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A New Condenser Microphone 
by 

Gunnar Rasmussen 

SUMMARY 
A brief description of the principle of operation of a condenser microphone is given w i th special 
regard to the design of the Condenser Microphone Type 4131 and 4132. The mechanical construct. 
ion and the acoustical qualities of the Microphones are discussed and the most important features 
outl ined. 

ZUSAMMENFASSUNG 
Es w i rd die Arbeitsweise eines Kondensatormikrophons unter besonderer Berucksichtigung der 
Mikrophone Type 4131 und 4132 sowie deres Konstruktion und Eigenschaften beschrieben. 

RESUME 
Une breve description du principe de fonctionnement d'un microphone a condensateur est 
donnee, axee specialement sur la conception des microphones a condensateur types 4131 et 
4132. La construction mecanique et les qualites acoustiques de microphones sont traitees et I'on 
fait ressortir les caractenstiques les plus importantes. 

Introduction. 
In almost every electronic instrumentation used for the measurement of non­
electrical quantities, the transducer is the weakest link. Consequently, the 
accuracy and reliability of the measurements mainly depend on the choice and 
the correct use of the transducer involved. This is specially true when speak­
ing of the field of acoustic measurements, where the main transducers are 
microphones which are represented on the market by a wide varietyjQ£ types. 
However, in the vast majority of cases, the condenser microphone is the type 
to be preferred, featuring high stability and flat frequency characteristic 
combined with reasonably high sensitivity. 
The condenser microphone consists basically of a thin metal diaphragm and 
a back plate constituting the electrodes of a capacitor. Charging the capacitor 
by a DC voltage, the so-called polarization voltage, the variations in capacity 
caused by the sound impinging on the thin diaphragm, are transformed into 
voltage variations; a necessary condition being, however, that the charging 
time-constant of the circuit is big enough to keep the charge on the capacitor 
constant. This will always be 'he case above a certain lower limiting fre­
quency. To increase the relative variation in capacity, and by this the 
sensitivity, the stray capacity of the condenser microphone and succeeding 
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amplifier input must be as small as possible. Therefore the microphone and 
the first amplifier stage are normally built in the same housing. The small 
capacity, furthermore, requires a high load impedance to ensure a low lower 
limiting frequency. So, the first amplifier stage is designed as a cathode 
follower, "transforming" the input impedance of a normal microphone 
amplifier into the high impedance necessary. 

In the following a new Condenser Microphone is described. To avoid any 
mistake, the microphone is called a Microphone Cartridge, and the pre­
amplifier a Cathode Follower. A complete microphone consists, consequently, 
of a Microphone Cartridge and a Cathode Follower as shown in Fig. 1. 

Fig. 1. Photo of the Condenser Microphone Cartridge Type 4132 and Cathode 
Follower Type 2612, 

Construction of the Microphone Cartridge. 

The Microphone Cartridge Type 4132 has primarily been designed to meet the 
requirements set in the American Standard Z 24.8-1949 for a Laboratory 
Standard Pressure Microphone type L. This means that the Microphone 
Cartridge is a precision measuring microphone, but may, of course, as well 
be used as a studio microphone. Furthermore, it was desired to make a micro­
phone which is as mechanically and electrically stable as possible, and which 
can operate over a wide range of ambient temperature, pressure, and humidity 
conditions. 

Fig. 2. Photo of the Condenser Microphone Cartridge Type 4132. 

The problems to be solved are mainly of mechanical nature, being a question 
of choosing suitable materials and assembling the different parts in such a 
way that the influence of the environments are minimized. A description of 
the mechanical construction of the Microphone Cartridge will clearly show 
how this is obtained. 
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In Fig. 3 is shown a sectional view of the Condenser Microphone Cartridge 
Type 4132. As it appears from the figure, the cartridge consists basically of a 
microphone housing which carries the different parts, such as microphone 

Fig. 3. Sectional view of the Condenser Microphone Cartridge Type 4132. 

diaphragm, back plate, insulator, nuts etc. The housing, the diaphragm, and 
the back plate are made of nickel and high nickel alloys, the more secondary 
metal parts of nickel plated brass, and the insulator is made of quartz. To 
increase the moisture resistivity the quartz insulator is treated with silicone, 
and to ensure perfect electrical contact to the Cartridge, the contact surface 
of the output terminal is made of solid gold. The materials so selected ensure 
high corrosion resistance and strength under normal working conditions. 

