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The 3356 is an Electroacoustic Telephone 
Transmission Measuring System for acous
tic analysis of complete telephone sets and 
transmission systems. It is intended mainly 
for laboratory use and measures Objective 
Reference Equivalent (OREM A, B and US), 
frequency response, and distortion for send
ing, receiving, and sidetone conditions . The 
system features the choice of two standar
dized fast reciprocating sweeps (used with 
the group of ORE measurements) or a slow 
one-way sweep synchronized with a level 
recorder . The telephone capsules can be 
tested either in their own handset or sepa
rately in specially designed Capsule Holders . 
No extra equipment is necessary, and all 
the switching is done from a central control 
panel. 
The 3357 is a simplified version of Type 
3356 and is intended mainly for production 
testing of telephone transmitter and re
ceiver capsules. The 3357 system can be 
converted to a 3356 by adding instruments, 
and the close similarity between the two 
systems gaurantees good agreement with la
boratory testing . Both systems are ex
tremely stable and easily calibrated. + BrUel & Kj~r 
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The Objective Reference Equivalent Meter Type 4904 and the Telephone Power Supply 
Type 4906 have been designed and tested according to Class I of IEC Publication 348, 
Safety Requirements for Electronic Measuring Apparatus, and have been supplied in a 
safe condition. The present Instruction Manual contains information and warnings which 
should be followed by the user to ensure safe operation and to retain the apparatus in 
safe condition. 

Commonly Used Abbreviations 

AEN Affaiblissement equivalent pour la nettete. Articulation Reference Equivalent. 
Used in this book to indicate the modal gauge position used in AEN tests. 

ANSI American National Standards Institute (replaces NBS). 

ARAEN Reference equipment for the determination of Articulation Reference Equiva
lent. 

CCITT Comite Consultatif International Telegraphique et Telephonique. 

FTZ Fernmeldetechnisches Zentralamt. 

IEC International Electrotechnical Commission. 

IEEE Institute of Electrical and Electronic Engineers. 

MSSW Male Speech Spectrum Weighting. 

NBS National Bureau of Standards (USA). 

NOSFER Nouveau Systeme Fondamental pour la Determination des Equivalents de Ref
erence. 

OBDM 

OREM 

SETED 

SFERT 

SPLdB 

TFT 

Objektiver BezugsdampfungsmeBplatz. 

Objective Reference Equivalent Measurement (or Meter). 

Systeme Etalon de Travail Electro-Dynamique. 

Systeme Fondamental Europeen de Reference pour la Transmission Telephon
ique. 

Sound Pressure Level in de re 2 · 1 o-5 Nim 2 (= 20 µPa = 2 · 1 O -4 µbar). 

Telegraphen-, Fernsprech-, Funk- und Fernseh-Technik. 
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types 3356 and 3357 

Electroacoustic Telephone Transmission Measuring Systems 

FEATURES: 

• Combines precision with 
extreme stability 

• Two loudness sweep 
ranges provided 

• 600 and 900 ohm 
balanced input/output 

• Test Head grips handsets 
firmly and accurately in 
the REF or AEN modal 
positions 

• Uses ANSI (ASA), IEC, 
NBS 9A and Braun couplers 

19- 229 

• Choice of conditioning 
axes including OREM A(UK) 
and IEEE 269 
recommendations 

USES: 

Measurements of: 

• Telephone subsets and 
lines 

• Acoustic properties of 
telephones 
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• Objective reference 
equivalent 

• OREM A(UK) 
• OREM B 
• Transmission properties of 

lines and subset circuits 

• Rapid testing of 
transmitters and receivers 



Type 3356 
This variant of the well-esta

blished 3352 offers additional facili
ties which extend the range of 
measurements. It is similar to the 
3354 system, except that some of 
the standard instruments have been 
interchanged with new models, also 
making the conversion of the 3357 
to 3356 a matter of simply adding 
instruments . There is no change to 
the basic working principle. A pre
cise and stable stimulus is applied 
to the telephone instrument in the 
form of a continuous fast reciproca
ting sweep or a slow one-way 
sweep, and the output from the tele
phone is fed to a group of instru
ments for display, measurement, 
analysis and recording. The sweep 
range conforms to multiplex stand
ards, travelling from 300 Hz to 
3300 Hz and back to 300 Hz once 
per second . A front-panel switch 
converts this to the standard 
200 Hz to 4000 Hz to 200 Hz once 
per second . Connections to the sub
set are through balanced 600 and 
900 n transformers, centre-tapped 
and with optional earthing . The Test 
Head uses REF or AEN modal posi
tions and meets the requirements 
of European and American condi
tioning practices. Four artificial ear 
couplers are supplied, each easily 
interchangeable: these include the 
IEC audiometric ear and the 6 cm3 
ANSI (ASA) coupler. 

Fully-automatic distortion mea
suring facilities and a large-screen 
display of frequency response char
acteristics add to the versatility of 
this instrument system. All func
tions are easily applicable to the 
measurement of line characteristics 
such as attenuation and frequency 
response. 

The Instruments 
Detailed information about each 

unit is contained in the relevant Pro
duct Data sheet, except for the Type 
4904 Objective Reference Equiva
lent Meter, Type 4905 Telephone 
Test Head and Type 4906 Tele
phone Power Supply which are de
scribed later in this leaflet. 

The Type 1023 Sine Generator 
provides the basic test signal. This 
can be in the form of the normal 
wide-range sinewave signal syn-
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Fig.1. The Sine Generator Type 1023 

chronised with the Level Recorder, 
or it can be one of two precisely
engineered narrow-band sine 
sweep signals used in the standard 
Objective Reference Equivalent 
tests. Choice of test signal is made 
by the 4904 Meter. 

The Type 4904 Objective Refer
ence Equivalent Meter selects the 
required test signal, sets up calibrat
ing circuits, and passes the cali
brated signal on to the chosen cir
cuit. This can be the Artificial Voice 
(for transmitter tests) or the subset 
itself (for receiver tests). 

Fig.2. The Objective Reference Equivalent 
Meter Type 4904 

The Type 4219 Artificial Voice 
produces an acoustic signal (again 
calibrated via the 4904 Meter and 
a microphone). The signal is applied 
to the transmitter mounted in its 
own handset or in a special holder 
designed for rapid factory testing . If 
the handset is used it can be 
gripped in the: 

Type 4905 Telephone Test 
Head. This Head holds the handset 
correctly and firmly in a choice of 
two test positions corresponding to 
the REF (CCITT) or AEN modal posi
tions. No template is necessary: the 
transmitter cap falls into the correct 
position for the particular handset 
used . For carbon microphones 
which require conditioning before 
testing, the Head provides a choice 
of conditioning motions, including 
those described in the British 
OREM A(UK) standard and the Amer
ican IEEE 269 recommendations . 

Fig.3. The Artificial Voice Type 4219 

The test signal can also be sup
plied electrically direct to the subset 
from the 4904 Meter or to the tele
phone receiver via subset circuits 
built into the equipment . The result
ing acoustical signal from the re
ceiver is then picked up by an artifi
cial ear: the ear can be an integral 
part of the Test Head or it can be 
used separately with a receiver 
holder designed for rapid factory 
testing. The four couplers provided 
cover all known national standards. 

The signals from the telephone 
transmitter and from the ear cou
pler are passed back to the 4904 
Meter for measurement. The meter 
circuitry is switchable between a di
rect reading of the signal voltage 
and readings related to the loud
ness function of the signal. Two 
loudness functions are built into the 
meter: one with an integrating in
dex of 0,6 corresponding to the sys
tem in general use in Europe and 
Asia (the OREM series) and the 
other with an integrating index of 

Fig.4. The Telephone Test Head Type 4905 
with Artificial Voice and Artificial Ear 
mounted 



0,45 corresponding to a loudness 
test suggested for use in America. 
These loudness function circuits are 
used with the precise sine-sweep 
signals available from the Genera
tor. 

As the ORE-Meter is calibrated in 
dB, the integrating index has no im
portance when measuring steady
state sinewaves. 

The telephone signal can also be 
treated in other ways. From the 
4904 Meter the signals are passed 
to: 

a) Type 2610 Measuring Amplifier 
with attached 
Type 1618 Band Pass Filter 
This combination forms a complete 
frequency analyzer. The 1 618 con
tains banks of 1 /3 and 1 / 1 octave 
filters: it can be synchronised with 
the Generator and Level Recorder 
to give an automatic reading of 
transmitter, receiver or sidetone dis
tortion . A 5 kHz high pass filter in 
the 4904 Meter also enables the 
Measuring Amplifier to read the 
noise signal from the transmitter 
above 5 kHz. 

- . •-;-
Fig.5. The Measuring Amplifier Type 2610 

(top) and the Band Pass Filter Type 
1618 with Ext. Filter switch mounted 
in separation shelf 

A special switch mounted in the 
rack system selects the Band Pass 
Filter or the 5 kHz high-pass filter . 

The 261 0 also serves as an ampli
fier for the microphone and pream
plifier in the Artificial Ear. 

b) The Type 4712 Frequency Re
sponse Tracer. This is automatically 
synchronised with any input signal: 
it displays the frequency response 
of the tested item on a large screen 
Which can be calibrated from the 
4904 Meter. Limit curves can be 
written on the screen. 

Fig .6. The Frequency Response Tracer Type 
4712 

c) The Type 2307 Level Recorder. 
This pen recorder is synchronised 
with the Generator and provides a 
permanent record of the signals 
emanating from the 261 0/ 1 618 
combination. Frequency response, 
distortion values, harmonic analysis 
curves, loudness/time functions 
etc. can be transferred to calibrated 
paper . Most of the transfer is auto
matic and requires little interven
tion from the operator . 

Fig.7. The Level Recorder Type 2307 

The Type 4906 Telephone 
Power Supply provides a stabilized 
voltage plus a selection of feed cir
cuits, all of which can be coupled to 
the telephone under test by internal 
switching . Special plug-in units al
low complete subsets to be wired 
into the Power Supply so that separ
ate transmitters and receivers can 
be tested rapidly without the need 
for an external subset . 

The stabilized voltage can be set 
to any value between O and 72 

volts . Output current can be up to 
300 mA. 

Power can be taken direct from 
the Supply or via pre-set feed 
bridge circuits consisting of 2 x 5 
Henry coils in series with resistor 
pairs of 0 - 60 - 100 - 1 50 -
200 - 250 - 300 - 350 - 400 
- 500 0 plus one spare. Break 
points provided for insertion of addi
tional feed circuitry or other equip
ment. 

.......... 
• "'. ''!"-_ .. 

• 

Fig.8 . The Telephone Power Supply Type 
4906 

Power can be supplied from the 
feed circuit direct to the telephone 
under test or to a choice of two sub
set circuits which can be built into 
the Power Supply, leaving the opera
tor free to test microphones and re
ceivers without the need for an ex
terna I subset. 

Fig.9. Example of arrangement of compo
nents in the Plug-in Unit of Type 
4906 
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Accessories 
The full range of accessories pro

vided with the system includes all 
cables, plugs, calibration equip
ment, recorder paper, racks, tools 
etc. No other equipment is needed 
to complete the system. 

The equipment 
The rack-mounted assembly of 

equipment consists of several stan
dard Bruel & Kjrer instruments 
linked to special telephone-measur
ing units. Once the equipment has 
been assembled all standard tele
phone tests can be made without 
having to alter any cable runs or 
equipment layouts. The necessary 
circuit changes are controlled from 
the 4904 Meter, both for calibra
tion and measurement. Additionally 
each standard instrument can be 

In particular, measuring jigs are 
provided for setting the Artificial 
Voice output to: 

94,6dB SPL (10,75µbar) SFERT 
weighted, for European standard: 

used separateiy if desired, and each 
retains its full versatility. 

Using the 4904 Meter as a con
trol unit for standard tests consider
ably reduces the complexity of 
many measurements: the standard 
units do not have to be touched and 
only the 4904 controls are used by 
the operator. A simplified calibra
tion procedure requires only the 
4904 controls to be used: again the 
pre-set standard units need not be 

Tests possible with the 3356 system 
Objective reference equivalent 
measurements: 
(OREM): 
OREM A(UK) - British 

test 
standard 

OREM B - German standard 
test 

American - new circuits and 
components in the 
3356 are offered 
for use in new Am
erican loudness 
tests. 

General acoustic tests: 
For transmitters and receivers: 

frequency response 
sensitivity 
distortion 
acoustic coupling through the 
handset 
production go/no-go tests 

For transmitters only: 
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noise level from carbon transmit
ters 
packing versus time 
effectiveness of conditioning 
methods 

noise cancelling properties 
linearity 

For subset circuits: 
frequency response 
distortion 
insertion losses 
line matching 
regulation - change of propert
ies with line current 
effect of polarity reversals 
effect of small variations in sub
set components 

For lines and general circuitry: 
frequency response 
effect of various f~ed circuits 
balance return loss (with suitable 
hybrid transformer) 
transmission loss. 

Other Tests 
Apart from these standard tests 

others are possible, sometimes re
quiring the use of other Bruel & 
Kjrer equipment. For example, 
acoustic tests on ringer mecha
nisms (sound power, directivity, har
monic content, etc.) can be made by 

94 dB SPL ( 1 0 µbar) measured 
according to the procedure called 
for in IEEE 269 (American stan
dard). 

altered. This means that in spite of 
the apparent complexity of the sys
tem it can be used successfully by 
partly-skilled operators for the per
formance of a wide range of stan
dard tests on telephone subsets, 
lines, transmitters and receivers . 
Additionally, engineers can use the 
same assembly to perform. much 
more complex tests, for example 
those concerned with the develop
ment of a new telephone system. 

adding the Type 3922 Turntable 
and by building a suitable acoustic 
integrating box: the 3356 system 
contains a 1 0 volt ringer power 
source usable at frequencies down 
to 1 0 Hz plus microphones and anal
ysing equipment. Also a dial tester 
can be linked to the 3356 via the 
break points provided on the front 
panel of the Power Supply. Loud
speaking telephones, for which 
standard tests are emerging, can be 
measured by using either the stand
ard 3356 or by adding a loud
speaker to increase sound field le
vels over those available with the 
Type 421 9 Artificial Voice. A loud
speaker, i.e. a transducer which 
does not use a compressing micro
phone, can also use the circuits 
built into the Recorder and Genera
tor to supply pulses of sound energy 
for studying the switching behav
iour of loudspeaking telephones (but 
remembering that some switching 
circuits are designed to be sensitive 
to the human voice rather than loud
speaker signals). 



Acoustical data couplers (which 
use a handset as an acoustical link 
between locally produced data and 
a distant computer) can be checked 
completely and quickly with the 
standard unmodified 3356. Faults 

Type 3357 
The Type 3357 Electroacoustic 

Telephone Transmission Measuring 
System is an instrument combina
tion similar to Type 3356 but de
signed mainly for the rapid produc
tion testing of telephone receiver 
and transmitter capsules. By adding 
instruments the 335 7 can be up
rated to a 3356. 

The system is precise and excep
tionally stable . A fast self-calibrat
ing system ensures that correct 
readings are maintained month af
ter month both on the same ma
chine and on multiple versions of 
the system used in widely-differing 
locations. 

In particular this simpler system 
offers readings and test procedures 
identical with many of those avail
able on the larger laboratory model 
Type 3356 so that close and exact 
correlation is maintained between 
laboratory design readings and shop 
floor production test figures . 

Calibration 
. Built-in calibration circuits are ar

ranged so that full or partial calibra
tions can be performed rapidly 
either as part of a regular routine or 
as required . A full calibration takes 
from three to five minutes and can 
be performed with the minimum in
terruption to work schedules . Par
tial calibrations to check particular 
tests take one or two minutes . 

During normal work schedules in
dicating meters show the state of 
the Artificial Voice sound pressure 
and subset line voltages and cur
rents . These meters are arranged 
so that they can be checked by a su
pervisor without interruption to the 
work in progress : 

Use of the 3357 
The principal function of the 

equipment is to apply rigorous elec
troacoustic tests to telephone trans
mitters and receivers . These trans
ducers can be tested mated to
gether with their own subset or 

in the transfer system between 
handset and coupler can be de
tected rapidly. This rapid detection 
is particularly important where the 
coupler system relies on a carbon 
microphone having the usual well-

with one standard subset circuit 
built into the test equipment . This 
standard circuit is chosen by the 
user and assembled by him in the 
space provided in the Telephone 
Power Supply: appropriate switch
ing ensures that during transmitter 
tests a dummy receiver is switched 
into circuit, and during receiver 
tests a dummy transmitter is used . 
Artificial lines, constructed by the 
user, can be added internally or ex
ternally. The Telephone Power Sup
ply delivers a wide range of stabi-

known variability in characteristics. 
Also the design of the acoustic seal 
between the handset and the cou
pler can be analysed quickly and 
clearly. 

. . .-·-. •• •• 
-• 
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lised voltages through a standard 
feed bridge with a choice of series 
resistor values. 

All test switching is performed in
ternally and no changes to the test 
set-up are required when switching 
from transmitting to receiving tests. 

Test results are shown on a wide
scale meter with a selection of inter
changeable dB scales plus blank 
scales which can be used to show 
go/no-go limits . 
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Fig.10. The reciever Capsule Holder 
mounted on stand 

Standard capsule holders are pro
vided which fit most of the many 
varieties of receiver and transmitter 
used today. The holders are hand
fed with the test object which they 
then grip in a precise manner dur
ing the short test period. The re-

Fig.11. The transmitter Capsule Holder mounted on the stand with the Artificial Voice Type 
4219 

ceiver capsule holder particularly 
lends itself to incorporation into an 
automatic feed system. 

The transmitter holder is supplied 
with a stand which positions the 
holder opposite the Artificial Voice 

at a distance and angle equivalent 
to that used in the standard Ger
man telephone: this distance and 
angle can be altered to suit other 
types of telephone. 

Objective Reference Equivalent Meter Type 4904 
The Objective Reference Equiva

lent Meter Type 4904 and the Tele
phone Power Supply Type 4906 
form the main section of the tele
phone measuring systems. The 
4904 Meter selects the test to be 
performed and displays the result . 
The 4906 Power Supply provides 
the necessary stabilised voltage 
plus a wide choice of feed bridge cir
cuits. Both units are developments 
of the earlier 4901 and 4902 and 
both can replace these units directly 
in the earlier systems . 

In use the 4904 Meter is linked 
to other Bri.iel & Kjcer equipment, 
notably the Type 4905 Telephone 
Test Head (fitted with the Type 
421 9 Artificial Voice) and the Type 
1 023 Generator. 

The Generator output passes 
through the Meter circuits for cali-

6 
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Fig.12. The Type 4904 Objective Reference Equivalent Meter showing the row of lamps which 
indicate the position of the rear panel switches 



bration and is then applied to the 
telephone under test either electri-

· cally or acoustically. The resulting 
telephone signal returns to the Me
ter for measurement. This can be 
made as a straight display of signal 
voltage using the linear function of 
the Meter, or the display can be 
weighted to correspond with two in
ternationally used loudness func
tions in which the meter deflection 
is proportional to the 0,6 th and 
0 ,45th power of the input signal . 
Other circuits in the Meter switch 
the Generator to the appropriate 
fast reciprocating sweeps for these 
measurements . Interchangeable me
ter scales ensure that the measured 
quantity is read accurately and 
quickly without any need for trans
posing units . Additionally several 
blank scales are provided so that op
erators can insert their own measur
ing units or go/no-go scales. 

Subsidiary meters indicate the vol
tage and current supplied by the as
sociated Type 4906 Power Supply, 
measured at four points in the cir
cuit selected by a front-panel knob. 
These points are: output from the 
Power Supply; input to the tele
phone line; input to the subset; and 
input to the telephone transmitter. 
The last point is contained in the 
special plug-in units mounted in the 
Power Supply. These units can be 
wired by the user to conform ex
actly to his own standard telephone 
subset circuit so that separate trans
mitters and receivers can be mea
sured rapidly without the use of an 
external subset. 

Calibration 
Full facilities for calibration of all 

test circuits, including those of asso
ciated apparatus are provided. Rou
tine calibration is fast and compre
hensive: it checks the gains of mea
suring amplifiers, the output from 
the Type 1 023 Generator, the input 
to the subsets, the acoustic output 
from the artificial mouth, and the 
acoustic-to-electric and electric-to
acoustic conversion factors . Extra fa
cilities are provided for checks 
which can be independent of the 
built-in reference signal. In particu
lar a fast working check can be 
made of the whole equipment, in
cluding test jigs, with minimum in
terruption to routine measurements 
and with no change in equipment 

Fig.13. Front view of the Type 4904 showing the image diagram including the balanced input 
and output 

Toe-,,._ To._.. 
ltiput 8f0 ~ .A~l \ 

Fig.14. Rei r view of the Type 4904 

Meter Osc. Output • • 
Voice Microphone 

() • Fig.15. Calibration adjustments Fig.16. Low impedance generator 

-Overload 

dB 
Meter Function y:kx 0•6 

Fig.17. View of meter scale with overload indicator 

7 



8 

Electroacoustic Telephone Transmission 

Measuring 
Amplifier -----

2610 

Band Pass 
Filter 
1618 

Sine 
Generator-----

1023 

Level 
Recorder -----::i--

2307 

Telephone 
Test Head 

4905 

--·~-



Measuring System 

Artificial 
Voice 
4219 

Box with 
accessories 
UA 0617 

·equency Response 
Tracer 4 71 2 

,....,.,~ 

+;l• 

--... -.. .. • 
; 

Type 3356 

-·· 
~ '!~J!I •r-

•...i•~ ""-'t-«- MW.....!,!.-, 
"-•* 

, .... 

+- • .... 
i--J,~ P!-

-- *-- ' ;. 

·• ·· ·---· .... ._ ... ...... .. ... .._ ~ ....... 
• 

Measu'ring 
Amplifier 

2610 

Telephone 
Power 
Supply 
4906 

Objective 
Reference 
Equivalent 

Meter 
4904 

9 



control settings . All calibrations 
refer back to known international 
standards . 

Calibration constants 
1. European mode 
Reference signal : 1 Neper below 
1 mW, equal to 285 mV across 
600 n. This signal appears in the 
form of a 1000 Hz sinewave. When 
it is applied to the input of the Me
ter a reading of zero dB (OREM B 
German standard and OREM A(UK) 
standard) is obtained . Output to the 
telephone subset: 285 mV across 
balanced source impedance of 
6000 . 

Switched attenuators can raise or 
lower the signal by 5 or 10 dB. 

Output from associated Artificial 
Voice is 94,6dB SPL (10,7µbar) 
measured in the SFERT mode and 
with SFERT weighting applied to 
the output signal. Switched attenua
tors can raise or lower this signal 
by 5 or 10 dB . SFERT measuring jig 
is supplied with the associated 
equipment . 

An acoustic input of 94,6 dB SPL 
( 10, 7 µbar) applied to the asso
ciated couplers produces a meter 
reading of O dB , derived from a sig
nal of 285 mV across 600 n at the 
reference point . 

Meter law: deflection is proportional 
to the 0,6th power of the input vol
tage . 

2. American mode 
Reference signal: 1 0 dB below 
1 volt (316 mV). 1000 Hz sinewave. 

Fig .18. The Artificial Voice Type 4219 fit
ted with the calibration jig for the 
American mode 

Output to telephone subset: 1 volt, 
10 dB or 20 dB below 1 volt 
(316mV, 100mV) from a balanced 
source impedance of 900 n. 

Output from associated Artificial 
Voice Type 4219: 94 dB SPL 
( 10 µbar) measured according to 
IEEE 269. A measuring jig conform
ing to IEEE 269 requirements is in
cluded with the associated equip
ment. 

Telephone Test Head Type 4905 
The widespread use of the 3350 

series of instruments for the mea
surement of Objective Reference 
Equivalents has led to a demand for 
a telephone test head capable of 
meeting the diverse requirements of 
different groups. Chief amongst 
these is the need to grip handsets 
of unusual shapes and to swing 
them through a variety of condition 
ing motions. 

The Test Head Type 4905 meets 
these demands by using a specially 
shaped support for the receiver cap 
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which is located firmly and accu
rately against a fixed reference 
plane. Extra supports are easily ma
.chined-to sutt receiver caps of unus
ual shape. With the receiver cap lo
cated correctly the transmitter cap 
falls into its true position opposite 
the artificial voice . Acoustical tests 
can then be made on the handset 
using any of the four artificial ear 
couplers supplied with the Test 
Head . 

The Head is used as an integral 
part of the 3356 Telephone Trans-

Fig.19. The Artificial Voice Type 4219 fit
ted with SFERT measuring jig 

An acoustic input of 94 dB SPL 
( 1 0 µbar) to the ANSI (ASA) 6 cm 3 

coupler produces a Receive Rating 
of O dB re . the reference signal. 

An input of 10 dB below 1 volt 
( 31 6 mV) across 900 n produces a 
Transmitting Rating of O dB re. the 
reference signal. 

Meter law: deflection is proportional 
to the 0,45 th power of the input vol
tage. 

mission Measuring System or it can 
replace the older Type 4903 Head 

· used in the 3350 system. It can 
also form the basis of a more spe
cialised test set by using it together 
with items selected from the wide 
range of compatible Bruel & Kj<Br 
equipment . 

Head Construction 
A swivelling platform is coupled 

to the baseplate via two rotating 
joints, each marked with degree 
scales and each fitted with locking 
clamps . 



Fig.20. Receiver cap locating ring mounted 
on the Test Head. (This ring is deliv
ered unmachined) 

Fig.21. The NBS 9A coupler. Left: Ring DB 
1169 

The platform carries a heavy plate 
free from resonances in the audio 
frequency range. This plate forms 
the reference plane against which 
the telephone receiver cap is held 
by an adjustable pressure pillar. 
The artificial ear assembly slides 
through this plate to contact the 
face of the receiver cap. A locating 
ring around the outside of the cap 
prevents it from sliding sideways. 
This ring is easily machined to suit 
receiver caps of any shape. 

Adjustable fingers help to keep 
the handset rigidly supported during 
conditioning motions . 

Four types of coupler are supplied 
for the artificial ear assembly: 

IEC audiometric 
ANSI (ASA) 
NBS 9A 
Braun 

6cm3 
6cm3 
4cm3 

The IEC audiometric coupler has 
been approved by the CCITT for use 
in telephone measurements . It is 
supplied with both standard support-

Fig.22. The IEC Audiometric coupler complete. Left: Hard black collar, undercut (VJ 0430): 
Disposable soft seal (VJ 0431) 

Fig.23. Test Head Type 4905 fitted with the Artificial Voice Type 4219 and coupler NBS 9A 

ing ring and a special soft sealing 
ring designed to take up irregulari
ties in the surfaces of telephone re
ceiver caps. 

The ANSI (ASA) coupler is the 
standard coupler for telephone 
measurements in North America, as 
called for in the recent IEEE 269 
standard . It is supplied with the 
front face not machined . This is in 
accordance with the appropriate US 
standard which specifies that final 
machining should be done to suit 
the characteristics of the measured 
object so that the total cavity, 
shared between the object and the 
coupler, is exactly 6 cm3. Machin
ing of this front face can be done by 
Bruel & Kjoor to special order accom
panied by full machine drawings, or 
the coupler can be supplied to spe
cial order machined to suit accepted 
American practice for the measure
ment of the G 3 style of handset 
used in the WE 500 telephone. 

The NBS 9A coupler is the cou
pler designated for use in the BPO 
OREM A(UK) test . It is nominally 

Fig.23. The Braun coupler. Left: Ring DB 
1169 

6 cm3, and is supplied ready for 
use. 

The Braun coupler is the German 
standard coupler for use in tele
phone measurements, and is sup
plied ready for use. 

Artificial Voice 
The same platform also carries 

the Artificial Voice, which is 
mounted precisely on sets of locat
ing pins accurately positioned with 
regard to the main reference plane. 
Two sets of pins are provided giving 
a choice of REF (CCITT standard) or 
AEN modal positions: no template is 
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needed to set up the Voice . The 
Voice construction ensures that the 
Voice orifice and lipring are posi
tioned accurately with regard to the 
base locating holes and hence with 
the main reference plane . The accu
racy of positioning of the handset 
transmitter is such that small differ
ences due to bends in the handset 
can easily be detected . 

