
type 4143 

Reciprocity Calibration Apparatus 
USES: 

• Precision reciprocity calibration of one-inch stan­
dard microphones in accordance with IEC Rec­
ommendations 327 and 402 

• Precision comparison calibration of one- and half­
inch condenser microphones 

• Reciprocity and comparison calibration of accel­
erometers 

• Microphone frequency response measurements 
by the electrostatic actuator method 

• Reference sound source 

• Comparator 

FEATURES: 

• Reciprocity and comparison calibration frequency 
range from 20 Hz to 20 kHz 

• Microphone calibration range from - 23 dB to 
- 40 dB re 1 V /Pa 

• Overall microphone reciprocity calibration accura­
cy according to IEC Recommendation 327 esti­
mated to approximately ± 0,05 dB 

• Ground shield in accordance with IEC Recom­
mendations 327 and 402 and ANSI S1 .10-1966 

• Provision for insert voltage calibration and elec-
trostatic actuator calibration 

• Delivered with individual calibration chart 

• Fast and easy to use 

• Built-in 200 V precision polarization voltage 

• Built-in ratio-voltmeter and high precision attenu­
ator 

• Built-in high-pass filters and provision for connec­
tion of external filters and attenuators 

• IEC standardized 3,4 cm3 and 20 cm3 couplers 
supplied 

• 1 cm3 coupler supplied for measurement of equiv­
alent microphone volume and front volume of 
adaptors 

• Accessories for electrostatic actuator calibration 
of one-, half-, quarter- , and eighth-inch condenser 
microphones 

• Capillary tubes supplied for static pressure equal­
ization and hydrogen filling of couplers 

• One-inch B & K Condenser Microphone Cartridge 
Type 4160 and half-inch Insert Voltage Preamplifi­
er Type 2645 included 

A high prec1s1on laborato ry inst ru­
ment for the reciprocity calibr ation of 
one-inch condenser microphones to 
!EC R 327. Delivered with all necessary 
accessories, includin g individually cali­
brated couplers, a Microphone P ream­
plifier Type 2645 (with insert voltage 
facility) and a one-inch Condenser Mi­
crophone Type 4160. 
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Th e inst rument can also be used for 
comparison calibrat ion of one-inch and 
half-inch microphones, equivalent vol­
ume measurem ent, frequency respo nse 
measurement using the electrosta tic ac­
tuator met hod, reciprocity and compa ri­
son calibration of accelerometers and 
precision comparison of AC electri cal 
signals. 

I 
·-

.. .... . _ ,e. . 

.... _ °" I ..__.,..._ 

@ ·· ,e ~~ • · ~-··• 

•==• -­-~-=~• 
~ -c. -.... •••• 

333 



Introduction 
The Reciprocity Calibration Appa­

ratu s Type 4143 is a fast and easily 
operated high preci sion and high st a­
bility laboratory instrument designed 
primarily for precision calibration of 
conden ser microphone s by mean s of 
the reciprocity method. 

It fulfills the requirements of IEC 
Recommendatio n 327 "Precision 
method for pressure calibration of 
one-inch standar d conden ser micro­
phones by the reciproci ty technique" 
and the requi rements of IEC Recom­
mendation 402 "Simplifi ed method for 
pressure calibra t ion of one-inch con­
denser microphon es by the reciprocity 
technique". 

The apparatus is prim arily intended 
for calibra t ion of B & K Condenser 
Microphone s, but can also be used to 
calibrate other condenser micro­
phones provided they have similar 
physical dimen sions (ANSI Sl. 12-
1967, Type L) e.g. Western Elect ric 
WE 640A. 

The Type 4143 is a versat ile instru ­
ment which in add ition to reciprocit y 
calibration of one-i nch condenser mi­
crophones can be used in a var iety of 
oth er applicat ions such as: Compari ­
son calibrat ion of one- and half-in ch 
condenser microphones, measureme nt 
of frequency response of one-, ha lf-, 
quarter- and eighth-inch conden ser 
microphones by the electrostat ic act u­
ato r method ; measurement of front 
volume of adaptor s and equivalent 

volume of microphones; reciprocity 
and comparison calibration of acceler ­
omete rs. It may also be used as a 
reference sound source and compara­
tor. 

Calibration Principles 
The Type 4143 can be used for three 

different types of calibrat ion: Reci­
procity calibrat ion, compari son cali­
brat ion and electro stat ic actuator cali­
brat ion. 

Reciprocity calibration app lies for 
both one-inch condenser microphones 
and acceleromete rs; compa rison cali­
brat ion for one- and half-inch con­
denser microphones and accelerome­
ters; and electrostat ic actuator cali­
bration for one- , half-, quarter - and 
eighth-inch condenser microphones. 

In the following sect ion, microphone 
reciprocity calibra t ion is described. 
Th e other types of calibration are de­
scribed in sect ions ELE CTROSTAT­
IC ACTUATORS and EXAMPLES 
OF USE. 

Reciproc ity Calibration of One ­
inch Co ndenser Microphones 

The normally ted ious and t ime con­
suming procedure for the reciprocity 
calibrat ion of microphone s has been 
made much easier and more accurate 
with the introduction of the Type 
4143. 

