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ABSTRACT 
In connection w i t h the development of an art i f ic ial ear for audiometer use made for Work ing 
Group No. 11 under TC 29 at the International Electrotechnical Commission, some physical 
properties and l imitat ions of such were discussed in "Technical Rev iew" 4-1961. The construction 
of a standard high impedance earphone (electrostatic type) w i t h a f la t f requency response curve 
over a large frequency range was also described. A suggestion for an art i f ic ial ear wh ich should 
be suitable as an international standard is g iven in this issue of the "Technical Rev iew" as a 
conclusion of the wo rk . This art i f ic ial ear can be used over a large frequency range, gives h igh ly 
consistent results, and is easy to make. 

SOMMAIRE 
Un prototype d 'orei l le art i f ic iel le eta Ion synthetisant les resultats des recherches entreprises sous 
I'egide de la CEI (TC 29, groupe 11) et decrites dans le precedent numero de la «Technical 
Review» (no. 4-1961) est presente dans cette seconde et demiere partie de [ 'article. Non seulement 
le volume mais aussi la forme des cavites de I'oreil le art i f ic ie l le ont ete determines de facon a 
obtenir une reponse correcte dans toute !a gamme acoustique. La construction est ent ierement 
realisee en materiaux durs amagnetiques. Pour determiner avec quelle precision it est possible de 
reproduire prat iquement 1'oreille etalon def in ie par ce pro to type, il fu t copie en trois exemplaires. 
Les courbes de reponse des trois copies se sont montrees identiques a ± 0.5 db pres ( ± 1 db 
aux parties de pente for te) . 

ZUSAMMENFASSUNG 
Einige physikalische Gegebenheiten und Grenzbedingungen wurden in Verb indung mit der Ent-
w ick lung eines kunstl ichen Ohres fur Gruppe No. 11 in TC29 des »lnternational Electrotechnical 
Commission« in Technical Review Nr. 4-1961 besprochen. Ein Standard-Kopfhohrer mit hoher 
Impedanz und sehr breitem Frequenzbereich wurde auch beschrieben. Als Ergebnis der Arbei ten 
w i r d ein Vorschlag fur ein kunstliches Ohr in dem fo lgenden gegeben, das als internationaler 

Standard geeignet ware. Dieses kunstliches Ohr kann in einem wei ten Frequenzbereich verwendet 
werden , g ib t gut reproduzierbare AAesswerte und ist leicht herzustel len. 

Conclusions Leading to an Artificial Ea r . 
11 would seem reasonable to shape the artificial ear as it is done in the 
British Standard (ref. 3), and as proposed by P. Chavasse (ref. 10) from the 
French P T T and by I. Nabelik (ref. 2). They are proposing a fixed shape 
upon which the ear cap is placed. F u r t h e r m o r e , the opening very much 
resembles an average auricula, the outer part allowing different shapes of 
rubber pads to be at tached, and the sensitive element of the microphone 
d iaphragm should be placed at the entrance to the "ear channel" . The 
opening d iameter is 25 mm. The total volume may be 4.5 c m 3 a l lowing the 
ear cap under test to have a slightly curved shape and still obta in a round 
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5—-6 cm 3 volume, while a very flaL ear cap, possibly extended into the 
auricula would give a smaller volume similar lo that obtained on the 
human ear. At higher frequencies we found our m e a s u r e m e n t to be very 
well in agreement with those leading to the design of the Swiss artificial 
ear and that described bv Nabelik (ref. 2). Both of them have divided the 
coupler volume in two parts constituting the volume of the ear channel 
1.2 cm 3 + 0.8 cm 3 for the equivalent volume of the ear drum being 2 cm 3 

(ref. 2 and 5) and the outer ear as enclosed in the auricula. The two 
volumes are connected bv a slot in the Swiss ear, and bv Nabelik it is made 
up like the human ear by a 70 X 21 mm tube and a volume equal to the 
equivalent volume of the human ear. These ar rangements are very im
portant if the frequency response of the artificial ear should be even an 
approximation to that of the human ear at frequencies above 2000 c/s, a 
very important range for audiometric testing. We found, like the above-
mentioned references, that the impedance changes rather sharply between 
2000 and 3000 c/s, see also ref. 11. 
At high frequencies the shape of the outer volume is very important . Above ' 
6000 c/s it is necessary to consider the pressure distr ibution in the coupler. 
Although the active coupler volume at these frequencies is ra ther small, 
the size, shape, and the positioning of the sensitive part of the microphone 
diaphragm may change the response by several db. A very enlightening 
discussion of such problems is given in ref. 9. 
The sensitivity distr ibution on the diaphragm of I he B & K Microphones 
Type 4131 and 4132 have been measured previously, and the data are shown 

Fig. 23. Arrangement used for the measurement of the sensitivity distribution 
over the Vi" microphone diaphragm. 