The Artificial Voice Type 421 9 
has been designed with particular 
regard for telephone measuring 
work . The sound field near the 
Voice , in the region occupied by 
telephon~ transmitters, closely fol 
lows the distribution of the sound 
field from the human mouth . 

For further details see the Pro
duct Data sheet for the Artificial 
Voice Type 421 9. 

Conditioning Action 
The whole Test Head assembly 

can be rotated to provide a condi
tioning action for carbon micro
phones . The axis of rotation can 
vary continuously from coincidence 
with the mouth axis , as suggested 
by the IEEE 269 standard, to coin
cide with the ear axis . It can be 
locked at any intermediate point , in 
particular at the point correspond
ing to the conditioning action de
scribed in the BPO OREM A(UK) 
test . An extension of the main bear
ing behind the back plate allows a 
motor to be fitted for automatic con
ditioning . This motor is available to 
special order . 

The preferred measuring pos1t1on 
is shown above . The mouth is 
placed in the AEN position and the 
swivelling plate has been locked so 
that the mouth axis coincides with 
the main bearing axis, giving the 
conditioning motion called for in 
IEEE 269 . The telephone transmit
ter cap lies at an angle with the ver-

Fig.25. View of the Test Head showing the AEN and REF positions 

Fig.26 . Complete Test Head assembly showing the preferred measuring position 

tical of almost 45 degrees (depend
ing on the handset construction): 
this angle can be varied within wide 
limits for special tests . The mouth 
and transmitter cap are held high 
above the bench top to minimise re
flections, and as a further precau
tion the handset cord is looped back 
into one of the special retaining 
notches. Adjustable fingers hold the 

handset steady during the condition
ing motion, with a black retaining 
r ing locating the receiver cap accu
rately over the artificial ear . Al
though the handset is upside down 
it can be seen that the microphone 
capsule lies at almost the same 
angle with the vertical as it does 
when held against a human face in 
the nor ma I way . 

Equipment to be used with the ~905 Test Head 
The Type 4905 Telephone Test 

Head is only a basic frame . The fol
lowing equipment is used with the 
Head and must be ordered sepa
rately if the Test Head is ordered for 
other measuring systems . 

Type 4219 
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Artificial 
built-in 

Voice with 
preamplifier 

UA 0617 

Type 4144 

and 1 / 4" micro-
phone 4136 . 

Accessories box plus 
contents (couplers, 
calibrating jigs, cap
sule holders, tools). 

1 " microphone car-

tridge for the ANSI 
(ASA), NBS 9A, and 
Braun couplers . 

Type 41 34 1 / 2" microphone for 
the IEC audiometric 
coupler. 

Type 261 9 S Preamplifier for the 
coupler microphone. 



When used separately from the 
3356 or 3357 systems the Test 
Head additionally requires a signal 
generator with a compressing chan-

nel; a microphone amplifier for this 
compressing channel; a microphone 
amplifier for measuring the acoustic 
signal in the ear couplers. 

Recommended units are Type 
1023 Sine Generator, Measuring 
Amplifiers Types 2610 or 2609. 

Fig .27. Test Head and associated equipment. Right: Box with accessories, UA 0617 

Specifications 4904 and 4906 
Input Impedance: 

600 0 , 900 0, via transformer with cen
tre-tap . Optional earth link to centre-tap 
or to either end 
Also 100k0 

Meter Functions: 
Linear y = kx 
Exponential y = kx0,6 
Exponential y = kx0.45 

Meter Damping: 
Fast 
OBDM 
Slow 

Meter Scales: 
1 y = kx calibrated in dB 
1 y = kx0,6 calibrated in dB 
1 y = kx0.45 calibrated in dB 
2 blank scales 
All scales have a window for viewing the 
overload lamp fitted to the meter ampli
fier 

Overload Indicator: 
Fitted on the moving-coil meter face, visi
ble on each meter scale 
Indicator flashes for peak voltages 1 4 dB 
over full scale deflection 

Scale Range: 
y = kx: + 25 to -5 dB 
y = kx0,6 : + 30 to -4 dB Objective Refer

ence Equivalent 
y = kx0.45 : + 30 to -6 dB 

Meter Amplifier Input Attenuator: 
+15, +10, +5, 0, -5, -10, -15, 
-20dB 

Measuring Functions: 
Single knob control for transmitting, re
ceiving and sidetone measurements on 
complete telephone sets, handsets, or in
dividual transmitters and receivers . Ob
jective Reference Equivalents using the 
standard methods of OREM A and OREM 
8 

Frequency response : recorded on charts, 
(with 3356 system) 
Harmonic analysis using third-octave fil
ters, (with 3356 system) 
Modulation noise above 5 kHz 
Transmitter current (measured on single 
transmitters using built-in Plug-in Units) 
Line current and voltage 
Line attenuation , frequency response, 
distortion 

Output to Subset or Line: 
285 mV across 600 0 (-1 Np re 1 mW). 
Other values obtainable by varying cali
bration technique 

Acoustical Output: (When used with 3356 
or 335 7 system including Type 421 9 Artifi
cial Voice) 

1 Pa at 0 ,3 inches from lipring measured 
according to IEEE 269 (1971) require
ments (standard jig and microphone sup
plied with 3356 and 3357 systems) 

10, 75 µbars at 43,5 mm measured with 
SFERT-adapted microphone and with 
SFERT-weighted output from the Type 
421 9 Artificial Voice 

Other outputs are available by varying 
the calibration method 

Output Attenuator: 
+ 10, + 5, 0 , -5, -10, -15dB 

Built-in Reference Voltage: 
285 mV, 1000 Hz 

Weighting Network: 
SFERT (acoustical output only) 
Male Speech Spectrum Weighting (on 
acoustical output, with inverse MSSW 
on electrical input to the meter amplifier) 
Linear 

Other Outputs: 
775 mV, source impedance 3 0 with 
break points for insertion of additional im
pedance . Supplied from Type 1023 
Generator 

Signal output to Type 4712 Audio Fre

quency Response Tracer via potentiome
ter on front panel 

Output to receiver capsule, delivered 
from Plug-in Unit 

Signal Output, delivered from a tapping 
across the input to the measuring meter 
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Meter DC output, after rectification and 
meter law circuitry 

Other Inputs: 
Direct to meter input , with extra 4 mm 
terminals connected for the addition of 
load resistors if required 

Input for transmitter capsule , connected 
to Plug-in Unit 

Front panel Connections: 
Telephone subset 
Telephone line out 
Line in 
Transmitter input to built -in subset 
Output from built-in subset to receiver 
Input to balancing transformer, centre
tapped with optional earth 
Output from balancing transformer, cen
tre-tapped with optional earth 
Direct input to meter 
Direct output from Generator 

Front panel Connectors: 
4 mm sockets with screw tops and flat . 
shorting links, captive 

Calibration Checks: 
Meter amplifier gain 

Generator output 
Microphone sensitivity 
Voice output 

Current Meter Ranges: 
0-30 mA, 0-1 50 mA, 0-300 mA 

Voltmeter Ranges: 
0-7,5 , 0-25, 0- 75 volts 

Measuring Points: 
Power supply output: line 1: line 2: trans
mitter 

Polarity: 
Normal : reversed 

Output: 
Direct from supply 
Via internal feed bridges 
From external power supply 

Stability: 
± 0 , 1 % for 10% line voltage change 

Regulation: 
Under typical conditions 1 % change in 
output voltage between O and 300 mA 

Feed Bridge: 
Capacitance: 2 x 20 µF 
Inductance: 2 x 5 Henry at 60 mA 

2 x 5 Henry at 200 mA 

Coil Resistance: 
2 X 600 

Feed Resistance Total: 
0 - 60 - 1 00 - 1 50 - 200 - 250 
- 300 - 350 - 400 - 500 n plus 
spare, plus brake point for additional cir
cuitry 

Plug-in Units (2): 
Partly wired: automatic switching for 
each test plus switching of dummy trans
mitter and receiver resistors as required 

Power Supply Output: 
Floating with respect to earth : available 
via feed bridge: direct to front panel: di
rect to Plug-in Unit 

Mains Power Supply: 
100, 115, 127, 220, 240V (± 10%) 
4906: 11 VA 
4904: 23VA 
Complies with IEC 348 safety class I 

Instruments and Accessories Delivered 1n the 3356 
and 3357 Systems 

The following lists all items deliv
ered with the two systems. 

It can be seen that the 3357 dif
fers from the 3356 in these details: 

2307 A Level Recorder: In the 
3357 this is removed. 

1 61 8 A Band Pass Filter: Also re
moved. There are no distor
tion measuring facilities in 
the 3 3 5 7, except for the 

Unit Quantity Unit Quantity 
with 3356 with 3357 

1 1 
1 0 
1 0 
2 2 
1 1 
1 1 
1 1 
1 1 

1 1 
1 0 
1 1 
1 0 
1 1 
1 0 

0 1 
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5 kHz HP-filter 
4904. 

4905 

in the However, th is is such a 
useful instrument in fac
tory production tests that 
users of 'the 3357 are 
strongly advised to add this 
instrument . to ·the assem
bly. 

4712 

Telephone Test Head: The 
main frame is removed 
leaving two rapid-action 
capsule holders for receiver 
and transmitter measure
ments complete with the 
four artificial ears and all 
accessories. 

Frequency 
Tracer: This 

Response 
is removed. 

The construction ,··bf the 3357 is 
such that any of the above instru
ments can be added to the main as
sembly so that the 335 7 can be up
rated to the full 3356 specification . 

Description 

Type 1023 A Sine Generator 
Type 1618 A Bane Pass Filter 
Type 2307 A Level Recorder 
Type 2610A Measuring Amplifier 
Type 2619 S Preamplifier 
Type 4134 1 / 2" Microphone 
Type 4144 1" Microphone 
Type 4219 Artificial Voice ; including 

Type 4136 1'/W . Microphone 
Type 4230 Microphone ."GaUbra.tor 
Type 4712 Frequency Rewonse Tracer 
Type 4904 Objective Reference Equivalent Meter 
Type 4905 Telephone Test ·Head 
Type 4906 Telephone Power Supply 
KC 3356 Rack system and accessories 

(see separate list) 
KC 3357 Rack system and accessories 

(see separate list) 



Unit Quantity Unit Quantity 
with KC 3356 with KC 3357 

1 1 

1 1 
1 1 
1 
1 

1 
2 3 
1 
1 1 
1 1 
1 

1 
1 1 
3 
1 
1 
1 4 
1 1 
1 1 
3 
5 
1 1 
1 1 
2 1 
2 
4 
1 1 
1 

Unit Quantity 
with UA 0617 

10 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
.1 

UA 0617 

UA 0086 
UA 0095 
KO 0119 .. 
KO 0120 -
KQ0121 -
KS 0037 • 
KS 0041 
UA 0491 
UA 0507-
FA 0567 
FA 0579 
ZM 0047 
OP 1142 
AO 0019 
AO 0027 
AO 0064 
AO 0071 
AO 0087 
AO 0133 
AO 0142 
AO 0143 
AO 0011 
AO 0034 
AO 0035 
JP 0144 
JP 0150 
JJ 0152 

DB 11 61 
DB 1162 
UA 0276 
UA 0318 
DB 1160 
YJ 0430 

YJ 0431 
DB 1164 
DB 1169 
UA 0277 
UA 0317 
UA 0094 
UA 0096 
UA 0286 
QA 0027 
QA 0031 
QA 0056 
AO 0069 
DD 0015 
DB 0111 
KE 0069 

Description 

Mahogany box with accessories 
(see separate list) 
Stand for receiver capsule holder 
Stand for transmitter capsule holder 
Combining Unit 
Combining Unit 
Combining Unit 
Separate Shelves 
Separation Shelf with switch 
Mounting Set for Type 4906 
Mounting Set for Type 4904 
Blank Panel 
Blank Panel 
Sweep Control Unit 
Roll of telephone-scale paper : 1 00 mm x 60 m 
Screened cable, B & K plugs, 3 metre 
Microphone Extension Cable, 3 metre 
Screened Cable , B & K-BNC, 1 ,2 metre 
Multi-cable joining Meter to Power Supply 
Screened Cable , BNC plugs, 1,2 metre 
Screened Cable, BNC plugs, 0,6 metre 
Screened Cable, BNC plugs, 3 metre 
Multi-cable joining Meter to Sweep Unit 
Cable, banana plugs, 4904 to 421 9 
Control Cable with 8 -pin DIN plugs 
Control Cable with 7-pin DIN plugs 
B & K to BNC plug Adaptor 
Banana plug to BNC plug Adaptor 
BNC T-connector 

Description 

NBS 9 A coupler 
ANSI (ASA) coupler with front face unmachined 
Braun coupler 
IEC audiometric coupler 
For IEC coupler : ring with coarse-thread adaptor 
For IEC coupler : hard black collar, undercut for use with 
soft seal YJ -0431 
For IEC coupler: disposable soft seal 
For IEC coupler: 1_-inch sleeve with coarse thread 
Ring: for adapting 1" mic . to coarse thread 
SFERT baffle 
Voice calibration jig : in one piece to IEEE 269 
Transmitter capsule holder 
Ring for transmitter capsule holder 
Receiver capsule holder complete with ring 
Screwdriver 
6 mm box spanner 
Pin spanner for capsule holders 
Cable: microdot to 3-pin, for capsule holders 
Perforated grid for 4 1 44 front cap 
Ring for above 
Mahogany box 
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Additional Accessories Available to Special Order 
Level Recorder Potentiometers 

The 2307 Level Recorder sup
plied with the 3356 contains a ZR 
0005 50 dB potentiometer which 
determines the dynamic range of 
the Recorder . For the same paper 
width a more sensitive trace can be 
obtained by using other potentiome
ters . For telephone measurements a 
suitable additional potentiometer 
would be the ZR 0004 which gives 
a dynamic range of 25 dB . 

ANSI Coupler WC 0012 
This is a machined version of the 

coupler DB 11 62 cut so that when 
placed on the earcap of the West
ern Electric G 3 handset the en
closed cavity measures exactly 
6 cm 3 . It follows accepted Ameri
can practice regarding front-face de
sign with the use of a sealing 0-
ring . It is supplied ready for use in 
conjunction with the accessories in 
accessory box UA 061 7 . 

Deutsche Bundespost Transmitter 
Measuring Jig, WA 0040 

A special version of the UA 0095 
Stand in which the Voice and trans
mitter capsule holder are carried on 
long anti-microphonic stalks to mini
mize acoustic reflections from the 
supporting base . The transmitter 
capsule holder is of all-metal non
adjustable construction designed to 
fit the Bundespost standard trans
mitter . 



2. ASSEMBLY AND PREPARATIONS 

The complete system has been assembled, thoroughly tested and calibrated at the fac
tory. Before it can be put into service, it must be reassembled, and some minor prepara
tions must be done. This chapter gives the necessary information for doing so and at the 
same time serves as a means of identifying the different parts constituting the accesso
ries for the system. 

Here and throughout the Manual the two systems will in general be treated as one and 
referred to as Type 3356. Whenever important differences exist, this will be explicitly 
mentioned. 

The emphasis will be on the system as a whole. For details about the standard-instru
ments the reader is referred to the individual Instruction Manuals provided, whereas the 
special telephone measuring units will be dealt with at length in this Manual. These 
units are notably the Types 4904, 4905, and 4906. 

2.1. ASSEMBLY OF THE COMPLETE SYSTEM 

2.1.1. Mechanical Assembly 

As the system is fully electrically synchronized the assembly is straightforward. Assem
ble the Rack Systems according to the Instruction Manual for the KQ Rack Systems. 
Remember to attach the power cables to the electrical distribution block in the rack. The 
colour coding of the power cable AN 0010 is given in section 2.1 .2. Also remember to 
modify the feet of the rack with the 4904 by inserting the top part of the feet (DF 7029). 
Then fit the instruments in the racks as shown on the pictures pages 5, 8, 9. 

2.1.2. Cable Connections 

Before connecting the mains supplies some checks and adjustments should be carried 
out to ensure safe operation of the instruments. 

The procedures for the standard instruments can be found in the relevant Instruction 
Manuals. With instruments 4904 and 4906 the appropriate checks and adjustments are 
as follows: 

Mains Voltage Setting 

Check the correct setting of the mains voltage. The 4904 and 4906 may be powered 
from a single phase AC mains supply of 100, 115, 127, 220 or 240 V ± 10% (50 to 
60Hz). 

To change the setting of the VOLTAGE SELECTOR remove the central fuse holder using 
a small screwdriver. the VOLTAGE SELECTOR can then be turned to the required posi
tion with a small coin. After checking the fuse, replace the fuse holder. 
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Mains Fuse Rating 

For the 4904 and 4906 the fuses should be as follows: 

100 to 127 V 
220 to 240V 

400 mA slow blow (8 & K No. VF 0039) 
200 mA slow blow (8 & K No. VF 0012) 

Make sure that only fuses of the specified type and the required rated current are used 
for replacement. The use of mended fuses and the short circuiting of fuse holders is pro
hibited. 

Mains Socket Connections 

Once the mains voltage setting and fuse have been checked the mains supply may be 
connected to the MAINS INPUT socket of the instruments using the Power Cable AN 
0010 provided. To fit a suitable mains plug or to fit the cable to the distribution block in 
the rack, see the figure below. 

Blue 

Brown 

Green and Yellow 

Neutral 

AC Power 
Supply 

Live 

Protective Earth 
771028 

For maximum operating safety the protective (green/yellow) conductor of the power 
cable should be connected to a suitable earth, such as the protective earth contact of a 
mains socket outlet. The use of extension cables without protective conductor shall be 
avoided . 

In countries where the use of a mains socket outlet without protective conductor is 
standard, tt,e mains supply should incorporate an authorized earth leakage circuit 
breaker. 

Connection of Signal and Control Cables 

The signal cables and control cables are connected according to the cabling diagrams 
Fig.2.1 and 2.2. Observe the polarity of the Banana plug to BNC plug Adaptor (JP 
0150). The terminal marked with a small protuberant knob is connected to the screen, 
while the Signal Ground on the 4904 is the terminal without a black dot. If the polarity 
is reversed the LOAD output of Type 1023 will be shortcircuited except when it is con
nected to the Artificial Voice. Do not connect the Artificial Ear and Artificial Voice until 
these have been assembled as required. 

The Sweep Unit ZM 004 7 is most conveniently placed behind the Level Recorder or, in 
the 3357 system, behind the 4904. 
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Fig.2. 1. Cabling diagram Type 3356. Rear view. Notes: a) Mounted on front b) Mounted on Left side of 2307 when viewed from the rear 
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Fig.2.2. Cabling diagram Type 3357. Rear view. 
Note: a) Mounted on front 



2.2. ARTIFICIAL EARS AND VOICE MEASURING JIGS 

The parts for the assembly of the Artificial Ears and Voice Measuring Jigs are contained 
in the Accessories Box UA 0617 (Fig.2.3) and in the 2619 Preamplifier Box (Fig.2.4). 
The 1" Microphone Cartridge 4144 and 1 /2" Microphone Cartridge 4134 are housed 
in their own boxes. 

Artificial Ear Couplers 

r 

ANSI (ASA) 
unmachined NBS 9A 

* 
IEC Audiometric 
UA 0318 

DB 1162 DB 1161 DB 1160 

' 
Braun 
UA 0276 

Also packed in box but not shown: 

YJ 0430 
10 YJ 0431 
2 AO 0069 
Terminal Caps 
Calibration Chart for UA 0318 

1-inch Sleeve DB 1164 

Pin Spanner QA 0056 

Screwdriver QA 0027 
Front Cap DD 0015 + DB 0111 

Voice Calibration Jig 
to IEEE 269 
UA 0317 

Transmitter Capsule Holder 
UA 0094 + UA 0096 

SFERT Baffle UA 0277 

6 mm Box Spanner QA 0031 

800776 

Fig.2.3. Mahogany box with accessories VA 0617 (Box alone KE 0069) 

DB 0375 

2619 

Fig.2.4. The 2619 Preamplifier with the DB 0375 Adaptor 
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The different possibilities of assemblies are shown in Fig.2.5. The assembly with the 1" 
Microphone 4144 fits the SFERT baffle and the Braun, NBS 9 A, and ANSI couplers but 
not the IEC Audiometric coupler. 

The 1 /2" assembly is primarily intended for use with the IEC Audiometric coupler. It 
also fits all the other couplers and the SFERT baffle (shown dotted in Fig.2.5). However, 
at present no specifications call for this assembly to be fitted to the other couplers, and 
neither is there any clear advantage in doing so. 

The IEEE 269 Voice Measuring Jig is an integral unit, although the DB 0111 + DD 
0015 is used instead of the normal front cap of the 4144 in conjunction with the spe
cial version of the ANSI coupler (see Section 2 .2.1 ). 

The Voice Measuring Jigs are used to calibrate the Artificial Voice. The Artificial Ears 

2619 DB0375 DB 1169 4144 

2619 DB 1164 

~ 

4144 DB0111 DD0015 

IEEE 269 

SFERT 

UA 0277 

UA 0276 I Braun 

.~ NBS9A 

D81161~ 

rlh ANSI (ASAI 

D81162 ~ 

Voice 
Measuring 
Jigs 

Artificial 
Ears 

800456 

Fig.2.5: Parts for the assembly of Artificial Ears and Voice Measuring Jigs 



(coupler + microphone assembly) are eventually fitted to either the Test Head 4905 or to 
the Receiver Capsule Holder. 

When used in conjunction with the Test Head there is a choice of routes for the cable 
feeding the 261 9 preamplifier. Either it can pass through the centre bearing of the Test 
Head or it can be allowed to run free around the outside of the Test Head. The first 
choice gives a neater installation with less chance of the cable fouling the test object; 
the second allows the complete coupler assembly to be unclipped from the Head and 
moved over a wider area of the test bench. If the first choice is preferred, then the 2619 
Preamplifier case should be passed through the hole in the main bearing before assem
bly of the coupler begins. 

2.2.1. Artificial Ears - NBS 9 A, ANSI (ASA), and Braun Couplers 

Identify these parts: 

4144 

a) In the accessories box UA 0617: 

DB 1161 
DB 1162 
UA 0276 
UA 0277 
DB 1169 

b) In the 261 9 box: 

2619 
DB 0375 

c) In the 4144 box: 

4144 

NBS 9 A coupler 
ANSI (ASA) coupler, unmachined 
Braun coupler 
SFERT baffle 
Ring for adapting 1" Microphone to coarse thread 

Preamplifier 
Half-inch to one-inch adaptor 

1" Microphone cartridge 

Select the 4144 Microphone cartridge, the DB i 169 Adaptor, the DB 0375 Adaptor, 
and the 2619 Preamplifier. Push the 4144 into the DB 1169 Adaptor (at the end away 
from the knurled-ring). Push the DB 0375 half-inch to one-inch Adaptor into the knurled
ring end and screw it to the 4144. Then screw the assembly to the 2619 Preamplifier. 
(see Fig.2 .6) . 

This now forms the microphone assembly common to the NBS 9 A, ANSI (ASA), and 
Braun couplers, and the SFERT baffle. 

Note that the ANSI Coupler is supplied with the front face unfinished. Regulations gov
erning the use of the Coupler state that this front face should be cut down by such an 
amount that when the Coupler and Microphone are placed on the earcap of the tele-

DB 1169 DB 0375 2619 

472255/ 1 

Fig.2.6. Assembly of the parts for the NBS 9A, ANSI, and Braun couplers 
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WC 0012 DB 1162 

Fig.2. 7. The ANSI Couplers cut to fit the G3 Handset (left), and the 
unmachined version (right) 

phone to be measured, the total enclosed cavity should be exactly 6 cm 3. This means 
that for different shapes of earcap, the Coupler will have to be cut by different amounts. 

Before putting the Coupler into use, therefore, the front face shape will have to be calcu
lated, and the unfinished Coupler machined accordingly. 

For telephones which conform exactly to the earcap shape of the Western Electric G3, a 
specially-cut ANSI Coupler is available under part No. WC 0012. (See Fig.2. 7). 

The WC 0012 also fits the assembly in Fig.2.6. However the normal front cap of the 
4144 Microphone should be replaced by the front cap consisting of DB 0111 plus DD 
0015. This front cap is also used with the UA 0317 Voice Measuring Jig (Fig.2.5) and 
are supplied in the accessories box UA 061 7 mounted on the UA 031 7. When inter
changing the front caps do this carefully, and do not touch the Microphone diaphragm 
with any object or with the fingers. Screw the perforated cap DD 0015 to the ring 
DB 0111 before fitting it to the 4144. 

2.2.2 Artificial Ear - IEC Audiometric Coupler 

Identify these parts: 

24 

a) In the accessories box UA 0617: 

UA 0318 
DB 1160 
DB 1164 

b) In the 261 9 box: 

2619 

c) In the 41 34 box: 

4134 

IEC Audiometric coupler 
Ring: joins IEC coupler to a coarse thread adaptor 
Adaptor: from half-inch preamplifier to coarse 
thread on one-inch sleeve 

Preamplifier 

1 / 2" Microphone 

For telephone applications, the IEC coupler UA 031 8 is normally supplied already 
screwed to the Adaptor DB 11 60, from which it need not be detached for the whole of 
its use with the 3356. If the two parts have been separated, then screw them together. 



UA 0318 DB 1160 

4134 DB 1164 2619 

472293/ 1 

Fig.2.8. Parts for /EC Audiometric coupler 

Select the 2619 Preamplifier and push it into the DB 1164 Adaptor. Then screw the 
4134 1 /2" Microphone onto the Preamplifier body so that the Adaptor face is clamped 
between the Microphone and the Preamplifier. This complete assembly can then be 
screwed onto the IEC coupler using the coarse thread in its Adaptor. (See Fig.2.8.) 

Note · that the DB 11 64 is clamped to the Microphone by the 261 9. Hence, if the 261 9 
has been unscrewed from the assembly, it is necessary to dismantle the adaptor from 
the coupler before the 2619 can be refitted. 

The IEC Audiometric coupler UA 031 8 consists of metal body and a hard black collar (Y J 
0304) . To obtain a more secure sealing between the earcap of the telephone handset 
and the coupler, the Y J 0304 can be substituted by a soft seal and a locking ring (Y J 
0431 + YJ 0430, see Fig .2.9). 

Lock ing Ring 
YJ 0430 

Hard Black Collar 
YJ 0304 

Soft Seal 
YJ 0431 

472296/ 1 

Fig.2.9. The assembled /EC Audiometric Coupler, with the optional 
soft seal and locking ring 

2.2.3. Voice Measuring Jig - SFERT 

The SFERT baffle UA 0277 is contained in the accessory box UA 0617 and is used to 
calibrate the Voice for the OREM A and B. It fits directly on the 1" Microphone assembly 
in Fig.2.6. The shape of the baffle is so as to resemble the shape of the standard micro
phone used in the old SFERT system. The baffle also fits directly on the 1 /2" Micro
phone assembly shown in Fig .2.8. 

2.2.4. Voice Measuring Jig to IEEE 269 Requirements 

This jig is used only when the Voice output is measured in the manner described in the 
American document IEEE 269 ( 1 971 ). 
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UA 0317 

DD 0015 DB0111 4144 with Front 
Cap removed 472253/ 1 

Fig. 2. 10. Parts for the assembly of the Voice Measuring Jig to IEEE 
269 Recommendations 

Identify these parts (see Fig.2.10): 

a) In the accessories box UA 061 7: 

UA 0317 
DD 0015 
DB 0111 

b) In the 261 9 box: 

2619 

c) In the 4144 box: 

4144 

Measuring jig (IEEE 269) 
Perforated grid for 41 44 
Ring for above 

Preamplifier 

1" Microphone 

The perforated cap and ring are supplied screwed to the UA 031 7 jig: remove them, 
keeping the ring and cap in one piece. 

Carefully remove the normal front cap from the 4144 Microphone. The diaphragm on 
this Microphone is easily damaged so do not touch it with any object, or with fingers. 