Fig. 2. Accessories supplied with the Recipro city Calibration Apparatus Type 4143 
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Three one-inch microphones are 
used when maki ng reciprocity calibra­
t ions with the Type 4143. The basic 
measurement performed is that of U/I 
where U is the open circuit voltage 
from the receiver microp hone and I is 
the current throu gh the transmi tt er 
microphone, when both are acoust ical­
ly coupled to each other via a closed 
air volume, such as a coup ler (Fig. 1). 
The current through the transmitter 
microphone is found by measuri ng the 
voltage (U1) across a reference capaci­
tor (C,0 r) in serie s with the tran smi tter 
(Dr. Kjerb ye Nielsen' s Meth od). This 
means tha t the frequency does not en ­
ter the calculations directly . These 
voltages are then fed to a bu ilt -in ra-

Receiver Microphone 

Coupler 

Rectifier 

Rectifier 

Precision 
Attenuator 

150297 

Fig. 1. Principle of microphone reciprocity 
calibration with Type 4143 



tio-voltmeter on which the diff erence 
in dB between the two voltages can be 
read off dire ctly, after a few p relimi­
nary adju stments. By coupling the 
th ree microphone s to each othe r in 
tu rn , th ree sensitivity pr oduct value s 
dB 12, dB13 and dB 23 are obta ined. Th e 
sensit ivity product dB 12 is the value 

obta ined with microphone 1 as trans­
mitter and microphone 2 as receive r 
etc. 

T he pre ssure sensitivi ty M" of the 
microp hones in dB re 1 V /Pa, can then 
be calculated from the following equa­
tions : 

M"1 = dBrcr - 1h(d B 12 + dB 13 - dB2:1) 
M p2 = dBrcr - l/2(dB 12 + dB 2:1 - dB1:il 
M "3 = dBrcr - 1/2(dB23 + dB 1:1 - dBd 

The dBrcf value is determined by 
the referenc e capac itor and the cou­
pler used. In t he case of the Ty pe 4143 
the d Brcf value is - 23 dB re 1 V /Pa. 
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Fig. 3. Simplified blocll diagram of the Reciprocit y Calibration Apparatus Typ e 4143 
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The dB ,0 r should be correcte d for 
stat ic pressure , temper ature , heat con­
duct ion etc. accordin g to IEC R 327 
before ca lculatin g the absolut e pres­
sure sensitivity of the microph ones. 

Excep t for th e signal generato r and 
instrum ents for the determinat ion of 
stat ic pressure and tempe rat ur e, a ll 
accessories (Fig. 2), necessary for mi­
crophone calibrat ion ar e suppli ed. For 
detailed inform at ion on the Insert 
Voltage P reamplifier Typ e 2645 and 
the One-inch Condenser Microphone 
Cartrid ge Type 4160, which is equi va­
lent to th e Weste rn E lect ric 
WE 640 A, see separate produ ct data 
sheets . 

Description 
Th e Recipro city Calibra t ion App a­

rat us Type 4143 consists basically of a 
calibrat ion sectio n and a rat io-volt me­
te r section inte rconnecte d via a func­
tion selector. See Fig. 3. 

Calibration Section 
Thi s sect ion compri ses a coupler 

base with t ransmit te r microphone 
socket and sta ndardized ground 
shield, moun ted in a ret racta ble draw­
er. Also cont ained in the ca librat ion 
sect ion are inpu t and output circuits 
and polarizat ion voltage sup ply for the 
t ransmitt er and receiver microphones. 
An 800V DC polarizatio n voltage sup­
ply and amplifiers for elect rostat ic ac­
tua tor calibra t ion are also included. 
See sect ion E lectrostat ic Actuato rs. 

Th e coup lers fit on to p of the tra ns­
mitte r microphone which is screwed 
onto the TRA NS MIT TE R MICRO­
P HONE SOCKET (Fig. 4). 

The ground shield in the socket is 
IEC and ANS I st and ardized and al­
lows recipro city calibration to IEC 
R 327 and IE C R 402 using the sup­
plied couplers and calibrat ion to ANS I 

Fig. 4. Transmitt er micrap hone sachet 
with standardized ground shield 
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S 1.10-1966, if suita ble couplers are 
made . 

The tra nsm itte r microphone is ex­
cited from an exte rnal generato r, for 
insta nce a Type 1027, via the TR ANS­
MITTER/ ACT UATOR switch an d a 
limite r circuit which prevents over­
loading of th e microphone. Th e cur­
rent through the transmitte r micro­
phone is measured as a voltage drop 
across one of the ext remely accu rate 
and very stab le reference capacitors. 
The reference capacitor is selected us ­
ing the COUPLER VOLUME switch 
accord ing to the coupler used ("3 cm3" 

or "20 cm3"). The signal across the ca­
pacitor is then fed to Channel B of the 
rat io-voltmete r sect ion via the FUNC­
T ION SELE CTOR in the "Sensitiv ity 
Product" mode. 

T he receiver microphone is mount­
ed , toget her with the Insert Voltage 
Preamp lifier Ty pe 2645 (supplied), on 
top of the coupler which connects to 
the PREA MPLI FIER INPUT of the 
Ty pe 4143, (see Fig. 5). T he signal 
from the receiver microphone is fed 
via the preamplifier to the insert gain 
amplifier whose gain is cont inuously 
adjusta ble us ing the INSE RT GAIN 
cont rol. T his gain compensates for the 
microp hone pream plifier atte nuat ion 
and its capacit ive loading of the mi­
cropho ne. Th e signal (which is equal 
to the open circuit voltage from the 
receiver microphone) is fed, via the 
FUNC TIO N SELECT OR, to Channel 
A of the rat io-voltmete r sect ion. 