Since the sensitivity is very closely related to the distance between the dia­
phragm and the back plate, special measures must be taken to prevent this 
distance from changing. Being only about 20 ^metres (o.8 Mill) only small 
temperature variations make the distance change considerably if no pre­
cautions were made. As is seen from Fig. 3, the back plate is fixed on the 
quarts insulator between a collar and a spring loaded nut. This arrangement 
ensures a constant distance between the frontside of the back plate and the 
front side of the insulator (for constant temperature). Correspondingly, a 
constant distance from the front side of the insulator to the front of the 
microphone housing is ensured by recessing the insulator in the housing and 
fixing it by means of a threaded ring. With the diaphragm screwed on the 
end of the housing and stretched over the edge, the distance from the back 
plate to the diaphragm is determined by the difference between the two 
constant distances mentioned above. The thermal expansion of this distance 
being only approx. 20 • 10"6 X 13.9 • 10"6 m per C° for a constant diaphragm 
tension. See Fig. 4 for a typical sensitivity versus temperature curve. Further­
more, the arrangement used makes the diaphragm tension independent of the 
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contact pressure, and the steel springs used for clamping the back plate will 
allow a contact pressure of more than 1 kg (2.2 lbs.). 

Fig. 4. Typical curve showing the sensitivity versus temperature for the 
Microphone Cartridges, 

Not only the temperature, but also the ambient pressure may affect the 
sensitivity of the microphone. If the pressure in front of the microphone 
increases (or decreases), the distance between the diaphragm and the back 
plate will change, because the diaphragm deflects. If the pressure variations 
are within the frequency range in which the microphone should be used for 
acoustic measurements, the pressure variations should only take place on one 
side of the diaphragm, and the Cartridge consequently be tight. If, however, 
the variations are slower (f. inst, changes in the static pressure), a pressure 
equalization on both sides of the diaphragm should take place to avoid 
erroneous measurements. This equalization is established through a capillary 
tube which connects the cavity behind the diaphragm with the open air. The 
capillary tube, however, does not connect the inside of the Cartridge directly 
with the open air, but is designed as a dusttrap. From the back of the 
diaphragm the tube leads to the spacing between the insulator and the 
treaded ring. Displaced from this entry another tube connects the spacing 
with the open air at a point between the diaphragm suspension ring and the 
housing. This arrangement makes it also possible to use the Cartridge mounted 
in a wall separating two rooms with different static pressures. The equaliza­
tion system described, furthermore, keeps the Microphone Cartridge free 
from condensed moisture. When the Cartridge breath the cooler air outside 
the Microphone into the relative more hot cartridge back room no condensa­
tion can take place. The often very troublesome noise problems due to 
moisture condensation in microphone types breathing the hot air from the 
cathode follower into the relative cooler cartridge, are in this way eliminated. 
Furthermore, the air relief entrance is made at the place which should be 
least critical, the most critical parts being the insulator surface and the 
spacing between the back plate and the diaphragm. It might appear not to 
be worth while to offer that much concern on a small thing like this. 
However, the air relief arrangement and the condensed moisture have been 
the occasion of the major problems concerning the use of the condenser 
microphone cartridges hitherto made. 

To protect the diaphragm against mechanical overload the Cartridge is 
supplied with a protecting grid. For special measurements the grid may be 
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screwed off the Cartridge, which is then easily mounted in acoustical couplers, 
shieldings, and in special set-ups. The outer thread on the Cartridge is the 
same as the inside thread used for mounting the Cartridge on the Cathode 
Follower, namely o.910"-60-NS2, as shown in the American Standard for 
Pressure Calibration of Laboratory Standard Pressure Microphones Z 24.4-
1949 — Fig. 6. 

The Acoustical Properties of the Condenser Microphones. 
The Condenser Microphone Cartridges are made in two different versions, 
which viewed from the outside are completely alike, but acoustically different. 
One of them, Type 4131, features a free field response characteristic which 
is linear to within ± 2 db up to approx. 18 kc /s for perpendicular incidence 
and with the protective grid mounted, (Fig. 5). The other one, Type 4132, has 

Fig. 5. Typical free field frequency response characteristic of the Condenser 
Microphone Cartridge Type 4131 and Cathode Follower Type 2612 (or 2613) 

for perpendicular incidence. 

