresponding free-field
phase correction at this frequency is a phase lead of 16,5°. The resulting free-field phase re-
sponse at 20 kHz is therefore an overall phase of —80° + 16,5°, i.e. a phase lag of 63,5°.
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Fig.6.39. Pressure phase response of one-inch microphones Types
4144 and 4145
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Fig.6.40. Pressure phase response of half-inch microphones Types
4165 and 4166 ’



Frequency kHz

0] 5 10 15 20 25 30 35 40 45 50
w N
S 40° N
@ ~
2] I~
°g’» 60" \‘i\
3 —
Z 80
2 N~ 4133/49
g D 4
3100 W\.\‘.\
5 120° 4134 e~
T — \'\
;;7 \\§
—140° =
v
_f:'s | Phase Characteristics of half-inch
& 160 microphones Types 4133, 4134 and 4149,
(Obtained using electrostatic actuator)
1 800 1 1 1 i 1 1 1 1

800598
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Estimated free field phase correction for microphones of different diameter
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Fig.6.45. Free-field phase response of half-inch microphone Type

4133 obtained using the pressure phase response curve
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Microphone pulse responses are compared in Fig.6.46. In Fig.6.46(a) one-inch, half-
inch and quarter-inch microphones are excited by a rectangular pulse at a frequency of
2kHz. The crest factor of the pulse was varied by altering the pulse duration, crest fac-
tors of 10, 5, 2, and V2 being produced by pulse durations of 5, 19, 100, 250 us re-
spectively. The 19 us pulse is repeated with an expanded time base, which is also the
time base corresponding to the 5 us pulse. Fig.6.45(b) compares the response of the two
quarter-inch microphones Types 4135 and 4136 and the eighth-inch microphone Type
4138 to a 20 us pulse. The marked difference between the responses of Types 4135
and 4136 is due to the difference in diaphragm thickness of the two microphones and
the interaction of the two major resonance modes of the diaphragm.



a) 4134 and 4147 4136

750033

b) 4135 4136 4138

750034

Fig. 6.46. Comparative pulse responses of the microphones
a) Response of one-inch, half-inch and quarter-inch micro-
phones to pulses of varying duration
b) Response of quarter-inch and eighth-inch microphones to
a 20 us pulse

6.6. EQUIVALENT VOLUME

When accurate measurements have to be made inside small cavities, the equivalent vo-
lume of the microphone must be considered. When the microphone diaphragm forms
part of the boundary of a cavity, the diaphragm will not act as a rigid wall, but will move
due to the sound pressure. This movement will make the coupler volume appear larger
than it really is up to the resonance frequency of the microphone (above which the incre-
mental volume becomes negative). Due to the damping of the diaphragm, the equivalent
volume also has an imaginary component, which has its maximum on the frequency
range just below the resonance frequency. This increment in cavity volume due to the
microphone is known as the equivalent volume of the microphone.
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The driving point impedance of the microphone (the ratio of the uniform sound pressure
over the diaphragm to the volume velocity of the diaphragm) can be expressed in terms
of the equivalent volume, Vg:

v, = (6.5)
e jwZ, '
where y = the ratio of the specific heats of the gas in the coupler
P = ambient pressure
Z, = the acoustic driving point impedance
w = the angular frequency (= 2 7rf)

Note that Vg is a function of ambient pressure.

The method of measuring equivalent volume is given in section 7.5.5. Since it is of im-
portance only for closed cavity measurements, the figures given here are for the one-
inch microphones (Figs.6.47 and 6.48) and for the half-inch pressure response micro-
phone 4134 (Fig.6.49). The equivalent volumes of the various microphone types at
250 Hz are of the order shown in Table 6.5.
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Microphone Typical Equivalent
Type Volume at 250 Hz
(mm3)
4144 148
One-Inch
4145 130
4148 80
Half-Inch 4165, 4166 40
4133,4134 10
4147, 4149
4135 0,6
Quarter-inch
4136 0,25
Eighth-Inch | 4138 0,1

810076

Table 6.5. Equivalent volumes at 250 Hz

6.7. CAPACITANCE
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The microphone cartridge capacitance with 200 V polarization is measured for each individ-
ual cartridge at 250 Hz and is quoted on its calibration chart. Nominal values are given in Ta-
ble 3.1. Owing to the effects of diaphragm movement, however, capacitance of the polarized
cartridge is slightly variable with frequency. For the one-inch microphone Types 4144 and
4145 and the half-inch microphones Types 4165 and 4166, the variation is shown for
various polarization voltages in Figs.6.50 to 6.53 respectively. For the other half-inch types,
variation of capacitance at 200 V polarization is shown in Fig.6.54.
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If polarization voltage is reduced, so is the degree of electromechanical coupling. This results
in the capacitance of the cartridge becoming independent of frequency, as shown in
Figs.6.50 to 6.53. For the 4147, cartridge capacitance in pF is given by:
c = 18 +1,4 (6.6)
1-7-1075p ’ '

where P = pressure difference across the diaphragm (Pa).

6.8. POLARIZATION VOLTAGE
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With the exception of the half-inch microphones Types 4147 and 4148, the microphones
are designed to operate with a DC polarization voltage of 200 V. The 4147 may be used
(with some modification of its frequency response) at 200 V polarization (see Fig.6.65) but
it is principally designed for use with the Microphone Carrier System 2631 with which its fre-
quency response is identical to that at 28 V DC polarization. Nominal polarization voltage of
the 4148 is 28 V. All the data supplied with the microphone cartridges are for a polarization
voltage of 200V (28 V for 4147 and 4148). The maximum polarization which may be
applied is 250V (120V for 4148). Any voltage greater than this may damage the
microphone.

Sensitivity variation at 250 Hz as a function of polarization voltage is given in Figs.6.55 to
6.58 for the one-inch and half-inch microphones. The quarter-inch microphone sensitivities
are directly proportional to polarization voltage {to = 0,20 dB) over the range of polariza-
tion voltages from 150V to 250 V. Variation in frequency response with polarization
voltage is given for the one-inch and half-inch microphone types in Figs.6.59 to 6.66. The
variation is due mainly to the change in distance between the diaphragm and backpiate of the
microphone which affects the damping of the diaphragm motion around resonance.
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Fig.6.60. Effect of polarization voltage on frequency response of one-
inch microphone Type 4145
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Fig.6.62. Effect of polarization voltage on frequency response of half-
inch microphone Type 4166
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Fig.6.63. Effect of polarization voltage on frequency response of half-
inch microphones Types 4133 and 4149
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Fig.6.64. Effect of polarization voltage on frequency response of half-
inch microphone Type 4134
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Fig.6.65. Effect of polarization voltage on frequency response of half-
inch microphone Type 4147
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Fig.6.66. Effect of polarization voltage on frequency response of half-
inch microphone Type 4148

6.9. LEAKAGE RESISTANCE

82

The leakage resistance of a condenser microphone must be at least 1000 times higher than
the resistance in the charging circuit of the preamplifier. This is to prevent attenuation of the
polarization voltage on the microphone. Usually, the charging resistance is 10°Q or higher,

so the leakage resistance of the cartridge must be above 1072Q.

The insulators in the cartridges are from pure quartz, or synthetic ruby or sapphire which has
been treated with silicon to eliminate humidity problems. The construction used makes this
part of the cartridge non-critical. The main leakage path is normally due to ion current across
the air gap between the diaphragm and backplate. Advanced cleaning and polishing tech-
niques used for the electrodes give high leakage resistance. This resistance is verified in the
manufacturing process to be higher than 5 - 10'5Q at 86% relative humidity for-the one-inch

and haif-inch microphones (> 50% for 1/4"" and 1/8" microphones).