Fig. 5. Type 4143 fitt ed with 3,4 cm·' /EC 
Plane Wave Coupler, One-inch mi ­
crophone and Type 2645 Preampli ­
fier 

A reference signal for adjustme nt of 
the inse rt gain amp lifier is obtai ned 
from the exte rnal oscillato r via the 
REFE RENC E pote nt iomete r and the 
refe rence bu ffer amplifie r , with the 
FUNC T ION SELE CT OR in the "In ­
sert Gain Adj." mode. 

Fo r polariz ing the t ransmitte r and 
receive r microphone car tridges, a very 
accu rate and h ighly stab le 200 V DC 
supp ly is built into the calib ration sec­
tio n. Th e volta ge can be chec ked at 
the POLARIZAT ION VOLTAG E 
OUTP UT on the rear pane l (see 
Fig. 6) . If other polarizat ion voltages 
are req uired , an external voltage sup­
ply can be connected to th e POLAR­
IZATION VOLTAGE IN PUT on the 
rear panel of the T ype 4143. 

Ratio- Voltmet e r S e ction 
The ratio-vo ltm eter sec tion of the 

Type 4143 is use d either to measure 
the ratio between th e two voltages 
from the calibrat ion section, or to 
meas ure t he ratio between two exte r­
na lly applied voltages . 

It consists essentia lly of two mea­
surin g channe ls, A and B, which te r­
minate at the main mete r. This met er 
is used to determ ine the rat io between 
the input voltages (sensit ivity prod­
uct) toget her with the precision atten­
uato rs inserted in channel B. 

A sepa rate LEVE L ME TER is also 
included with this sect ion for use 
when align ing the measurin g channels 
and adju sti ng the ca librat ion sec tion 
before measurements are made. A SIN 
test facility is also included. See the 
block diagram in F ig.3. 

Bot h chan nels consist of an input 
amplifier , with a gain which can be 
switc hed to eit her "OdB" or "20 dB", 
followed by a FIL TER SELECTOR. 
In the B-channe l, a precisio n attenua­
tor, SENSIT IVITY PROD UCT , and 
a buffe r amplifier are inserted be­
twee n the inpu t amp lifier an d the 
FILTER SELECT OR. T he select or 
has th ree posit ions: "Interna l", where 
the inte rn al 100 Hz high pass filter is 
inserted to filte r out low freque ncy 
noise; "External", where external fil­
ters can be connecte d for selective 
measu rements or to filte r out noise, or 
where attenuato rs can be inserted to 
exte nd the measuring range, via the 
EXTERNAL FILTER sockets A 1, A 2 
and B 1, B 2 on the rear of the Type 
4143 (See Fig.6) . In the thir d pos ition , 
"Linear", the signal is passed throug h 
to an amplifier whose gain can be var­
ied cont inuously over a 23d B range, 



using the GAIN CONTROL knob. 
The BALANCE potentiometer in the 
8-channel, which pr ovides a ± 1 dB 
adjustment ran ge, is used to balance 
the gain of the B-channel to the same 
value as that of the A-channel. Fur­
ther, the signal is fed to a rect ifier and 
then to the differ ential amplifier 
which te rmin ates both chann els in the 
main meter. 

Th e main meter is a mirrored -sca le, 
moving coil mete r. The large scale is 
graduated from - 0,2dB to + 0,2dB 
and the range from OdB to + 0,1 dB is 
gradu ated in 0,005 dB divisions. It is 
used to determine the ratio betwee n 
the input voltages of the voltmeter to­
gether with the precision atte nuator s 
SENSITIVITY PRODUCT in th e B­
channel. The attenuator is switchable 
in steps of 10 dB, 1 dB and 0,1 dB with 
an accuracy of ± 0,005 dB in the range 
20 Hz to 10 kHz, and ± 0,02 dB in the 
range from 20 Hz to 20 kHz. 

Instrument Calibration 
In order to measure correctly, the 

appa rat us should be ca librate d . For 
this purpose , adjust ment facilities are 
built into the Typ e 4143. The calibra­
tion is performed with an external sig­
nal app lied to the OSCILLATOR IN­
PUT and the FUNCT ION SE LEC­
TOR switc hed to the following modes: 

1. "Gain Contr ol Adj." in which the 
gain of both channel s of the ratio­
voltmete r are adju ste d simul ta­
neously by means of the GAIN 
CONTROL knob using the bui lt- in 
LEVEL METER as indi cato r. 

2. "Refe rence & Balance Adj ." where 
the refere nce voltage in the cali­
bratio n sect ion is adju sted, by 
means of the REFERENCE poten­
tiometer, un t il the point er of the 
LEVEL METER is cent red . The 
gain of chann el B is balanced to 
the same value as channel A, by 
means of the BALANCE potenti­
ometer, when the pointer of the 
main meter is cent red. 

3. "Insert Gain Adj.". In this mode 
the atte nu at ion of the receiver mi­
crophon e preamplifi er (Type 2645) 
and its capac itive loadin g of the 
microph one are compensated for 
by adjust ing the INSERT GAIN 
control unt il the main meter is 
centred. 