4 



ill ref. 12. For the ¥2" Microphone Cartridge Type 4134 the sensitivity 
distr ibution has been measured in the a r rangement shown in Fig. 23, and 
the curves are shown in Fig. 24. 
The curves show that the sensitivity distribution for the ^ y / cartridges used 
for this work is very consistent up to 20 kc/s. Fur thermore the same 
distribution is maintained for all cartridges produced of this type. 

Fig. 24a. 
Overall view of the sensitivity distribution of the xfa" condenser microphone 

Type 4134 used. 



Fig. 24b. 
Sensitivity distribution curves. The curves below 20 kcjs are all alike. The 
diaphragm resonances occur at 25 kcjs. The graphs show the rapid change in 
diaphragm pattern in the 31.5 kcjs to 100 kc/s range, although the phase 
relationship is not indicated. Above 100 kc/s the vibration pattern is determined 
by the air cushion between the diaphragm and the back plate of the condenser 

microphone. 
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Based on the above-mentioned considerat ions, averaging the data obtained 
from the different sources and trying to work all the informat ion together 
into one single unit, the following proposal may be given: 

The artificial ear may be built up of hard non-magnetic material, e.g. 
brass, by making a coupler as shown in Fig. 25. 
The auricula opening is 25 mm V>. 
The measur ing microphone is placed in the centre 8.4 mm below the 
opening. 
The sensitive area is circular and has a diameter of 7.2 mm, like the 
opening of the ear channel . 
The inner volume is 2 cm3 , and the slot connecting the auricula with 
the inner volume is adjusted by screwing a fine thread. 
The position of the slope is defined by the curve obtained from measure-

Fig. 25. 
a) Dimensions and practical arrangement for the artificial ear, which was 

the result of this work. The slot between the 2 cm% and the 2.5 cm3 

volumes is accurately adjusted by screwing the lower parts in or out 
relative to the upper part. 

b) Practical arrangement including the earcap used for testing the artificial 
ear. The yoke is also useful for holding other units to be tested on the ear. 
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ment with a high impedance sound source. 
The positioning of the threaded part is locked by a small screw after 
adjustment. 
The slope of the low frequency response characteristic is determined 
by four small holes 0.45 mm in diameter as described by I. Barducci and 
F. Bianchi in ref. 7. 

The impedance at very low frequencies is determined by the 10 cm 3 coupler 
closing the total ear as the human ear may be by tight coupling to the 
ear cap. For practical work it is important to have a closed system in order 
to avoid the disturbing influence of the very often dominating low frequency 
pressure components of the external disturbances. 
The steepness of the slope at 150 c/s, as measured with a high-impedance 
telephone receiver, does not coincide with the 6 db/octave slope that one 
should expect with a pure resistive leakage component. Comparing the 
different sources mentioned in the reference li terature gives an average 
slope of 10 db/octave. 
An artificial ear built up in this way is reasonable to manufacture and very 
reproduceable. A small series of 3 besides the prototype have been made, 
and the calibration curves after adjustment are, for comparison, shown in 
Fig. 26 on the same chart. The reproducibility may be expected to be 
within ± 0.5 db over most of the frequency range and within ± 1 db on the 
steep par t of the slopes. 

Fig. 26. Frequency response of the artificial ear as this will appear when 
tested by a high impedance telephone. Curves for three different units are 
shown. Compare against Fig. 5b, obtained on a human ear with the same high 

impedance telephone. 
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The microphone cartridges may be reciprocity calibrated, or calibrated by 
means of a pistonphone to within ± 0.2 db as shown in Fig. 27. 

Fig. 27. The B&K Pistonphone Type 4220 used for calibration of the xfo" 
microphone in the artificial ear. 