Fig.2.11. The Assembled Jig (IEEE 269) in place on the Voice 



Screw the cap and ring onto the 4144. Then screw this combination onto the jig. 

Put the 261 9 into the back of the jig and screw it in place. 

The jig is now assembled for use with the 4219 Voice. The lipring on the jig corre
sponds to that on the 4219 Voice, and fits in place of this. (See Fig.2.11 .) 

2.3. THE TEST HEAD 

The Test Head 4905 holds the Artificial Voice 4219 and the Artificial Ear, and is used 
when the capsules are tested in their own handset. The ear cap of the telephone hand
set is located firmly against a reference plane block to which the Artificial Ear is fitted. 
An earcap disc on the reference plane block serves as a lateral locating device for the 
handset. The Artificial Voice can be fixed in either the REF or the AEN positions with re
gard to the reference plane. 

2.3._1. Fitting the Artificial Voice 

4136 

Identify these parts (see Fig.2.12). 

4905 
4219 
4136 

Telephone Test Head 
Artificial Voice with fixing screw and washer 
1 / 4" Microphone 

Take the 4219 Artificial Voice and the 4136 1 / 4" Microphone. Unscrew the front face 
of the Voice, and lift up the microphone mounting which is clipped into a grove (see 
Fig.2.13 and 2.14). Screw the 1/4" Microphone to this casing and push it carefully 
back into the clip. While this part of the front face is detached, note the four small fixing 
screws which hold on the lipring (see Fig.2.15). For most normal work with the 3356, 
this lipring does not need to be left in place, so these four screws can be detached now, 

4219 

~ Ys O Jez_ (¾ 11 

W .Cr.) 
Fig.2.12. Parts for the assembly of the Test Head 

472235/ 1 
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and the lipring removed. For temporary use, the lipring can be pushed into its fixing 
holes without using screws, but for some applications, it is necessary for it to be firmly 
screwed in position, so if the screws are removed now, be careful not to lose them. 
(Note the B & K stock no. of the screw is YV 31 62). 

Fig. 2. 13. Artificial Voice 4219 with the front face removed 

Fig.2.14. The Voice Microphone Mounting lifted up 

Fig. 2. 15. Fixing screws for the Voice Lipring 



Replace the front face of the Voice. Screw the whole Voice to the Test Head. Notice that 
the Voice is located on pins in the Head projecting into sets of holes in its base. One set 
puts the Voice lipring in the AEN position with regard to the artificial ear plane, and the 
other set locates it according to the REF position. Choose the set which corresponds to 
the specification of the test required. The assembled Test Head is shown in Fig.2.16. 

As with the Artificial Ear there is a choice of routes for the cables feeding the 4219. For 
a more flexible installation the cables, i.e. the cable feeding the built-in preamplifier for 
the 1 / 4" Microphone and the cable with banana plugs feeding the loudspeaker in the 
Voice, can be allowed to run free around the outside of the Test Head. If a neater instal
lation is needed the cables are passed through the hole in the Test Head main bearing 
(Fig.2.17). 

Artificial Ear (NBS 9A) Locating Disc 

--- Artificial Voice 4219 

.--upring 

472245/1 

Fig.2.16. The assembled Test Head: 4905 + 4219 + Artificial Ear 

Fig.2.17. Passing the Voice plug through the Test Head 

29 



2.3.2. Earcap Discs for the Test Head 

30 

The Test Head is supplied with a hard plastic disc screwed to the metal block against 
which a telephone earcap can be located. {Fig.2.18). 

The disc should be removed, and its centre machined out so that it fits snugly around 
the earcap of the handset to be tested. It is important that the earcap front edge rests on 
the metal block and not on the plastic disc; the metal block forms the true reference 
plane whereas the disc is merely a lateral locating device {Fig.2.19). 

Fig.2.18. Blank discs supplied with the Test Head 

Fig.2.19. The telephone earcap shown resting on the metal refer
ence plane, with the disc acting as a lateral locator 

A new disc should be prepared for each type of telephone to be tested. Handsets with 
unusually-shaped earcaps can be fitted into matching discs. Some earcaps have deeply
rounded edges, and it is advisable that the disc thickness should be increased to accom
modate these models. Fig.2.20 gives details of the single disc supplied with the Test 
Head, showing fixing hole details. Some examples are shown in Fig.2.21. 



Reference Plane Block 

70mm 

2 holes dia 2.2 mm 
c/s dia 4.2 mm 

Fig.2.20. Disc dimensions and fixing holes 

78mm 
minimum 

472037/ 1 

472238 

Fig.2.21. Samples of cut discs for round, square, and oblong earcaps 

2.4,. CAPSULE HOLDERS 

When the transmitter and receiver capsules are tested outside their own handset, they 
are mounted in the Transmitter or Receiver Capsule Holder respectively. These Capsule 
Holders are contained in the Accessories Box UA 0617 together with some tools for 
their adjustment, and the two cables AO 0069 (microdot to 3-pin) for connecting the 
Holders to the 4904. (See Fig.2.3). The Capsule Holders are mounted on separate 
stands. For reference an exploded view of the Capsule Holders with part Nos. are shown 
in Fig.2.22. 

The front caps of both couplers are copies of those used in the German W 48 standard 
telephone handset. For use with other caps therefore, these must be modified to fit the 
Capsule Holders. The position of the Transmitter Capsule Holder with regard to the Artifi
cial Voice is also in accordance with the German standard telephone, so the Holder also 
has to be repositioned. 
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Fig.2.22. Parts diagram for the Capsule Holders 

(b) 

Front Cap 
with ring 
UA 0096 
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UA DB DD 
0267 1198 0049 

472262/ 1 

a) Receiver Capsule Holder complete (VA 0286). Also 
shown: Braun Coupler VA 0276 

b) Transmitter Capsule Holder 

2.4.1. The Transmitter Capsule Holder with Stand 
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As the Transmitter Capsule Holder is supplied already assembled, the assembly is res
tricted to fitting the Holder and Artificial Voice to the Stand. Identify the following parts 
and assemble according to Fig.2.23: 

In the accessories box UA 0617 (in one piece): 

UA 0094 
UA 0096 

Packed separately: 

UA 0095 

4219 

Transmi.tter Capsule Holder, Body 
Front Cap with Threaded Ring for above 

Stand for Transmitter Capsule Holder and Artifi
cial Voice 
Artificial Voice 

A special version of the stand is available on special order. This has the Part No. WA 
0040 and has been designed with the co-operation of the Deutsche Bundespost for the 
measurement of transmitter capsules used in Germany. 



UA 0096 

Fig.2.23. The VA 0095 Stand for the Voice and Transmitter Capsule 
Holder 

Once assembled, it is not normally necessary to dismantle this unit, but it is recom
mended that from time to time the template should be used to check the transmitter 
front cap position. No adjustments are possible to the internal arrangements of the all me
tal transmitter capsule holder. 

2.4.2. Adapting the Transmitter Cap and Stand 

For tests involving other transmitters than those intended for use in the German Stand
ard telephone the relevant transmitter cap must be fitted to the Transmitter Capsule 
Holder. Almost certainly the position of the Holder also has to be changed so as to repro
duce the position of the transmitter when this is mounted in its own handset. To do so 
proceeed as follows: 

Dismantle the Transmitter Capsule Holder by unscrewing the front cap. It is almost cer
tain that the threaded ring behind the cap will also have to be removed (see Fig.2.24). 
Then take the new transmitter cap (which must be the same type as that of the tele
phone to be tested) and fix it to the front of the Capsule Holder. 

Fixing can be done in several ways: 

a) Holes can be drilled through the front ring of the Holder, and screws can be passed 
through these holes into the cap. 

b) A thin ring can be placed around the edge of the cap and pulled tight against the 
Holder with small clamps. 
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1..,.1lllt---- Threaded Ring 

Front Cap 

Fig.2.24. The front cap detached from the transmitter capsule holder 

c) Occasionally, it may be found possible to modify the fixing thread on the new cap to 
matching that on the threaded ring: before working on this, make sure that the trans
mitter to be measured can pass through this ring. 

When fixing is accomplished, the Capsule Holder should be repositioned on the UA 
0095 Stand so that the transmitter front cap lies in the correct position with regard to 
the lipring of the Artificial Voice. This position depends on the geometry of the handset. 
It can be checked in two ways. 

Use the design drawings of the handset plus the reference data given in this Manual 
concerning the definitions of the REF and the AEN modal planes (Chapter 6). Choose 
which modal plane it is desired to use. Then calculate the gap between the transmitter 
cap and the lipring, and position the Capsule Holder so that this gap is achieved . This al
most certainly means re-drilling some fixing holes on the UA 0095 Stand. 

The second method is not so accurate. Take a good sample of the handset to be tested. 
Place it in the Test Head. Set the Artificial Voice in the chosen modal position (REF or 
AEN). Measure the gap between the transmitter cap and the lipring and reproduce this 
gap between the Capsule Holder and the lipring of the Voice when it is transferred to 
the UA 0095. 

In both methods, it is a good idea to construct a template which gauges the gap as 
closely as possible . 

It is important to make sure that the transmitter front cap is complete with all necessary 
sealing rings. 

2.4.3. The Receiver Capsule Holder with Stand 
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Before assembling identify these parts (see Fig.2.25): 

In the accessories box UA 061 7: 

UA 0286 Receiver Capsule Holder complete (including Lock
ing Ring DB 1 276 and Telephone Earcap - Ger
man standard DD 0093) 



DB 1276 

UA0286 _______ __, 472247/ 1 

Fig.2.25. Parts for the assembly of the Receiver Capsule Holder 

Packed separately: 

UA 0086 Stand for Artificial Ear 

Also identify the desired Artificial Ear assembly. 

Dismantle the Holder as shown in Fig.2.25. If another earcap is to be used, this should 
be prepared as described in the next section before proceeding. 

Then select the Receiver Capsule Holder Body. Press the black button and hinge the two 
pieces apart. One piece is a simple cylinder with an internal thread. Into this piece put 
the Telephone Earcap so that the inside of the Earcap faces the stepped edge of the cylin
der (see Fig.2.26). Then select the DB 1276 Locking Ring. This has a threaded end and 
plain end. Choose the coupler you wish to use and place it in the threaded end of the 
Locking Ring with the conical side facing outwards from the ring as in Fig.2.27. Then 
put the two pieces into the threaded end of the main body of the Capsule Holder (contain
ing the Telephone Earcap) and screw the pieces together so that the Coupler is pressed 
against the outside of the Earcap. As this is being done, move the Earcap so that it lies 
concentrically with the cylindrical body of the Holder. The Coupler and Earcap should fit _ 
together tightly so that continued use (as in a factory product test) will not loosen them. 
If the IEC Coupler is being used with the special seal which projects above the metal lip 
of the Coupler, be careful not to damage this. 

Fig.2.26. Inserting the Receiver Earcap 
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Fig.2.27. Inserting the Coupler 

Fig.2.28. Fitting the Microphone into the assembled Coupler 

Select the remainder of the Artificial Ear assembly; i.e., those parts screwed onto the 
2619 preamplifier. Unscrew the 2619. For the NBS 9A, Braun, and ANSI (ASA) cou
plers, the 2619 unscrews without difficulty. For the IEC Coupler, it is necessary to dis
mantle the whole assembly: re-assembly is described in section 2.2.2. 

Select the UA 0086 Stand for the Artificial Ear. Pass the 2619 Preamplifier up from the 
base through the centre hole of the Stand. Re-assemble the remainder of the Coupler 
parts onto the 2619. The actual Coupler is already fixed into the Capsule Holder. Screw 
the 2619 assembly into the Coupler, as in Fig.2.28. Lower the entire Holder assembly 
onto the Stand and clamp it in place with the knurled screw on the side of the Stand. 
Normal assembly is for the black button to face towards the operator so that the Holder 
can be opened rapidly by pushing against the black button with the working hand. The 
other hand is used to steady the Holder, or alternatively, the entire Holder can be 
screwed to the bench top. The assembled Receiver Capsule Holder in its Stand is shown 
in Fig.2.29. 



472244 

Fig.2.29. The Receiver Capsule Holder in its Stand 

2.4.4. Adapting the Receiver Cap 

The earcap supplied is a copy of a German standard earcap with the outer rim milled 
down so that receivers can be recovered more easily when the Capsule Holder is fully 
assembled. To replace this cap, select the new cap to be used and check that it can fit 
into the Holder. Then mill away as much of the outer rim as is though desirable to allow 
receivers to be handled easily. 

Some caps have narrow rims. It may be desirable to surround them with a ring to pre
vent sideways movement during the tightening of the Holder. 

The cap should be equipped with the correct sealing ring. 

2.4.5. Adjustments to the Holders 

Adjustment to the terminal plates of the Capsule Holders can be made with the tools pro
vided in the accessories box (see Fig.2.30). The Terminal Plates on the two holders are 
identical. As an example the adjustment of the Receiver Capsule Holder are explained at 
length. 

If this is the first time the Holder has been assembled for use with the particular re
ceiver being tested, then it is necessary to check that the arrangement of electrodes in 
the Holder suits the receiver. Use the cable AO 0069 to join the Capsule Holder to a sui
table signal source such as the 1 023 Generator. Set this to an audible frequency at a 
power suitable for the telephone receiver. Put the receiver into the Holder so that it lies 
on the Earcap. Close the Holder. (Do this carefully; if the terminal pins are too far ad-
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Pin Spanner QA 0056 

Box Spanner QA 0031 

800493 

Fig.2.30. Tools for the adjustment of the Capsule Holders. Also 
shown the cable AO 0069 (Microdot to 3-pin) for connect
ing the Capsule Holders to the 4904 ORE-Meter 

vanced, they may jam on the receiver). Listen at the open end for the signal. If it is audi
ble, check that contact is firm by shaking the entire holder. If the signal is intermittent or 
not audible, then these adjustments can be made (see Fig.2.31 and 2.32): 

1. Height of terminal plate. Use the pin spanner to loosen the locking rings on each 
side of the black terminal plate. Position it in the desired place and lock the rings on 
each side with the pin spanner. 

2. Height of terminals. Use the 6 mm box spanner to loosen the nuts at the base of the 
terminals; move the terminal to the desired height. 

Fig.2.31. Using the pin spanner to adjust the height of the Terminal 
Plate on the Capsule Holders 

Fig.2.32. Adjusting the height of each Terminal with the box spanner 



3. Position of the terminals. Use the 6 mm box spanner to remove the terminals com
pletely from the black plate. Use the same spanner to remove the blanking plugs in 
the prepared holes in the black plate: put the terminals in the desired holes. If the 
positions of the holes provided are not suitable, then new holes can be drilled; the di
ameter should be 5 mm. 

4. Type of terminal cap. A plastic bag in the Accessories Box UA 061 7 contains other 
types of terminal cap interchangeable with those supplied in place on the terminals. 

Before putting the Holder into service it is recommended that the seal between the Cou
pler and the Telephone Earcap should be tested. With the whole 3356 switched on for 
receiving tests use the wide-range sweep 200 to 4000 Hz to examine the frequency 
response of a known telephone receiver. Pay particular attention to the lower frequen
cies. If the coupler /receiver combination is correctly sealed, then these lower frequen
cies will show their correct amplitude relative to the remainder of the band (as checked 
by previous tests). If there is an acoustic leak, the lower frequencies will show a lower 
relative amplitude. Leaks can be eliminated by correct adjustment of the Coupler/Earcap 
combination. If this is difficult or impossible, examine the face of the Earcap and the 
edge of the Coupler for damage. Such damage is unlikely, but if it is present then the 
damaged piece should be replaced. Do not attempt to machine away damage to the cou
pler since this action may alter its acoustic characteristics. The special seal on the IEC 
Coupler is designed to be easy to replace. 

From time to time check that dirt has not fallen into the Holder. If it has, then dismantle 
and clean the components. The microphone cartridges used in the coupler have ex
tremely sensitive diaphragms: these should be cleaned ~s seldom as possible and only 
by an experienced technician. The diaphragm should never be touched except with a 
soft, clean, lens-cleaning brush. 

2.5. PLUG-IN UNITS FOR THE TELEPHONE POWER SUPPLY 

The Plug-in Units are supplied with relays, solder-boards for substitute resistors, and 
connections to the Line 1, Transmitter, and Receiver outlets on the front panel of the 
4904 ORE Meter. 

To complete the Units, a subscriber's circuit should be added. There are two ways of do
ing this: 

a) only the signal-path components need be used, i.e., the bell and gravity switch me-
chanisms can be omitted. See Fig.2.33. 

b) the entire circuit board from the chosen subset can be screwed into the Unit. 

In both methods, the subset circuit is joined to the 3356 circuits via the soldered connec
tions on the Plug-in Unit printed circuit board shown in Fig.2.34. 

Be careful to observe the correct polarities of the connections so that the 4904 DC me
ters can function correctly. 

Two solder boards are provided for carrying substitute resistors. These resistors simulate 
the telephone transmitter and receiver and are switched into circuit automatically when 
the 4904 FUNCTION SELECTOR is set to "Receiver" and "Transmitter" respectively. If 
this automatic switching is not needed, it can be cancelled by removing the third solder 
board (SHORTING PLUG in Fig.2.33) which then breaks the DC supply to the relay coils. 
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• ..._ ______ •--+--- Shorting plug 

Fig. 2. 33. A signal-path only subset circuit mounted in a Plug-in Unit 
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Fig.2.34. Connections to the printed circuit board in the Plug-in Unit 

2.6. SCREEN SELECTION ON THE 4712 FREQUENCY RESPONSE TRACER 

The 4 71 2 is supplied with three types of screen: 

a) calibrated vertically in dB, horizontally in frequency with a range of 20 Hz to 20 kHz 
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b) calibrated vertically in dB, horizontally in frequency with a range of 200 Hz to 
5000 Hz 

c) uncalibrated blank screens. 

Additional clip-on thin screen covers are provided: these lie on the face of the main 
screen and can be used to carry temporary markings. These screens can be placed in po
sition and removed by using the small sucker provided. 

For most telephone measurements, the 200 Hz - 5000 Hz screen is the most suitable. 
To change screens, two operations are necessary. First, press in the clip on the right 
side of the black escutcheon. Hinge the whole escutcheon forward and away from the 
Tracer. Then disengage the screen from the back of the escutcheon and replace it with 
the chosen screen. Put the assembly back by engaging the left side of the escutcheon in 
its frame and hinging the assembly into position. Second, unscrew the small box panel 
on the lower right face of the Tracer and replace it with the box which matches the fre
quency range of the chosen screen (which for telephone work would be the ZS 0121 
200-5000 Hz). Consult the 4 712 Instruction Manual for information about the construc
tion of non-standard boxes for screen frequency ranges other than the two supplied, 
200-5000 Hz and 20 Hz - 20 kHz. 

2.7. METER SCALE SELECTION ON THE 2610 MEASURING AMPLIFIERS 

The Measuring Amplifiers are delivered with a selection of meter scales. For normal 
work the SA 0238 (voltage and dB scale) should be fitted. For use with other scales, see 
the Instruction Manual of 2610. 
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3. CONTROLS 

In this chapter only the controls and sockets of the units that do not have their own In
struction Manuals are explained, i.e . Types 4904, 4906, ZM 004 7 and KS 0041. The 
controls of all the other units are described fully in the relevant Instruction Manuals. 
Control settings for normal use in the 3356 System are described in this Instruction 
Manual in Chapters 4 (Calibration) and 5 (Operation). 

3.1. OBJECTIVE REFERENCE EQUIVALENT METER TYPE 4904 

3.1.1. Top Panel 

Transmission 
Attenuator --=--

Voltage-Current Measurements 

Voltmeter Range 

Sweep 

....... 
• • 

Interchangeable 
Meter Scales 

Power Supply Polarity 

°""• • • 

Main Meter 

Milliammeter Range 

Tracer Level/Power Off 

Calibration 
Potentiometers 

,---c:-- Weighting Network 

800588 

Fig.3.1. The top panel of the 4904 Objective Reference Equivalent Meter 

VOLTMETER RANGE: Range switch for the adjacent DC voltmeter. Three ranges, 0-7,5, 
0-25, and 0-75 V. 

VOLTAGE-CURRENT Switches the voltmeter and milliammeter terminals to read the DC vol-
MEASUREMENT: tage and current across these points: 
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POWER SUPPLY POLARITY: 

MILLIAMETER RANGE: 

TRANSMISSION ATTENUATOR: 

"Supply": Output from the internal or external power supply, which
ever is chosen by the VOLTAGE RANGE switch on the 4906 Tele
phone Power Supply. 

"Line 1 ": Pins 1 on the front panel. This represents the feed volta
ge/current supplied to the Plug-in Units in the Power Supply 4906. 
For there to be any reading, there must be a connection between pins 
2 and pins 1; this connection can be in the form of an artificial line. 

"Line 2": Pins 2 on the front panel. This represents the feed volta
ge/current supplied to a telephone subset or artificial line joined to 
pins 2. 

"Transm. ": Pins marked TRANSMITTER on the front panel. This re
presents the voltage/current supplied to a telephone transmitter joined 
to these pins and fed from a Plug-in Unit. For there to be any reading 
here, there must be a Plug-in Unit switched into circuit (and fitted with 
a telephone subset circuit), and there must be a connection between 
pins 2 and pins 1 on the front panel. 

This reverses the polarity of the feed voltage supplied to the Plug-in 
Units and to the outputs on the front panel. The voltmeter and the milli
ammeter continue to read normally. 

"Normal": The polarities are as shown on the front panel. For the 
standard Capsule Holders, the centre pins are negative . 

"Reverse": The above polarities are reversed. 

Selects the range of the adjacent DC milliammeter. Three ranges, 
0-30, 0-100 and 0-300 mA. As with the voltmeter, this instru
ment operates on both the internal and external power supplies. 

Alters the output signal from the 4904, both electrical and acoustical. 
The word TRANSMISSION does not refer to the function as selected 
by the FUNCTION SELECTOR and should not be confused with the 
"Transmitter" position of this. The acoustical signal appears at the Arti
ficial Voice with the FUNCTION SELECTOR set to "Transmitter", "Side
tone", or "Microphone and Voice". 

The electrical signal appears at pins 4, with the FUNCTION SELECTOR 
set to "Receiver". The signal is fed on through pins 3, 2 and 1, pro
vided the relevant connections are made, and eventually appears as an 
acoustical signal from the receiver. The electrical output from GENERA
TOR 775 mV on the front panel is not affected by the TRANSMISSION 
ATTENUATOR control. 

"+ 10 dB": Increases the output signal by 10 dB above the value set 
during calibration. 

"+ 5 dB": Increases the output signal by 5 dB. 

"O": Same value as set during calibration. 

"-5 dB": Decreases the output signal by 5 dB. 
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RECEIVING ATTENUATOR: 

FUNCTION SELECTOR: 
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"-10 dB": Decreases the output signal by 10 dB. 

"-15 dB": Decreases the output signal by 15 dB. 

This alters the gain of the meter amplifier. 

"+ 15 dB": The gain is increased by 15 dB above that set during cali
bration . 

"+ 10 dB": The gain is increased by 10 dB. 

"+5dB": The gain is increased by 5dB. 

"0": The gain remains the same as that set during calibration. 

"-5dB": The gain is decreased by 5dB. 

"-10dB": The gain is decreased by 10dB. 

"-15dB": The gain is decreased by 15dB. 

"-20 dB": The gain is decreased by 20 dB. 

This switches all necessary circuits for calibration of the system and 
for the measurement of the transmitting, receiving and sidetone char
acteristics of telephone apparatus. 

This control also switches relays in the Plug-in Units which bring 
dummy receivers and dummy transmitters into circuit during the meas
urement of real transmitters and real receivers respectively . 

"Transmitter": In this position, the Artificial Voice is activated and the 
Artificial Ear is switched out of circuit. The main meter is switched to 
measure inputs to pins 4 (via pins 3, 2, 1 and "Transmitter" with the 
appropriate connections made). This is indicated by a small signal lamp 
on the front panel which is switched to show a connection between 
the above-mentioned pins (via an isolating transformer) and the input 
to the main meter. 

Note that the EL. RECEIVING COMPENSATION potentiometer 
(mounted on the back panel) is in circuit, provided the COMPENSA
TION switch on the back panel is "In". 

"Receiver": In this position, the Artificial Voice is switched off, and 
the Artificial Ear circuits are activated. The electrical output from the 
1023 Generator is switched through an isolating transformer to pins 4 
on the front panel; this is indicated by a small signal lamp on the front 
panel which lights to show a connection between the Generator and 
the above-mentioned pins. Via pins 3, 2, 1 and "Receiver" (with the 
appropriate connections made) the electrical signal is passed to the 
telephone receiver being tested; this converts it to an acoustical signal 
which is collected by the Microphone in the Artificial Ear and passed 
on via Measuring Amplifier 2 to the main meter for measurement. 
Note that the EAR COMPENSATION potentiometer (mounted on the 
back panel) is in circuit, provided the COMPENSATION switch on the 
back panel is "In". 
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SWEEP: 

MAIN METER: 

"Sidetone": Both the Artificial Voice and the Artificial Ear are acti
vated. The Generator signal is switched to the Artificial Voice, but not 
to the output pins on the front panel. In the telephone circuit under 
test, the signal is split, and a small part travels to the telephone re
ceiver. Here it is collected by the Ear Microphone and passed via the 
receiving measuring circuits to the main meter. The EAR COMPENSA
TION potentiometer is in circuit, when the COMPENSATION switch on 
the back panel is set to "In". 

The remaining three positions are concerned with the calibration of 
the complete 3356 system. 

"Meter": The main metering circuit is connected to an internal refer
ence Oscillator which delivers a fixed signal of 285 mV at 1000 Hz. 
This is used to establish the gain of the metering circuit, in conjunc
tion with the potentiometer METER on the right face of the top panel. 

"Osc. Output": This connects the main metering circuit, now cali
brated, to the attenuated output of the 1023 Generator. The output of 
the Generator is set to the required value with the potentiometer OSC. 
OUTPUT on the right face of the top panel. 

"Microphone and Voice": Both the Microphone and the Voice circuits 
are activated. The required Microphone channel gain is set using the 
potentiometer MICROPHONE, on the right face of the top panel. The 
EAR COMPENSATION potentiometer is not in circuit. The required 
Voice output is set using the potentiometer VOICE. Note that the only 
difference between this position and "Sidetone" is that the EAR COMP
ENSATION potentiometer is in circuit in the first and not in the latter. 
As a result the attenuation of this potentiometer can be checked by 
switching between these two positions. 

This control selects the mode of the Sweep Unit ZM 004 7. 

"Main Osc. ": In this position the 1 023 Generator is electrically syn
chronized with the 2307 Level Recorder. 

"0,2 - 4 kHz" and "0,3 - 3,3 kHz": These groups select the ap
propriate triangle wave amplitudes in the ZM 004 7 that will sweep the 
1023 between 0,2 and 4 kHz and between 0,3 and 3,3 kHz respec
tively. 

"Cont.": The sweep runs continuously once the SWEEP START but
ton has been pressed. 

"Stop": The Generator completes one sweep cycle and stops at the 
low-frequency end. 

"30": The Generator makes 30 complete up-and-down sweeps and 
stops. 

"5": The Generator makes 5 complete up-and-down sweeps and 
stops. 

This is fitted with detachable scales, each with a window for observing 
the overload indicator. Scales supplied match the various modes of op-
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OVERLOAD INDICATOR: 

eration available. The meter needle deflection angle (y) measured from 
rest can have the following dependencies on the peak input voltage (x): 

y = kx 

y = kx0,6 

y = kx0.45 

units: dB 

units: dB 

units: dB 

In addition, there are two blank scales supplied. These can be marked 
by the user to conform with local practice, as go/no-go scales, for ex
ample. 

This lamp is visible through a window in each of the main meter 
scales. It flashes for brief overloads of the meter amplifier, indicating 
that the meter reading is not valid. The meter amplifier begins to over
load at an input peak voltage corresponding to 14 dB above full scale 
deflection on the main meter (corresponding to 18,5 dB above ref.). 