6.10. LONG-TERM STABILITY

The sensitivity of a microphone will increase slightly over a long period of time even if no
mishandling or damage has occured. This change is due to creep of the diaphragm, so that a
reduction of diaphragm tension takes place. The rate of change of sensitivity is greater at ele-
vated temperatures and at 150°C the rate of change is specified to be better than 1 dB per
two hours for all one-inch and half-inch microphone types except the quartz coated
microphones Types 4165, 4166 and 4149. Variation of the stability as a function of
temperature is shown in Fig.6.67. By extrapolation to room temperature, this gives a
stability of the order 1 dB per 1000 years for all types except the 4165 and 4166 which is
of the order of 1 dB per 600 years and the 4149 which is of the order 1 dB per 200 vyears.
Further details are contained in the B & K Technical Review No.2, 1969.

Relative Stability {ref. 150°C)
/

|

- N
10~1
0° 25° 50° 75° 100° 125°  150° 175°C

Temperature 171143

Fig. 6.67. Long-term variation of sensitivity with ambient temperature

External conditions, such as mechanical shocks and temperature transients, can influence the
sensitivity of a condenser microphone. The resulting changes in sensitivity are generally very
small and their directions are randomly distributed. As a general rule, microphones with high
diaphragm tension are the most stable, and should therefore be chosen when laboratory
standard microphones are needed. Many years of experience in microphone calibration have
shown that calibration reproducibility is better than *+ 0,02 dB for Type 4144 when the
microphones are kept at room temperature (varying in a range of fess than 8 to 10°C); the
figure includes both microphone and calibration equipment instability. The one-inch micro-
phones Types 4144, 4145 and 4160 are all well suited for use as laboratory standard
microphones. In the half-inch microphone range, Types 4133 and 4134 should be preferred
for this purposes.

6.11. EFFECT OF TEMPERATURE
Elevated temperature operation increases the rate of change in sensitivity, as mentioned
in section 6.10. The smaller, reversible changes in sensitivity and frequency response

which occur in operation at elevated temperatures, are shown in Figs.6.68 to 6.73.

The changes are mainly due to varying diaphragm tension and to changing viscosity and
density of air.
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Fig.6.68. Effect of temperature variation on one-inch microphones Types 4144 and 4145
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The materials of the microphones have been chosen to give a thermal matching as close
as possible to ideal. At higher frequencies, the air in the gap between the diaphragm
and the backplate also has some influence.

The microphones and adaptors to the preamplifiers can be used continuously at tempera-
tures within the range —50°C to + 150°C (but not without long-term change in sensitivity,
see section 6.10). It is recommended that the microphones should not be used above
150°C, but with intermittent use operation is possible up to 200°C. The insulation of the
preamplifier cables should not be exposed to more than 100°C, and the preamplifiers
themselves operate within the temperature range —20°C to 60°C (—20°C to 100°C for the

2633).
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Fig.6.70. Effect of temperature variation on half-inch microphones Types 4133, 4134, 4147, 4148 and
47149

a) Effect on frequency response of Types 4133 and 4149
b) Effect on frequency response of Types 4134 and 4147
¢) Effect on frequency response of Type 4148

d] Typical effect on sensitivity at mid-frequency
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Because the free-field corrections are primarily a function of wavelength and microphone
diameter, they will also be influenced by differences from normal room conditions. A good
approximation to the effect of temperature on the free-field correction curves is to change
the frequency scale by a factor R which is a function of temperature.

273 +1
=\ ~or (6.7)
296

where R = the factor by which the frequency scale of the free-field correction curves
must be multiplied
the temperature of the environment in °C.

t

Generally, it may be assumed that this influence is insignificant in ail but the most pre-
cise measurement situations.

6.12. EFFECT OF AMBIENT PRESSURE

One important contributing factor to the stiffness of the vibrating system comes from the
air inside the microphone which provides up to 20% (depending on microphone type) of
the total stiffness at atmospheric pressure. As the ambient air pressure decreases, so
too does the stiffness, with the result that sensitivity of the microphone increases. At
low frequencies, the response of the microphone is determined mainly by stiffness.
Around the resonance frequency, the response is determined mainly by the energy loss
in the vibrating system. This loss is due to air flow in the small gap between the diaph-
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ragm and the backplate. The air in the gap also adds to the mass of the diaphragm. This
mass changes with static pressure and influences the high frequency response of the
microphones.

The effects of static ambient pressure variations on frequency response and sensitivity
are shown in Figs.6.74 to 6.78. The variation of sensitivity with static pressure at
250 Hz is given and should not be applied to other frequencies without reference to the
corresponding frequency response variations.

For microphones with normal side or back vented static pressure equalization, i.e. all
microphones except Type 4147, the effect of varying altitude is very small. A rate of climb of
500 m/s at ground level affects sensitivity by less than 1 dB (see B & K Technical Review

No.1, 1960).
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Fig.6.74. Effect of static ambient pressure variation on one-inch microphones Types 4144 and 4145
a) Effect on frequency response of Type 4144
bj Effect on frequency response of Type 4145
¢) Variation of sensitivity at 250 Hz

Note that 760 mm Hg = 1013 mbar = 1 atm.
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Note that 760 mm Hg = 1013 mbar = 1 atm.
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Fig. 6.76. Effect of static ambient pressure variation on half-inch microphones Types 4133, 4134, 4147,
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Note that 760 mm Hg = 1013 mbar = 1 atm
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Fig. 6.77. Effect of static ambient pressure variation on quarter-inch microphones Types 4135 and 4136
a) Effect on frequency response of Type 4135
b) Effect on frequency response of Type 4136
¢) Variation of sensitivity at 250 Hz

Note that 760 mm Hg = 1013 mbar = 1 atm
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6.13. EFFECT OF HUMIDITY
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Fig.6.78. Effect of static ambient pressure variation on eighth-inch microphone Type 4138
a) Effect on frequency response
b) Variation of sensitivity at 250 Hz

Note that 760 mm Hg = 1013 mbar = 1 atm.

Providing no condensation occurs, the effect of high humidity on the microphones is gen-
erally negligible. Half-inch microphones Types 4165 and 4166, however, exhibit a rever-
sible short term sensitivity change dependent on humidity as shown in Fig.6.79. The
change is due to moisture absorption by the protective quartz coating ¢ the diaphragm

of these microphones.
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Fig.6. 79. Short-term reversible effect of humidity on half-inch micro-
phones Types 4165 and 4166



Once condensation has taken place there is a temporary risk of electrical noise due to
intermittent short circuiting of the diaphragm and backplate. It is recommended that the
preamplifier power supply is switched off if this occurs. When stable ambient conditions are
regained, the condensed water will evaporate through the pressure equalization vent. The
possibility of condensation is greatest when changing from an environment which is warm
and humid to one which is significantly colder. In general, the use of desiccators during
storage is not necessary but the one-inch microphones should be fitted with the silica gel
cap. The silica gel should be maintained in its blue {dry) state by placing it in a warm dry envi-
ronment {not exceeding 135°C) whenever the gel begins to turn pink.

6.14. EFFECT OF VIBRATION

The influence of vibration is a maximum when it is applied perpendicular to the diaphragm.
Severity is determined mainly by the mass of the diaphragm. A vibration amplitude of 1 m/s2
RMS perpendicular to the diaphragm produces an output equivalent to a sound pressure ievel
as given in Table 6.6.

Equivalent Sound Pressure Level
Microphone for 1 m/s2 RMS normal to
Type - the diaphragm
{dB re 20 uPa)}
One-inch 4144, 4145 67
4133, 4134 67
4147, 4149
Haif-inch
4148 57
4165, 4166 60
4135 59
Quarter-Inch
4136 69
Eighth-1nch 4138 58

810088

Table 6.6. Effect of vibration

6.15. EFFECT OF MAGNETIC FIELDS

The influence of a magnetic field on the microphones is a function of the vector field strength
and therefore depends on both the magnitude of the field, and its orientation to the axis of
the microphone. The effect can be measured using a field strength of 80 A/m (recommended
by IEC and ANSI), and may be expressed as an equivalent sound pressure level. For a field
strength of 80 A/m at 50 Hz the field-induced SPL is normally greatest when the field
direction is perpendicular to the microphone diaphragm. Higher frequency field components
only become dominant at field strengths greater than 500 to 1000 A/m.