Fig. 6. Typical pressure response characteristic of the Condenser Microphone 
Cartridge Type 4132 and Cathode Follower Type 2612 (or 2613). 

a pressure response characteristic which covers the frequency range up to 
7 kc / s as required in the American Standard Z 24.8, see Fig. 6. Both types of 
Microphones have a sensitivity of 3.5—5.5 m V / ^ b a r (or — 4 9 db to —45 db 
re 1 Volt/^ubar) when used with a polarization voltage of 200 Volts. The data 
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specified presume that the Cartridges are used in connection with one of 
the Cathode Followers Type 2612 or 2613. See Fig. 4. 
If another polarization voltage than 200 Volts is used, the sensitivity of 

the microphone cartridges is changed. From the equation e = Eo —— 
X0 

sin art*) is seen that the output voltage is directly proportional to the 
polarization voltage E0 and inversely proportional to the distance X0 between 
the diaphragm and the back electrode: the diaphragm variation being X 
sin cot. 
When the polarization voltage is changed, the electrostatic attraction between 
the diaphragm and the back plate and thus the distance XG will change. 
The change in sensitivity will therefore be greater than the relative change 
in polarization voltage as shown in Fig. 7. 

Fig. 7. Sensitivity versus polarization voltage for the Microphone Cartridges 
Type 4131 and 4132 drawn in full. Dotted line shows the variation in 
sensitivity calculated without taking the change in electrostatic attraction 

into account. 

Fig. 8. Typical difference in pressure characteristic of a Condenser Micro­
phone Cartridge Type 4132 measured with three different polarization 

voltages. Recorder adjusted to same deflection at looo c/s. 

*) Willem Brand: Bruel & Kjser, Technical Review nr. 3 p. 3. July 1955. 
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As mentioned, the distance between the diaphragm and the back plate is a 
function of the polarization voltage. Since this distance is one of the main 
factors determining the mechanical damping on the diaphragm, a change will 
influence the frequency characteristic especially in the higher frequency end. 
In Fig. 8 is shown the pressure characteristic of the Microphone Cartridge 
Type 4132 measured for three different values of the polarization voltage. 
Another quality which depends on the stiffness of the diaphragm and the air 
cushion behind the diaphragm is the equivalent air volume of the Cartridge. 
It is specially important to know this volume when measurements are carried 
out in acoustic couplers, because the coupler volume is increased by this 
amount. The equivalent air volume is measured by means of the set-up shown 

Fig. 9. Measuring arrangement for measurement of the equvivalent air volume 
of a Condenser Microphone Cartridge. 

in Fig. 9. The arrangement shown consists basically of a Helmholtz resonator 
with hard walls. The measurement is then carried out by measuring, in the 
first place, the resonance frequency of the resonator with the Condenser 
Microphone Cartridge Type 4132 replaced by a solid stopper, and then 
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measure the resonance frequency with the Cartridge inserted.*) From these 
two measurements it is easy to determine the correction to the cavity volume 
caused by the equivalent volume of the Cartridge. With the cavity volume V 
identifying an equivalent capacitor C (C = const. • V), and the duct identifying 
an equivalent inductance L, the resonance frequency may be written: 

The resonance frequency measured when the Microphone Cartridge is in­
troduced, is increased by an amount A f corresponding to a volume increase 
of A V. We may consequently write: 

f _ 1 / C + A C _ 1 / V + A V 
f + Af~ y C ~~ y V 

f 

By adjusting the cavity to have a resonance frequency of f = looo c/s, and 
a basic volume of V = 2 cm3, is found that 

A V = — 4 -1 (T3 * A f cm3 

The sound field is set up by a loudspeaker fed from the BFO (Type 1014). By 
using the incremental frequency scale of the BFO, the frequency increase A f 
is very accurately measured. The sound pressure level inside the cavity is 
measured by means of a built-in % " condenser microphone. The only demand 
which must be made on this microphone is that the diaphragm must act as 
a rigid wall, in order to obtain a resonable Q-value of the resonator. This 
is important because the accuracy of the measurement depends on the 
accuracy of the determination of the resonance frequency. The equvivalent 
volume of the Cartridges Type 4132 is in this way found to be about 
o.l—o.2 cc. 