As an additi onal feature , a signal­
to-noise rati o test can be performed to 
determine whether the e lect rical 
noise, the ambient acoustica l noise, 
and the vibration levels in the coupler 

Pig. 6. Rear view of th e Ty pe 4143 

are sufficientl y low for a recipro city 
calibration to be performed with the 
se lected sound pressure. The test is 
ca rried out by simply pushing the S/N 
TE ST button and reading t he LEV EL 
METER 

Measurement 
The measurement of the rat ios 

(dB 12, dB 13 and dB d between the in­
put voltage s of the voltmete r is carried 
out by sett ing the point er of the main 
meter in the O to + 0,1 dB range by 
mea ns of the precisi on atte nuator. 
The ratio is then dete rmined by add­
ing together the sett ing of the atten u­
ator and the read ing on the meter. 

Accuracy and Reprodu cea bility 
of Calibration 

The Type 4143 fulfi ls the JEC Rec­
ommendat ion 327. For a One-inch 
B & K Cond enser Microphone such as 
the Type 4160, the over-all accuracy of 
rec iprocity ca libration is, accordin g to 
IEC R327, est imated to be appro xi­
mately ± 0,05 dB at low and middle 
frequencies, decreasing to about 
± 0,1 dB at 10 kHz. 

The reproduceabi lity is typically 
± 0,02 dB for a one -inch microphone 
such as 13 & K Type 4160 which is in­
cluded with the inst rum ent . 

• 

Couplers and Adaptors 
Three coup lers wit h accesso ries are 

sup plied with the Type 4143: 

1. A 20cm :1 coupl er (DB 1388), 
which is in accordance with IEC 
R327 and IE C R402. The ap prox­
ima te cavity volume is 18,6 m:i 
(excludi ng fron t and equivalent 
volume s of the micropho nes). The 
individual volume of the coupler 
and its correction factor are stat­
ed in the calibra tio n chart which 
is includ ed . The coupler can be 
used up to 2,8 kHz when filled 
with air an d up to 10 kHz when 
filled with hydrogen. 

2. A 3,4 cm:1 coupler (DB 1392) 
which is in accordance with IEC 
R 327 and IEC R402 with an ap­
proximat e cavity volum e of 
2,0cm :1 (excludin g fron t and 
equ iva lent volumes of the micro­
phone s). The indi vidua l volume 
and its correct ion factor is state d 
in the calibra t ion chart. The cou ­
pler can be used up to 10 kH z 
when filled with air and up to 
20 kHz when filled with hydrogen. 

3. A 1 cm3 coupl er (DP 0099) and a 
1,4 cm:1 Volum e Expansion Ring 
(YO 1804) (suppli ed toget her as 

Pig. 7. Coup lers for Type 4143: 1,4 cm:1 Volum e Expans ion Ri ng YO 1804, l cm:1 Coup ler 
DP 0099, 3,4 cm" !EC Coupler DB 1392 and 20 cm:1 Coup ler DB 1388 
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DB 1433) for measuremen t of 
front and eq uivalent volum e of 
microp hones. The app roximate 
volume of the DP 0099 is l,Oc ma 
and the volume add ed by the YO 
1804 is 1,4cm3. Th e indi vidual 
volume s may be found in the cali­
brat ion chart. 

The coupler s have pro vision for use 
of capillary tube s and because of the 
different wall thickne ss of th e cou­
plers, two sets of capillar y tube s (UA 
0465 and UA 0467) are provided. They 
have a colour codin g which correspond 
to colour marks on the coup lers. If the 
capillary tubes are not used, the holes 
in the coup lers can be closed by mean s 
of the colour coded stee l plugs sup­
plied as set UA 0462. 

The following Adapto rs are sup­
plied wit h the appa rat us: 

1. A set, DB 1774, consist ing of 3 
Coupler Adaptor Rings DB 0111, 
numbered 1, 2 and 3. These screw 
onto the one-inch microp hones in 
place of the protection grid to 
adapt the microp hone cart ridges 
to the !EC couplers. In the Type 
4160 the Adapto r Ring is an inte ­
gral par t of the microp hone. 

2. Adapto r DB 0225, which d imen­
sionally t ransform s half-inch mi­
crophones to one-i nch micro­
phon es. Adaptors DB 0264 and 
DB 0900 which tran sform quar­
ter- and eighth- inch micro phones 
into half-inch microphones. 

e,0,1 & KJer 
Denmuk 

CALIBRATION CHART 
for Reclptoclty Calibration Appare1u, 

Typt:414.3 

Coupler Volume Correc11on "); 

Pf-l-~-+~--1 lily () • (),O /l n 

Sound Source Correctlon "): 

Cale ; h.:- 3 -7,F. Signatu re S/;-.. 

") See Instruct ion Man ual ror lurtne r lnlo1ma 1t0n 

Moasurod data enclosed 

Fig. 8. Calibration chart suppli ed wit h 
Typ e 4 143 
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3. A Coupler Adapto r Ring (DB 
0111), which screws onto Ada ptor 
DB 0225 to adapt this to the IE C 
coup lers. 

Ca libration chart 
A calibra tion chart (BC 0091) is 

supp lied with the Type 4143 giving 
th e indiv idually measured geometr ical 
coupler cavity volumes, volum e cor­
rection facto rs, and a sound sourc e 
correc t ion facto r. Also suppli ed are 
copies of the two IEC sta ndards, IE C 
R 327 and IEC R 402, dea ling with rec­
iprocity calibrat ion of one-inch con­
den ser microphones, conta inin g ta bu ­
lated correct ion factors for wave mo­
t ion and heat conduct ion. 