The electrical equivalent circuit of the proposed artificial ear may be of 
interest for impedance measuring purposes. By calculating the volume 
reactance and experimentally determining the mass reactance and the re
sistance, an equivalent circuit can be arranged as shown in Fig. 28. The 
response recorded at the output of the VTVM is shown in Fig. 29. In Fig. 28 
the 10 cm 3 volume is equal to C3, the 2 cm 3 equal to C2 and the 2.5 cm3 , 
in which the sound pressure level is measured, is equal to Ci. C is very 
small as the equivalent volume of the % " transmit ter cartridge used in the 
standard ear cap is only 0.007 cm3 , equal to 0.005 fiF. An eventual application 
of the equivalent electrical circuit would be as an equalizer in the com
pressor circuit of a B.F.O. like the B & K Type 1014 enabling a linear sound 
pressure level to be maintained under an ear cap when testing human ears, 
as proposed in ref. 13. A photograph of the artificial ear is shown in Fig. 30. 
The ear cap of the receiver under test should rest against the 25 mm edge 
of the artificial ear. In this way the volume enclosed will depend to some 
extent on the shape of the ear cap. If the ear cap is made up of soft 
materials, with rubber pads or similar, a suitable ring should be used as 
the one shown marked A or B; which one should be specified in each case. 
If the ear cap is shaped in such a way that a reference seating diameter of 
25 mm cannot be obtained, it may rest against the flat part of the artificial 
ear as shown in Fig. 31d. 
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Fig. 28. 
a) Electrical equivalent circuit of the proposed artificial ear. The generator 

in series with C represents the high impedance condenser telephone, and 
the VTVM represents the built-in % " condenser microphone. 

b) The value choosen for the series resistor of 65 Q may be determined 
experimentally by making up to the circuit as shown abovey varying R, 
and recording the response on a level recorder for different values of R. 
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Fig. 29. The frequency response of the actual electrical equivalent circuit 
recorded on a level recorder. 

Fig. 30. Photograph of the complete artificial ear including an extra ring as 
recommended in the British standard 20A2 : 1953. 
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Fig. 31. Sketches of the different ear caps placed on the artificial ear. It 
would seem reasonable to recommend the shape A for general use, and 
whenever other ways of mounting the earcaps are used this should be stated. 
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Appendix 
Electrostatic Standard Earphone without Polarization. 
In Fig. 32 at the bottom left an electrical circuit is shown where the micro
phone cartridge is used without polarization voltage but with a much higher 
alternating voltage ei. In this case a considerably higher sound pressure can 
be obtained, but with the double frequency of that impressed electrically on 
the cartridge. It is essential to choose the alternating voltage so high that the 
D.C. components will be equal to the normal polarization voltage valid for 
the cartridge in question, in this case 200 V. From the formula (I) page 7 of 

ei 
T.R. No. 4-1961 comes immediately, the D.C. component — — — = Eo — 

200 V, i.e. the peak voltage ei should be equal to 282 V, or the ems should be 
equal to 200 V. 

Fig. 32. Circuit and practical arrangement for the use of condenser micro
phones as transmitters. 
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If the car t r idge can stand a peak value of 282 V, which the small car t r idge 
4134 can do as it is tested for 300 V, it is possible to obta in a pure sinus
oidal sound pressure unde r the assumpt ion tha t the impressed voltage from 
the Beat F requency Oscil lator is wi thou t dis tor t ion. Normal ly it is necessary 
to take the small amoun t of 2nd and 3rd ha rmon ic s into cons idera t ion 
which pract ical ly every BFO will p roduce . The voltage from the oscil lator 
can in general be wr i t ten : 

e = ei sin co\_ + e2 sin co2t 
where ei = ampl i tude of the fundamenta l electrical voltage with angular 

frequency co\. 
e>2 = ampl i tude of the d is tor t ion componen t wi th the angu la r 

frequency a>2-
co2 = will in pract ice be ei ther the 2nd or Ihe 3rd ha rmon ic . 

The force will be : 

F ° r C e = 8rc d^3002 ( e i S i " m i + e 2 S i n °J2l]2 = 8n d*~3002 \ ~ 
_ 

e i 2 cos 2 OJ\\ eo2 e22 cos 2 cost i / \, 
— — - — 4- — ~ — — — + ei e2 cos (OJ\ — a>2)t — Ci e* cos 

2 2 2 

{cox + C02H dynes II 
_ 

It can be seen from the express ion tha t a 2nd or 3rd h a r m o n i c in the 
electrical voltage will p roduce a double amoun t of d is turbing frequencies in 
the sound pressure . This is clearly indicated in Table 1, and also the 
p roduced side band frequencies are shown. 