CALIBRATION POTENTIOMETERS: Four of these are arranged on the right face of the top panel. They are 
used with the FUNCTION SELECTOR control, which has three posi
tions carrying the same labels as the potentiometers. These are: 

CONDITIONING: 

WEIGHTING NETWORK: 
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"Meter": This controls the gain of the main metering circuit. 

"Osc. Output": This controls the level of the electrical signal deliv
ered by the 1 023 Generator to the outputs on the front panel of the 
4904 (pins 4, 3, 2, 1, RECEIVER, plus a higher level output from GEN
ERATOR 775 mV). This signal is used in RECEIVING measurements to 
drive the telephone receiver. • 

"Microphone": This controls the gain of the microphone channel after 
the signal has left the 2610 Amplifier 2. 

"Voice": This ten-turn potentiometer lies in the feedback circuit from 
the Artificial Voice, and so controls the output from the Voice. 

This spring-loaded button connects a resistor across the "Voice" con
trol potentiometer described above, reducing the Voice feedback and 
so increasing the Voice output. The amount by which the output is in
creased is determined by the value of the resistor wired across the but
ton switch. In standard form, the increase in signal is 6 dB ± 1 dB. 

The purpose of this increase in Voice output is to provide a mild acous
tic shock for the carbon powder in a transmitter placed opposite the 
Voice. It is thought that such a shock may help to prevent the powder 
from settling into a packed and relatively inert state. 

This switch introduces filter networks which act on the feedback cir
cuit of the Artificial Voice in such a way as to shape the Voice output 
to conform with two accepted standards. In the "MSSW" position it 
also introduces a filter network in the meter circuit. 

"MSSW": (Male Speech Spectrum Weighting): This control performs 
a double function; it weights the Voice output according to the MSSW 
law, and it also introduces the inverse characteristic into the main me
tering circuit. The result is that the overall electrical-to-acoustical, 



acoustical-to-electrical gain has a flat frequency characteristic. The 
MSSW characteristic is described in section 6.4.2. 

"Off": In this position of the control, the electrical and acoustical fre- • 
quency responses are flat. This position is used for frequency response 
measurements of transmitting characteristics. 

"SFERT": A filter circuit is introduced into the Voice compressor cir
cuit which reduces the Voice output as signal frequency is increased. 
This reduction in output exactly counterbalances the rise in pressure at 
the high end of the spectrum which occurs when the SFERT baffle is 
clipped onto the Voice for calibration. The combination of SFERT 
weighting and SFERT baffle then produces an output from the baffle 
microphone which is flat with respect to frequency. Note that this 
weighting applies only to the Voice output. The SFERT characteristics 
is described in section 6.4.2. 

TRACER LEVEL AND 
POWER OFF: 

The Tracer Level potentiometer controls the signal voltage passed to 
the 4 71 2 Frequency Response Tracer via the socket mounted on the 
back panel of the 4904 ORE Meter. A full anticlockwise rotation of the 
knob switches off the mains power supply to the 4904 ORE Meter. 

SIGNAL LAMPS: This row of lamps indicates the state of the back panel controls. 

3.1.2. Back Panel 

Controls: 

The Back Panel contains all the secondary controls and connections. For normal use 
these do not need to be touched. The position of the Back Panel controls are indicated 
by the row of signal lamps on the Top Panel. 

Receiver Impedance 

Meter Damping 

Meter Function 

~~ 

~ 

· Ear Compensation 

Generator Impedance 

El. Receiving Compensation 

Fig.3.2. The back panel of the 4904 Objective Reference Equiva
lent Meter showing the controls and the compensation pot
entiometers 
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METER DAMPING: 

METER FUNCTION: 

RECEIVER IMPEDANCE: 

GENERATOR IMPEDANCE: 

Selects one of three meter damping characteristics. 

"Slow": Gives a heavily-damped movement of the meter needle 
which then takes about eight seconds to move from the no-deflection 
position to the O dB position. 

"OBDM": This characteristic corresponds closely to that of the meter 
needle movement in the Objektiver BezugsdampfungsmeBplatz for
merly built by the firm of Siemens AG. 

"Fast": Gives a light damping to the meter needle movement which 
then takes about two seconds to move from the no-deflection position 
to the O dB position. 

Switches between the three characteristics of the meter: meter deflec
tion being proportional to the 1st, 0,6 th, and 0,45 th power of the in
stantaneous value of the input signal. 

Places resistors across the primary winding of the input transformer to 
make the resultant input impedance either 600 n or 900 n. 

One branch changes the output impedance of the generator feeding 
the output transformer to make the resultant impedance (seen from 
the line) either 600 n or 900 n (in the "Receiver" and "Osc. Output" 
mode). 

Another branch places a 600 n or 900 n resistor across the secondary 
winding of the output transformer (in the "Osc. Output" calibration 
mode). 

COMPENSATION: "In/Out": Switches in or out of circuit two potentiometers. One is in 
the Artificial Ear Microphone circuit (the EAR COMPENSATION), and 
the other is in the signal path joining the output from the telephone 
microphone with the main Meter (the EL. RECEIVING COMPENSA
TION). 

EAR COMPENSATION: Screw-slot potentiometer: this is set to give 3,5 dB (0,4 Neper) attenua
tion to the Artificial Ear Coupler signal when the COMPENSATION 
switch is "In", and the FUNCTION SELECTOR is set to either "Re
ceiver" or "Sidetone". 

EL. RECEIVING COMPENSATION: Screw-slot potentiometer: is switched into the input circuit of the 
4904 ORE Meter when the COMPENSATION switch is "In" and the 
FUNCTION SELECTOR is set to "Transmitter". It is used to attenuate 
high-level signals from transmitters with unusually high output levels. 
This control is set to give O dB attenuation when the 3356 system is 
delivered. 
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Sockets: 

Fuse and Voltage 
Selector 

Mains Input 

To Filter Output 
Amp lif ier 2 

To Ext. Filter Input 
Ampl ifier 2 

To Compressor 
Input BFO 

,. 

To Signal Input 
Response Tracer 

~ FO ~ ~I 

To Artificial Mouth 

To Recorder Output 
Amplifier 1 

To Condenser Microphone 
Amplifier 2 

To Power Supply 

Fig.3.3. The back panel of the 4904 Objective Reference Equiva
lent Meter showing the sockets 

FUSE AND VOLTAGE SELECTOR: Five-position switch with integral fuse holder. Permits selection of AC 
mains supply at 100, 115, 127, 220 or 240V (50 to 60 Hz). Fuse se
lection is described in section 2.1 .2. 

MAINS INPUT: Three-pin IEC fixed plug to CEE 22 for connection of a mains supply. 
Accepts power cable AN 0010. Before connecting a supply the mains 
voltage setting and fuse checks given in section 2.1 .2 should be car
ried out. 

METER DC VOLTAGE: 4 mm terminals accepting a pair of banana plugs (B & K No. JB 0002). 

TO 6 0 LOAD BFO: 

TO FILTER OUTPUT 
AMPLIFIER 2: 

The signal (as opposed to earth) terminal is marked with a dot. 

These terminals are connected between earth and load resistors which 
feed the DC to the meter moving coil. The signal that appears here has 
been rectified and has passed through the meter law circuitry, but is 
not affected by the damping capacitors (which are connected at a later 
point in the load resistor chain). 

Using the meter scale y = kx 0 ,6 the output voltage is 2,67 volts DC for 
a meter reading of zero dB. The output impedance is voltage-depend
ent because of the action of meter law diodes. A typical value is 
12 kO. 

4 mm terminals accepting a pair of banana plugs or Banana plug to 
BNC plug Adaptor JP 0150. For connection to LOAD output on rear 
panel of 1023. The signal terminal is marked with a dot. 

Signal output from 5 kHz high-pass filter accepting the standard B & K 
coaxial plug JP 0101. Connected directly to the OUTPUT EXTERNAL FIL-
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TO EXT. FILTER 
INPUT AMPLIFIER 2: 

TO SIGNAL INPUT 
RESPONSE TRACER: 

TO COMPRESSOR INPUT BFO: 

TO PREAMPLIFIER 
ARTIFICIAL EAR: 

TO RECORDER 
OUTPUT AMPLIFIER 1: 

TO ARTIFICIAL MOUTH: 

TO CONDENSER MICROPHONE 
AMPLIFIER 2: 

TO BFO: 

TO POWER SUPPLY: 

TER socket on the rear panel of 2610 (2) in the 3357 system. In the 
3356 system this socket is connected to the 4904 - TO FILTER OUT
PUT AMPLIFIER 2 socket on the back of Separation Shelf KS 0041 . 
The gain (between the socket described below and this socket) is fac
tory adjusted to 10 dB. 

Signal input from the Artificial Ear Microphone channel. Also input for 
the 5 kHz high-pass filter used in the "Transmitter" mode for modula
tion noise measurements. Accepts B & K coaxial plug JP 0101, and is 
connected to the TO INPUT EXTERNAL FILTER socket on 2610 (2). In 
the 3356 system the connection is via a BNC T-connector on the IN
PUT socket on the rear of Band Pass Filter 1618. 

Signal output accepting the standard B & K coaxial plug JP 0101. Con
nected to the SIGNAL INPUT socket on the 4 71 2. The level of this out
put is controlled by the TRACER LEVEL control on the top panel. 

Signal output from the compressor channel accepting the standard 
B & K coaxial plug JP 0101. The output is connected to the COMPRES
SOR INPUT socket on the rear of Generator 1023, the output of which 
is controlled by the compressor loop. 

Signal input accepting the standard B & K 7 pin Preamplifier Plug JP 
0701. Connected to the Preamplifier 2619 in the Artificial Ear. In the 
systems except for the "Signal Input" terminal, the terminals are perm
anently connected to the PREAMP. INPUT of 2610 (2). The latter termi
nals provides the necessary voltages for operation of the Microphone 
Preamplifiers. 

Signal input to that branch of the compressor channel used with the 
Artificial Voice. Accepts the standard B & K coaxial plug JP 0101. Con
nected to the AC OUTPUT socket on the rear of 2610 (1 ). 

Signal output for the Artificial Voice 4219 accepting a pair of banana 
plugs (B & K No. JB 0002). The polarity is not important. 

This cable is fitted with a B & K 7-pin plug for B & K preamplifiers (JP 
0701 ), and is connected to the PREAMP. INPUT socket of Amplifier 2 
in the systems. The "Signal input" terminal is internally connected to 
either "Signal Input" of the PREAMPLIFIER ARTIFICIAL EAR socket (in 
the "Receiver", "Sidetone", and "Microphone and Voice" modes) or to 
the telephone line (in the "Transmitter" mode). 

9-pin connector accepting Multi-cable AO 0143 joining the 4904 to 
the Sweep Unit ZM 0047. 

34-pin connector accepting Multi-cable AO 0071. Joins 4904 to Tele
phone Power Supply 4906. 

,LG WARNING: The 4904 is designed to be operated with its signal ground lines and chas
sis always at earth potential. Never let the signal ground terminal, socket screens or 
chassis float at any other potential, as this will impair the operating safety of the 4904 
and may damage the instrument. 
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3.1.3. Front Panel 

Generator 775 mV 

Power Supply Ext . Battery 

Terminal Pins 
1, 2, 3, and 4 

Earth Terminal 

Fig.3.4. The front panel of the 4904 Objective Reference Equiva
lent Meter, showing the sockets interconnected by a mimic 
diagram 

Transformer centre Tap 

Reference 
Equivalent Meter 

The front panel contains all the primary sockets, i.e. the sockets that should be acces
sable in the daily use of the system. The sockets are interconnected by a mimic diagram, 
showing how the sockets are connected to the Feed Bridge, Isolating Transformers, Plug
in Units, Generators, and REFERENCE EQUIVALENT METER. Except for the output of 
GENERATOR 775 mV and the input to the REFERENCE EQUIVALENT METER (both sock
ets accepting the standard B & K coaxial plug JP 0101 ), all the sockets are 4 mm sock
ets accepting a banana plug (B & K No. JB 0002). The 4 mm sockets are arranged in 
such a way that, where relevant, they can be connected by shorting links. These are de
signed to provide reliable connections between terminals. When not in use, they can be 
unscrewed and either allowed to hang captive or they can be removed altogether. 

GENERATOR 775 mV: After calibration of the main equipment for European OREM measure
ments, the 1023 Generator delivers a signal of 775 mV to this section 
of the front panel when the FUNCTION SELECTOR is switched to "Re
ceiver" or"Osc. Output". The Generator with its source impedance of 
just less than 3 0 is shown in the generator box, connected to one of 
the 4 mm sockets. A bridging resistor can be inserted between the two 
4 mm sockets to bring the Generator output to the B & K socket . It ap
pears there with a source impedance equal to the value of the bridging 
resistor plus the 3 n of the Generator. The B & K socket contains a mic
roswitch that switches the Generator output from the telephone line to 
the socket when a plug is inserted. 

POWER SUPPLY: 

The output voltage from this source is not affected by the TRANS
MISSION ATTENUATOR but can be altered by using the "Osc. Output" 
potentiometer on the top panel of the 4904. Note that such an altera
tion disturbs any previous calibration of the system. Calibration can be 
regained by switching the FUNCTION SELECTOR to "Osc. Output" and 
using the same potentiometer to set the 4904 meter needle to O dB. 

In the top centre of the diagram, the two DC power sources are 
shown. The two 4 mm sockets marked POWER SUPPLY are joined di
rectly to the output of the 4906 Power Supply and can be used to sup
ply DC to external circuits. 
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EXT. BATTERY: 

TERMINAL PINS 1 AND 2: 

TRANSMITTER: 

TERMINAL PINS 3 AND 4: 

TRANSFORMER CENTRE TAP: 

EARTH TERMINAL: 

SIGNAL LAMPS: 

RECEIVER: 
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The voltage at this point is monitored by the voltmeter on the top panel 
of the 4904 (with the VOLTAGE-CURRENT MEASUREMENT switch set 
to "Supply"). 

The second pair of 4 mm sockets marked EXT. BATTERY are brought 
into circuit when the 4906 VOLTAGE RANGE knob is switched to 
"Ext.". If this is done, the 4906 supply is disconnected, and DC power 
can be delivered to the system from an external source connected to 
these 4 mm sockets. The marked polarities must be observed so that 
the voltmeter and milliammeter will read correctly. 

The DC supply then passes through double 5 henry inductors and resis
tors (of a value selected by the FEEDING COIL switch on the 4906) 
and passed to terminals 2. It is to these terminals that a subset is nor
mally joined. Shorting links can be used to pass the DC on to terminals 
1 which are connected permanently to the line input terminals of the 
Plug-in Units in the 4906. If these Plug-in Units are not in use, they 
can be isolated by removing the shorting links from 2 to 1 . These links 
can be replaced by an artificial line to form the subscriber's loop for 
use with the Plug-in Units. 

If the links are in place and if the selected Plug-in Unit contains a sub
set circuit, then the DC is passed to the TRANSMITTER terminals 
where it can be used to power a carbon transmitter. Likewise, a signal 
received by the transmitter is passed back through terminals 1 and 2. 

The signal present at TERMINAL PINS 2 are passed on to TERMINAL 
PINS 3 AND 4 via a pair of 20 µF capacitors. 

Terminals 3 and 4 can be joined by Shorting Links or by an artificial 
line representing a trunk line. From terminals 4 the signal is passed to 
a balanced 1: 1 transformer. The purpose of this transformer is to iso
late the balanced telephone circuits from the unbalanced measuring 
circuits. 

The balanced side of the transformer is equipped with a centre tap for 
optional earthing. 

Used for grounding either end (TERMINAL PINS 4) or the centre tap 
(TRANSFORMER CENTRE TAP) of the balanced side of the transformer. 

Two lamps indicating the signal path. In the "Transmitter" mode the 
signal coming from the transmitter is fed from the transformer to the 
meter (lower lamp lit). 

In the "Receiver" mode the upper lamp is lit, indicating that the Gener
ator is feeding a signal into the isolating transformer. From here the 
signal travels via TERMINAL PINS 3 AND 4 and the feed capacitors to 
TERMINAL PINS 2. If a complete subset is joined to these terminals 
the signal then drives the receiver in the subset. 

Alternatively the receiver is joined directly to the RECEIVER terminals, 
and the signal is taken from terminal 2 to terminal 1, either directly or 
via a subscribers line and is then fed to the receiver via the Plug-in 
Unit. 



REFERENCE EQUIVALENT 
METER: 

The B & K socket contains a microswitch; when a B & K plug is in
serted, this switch cuts off the internal signal leaving the meter clear 
to read the signal on the external plug. Two 4 mm terminals are pro
vided for monitoring input signals from either source. 

3.2. TELEPHONE POWER SUPPLY TYPE 4906 

3.2.1. Front Panel 

Plug-in Unit 

·+ -=--- Plug-in Unit ZD 0001 2 

r--------------=-- Output Voltage 

--=-- Feeding Coils 

Feeding Coil Ext . Resistance 

Fig.3.5. The front panel of the 4906 Telephone Power Supply 

PLUG-IN UNIT: This switch selects either one of the two adjacent Plug-in Units (PLUG
IN UNIT ZD 0001 1 and 2), and joins it to the power and measuring 
circuits in the 4906 and 4904. The Unit which is not selected is not 
in circuit at any point, and does not load any measuring circuit. An 
empty Plug-in Unit likewise presents no load to any circuit, except that 
which actuates the load-selecting relays in each box. 

PLUG-IN UNIT 
ZD 0001 1 and 2: 

VOLTAGE RANGE: 

These two identical Units are retained by two fingerscrews. The Units 
are supplied with relays, solder-boards for substitute resistors, and the 
necessary connections. The user must fit his own subscriber's circuit 
into the Units. Directions for doing so is given in section 2.5. 

Provides coarse steps of 12 volts in the output DC voltage (12, 24, 
36, 48 and 60 V). 
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OUTPUT VOLTAGE: 

FEEDING COILS: 

FEEDING COIL 
EXT. RESISTANCE: 

POWER: 

POWER ON LAMP: 

3.2.2. Back Panel 

Fuse and Voltage Selector 

Mains Input 
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In pos1t1on "Ext.", the 4906 Power Supply is disconnected, and the 
whole DC circuit can be driven by an external source fed into the EXT. 
BATTERY terminals on the front panel of the 4904. 

Provides fine control of the output DC voltage (± 1 2 V). The voltmeter 
on the 4904 top panel reads the output voltage when the 4904 vol
tage CURRENT MEASUREMENT switch is set to "Supply". 

This switch selects a resistor joined ir.i series with the feed coil such 
that the combined resistance of the coil plus resistor equals the 
marked value (0, 60, 100, 150, 200, 250, 300, 350, 400, and 
5Q0 0). Each feed coil has a resistance of 60 n, so for example select
ing "400" means that each coil is linked with a 340 n resistor. In posi
tion "60", the coils have no series resistor. In position "O", the coils 
are by-passed, and the DC supply is joined directly to the output pins. 
In position "Ext. + Coils", the coils are joined in series with the two 
pairs of terminals FEEDING COIL EXT. RESISTANCE. 

Two pairs of 4 mm sockets accepting a pair of banana plugs (B & K No. 
JB 0002). By adding appropriate resistors across these terminals, var
ious feed bridges can be constructed. 

Toggle switch for switching the mains power "On" or "Off". 

Red lamp lit when the POWER switch is "On". 

II I I I I I 1111111111111111111 
1111111 UB illl lllCll 11111 
! ! ! !! P '!!P' n !: '•:! ! ! : 11 
111111 II II 1111111111 11 
111111111111111111 I I I I I I II 
IIIIIIIIIIIIIIIIIIIHIIIII 
111111111111111 Ill I I I I I Ill 
111111111111111 I I I I I I I IIII 
tllllllllll 111111111111111 
illl 1111111111111111111111 
I I II II I I I I 111111111111 1111 
111111111111111 I I II I I I I I I I 
11111111111111111111111111 
11111111111111111111111111 
ll111111111111111111111111 
111111111111111111lll 11111 
11111111111111111111111111 

r, 11 m 1111111111111 , 1111111 
.... lllll 111111111111111111111 

11111 II 1111111111111111 Ill 
II 111 11 111111111111111 Ill I 
II I II I 1111111111111111 Ill I 
II Ill 11111111111111111 I Ill 

II 1111111111111111 II II Ill I 
I llfll I II I I Ill I 1111 111 1111 
lltlHllllfll llltllll lllll 
1111111111111 1111111 111111 

::::::::::: ::::::::: :: :::: (.t, 
11111111111111 I 1111 111 1111 
11111111 1111111 I I I IHI IIII 
111111111 I I 111111111 111111 
I I Ill II I I I 111111111111 1111 
II Ill I I I I 11111111111111111 
II II 11111111111111 H 111111 
11111111111 1111 I II 1111 1111 
llllll llllllllliillllll lll 
"?"': !l!'-:fc$ •11 
11 111 ;. ,, :;; ,, l~i , iJII I 
111111111111111 I I I I I I I I I II 
HIIIIIIIIIIIIIIIIIIIIIII I 
111111111111111 Ill II Ill 111 
111111111111111 Ill 11111111 
Hlllllll 11111111111111111 
1111111111 ltlll 11 Ullll 111 
11111111111 ttl 11111-1111111 
I I I I I I Ill 11111111111111111 
111111111 ti Ill ll 1111111111 
II Ill I 111111111111111 Ill II 
1111111111111111 I II 1111111 
111111IIIIIIHIIIIIIIIIIII 
llllllllflll 1111111 111 1111 

i:::::::::::::::m:::m: Cl~ 
1111111 H 1111111111111111 I . 
111111111111111 I I I IIIIII I I 

Fig.3.6. The back panel of the 4906 Telephone Power Supply 

Connector 
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FUSE AND VOLTAGE SELECTOR: Five-position switch with integral fuseholder. Permits selection of AC 
mains supply at 100, 115, 127, 220 or 240 V (50 to 60 Hz). Fuse 
selection is described in section 2 .1 .2. 

MAINS INPUT: Three-pin IEC fixed plug to CEE 22 for connection of a mains supply. 
Accepts power cable AN 0010. Before connecting a supply the mains 
voltage setting and fuse checks given in section 2.1 .2 should be car
ried out. 

CONNECTOR: 34-pin connector accepting Multi-cable AO 0071 . Joins 4906 to Ob
jective Reference Equivalent Meter 4904. 

ffi WARNING: The 4906 is designed to be operated with its signal ground lines and chas
sis always at earth potential. Never let the signal ground terminal, socket screens or 
chassis float at any other potential, as this will impair the operating safety of the 4906 
and may damage the instrument . 

3.3. SWEEP UNIT ZM 0047 

REC . PAPER: 

The purpose of this Unit is to control the sweep of the Generator 1023, and to supply fil
ter shift pulses to the Band Pass Filter 1 61 8. 

Sweep Unit ZM 0047 

• Voltage Ramp Adjustment --=--

Sweep Adjustment -~--1 Sweep 
• Rang1 

• Time 

Generator 
Freq. Contr. Volt . In 

Generator Freq . Contr. Volt. In--=--

Spectrometer 
Remote Control 

Spectrometer Remote Control ---:----1 

4904 

----4904 
Level Recorder 

X- lnput 

- --:-- Level Recorder X-lnput 

~::!t~~:~~~011 
- L""'I Roco,d~ Remote Con,rol 

800593 

Fig.3. 7. Sweep Unit ZM 0047 

2-position paddle switch to be set in accordance with the recording 
paper used on the Level Recorder 2307 . The switch selects the correct 
voltage ramp for sweeping the 1 023 in synchronism with the 2307, 
and the correct filter shift pulse rate for automatic switching of the fil
ters in the 1 61 8 Band Pass Filter. 

"Normal": Used with the normal range of B & K recording paper. The 
voltage ramp and filter shift pulses from 2307 are fed directly to the 
1 023 and the 1 61 8 respectively . 
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VOLTAGE RAMP ADJUSTMENT: 

SWEEP ADJUSTMENT: 

4904: 

LEVEL RECORDER X-INPUT: 

LEVEL RECORDER 
REMOTE CONTROL: 

SPECTROMETER 
REMOTE CONTROL: 

GENERATOR FREQ. 
CONTR. VOLT. IN: 

"100 Hz/ 10 kHz": This position is used with the special telephone re
cording paper (OP 1142). The paper has an expanded frequency scale 
with the frequency range 100 Hz to 10 kHz expanded by a factor of 2. 
Hence, in this mode, the ramp voltage and pulse rate is divided by 2. 

Two multi-turn screwdriver-operated potentiometers for adjustment of 
the lower and upper limits (corresponding to 100 Hz and 10 kHz re
spectively) of the voltage ramp, when the Level Recorder is used with 
the special telephone recording paper OP 1142. (REC. PAPER in 
"100 Hz/ 10 kHz"). 

Two multi-turn screwdriver operated potentiometers for adjustment of 
the sweep range and sweep time when the internal ramp-generator in 
the Sweep-Unit is used to sweep the 1023, i.e. in accordance with 
the two standardised fast reciprocating sweeps. 

7-pin DIN socket accepting plug JP 0703. Connected to 4904 that sup
plies the necessary control voltages for setting the sweep mode of ZM 
004 7 (by setting the SWEEP control on 4904). 

8-pin DIN socket accepting plug JP 0802. Accepts a voltage ramp 
from X-INPUT of Level Recorder 2307, for sweeping the 1023. 

7-pin DIN socket accepting plug JP 0703. Accepts filter shift pulses 
from REMOTE CONTROL of 2307. Also provides connections to SPEC
TROMETER REMOTE CONTROL for automatic control of the paper 
drive in 2307. 

7-pin DIN socket accepting plug JP 0703. Supplies filter shift pulses 
to the REMOTE CONTROL I socket of the Band Pass Filter 1 61 8. 

8-pin DIN socket accepting plug JP 0802. Supplies the required vol
tage ramps to FREQUENCY CONTROL VOLTAGE "In" of 1023. 

3.4. SEPARATION SHELF KS 0041 

Front: 

EXT. FILTER: 

Rear: 

TO 4904: 
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Two position paddle switch for selection of the input for the output am
plifier section of Measuring Amplifier 2 (with FILTERS "Ext." on 2610 
set to "On"). 

"5 kHz HP": The signal is taken from the output of the 5 kHz high
pass filter section in the 4904. 

"Band Pass": The signal is taken from the output of the Band Pass Fil
ter 1618. 

Three BNC sockets accepting JP 0035 coaxial BNC plug . The sockets 
are marked with the instruments and the sockets to which they are 
connected. 

Connected to the TO FILTER OUTPUT AMPLIFIER 2 socket on 4904 
(output from 5 kHz high-pass filter). 



TO AMPLIFIER 2: 

TO BAND PASS FILTER: 

Connected to the FROM OUTPUT EXTERNAL FILTER socket on Measur
ing Amplifier 2. (input to output amplifier section). 

Connected to the OUTPUT socket of 1618. 
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4. CALIBRATION 

Unless otherwise specified the control settings given in this Chapter is also used for nor
mal operation. 

The operation according to the OREM A and OREM B procedures will be described at 
length in Chapter 5 (Operation). Regarding the American mode (OREM US) no fixed 
procedures have been adopted, and hence the operation in this mode will not be dis
cussed at great length. The reader is referred to the information given in this chapter 
and the general description of the systems in chapter 6. Also consult the discussion of 
telephone test methods (chapter 7). 

4.1. CALIBRATED QUANTITIES 
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Four basic quantities are calibrated: 

a) the electrical gain of the metering circuits 
b) the available electrical power delivered to a test object 
c) the acoustical-to-electrical conversion factor 
d) the sound pressure produced by the Artificial Voice. 

All four quantities can be varied over wide limits, but for convenience, certain groups of 
fixed values have been adopted. These are described in the following sections of this 
chapter. 

The calibration depends on two reference levels supplied with the system. These are: 

1) A reference oscillator built into the 4904 ORE Meter. This delivers exactly 285 mV 
at 1 000 Hz. The figure of 285 mV represents a power level of 1 Neper (Np) below 
1 mW across 600 n. (One Np is equal to approximately 8,68 dB). Voltage stability is 
better than ± 1 % . 