When measurements are to be carried out in strong magnetic fields, the influence of the field
should be checked using a pistonphone, calibrator or silica gel cap to acoustically shield the
microphone. The meter reading should then drop by 10 to 15 dB if the effect due to the
magnetic field is to be assumed negligible. If the damping achieved is considerably less than
this and moving the microphone results in a variation in the meter reading, the magnetic field
will affect the measurement accuracy.
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Typical field-induced equivalent SPL’'s for a magnetic field strength of 80 A/m at 50 Hz in
the direction which has most effect on the microphone are given in Table 6.7.

Equivalent Sound Pressure Level for
Microphone 80 A/m (50 Hz) magnetic field
Type (dB re 20 uPa)
Typical value Range
One-Inch 4144, 4145 18 424
4133, 4134 20 6— 34
4147. 4149
Half-Inch
4148 28 10— 38
4165, 4166 30 10 — 40
4135 30 10— 42
Quarter-Inch
4136 38 18 — 46
Eighth-inch 4138 40 30 -50

810083

Table 6.7. Effect of a magnetic field of 80 A/m (1 oersted) at 50 Hz

A survey was carried out at Briel & Kjeer in order to estimate the order of magnitude of the
magnetic fields around typical machines. The maximum values measured 25 cm away from
the machine were found to lie typically between 1 and 32,5 A/m. An exception was a point-
soldering machine where a maximum of 3750 A/m was measured.

Typical magnetic fields measured in a power plant are given in Table 6.8.

Measurement Location Max. Magnetic Field
Strength

(A/m)

13 kV to 120 kV transformer 1, at 1m 110

1m from 120 kV output cable, transformer 1 200

13 kV to 5kV transformer at 1 m 14

2 m from coils of 30 kV output 350

1m from generator 1, machine room 56

1m from 13 KV output cable of generator 1 1250

820008

Table 6.8. Example of magnetic fields measured in a power plant

6.16. EFFECT OF SOLAR RADIATION
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Under very special measuring conditions where solar radiation strikes directly on to the
diaphragm, the heat received could be expected to have a small influence on the charac-
teristics of the microphone. Measurements have shown that the influence is far below
0.1 dB. When the microphone is fitted with its normal protecting grid, the influence be-
comes extremely small. A full report is contained in the B & K Technical Review No.1,
1974, “Influence of Sunbeams striking the Diaphragms of Measuring Microphones’’.



7.1. GENERAL

7. CALIBRATION

The microphone cartridges are calibrated at the factory and this calibration will normally
be valid indefinitely (see section 6.10). Recalibration may be desirable after special appli-
cations, however, for example after operation at high temperatures for long periods of
time, or to check that no permanent change has occurred after a particularly arduous ap-
plication. For such a thorough calibration, both sensitivity at a fixed frequency and rela-
tive frequency response of the microphone must be calibrated, and therefore a combina-
tion of techniques is usually required to obtain a complete calibration. However, for gen-
eral routine calibration a simple check of sensitivity is adequate, since as long as the
low frequency (250 Hz to 1 kHz) sensitivity remains unchanged there are no good rea-
sons for expecting an alteration in frequency characteristics.

Microphone calibration methods may be divided into two groups: the laboratory methods
and the field calibration methods. The latter have already been described in section 4.3
where the following methods are mentioned:

a) Pistonphone Type 4220

b) Sound Level Calibrator Type 4230

¢) Measuring Amplifier reference voltage — Microphone K-factor
d) Insert Voltage Calibration

e} Electrostatic Actuator

This chapter will therefore deal mainly with laboratory calibration methods, i.e. reciprocity
calibration, use of an electrostatic actuator and high pressure calibration. In conclusion, the
calibration performed at the B & K Factory will be briefly discussed.

7.2. RECIPROCITY CALIBRATION

This is an absolute calibration method based on the Reciprocity Principle. The calibrated
microphones are used both as transmitters and receivers. The Reciprocity Calibration Ap-
paratus Type 4143 provides calibration facilities for condenser microphones to the stric-
test laboratory standards, such as IEC Publication 327. Further details on the method
and its practical application may be found in the instruction Manual for the 4143. How-
ever, it should be noted that the method is only applicable in practice at fixed frequen-
cies and does not allow swept frequency response measurements.

7.3. ELECTROSTATIC ACTUATOR

With condenser microphones having a plane, metallic diaphragm {which is the case with the
B & K condenser microphones), the diaphragm may be infiuenced by electrostatic forces in a
way which is similar to the action of sound waves. This is done by placing a rigid metallic grid
in close proximity to the diaphragm and applying an alternating test voitage between them.
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Fig.7.1. Electrostatic Actuators UA 0023 (one-inch) and UA 0033
(half-inch)

This is a very convenient way to establish an accurate “sound field”” which is much ea-
sier to produce than the equivalent acoustical field.

The B & K Electrostatic Actuators UA 0023 for one-inch microphones and UA 0033 for
haif-inch, and smaller microphones fitted with a suitable adaptor, are available for inves-
tigation of frequency response (see Fig.7.1). They are also included with the Reciprocity
Calibration Apparatus 4143.

The Actuator is placed on the microphone cartridge which should be held with its diaph-
ragm horizontal. The Actuator has three glass studs which contact the periphery of the
cartridge and provide spacing of approx. 0,5 mm between the Actuator grid and the di-
aphragm of the cartridge. The Actuator is either used directly on the microphone car-
tridge or the microphone must be fitted with an adaptor, as shown in Table 7.1.

As the influence of the distance between the Actuator grid and the microphone diaph-
ragm is critical for the electrostatic attraction force, absolute calibration is very difficult
and the method will be useful only for relative measurements such as frequency re-
sponse measurements.

The curves obtained by the electrostatic actuator method represent the microphone pres-
sure response over a wide frequency range. The curves are used to find the microphone
free-field or random response by adding the relevant correction to the actuator response
{see section 6.2). However, the actuator response differs from the coupler response at
the high frequencies and, at low frequencies the method does not account for the influ-
ence of the pressure equalization system of the microphone and should therefore not be
used below approx. 5 times the microphone lower limiting frequency (see section 6.2.2).

Microphone Adaptor to UA 0023 Adaptor to UA 0033
Size
One-inch none required
Half-inch (DB 0225) none required
Quarter-inch * DB 0264
Eighth-inch * DB 0900
* Not recommended . 7407731

Table 7.1. Adaptors required for microphones when using Electros-
tatic Actuators UA 0023 and UA 0033. Parentheses indi-
cate that a more suitable alternative exists



With the Reciprocity Calibration Apparatus Type 4143, the signal from the generator is
amplified by 20 dB and is applied to the Actuator together with an 800V DC polarization
voltage. With a generator voltage of 10V RMS (i.e. an AC component of 100V RMS ap-
plied to the Actuator), the eguivalent sound pressure level experienced by the micro-
phone diaphragm will be approx. 104 dB SPL at the generator frequency.

When no DC component is used, the excitation frequency is twice the tuned frequency.

Besides standard frequency response measurements, the 4143 also allows the response
curve to be plotted with great resolution (better than 0,005 dB) using the built-in preci-
sion comparator. For details reference should be made to the 4143 Instruction Manual.