BFO electrical Sound in E a r p h o n e 
Frequency 2nd ha rmon ic f + 2f 2f + f + 3f 
Ampli tude 2nd h a r m o n i c 100 % + 1 % 100 % + 2 % + 2 % 
Frequency 3rd h a r m o n i c f + 3f 2f + 2f + 4f 
Amplitude 3rd h a r m o n i c 100 % + 1 % 100 % ± 2 % + 2 % 

Table 1 

The Beat F requency Oscillator 1014 will give m a x i m u m 0.5 % 2nd and 3rd 
ha rmonics unde r the most d i sadvantageous condi t ions , i.e. that the m a x i m u m 
side band frequencies which can be obtained in the sound pressure using 
the car t r idge wi thou t po lar iza t ion voltage will be 1 %. For the 2nd ha rmon ic 
(he side band can easilv be dis t inguished but for the 3rd h a r m o n i c one of 
the side band frequencies will be jus t equal to the " fundamen ta l " f requency 
and give an uncer ta inty on the ampli tude for this frequency of max imum 1 %. 
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The a l te rna t ing peak force obta ined between the e lectrode and the d i a p h r a g m 
will be: 

S 2822 S 
F o r c e = 8^d23002 2 8^300* 3 9 7 6 2 d y n e S 

f rom which can be seen t ha t the sound p r e s s u r e is 22 db h igher t h a n that 
ob ta ined wi th the n o r m a l po l a r i za t i on vol tage at equal d i s to r t ion level. 
At high amp l i t udes w h e r e the m o v e m e n t of the d i a p h r a g m becomes large 
c o m p a r e d to the d is tance be tween d i a p h r a g m and elec t rode , d i s to r t ion will 
t ake place and reduce the m a x i m u m ou tpu t to some degree . In Fig. 33 
dis tor t ion curves measu red for different types of m i c r o p h o n e car t r idges a re 
shown and c o m p a r e d to the d i s to r t ion p r o d u c e d in a ca r t r idge due to the 
ra t io be tween the AC and po la r i za t ion voltages. It can be seen tha t the 
dis tor t ion , due to the large v ib ra t ion ampl i tudes , depends on the type o( 

Fig. 33. Second harmonic distortion for / " , Vz", and V±" condenser micro
phones driven a) in the conventional may, and b) by pure a.c, plotted against 

r.m.s. driving voltage. 

car t r idge used. The dis tor t ion versus applied voltage is inversely p ropor t iona l 
to the sensitivity of the car t r idge. If m a x i m u m dis tor t ion is limited to 1 % for 
a % r / car t r idge, a m a x i m u m AC voltage of 100 Volts RMS can be applied, 
which results in a force be tween the electrode and the d i a p h r a g m of: 

S 
Force = 0 ,o o n r t 9 1000 dynes 

8 j r d ^ 3 0 0 " J 

i.e. about 13 db larger sound p ressure than that obta ined with the normal 
po la r i za t ion voltage. To use only 100 V AC on the ca r t r idge c o r r e s p o n d s 

15 



to 100 V AC polarization voltage, and for some cartridges the frequency 
response is here slightly different from "normal" (200 Volts polarization 
voltage), see Fig. 34. 
Another advantage is that owing to the frequency doubling, the "s tandard" 
Beat Frequency Oscillator will produce sounds of frequencies up to 40 kc/s. 
As the Briiel & Kjasr Beat Frequency Oscillator 1014 has a complete 
logarithmic scale, there is no disadvantage combined with the frequency 
doubling. 
In Fig. 35 the sound pressure which this s tandard earphone will produce 
in a very small chamber is shown. The curves are taken as the frequency 
response of the cartridges used as microphones with an electrostatic actuator, 
but these curves represent exactly the transmitted sound pressure into a 
capacitive acoustical impedance. 

Fig. 34. 
a) Change in frequency response for various polarizing voltages for 1" 

condenser microphones. 
b) Same as a) for Ak'" microphones. 

Fig, 35. Pressure frequency response of the condenser microphones used for 
this work. The % " condenser microphone used as transmitter will give a 

constant volume displacement within the range 20 els — 20 kc/s. 
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News f rom the Factory. 