2) A reference sound pressure delivered by the 4230 Calibrator. This gives 1 Pa (N/m2) 

equal to 94 dB SPL in a cavity adapted for housing the microphones used in the 
3356 system. Sound pressure stability is ± 0,25 dB under normal conditions, widen
ing to ± 0,35 dB at high temperatures. Changes in ambient atmospheric pressure 
have an extremely small effect on this Calibrator. For full details, see the 4230 In
struction Manual supplied with the system. 

The system is so constructed that it is possible to make fast checks of these two refer
ence levels if it is suspected that they have altered in any way. 

It is sometimes suggested that the accuracy of the calibration could be improved by us
ing the Pistonphone Type 4220 instead of the 4230 Calibrator. Although the accuracy 
of the 4220 is slightly better than that of the 4230, it is not recommended, since the 
Pistonphone operates at 124 dB SPL and hence the improved accuracy could easily be 
lost because of the tolerances on the attenuators in the 4904. 



When calibrating the 1/4" Microphone in the Artificial Voice, however, it could be justi
fied to use the Piston phone. This is because of the low sensitivity of the 41 36 1 / 4" Mic
rophone, combined with a rather high sensitivity to mechanical shocks. Even so, as the 
Calibrator is already supplied with the System, this might just as well be used. Firstly, 
the calibration of the 41 36 does not take directly part in the overall calibration, and sec
ondly, under laboratory conditions, the exposure to external vibration can be minimized 
to a sufficient degree. 

4.2. GENERAL TECHNIQUE 

4.2.1. Meter Calibration 

The calibration begins by placing the reference signal across the input of the ORE Meter 
amplifier (Fig.4.1 ); the amplifier gain is adjusted so that the ORE Meter indicates a stand
ard reading. For OREM A and B this standard reading is O dB as the internal reference 
oscillator delivers a voltage of 285 mV equal to the reference level called for in the proce
dures. For OREM US, however, this reference level is set to 316 mV (-10dB re 1 V). 
The difference corresponds to 0,9 dB which means that the Meter in this case must be 
adjusted to + 0,9 dB (0,9 dB below O dB). 

Reference Meter 
Oscillator Amplifier ,......__ - ¥ -
285 mV 
1 kHz 

y = kx0,6 

Meter 
Function 

r=_ 
y = kx0,45 

0 dB 

5 
+ 0,9 dB 

OREM A and B 

OREM US 
800547 

Fig.4. 1. Calibrating the 4904 metering circuits with the built-in ref
erence oscillator 

4.2.2. Generator Calibration 

200-4000 Hz 

Fast Sweep 

~ 
300-3300 Hz 

The ORE Meter which is now calibrated is then placed across the sweep signal delivered 
by the Generator. The Generator impedance is one of the two standard impedances 
(600 0 for OREM A and B, and 900 0 for OREM US), and the Generator is terminated 
by the same impedances. The Generator output is then adjusted to O dB deflection on 
the ORE Meter, corresponding to the reference level. 

600!1 285 mV 

Generator Electrical ,mT,, -
reference -- Level -

900 n 316 mV 

500 n y = kx0,6 

Generator Meter 

lmpi'°" Function 

L 
900 n y = kx0.45 

0 dB 

~ 
0 dB 

OREM A and B 

OREM US 
800548 

Fig.4.2. Using the calibrated meter circuits to calibrate the output of the 1023 Generator 

4.2.3. Microphone Calibration 

The next step is to apply the Calibrator 4230 to the Microphone of the Receiving measur
ing circuit. This delivers a stable acoustic pressure of 94 dB SPL at 1000 Hz. This signal 
passes through the whole receiving chain to the Objective Reference Equivalent Meter. 
For OREM A and B tests, the meter should read "O" dB when an input of 94,6 dB SPL is 
applied to the Measuring Microphone; for this input of 94 dB, therefore, the meter is set 
to read 0,6 dB lower than "O", i.e., + 0,6 dB. For OREM US the reference level is 94 dB, 
and hence the Meter is adjusted to O dB. 
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4144 

Acoustical 
Reference Microphone 

94 dB SPL 
1 kHz 

4144 + 
DD 0015 and 
DB 0111 

Microphone r 
Y = kx0,6 + 0,6 dB OREM A and B 

Meter 

~' 
Function 

t:_ 
y = kx0,45 0 dB OREM US 

800549 

Fig.4.3. Acoustical calibration of the microphone chain 

4.2.4. Voice Calibration 

200 to 4000 Hz 

Fast 
Sweep 

~ 

300 to 3300 Hz 

The Microphone are now placed at some standard position in front of the Voice and are 
then used to measure the sound output from the Artificial Voice. For OREM A and B, 
this is set to 94,6 dB SPL measured with the microphone surrounded by a baffle repres
enting the shape of the standard measuring microphone used in the old SFERT system; 
this 94,6 dB SPL corresponds to the "O" mark on the ORE Meter. 

The shape of the old SFERT microphone acted to increase the response at high frequen
cies. As the 4144 Microphone used in the 3356 system has a flat pressure response 
the pressure build-up associated with the SFERT baffle is unwanted. To counteract this 
effect, the opposite weighting is applied to the Voice output. It would therefore seem logi
cal to remove this weighting (SFERT weighting) when the Voice is actually used for trans
mitter measurement. However this is not done. The OREM A and B procedures call for 
the weighting to be used, and a justification for this procedure is that the SFERT
weighted spectrum resembles the human voice spectrum better than the unweighted 
does. 

SFERT 94,6 dB 

Weight ing 
Acoustical 

_/ Reference 
Level 

None 94 dB 

4144in 
SFERT baffle 

Microphone 
in 

I 

Voice 
Measuring 
Jig 

4144 in 
UA 0317 

-

Y = kx0,6 

Meter 
Function 

~ 

y = kx0,45 

0 dB 

5 
- 0,7 dB 

OREM A and B 

OREM US 
8 00550 

Fig.4.4. Calibration of the Voice output pressure, using the calibrated microphone chain 
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For OREM US the Meter is adjusted to -0, 7 dB (i.e. 0, 7 dB above 0 dB). This correction 
arises because the IEC 269 ( 1 971) standards calls for a free-field microphone to be 
used, while the 4144 1" Microphone supplied with the system is a pressure type micro
phone. For the fixed conditions of this calibration the effect of the pressure build-up on 
the microphone diaphragm at high frequencies has been calculated to 0, 7 dB. The B & K 
1" Microphone Type 4145 (free field type) could of course be used instead, and the Me
ter should then be adjusted to read O dB. This Microphone is not supplied with the sys
tem as the pressure type must be used for coupler measurements. 

With the OREM US the Voice output is weighted according to the Male Speech Spec
trum Weighting (MSSW). To give a stable reading on the Meter the Opposite Weighting 
is introduced in the Meter circuitry. Hence, when measuring linear transducers the 
weighting is superfluous. This is also the case when calibrating the Voice. 



4.2.5. Other Calibrations 

To ensure sufficient input level for the compressor channel in the 4904 the 1 / 4" Micro
phone in the Voice plus 2610 ( 1) is also calibrated (but not to read the absolute SPL). 
Otherwise this calibration step is not important as the Voice output is finally calibrated 
as described earlier. It is possible to insert one more calibration step if it is wished to cal
ibrate the 261 0 Measuring Amplifier 2 to read absolute sound pressure level. When the 
4230 Calibrator is applied to the receiving microphone a reading appears on the meter 
of the 261 0 (2); the sensitivity control of the 2610 (2) can be adjusted so that the read
ing corresponds to the 94 dB SPL of the Calibrator. 

This step must of course be performed before the Microphone and Voice is calibrated. 
Normally the 2610 (2) is calibrated with the built-in reference, so that it can be used for 
absolute voltage measurement, e.g. transmitter noise measurements. 

4.3. OREM A AND OREM B 

4.3.1. Control Settings 

Set the controls as follows. Not all the settings are important for the calibration, but are 
given here for later reference. 

2610 (2) - above 1618: 

INPUT SECTION GAIN: 
OUTPUT SECTION GAIN: 
INPUT GAIN: 
INPUT: 
REF.: 
POL. VOLT.: 
FILTERS: 

"Ext.": 
"22,4 Hz": 
"A": 

AVERAGING TIME: 
DETECTOR (from left): 

Separation Shelf KS 0041: 

EXT. FILTER: 

1618: 

MANUAL FILTER SELECTOR: 
SELECTIVITY: 

"Bandwidth": 
"Record Step": 

RANGE: 
FILTER CONTROL MODE: 

"20 dB" ("100 mV") 
"O dB" ("x 1 ") 
"Cal." 
"Preamp." 
"Off" 
"200 V" 

"On" 
"On" 
"Off'' 
"Fast" 
"Normal'', "Normal", "RMS" 

"Band Pass" 

"100 Hz" 

"1 / 3 Octave" 
"1 / 3 Octave" 
"2 Hz - 20 kHz - A - Lin." 
"Recorder" 
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1023: 

GENERATOR: 
REF. SIGNAL: 
SWEEP CONTROL: 
COMPRESSOR SPEED: 
COMPRESSOR VOLTAGE: 
OUTPUT VOLTAGE: 
MODULATION FREQUENCY: 
OUTPUT ATTENUATOR: 

"On" 
"Off" 
"Ext. E lectr.", "Log." 
"300 dB/s" 
"1 O" 
"1 O" 
"Mod. Off" 
"Load" 

2610 (1) - Compressor Amplifier above 4906: 

INPUT SECTION GAIN: 
OUTPUT SECTION GAIN: 
INPUT GAIN: 
INPUT: 
REF.: 
POL. VOLT.: 
FILTERS: 

"Ext.": 
"22,4 Hz: 
"A": 

AVERAGING TIME: 
DETECTOR (from left): 

Artificial Ear Used 

4904 back: 

METER DAMPING: 
METER FUNCTION: 
RECEIVER IMPEDANCE: 
GENERATOR IMPEDANCE: 
COMPENSATION: 
EAR COMPENSATION: 
EL. RECEIVING COMPENSATION: 

4904 top: 

TRANSMISSION ATTENUATOR: 
RECEIVING ATTENUATOR: 
METER SCALE: 
SWEEP: 
FUNCTION SELECTOR: 
WEIGHTING NETWORK: 

"30 dB" ("30 mV") 
"10 dB" ("x 0,3") 
"Cal." 
"Preamp." 
"Off" 
"200 V" 

"Off" 
"On" 
"Off" 
"Fast" 
"Normal", "Normal", "RMS" 

OREM A 

NBS 9A 

OREM B 

Braun 

"Slow" "OBDM" 
"y = k X 0,6" 
"600 O" 
"600 O" 

"Out" 
Not required 
Not required 

"In" 
"-3,47 dB" 
"O dB" 

"O dB" 
"O dB" 
"dB k x o,_6 ,, 

"Cont. 0,2 - 4 kHz" 
"Meter" 
"SFERT" 



4.3.2. Calibration Procedure 

Sine Generator 1023 

Align the frequency scale of the Generator as described in the 1023 Manual, and reesta
blish the control settings. 

Sweep Unit ZM 0047 

The correct function of the Sweep Unit can be checked in the following manner. If not 
within limits adjust the "Sweep Range" potentiometer. 

1) Set SWEEP control of 4904 to "Stop 0,2 - 4 kHz". The FREQUENCY DISPLAY of 
1 023 should now read 200 Hz ± 2 Hz. 

2) Set SWEEP control back to "Cont. 0,2 - 4 kHz" and start the sweep by pressing 
SWEEP START. With COUNTING TIME in "1 s" the frequency display will show the 
number of zero crossings within one sweep. The display should read 1 268,5 ± 10. 

Amplifier 1 

Apply the 4230 Calibrator to the 1 / 4" compressor microphone in the Artificial Voice. 
Adjust on SENS. ADJ. ("Preamp.") until the meter of 2610 ( 1) reads 1 ,5 mV. Reassem
ble the Artificial Voice. 

Amplifier 2 

Set FILTERS ("Ext.") to "Off" and REF. to "50 mV RMS". Adjust SENS. ADJ. 
("Preamp.") until the meter of 2610 (2) reads 50mV. The 2610 (2) is now calibrated to 
read absolute voltage levels. Reestablish the control settings. 

Objective Reference Equivalent Meter 

With the FUNCTION SELECTOR already on "Meter", adjust the "Meter" CALIBRATION 
POTENTIOMETER until the meter reads "O dB" on the chosen scale. 

Turn the FUNCTION SELECTOR to "Osc. Output" and press the SWEEP START button. 
Adjust the meter to "O dB" with the CALIBRATION POTENTIOMETER marked "Osc. Out
put". 

Select the Artificial Ear assembly. Remove any Coupler, leaving the 1" Microphone ex
posed in the coarse-thread housing. Use the 4230 Calibrator on the Microphone and 
press the small button o·n the Calibrator. Turn the FUNCTION SELECTOR to "Microphone 
and Voice", and adjust the deflection on the meter to the red mark (corresponding to 
94 dB SPL) using the "Microphone" CALIBRATION POTENTIOMETER. 0 dB now corre
sponds to 94,6 dB SPL. 

Remove the Calibrator. Screw the Microphone assembly into the SFERT baffle. Rotate 
the Test Head (or the Voice alone if it is not in the Test Head) so that the Voice faces up
ward. Push the lipring into the Voice and hook the SFERT baffle onto the ring. Take care 
that the two spacing rings are concentric and are touching all round (see Fig.4.5). Ad
just the meter to "O dB" with the "Voice" CALIBRATION POTENTIOMETER. 
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412280 

Fig.4.5. The Microphone and SFERT baffle mounted on the upward
facing Voice 

For tests using the Braun coupler, move the FUNCTION SELECTOR to "Sidetone": The 
meter deflection should fall to + 3,4 7 dB (+ 0,4 Neper). If not, adjust on EAR COMPEN
SATION potentiometer (Back Panel). 

Remove the SFERT Adaptor, and re-assemble the Coupler. The caliqration is now com
plete. 

The parts of the calibration procedure involving the ORE Meter 4904 are given schemati
cally in Fig.4.6. 
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FUNCTION SELECTOR on 
"Mic. & Voice". put 4230 
Calibrator on Microphone. 
Set meter needle to red mark 
with MIC. potentiometer 

FUNCTION SELECTOR on 
"Mic. & Voice" . Put SFERT 
baffle on microphone. 
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meter needle to O with 
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OREM B only. 
FUNCTION SELECTOR on 
" Sidetone" SF E RT baffle on. 
Check that meter needle 
falls to 3,47 dB (+ 0,4 Np) 

472039 

Fig.4. 6. Calibration steps for OREM A and OREM B 

4.4.1. Control Settings 

Set the controls as for OREM A and B except for the following changes. 

2610(1): 

INPUT SECTION GAIN: "40 dB", (" 1 0 mV") 

Artificial Ear Used ANSI (ASA) 

The control settings of the 4904 is given in full. 
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4904 back: 

METER DAMPING: 
METER FUNCTION: 
RECEIVER IMPEDANCE: 
GENERATOR IMPEDANCE: 
COMPENSATION: 
EAR COMPENSATION: 
EL. RECEIVING COMPENSATION: 

4904 top: 

TRANSMISSION ATTENUATOR: 
RECEIVING ATTENUATOR: 
METER SCALE: 
SWEEP: 
FUNCTION SELECTOR: 
WEIGHTING NETWORK: 

"OBDM" 
"y = k X 0,45 ,, 

"900 O" 
"900 O" 
"Out" 
not required 
not required 

"O dB" 
"O dB" 
"dB k x o,45 " 

"Cont. 0,3 - 3,3 kHz" 
"Meter" 
"Off" 

4.4.2. Calibration Procedure 
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Sine Generator 1023 

Align the frequency scale of the Generator and reestablish the control settings. 

Sweep Unit ZM 0047 

Check the Sweep Unit in the following manner. If not within limits adjust the "Sweep 
Range" potentiometer. 

1) Set SWEEP control of 4904 to "Stop 0,3 - 3,3 kHz" and check that the FRE
QUENCY DISPLAY of 1023 reads 300 Hz± 3 Hz. 

2) Set SWEEP control back to "Cont. 0,3 - 3,3 kHz" and start the sweep . With COUN
TING TIME in "1 s" the frequency display should read 1251, 1 ± 10. 

Amplifier 1 

Use the 4230 Calibrator on the 1 / 4" Microphone in the Artificial Voice and adjust on 
SENS. ADJ. ("Preamp.") . The meter needle is set to 1 mV. Reassemble the Artificial 
Voice . 

Amplifier 2 

With "Ext ." FILTERS to "Off" and REF . to "50 mV RMS" adjust the meter to 50 mV with 
"Preamp." SENS. ADJ. Reestablish the control settings . 



Objective Reference Equivalent Meter 

With the FUNCTION SELECTOR on "Meter" adjust the "Meter" CALIBRATION POTEN
TIOMETER until the meter reads + 0,9 dB (red mark on the "dB k x 0,45 " scale). O dB 
now corresponds to 316 mV (-10 dB re. 1 V). 

Switch the FUNCTION SELECTOR to "Osc. Output" and start the sweep by pressing 
SWEEP START. Adjust to O dB deflection on the meter by CALIBRATION POTENTIOME
TER "Osc. Output". 

Now turn the FUNCTION SELECTOR to "Microphone and Voice". If not already done as
semble the Voice Measuring Jig (to IEEE 269 requirements) as described in section 
2.2.4. Remove the 4230 Calibrator from its leather case and fit it to the microphone 
(mounted on the UA 0317 jig). Activate the Calibrator and adjust the meter to O dB with 
"Microphone" CALIBRATION POTENTIOMETER. 

Replace the lipring of the Artificial Voice by the Voice Measuring Jig, and adjust the me
ter to an average reading around the green mark of the "dB k x 0.45 " scale (-0, 7 dB 
i.e. 0,7 dB above OdB) using the "Voice" CALIBRATION POTENTIOMETER. The function
ing of the MSSW (Male Speech Spectrum Weighting) of the Voice output, and the in
verse MSSW in the meter circuitry can now be checked by switching WEIGHTING NET
WORK to "MSSW". The meter should still show an average reading around the green 
mark(± 0,2 dB). 

This completes the calibration for the American mode, and the Voice Measuring Jig can 
be dismantled and the Artificial Ear reassembled. 
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5. OPERATION 

The most important tests that can be performed with the systems are the entire OREM 
group. The two most important of these, the OREM A and OREM B, are described first 
in this chapter. 

The term OREM indicates an Objective Reference Equivalent Measurement, and gives a 
single measure related to loudness. 

A full discussion of OREM principles is given in Chapter 7, but it must be noted here 
that these objective measurements are not the same as Reference Equivalent measure
ments. Therefore when reporting the results of any OREM test, the operator must make 
it clear that OREM techniques were used. 

A lot of other measurements can be made with the systems, most of them without 
changing any cable runs or adding additional equipment. The most relevant of these 
measurements are described next, and the chapter is concluded with some notes on the 
use of the Artificial Voice and how to adapt the screen of the Frequency Response 
Tracer for inspection of frequency responses. 

Regarding sidetone tests, note that the feed bridge circuitry in the 4906 Power Supply 
can have a large effect on the sidetone characteristics of a subset. In the 3356 system, 
the feed bridge contains 2 x 20 µF capacitors, and 2 x 5 H chokes (see Fig.5.12). These 
values are much higher than those used in telephone operating systems and may there
fore upset sidetone circuitry especially when the subset is joined to the bridge with zero 
line. If the high capacitance values of this bridge are not wanted they can be reduced by 
inserting external capacitors in series. This is done by removing links 3 to 4 and placing 
a suitable capacitor across terminals 3 to 4. For example, a 2,2 µF capacitor across 3 to 
4 reduces the feed capacitance from 20 to 2 µF. 

5.1. THE OREM A TEST 

The OREM A test is intended for testing the entire subset, i.e. the transmitter and re
ceiver capsules mounted in their own handset plus the associated subscriber's circuit 
(speech network). If the procedure described next is not followed it is strongly recom
mended not to use the OREM A label, or, alternatively, clearly to specify any deviations. 

5.1.1. Documents for OREM A 
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Prepare documents on which the test results are to be written. An example is suggested 
in Fig.5.1. Include information on these points: 

Feed voltage 
Feed resista nee 
Generator impedance 600 or 900 ohms 



OBJECTIVE REFERENCE EQUIVALENT MEASUREMENT OREM A 
made on Bruel & Kjffir ETTMS type 3356 + Date 

Test Report on telephone type - - - -

transmitter type - - - -

receiver type - - - -

Feed voltage _ - - - Feed ohms 2x - - - - Line gauge - - - - Operator - - - -

Transmit - - - - Receive - - - - Sidetone - - - - Line current - - - -
r-------.----r--..----,----.---.----,----.--....----,---.....----,.----.---.---..-----.---, 10 

l----+--+--+-----+---+--+-----+---+---+-----1--+---+----,f-----+---+--+----+----i 9 

f-----+----+--+-----+--+---+----+--+----+----+---+---+-----1--+---+--+----+------1 8 

f-----+----+--+-----+--+---+----+--+----+----+---+---+-----1--+---+--+-----+------1 6 

f-----+----+--+-----+--+---+----+--+----+----+--+---+---t--+---+--t------+------1 4 

f-----+----+--+-----+--+---+----+--+---+-----+---+---+-----1--+---+--+----+---i 3 

f-----+---+--+----+--+---+----+--+----+----+--+---+---t--+---+--+-----+--t 2 

f-----+---+--+----+--+---+----+--+----+----+---+---+----t--+---+--+---+---1 0 

3 

4 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

0 300 600 900 1200 1500 1800 

Fig.5.1. Sample report sheet for OREM A 

Receiver impedance 600 or 900 ohms 

OREM A 

dB 

+ 

Loop ohms 

Line current 
mA 

072081 / 1 

Power Supply polarity - normal or reverse, with identification of subset polarity 
Setting of Transmission and Receiving Attenuators 
Any variation on standard control settings. 

Plus information on the test piece: 

Telephone type number and identifying mark 
Transmitter and receiver type numbers 
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Line gauge and specification (gauge alone is not a sufficient description of a line) 
Line lengths or loop ohms used in the test 
Pins on the 4904 to which the test piece is connected. 

Plus the date of the test. Some authorities add the serial number of the 3356 or 3357 
test system: this can be useful in factories where large numbers of 3356 or 3357 sys
tems are in use. 

The document should have provision for recording line loop ohms or line length, line cur
rent, the OREM values for transmitting, receiving, and sidetone. It is also good practice 
to add some kind of indication that the operator has checked the frequency response of 
the test piece and has found it satisfactory. 

It is customary for testing authorities to design the complete test document and then to 
issue it in printed form to test groups. 

Before the actual test begins, these documents should be collected, details of the test 
conditions entered on the forms, and the forms themselves placed ready for use near 
the test equipment. The point of all these preparations is that the OREM A test depends 
heavily on exact timing of various operations (transmitter conditioning and meter read
ing) and any unplanned delays caused by inadequate preparation may invalidate the test 
results. 

5.1.2. Equipment Preparation for OREM A 
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On the 4906 Power Supply, set up the voltage and feed bridge resistance specified for 
the telephone being tested. Use the voltmeter on the 4904 ORE Meter to measure the 
Power Supply output voltage (with the 4904 VOLTAGE-CURRENT MEASUREMENT 
switch set to "Supply"). 

Also on the 4906, check that the PLUG-IN UNIT switch is set to an unwired Plug-In 
Unit; if both units are wired, then one can be unplugged altogether from the Power Sup
ply. Alternatively, the two links can be removed from between pins 1 and ion the front 
panel of the 4904 ORE Meter. 

On the 4904 ORE Meter, set the following controls according to the requirements of the 
local testing authority: 

GENERATOR IMPEDANCE 
RECEIVER IMPEDANCE 
POWER SUPPLY POLARITY 
VOLTAGE-CURRENT MEASUREMENT 
VOLTMETER RANGE 
MILLIAMMETER RANGE 

Attach the test subset to Pins 2 on the ORE Meter (see Fig.5.2.(a)). If artificial line is be
ing used, this can be joined between the subset · and pins 2 to give the effect of a local 
line (running between a central exchange and the subset). 

Trunk line, i.e., line running between two exchanges, can be used by joining artificial 
line between Pins 4 and Pins 3 of the ORE Meter, removing the links between these 
pins (see Fig.5 .2.(b) and (c)). The subset, with or without local line, is still joined to Pins 
2. 

It ·is good practice to avoid passing high currents through subsets for long periods, so 
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Fig.5.2. OREM A: Attachment of artificial lines and a subset to the ORE Meter 

during this preliminary work the subset gravity switch can be held down by some object 
until the test is ready to begin. 

On the 4904 Test Head, put the Artificial Voice in the REF position. 

Consult Section 2.3.2 for details of the preparation of the locating disc, and fit the cor
rect disc to the Reference Plane of the Test Head. 

Then set the Head platforms to these angles: 

Main bearing 135° 
Platform 22° 

These angles are standard for OREM A. They are based on the configuration of the obso
lete 4903 Test Head and they do not necessarily represent the best choice of angles for 
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testing telephones. However, since they form an important part of the OREM A test they 
must be used. If operators find them unacceptable, then an alternative, non-standard, 
choice of angles is: 

Main bearing 0° 
Platform 78° 

The handset is inverted but the transmitter capsule itself is held at approximately the cor
rect angle with regard to the direction of the gravitational force, an important considera
tion for carbon transmitters. 

Put the telephone handset in the Test Head. Adjust the position of the locking clamp so 
that both buttons rest on the back of the handset _(see Fig.5.3). Adjust the spring inside 
the locking clamp so that just sufficient force is applied to hold the handset steady in the 
Head during the conditioning motion (see Fig.5.4.). Loop the handset cord away from 
the Voice orifice, using the notches cut into the Test Head platform (Fig.5.5). Adjust the 
holding fingers on the Head. 

Fig.5.3. The clamp adjusted correctly to press against the back of 
the handset 

Take the NBS 9 A coupler assembly and push it into position inside the Reference Plane 
block. It is important that there should be a good acoustic seal between the coupler and 
the telephone receiver earcap; this seal can be checked in either one of two ways: 

a) Put 4904 ORE Meter FUNCTION SELECTOR to "Receiver" and start the sweep by 
pressing SWEEP START. 

Check that the subset is plugged into the 4904 and that the gravity switch is free. 

A trace will appear on the 4 71 2 Tracer. Adjust the coupler assembly against the ear
cap until the low-frequency part of the trace reaches its highest level (Fig.5.6); a 
few moments' practice will show that when a leak is present, the low-frequency end 



Fig.5.4. The adjusting screw at the top of the pressure pillar on the 
Test Head 

Fig. 5. 5. Handset cord looped clear of the transmitter 
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Fig. 5. 6. The use of the Tracer in obtaining a good acoustic seal be
tween the receiver earcap and the Coupler 

of the trace falls, rising again when the leak is sealed. There may be several posi
tions of the coupler assembly which give good sealing; choose that which puts the 
axis of the coupler assembly as near as possible at right angles to the Reference 
Plane. Then tighten the retaining screw and check that this does not introduce any 
further leak. Then reset the Test Head to the angles given earlier. 

b) If no Tracer is available, the same operation as above can be made using not a 
sweep, but a single low frequency from the Generator (SWEEP to "Stop"). The out
put from the Coupler can be seen on the ORE Meter and the Coupler assembly 
moved as described earlier until this output reaches and holds a maximum value. It 
helps to switch METER DAMPING to "Fast" for this operation, going back to "Slow" 
for the actual OREM A test. 

In both of the above operations, it is important that the telephone earcap has its rim rest
ing solidly on the Reference Plan; the Coupler assembly must not push it away from this 
plane. 

Some telephone handsets (notably those similar to the American G 3 style) are so short 
that their transmitter caps foul the lipring on the Voice, preventing proper seating of the 
earcap. If this happens, remove the lipring from the Voice. The reason for this difficulty 
is discussed in Chapter 7. 

Because the OREM A test is so dependent on the accurate timing of conditioning motion 
and meter reading, it is an advantage to have some timing device placed near the opera
tor for indicating intervals of up to 30 seconds. 