Electrostatic Actuators 

The Electro stat ic Actuators are in­
te nded for determinat ion of the Actu­
ato r freque ncy response of B & K Con­
dense r Microphone (or any type of 
conden ser microphone having similar 
dime nsions) and of comp lete sound 
measuring syste ms. 

Two act uator s are supp lied wit h the 
Type 4143:UA 0023, for calibrat ion of 
one-i nch microph ones (except Type 
4160) and UA 0033, for ha lf-, quarter ­
and eight h-inch microphones . See 
Fig.9. 

The act ua tors consist of a perforat­
ed plate which is moun ted in close 
proxim ity to the microph one (Fig.10). 
When a suitab le DC polarizat ion volt­
age and an AC signal are ap plied to 
the pla te, the pressure produ ced by 

Microphone 
Diaphragm 

Fig. 9. Electrostat ic Actuato rs UA 0023 
and UA 0033 as su pplied with Ty pe 
4143 

the elect rical field will set the dia­
phr agm int o a mot ion equ iva lent to 
that caused by a sound p ressu re wave . 

The polarization voltage requ ired 
by the actuato rs is suppl ied from an 
800V DC suppl y in the ca librat ion 
sect ion of the Type 4143, via the AC­
TUATOR VOLTAGE output . Th e 
necessar y AC signal (max. 10 V RM S 
input signal) is obta ined from an ex­
terna l oscillat or and fed via a limiter 
circuit, 20 dB amp lifier and the 
TRANSMITTER/ ACTUATOR 
switch to the ACTUATOR VOLT­
AGE outp ut . In ord er to keep the sig­
nal voltage consta nt during ca libra­
t ion, a comp ressor voltage is ava ilab le 
at the ACTUATOR COMPRE SSOR 
out put . T his is used toget her with the 
compr essor facility of B & K Gene ra­
to rs. 

Insulating 
Material 

75()302 

Fig. 10. Sec ti ona l uiew of Electrosta tic A ctuato r UA 0023 mo un ted onto a One-in ch con­
dense r m icrophone 
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Fig. /2. Microp hone frequency charac teris ti c recorded by m ean s of the set -up shown in 

Fig. I I 

An actuator calibrati on is per­
formed by connect ing an oscillato r to 
the OSCILLATOR INPUT and the 
Actuato r to the ACT UATOR VOLT­
AGE output and sweeping the oscilla­
tor throug h the desired frequenc y 
range, th ereby obtainin g the actuator 
characte ristic of the microphone via 
the ACTUATOR OUTPUT. By con­
necting a Level Recorder Type 2307 to 
the ACTUATOR OUTPUT and 
sweeping the oscillator by means of 
the Recorder, an automat ic record ing 
of the microphone's response is readi­
ly obtained. See Figs. 11 and 12. 

During calib ration , the microphone 
and its preampl ifier are placed on the 
Stand DB 1689 using Adap to r 
UA 0028, both of which are supp lied 
with the Type 4143. See Fig. 13. 

The Actu ato rs are adju sted durin g 
manufactur e so t hat with the 800 V 
DC polarization voltage supplied by 
the Type 4143 and a signal voltage of 
30V RMS (3VRMS inpu t signal) ap-

plied betwee n the Actuator and the 
microphone diap hragm, a pressu re of 
about 1 Pa acts upon the diaphr agm. 

Electro static act uator calibration 
can be performed in the freque ncy 
range 2 Hz to 200 kHz using the Type 
4143 and a suita ble generat or, for in­
stance a Type 1027. A max imum 
sound pressure level of appr oximately 
104dB can be obta ined with an AC 
inpu t signal to the Type 4143 of 10 V 
RMS. 

If only the AC signal is app lied to 
the Actuato r (800 V DC omitte d) an 
equ ivalent sound pressu re at twice the 
freq uency of the AC signal will act on 
the microphone diaphr agm. Thi s may 
be used to extend the measur ement 
frequen cy range to twice t hat of the 
generato r. However, with an AC volt­
age of 100 V RMS (available from ear­
lier B & K Gene rato rs), the equivalent 
sound press ur e level is only about 72 
to 84 dB , which might be insufficient 
in noisy places. 

Examples of Use 

T he Reciprocity Ca libration Appa­
rat us is an ext remely versatile inst ru ­
men t . Apart from being used in it s 
main appli cations for reciprocity cali­
brat ion or electrostatic act uato r cali­
brat ion of microphone s, the Type 4143 
can also be used in severa l other appl i­
cat ions such as: 

Measurement of Front and 
E qui va lent Volume of Micro­
phon es 

Thi s measur ement is performed 
with the Type 4143 in the "Sensit ivity 
Prod uct" mode. Th e measurement s 
apply for one- and half-inch micro­
phon es and can be ca rried out at fre­
qu encies up to approxim ate ly 500 Hz. 
Three microphones are used, mounted 
two at a t ime in the 1 cm:i Coupler (DP 
0099) and th ree set s of measurements 
are made in the sa me way as in reci­
procity calibra t ion. Each set consists 
of a measureme nt of t he sensit ivity 
product with and without the Volum e 
Expans ion Ring YO 1804 mounted in­
side the Coupler. From the six results 
obta ined , the front and equiva lent vol-

Fig. 13. Calibration of One-inc h Conde nser 
Mi crophon e mounted with Elec­
trosta t ic Actuator UA 0023 and 
Preamplifier placed in Adaptor 
UA 0028 and 011 stand DB 1689 
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ume of each of the three microphone s 
can be calculated. 