Tapping Machine Type 3204. 
The Tapping Machine Type 3204 meets the requirement of l.S.O. Recommen
dation R 140 for field and laboratory measurement of impact sound trans
mission in buildings. 
It is powered by a self-starling synchronous motor, there being provision 
to operate the motor on either 50 c/s or 60 c/s supplies, 100, 115, 127, 150, 
220, or 240 V. The overall gear ratio of the mechanical drive to the tappet 
mechanism can be adjusted so that, for either mains frequency, the hammers 
make exactly ten impacts per second. 

Two types of hammer heads are supplied. stainless steel and rubber, the 
falling mass being 500 grammes in either case. 
The apparatus is set up to tap the floor of a room and then, by the l.S.O. 
definition, the impact sound transmission properties are characterised by the 
spectrum of the noise produced in another room. This spectrum should be 
analysed in V\ octave bands (alternatively Hi or V.\ octave bands) . 

Accelerometer Preamplifier Type 2620. 
This instrument, which is basically a two-channel preamplifier, has been 
designed especially as an interconnecting link between one or two accelero
meter s and the Automatic Vibration Exciter Control Type 1018. 
The purpose of the instrument is to obtain a first stage of amplification near 
the accelerometer, thereby reducing the influence from the long cables often 
necessary between the accelerometer and the exciter control. It also allows 
simple and convenient sensitivity matching to a variety of accelerometers. 
The input impedance of Type 2620 is approx. 100 MQ paralleled by 10 pF, 
and the gain is variable between 1 and 0.1 corresponding to an accelerometer 
sensitivity range of 10—100 mV/G. The calibrated dial of Type 2620 should 
be set to the actual sensitivity of the Accelerometer, as given by the manu
facturer. The output from the Preamplifier u)ill then correspond to the output 
of an accelerometer with a sensitivity of exactly 10 mVlG. The output im
pedance of "Main Output" is approximately 1000 Q, and of "Monitor Output*' 
max. 10 hQ. The frequency response is flat to within ± 0.2 db between the 
lower limiting frequency and 5 kc/s, it is 0.5 ± 0.5 db down at 10 kc/s and 
more than 40 db lower at 18 kc/s. 
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To cut off low frequency noise from the cathode follower and wind noise 
from the accelerometer an adjustable high-pass filter has been inserted with 
cut-off frequencies of 5, 10, and 50 c/s. 

The two channels are marked "A" and "B" respectively. With the switch 
"Low Frequency Limit" in position "A", channel "A" is connected to the 
"Main Output" terminal and channel "B" to the "Monitor Output" terminal 
(level: 6 db lower and without high-pass filter). With the switch in position 
" B " the two output terminals are interchanged. 
The ground is isolated from the steel case to avoid group loops. On the top 
of the case is mounted a plastic covered carrying handle. 

Octave Filter Set Type 1613. 
A new Octave Filter Set containing 11 octave filters with center frequencies 
ranging from 31.5 c/s to 31.5 kc/s is now in production. The unit is 
mechanically designed to be fitted onto the case of the Sound Level Meter, 
whereby the total length of the 2203 + 1613 is 47 cm (18%")-

However, the Filter set can also be used separately and should be fed from 
a source impedance of less than 25 Q. The loading of the filter should be 
146 k,Q (exactly) paralleled by 50 pF . These conditions are fulfilled both 
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when the Fil ter Set is used with the Precis ion Sound Level Meter Type 2203 
and when it is used with the Microphone Amplifier Type 2604. 
A screwdriver opera ted poten t iometer with an adjus table dynamic range of 
more t han 50 db is connected at the output of each octave filter, in this way 
any desired p r e s e t weight ing can be made . The po t en t i ome te r s can be 
switched in or out of circuit bv means of a switch marked "Weight ing 
On/Off". 
The r ipple in the pass-band of the filter is less than ± 0.5 db. The a t tenua t ion 
at the b a n d limits is 3 db. Attenuat ion 1 octave away from center f requency 
approx imate ly 25 db. At tenuat ion 2 octaves away from center frequency 
approx imate ly 50 db. The m a x i m u m slope of the a t tenuat ion character is t ic 
is 50 db/octave, and the end slope is 18 db/octave. 

The Noise Limit Indicator Type 2211 
is designed to provide a high-speed accura te assessment of the qualify of 
product ion line outputs as regards noise and vibrat ion of the product . 
This is achieved by a rap id measu remen t of every unit leaving the product ion 
line and by au tomat ica l ly compar ing the results with a pre-set " s t a n d a r d " for 
this type of uni t . The ins t rumen t measures noise and v ibra t ion levels in 
several (up to 12) frequency bands s imul taneously . 