The Rain Cover UA 0393 is designed to be mounted on B & K half-inch condenser micro-
phones for outdoor use. A built-in electrostatic actuator allows calibration checks. The Rain
Cover can be delivered calibrated at the factor together with a half-inch microphone.
Application of 215V AC will give an equivalent SPL of 90 =X 1 dB. In this case, it is
important that the Rain Cover is not removed from the microphone, since the calibration
spacing between the microphone diaphragm and the actuator grid would be lost. This will re-
sult in an error of up to = 0,3 dB compared with the factory calibration.

7.4. HIGH PRESSURE CALIBRATION

The behaviour of condenser microphones at very high dynamic pressure as regards line-
arity, distortion, etc., may be of interest for special applications. The High Pressure Mic-
rophone Calibrator Type 4221 allows measurements at levels up to 162dB re 20 uPa in
continuous operation. In conjunction with the Gating System Type 4440, levels of up to
172dB may be reached (max. pulse length 15% of repetition period). In addition, a low
frequency coupler allows measurements down to 0,01 Hz. The 4221 is factory cali-
brated and delivered with all necessary calibration data. Full details may be found in the
4221 Instruction Manual.

7.5. FACTORY CALIBRATION

B & K now has more than 30 years’ experience in calibrating microphones. During this time,
the accuracy and reproducibility have been proved, and today the IEC Recommendations 327
is complied with. This states an absolute accuracy better than * 0,05 dB for B & K's
factory standard microphones. Reproducibility better than + 0,02 dB, and for several years
there has been a very good agreement with international calibration laboratories, such as the
Danish Technical University and the American National Bureau of Standards.

Before leaving the factory, the microphone cartridges are submitted to an extensive
ageing and calibration procedure. Before starting the ageing procedure, the microphone
sensitivity is checked and adjusted to a lower value than the nominal sensitivity, since
sensitivity will be increased by the ageing procedure. The microphone is then submitted
to a full calibration procedure. All important parameters are individually measured and in-
dicated on the calibration chart together with the frequency response (Fig.4.4).

7.5.1. Sensitivity
The open circuit sensitivity, which is the sensitivity when the microphone is not loaded

by any preamplifier, stray capacitance, etc., is measured at 250 Hz by comparison with a
standard microphone using insert voltage calibration techniques and a specially deve-
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loped pistonphone. In order to minimize the effect of production variations in microphone
equivalent volume and the volume between the grid and the diaphragm, the internal vo-
lume of the pistonphone is twice that of the Type 4220 Pistonphone. Since other dimen-
sions of the calibration pistonphone are similar to those of the 4220, the calibration le-
vel is 118dB.

The microphones used as standards for the calibration are calibrated once a year using
the reciprocity calibration method in agreement with IEC Publication 327 (accuracy bet-
ter than 0,05 dB). They are also checked by external authorities.

7.5.2. Cartridge Capacitance

The capacitance indicated on the calibration chart is measured at 250 Hz with the nomi-
nal polarization voltage.

7.5.3. Frequency Response

The individual frequency response curves are measured by an electrostatic actuator method.
For free-field microphones, the free-field response is obtained individually by adding the free-
field correction to the actuator response. For microphones best suited for diffuse field
measurements, the diffuse field response, obtained in the same way, is also added.

7.5.4. Low Frequency Limit (—3 dB point)
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All microphones except 4147

The lower limiting frequency of each microphone is checked to be within the specified limits
and, for some types, is given on the calibration chart. This is made (except for Type 4147)
using the High Pressure Microphone Calibrator Type 422 1. The electrostatic actuator is not
suitable for this purpose.

Carrier System ®e .
2631 [ttt g e
Y @ o ijee
A N
High Pressure St w
Logef‘::tu:rncy Microphone Dual Trace
Calibrator Oscilloscope

4221 800463

Fig.7.2. Factory calibration of lower limiting frequency for all micro-
phone types except Type 4147

The system used in the factory calibration of lower limiting frequency is shown in
Fig.7.2. The microphone is placed inside the low frequency coupler of the High Pressure
Microphone Calibrator Type 4221. A low frequency generator provides the excitation vol-
tage and the VOLTMETER output of the 4221 is monitored on a dual-trace oscilloscope
to ensure constant sound pressure in the coupler. The output of the Carrier System Type
2631 is fed to the other channel of the oscilloscope. The test frequency is reduced until
the oscilloscope indicates a level drop of 3 dB from the high frequency output.



Low frequency microphone 4147

Type 4147 has a lower limiting frequency in the range 1073 Hz to 5 X 1073 Hz. Since direct
measurements at such lower frequencies are extremely difficult and would take considerable
time, - the time constant of the pressure equalization system {which determines the low
frequency limit) is measured. Assuming that pressure is the same on both sides of the
diaphragm, the external pressure is suddenly increased by A P, at time t = O to become P,,.
The internal pressure P; will tend exponentially to P,,.

P, = Pg—APgexp. (—t/7) (7.1)
where 7 is the time constant of the microphone’s static pressure equalization system.
Hence, the pressure difference across the diaphragm, AP, is:

AP = APy exp. (—t/7) (7.2)

Since the output voltage of the microphone when connected to the Carrier System is pro-
portional to the pressure difference:

AE = Eyexp. (—t/7) (7.3)

where Eo is the output voltage at t = O, just after the application of the pressure incre-
ment.

Hence: AE
— = exp. (—t/7) (7.4)
Eo
0| <AE > —20t | .
O — = (o]
910 Eq ; %%0
AE

T

. — indB = —8,686
Bo

The slope v (dB/s) of the 2631 output plotted on a logarithmic scale is:

201 <AE > ! (7.5)
\4 = (o] e —_— .
910 Ey/ t
Hence:
—8,686
T = — S (7.6)
\")

The lower limiting frequency —3 dB point (f.) can then be obtained as in an equivalent
electrical circuit as:

f = —— H 7.7
L 2nT z ( )

The principle of the factory calibration method used for the Type 4 147 microphone is shown
in Fig.7.3. The microphone is fitted to the 2631 Microphone Carrier System via the Adaptor
UA 0271 and the output of the Carrier System taken to a Level Recorder with 10 dB Range
Potentiometer and set for DC response. Coupler volume is approx. 6 cm®. A manometer is
used to give a direct reading of the pressure change (where this is required) but principally to
ensure that the pressure during the test remains constant. It provides the additional benefits
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Microphone Carrier System

DC Voltmeter 171140/1

Fig.7.3. Calibration of lower limiting frequency of half-inch micro-
phone Type 4147

of increasing the equivalent volume of the system and suppressing the effect of heat
conduction between the enclosed air and the inside walls of the coupler after the increment
has been applied.

Before the pressure increment is applied, the DC level of the 2631 must be carefully bal-
anced to zero in order to ensure that a linear decay curve results. The resuiting decay
curve is shown in Fig.7.4 from which the microphone’s lower limiting frequency can be
verified as 1,02 - 10—3 Hz from its time constant of approx. 156 s. Specifications for
the 4147 demand a time constant for static pressure equalization between 30s and
160s.
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5____Lower Limiting Frequency {—3 dB}*: 1.0 mHz
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— 25 e v
0 30 Time(s)
§ S — 1 ' '
f——————* F = Py where 7 is the time for 8.68 dB pressure
T,

—_ change ‘as determined from the curve above

171135

Fig.7.4. Lower limiting frequency calibration chart of half-inch mic-
rophone Type 4147

7.5.5. Measurement of Equivalent Volume
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™

An individual calibration of equivalent volume is given for Type 4144 and 4160 Micro-
phones. The equivalent volume is measured by means of a tuned acoustical circuit.
When the Type 4144 cartridge is to be used in coupler measurements, it should nor-
mally be fitted with the Adaptor Ring DB 0111. This ring forms the standardized cavity
in front of the microphone diaphragm, whose diameter is 18,6 mm and depth 1,95 mm.
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1/4" Microphone 1/4" Microphone
4135 4135 751060

Fig.7.5. Coupler for equivalent volume measurement

Such an adaptor ring is used in the calibration of microphone equivalent volume, and
the volume quoted on the calibration chart is the total equivalent volume below the front
plane of the coupler ring minus the nominal volume of the cavity (530 mm3).