Reference Sound Source 
The Type 4143 can, together with 

the supplied Condenser Microphone 
Type 4160, and a generator, for in­
stance a Type 1023, be used as a stab le 
and accurate sound source for fast cal­
ibration of microphones , sound level 
meters, analysing systems etc. 

The sound pressu re will depend 
upon the coup ler used and the oscilla­
tor voltage chosen. With voltages be­
tween 1 V and 10 V RMS, the SP L in 
the 3,4cm3 coup ler will be between ap­
proximate ly 75 and 95dB and in the 
20cm 3 coupler between ap proximatel y 
60 and 80dB. 

Precision Compar is on Ca libr a ­
tion of the One and Half-inch 
Cond e nser Microphones 

Th is type of calibrat ion can be per­
formed in conjunction with the sup­
plied Microphones Type 4160, which 
is used as a reference microp hone. The 
Type 4160 is mounted onto the 
TRANSM ITTER MICROPHONE 
SOCKET, toget her with one of the 
supplied IEC coup lers and fed from an 
exte rnal oscillato r. The microphone to 
be calibrated is mounted into the top 
of the coupler, together with its pre­
amp lifier, whose outp ut is connected 
to the PREAMPLIFIER INPUT of 
the Type 4143. Then the sensit ivity 
product of the microphones is mea­
sured . The sensitivity of the other mi­
crophone can be calculated, as the 
sensitivity of the Type 4160 is known . 
T he result should be corrected for pre­
amplifier attenuat ion, equiva lent vol­
ume, coupler size etc . The estimated 
accuracy obtainable with th is meth od 
is approx imate ly ± 0,15dB, not ta k­
ing into account the uncertainty of the 
reference microphone sensit ivity . 

Co mpar at or 
Th e Apparatu s may also be used for 

comparison of electrical signa ls in the 
frequency range 20 Hz to 20 kHz. 

The Type 4143 is used in two ways: 

1. As a rat io-voltmeter, where the 
SENS ITI VITY PRODUCT atten­
uat or together with the main meter 
are used to measure the level dif ­
ference between two signals. The 
signals are app lied to the COM­
PARATOR inputs A an d B on the 
rear pane l of the Type 4143. 
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Oscillato r 1027 
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Fig. /4. Set-up for reciprocity calibrat ion of acceleromet ers 
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Fig. 15. Set-up for back-to -back calibration of accelerometer s 

2. As zero indicator , where the Type 
4143 indicates equa lity of two sig­
na ls. The signals are app lied to the 
Type 4143 via the A and B COM­
PARATOR input s, or the EX­
TERNAL FILT ER input s A2 and 
B2• See Figs. 3 and 6. 

Acce leromete r Ca libration 
The comparator facility of the T ype 

4143 can also be used for accelerome­
ter calibration. Reciprocity cal ibrat ion 
as well as back-to-back calibration can 
be performed with a high degree of 
accuracy. 

Reciprocity calibration is an abso­
lute calibrat ion procedure. It can be 
performed with the Type 4143 togeth­
er with Accelerometer Calibrator 
Type 4291 (see Fig. 14). Two t rans­
ducers are required and the calibra­
t ion principle is based on the recipro­
cal performance of one of them. One is 
the acceleromete r to be calibrated and 
the other, the reciprocal tra nsducer, is 
the Velocity Coil of the Type 4291. 
From two measurement s made with 

each of the set -ups shown in Fig. 14, 
t he sensitivity of the acceleromete r to 
be calibrated can be calcu lated. The 
calibrat ion accuracy obtai nab le with 
the reciprocity met hod is estimated to 
be approximately ± 0,5 % . 

In the back-to-back comparison cal­
ibration (see Fig. 15), the accelerome­
te r to be calibr ated is vibrated on Vi­
bration Excite r Type 4809, together 
with a reference accelerometer (for ex­
ample Standa rd Acceleromete r Type 
8305, which is calibrated by the laser 
inte rference method). The rat io be­
tween the output voltages of the accel­
erometers is meas ured with the rati o­
voltmeter of the Type 4143. This mea­
surement can be perform ed with a 
resolut ion of approx imate ly 0,02 % . 
Then , knowing the sens itivity of the 
referen ce accelerometer, it is easy to 
calculate the sensit ivity of the un­
known accelerometer . The Type 8305 
and Type 2626 are available as Cali­
bration Set Type 3506, where both in­
st ruments have been calibrated to­
gethe r to eliminate cumu lative errors. 