It has been designed to offer the u tmost simplicity in opera t ion after setting 
up, and an un t r a ined worke r can easily in terpre t the indicat ing panel and 
thereby even the acceptance or reject ion of the unit manufac tu red . Rejections 
are indicated by means of red indicat ing lamps , thus e l iminat ing the possibili ty 
of confusion or e r r o r s f rom mete r read ings . F o r n o r m a l " g o - n o go" testing 
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the opera tor ' s job is reduced to the following: 
a) Press the " m e a s u r e " bu t ton on the cont ro l panel 
b) Note if any of the lamps light up 
c) Label the tested unit , to indicate whe ther it has passed the lest or not. 

21 



Rejects should he labelled wilh the number of the red indicating lamp, thereby 
informing the repair shop about the frequency band in which the noise limit 
has been exceeded. In many cases this also identifies the error to be corrected. 
The total operation time for the assessment by this appara tus is extremely 
short. When conveniently set up, the testing for excess noise and vibration 
can normallv be carried out in less than 10 seconds. 
By means of a "Sensitivity Increase" circuit it is possible to divide the accepted 
units in two classes fbv using both input channels even in four classes I. That 
is, when it is checked that the unit under test passes the s tandard require
ments, a quick extra check (1 second) classifies the unit as " s t andard" or 
"extra-fine" wilh respect to noise and vibration. 

Mobile Laboratory Tables Type 3113. 
To meet the increasing demand for mobile laborator ies B & K have now 
developed a special set of tables and installat ion equipment which, in 
addition to a set of B & K ins t ruments , will form a complete mobile laboratory. 
Based upon the experience obtained from the outfit used by the B & K 
travelling engineers the equipment includes: 

Tables with means for fixing to automobile deck and folding wheels for 
short distance t ranspor ta t ion. 
Drawers with locks. 
Complete power cable installation so that only one mains connection 
is needed. 
Complete fixing equipment for table top mount ing of instruments , or 
total mounting and fixing to automobile carr ied out at our factory to 
(> i* d e r. 

A suitable automobile may be supplied by a Copenhagen dealer on special 
order and at current price (f.o.b. Copenhagen) . We would recommend Ford 
or Chevrolet station wagon types for this purpose. 
By means of this equipment a full set of integrated measur ing ins t ruments 
can be installed in a normal station wagon of suitable size, thus conver t ing 
it into a mobile l abora tory . 
The entire set-up of ins t ruments , tables with drawers and power installation 
can be removed from the automobile in less than two minutes bv onlv one 
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person, and mav then be moved bv means of the retractable wheels, still 
forming a fixed set-up for immediate use. 
Some of the measur ing a r rangements that may be installed in an automobile 
bv means of two tables are for ins tance: 

1. Complete measuring set-up for the measurement of acoustical properties 
of buildings, 

2. Complete measur ing a r rangement including selector and distribution 
panels for strain gage measurements . 

3. A combined measur ing set-up for general service purpose, or special 
measur ing a r rangements according to customer 's specification. 

Magnetic Transducers MM 0002. 
The Magnetic Transducers MM 0002 are especially designed to be used in 
combination with B & K equipment. The connection cables which are teflon-
isolated can stand tempera tures of up to + 250°C ( + 480°F). Ten high-/y 
discs YO0010 are supplied with each t ransducer . The discs are intended for 
use in conjunction with the measurement of internal damping and dynamic 
elasticity (complex modulus) of amagnetic, solid materials . (Two MM 0002 
Transducers are included in the Complex Modulus Apparatus Type 3930). The 

open circuit sensitivity of the t ransducer is about 1.5 mV/cm sec - 1 when it is 
placed at a static distance 2 mm from the h iqh-u disc. In front of a large 
iron plate the sensitivity is a round 8 dl> higher (2.5 limes higher) than in 
front of the high-/i disc. It remains fairly constant throughout the audio-
frequency range (varies less than ± 1 db up to 2000 c/s with high-w Disc). 
The impedance is 1800 ,Q in series with 400 mH with open magnetic circuit 
and the maximum input voltage is around 100 V (maximum cont inuous power 
dissipation is 5 W at 20° C). 
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