Measurement is made using a special coupler as shown in Fig.7.5. A quarter-inch Con-
denser Microphone Type 4135 is used as a sound source while the resulting sound pres-
sure is measured by another 4135. The 4144 (fitted with Adaptor Ring DB 0111) is
first placed onto the top of the coupler and the excitation signal (250 Hz frequency) is ad-
justed until the output of the receiver microphone is equal to a chosen reference value.

The 4144 is then replaced by an adjustable dummy. The calibrated centre screw is ad-
justed until the output of the receiver microphone is again equal to the reference value.
From the reading on the calibrated scale of the dummy, the equivalent volume of the
microphone is derived, taking into account heat conduction so that the equivalent vo-
lume indicated on the calibration chart refers to purely adiabatic conditions.
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8. PREAMPLIFIERS

This chapter deals with the characteristics of the B & K preamplifiers which are intended for
use with the condenser microphone cartridges. The three preamplifiers discussed here are the
quarter-inch Preamplifier Type 2633, the half-inch Preamplifier Type 26 19 and the one-inch
Insert Voltage Preamplifier Type 2627.

The Microphone Carrier System Type 2631 has some advantageous features, particularly
when low frequency measurements are considered, but since the principle of operation with
a condenser microphone is quite different, the 2631 is treated separately in its own
Instruction Manual.

8.1. DESCRIPTIONS

8.1.1. General

%06
® © ®
® O

800250

The preamplifiers are delivered in a mahogany case which contains the adaptors listed
in thespecifications in section 1.2 (Note that half-inch preamplifier Type 2619 can also
be delivered without accessories, see section 8.1.3). The preamplifiers may be con-
nected directly to the PREAMP. INPUT socket of any of the B & K Measuring Amplifiers
or Analyzers. Table 8.1 shows the connections to the preamplifiers viewed from the sold-
ering side of the pins (external view of mating socket). The mating socket is JJ 0703
(panel mounting) or JJ 0704 (cable mounting).

Connection Preamplifier Type
of pinno. | 5e33 2619 2627
Heater and
1 Ground Heater ground signal ground
2 200v DC 200V DC 200V bC
3 Not connected Ground !\rllri‘(r::zhone
4 Signal Signal Signal
5 120 v DC 120 v DC 120 v DC
6 Not connected 28v DC Not connected
7 Not connected Heater 12 V DC Heater 12 V DC
casing Outer Screen QOuter Screen Outer Screen

740770/2

Table 8.1. Pin designations. External view of matching socket JJ 0703 or JJ 0704
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8.1.2. Quarter-inch Preamplifier Type 2633

Dimensions of the Quarter-inch Preamplifier are shown in Fig.8.1. The input impedance of
the preamplifier is > 50 G {} in parallel with 0,25 pF up to 60°C, falling to approximately
5 G Q in parallel with 0,25 pF at 100°C. The output impedance is less than 100 Q and
nominal gain is —0,06 dB. The maximum output current of the 2633 is 1,4 mA peak. For full
specifications, see section 1.2.

r 96,35
Eﬁg i
-t

,!‘ 86,5 ’—]

810494

Fig.8.1. Principal dimensions (in mm) of quarter-inch Microphone
Preamplifier Type 2633

8.1.3. Half-inch Preamplifier Type 2619

Dimensions of the preamplifier head of the 2619 are shown in Fig.8.2. Details of the cir-
cuit are given in the Service Instructions for the 2619.

The 2619 can be delivered as Type 2619 S in a mahogany case containing a one-inch
Adaptor DB 0375, an Input Adaptor JJ 2615 and a half-inch diameter Flexible Extension
Rod UA 0196. Alternatively, it can be delivered in a plastic case without accessories as Type
2619 T.

The 2619 is designed for use with either 120 V DC or 28 V supply, with or without the heat-
er (see section 8.6). As delivered, it is connected for 120 V supply and the heater is
connected. To adapt to 28 V supply, the only alteration required is to connect pins 5 and 6,
28 V then being supplied via either pin. If 28 V polarization is required, this can be provided
via pin 6 of the standard B & K Measuring Amplifier, PREAMP. INPUT socket, connecting pin
6 to pin 2 of the connecting socket. if the heater is not required, the connection to pin 7 can
be cut inside the 2619 plug.

The input and output characteristics of the 2619 are different according to whether
120V or 28V supply is used (see Table 8.2). For full specifications, see section 1.2.

r¢12,7

810435

Fig.8.2. Principal dimensions (in mm) of half-inch Microphone
Preamplifier Type 2619
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PREAMPLIFIER TYPE 2619

120 V supply 28 V supply
Input resistance 20°C >10GQ >7GQ
QOutput resistance <26 Q <708
Input Capacitance, C; < 0,8 pF < 1pF
Nominal Attenuation (-g) <0,03dB <0,1dB
Maximum Output Voltage 45 V peak 5,6 V peak
Maximum Output Current 1,5 mA peak 0,5 mA peak

74077172

Table 8.2. Input and output characteristics of Half-inch Microphone
Preamplifier Type 2619

8.1.4. One-inch Insert Voltage Preamplifier Type 2627
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Dimensions of the 2627 are shown in Fig.8.3. The input configuration is in accordance
with IEC Recommendation 327. The particular purpose of this preamplifier is for insert
voltage calibration of one-inch microphones. Since it also has a low inherent noise level,
it finds other applications in low level measurements.

As an insert voltage preamplifier, the 2627 is delivered with the Reciprocity Calibration
Apparatus Type 4143. It can also be used together with any B & K Measuring Amplifier or
Analyzer having insert voltage calibration facilities. If the Measuring Amplifier has not this
facility {(as for example Measuring Amplifiers Types 26 10 and 2636), the 2627 can be used
as a conventional preamplifier, and insert voltage calibration can be made using the Insert
Voltage Junction Box ZH 0007 and an external oscillator inserted between the preamplifier
and the measuring instrument.

13 1 - 99 >
}
| 23,77
[T -
2 m Cable I

810493
Fig.8.3. Principal dimensions (in mm) of one-inch Insert Voltage
Microphone Preamplifier Type 2627

A heating element (180 Q resistor) is built into the preamplifier. This element raises the
temperature slightly above the ambient and reduces condensation of water vapour when
the preamplifier is used in a humid environment. The element can be disconnected by a
small switch on the printed circuit board, see Fig.8.4. This enables calibration to be
made without any temperature influence from the preamplifier.

The shield around the input contact can be connected to ground or to the output of the
preamplifier by means of another switch, also shown in Fig.8.4. This allows the use of



a) 810588

Grounded Driven Heat on

171272/1

Fig.8.4. a) Removal of Type 2627 case
b) Heater and shield switches

either a driven or a grounded shield. The driven shield will minimize the stray capacit-
ance, and hence reduce the input capacitance of the preamplifier. If the driven shield ar-
rangement is used, the open circuit voltage produced from a microphone by a known
sound pressure level differs by less than 0,02 dB from the open circuit voltage which
would be obtained if the shield were grounded (ANSI S1.10-1966). The choice of confi-
guration is necessary to be in agreement with different methods used in standards labo-
ratories.

When the preamplifier is dispatched from the factory, the switches are set with the heat-
ing element disconnected, and the shield around the input contact in the driven position.

Access to the switches is gained by unscrewing the housing of the preamplifier, see
Fig.8.4. The switches are then operated by loosening the small screw with the screw-
driver provided, and resetting the link to the position required, see Fig.8.4. The screw is
then retightened, taking care not to move the link from its desired position.