Specifications Type 4143 

MICROPHONE CALIBRATION CIRCUIT AND COUPLERS : 

MICROPHONE SENS ITIVITY RANGE: CAPILLARY TUBES : INSE RT GAIN : 

With 3,4 cm 3 Coupler DB 1392: Co rr ec ti on for 2 capilla ry tube s at 250 Hz: Ad j us t ment Rang e: O to + 2 dB 

-23 dB to - 40 dB re 1 V/ Pa Calibr at ed: 0 dB ± 0.003 dB 

With 20 c m3 Coupl er DB 1388: Coup ler Volum e 3,4 c m3 20 cm 3 

- 23 dB to - 33 dB re 1 V / Pa REFERENCE CAPACITORS : 
Air -0 ,031 dB -0,00 53dB (The reference capacitors are individ ually ad-

RECIPROCITY CALIBRAT ION: Hydrogen -0 ,008dB -0 ,0018dB 
justed wi th a dummy microphone mounted on 

Accuracy : For a 1 • condenser microphone , the Type 4143 and include circuit and stray 

such as Ty pe 4160, the overall accuracy is 
T003l6GB0 capac itance) 

approximate ly :t 0,05 dB at low and midd le Leng t h: 50 mm :!: 0, 1 mm 
freque ncies, dec reasing to abou t ± 0, 1 dB at Insid e Diamet er: 0,335 mm :!: 0,02 mm "Coup ler Volume" 
10 kHz Reference Capacito r 

Reproducibility : Typically ± 0,02 dB for a 1 • POLARIZATION VOLTAGE : 
Switc h 

mic ropho ne such as Type 4160 200 V DC "3cm 3 " 4,7456nF 
Long te rm stab ili ty : Appro ximately 

FREQUENCY RANGE OF COUPLERS : ± 0,05%/1000 h "20 cm3" 27,9545nF 

Adju stm en t Range: ± 5 V with a resolu t ion T003l7GB0 

3,4 cm3 coupler DB 1392 of 0,02% 
Output Imp edan ce: 30 kll (rear panel out-

Filled wi th Max . Frequency put) 

Ai r 10 kHz PREAMPLIFIER INPUT: 

Hydrogen 20 kHz B & K standa rd 7-pin Input socket 

T00314GB0 
OSCILLATOR INPUT : 

20 cm 3 coupler DB 1388 
(TRANSMITT ER/ ACTUATOR switch In 
"Transmitt er" mode) 

Filled with Max. Freque ncy Inpu t Imp ed anc e: 20 k!1 

Air 1 kHz (2,8kHz · ) 
Max imum Input Vo lta ge: 40 Vpp (14 V RMS) 

Hydrogen 3,5k Hz (10k Hz · ) 
LIMITER: 
Clipp ing Lim it : 14 V RMS (40 Vpp) 

'Nlth wave motion couocll on Maximum Curr ent: 100 mA peak 
T003l5GB0 

ELECTROSTATIC ACTUATOR S 

FREQUENCY RESPONSE : EQUIVALENT SOUND PRESSURE LEVEL : ACTUA TOR COMPRESSOR OUT PUT : 

(Acc uracy of Actuator Voltage re vo ltage at Maximum 104 dB SPL (10 V RMS input vo l t- Out put Imp eda nce : < 1 ll 

Actuator Comp ressor Outp ut [ref. 250 Hz)) age to Type 4143 and 800 V DC po larization Max imum Capac it ive Load: 200 pF 

Ac t uato r si gn al voltage : 50 V RMS voltag e) Compr esso r Volt age: 6 dB below OSCILLA -

20 Hz to 12,5 k Hz :!: 0,05 dB TOR INPUT voltage 

10 Hz to 25 kHz ± 0,10 dB POLARIZATIO N VOLT AGE: 

5 Hz to 50 kHz ± 0,20 dB 800 V DC ACTUATOR OUTPUT : 

5 Hz to 100 kHz ± 0,30 dB Adju st ment Range: ± 50 V Out pu t Impedance: 1 kll 

2 Hz to 200 kHz ± 0,60 dB 
Actuator s ign al volt ag e: 100 V RMS OSCILL ATOR INPUT: ACT UATOR VOLTAGE, 800 V DC & AC Out-

20 Hz to 12,5 kHz ± 0,10 dB (TRANSMITT ER/ ACTUA TOR switc h in "Actu- put : 

10 Hz to 25 kHz ± 0,20 dB ator" mode) Max. AC Outpu t Volt age: 100 V RMS 

5 Hz to 50 kHz ± 0,40 dB Input Imp edance: 3 k!'l Gain : 20 dB 

5 Hz to 100 kHz ± 0,60 dB Maxi mum Input Volt age : 10 V RMS (14 V p) Out p ut Imp edanc e: AC: 20 nF DC: 10 Mfl 

2 Hz to 200 k Hz ± 1,00 dB Max im u m Capac i t iv e Load : 25 pF 

SOUND SOURCE 

FREQUENCY RANGE : Coupler Sound Pressure Accuracy·· 
200 Hz to 1000 Hz (wi th Co ndenser Micro - Volume Level ' 
phone Type 4160) 

3,4cm 3 75dB to 95dB ± 0,3d B • re 2 x 1 o- 5 Pa 

SOUND PRESSURE LEVEL : 
20c m3 ·· Accuracy does not include accuracy or transmitter 

(with Condenser Microphone Type 4160) 60dB to 80dB ± 0,2dB microphone sensitivity 

T00319G80 
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RATIO-VOLTMETER SECT ION 

FREQUENCY RANGE : 
(Both Chan nels) Co mparator Inputs A and B: 
5 Hz to 50 kHz , ± 0,5 dB 

DEVIATION BETWEEN CHANNELS : 
± 0,05 dB typical (20 Hz to 20 kHz) 

MAXIMUM RATIO BETWEEN INPUT VOLT­
AGES: 
Inputs A and B: 20 dB 
Input s A2 and 82 : ± 0,2 dB 