When used for measurements in acoustic couplers, the only correction to be 
added to the coupler volume is the equivalent volume of the Cartridges. This 
is obtained by designing the front of the Cartridge without the cavity found 
is many conventional microphones (see Fig. 10). The main advantages derived 
from the flat, cylindrically shaped front are, however, that relatively simple 
mathematics can be used to determine the reflections and disturbances which 
the microphone causes in a sound field, and that the sound waves travelling 
parallel to the diaphragm may impinge on it directly. The flat front, further­
more, makes the difference between the free field response and the pressure 
response of the Cartridge the smallest possible, for an actual mechanical size. 
This is seen in Fig. 10. 

*) The method was reported by T. F. W. Embleton and I. R. Dagg, National Research 
Gounsil, Ottawa, Ontario on the ASA meeting held in Washington DC in May 1958. 
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Fig. 10. Sectional view of Microphone Cartridge Type A131 and a conventional 
microphone cartridge with cavity in front of the diaphragm. 

Finally should be mentioned that when the Condenser Microphone Cartridges 
Type 4131 and Type 4132 leave the factory, they are supplied with the follow­
ing specifications: 

1) an individually measured frequency response characteristic from 20 c/s 
to 20ooo c/s (for 4131 both the frequency response for 0° incidence 
and the pressure response characteristic), 

2) individually measured sensitivity, and 
3) an individually measured polarized capacity (for Type 4132 also 

individually measured equivalent volume). 
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Free Field Response of Condenser 
Microphones 

by 
Per V. Brixel and Gunnar Rasmussen 

SUMMARY 
The difference between free f ie ld response and pressure response characteristics of condenser 
microphones is determined by t w o dif ferent methods: 
A. By measuring the pressure distr ibut ion around a model of the microphone placed in a free 

sound f ie ld , as we l l as the sensitivity distr ibut ion over the microphone diaphragm. From these 
measurements, and by means of a specially designed concentric electrostatic actuator the 
effective sound pressure increase on the diaphragm is calculated. 

B. By measuring the microphone sensitivity as a function of frequency according to the free f ie ld 
reciprocity method, and comparing the results w i t h the pressure response of the same micro­
phones measured by means of the electrostatic actuator method. 

The pressure increase curves obtained according to the t w o di f ferent methods A) and B) showed 
excellent agreement for the Condenser Microphones Type 4131 and 4132 used for the experiments. 

ZUSAMMENFASSUNG 
Es werden zwei Verfahren fur die Bestimmung der Druckanstiegskurve von Kondensatormikro-
phonen angegeben: 
A. Man untersucht die Druckverteilung an einem Model l des Mikrophons im freien Feld sowie die 

Empfindlichkeitsverteilung uber der Membran. Auf der Grundlage dieser Untersuchungen erhalt 
man die Druckanstiegskurve mit Hi l fe eines speziell entwickelten Eichgitters. 

B. Die Frequenzkurve w i rd punktweise nach der Freifeld-Reziprozitatsmethode gemessen und mit 
der nach der elektrostatischen Methode gemessenen Druckkammerkurve verglichen. 

Die nach den beiden Verfahren A) und B) berechneten Druckanstiegskurven der Kondensator-
mikrophone Typ 4131 und 4132 stimmen vol lkommen uberein. 

RESUME 
La difference entre les caracteristiques de response en champ l ibre et a la pression des 
microphones a condensateur est determinee par 2 methodes differentes: 
A . En mesurant la distr ibution de la pression autour d'un modele du microphone place en 

champ l ibre, ainsi que la repartit ion de la sensibilite sur le diaphragme du microphone. Du 
resultat de ces mesures ainsi que de I'emploi d 'un excitateur electro-acoustique concentrique 
specialement etudie, on calcule ['argumentation effective de la pression sonore sur le 
diaphragme. 

B. En mesurant la sensibilite du microphone en fonct ion de la frequence selon la methode de 
reciprocity en champ libre et en comparant les resultats avec la reponse a la pression des 
memes microphones, measuree par la methode de I'excitateur electroacoustique. 

Les courbes d'augmentation de la pression obtenues selon les deux methodes differentes A et B 
sont en excellent accord pour les microphones a condensateur 4131 et 4132 utilises pour les 
experiences. 