Finally, the area around the Test Head should be cleared to minimise acoustical reflec-



tions. Articles like the subset body, artificial line boxes, switches, etc., should be moved 
away from the sensitive region of the Head. 

When the operator is satisfied that all preparations are complete, the test can begin. 

5.1.3. OREM A Test Procedure 

Switch on the telephone. 

Put the FUNCTION SELECTOR to the test required, "Transmitter", "Receiver" or "Side
tone". 

For "Transmitter" and "Sidetone" tests on a telephone using a carbon transmitter, condi
tion the transmitter by swinging the Test Head through these angles (Fig.5.7): 

goo arc to the left 
1 80° arc to the right 
1 80° arc to the left 
1 80° arc to the right 

goo arc to the left 
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Fig.5. 7. Conditioning motion for OREM A 
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The whole motion should be done smoothly without jerks and should take about six to 
nine seconds to complete. No other shaking or swinging of the telephone is needed, and 
it is very important that the telephone is not tapped or knocked in any way immediately 
before or during the whole test. 

As the conditioning motion finishes, start the timing device and lock the Head main bear
ing. 

After 1 O seconds, read the ORE Meter; use an average position of the meter needle; 
write down the result. 

After a further 1 0 seconds, read the ORE Meter again. No further conditioning of the 
telephone is permitted. 

After a further 1 0 seconds, make the final reading of the ORE Meter. 

The OREM A reading is then the average of the three readings. With most carbon trans
mitters, the last reading will show a quieter result than the first. This is normal and 
merely represents the usual loss in sensitivity with time of a carbon transmitter. How
ever, operators with experience of carbon transmitter measurements can use the three 
readings as a guide to the rate at which the transmitter loses sensitivity and if this rate 
seems high, then it is good practice to write down all three readings in the report of the 
test. 

During the ten-second intervals, or immediately after the third reading, the operator 
should check the frequency response of the test piece by glancing at the screen of the 
Tracer. Most testing authorities demand that OREM tests are accompanied by a check of 
response designed to ensure that the test piece is not unusual in any way. This can be 
done by drawing upper and lower limits of response on the Tracer screen and then ask
ing the operator to shift the TRACER LEVEL control to see if the trace can fit between 
these limits. Note that the Voice output contains SFERT weighting (a fall in output at 
high frequencies) so the limits drawn on the screen must include compensation for this 
weighting. It is possible for the operator to put the WEIGHTING NETWORK switch to 
"Off" to remove this weighting, but this cannot be done during the ten-second intervals 
since it obviously disturbs the Voice output level and shakes up the carbon in the trans
mitter. Both activities would be against the conditions of the OREM A test. 

T~e OREM A test continues after the operator has made any changes to the conditions, 
such as an alteration of line length. The Test Head is rotated as before, and again, three 
readings are made at intervals of 10 seconds. It is good practice to complete all tests on 
one particular telephone in one session of continuous testing; for example, all tests of 
one telephone using various line lengths are made in rapid succession without pause. 
This is to minimise the danger of the carbon transmitter drifting in sensitivity and so ob
scuring the significance of shifts in OREM A readings caused by the changes in line 
length. Likewise it is useful if time permits to complete a battery of tests and then to re
peat the first test in the series as a rough check on the behaviour of the carbon transmit
ter. The check is described as "rough" since most carbon transmitters will show some 
change after being put through OREM tests. 

For dynamic and other non-carbon transmitters, conditioning is unnecessary. It is likely 
that gravitational field direction will not affect results so the telephone handset Test 
Head can be positioned in such a way as to minimise acoustical reflections; the recom
mended angles are those given earlier: 

Main bearing 
Platform 

oo 
78° 



If these are used, then the test report should state so. 

"Sidetone" tests follow the procedure already described, but there is likely to be one dif
ference. Many telephones are designed to have low sidetone, and this results in low 
readings on the ORE Meter. If the meter needle falls below the + 9 or + 1 0 mark, then 
the RECEIVING ATTENUATOR control should be advanced 10 dB to bring the needle into 
a readable region of the scale. The factor of + 10 dB is added algebraically to the meter 
reading to give the final OREM A figure. 

"Receiver" tests are made with the FUNCTION SELECTOR set to "Receiver". Most receiv
ers are acoustically stable, but some telephone circuits containing unstable carbon trans
mitters allow changes in the transmitter to influence the receiver output. To achieve re
peatable test results it is therefore wise to check this point by making a trial reading of 
the receiver with and without the conditioning motion described for transmitter testing. 
In this same trial reading, the operator can note the response of the receiver on the 
Tracer, particularly at low frequencies, so that if the handset moves away from the Cou
pler during later tests it will be obvious from the change in low-frequency response. 

If there is no change in the trial reading between tests with and without transmitter con
ditioning, then the conditioning can be ommitted from the tests and only one reading 
need be made. 

If there is a change in the trial readings, then the full conditioning must be made, and 
three readings taken, as in transmitter testing. The test report should state if one read
ing or three readings have been made. 

During receiver tests, the Tracer shows the true response of the receiver-earcap-coupler 
combination; the SFERT weighting circuit is switched off automat4cally. This means that 
frequency response limits can be shown on the screen directly. 

If it is wished to report a single test result, then it is important to include the term 
OREM A together with the figure, for example + 2,2 dB OREM A. This gives a complete 
definition of the test method and completely avoids confusion between OREM A read
ings and those from other tests. In particular, it is quite _wrong to use the term Refer
ence Equivalent to describe any OREM result since this term is reserved exclusively for 
results obtained by subjective techniques using closely-defined methods and equipment. 

5.2. THE OREM B TEST 

The OREM B test is intended for the testing of transmitter and receiver capsules. The 
capsules are mounted in the respective Capsule Holders delivered with the systems, and 
a standard subscriber's circuit is fitted into one of the Plug-in Units in the 4906. As 
with the OREM A test, it is strongly recommended either strictly to stick to the proce
dure outlined here or clearly to state any deviations. 

5.2.1. Documents for OREM B 

Prepare documents on which the test results are to be written. An example is suggested 
in Fig.5.8. Include information on these points: 

Feed voltage 
Feed bridge resistance 
Generator impedance 600 or 900 ohms 
Receiver impedance 600 or 900 ohms 
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OBJECTIVE REFERENCE EQUIVALENT MEASUREMENT OREM B 
made on Bruel & Kjcer ETTMS type 3356/3357 

Test Report on telephone transmitters type - - - -

with earcap type - - - -

with subset circuit - - - - - - - - - -

Feed voltage - - - - Feed ohms 2x - - - - Line - - - - Date - - - -

Sample No. 

OR EM B dB 
Read ing Reading Read ing Reading 

Class Transmitter Transmitter 
1 2 3 Mean current voltage 

mA V 

Fig.5.8. Sample report sheet for OREM B 

Power supply polarity, normal or reverse 
Transmission attenuator 
Receiving attenuator 

Transmitter 
resistance 

ohms 

- -

072019/1 

Plus information on the test piece: 

Type number of transmitter or receiver 
Line gauge and specification (gauge alone is not a sufficient description of a line) 
Line lengths or loop ohms used in the test 
Position of line - local or trunk 



Plus the date of the test. Some authorities add the serial number of the 3356 or 335 7 
test system: this can be useful in factories where large numbers of 3356 or 3357 are in 
use. 

The document should have prov1s1on for recording changes in line loop ohms or line 
length, line current and the OREM B values. These values are usually written in num
bers in columns. For OREM B, it is necessary that the frequency response of the test 
piece should be checked, and the document should carry some means of noting that this 
check has been made. 

It is customary for testing authorities to design the complete test document and to issue 
it in printed form to test groups. 

Before the actual test begins, these documents should be collected, details of the test 
conditions entered on the forms, and the forms themselves placed ready for use near 
the test equipment. OREM B tests are meant to be rapid tests of large numbers of cap
sules and it is often important that the test should not be delayed by the absence of 
proper documents. 

5.2.2. Equipment Preparation for OREM B 

On the 4906 Power Supply, set up the voltage and feed bridge resistance appropriate 
for the telephone circuit being used. Use the voltmeter on the 4904 ORE Meter to mea
sure the supply voltage (VOLTAGE-CURRENT MEASUREMENT switch is set to "Sup
ply"). 

Check that the correct telephone circuit is in place in the Plug-In Unit, and set the 
switch PLUG-IN UNIT to the chosen Unit. 

Insert links between pins 1 and 2 on the front panel of the 4904 ORE Meter. 

Assemble the transmitter and receiver Capsule Holders; refer to Section 2.4. Use the 
Braun Coupler in the receiver Holder. If necessary, adjust the Holders so that the trans
mitter and receiver capsules fit smoothly without strain. 

Note that both Holders are supplied with caps which are copies of those used on G~r
man telephones; refer to Section 2.4 for details concerning the use of other caps. 

Plug the Holders into the sockets on the front panel of the 4904 ORE Meter marked 
TRANSMITTER and RECEIVER. If only one Holder is being used, the other need not be 
plugged in; the Plug-In Units contain provision for insertion of loads which simulate the 
presence of the missing capsule. It is always worth checking that a suitable load has 
been put into the circuit in the Plug-In Unit. 

An artificial line can be connected in several ways: 

a) Local line running from the feed bridge to the subset circuit can be built into the cir
cuit in the Plug-In Units. Some operators also fit a switch to the front panel of the 
Plug-In Unit so that various line lengths can be selected during tests. 

b) Local line can be joined between pins 1 and 2 on the front panel of the 4904 ORE 
Meter (with shorting links removed from 1 and 2 - see Fig.5.9(a)). 

c) Trunk line running from the output through the feed bridge to the ORE Meter can be 
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(a) 

4904 

0 0 0 0 

00@ 
00 Ho @ 

0 

3 40 0 

Link 

Capsule :rr 
Holder 

472163 

(b) 
4904 

0 0 00 

00@ 
0 0 ,H, 0 

@ 
0 

Link 

Capsule JI 
Holder 

472164 

(c) 

4904 

0 0 0 0 

00@ 
0 0 

@ 
0 

0 0 0 

Local Trunk 
472166 

Fig.5.9. OREM B: Attachment of artificial lines to subset circuitry 

joined between pins 3 and 4 on the front panel of the ORE Meter (with shorting 
links removed between 3 and 4 - see Fig.5.9(b)). 

It is possible to use a combination of the methods, as for example in Fig.5.9.(c). 

The Capsule Holders are then placed in a convenient position for rapid operation. Some . 
operators fix the Holders to the bench-top partly to avoid movement of the base, and 
partly to ensure constant test conditions over a period of time. 

The small size of the four-legged stand for the Transmitter Capsule Holder introduces 
some problems of acoustical reflections. These cannot be entirely removed, but their ef
fect can be reduced by standing the assembly on sound-absorbing material. Some opera
tors assess the effect of reflections by measuring the frequency response of a stable, 
non-carbon transmitter in the Holder both when it is fixed in the stand, and when it is 
suspended in space; the difference in the two traces is then added to test results ob
tained in normal service. 



5.2.3. OREM B Test Procedure 

Transmitting 

Set the FUNCTION SELECTOR to "Transmitter". 

Start the sweep by pressing SWEEP START. 

Open the Transmitter Capsule Holder. Pick up a transmitter and without shaking or tap
ping it, put it into the Holder. 

Close the Holder, and after an interval of five seconds read the ORE Meter. Remove the 
transmitter. Rotate it through 1 20° and replace it in the Holder. After an interval of five 
seconds, make a second reading of the ORE Meter. 

Remove the transmitter . Rotate it through a further 1 20° and replace it in the Holder. Af
ter an interval of five seconds, make a third reading on the ORE Meter. 

Inspect the trace of the Tracer to ensure that the transmitter response falls within the li
mits laid down by the local testing authority. Note that the Voice is affected by SFERT 
weighting. Either this weighting can be removed by putting the WEIGHTING NETWORK 
to "Off", or the limits on the screen can have compensation for the SFERT weighting 
drawn into them. 

The average of the three readings is the OREM B Transmitting value for the transmitter 
under the test conditions. 

Many local authorities ask for readings of transmitter current and voltage to be included 
with OREM B results. These readings are made by putting the VOLTAGE-CURRENT 
MEASUREMENT switch to "Transmitter"; the voltmeter and milliammeter then read the 
voltage and current at the terminals TRANSMITTER on the front panel of the 4904 ORE 
Meter. For these readings to be valid, there must of course be a subset circuit wired into 
the Plug-In Unit. 

Receiving 

Set the FUNCTION SELECTOR to "Receiver". 

Start the sweep by pressing SWEEP START. 

Put the receiver in the Capsule Holder. 

After five seconds, read the ORE Meter . 

One reading is sufficient; there is no inter-action from the transmitter since in measure
ments using the Plug-In Units the real transmitter is replaced by a load in the Unit circui
try. 

Inspect the trace on the Tracer to ensure that it falls within the limits laid down by the lo
cal testing authority. The SFERT weighting has no effect on this trace. 

Sidetone 

This measurement is not normally made using OREM B techniques, but if such a meas
urement is needed it can be made by putting a transmitter and a receiver capsule into 
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their respective Holders, switching the FUNCTION SELECTOR to "Sidetone", and then 
proceeding as in Transmitting tests - that is, making three readings with transmitter 
conditioning between each. 

General 

As in all OREM tests reports of results must make it clear that OREM techniques were 
used. The term OREM B must be used, and under no circumstances can such results be 
referred to as Reference Equivalents. 

5.3. SUMMARIES OF OREM TEST TECHNIQUES 

5.3.1. Summary of OREM A Test Techniques 

a) METER FUNCTION: 
COMPENSATION: 
METER DAMPING: 
SWEEP: 
WEIGHTING : 
Test Head: 
Voice: 

b) Conditioning : 

"y = kx 0,6,, 

"Out" 
"Slow" 
"0,2 - 4 kHz" 
"SFERT" 
135° and 22° 
REF. 

goo left 
180° right 
1 80° left 
1 80° right 

goo left 

c) Read the ORE Meter after 10, 20 and 30 seconds. Use centre of needle swing. 

d) Average the three readings. 

e) Inspect the trace. 

For receiving, one meter reading may be sufficient. For sidetone, work as for transmit
ting. 

Always use the term OREM A to describe the results. 

5.3.2. Summary of OREM B Test Technique 
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a) METER FUNCTION: 
COMPENSATION: 
METER DAMPING: 
SWEEP: 
WEIGHTING: 

"y = k X 0 ,6 " 

"In" 
"OBDM" 
"0,2 - 4 kHz" 
"SFERT" 

Use Capsule Holders and Plug-In Unit. 

b) Conditioning: Rotate transmitter 1 20° between each reading. 

c) Read the ORE Meter after 5 seconds: use the left edge of the needle swing. 



d) Average the three readings. 

e) Inspect the trace. 

f) Read transmitter current and voltage. For receiving, one meter reading is sufficient. 

Sidetone tests are not normally made with OREM B. 

Always use the term OREM B to describe the results. 

5.4. FREQUENCY RESPONSE MEASUREMENTS 

5.4.1. General 

In general, it is possible to make frequency response recordings with very few changes 
to control knob settings which have been arranged for the OREM tests. 

If the operator wishes to use Voice pressures and electrical outputs, etc., similar to 
those used in the OREM tests, then proceed as follows: 

To synchronise the sweep with the Level Recorder set SWEEP on 4904 to "Main Osc." 
Also switch WEIGHTING to "Off". 

The signals from the input section of 2610 (2) can be transferred to the output section, 
that is the meter circuitry and the Level Recorder, in several ways. The different possibili
ties are described below for later reference. The socket marked TO INPUT EXTERNAL FIL
TER always carries a signal regardless of the position of the EXT. FILTERS switch on 
2610. As a consequence the signal is always fed back to 4904 and to 1618, so that 
there will always be a reading on the ORE Meter. The signal is transferred as follows: 

1) EXT. FILTERS 2610 "Off": 

The signal is fed directly to the Recorder and Meter . 

2) EXT. FILTERS 2610 "On": 

Depending on the position of the EXT. FILTER switch in KS 0041 the signal is taken 
from: 

a) "5 kHz HP": The output of the high pass filter in 4904. This is used for modulation 
noise measurements. 

b) "Band Pass": The Output of 1618. With the RANGE of 1618 in "Lin." the signal is 
transferred without filtering. For distortion measurements the RANGE switch is left 
in the lower position and SELECTIVITY in "1 /3 Octave" - "1 /3 Octave". The MAN
UAL FILTER SELECTOR is advanced to track the required harmonic. If the filter is set 
to track the fundamental, the immunity to noise is improved. However, in this case 
it is better to choose the "1 /1 Octave" - "1 /3 Octave" position thus avoiding the 
notches in the response caused by the filter flanks. The position of the MANUAL FIL
TER SELECTOR determines the starting frequency, and the 100 Hz setting is used 
with the special telephone paper. 

For details on setting up the synchronisation between the Level Recorder, the Genera
tor, and the Band Pass Filter consult the instruction manuals for these. Also remember 
to set the REC. PAPER to the correct position (on ZM 004 7). If the ·special telephone 
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paper OP 1142 is used, the Level Recorder will run 2 charts, unless the FILTER CON
TROL MODE "Recorder" switch is manually switched to "Stop" before the first chart is 
completed. 

In addition to the above changes in settings, the Level Recorder 2307 should now be cal
ibrated and set up with the following suggested conditions. 

POTENTIOMETER RANGE: 

RECTIFIER RESPONSE: 
LOWER LIMITING FREQUENCY: 
WRITING SPEED: 

POWER: 
PEN DRIVE: 
PAPER DRIVE FUNCTION: 
PAPER SPEED: 

"50 dB" or "25 dB" according to dynamic range 
of the tested object 
"RMS" 
"50 Hz" 
"100" to "250" mm/s, according to regularity of 
shape of the response of the tested object 
"On" 
"On" 
"F Continuous" 
"3" or "10" mm/s (not "1" cm/s) 

Load the Recorder with the chosen paper; for telephone work, type OP 1142 is recom
mended. 

Fix the test piece either in the Test Head or in the Capsule Holder. On the 1023, switch 
SWEEP CONTROL to "Manual" and rotate the frequency pointer by hand through the fre
quency range of interest. Adjust the attenuation on the 2307 or 2610 (2) in 10 dB steps 
(noting carefully the resulting 10 dB shifts in calibration settings) until the Recorder pen 
movement is contained wholly within the limits of the paper. It is during this preliminary 
test that one can decide to use a 50 dB or a 25 dB Range Potentiometer in the Recorder. 
If the Range Potentiometer is changed, re-calibrate the Recorder. 

With the correct Range Potentiometer in place, and with a satisfactory placing of the dy
namic range of the test object on the Recorder, switch the 1023 SWEEP CONTROL back 
to "Ext. Electr.". 

The recording can now be started from the 1618 in which case the pen lift is automati
cally operated. 

5.4.2. Conditioning during Recording 
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A troublesome aspect of the recording of transmitter frequency response is that a carbon 
transmitter will almost certainly change in sensitivity during the time taken to complete 
a recording, so that the later part of the recording is difficult to relate to the earlier. 
Also, groups of measurements may be difficult to correlate since the carbon transmitter 
will be shifting sensitivity during and between measurements. 

A useful technique for avoiding this problem has been described by Seeman of the 
Swiss PTT. Bursts of acoustical noise are produced by the Voice at regular intervals dur
ing a recording; these bursts keep the carbon in a state of gentle agitation which per
sists through the whole recording and which can be reproduced during other measure
ments. 

The result is that the problem of carbon variation is greatly reduced, and measurements 
become reproducible to the extent that small changes due to for example changes in line 
length, are readily detectable. 

With the 3356 system, noise burst recording is simple. Consult the Instruction Manuals 
for the 1 023 Generator, and the 2307 Recorder for information on the remote operation 



of the Generator "Off' function and assembly of cams on the DRIVE SHAFT 2 of the Re
corder. With a suitable choice of cams (provided with the 2307), it is possible to switch 
off the Generator for 100 msec. every second and to switch in noise in its place from an 
external noise source such as Type 1405 (not supplied with the 3356). Operators also 
have a choice of automatically lifting the pen from the paper during a noise burst to 
avoid a messy trace . Some authorities point out that leaving the pen down is preferable 
since the trace of the peaks of the noise bursts provide good evidence of the stability of 
the transmitter sensitivity during the period of the recording. Noise peaks can be about 
6 dB above the Voice sinewave output. 

5.4.3. Correlation between the Recorder and the Tracer 

The same electrical signal is supplied to both the Recorder and the Tracer and therefore 
correlation should be good. In practice, the Tracer signal rectifier smoothing circuits in
troduce an averaging effect which can sometimes obscure sharp detail when a trace is 
viewed during the fast sweep used in OREM tests. If such loss of detail is suspected, 
then the operator can either sweep the Generator manually slowly enough to show de
tail, or he can switch on the frequency modulation circuits in the 1023 and make slow 
repetitive sweeps across the frequency range of interest. These tests will show that 
there is good correlation between the Recorder and the Tracer so that frequency limits 
can be taken directly from the Recorder and applied to the Tracer (remembering, where 
applicable, to allow for the effect of Voice weighting networks SFERT and MSSW). 

5.4.4. Frequency Response Measurements on Lines and Other Apparatus 

Apparatus such as real or artificial lines, amplifiers, repeaters, loading circuits, etc., can 
produce response measurements. The apparatus to be tested can be attached to the 
front panel of the 4904 via these outlets: 

GENERATOR 775 mV: 

PINS 2: 

This is an unbalanced output delivering a signal of 
a power of 1 mW from a source impedance of just 
less than 3 ohms. The signal appears at this out
let when the FUNCTION SELECTOR is set to "Re
ceiver" or "Osc. Output". 

This is a balanced output delivering a signal of 
285 mV from a source impedance chosen by the 
back panel switched controls; the signal is mixed 
with DC via the feed bridge in the Power Supply. 
The DC can be removed by switching the Power 
Supply VOLTAGE RANGE to "Ext." (leaving the 
feed bridge in circuit) and the feed bridge and DC 
can be removed by switching the FEEDING COILS 
to "Ext. + Coils" (After OREM US calibration, this 
outlet delivers 31 6 mV, switchable source imped
ance). 

If these outlets are not suitable, then the apparatus can be joined directly to the LOAD 
or ATTENUATOR OUTPUT outputs on the Generator. If this is done, the control knobs on 
the 1023 will have to be reset to suit the apparatus under test; after the test has fin
ished, the controls can be returned to their former state without the necessity of recali
brating the system. 

The output signal from the test piece can be taken either directly to the Recorder or via 
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the amplifiers in the 2610 (2). Since the 261 0 (2) has an unbalanced input, it may be 
advisable to use an external balancing transformer or to let the signal enter the system 
via the balanced input available at Pins 4 of the 4904 ORE Meter (with FUNCTION SE
LECTOR switched to "Transmitter"). 

It is always advantageous to use the 4904 ORE Meter for supplying both the driving sig
nal and the measuring input since overall calibration of the results is simpler and is 
linked with the standard calibrations for the OREM tests. For example, to test the fre
quency response of an artificial line, the test piece can be joined between Pins 4 (links 3 
to 4 removed, FUNCTION SELECTOR on "Receiver") and the socket REFERENCE EQUIVA
LENT METER, all on the front panel of the 4904 ORE calibrated using normal proce
dures; the input to the socket ORE Meter is unbalanced and feeds a meter of known 
gain with an extra output to the Recorder and Tracer so that calibration of these two in
struments is again simple. 

Measurements on real lines are possible in the same way, but two precautions are ne
cessary: 

1) The signal from the real line must pass through balancing transformers. 

2) There must be some form of protection for the measuring system against high vol-
tage surges in the real line. 

If measurements on real lines are being interfered with by excessive electrical noise, it 
is worth attempting to isolate the entire measuring system from mains-borne noise by 
using a mains isolating transformer ( 1: 1) with an earthed screen between the primary 
and secondary windings. To feed the whole system, such a transformer would need a 
power handling capacity of at least 130 VA. 

5.5. DISTORTION MEASUREMENTS 
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As described in section 5.4.1., the 1618 Band Pass Filter can be used for distortion 
measurements by simply advancing the MANUAL FIL TEA SELECTOR to track the re
quired harmonic. Otherwise the operation is as for frequency response measurement. 
However, it might be necessary to increase the gain of the 2610 (2) using the OUTPUT 
SECTION GAIN control in order to keep the trace within the limits of the recording 
paper. Note the amount of gain applied and remember to reset the control. 

Although many harmonic distortion measuring techniques remove the need for absolute 
calibration by quoting the level of a harmonic relative to its fundamental, in telephone 
work there is often a need to know the power level of the fundamental signal so that dis
tortion products can be related to signal levels encountered in real telephone usage. 
Therefore, before distortion products are measured, it is necessary to make a calibrated 
frequency-amplitude recording of the fundamental signal. 

The Recorder/ Amplifier (2) combination can be calibrated using the 4230 Calibrator or 
the 4904 ORE Meter reference voltage. A further method makes use of the 2610 (2)'s 
own built-in 50 mV reference voltage, but this has the disadvantage of not being directly 
related to the signals which appear at the input to the 4904 ORE Meter coming from 
the piece being tested. 

For most distortion measurements, it is simpler to use the conditions of the OREM tests, 
varying the signal levels if necessary by using the TRANSMISSION ATTENUATOR on the 
4904 ORE Meter. This acts on both the acoustical and electrical outputs from the 4904. 



Note that the power handling ability of the 421 9 Voice is limited. If the Voice is used at 
too high an output pressure, then distortion is greatly increased, and the operator may 
be misled into thinking that this is coming from the transmitter being measured. Refer to 
section 5.14.1 for a discussion of Voice limits. In general, when making distortion meas
urements on telephone transmitters, it is advisable to either 

a) restrict the frequency sweep to values above 200 Hz using normal Voice pressures, 
or 

b) lower the Voice pressure by 10 dB if it is wished to sweep below 200 Hz, but not be
low 100 Hz, when using the OREM A, and OREM B conditions. 

In both cases, it is advisable to switch the COMPRESSOR SPEED control to "100" dB/s; 
this gives a slight improvement in distortion levels at low frequencies. 

5.6. CARBON TRANSMITTER MODULATION NOISE MEASUREMENTS 

Most carbon transmitters possess the unfortunate property of generating noise when
ever they are subjected to something like a speech signal. 

This noise is difficult to measure since it is present only during the speech signal, and is 
effectively masked by it. Most measuring techniques depend on the use of a filter to rem
ove the speech frequencies, leaving the upper frequencies of the carbon modulation 
noise available for measurement. 

5.6.1. 5 kHz High-Pass Filter 

In the 3356 system, this technique is carried a stage further. Here, the modulating sig
nal is that of the sweep Generator covering the frequency range 200 - 4000 Hz. Since 
no signal is present above 4000 Hz, it is possible to design a high-pass filter in the car
bon transmitter output which, cutting-off at 5000 Hz, removes the Voice signal and 
leaves only the modulation noise. This is measured, and by making the important as
sumption that the magnitude of modulation noise components over 5 kHz is proportional 
to total modulation noise, then this measurement gives the operator an idea of the value 
of total modulation noise. 

The 5 kHz filters are contained in the 4904 ORE Meter circuitry; the signal component 
over 5 kHz is measured using the 261 0 (2). 

To make a measurement, switch the FUNCTION SELECTOR to "Transmitter", and mount 
the telephone (handset in the Test Head or transmitter Capsule in the Holder) as for 
transmitting tests. Start the sweep. If not already done, calibrate the 2610 (2) using its 
internal 50 mV reference voltage. 

Now condition the telephone transmitter. The ORE Meter shows a reading, but this is 
not used in this measurement. Instead, read the 2610 (2) meter: 

It is likely that the 2610 (2) gain controls will have to be altered since the noise pro
ducts are usually of low value. Gain alterations are made with the 10 dB stepped attenu
ators, starting with the INPUT SECTION GAIN and continuing with the OUTPUT SECTION 
GAIN when the input section approaches the overload point. Shifting of the calibration 
point is noted. 