SENSITIVITY: 
Input volt age s (Inputs A and B) nece ssary to 
centre the polnler ol Level Meter 

"Gain" Swit ch 
20 dB 0 dB position 

· Gain Con - Max. 
Min. Max. Min . tro l" po sition 

Input Voltag e 2mV 24mV 20mV 240mV 

T00318GB0 

GENERAL 

OPERATING CONDITIONS (IEC 68 Part.1) : 
Temperatur e Rang e: 15°C to 35°C (59°F to 
95° F) 
Humidity Range : 45% to 75% RH 
Atmo spheric Pre ssure Range: 860 mbar to 
1060 mbar 

POWER: 
Power Supply : 100, 115, 127, 150, 220 and 
240 V AC ± 10% 
Power Consumption : Appro ximately 25 W 

CABINET: 
Supplied as model A (light weight metal cabi­
net) , model B (mod el A in mahogan y cabin et) 
or mod el C (as A but wi th flanges for stan­
dard 19" racks) 

DIMENSIONS : 
(A-cabinet ) 
Height: 132 mm (5,2 in) 
Length : 380 mm (15 in) 
Width : 200 mm (7,9 in) 

WEIGHT: 
(A-cabi net) 
7,5 kg (16,5 lb) 
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Input vo ltages (Inputs A2 and B2) necessary to 
centr e the pointer of Level Meter 

I GAIN CONTROL pos ition I Max. j Min. I 
j 1nput Voltage I 100mV j 1,4V j 

T00323GB0 

GAIN CONTROL ADJUSTMENT RANGE: 
23 dB 

BALANCE ADJUSTMENT RANGE : 
± 1 dB 

MAIN METER: 
Full Sca le Deflection: ± 0,2 dB 
Accurac y: ± 0,002 dB in the rang e from O to 
+ 0,1 dB 

LE VEL METER: 
Full Scale Deflec t ion : ± 0,3 dB 
Centre Scale Rang e: ± 0,05 dB 

ACCESSORIES INCLUDED : 
Coax ial Cable ........................................ AO 0013 
Power Cord ............................................. AN 0010 
Test Lead ................................................ AQ 0100 
Standa rd ............................................... IEC R 327 
Standard ............................................... IEC R 402 
2 Short Conn ecti on Plug ....................... JP 0149 

Mahagany Case .................................... KE 0150 
contains: 
•12 inch Microp hone Preamplllie r ... Type 2645 
Adaptor for Preamplifi er ....................... JE 0002 
Input Adaptor .......................................... JJ 2617 
Flex ible Extension Rod ......................... UA 0196 
Adaptor .................................................... UA 0786 
Screwdri ver ............................................. QA 0001 
1 inch Condenser Microphone 
Cartridge ............................................. Type 4160 

Mi crophone Calibration 
Accesso rie s Set ................................... UA 0473 
consists of : 
Mahogany Case ..................................... KE 4143 
Calibr ation Chart ................................... BC 0091 
1 Inch Electrostati c Actuato r .............. UA 0023 
112 inch Electrost at ic Actuator ............ UA 0033 
Cable for Actua tors .............................. AO 0102 

HIGH -PASS FILTERS: 
R-C f ilter with 2 dB atten uation at 100 Hz and 
18 dB / octave slope below 100 Hz 

EXTERNAL FILTERS: 
Outpu t Impedance to External Filters : 
(Socke ts A 1 and B1) App rox. 1 n 
Input Impedance from External Filters : 
(Sockets A2 and B2) Approx . 100 M!'!/ / 50 pF 

INPUT IMPEDANCE : 
(Sockets A and B) Approx. 1 G!'!// 50 pF 

INTERNAL ATTENUATOR: 
("Sensitivit y Producl " ) 
Rang e: 0 dB to 20 dB. Atte nuati on va riable 

in steps of 1 O dB. 1 dB and 0, 1 dB 
Accuracy: ± 0,005 dB (20 Hz to 10 kHz ). 

± 0,02 dB (20 Hz to 20 kHz) 

Micropho ne Tube-Wrench ................... QA 0076 

3,4cm 3 IEC Coupl er .............................. DB 1392 
Coupler Adapter Ring ........................... DB 0111 
112 to 1 inch Adaptor ............................. DB 0225 
1/ • to 1/2 Inch Ada pto r ........................... DB 0264 
1/s to 1/4 inch Adapto r ........................... DB 0900 
3 Dust Caps ............................................ DZ 9025 
1 inch Spring Yoke Assembly ............. UA 0464 
112 inch Spring Yoke Asse mbl y ........... UA 0463 
Adap tor .................................................... UA 0028 
Stand for UA 0028 ................................. DB 1689 
Set of Capilla ry Tubes .......................... UA 0465 
Set of Capillary Tubes .......................... UA 0467 
Set of Stee l Plugs .................................. UA 0462 
1 inch Iso lation Insert Ring .................. DB 0159 
112 Inch Isola tion Inser t Ring ............... DB 0301 
2 Co ntact Extension Plug s .................. DB 0158 
2 Con tact Extensio n Plugs .................. DB 0327 
1 cm3 Coupler' ....................................... DP 0099 
1,4cm 3 Volume Expansion Ring ' ....... YO 1804 
3 Coup ler Adapto r Rlngs 2 .... ...... ... ... .. . DB 0111 
Variou s lamps and fuses 

1 Available as set OB 1433 
2Avallab le as set OB 1774 