In connection with the development work on the new Condenser Microphones 
Type 4131 and 4132 it was of importance to investigate very thoroughly the 
reflecting properties of the microphones when placed in a free sound field, 
and compare the free-field response with the pressure response as measured 
by means of for example an electrostatic actuator. 
Most condenser microphones are calibrated according to measuring methods 
which give the pressure response only, i.e. the relationship between the output 
voltage and the average sound pressure on the microphone diaphragm. This 
sensitivity is normally expressed in mV// /bar = mV/dyn cm"2, or db re. 
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1 volt//^bar. The sensitivity depends upon the frequency and is therefore 
given in the form of a curve plotted as a function of frequency—the pressure 
response frequency curve. Measuring methods suitable for the determination 
of pressure response are: 

1. Electrostatic Actuator (1, 2)*), e.g. UA4113 or the new UA 0023, which 
mainly consists of an electrically isolated grid, placed immediately in 
front of the microphone diaphragm. A polarization voltage (800 volts) 
and an AC voltage (10 to 50 volts) are supplied to the actuator causing 
an alternating electrostatic force between the grid and the microphone 
diaphragm simulating a sound pressure equally distributed across the 
diaphragm. 
This method is not very suitable for absolute calibration of microphones 
because the electrostatic force and the corresponding pressure on the 
diaphragm depend on the distance between the grid and the diaphragm 
with its squared value. The method is, on the other hand, very well 
suited for the measurements of pressure response frequency character­
istics. 

2. Reciprocity method (3, 4) by means of acoustic couplers in connection 
with for example the Microphone Calibration Apparatus Type 4119 or 
4141. 
This method is used in nearly all standard laboratories and is at present 
known to be the most accurate calibration method. The sound pressure 
is the same at all points inside the acoustic coupler, whereby an equal 
pressure distribution is obtained at the microphone diaphragm. 
However, the method is not suited for measurements at high frequencies 
where the sound pressure is no longer the same at every point in the 
coupler, due to wave motion. 

3. The pistonphone (7,8) consists of a mechanically or electro-dynamically 
driven piston which, in a closed chamber, produces equal sound pressure 
at every point. 

The measurement of the pressure response of a condenser microphone is thus 
relatively simple and the question is now which output voltage is obtained if 
a microphone with a known pressure response is placed in a sound-jjeld. 
If a microphone is placed in a plane sound field with a pressure pG the sound 
wave will be partly reflected from the microphone and thus cause an increase 
in the effective sound pressure at the microphone diaphragm. The magnitude 
of this increase depends upon the wave length of the sound and the 
mechanical dimensions of the microphone front, as well as the angle between 
the direction of travel of the wave and the diaphragm. In Fig. 1 the particle 
movements at the microphone front are illustrated for the case that the 
direction of the sound wave is perpendicular to the microphone diaphragm 
(0° incidence). (In the following 0° incidence is assumed if not otherwise 
specified.) Because the main object is to measure the sound pressure which 
existed at a certain point in a sound field before the microphone was placed 

*) Bibliography see p. 24. 
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Fig. 1. Sketch showing the reflection from a cglindrically shaped microphone 
in a free sound field. The definition of pressure and free-field response is 

also given. 

at this point, the so-called free-field response is defined as the relationship 
between the output voltage and the "undisturbed" sound pressure. This free-
field response shall therefore include the pressure increase at the microphone 
diaphragm, or in other words the free-field response is equal to the pressure 
response plus the pressure increase caused by reflections. When the pressure 
response curve is known the problem of finding the free-field response curve 

Fig. 2. Definition of the angles of incidence used throughout the article. 

is reduced to that of finding the pressure increase correction curve, which is 
dependent upon the shape and physical dimensions of the microphone as well 
as the sensitivity distribution on the diaphragm. It is therefore necessary for 
a certain type of microphone to determine the pressure increase correction 
curve which then can be added to the individually measured pressure response 
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curve of the microphones. If the mechanical dimensions of the microphone 
are small the pressure increase will only be of importance at high frequencies 
and because it is always convinient to have as small a pressure increase as 
possible the mechanical dimensions should also be small. However, a limit 
is rather quickly reached with respect to the phj^sical dimensions of the 
condenser microphone because small dimensions also result in a smaller 
sensitivity and very often also poorer stability. When the wave length of the 
sound is very small compared with the microphone dimensions, i.e. at very high 
frequencies, the sound waves for 0° incidence will be reflected as if they were 
impinging on an infinite wall. A pressure increase of 6 db is then obtained. 
For 90° incidence the microphone output voltage will at high frequencies 
approach 0. 