The 2610 (2) meter now reads the over -5 kHz noise products in mV. However, the 
gain of the 5 kHz high-pass section has to be allowed for. This gain is factory-adjusted to 
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10 dB, but can be adjusted to other values if so wished. Consult the 4904 Service Man
ual for instructions for this work. Also note the 10 dB fixed attenuator pad inserted in 
the signal path between terminals 4 and 2610 (2), resulting in an overall gain in 4904 
of O dB when the noise voltage is referred to terminals 4 (see Fig.6.3.). 

5.6.2. Pulse System 

A second technique for measuring modulation noise consists of pulsing the carbon trans
mitter with a modulating signal and then measuring noise output during the off-cycle of 
the pulse. In the 3356 system, the pulse on-off switching is provided by cams on Drive 
Shaft 2 of the Level Recorder which have a variable mark-space ratio, and which actu
ate a two-way switch inside the Recorder. This switch can be used to work the GENERA
TOR "Off" function of 1023 and also to open and close an input switch for the remain
der of the measuring system (this input switch is not supplied with the 3356). The disad
vantage of this technique is that modulation noise decays rapidly in the absence of a 
modulation signal, and it is difficult to arrange an input switch which is noiseless 
enough not to affect readings on the measuring system. 

With regard to the pulsed modulating signal, there is a choice of using either the stand
ard sweeps (200 - 4000 Hz or 300 - 3300 Hz) or the frequency modulation circuits 
built into the 1023 Generator. 

5.7. CARBON TRANSMITTER STABILITY MEASUREMENTS 
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Most carbon transmitters show a marked decline in sens1t1v1ty during the time that 
elapses after they have been physically shaken. Typically, a decline of between 2 and 
6 dB can occur during the ten minutes following such a shaking. 

Factors affecting this decline appear to be: 

a) the composition of the carbon powder 

b) presence of contaminants in the carbon, including moisture 

c) previous history of physical shaking of the transmitter 

d) carbon chamber design 

e) whether or not the transmitter is clamped rigidly after shaking or held in a human 
hand which typically imparts small movements to the transmitter 

f) other factors of lesser importance including the direction of the gravitational force, 
transmitter current, et al. 

In test of carbon stability, some of the above factors are held constant (from c to f) so in 
effect, the test becomes one of carbon power composition including the detection of con
taminants. 

Such a test is performed as follows: 

In the 2307 Level Recorder, fit a 1 0 dB Range Potentiometer (a 25 dB Potentiometer 
can also be used, but it will not resolve the expected 2 to 6 dB changes so well). Set 
PAPER SPEED to some very low value, such as "1" or "0,3" mm/s. Set the WRITING 



SPEED to some low value such as "25 mm/s". Start the paper moving, and lower the 
pen. On the 2610 (2) set FILTERS "Ext." to the "Off" position. 

Then go through any OREM transmitting test. The transmitter output appears on the Re
corder, first as a high-level noisy signal during the conditioning motion, and then sett
ling into a steady trace which follows the sweep cycles with a highly damped motion. 
The mid position of the trace is a measure of carbon sensitivity, and as time passes this 
trace provides an accurate indication of the manner in which the sensitivity declines. 

Note that since each sweep cycle occupies one second, the small peaks and troughs on 
the trace can be used to count elapsed time over small periods. For longer periods, coun
ting peaks is too tedious so a millimetre rule can be used in conjunction with the known 
paper speed to calculate time elapsed since the end of the conditioning motion. (The end 
of conditioning may not be obvious on the trace, so it is best to indicate it by pressing 
the EVENT MARKER as soon as conditioning is stopped). 

The same technique forms a powerful tool for evaluating the various conditioning mo
tions. Each one is applied to the transmitter in turn, and the sensitivity-decline trace is 
studied. Because the previous history of shaking of a transmitter affects its sensitivity, 
the tests are conducted several times with the order of presentation of conditioning mo
tions arranged in a pattern which varies so as to cancel favouring effects. The sensitivity 
traces will now show that some conditioning techniques such as tapping and knocking 
give high initial outputs, but with a sharp decline following soon after. Other techniques 
may give low initial output with a small and slow decline. The OREM rotary conditioning 
normally shows as a moderately high output followed by a slow and regular decline -
this is one reason for its adoption by so many authorities. Study of the trace also shows 
why it is so important to keep to exact times of reading the ORE Meter in OREM tests: a 
variation of one or two seconds can lead to quite large changes of sensitivity readings. 

In such a test, the best paper to use on the Recorder is the Type OP 1102 shown in 
Fig.5.10. This has no frequency calibrations. 
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I 

GP 1102 473002 

Fig.5.10. Recorder chart showing the decline in sensitivity of a car
bon transmitter measured with the 3356 system 

An interesting extension of the time/sensitivity measuring technique is to apply it to 
transmitters in telephones held in human hands. Although Generator sweep signals can 
be used to drive the transmitter, it is also possible, though difficult, for the person hold
ing the handset to talk into it over a period of time at a level which is aimed at being con
stant. Since constant-level talking is virtually impossible, a second microphone can be 
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used to monitor the talker's speech output, and this can be recorded side-by-side with 
the output from the carbon microphone (see the Bruel & Kjrer Two-Channel Microphone 
Power Supply 2807). In this way, the sensitivity/time characteristics of the transmitter 
can be plotted under conditions which come close to real-life handling. 

5.8. CARBON TRANSMITTER RESISTANCE MEASUREMENTS 

The combined 4904 ORE Meter and 4906 Power Supply have provisions for measuring 
transmitter voltage and current directly at the transmitter terminals. To do this, the trans
mitter is placed in the Capsule Holder which is then plugged into the 4904. In the 
4906, the correct subset is put into the Plug-In Unit. On the 4904, the VOLTAGE-CUR
RENT MEASUREMENT switch is set to "Transmitter". The voltmeter and milliammeter 
now read values at the transmitter terminals. 

Carbon resistance is greatly dependent on factors such as physical shaking of the car
bon, line current, gravitational force, and so on. For a resistance test to have any mean
ing, all these factors have to be standardised (and quoted in any report of test results). 
Even then, a single transmitter may show large variations in resistance over a period of 
only a few seconds. Because of this variability, most transmitter resistance tests follow 
OREM procedures as regards conditioning motion, transmitter angles, and elapsed time 
before reading the voltage and current meters (with three readings as in the OREM 
tests). 

Because of these close links with OREM techniques, it follows that the best time to 
make transmitter resistance readings is during ordinary OREM tests. 

5.9. USE OF A SECOND FEED BRIDGE 
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Fig.5. 11. The use of a second feed bridge with the 4904 ORE Meter 
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For some measuring applications, it is necessary to use a second subset. For conveni
ence, this second subset can be joined to the same 4906 Power Supply, but a separate 
feed circuit will be needed. 

The second feed bridge, plus any line it is wished to use, can be plugged into the 
POWER SUPPLY terminals on the ORE Meter. This bypasses the internal feed bridge 
which is used to feed the first subset. The combined circuit then becomes that shown in 
Fig.5.11. The signal paths through the coupling capacitors in the main internal feed 
bridge are not joined to the chassis. Obviously, the same feed voltage is used for both 
bridges. 

For the convenience of operators wishing to match the second feed to that built into the 
4906, the circuit of the internal feed bridge is shown in Fig.5.12 together with compo
nent values. 

Power Supply 

5H 
60 !1 

+ 

5H 
60 !1 

" Feeding Coils" value minus 60 n 

20 µF 

~-:=l 
20 µF 3 4 

472210/ 1 

Fig.5.12. The internal feed bridge circuit 

5.10. AIR-TO-AIR MEASUREMENTS 

Using a second feed bridge as described in section 5.9, two telephone sets can be linked 
for the measurement of air-to-air (overall) characteristics. 

Telephone 1 is joined to Pins 2 of the ORE Meter and is fed by the internal bridge in the 
3356 system. Telephone 2 is joined via its own separate feed bridge to Pins 3 of the 
ORE Meter (links 3 to 4 removed). Local line can be placed between Pins 2 and tele
phone 1, and a second local line can run between the second feed bridge and telephone 
2 . Trunk line can be placed between Pins 3 and the second feed bridge. 

Telephone 1 is placed in the Test Head and telephone 2 is clamped on top of any of the 
couplers which can be held in the UA 0086 Stand for the Receiver Capsule Holder. The 
set-up is shown in Fig.5.13. 

With the FUNCTION SELECTOR switched to "Sidetone", the Voice in the Test Head now 
drives the transmitter of telephone 1; the signal passes through the internal feed bridge 
to the external feed bridge and reaches telephone 2, where it drives the receiver. The re-
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ceiver signal is collected by the Coupler and Microphone and transferred in the usual 
way to the measuring and display circuits of the 3356. 

The reverse path can be measured by exchanging the two telephones. Sidetone charac
teristics of any one telephone under these conditions can be measured by putting that 
telephone in the Test Head, replacing the Coupler assembly in the Test Head, and then 
making normal sidetone tests. 

Necessary precautions are to ensure that each telephone is loaded with the correct im
pedance for the particular telephone circuit. If artificial line is used, then, in general, 
this line will provide a suitable load impedance. If no line is used (an abnormal test), 
then the operator should add loading devices across the telephone terminals. 

If both telephone transmitters are carbon type, then conditioning of the second tele
phone may be a problem. It can be overcome by replacing the second transmitter with 
an equivalent dummy load. (Conditioning of the second transmitter is sometimes neces
sary in the case of telephone subset circuits in which resistive changes in the transmit
ter have an effect on receiving characteristics). 

The substitution of a dummy transmitter also ensures that no external noise (such as 
that from the Voice) enters the second telephone . 

On the first telephone, in the Test Head, it is useful to place a suitable acoustic cavity 
over the receiver earcap to simulate the presence of a real ear. 



5.11. ACOUSTICAL MEASUREMENTS ON CALLING DEVICES 

Most telephones are used with some type of calling device such as a bell or a modulated 
tone. Measurement of the acoustical output of these devices is difficult because few fac
tories contain rooms which are suitable for free-field measurements. In practice, most lo
cal testing authorities are concerned more with assuring themselves that production 
bells are as loud as the prototype than with exhaustive analytical tests on bell behaviour. 
Very often, these "production" tests fail because the influence of the room acoustics is 
far greater than operators realise, and a change in these acoustical properties (caused 
by simple things such as the movement of staff) can completely alter the sound field re
ceived by the measuring microphone. Therefore in recent years two types of test have 
emerged. In the first, the total sound power radiated by a calling device is measured us
ing a totally-reflective box; in the second, a proper anechoic room is constructed and 
classical acoustical measurements are made at various points and angles around the call
ing device so as to build up a complete picture of the sound field. 

It must be emphasised that both methods measure only sound pressure or sound power 
and do not necessarily measure the effectiveness of a device in attracting the subscrib
er's attention. The whole question of the measurement of sound fields is treated at 
length in the B & K publication "Acoustic Noise Measurements" by J.R. Hassall and K. 
Zaveri ( 1 978). 

5.12. SWEEP MEASUREMENTS ON REAL LINES 

Many local testing authorities specify the performance of a line in terms of the attenua
tion it offers to a standard-level 1000 Hz tone. Although this test is adequate for check
ing lines with known characteristics, it does not give full information about the behav
iour of new designs of lines or of lines which carry unusual signals. By sweeping such 
lines with the signal from a 3356 system, full information about attenuation and fre
quency response can be obtained, with visual inspection of the results, and, if required, 
a paper chart plot of the results. 

5.13. MEASUREMENTS OF FOUR-POLE NETWORKS 

In many telephone measurements the two standard impedances of 600 and 900 ohms 
are used. These two values of impedance are built into the 4904 ORE Meter. However, 
there are occasions when other values may be needed, particularly for measurements 
on four-pole networks of non~standard form. 

These measurements can be made by wiring the network between the two B & K sockets 
on the front panel of the 4904 ORE Meter (Fig.5.14). The socket on the left, marked 
775 mV GENERATOR is joined to the 1023 Generator via two series-connected 4 mm 
terminals. By placing a resistor (or other loading device) across these terminals, the out
put impedance of the socket can be altered to the value required for feeding the four
pole network. Likewise, the socket on the right is wired in parallel with two 4 mm termi
nals, and by placing a suitable resistor across these, the desired load impedance can be 
put across the output of the 4-pole network. 

Since there are earth connections to one side of each of the B & K sockets, it is neces
sary to use at least one isolating transformer to obtain true four-pole conditions. 

For most measurements it is desirable to use the linear scale (y = kx) on the 4904 ORE 
Meter. 
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Fig. 5 . 14. A four-pole network connected to the 4904 Meter 

5.14. NOTES ON THE USE OF THE ARTIFICIAL VOICE 4219 

5.14.1. Output Pressure and Distortion 
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Fig. 5. 15. Relation between maximum sound pressure and distance 
from the orifice for the 4219 Artificial Voice 



To make proper use of the Voice, operators should be aware of the limitations of output 
power at lower frequencies for a given limit of distortion. The Voice specification gives 
50 Hz as the lowest usable frequency at an orifice pressure of 1 00 dB re 2 x 
1 0-5 N/m2 . To translate this to working pressures measured under OREM conditions, 
one can consult Fig.5.15. This shows the pressure along the axis of the Voice as a func
tion of distance from the orifice. The positions of the lipring, and OREM A-B calibrating 
microphones are shown, with the corresponding pressures based on an orifice pressure 
of 11 5 dB re 2 x 1 o-5 N/m2 . It must be noted that these corresponding pressures are 
free-field measurements and do not take into account obstacle effects from the OREM 
calibrating devices. 

Fig .5 .1 6 shows distortion levels for orifice pressures of 1 20 dB re 2 x 1 o-5 N/m2 . It in
dicates clearly the need to use lower pressures at frequencies below 200 Hz if an accept
able level of second harmonic distortion is required. 
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Fig. 5. 16. Output distortion of the 4219 Artificial Voice for an on
fice pressure of 120 dB re 2 x 1 o-5 N/m2 

In general, low frequency tests should not be done outside the published specification of 
the 4219 Voice which states limits of 50 Hz and 100 dB SPL measured at the orifice. 

5.14.2. Acoustical Reflections in the Region of the Voice 

Most specifications for telephone transmitters call for a measurement or an inspection of 
the frequency response of the transmitter. It may not be realised that such measure
ments can be seriously affected by acoustical reflections from objects standing around 
the transmitter and Voice. Common nearby objects are the telephone subset, the Test 
Head itself (or the Stand UA 0095), the equipment racks, the bench top, artificial line 
boxes, and the operator's body. It is necessary to keep the bench-top large enough to al
low dispersal. of objects away from the region of the Test Head. If this is done, then the 
main reflecting surfaces become the Test Head and the bench-top. 

The Test Head is designed so that the Voice orifice is pushed out beyond the Head frame
work, pointing away from the main reflecting surface which carries the main bearing 
(Fig .5 .1 7). This construction reduces, but does not completely remove, reflections from 
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Fig.5.17. A method of mounting the handset to reduce reflections 
from the bench top 

472246 

the Head, and this influence is still marked enough for some operators to want to reduce 
it further. Various ways of doing this are possible . 

First, the operator must get some idea of the extent of the reflections so that any 
changes can be measured to show that an improvement has been made. The simplest 
measuring technique is to set the Voice up (with the full compressor circuit) in a rela
tively anechoic place and to record the voltage required to drive the Voice at a fixed out
put pressure over the frequency range of interest (Fig .5.18) . "Relatively anechoic" here 
means ideally a properly-designed anechoic chamber, but if one of these is not available, 
then a large room free of reflecting objects. The Voice can be suspended slightly off-cen
tre in the room, pointing towards a corner. No measuring microphone is needed since 
the Recorder chart is taken from the drive voltage across the Voice coil. The Recorder is · 
used to sweep the Generator over the required frequency range and this range need not 
go beyond what it is intended to use in tests of telephone transmitters. If frequencies be
low 200 Hz are used, reduce the Voice pressure over the whole range by about 1 0 dB. 

When the chart has been made, put the Voice into the Test Head and set it up with the 
rest of the 3356 in its normal test room. Do not put a handset into the Head, but lay out 
all test apparatus (subset, line, other equipment including subsets waiting to be mea
sured, etc.) as for a normal test. Then repeat the frequency sweep and record the Voice 
coil drive voltage again. 
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Fig.5. 18. The Artificial Voice mounted first in ideal anechoic conditions and then in typical telephone
measuring conditions for a comparison of the effects of reflections 

Compare this trace with that from the anechoic room. Differences are due to reflections 
taking place in the test position (assuming that the anechoic room is properly anechoic). 
The operator can now see if reflections are serious enough to warrant changing the ar
rangement of the test site. After any change, the recording can be repeated and checked 
against the first for evidence of improvement. 

The changes which can be made to reduce reflections fall into two categories: 

a) Changing the layout of the test site 
b) Using sound absorbing material at various points in the test site. 

Layout changes mean moving the Test Head and Voice as far as possible from reflecting 
objects. Recordings of drive coil voltages will act as guides in re-locating the Head. In 
general, moving the Head away from the racks and other instruments is always desir
able; going beyond this may cause problems with the length of cable required to feed the 
Voice. The bench-top remains as the surface giving the most serious reflections. Moving 
the Test Head upwards from its supporting surface is difficult and is not recommended 
unless the operator has special reasons for aiming at low-reflective measurements on 
transmitters which do not require conditioning. 

Surfaces like that of the bench-top which cannot be moved easily, can be treated with 
sound-absorbing panelling. The Test Head can be placed on a pad of absorbent material 
and similar material can be used to shield nearby objects. Many types of pad are avail
able; to help the operator choose that which has good sound-absorbing properties, the 
following simple test can be made. 

With the 3356 system set up for normal OREM tests, switch the WEIGHTING NET
WORK to "Off" and the FUNCTION SELECTOR to "Transmitter". 

Set the Voice output to a fixed mid-range frequency, say 700 Hz. Slowly bring each sam
ple up to the Voice orifice and note by how much the 1023 Generator output voltage 
drops. For a completely-absorbing pad, there will be no change in voltage: for a complete-

97 



reflecting pad, there will be a large swing in voltage ending in a sharp decrease as the 
pad touches the lipring. Operators can then choose the pads which give least decrease 
in voltage, and these pads can be further checked by using different frequencies or a 
slow sweep signal from the Voice. 

The chosen pad is then placed under the Test Head: if necessary, the Head base can be 
screwed to the bench-top to preserve stability, using either direct Head-to-bench screws 
or simple stand-off spacers passing through the absorbing pad. Pad size should be 
around 500 mm by 500 mm. 

5.15. ADAPTING THE SCREEN OF THE 4712 TRACER 
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In quality control work, it is often necessary for an operator to make rapid checks of the 
frequency response of an item. Misjudgements or delays can upset the testing pro
gramme, and sometimes the search for a speedy test method leads operators into errors 
caused by misreading of the instruments. The 4 712 Tracer can be adapted without diffi
culty to reduce reading errors during high-speed tests. 

The basic method - which is rather well-known - is to mark the upper and lower limits 
of response of an item directly on the screen of the Tracer. The Tracer is provided with 
detachable screens to facilitate the marking of these limits, and in particular, three thin 
blank screens are provided which can each be marked with limits and then laid in turn 
over the main calibrated screen so that three test limits are available. 

When using marked limits, the normal procedure is for the operator to make a separate 
measure of the sensitivity of the item (for example by an OREM reading) and to use the 
marked limits to measure onty frequency response . Thus it is necessary for the operator 
to adjust the screen trace height for each item so as to cancel displacements due to dif
fering sensitivites between items. This is done by adjusting the TRACER LEVEL control 
on the 4904 ORE Meter so that the screen trace passes through the same reference 
point for each test item; the test then consists of seeing if the trace overlaps any of the 
marked limits. 

However, after an operator has been making many such tests, he may find it difficult to 
judge precisely when a trace passes a limit, particularly if that limit is written on the 
screen with a thick pen line. Therefore a better technique is desirable for marking limits. 

The improved technique is to first make tests on a prototype item to determine the limits 
of frequency response. Note that for most telephone capsules these limits need not be 
simple parallel lines, but can be lines having a wider or narrower gap in regions where 
the response is less or more critical. A template of the same shape as the gap between 
the lines is now cut out from a sheet of coloured translucent material such as thin per
spex. This colour template is then taped to the screen of the Tracer so that it corre
sponds to the "acceptable" region of the screen trace (see Fig.5.19). Any departure from 
this acceptable region will be shown by a change in trace colour. This change moreover 
is not marked by any thick pencil marks and so there is less chance of error on the part 
of the observer. The colour of the mask is chosen so that the blue-green trace is dark
ened, but not completely obscured. If it is wished to show different grades of response 
curve, then this can be done by using different colours in various portions of the mask. 
For example, an item having an "excellent" frequency response would be one giving a 
trace confined to the strip coloured yellow, the next best would occupy the yellow plus 
part of a red strip, and so on, with rejected items giving a trace which has portions fall
ing outside all the colour strips. Obviously, the colour strips should lie alongside each 
other and should not be overlaid since this will considerably darken the trace. 
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Fig.5. 19. A colour mask fitted to the 4712 Tracer to give a clearer 
indication of go/ no-go limits 

An additional refinement is to mark a reference point by making a hole in the colour 
mask to give a bright spot when the trace is properly aligned. If it is felt that a small hole 
is too critical for easy use, then the hole can be expanded into a slit. 

When using this colour-mask technique (also known as a "rising-sun" technique), opera
tors should be careful not to advance the Tracer brightness control too far just to be able 
to see the trace behind the colour mask; it is better to use a mask with light density. 
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6. DESCRIPTION OF THE SYSTEM 

This rack-mounted assembly of equipment consists of several standard Bruel & Kjmr in
struments linked to three special telephone-measuring units. The special units are the 
Telephone Power Supply 4906, the Test Head 4905, and the Objective Reference Equiv
alent Meter 4904. Apart from these, the system consists of a specially designed Sweep 
Unit ZM 004 7 and different accessories, notably the different couplers and the Capsule 
Holders with associated stands. 

The function of the 4906 is to supply power to the measured telephone through a range 
of feed bridges, while the 4905 Test Head is designed to hold the telephone correctly 
during measurement. The ORE Meter 4904 links the whole system together, and sup
plies calibrated test signals to the telephone, and measures the output in a standardized 
manner. 

As the 4904 is a central part of the system, the general outlay will be described in the 
first section of this chapter with reference to the 4904 ORE Meter. The Capsule Holders 
with associated stands are fully described in Section 2.4. The Test Head, Couplers, and 
Artificial Voice are described in the remaining parts of this chapter. 

Regarding the group of ORE measurements the system can basically be operated in two 
modes. One (OREM A and B) uses a fast reciprocating sweep going from 200 Hz to 
4000 Hz. The design in this mode is based on the work of Dr. Karl Braun, and are sup
posed to give readings related to the subjective measurements using the SFERT /NOS
FER reference systems. 

The other (OREM US) uses a fast reciprocating sweep going from 300 Hz to 3300 Hz 
and are essentially based on the EARS system and the American standard IEEE 269 
( 1 971 ). Like with the OREM A and B the measurements in this mode is supposed to 
correlate with subjective measurements. 

However, it is very important to realise that the group of ORE measurements are objec
tive measurements, at that correlation with subjective measurements never can be guar
anteed. The whole problem of correlation between objective and subjective measure
ments are discussed in detail in chapter 7. 

6.1. DESCRIPTION OF THE COMPLETE SYSTEM 
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Figs.6.1 to 6.3 show the block diagram of the 3356 with the FUNCTION SELECTOR 
switched into the following three modes: 

"Transmitter" 
"Receiver" 
"Sidetone" 



In each block diagram, the driving signal is coloured red, and the response signal is co
loured green. Otherwise the diagrams are identical, and hence the operation of the re
maining three modes {"Meter", "Osc. Output" and "Microphone and Voice", i.e. the cali
bration modes) can be seen from a study of any of the other diagrams. The operation in 
the different modes will be described in detail in section 6.1 .2. 

Each block diagram consists of two main parts. The first (right page) covers the two most 
important of the units especially designed for the system, i.e. the 4904 and the 4906. 
The second (left page) shows the standard B & K instruments used in the remainder of 
the system. Since these standard instruments are fully described in their own manuals, 
only an outline of their functions is given here. 

Non-standard instruments also shown on the left page are: The artificial ear, the Sweep 
Unit Type ZM 004 7 and the Separation Shelf KS 0041 . Note that in the 335 7 system 
the KS 0041 and the Band Pass Filter are omitted, and the sockets on 4904 marked 
"To Ext. Filter Input Amplifier 2" and "To Filter Output Amplifier 2" are connected di
rectly to "To Input Ext. Filter" and "From Output Ext. Filter" respectively on Amplifier 2. 
The Level Recorder and the Frequency Response Tracer are also omitted in the 3357 
system. Also see the cabling diagram Figs.2.1 and 2.2. 

To simplify the diagrams the signal paths are not shown in detail on the left page. Only 
the instruments taking directly part in the signal transfer and the connections between 
them are shown with the relevant colour. 

The 4904 section of the diagram is divided into sub-sections numbered 100, 200, .... , 
800. These numbers refer to section function and are also used to identify component 
numbers so that components in the 100 section are numbered between 100 and 199, 
those in section 200 are numbered 200 to 299, and so on. 
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Fig.6.1. (left part) Signal paths in the 3356 system with the FUNCTION SELECTOR set to "Transmitter" 
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Fig.6.1. (right part) Signal paths in the 3356 system with the FUNCTION SELECTOR set to "Transmitter" 
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Fig.6.2. (right part) Signal paths in the 3356 system with the FUNCTION SELECTOR set to "Receiver" 
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Fig.6.3. (left part) Signal paths in the 3356 system with the FUNCTION SELECTOR set to "Sidetone" 
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Fig.6.3. (right part) Signal paths m the 3356 system with the FUNCTION SELECTOR set to "Sidetone" 
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6.1 .1 . Sectionwise Description 
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Section 100: This contains the meter circuitry, starting with an input attenuator (the RE
CEIVING ATTENUATOR) with steps of+ 15, + 10, +5, 0, -5, -10, -15 and-20dB. 
From the attenuator, the signal passes to the switched inverse-MSSW weighting net
work which is put into circuit only when the WEIGHTING NETWORK switch is set to 
"MSSW". There is no meter weighting in the "Off" and "SFERT" positions. 

The signal is then passed to a meter amplifier (Meter Calibration). The meter amplifier is 
a variable gain amplifier with heavy negative feedback to ensure very high stability and 
dynamic range. Gain variation is controlled by the METER potentiometer on the top 
panel of the unit. A separate output with its own level control (TRACER LEVEL) is used 
to drive the Frequency Response Tracer; this output can be used to drive the Level Recor
der as well although there is an output for this purpose from Amplifier 2. 

The main output from the meter amplifier goes to the meter rectifier. This is a normal 
double-wave rectifier loaded by the meter function circuitry. The output of the rectifier is 
also fitted with an overload indicator consisting of a lamp mounted on the main moving
coil meter. The indicator responds to both positive and negative peaks, and the lamp 
lights for about 0,5 seconds for any short overload. Overloading occurs at a peak voltage 
of 14 dB above full scale deflection. 

The Meter Function circuitry applies one of three meter functions to the output voltage 
before it reaches the moving coil meter. These are y = kx, y = kx0.4 5 and y = kx0, 6 , x 
being the input voltage, y the output voltage and k a constant. 

The circuit uses multiple matched diode integrated circuits g1vmg an accuracy of 
± 0,5 dB over a dynamic range from 14 dB below O dB scale reading to 20 dB above O dB 
scale reading. The meter scales are individually calibrated for each model of 4904 and 
are marked with the serial number of the model with which they must be used. On each 
scale, the markings correspond to the root of the chosen meter function so that when 
for example the "y = kx0,6 " meter function is used, the input voltage to the meter coil is 
the 0,6th power of the instantaneous value of the signal, but the meter scale marking in
verts the function to show the 1 /0,6th value. Thus, a 10 dB change in input voltage pro
duces a 6 dB change in meter coil signal, but appears on the meter scale as a 10 dB 
change. For a fixed-frequency fixed-level signal, the meter function circuits are redund
ant, but for the typically variable-frequency variable-level telephone test signals, the me
ter function circuits produce a meter drive signal which has some correlation with the 
workings of human sensation of loudness. 