Note: The supplies to the preamplifier should be disconnected before the housing is removed
and before a transducer is connected to the preamplifier.

The construction of the preamplifier is such that stray capacitances and leakage resist-
ance are kept to a minimum. A double screening ensures a very low crosstalk between
insert voltage line and preamplifier. The input contact is spring loaded and gold plated to
ensure the best possible electrical connection and low contact noise level. Circuit details
are given in the Service Instructions for 2627.

The polarization voltage for a condenser microphone cartridge is supplied through a long
time constant charging circuit. After switching on, or after changing cartridges, several
seconds should be allowed for the cartridge to charge up.

Input impedance of the 2627 is > 10 GQ and output impedance < 50 €. Input capacit-
ance (C; in equation 4.1, section 4.3.3) is <0,b pF with driven shield and <5 pF with
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grounded shield. Nominal gain, g, is —0,08 dB. Maximum output voltage is 46V peak
and maximum output current 1,4 mA peak. For full specifications, see section 1.2.

8.2. FREQUENCY RESPONSE

8.3. NOISE

a)

b)
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The high frequency response of a preamplifier is determined primarily by the output
impedance of the preamplifier and the capacitive output load. There is also a secondary effect
due to the feedback used in the preamplifier design to reduce input capacitance. This
feedback causes phase changes at the output due to the capacitive load which are fed back
to the input and result in increased attenuation, especially for low transducer capacitances.

Frequency responses of the preamplifiers without additional extension cables are given
in Figs.9 to 11 of section 1.2. To these responses must be added the effect of additional
capacitive loads from any extension cable used. These effects are shown in Figs.12 to
14 of section 1.2.

Inherent noise of the preamplifiers is also mainly a function of input capacitive load.
Third-octave noise spectra are given for the recommended input loads in Figs.8.5 to
8.8.
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8.4. DISTORTION

The upper limit on the dynamic range of the preamplifier is imposed by maximum avail-
able output current or maximum output voltage. Once this is exceeded, output signal dis-
tortion will increase. The 4% distortion limit as' a function of output capacitive load is
given in Figs.15 to 17 of section 1.2.

8.5. PHASE RESPONSE
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The phase response of the preamplifiers is shown in Figs.8.9 to 8.11 for input capacit-
ances equivalent to the capacitances of the microphones. In general, the overall phase
response of the microphone and preamplifier combination is dominated by the phase re-
sponse of the microphone (see section 6.5).
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Fig.8.11. Phase response of Preamplifier Type 2627 with input cap-
acitance equivalent to one-inch microphone

8.6. EFFECT OF HUMIDITY

Humid atmospheres have little influence on the preamplifier, and microphone noise problems
only arise in the presence of condensation. To discourage condensation, heating elements
are built into the 2619 and 2627 preamplifiers {see sections 8.1.3 and 8.1.4). The 2633,
however, has no heater but the power dissipated is approx. 250 mV and the preamplifier
temperature is approx. 30°C in an environment at room temperature.

8.7. EFFECT OF TEMPERATURE

The preamplifiers operate within the stated specifications (section 1.2) over a range of
ambient temperatures from —20°C to + 60°C (—4°F to 140°F). Type 2633 can be used up
to 100°C with reduced specifications (see section 1.2). However, by using the available
input extensions, the preamplifier may be removed to a cooler environment than the
microphone which can continuously operate at temperatures up to 150°C (302°F).

8.8. EFFECT OF SOUND FIELD

The response of the preamplifier itself to an intense sound field is so low that it can for
all practical purposes be neglected. This has been confirmed in tests with dummy micro-
phones.
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8.9. EFFECT OF VIBRATION

The effect of vibration on the preamplifiers can be seen in Table 8.3 where the vibration-in-
duced voltages and corresponding equivalent sound pressure levels for different microphone
and preamplifier combinations are given. The preamplifiers are vibrated in the direction of
greatest sensitivity and the highest voltage obtained during a frequency sweep from 10 Hz to
2 kHz was noted. Dummy microphones {and adaptors, where necessary) were fitted to the
preamplifiers, and the complete assembly clamped to the vibration table to give well defined
conditions.

Preamplifierj Dummy Microphone Size Vibration-Induced Equivalent Sound
Type Voltage™ Pressure Level (dB re 20 uPa)
2627 one-inch (50pF) 4 mV 72
DB 0375 + one-inch (50pF) 400 pVv 52
34 (50 mV/Pa sensitivity)
half-inch (20pF) 50 uV
46 (12,5 mV/Pa sensitivity)
2619
74 {4 mV/Pa sensitivity)
UA 0035 + quarter-inch (6pF) 400 uv
82 (1,6 mV/Pa sensitivity)
UA 0036 + eighth-inch (3pF) 1 mV 94
54 (4 mV/Pa sensitivity)
quarter-inch (6pF) 40 uv .
2633 62 (1,6 mV/Pa sensitivity)
UA 0160 + eighth-inch {3pF) 250 uVv 82

*

Vibration feve! of 1 m/s2 applied in the direction of greatest sensitivity

810090

Table 8.3. Vibration sensitivity of preamplifiers

8.10. EFFECT OF MAGNETIC FIELDS

The preamplifiers will operate satisfactorily without deviation from specifications in a
magnetic field of strength up to at least 100 A/m at 50 Hz. The sensitivity to the
preamplifiers to magnetic fields is greatest when the field direction is perpendicular to the
preamplifier axis. The field-induced voltages at 50 Hz for an 80 A/m magnetic field applied in
the direction of greatest sensitivity are given in Table 8.4 for various preamplifier and dummy
microphone combinations.



Preamplifier| Dummy Microphone Size Induced Voltage Equivalent Sound
Type (uV) Pressure Level (dB re 20 uPa)
2627 one-inch {50pF) 5 14
DB 0375 + one-inch {50pF) 3 10
12 (50 mV/Pa sensitivity)
half-inch (20pF} 4 -
24 {12,5 mV/Pa sensitivity)
2619 36 (4 mV/Pa sensitivity)
UA 0035 + quarter-inch {6pF) 5
44 {1,6 mV/Pa sensitivity)
UA 0036 + eighth-inch {3pF) 8 52
34 {4 mV/Pa sensitivity)
quarter-inch {6pF) 4 42 (16 y —
2633 (1,6 mV/Pa sensitivity)
UA 0160 + eighth-inch {3pF) 4 46

810081

Table 8.4. Sensitivity to magnetic field of 80 A/m at 50 Hz




9.1. INTRODUCTION

9. ACCESSORIES

A survey of the accessories available for B & K microphones is given in section 1.1. Many of
the accessories referred to are discussed in adequate detail in section 1.1, and there is no
useful purpose to be served by repetition in this chapter. However, a summary list here will
serve to provide proper reference to where the fullest information about an accessory is to

be found.