In the range between very low frequencies, where the pressure increase is 0 
and the very high frequencies, where the pressure increase is 6 db, a very 
varying frequency response is obtained, depending upon the different 
resonances at the microphone surface. To theoretically calculate the pressure 
increase it is necessary to use simple geometric microphone shapes as f. inst. 
a cylinder or spherical form. In practice a cylindrically shaped microphone 
where the diaphragm and the mounting edge are plane is very convenient and 
the pressure increase at the centre of the circular area is treated both mathe­
matically and practically in the acoustical literature (9,10). A mathematical 

* 

treatment on this subject has been made by Miiller, Black, and Davis who 
have also verified the theoretical results by means of practical measurements. 
In Fig. 3 the curve drawn in full indicates the results of the theoretical work 

Fig. 3. Pressure increase at the axis of a cylinder the cylinder being placed in 
a free sound field. Curve drawn in full shows the theoretically calculated 

curve. 
xxxxx Measured by Miiller, Black, and Davis (1937) 

— Measured by Danish Technical University (1948) 
Measured by Briiel & Kjser (1958) 
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carried out by Miiller, Black, and Davis and the points marked x correspond 

to their measurements. As abscissa is used the ratio—-.— between the cylinder 
A 

diameter and the wave length. The pressure increase is given in db relative to 
the sound pressure existing before the cylinder was placed in the sound field. 
It can be seen that the measured results do not coincide too accurately with 
the theoretical curve, a.o. a tendency exists to displace the frequency at which 
max. pressure increase is obtained downwards from the theoretical value —— 

= 1. In connection with the developments of our previous microphone Type 
4111 measurements of pressure increase curves for cylinders have been carried 
out at the Danish Technical University the results being given as the dashed 
line in Fig. 3. This curve is in good agreement with the experimental results 
obtained by Miiller, Black, and Davis but differs from the theoretical curve. 

Fig. 4. Set-up used to measure the pressure increase at the axis of a cylinder. 

To further investigate the phenomenon a number of measurements on a 
cylinder has been made by means of the measuring arrangement shown in 
Fig. 4. The cylinder is placed just behind the small probe tube microphone. 
The frequency characteristic of the loud-speaker and microphone is very 
accurately recorded both with and without the cylinder placed in the sound 
field. In Fig. 5 the measured results are shown and the difference between the 
two curves immediately gives the pressure increase at the centre of the 
cylinder. The high accuracy is obtained by using a 10 db potentiometer on 
the Level Recorder and extending the frequency scale. In this way the fre­
quency curves can be recorded one after the other with the very accurate 
at tenuator of the microphone amplifier adjusted to different values. A set 
of curves is thus obtained which can be combined as shown in Fig. 5. The 
results of the measurements are also shown in Fig. 3 (dotted line) and the 
very good agreement between this curve and the experimental results of 
Miiller, Black, and Davis is clearly seen. 

However, it is not sufficient to know the pressure increase at the centre of 
the cylinder because it is the average pressure across the diaphragm which is 
of interest with regard to the effective pressure increase. To find the pressure 
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Fig. 5. Frequency response curves for loudspeaker + probe tube microphone 
with and without the cylinder measured with high resolution. 

distribution across the diaphragm the measuring arrangement shown in Fig. 6 
has been used, where a wire coupled to the paper spindle of the Level 
Recorder moves a cylinder perpendicularly to the sound field immediately 
behind the probe tube microphone. As the pressure increase is highly de­
pendent on frequency a complete distribution curve must be recorded for 
each frequency. ^ 

Fig. 6. Automatic recording of the pressure distribution across a cylinder. 

Continued in next issue TR 2-1959. 17 



News from the Factory 
Pick-up MP 0001. 
The Pick-up MP 0001 is designed to be used in connection with the Roughness 
Meter Type 6100. MP 0001 is similar to the Pick-up MP 6100 normally 
delivered together with the Roughness Meter Type 6100, but features: 

Tip Radius of Pick-up: ca. 2.5 /^metres (100 f inches) . 
Stylus Pressure: Smaller than o.5 grammes. 
Mechanical Resonance: as for MP 6100. 