UA 0570
UA 0207
UA 0237
UA 0459
UA 0393
UA 0387
UA 0386
UA 0385
UA 0355
UA 0308
UA 0436
4921

UA 0055
UA 0240
4152

4153

DB 0138
DB 0161
DB 0909

9.1.3. Adaptors and Cables

DB 0111
DB 0225
DB 0264
DB 0900
UA 0271

UA 0030

9.1.1. Accessories Providing Immunity from the Environment

Permanent Outdoor Windscreen
Foam windscreen, one-inch
Foam windscreen, half-inch
Foam Windscreen, half-inch
Rain Cover

Nose Cone, one-inch

Nose Cone, half-inch

Nose Cone, quarter-inch
Nose Cone, eighth-inch
Dehumidifier, half-inch
Turbulence Screen

Outdoor Microphone Unit

9.1.2. Accessories for Achieving Special Characteristics

Random Incidence Corrector

Microphone Sealing Kit, one-inch

Artificial Ear IEC R 126, ANSI| Z24.9-1949
Artificial Ear IECR 318

Coupler IECR 126 {(2cm3)

Coupler ANSI Type 1 (6 cm3)

Coupler NBS (6 cm3)

Coupler adaptor ring, one-inch

Coupler adaptor, haif-inch to one-inch
Coupler adaptor, quarter-inch to half-inch
Coupler adaptor, eighth-inch to half-inch
Special one-inch to half-inch adaptor for
2631 to 4147

One-inch to half-inch adaptor

Section 9.2
Section 9.2
Section 9.2
Section 1.1
Section 9.3
Section 9.4
Section 9.4
Section 9.4
Section 9.4
Sections 1.1 and 9.7
Section 9.5
Section 1.1 and
Manual 4921

Section 9.6

Sections 1.1 and 5.3
4152 Manual

4153 Manual

4152 Manual

4152 Manual

4152 Manual

4143 Manual
4143 Manual
4143 Manual
4143 Manual
2631 Manual

Section 1.1
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9.1.4. Calibration Equipment

DB 0375
DB 0962
UA 0035
UA 0036
UA 0160
UA 0196
UA 0122
UA 0123
UA 0587
UA 0588
AO 0063
AO 0027
AO 0028
AO 0029
AR 0001

UA 0023
UA 0033
4143
4220
4221
4230

9.2. WINDSCREENS

Haif-inch to one-inch adaptor
Half-inch to one-inch adaptor
Half-inch to quarter-inch adaptor
Half-inch to eighth-inch adaptor
Quarter-inch to eighth-inch adaptor
Flexible rod, half-inch to half-inch
Flexible connector

Flexible connector

Portable Fioor Stand

Tripod Adaptor

Extension Cable — preamp. input — 3 m

Microphone Extension Cable, 3 m
Microphone Extension Cable, 10O m
Microphone Extension Cable, 30 m
Tape Microphone Cable

Electrostatic Actuator, one-inch
Electrostatic Actuator, half-inch
Reciprocity Calibration Apparatus

Pistonphone

High Pressure Microphone Calibrator
Sound Level Calibrator

9.2.1. Permanent Outdoor Windscreen UA 0570
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Fig.9.1.

Windscreen UA 0570
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The Windscreen UA 0570, shown in Fig.9.1., is designed for use in unattended outdoor
monitoring applications using a half-inch microphone. The Windscreen is made from a
specially prepared porous polyurethane foam which is resistant to humid and corrosive
atmospheres and is supported by three stainless steel rods which protrude as spikes pre-
venting interference from birds. The design of the foam screen and stainiess steel frame
provides excellent long term mechanical stability.

The recommended system for use with the Windscreen consists of a half-inch condenser
microphone, Rain Cover UA 0393, Dehumidifier UA 0308 and microphone preamplifier
which are inserted into the hard plastic (P.O.M.) conical ring at the base of the Wind-
screen and secured with a nylon screw, as shown in Fig.9.2.
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Fig.9.2. Half-inch microphone and preamplifier fitted with Rain
Cover UA 0393 and Dehumidifier UA 0308 mounted in-
side Windscreen UA 0570

The Windscreen gives an effective reduction of wind noise of the order of 15 dB for wind
speeds up to 120 km/h. The attenuation of a wet screen differs from that of a dry screen by
only + 0,5 dB up to 9 kHz as shown in Fig.9.3. Wind induced noise levels for half-inch
Condenser Microphones Types 4133 and 4149 fitted with Rain Cover UA 0393 and
Windscreen UA 0570 are shown in Figs.9.4 to 9.6. Free-field correction curves are given in
Fig.9.7 for half-inch Condenser Microphones Types 4133 and 4149, fitted with Rain Cover
UA 0393 and Windscreen UA 0570.

Windscreen UA 0570 is also delivered as part of the QOutdoor Microphone Unit Type
4921 which is designed for permanent outdoor noise monitoring systems. The unit con-
sists of the quartz coated half-inch Condenser Microphone Type 4149, Rain Cover UA
0393, Windscreen UA 0570, and a Preamplifier mounted on a weather proof case hous-
ing an amplifier, calibration oscillator, dehumidifier and a battery pack. For further de-
tails, see the 4921 Instruction Manual.
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Fig. 9.5. A-weighted wind induced noise level as a function of wind
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Rain Cover UA 0393 and Dehumidifier UA 0308 mounted
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Fig. 9.6. Linear wind induced noise level as a function of wind speed
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9.2.2. Foam Windscreens

The Windscreens UA 0207 and UA 0237 are available for use with one-inch and half-inch
microphones respectively. The Windscreens are identical in size and material, and differ only

in the diameter of the cylindrical hole provided for insertion of the microphone and
preamplifier.
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Fig.9.8. Effect of UA 0237 wet screen 0° incidence free-field re-
sponse of half-inch microphone Type 4133
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The Windscreen material is a specially prepared type of open-pored polyurethane foam.
Diameter is 90 mm and in use the Windscreen is simply pushed as far as it will go over the
microphone (fitted with its normal protection grid) and preamplifier. Wind-induced noise for
one-inch and half-inch microphones fitted with the foam windscreens is shown in Figs.9.9
and 9.10. Free-field response corrections for the Windscreens are given in Figs.9.11 and
9.12. These curves should be added to the normal free-field characteristic of the
microphone.

A smaller (65 mm dia.) Windscreen, UA 0459, is also available. This is briefly described in
Section 1.1.
9.3. RAIN COVER UA 0393

A Rain Cover is available only for the half-inch microphone size. The Rain Cover UA 0393,
shown in Fig.9.13, is designed to be mounted on a half-inch microphone in place of the nor-
mal protection grid, and as well as rain protection, it serves as an electrostatic actuator
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Fig.9.13. Rain Cover UA 0393

calibrator which can be excited for remote calibration. It is important to mount the unit
upright, the microphone diaphragm facing straight up. The Rain Cover can be delivered
together with a half-inch free-field microphone (4149 is particularly recommended for
permanent outdoor use), factory calibrated to give an equivalent sound pressure level of 90
+ 1 dB when 215 V AC is applied to the actuator terminal (80 = 1dB for 121V AC).

Free-field corrections of the half-inch microphones fitted with the Rain Cover are given
in Fig.9.14. From these curves, the response of the half-inch microphone can be drawn
as shown in Fig.9.15.
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Fig.9.14. Free-field correction curves for half-inch microphones
Types 4133 and 471439 fitted with Rain Cover UA 0393

123



-&H&K Briie! & Kjcar Briiel & Kjor
00CoDOo00ONoOO0000O00N00O0OCO00OO0RDO0ONUOO0QNOOoOa0000000000000 OO0

Briiel & Kjcer Potentiometer Range: ______dB Rectifier: Lower Lim. Fraq.: Hr Wr. Speed: mm/sec. Poper Speedi____mmfsac.
Conent -~ s x v ¥ v L0 o 10475
= —
wha —+—1—+ dB |8
Random
;s incidence 8-60)
ing Obj: | i
Type UA 0393 [ ars 4
+4149  — T 1 6445
Relative — [ Sensitivity 1
Response limits for _ B
At any incidence 1
4133 I ¥ 4430
b 5dB i
3 ¥ 2415
[ T i
Recbo: |
Dete: L ]
Sign.:. L odo
QP 1124 0 20dBH: 50 100 200 500 1000 2000 5000 10000 20000 400000 A B C Lin.
Multiply Frequency Scale by 1 Zeolovel: 1612/2112 A 8 Clinyooa0/s

Fig.9.15. Sensitivity limits for any incidence for half-inch micro-
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A particularly recommended outdoor instaliation, suitable for use in all weathers, is a 4149
microphone fitted with UA 0393 Rain Cover, UA 0308 dehumidifier {section 1.1}, and
Windscreen UA 0570 (section 9.2.1). This combination also meets the directional require-
ments of IEC 651 Type 1 for precision sound level measurements. The microphone is best
protected in such an outdoor application when the preamplifier heater is permanently on.

Maximum temperature to which the Rain Cover should be subjected is 150°C.
Note that the electrostatic actuator of the Rain Cover is not recommended for frequency

response calibration because the presence of the Rain Cover itself influences the linear-
ity of the frequency characteristics at high frequencies.

9.4. NOSE CONES
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Nose Cones are available for all sizes of B & K Microphone. The sizes and stock numbers
are identified in Fig.9.16.

UA 0355 (1/8") UA 0385 (1/4”) UA 0386 (1/2”) UA 0387 (17}

740831

Fig.9.16. Nose Cones UA 0355, UA 0385, UA 0386 and UA 0387



The Nose Cone is designed to substitute the normal protection grid of the microphone
and is intended for use in air flows of high speed and well defined direction. Its stream-
lined shape gives the least possible resistance to air flow, thereby reducing turbulence.
A fine wire mesh around the Nose Cone permits sound pressure transmission to the mic-
rophone diaphragm while a truncated cone behind the mesh reduces the air volume in
front of the diaphragm as shown in Fig.9.17. Typical wind-induced noise levels are
shown for the four sizes in Figs.9.18 to 9.21. Free-field corrections for the respective
sizes of Nose Cone are given in Figs.9.22 to 9.28, while the effects on microphone fre-
quency response are more easily seen from Figs.9.29 to 9.33.

4133/49 + 2619 UA 0386

172233/1

Fig.9.17. Cross section of Nose Cone UA 0386
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Fig.9.33. Sensitivity limits for any incidence for eighth-inch micro-
phone Type 4138 fitted with Nose Cone UA 0355

9.5. TURBULENCE SCREEN UA 0436
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Noise measurements in ducts can often be very difficult to perform accurately because of the
presence of flow noise caused by turbulent pressure fluctuations which are produced within
the duct and convected past the measuring microphone at the velocity of the airstream. The
Turbulence Screen UA 0436, shown in Fig.9.34, is designed to minimize the problems
associated with such measurements by rejecting the flow noise and passing the sound signal
to the microphone. The Screen consists essentially of a tube with an axial slit covered with
several layers of specially selected damping material to control the flow resistance of the slit.
The Turbulence Screen may be used with a half-inch free field Condenser Microphone Type
4133, 4149 or 4165 and Microphone Preamplifier Type 2619.

The turbulence induced noise when using the UA 0436 is approximately 16 dB better than
that obtained using the half-inch Nose Cone UA 0386 in the frequency range 70 Hz to
1,6 kHz, as shown in Fig.9.35. The curves illustrated in Fig.9.35 were measured in a duct
with particularly high levels of turbulence (air velocity = 20 m/s).
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Fig.9.35. Comparison of turbulence induced noise levels using Turbu-
lence Screen UA 0436 and half-inch Nose Cone UA 0386

Fig.9.36 shows the frequency response of half-inch microphone Type 4133 fitted with
Turbulence Screen UA 0436 to sound incidence along its axis (0° and 180°). Both
curves were measured in an anechoic chamber. The omnidirectivity of the Turbulence
Screen is typically within £ 4 dB in the frequency range 20 Hz to 1 kHz.

Mounting the Turbulence Screen onto the microphone and preamplifier is illustrated in
Fig.9.37. The procedure is as follows:

1. Slip locking ring A and teflon collet B onto the body of the half-inch Preamplifier P.
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Fig.9.36. Frequency response of half-inch free-field Microphone
Type 4133 fitted with Turbulence Screen UA 0436 (0°
and 180° incidence)

2. Screw the Microphone 4133 onto the Preamplifier.

3. Slide the Microphone and Preamplifier into the Turbulence Screen as far as it will
easily go.

4. Tighten the locking screw to secure the assembly.

Principal specifications of the Turbulence Screen with the 4133 Microphone are:

Frequency Response 20 Hz to 5kHz (+ 5 dB) for incidence along axis of
UA 0436

Turbulence Suppression (70Hz to 1,6kHz): 16dB better than with Nose
Cone UA 0386 (see Fig.9.33)

Length 540 mm

Max. diameter 21T mm

Weight 200¢g

UA 0436

740464

Fig.9.37. Assembly of Turbulence Screen UA 0436, Half-inch Micro-
phone Type 4133 and Preamplifier Type 2619



9.6. RANDOM INCIDENCE CORRECTOR UA 0055

Fig.9.38. Random Incidence Corrector UA 0055

For measurements in diffuse sound fields where the direction of propagation of the incident
sound is not well defined, the one-inch microphone in particular suffers inaccuracies because
of the variation of its frequency response with angle of sound incidence above about 4 kHz.
T-0 minimize this problem, the Random Incidence Corrector UA 0055, shown in Fig.9.38, is
available. It is designed to make the sensitivity of the one-inch microphone more omnidirec-
tional. With this accessory fitted, the response at any incidence deviates by less than
+ 3 dB from the random incidence response for frequencies up to 10 kHz.

Fig.9.39 shows the free-field corrections of the one-inch microphone Type 4145 fitted with
the Random Incidence Corrector. Fig.9.40 shows the response of the one-inch free-field
microphone fitted with this accessory. The UA 0055 is mainly intended for use with Type
4145. With the one-inch pressure microphone Type 4144, the UA 0055 will give less
spreading in the directional characteristics at high frequencies, but the frequency response
itself will be impaired and corrections wiil be required.

Free Field Corrections for one-inch
microphone Type 4145 fitted with /'\. o

10} Random Incidence Corrector UA 0055
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Fig. 9.39. Free-field correction curves for One-inch Microphone Type
4145 fitted with Random Incidence Corrector UA 0055
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Fig.9.40. Sensitivity limits for any incidence for One-inch Micro-
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9.7. DEHUMIDIFIER UA 0308

A special unit for shorter-term outdoor measurements giving short-term protection from
unfavourable weather is shown in Fig.9.41. It is based on one of the back vented half-inch
Condenser Microphones Types 4148, 4149, 4165 or 4166 and the half-inch Dehumidifier
UA 0308. All possible points of entry are blocked with either grease {if air leakage is also un-
desirable} or masking tape (where air leakage is desirable). The characteristics of the
Windscreen UA 0237 are discussed in section 9.2.2. The function of the Dehumidifier is to
ensure that only dry air reaches the interior cavity of the microphone thus preventing

condensation. The assembly should be mounted horizontally in order that possible water
droplets may run off the diaphragm.

Dehumidifier UA 0308
1/2" Foam

. Silicon grease
Windscreen ya ™~

in joints
UA 0237 / Wrap with masking tape

\( He/llm/r_—__
\ /

\ Preamplifier Type 2619

Condensor Microphone Type 4165 s00251
Fig.9.41. Rain proof assembly of Half-inch Microphone Type 4165,
Dehumidifier UA 3008, Preamplifier Type 2619 and Wind-
screen UA 0237 for short-term outdoor measurements



9.8. PROBE MICROPHONES

9.8.1. Horn-Coupled Probe Microphone Type 4170

- - - “ 4

Fig.9.42. Horn Coupled Probe Microphone Type 4170

The Horn-Coupled Probe Microphone Type 4170, shown in Fig.9.42, is a high precision
measuring microphone designed to cover a wide range of measurements where mini-
mum disturbance of the sound field is important. The 4170 uses an acoustic exponen-
tial horn to couple a very thin probe tube to a half-inch condenser microphone and has a
frequency response of + 3; —1 dB in the frequency range 30 Hz to 8 kHz. The diameter
of the nickel probe tip is 1,25 mm. Details of the theory and application of probe micro-
phones and the characteristics of the 4170 are fully discussed in the Instruction Manual
for Type 4170.
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