Fig.l. Photo of the Reference Specimens MA 0001. 

MP 0001 is intended to be used for measurements on very smooth surfaces 
(small roughness values). Due to the small tip radius, the Pick-up follows the 
surface under test very closely, which by normal (3 mm/sec.) trace speed 
tends to increase the amount of higher frequencies in the signal from the 
Pick-up. To counteract this phenomenon, the traversing speed should be 
decreased to approx. o.6 mm/sec. This is the traversing speed of the slower 
moving arm of the Motor Drive Type 3910. 

When calibrating the MP 0001 + Type 6100, the 3 mm/sec. speed of the Motor 
Drive Type 3910 should be used on the coarser of the two surfaces of the 
Reference Specimens MA 0014. 

Reference Specimens MA 0014. 
The Reference Specimens MA 0014 are less expensive reference surfaces than 
the Precision Reference Specimens MA 0011. MA 0014 consists of two surfaces 
of different roughness values: 
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A fine surface with a roughness value of o.46 /^metres 
(18 finches) CLA, and 
a coarse surface with a roughness value of 6 ^metres 
(230 //inches) CLA. 

The instrument reading of the Roughness Meter Type 6100 should be 230 
finches when the coarse surface is measured by means of both Pick-ups 
(MP6100 and MP 0001), and approx. 10 finches when the fine surface is 
measured by means of MP 6100 and 15—18 ^inones when measured by 
MP0001. 

Fig. 2. Photo of the Electronic Voltmeter Type 2409. 

Electronic Voltmeter Type 2409. 
The Electronic Voltmeter Type 2409 is designed for AC voltage measurements 
in the frequency range 2 c/s to 200ooo c/s with sensitivity for-ftill scale 
deflection variable in 10 db steps from 10 mV to looo volts. It consists of an 
amplifier and a moving coil meter with rectifying circuits for RMS, average, 
and peak indication. Furthermore, the instrument is designed with two 
different meter dampings, one VU damping and a higher damping to be used 
for measurements of low frequency signals. The Voltmeter is equipped with 
an output bushing which makes it possible to use the instrument as a cali­
brated amplifier with a max. gain of 60 db 

New Microphone Equipment. 
Condenser Microphone Cartridge Type 4132 is a new design which fulfills 
the requirements of the American Standard ASA ZS 24.8.-1949 to laboratory 
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standard pressure microphones type L. Around this Microphone a complete 
equipment is developed. In the following the different instruments are listed. 

Fig. 3. Photo of the Microphone Cartridge Type 4132. 

Microphone Cartridge Type 4131. 
Should be used in connection with Cathode Follower Type 2612 or 2613. 
Frequency Response: Flat free-field response from 20 c/s to approx. 18ooo c/s. 
Individually calibrated from 20 to 20ooo c/s. (Free-field conditions, per­
pendicular incidence, and pressure response). 
Sensitivity: Individually calibrated. Approx. 3.5—5.5 mV//^bar (—49 db to 
— 45 db re 1 V/^abar) measured as output voltage from Cathode Follower 
Type 2612 or 2613. 

Dynamic Range: Approx. 15 db to 146 db re 2 X 10"4 /ibar (Weighted). 
Temperature Range: The sensitivity of the Cartridge + Cathode Follower 
Type 2612 or 2613 is nearly independent of temperatures to above 100° C. 
Cartridge Capacity: Individually measured. Approx. 60 [J,[AF when polarized. 
Polarization Voltage: 200 volts. 
Equivalent Volume: Less than o.2 cm3. 
Construction: The Microphone Cartridge is cylindrically shaped, the outer 
diameter being 23.77 mm (o.936") and the height 19 mm (o.75") including 
the protecting grid. When the grid is removed the front surface of the micro­
phone is acoustically plane. Diaphragm and housing material: Nickel and 
nickel alloy. Insulator: Silicone treated quartz. 
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Fig. 4. Photo of the Cathode Followers Type 2612 and 2613. 

Microphone Cartridge Type 4132. 
similar to type 4131 except for: 
Frequency Response: Flat pressure response within 2 db from 20 to 7ooo e/s. 
Equivalent volume individually measured. 

Cathode Follower Type 2612 and Type 2613. 
The Cathode Followers Type 2612 and 2613 are designed for connection to 
the B & K Condenser Microphone Cartridges or Accelerometers, transforming 
the-high source impedance of the transducer to the relatively low output 
impedance of the Cathode Follower, with a minimum loss in sensitivity and 
frequency response. 
The two types of Cathode Followers are electrically identical units. Concern­
ing the mechanical construction, however, the Cathode Follower Type 2612 

Fig. 5. Photo of the Microphone Calibration Apparatus Type 4-141. 
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is built on a flexible gooseneck terminating in a 7-pin plug, while Type 2613 
is supplied with a 2 m long 7-conductor cable. 
Input Impedance: Approx. 270 MD in parallel with 3 /A/LIF. 
Output Impedance: Approx. 1500 Q 
Transmission Loss: Approx. 1 db. 
Self-generated Noise Level: Lower than 30 /uV (input loaded with a capacitor 
of 60 JU/UF) . 
Tube: EF 731 (5899). 

Microphone Calibration Apparatus Type 4141. 
The construction and use of this instrument is similar to its predecessor 
Type 4119, with different improvements. 

Artificial Ear Type 4151. 
The Artificial Ear Type 4151 is a completely new design. It consists basically 
of a replaceable acoustical coupler, a socket for mounting a Condenser 
Microphone Cartridge Type 4132 and a Cathode Follower Type 2613, and a 
spring arrangement to supply the force required in ASA Standard Z 24.9.-
1949 for earphones under test. The Microphone Cartridge and the Cathode 
Follower are not included in Type 4151. 

Fig. 6. Photo of the Artificial Ear Type 4151. 

The acoustic coupler (DB 0138) included in the Artificial Ear Type 4151 is 
a 2 cc coupler for measurements on insert types of earphones such as the 
ones normally used in hearing aids. It meets the specifications laid down in 
the American Standard ASA Z 24.9.-1949 as well as the new international IEC 
standard for couplers drawn up in Stockholm 1958. The 2-cc coupler may be 
screwed off the Artificial Ear and used separately in connection with the 
Condenser Microphone. The 2-cc coupler is designed to catch a standard 
earphone and seal it without the use of extra arrangements. 
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As required in the IEC standard, facilities are provided for replacing the 
2-cc coupler with a 6-cc coupler DB 0160 (NBS Type A) or DB 0161 (ASA Z 
24.9.-1949, Type 1). The 6-cc couplers must be ordered separately as DB 0160 
resp. DB0161. 

Fig. 7. Photo of the Electrostatic Actuator UA 0023. 

Electrostatic Actuator UA 0023. 
The Electrostatic Actuator is designed for checking the Microphone Cartridges 
Type 4131 and 4132. It is a redesign of the Electrostatic Actuator Type 4113. 
UA 0023 is designed so that the electrostatic force on the Microphone dia-
phragm is independent of the microphone, whereby it is possible to adjust 
the Actuator to supply a force corresponding to the force from a sound 
pressure of 10 juhav, when used with a DC Voltage of 800 volts and an 
AC voltage of 30 volts R.M.S. The adjustment is carried out by the factory. 

Fig. 8. Photo of the Microphone Stand UA 0026. 

Microphone Stand UA 0026 
is a light-weight, portable tripod similar to those used in amateur camera 
work. The height of the Stand can be adjusted from approx. 30 cm to 
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approx. 110 cm and the Microphone is mounted by means of the Tripod 
Adaptor UA 0028 (included in UA0026). 

Fig. 9. Photo of the Microphone Cable AO 0027 and of the Cathode Follower 
Adaptor JJ 2612. 

Microphone Gable OA 0027 is a 3 m long 7-conductor shielded cable supplied 
with B & K Microphone Connectors in both ends. Outside diameter 6 mm. 
Capacity to ground of signal transmission conductor 100 p F / m (33 /^wF/foot). 
Cathode Follower Adaptor JJ 2612 is a two poled coaxial screened socket to 
be mounted on the Cathode Followers Type 2612 and Type 2613 for con­
nection to the Plugs JP 0014. J J 2612 contains a capacitor of approx. 
6ooo /u/uF. 
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