After leaving the function circuits, the rectified signal passes through a group of load re
sistors and reaches the meter coil. Three meter damping circuits are available, chosen 
by a back-panel switch. A tapping across the load resistors and meter coil feeds the me
ter DC voltage to two 4 mm terminals on the back panel of the 4904 (METER DC VOL
TAGE). 

Section 200: The compressing loop. This loop controls the output of the Sine Generator 
1023. There are two sub-sections in the loop; one works to control the acoustical output 
from the Artificial Voice, and the other controls the electrical output from the 4904 to 
the subset. 

In the first loop, the Artificial Voice signal is picked up by the microphone mounted in 
the orifice of the Voice. It is then fed to Amplifier 1 and passed on to the TRANS
MISSION ATTENUATOR in 4904. This attenuator has steps of + 10, + 5, 0, -5, -10 
and -15 dB, and by using these steps the output of the Voice can be altered by the 
amount chosen (within the limits of the Voice specifications). 



From the TRANSMISSION ATTENUATOR, the signal travels to the weighting networks. 
In the "Off" position of the WEIGHTING NETWORK switch, the Voice output remains flat 
over the working range of frequency. In "MSSW", the Voice output is cut at about 
12 dB/octave from 300 Hz upwards (see Fig.6.9). In the "SFERT" position, the Voice 
output follows the curve shown in Fig.6.8. 

The signal is then passed to the conditioning network which consists of a simple attenua
tor which can be momentarily switched into the compressing loop so as to decrease the 
compressing signal and thus increase the Voice output signal during the time that the 
CONDITIONING button is held down. The purpose is to provide a step in sound pressure 
which may agitate the particles in a carbon transmitter enough to keep them from sett
ling into a packed state. 

Finally the signal enters a compressor amplifier via the "Voice" CALIBRATION POTEN
TIOMETER on the top panel of 4904 (Voice Calibration). Before entering the compres
sor input of the Generator the signal passes a squaring network, which acts to double 
the frequency of the compressing signal so that there is a faster reaction time from the 
rectifying-smoothing circuits in the Generator. This fast reaction time is called for by the 
combination of a fast sweep speed for the Voice signal and the massive weighting re
quired by the MSSW circuits. The double-frequency signal is also less liable to cause dis
tortion from the action of the Generator compressing circuit on the peaks of low-fre
quency signals. 

Inside the Generator, the compressing signal acts on the Generator output so as to keep 
the compressed function constant. In this case, the constant function is the sound pres
sure on the diaphragm of the microphone in the orifice of the Voice. The extent of com
pression can be seen from the meter on the Generator which shows the Generator out
put voltage; a low reading indicates high compression levels. 

The second compressing loop uses the Generator output voltage itself ·as the com
pressed function, leading to high stability of this voltage. It is used when the FUNCTION 
SELECTOR is in the "Receiver" or "Osc. Output" positions, and the desired voltage is 
reached by adjusting the OSC. OUTPUT potentiometer on the 4904 top panel. 

Section 300: This is electrically a part of section 200, since it contains the TRANS
MISSION ATTENUATOR which governs the output to the Voice and to the telephone sub
set. The attenuator circuits are physically separate from the main circuit board, and so 
the components are given numbers in this 300 series. The 775 mV Generator is also 
part of this section. The output of this generator can internally be adjusted to other val
ues if so wished. 

Section 400: This section contains the Balancing Network, i.e. the balancing transfor
mer for connection of the balanced telephone line to the unbalanced measuring circuits. 
Although only one transformer is shown on the front panel of the 4904, the transformer 
is physically divided into two, one for each direction of signal transfer. 

The Receiving Impedance, switchable between 600 0 and 900 0 by the RECEIVER IM
PEDANCE switch is connected across the input of the transformer in the "Transmitter" 
and "Sidetone" modes. 

The Generator Impedance is divided into two sections. The left section, connected to the 
Transmission Attenuator, determines the generator impedance of the transformer in the 
"Receiver" and "Osc. Output" modes. The other section loads the output of the transfor
mer in the "Osc. Output" mode. The value of these impedances are the same and 
switchable between 600 0 and 900 0 by the GENERATOR IMPEDANCE switch. 
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The Reference Oscillator are used to calibrate the meter, and is connected across the in
put of the transformer in the "Meter" mode. 

The Microphone Calibration is used to calibrate the microphone in the "Mic. + Voice" 
mode, and corresponds to the "Microphone" CALIBRATION POTENTIOMETER on the top 
panel of 4904. 

In the "Receiver" and "Sidetone" modes the microphone signal also passes the Ear 
Compens . attenuator if this is switched into circuit. The attenuator can be used to damp 
excessive signals from the microphone or to apply fixed attenuation to compensate for 
differences between couplers. As supplied from the factory the attenuator is adjusted to 
3,5 dB attenuation, to compensate for the higher output of the 4 cm3 Braun Coupler 
compared to a 6 cm3 coupler. The attenuation can be adjusted by the EAR COMPENSA
TION potentiometer on the back panel of 4904. 

In the "Transmitter" mode the signal passes the El. Receiv. Compens. (if this is switched 
into circuit) before reaching the meter. The compensation is used to damp unusually 
high levels from transmitters, but is factory adjusted to give O dB attenuation. The attenu
ation is altered by the EL. RECEIVING COMPENSATION potentiometer on the back panel 
of 4904. Also contained in this section is a fixed 10 dB attenuation through which the 
signal is transferred to Amplifier 2 in the "Transmitter" mode. 

Section 500: The 5 kHz high-pass filter. The signal for this section is taken from the out
put of the input section of Amplifier 2, and the signal is fed back to the output section of 
Amplifier 2 via the switch in the Separation Shelf KS 0041 . Although the filter is in
tended for modulation noise measurements on carbon transmitters it is active whenever 
a signal is present on the input of Amplifier 2. The gain in the passband of this filter is 
adjusted to 10 dB but can be altered to other values by internal adjustment. 

Section 600: The Sweep Timer contains the SWEEP control that selects the mode of the 
Sweep Unit Type ZM 004 7, that in turn controls the sweeping of the Generator 1023 
and the filter shift of the Band Pass Filter Type 1618. 

Section 700: This section contains the DC voltmeter and DC Milliamperemeter that can 
be switched to measure across different points as shown in the diagram. The Polarity 
switch reverses the polarity of the DC fed to the telephone line and at the same time re
verses the polarity of the DC-meters, so that these continue to read normally. 

The units in the 4906 are also shown here although the components are not numbered 
accordingly. These units are: The Power Supply that supplies the DC for the telephone, 
the Feeding Coils with a selection of series-resistors for the coils and The Plug-in Units 
in which the telephone circuit can be wired . 

Section 800: Power supplies for the 4904, relay voltages etc. 

6.1 .2. The Six Modes of Operation 
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One very important part of the system is the FUNCTION SELECTOR, a six-position switch 
which sets up calibrating and measuring circuits for all tests. The operation of the sys
tem in the six modes is described below with reference to Figs.6.1 to 6.3. 

"Transmitter" (Fig.6.1 ): The driving signal passes from the Generator to the Artificial 
Voice, the output of which is controlled by the compressor channel including Amplifier 
1 . 



The resulting telephone transmitter signal is returned to the system via the Plug-in Unit · 
or via terminals 2 if a telephone subset is connected directly to these. The response sig
nal then enters the balancing transformer where it is loaded by the Receiving Imped
ance. At the output of the transformer the signal is split. 

One part travels to the metering circuits via the Electrical Receiving Compensation. The 
other part travels via a 10 dB attenuator to the input of Amplifier 2, where it is amplified 
and returned to the 4904 for processing by the 5 kHz high-pass filter. 

"Receiver" (Fig. 6. 2): The output from the Generator is fed to the Balancing Transformer 
via one arm of the Transmission Attenuator and Generator Impedance. From here it is 
fed on to the telephone line and appears as an acoustical signal from the telephone re
ceiver. This signal is then picked up by the Artificial Ear from which it goes back to the 
4904 via the input stage of 2610 (2). After passing the Microphone Calibration and Ear 
Compensation the signal enters the metering circuitry for processing and display. 

"Sidetone" (Fig.6.3): The driving signal follows the same path as in the "Transmitter" 
mode. The telephone transmitter and receiver with associated subscriber's circuit are 
loaded by the telephone line that in turn is terminated by the Receiving Impedance 
(shown dotted in Fig.6.3). Otherwise this part does not take part in the measurement. 
The major part of the signal is dissipated to the line, but part of the signal appears as a 
signal from the receiver. This signal (the response signal) is transferred to the metering 
circuitry as in the "Receiver" mode. 

"Meter": The internal Reference Oscillator generating 285 mV is connected to the input 
of the metering circuitry via the Balancing Transformer. It is used to calibrate the meter 
gain, by adjusting the Meter Calibration. 

"Osc. Output": In this mode the electrical output from the Generator is switched to the 
metering circuitry. The signal passes the Transmission Attenuator and Generator Imped
ance before it is fed to the Balancing Transformer the output of which is terminated with 
another arm of the Generator Impedance. The Generator output is calibrated by adjust
ing the Oscillator Output Calibration. 

"Microphone and Voice": The driving signal follows the same path as in the "Transmit
ter" mode. The response signal follows the same path as in the "Receiver" mode, ex
cept that the Ear Compensation is bypassed. In this way the latter can easily be checked 
by switching between this mode and the "Sidetone" mode. The gain in the microphone 
channel is adjusted by the Microphone Calibration, and the output of the Voice is ad
justed by the Voice Calibration. 

6.2. TEST HEAD TYPE 4905 

6.2.1. AEN and REF Standards 

This Head has been designed to grip telephone handsets of all known shapes and to 
hold them as accurately as possible in the correct position for the objective measure
ment of their acoustical properties. 

There are two standards governing the correct position in which the handset is held 
(Figs.6.4 and 6.5). Both of them start from the same reference point on the handset. By 
international agreement, the reference plane is taken to be that which lies across the 
top surfaces of the telephone earcap. The reference point is the intersection of this 
plane with a line perpendicular to it and passing through the centre of the earcap. 
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Fig. 6.4. Relation between a telephone handset and the standard hu
man Head 

Fig.6.5. The AEN and REF lipring positions for a typical handset 



472234 

Fig. 6. 6 . The Reference Plane Block on the 4904 Telephone Test 
Head 

In the 4905 Test Head, the Reference Plane is the machined surface of a metal block 
located accurately by dowels and screws on a rigid metal base-plate (Fig.6.6). This block 
is fixed in position in the factory, and no attempt should be made to loosen it. Note parti
cularly that the metal surface forms the reference plane, not the surface of the black 
ring which is usually attached to it. 

This black ring helps to define the Reference Point on particular telephones. The ring 
is supplied uncut: the user should machine the ring to fit the outside edge of the re
ceiver earcap so that when the ring is screwed in place on the reference plane, the ear
cap is held firmly in place and cannot move across the reference plane. Preparation of 
the ring is described in Section 2 .3.2. 

The two standards AEN and REF govern the distances and angles between the reference 
point and the lipring of the artificial Voice. The Test Head is constructed so that both 
standards can be used (see Fig.6.7). The same rigid plate that carries the metal block 
with the reference plane also has two sets of pins which locate the Artificial Voice accu
rately in each of the two standard positions. No extra template is needed; the Voice 
lipring falls into the correct position with respect to the reference plane . 

The REF standard is that used by the CCITT Laboratories for its Objective and Subjective 
Reference Equivalent Measurements; it is also used in the OREM A and OREM B tests. 
The AEN standard is used in North America and in parts of Asia. 

Both standards are derived from many measurements of human heads; both attempt to 
reproduce the distances and angles between a reference point based on the human ear 
and the centre of a plane which just brushes the lips. This plane is known as the modal 
plane; on the 4905 Test Head, the lipring of the 4219 Artificial Voice can be made to 
coincide with the two AEN and REF modal planes by using the appropriate set of locat
ing pins . 
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Fig.6. 7. The base of the Test Head 

I 

The two modal planes occupy different positions. The older REF measurements place the 
REF modal plane further from the ear (and therefore closer to the telephone transmitter) 
than the more modern AEN measurements. For some modern handsets, the REF modal 
plane actually passes through the transmitter cap, making it impossible for these tele
phones to be measured using the REF standard. If this difficulty is met using the 4905 
Test Head, the operator is advised to shift the Voice to the AEN position and to state this 
fact clearly when reporting his results. It is not possible to give any general correcting 
factor for changes between AEN and REF measuring positions since this will depend 
largely on the characteristics of the particular telephone handset and transmitter. If pos
sible, another solution is to remove the Lipring of the Voice. 

At the present moment, there are strong indications that the REF modal standard will 
eventually fall out of use, and will be replaced by either the AEN standard or a new mo
dal position based on work by the British Post Office. This new position, known as the 
British Modal Speaking Position (BMSP), uses the same geometry as the AEN mode, but 
makes the two important additions of defining the directions of gravitational field and 
sound field for a telephone-held in ·a normal manner by a speaker who is standing or sit
ting upright. On the 4905 Test Head, the platforms can be adjusted to achieve the cor
rect direction for gravitational field. Setting the correct speech direction gives rise to com
plications; for handsets with circular transmitter caps and symmetrically-circular cap
sules, then a very good approximation to BMSP can be made; for non-symmetrical caps 
and capsules, then the BMSP cannot be reached. 

6.2.2. Bent Handsets 
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The REF and AEN modal standards are correctly set up on the 4905 Test Head used 
with the 4219 Artificial Voice. The metal block carrying the reference plane has the cor
rect relation with the lipring of the Voice for both the REF and AEN standards according 



to which set of locating pins is used. Notice that the construction of the Voice makes it 
possible for the lipring to be placed precisely with regard to the Voice fixing pins. 

If a handset is placed in the Test Head in the proper manner, but does not then occupy 
the correct position with regard to the Voice lipring, it is likely that the handset is bent 
or the transducer caps are not screwed on correctly. The operator can choose to com
plete his measurements, noting clearly that the handset is defective, or he can discard 
the handset and use one which is properly built. No attempt should be made to alter the 
Test Head to accommodate defective handsets. 

Some groups have found it useful to prepare a template which fits between the Voice lip
ring and the transmitter cap of the particular telephone being tested. Obviously, this 
template shape will be different for each different type of telephone used. If the template 
is correctly made, then it becomes a useful check on the correct positioning of transmit
ter caps, particularly in the case of telephones with bent handsets. 

6.2.3. Pressure Pillar 

The pressure pillar (see Figs.5.3 and 5.4) pushes on the back of the receiver earcap and 
keeps the handset pressed against the reference plane. 

Two adjustments to the pillar are possible. First, its position can be altered by slackening 
the black clamping screw under the main plate and moving the pillar to the correct posi
tion. Normally, this is correct when both small black studs on the pillar are touching the 
back of the handset. The second adjustment is made to the force exerted by the pillar: 
unscrew the black cap at the top of the pillar and rotate the screw until the tension of 
the spring inside the pillar provides the correct clamping. This second adjustment should 
be made after the first has been completed. Note that with many handsets, particularly 
modern ones using a thin-walled design, excess pressure behind the earcap can distort 
the housing enough to affect the properties of the receiver. In this design of Test Head, 
the main force on the front of the earcap is spread over its outside rim. 

6.2.4. Rotational Movements of the Test Head 

Rotational movements about two axes are possible. 

The first axis is that passing through the large black handle. Unscrewing this handle 
slightly leaves the upper black plate free to rotate through about 80 degrees with re
spect to the main plate. The purpose of this rotation is to allow the operator a choice of 
orientations of the telephone transmitter with regard to the main conditioning axis. 

Two such orientations are the subject of national standards. With the small degree scale 
reading 22°, the plate is in the correct position for the present OREM A (UK) condition
ing motion. This conditioning motion is based on the fixed geometry of the earlier Test 
Head model 4903 and is not meant to represent an ideal choice. However, if an opera
tor wishes to make the OREM A (UK) test, then he must use this arrangement of condi
tioning axis . 

The second axis of rotation passes through the main bearing on the back plate. Unscrew
ing the locking handle which extends from the right of the bearing allows the operator to 
rotate the entire test assembly. Notice that a degree scale and pointer are provided so 
that separated operators can agree on a precise method of rotation. 

On the back of the main bearing, attachment points are provided for the addition of a 
conditioning motor. This motor is not at present manufactured. 
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6.2.5. Handset Supports and Cable Clips 

The two bars are provided for supporting handsets during tests. Both bars are released 
by the same finger screw. 

Two different-sized notches are cut in the side of a supporting plate: these can be used 
to hold handset cords away from the sensitive region between the Voice and the tele
phone transmitter. A useful advantage is also that a cord clipped like this does not tug at 
the handset when the Test Head is rotated during conditioning. 

6.3. THE FOUR COUPLERS 

6.3.1. Braun Coupler 

The Braun Coupler contains a complex cavity of 4 cm 3 volume fitted with a group of 
holes and slits. This Coupler has the B & K part number UA 0276 and is used with the 
4144 one-inch Microphone to which it is fitted with the adaptor DB 11 69. Its main use 
is in the standard German test designated OREM B in which the relative loudness of tele
phone receiver capsules is measured. It is customary to attenuate the signal from the 
Braun Coupler by 0,4 neper (3,5 dB) so as to reduce it to approximately the same level 
as the signal that would be obtained from an unattenuated 6 cm3 Coupler. This attenua
tion is built into the 4904 ORE Meter and is switched "In" or "Out" by the COMPENSA
TION switch on the back panel of the ORE Meter. The value of the attenuation is con
trolled by a potentiometer COMPENSATION, and it can be measured by applying the 
4230 Calibrator to a Microphone with the COMPENSATION switch "In" and comparing 
ORE Meter readings when the FUNCTION SELECTOR is switched between "Microphone 
& Voice" (zero attenuation) and "Receiver" (3,5 dB attenuation). 

6.3.2. NBS 9 A Coupler 

The NBS 9 A Coupler is a simple cavity of 6 cm 3 . A small leak is provided to relieve slow 
changes in ambient air pressure, but there is no attempt to simulate the complex cavi
ties of the human ear. The total measuring volume of this cavity is its own 6 cm 3 plus 
or minus the extra volume contained between the front face of the Coupler and the ear
cap of the receiver. For some handsets (for example the American Bell G .3), this can 
amount to a significant increase in total volume. For that reason, this Coupler has been 
replaced in America by the ANSI coupler. 

6.3.3. ANSI Coupler 
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The ANSI Coupler is also a simple cavity of 6 cm 3 with no attempt to reproduce the com
plexities of the human ear. However, the method of use of the Coupler removes the er
ror due to additional volume provided by the earcap of the receiver. The Coupler front 
face has to be machined so that the coupler-receiver combination encloses a volume of 
exactly 6 cm 3 . This means that the Coupler face must be machined to suit each type of 
telephone to be measured. The ANSI Coupler supplied with the 3356 and 3357 is there
fore manufactured with the front face unmachined and before it can be used the opera
tor must cut away the exact amount of metal required to bring the volume down to 
6 cm 3 when fitted to the telephone he wishes to measure. The part number of the unma
chined coupler is DB 1162, and it is used with the 4144 Microphone to which it is fit
ted with the Adaptor DB 1169. The 4144 Microphone itself is modified to suit American 
requirements by having its front cap replaced by the collar and perforated cap numbers 
DB 0111 and DD 0015. This combination of front cap and ANSI Coupler is used only in 



the USA and Canada; for these countries, there is a specially-machined ANSI Coupler 
available to suit the G3 handset. The part number is WC 0012. 

6.3.4. IEC Audiometric Coupler 

This is a complex multi-cavity design in which a strong effort has been made to copy the 
acoustical characteristics of the human ear. The basic design was made for use in audi
ometry and not telephonometry, but in 1968, the CCITT at its Plenary Session in Mar 
del Plata approved the use of this Coupler for telephonometry. In Brue I & Kjrer equip
ment, this design is available in two acoustically identical forms: 

Type numbers 4153 consists of the complete Audiometric Coupler with accessories and 
a stand. It requires a 4134 Microphone and a 2619 Preamplifier for use in general 
work. 

Type number UA 031 8 is the acoustical Coupler itself, without accessories, which can 
be fitted with adaptors DB 1160 and DB 1164 for use in the 3356 and 3357 systems. 

The UA 0318 and the 4153 are described in the Instruction Manual for the 4153 which 
is supplied with the systems. Operators are strongly advised to use the full description 
"IEC Audiometric Coupler" when referring to this item, and not just "IEC Coupler". 

Each Coupler is individually calibrated at the factory, and the resulting calibration chart 
is supplied with the Coupler, inside the box UA 0617. However, the Couplers carry no 
identifying serial numbers, and it is, therefore, important that operators with more than 
one Coupler should be careful not to confuse the calibration charts. The charts them
selves are useful in comparing sensitivities of two Couplers for the correction of small 
differences between measurements made with two or more 3356 systems. Another im
portant use is that periodic re-calibration of the Coupler will show if the accumulation of 
dirt is causing changes in performance. 

Supplied in the box UA 0617 with this Coupler is a packet of ten soft seals which fit 
over the Coupler face and are held in place by a collar with the bottom face cut away to 
hold the seal. These are used to complete the acoustic seal between the flat edge of the 
Coupler and the face of an earcap. Several types of earcap are known to have irregular 
surfaces put on either deliberately as a design feature or accidentally during manufac
ture. Without this soft seal, there would be an awkward acoustic leak between the ear
cap and Coupler which would upset repeatability of results. 

6.3.5. Discussion of Coupler Applications 

For general telephone measurements, it is difficult to pick any one Coupler as the "cor
rect" one to use. There is no doubt that the IEC Audiometric Coupler comes closest in its 
acoustic properties to those of the human ear; the NBS 9 A and ANSI Couplers are so 
far removed from correlation with human ear properties that it is difficult to justify their 
use, whilst the Braun Coupler comes midway between the IEC Audiometric and the 
other two in this respect. The only advantage of the NBS 9 A Coupler is that it is easy to 
make and should therefore give closely repeatable readings between different models. 
The ANSI Coupler shares something of this simplicity, provided users can agree (as they 
have done in the USA) on how it should be machined to suit a particular earcap. Both 
Couplers produce frequency response curves which are rather far from those obtained 
with human ears and so both Couplers are unsuitable for use with loudness-calculating 
methods based on computing loudness from a study of frequency-response curves. 
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The Braun Coupler is more difficult to make and the use of a plastic material does lead 
to the possibility of differences between different models. However, this Coupler is easy 
to use in practice and compares favourably with the others when judged by human ear 
standards. The IEC Audiometric Coupler is difficult to make and its properties can be up
set by accumulations of dirt (an important consideration in factory work), but it is by far 
the closest to human ear behaviour in audiometric work. For telephonometry, it has the 
serious disadvantage (like all the other Couplers) of not having an acoustic leak. Such a 
leak exists between real telephones and real ears, and one would expect the leak to be 
reproduced in a Coupler designed for telephonometry. At the m<;>ment work is going on 
to determine the nature of this real telephone/ear leak, and it is possible that a suitable 
compromise leak may be recommended for use with the Audiometric Coupler for convert
ing it to telephonometric use. Hence, the importance of referring to the 4153 and the 
UA 0318 as "Audiometric" Couplers. 

The Bri.iel & Kjffir Technical Review Nos. 4/1961 and 1/1962 contain a useful descrip
tion of the above Couplers plus a detailed discussion on the design and functioning of 
the IEC Audiometric Coupler. 

6.4. 4219 ARTIFICIAL VOICE CONSTRUCTION 

6.4.1. The Lipring and the Fixing Pins 

Fig.2.14 shows the uncovered front of the Voice. A small ridge can be seen surrounding 
the orifice. The ridge is accurately machined with respect to the base plug carrying the 
fixing holes. When the front face is screwed onto the Voice, it locates against this ridge. 
Hence the lipring accurately located on this front face, is correctly placed with respect to 
the Voice fixing pins in the base of the Test Head. As described earlier, these pins are lo
cated accurately with respect to the Test Head reference plane so that there is a precise 
and known relation between this reference plane and the lipring of the Voice. 

In the 4219, the compressing Microphone is a quarter-inch Type 4136. It is not co-axial 
with the Voice orifice, but lies in it at an angle, along the slope of the front face of the 
Voice. To reduce losses through excess capacitance, the preamplifier for this Micro
phone is built into the Voice. No other preamplifier is required. 

6.4.2. Voice Sound Pressure Measuring Jigs 
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Two jigs are supplied for measuring the Voice sound pressure according to methods de
fined in two test standards. The jigs are not suitable for use except for tests made ac
cording to these standards. 

The first jig has the part number UA 0277 and is known as the SFERT baffle. It is used 
with a 4144 Microphone for measuring the 94,6 dB SPL ( 10, 75 µbar) used in the 
OREM A and OREM B tests. 

The origin of this piece lies in the design of the original microphone used in the SFERT 
apparatus installed in the CCITT Laboratories. The requirement for SFERT was that the 
microphone should have the best possible frequency response when used with close-talk
ing speakers. The chosen microphone was constructed with a large circular front plate 
which acted to raise the sound pressure from a close-talking source at the higher end of 
the spectrum, thus compensating for some unavoidable fall-off in response from the 
transducing element in the microphone. This combination of a pressureraising plate and 
a rolling-off transducing element was adjusted so that the two had a combined fre-



quency response which was reasonably flat over the range of frequencies of interest. 
This microphone became the standard SFERT microphone. It was used to measure, 
amongst other things, the sound pressure of the human voice under telephone-using 
conditions. The measured pressure turned out to have an average value of 94,6 dB SPL 
( 10, 75 µbar), and this value was then used in the SFERT Reference Equivalent tests. 

Later, Dr. Karl Braun of the Deutsche Bundespost designed his equipment for the objec
tive determinination of transmission loss based on SFERT constants. The present 3356 
system is in turn based strongly on the work of Dr. Braun. The equipment follows SFERT 
in using a voice sound pressure level of 94,6 dB SPL. However, this value of pressure is 
valid only when it is measured under the same acoustic conditions as the original SFERT 
apparatus. To copy these conditions, the B & K Microphone Type 4144 is fitted with the 
SFERT baffle which has the same physical dimensions as the front part of the original 
SFERT microphone. The baffle is fitted with a lipring which corresponds with the posi
tion of the human talker's lips in front of the original SFERT microphone. 

A further complication arises from the use of this baffle. The original front plate acted to 
increase the sound pressure at high frequencies so as to correct for deficiencies in the 
transducing element. The B & K baffle likewise raises the pressure at high frequencies, 
but this rise is unwanted since the transducing element, the 4144 Microphone, has a 
flat frequency characteristic over the frequency range of interest. It is necessary, there
fore, to remove the effect of this rise. This is done by applying an electrical filter to the 
Voice so as to reduce the output at high frequencies by exactly the same amount that 
the baffle raises the sound pressure so that the combined effect is to produce a constant 
pressure at the face of the baffle and hence a constant output from the 4144 Micro
phone. The filter is placed in the Voice channel and not the microphone channel since it 
is felt that a slight attenuation of Voice output at high frequencies brings it closer to the 
output characteristics of a real voice. The filter used to do this is the SFERT weighting fil
ter, and it is switched into circuit by the WEIGHTING NETWORK switch on the 4904 
ORE Meter. By putting the FUNCTION SELECTOR to "Microphone & Voice" and fitting 
the SFERT baffle to the Voice (as in normal OREM A and OREM B calibration), the opera
tor can see the effect of the baffle and the "SFERT" weighting. 

The important point about this is that during normal OREM A and OREM B tests, the 
Voice output is not flat with frequency and so the trace on the screen of the Tracer does 
not show the true frequency response of a transmitter being tested. The true response is 
obtained by switching the WEIGHTING NETWORK to "Off". If go/no-go limits have to be 
drawn on the screen, then operators can choose either to draw the true limits and 
switch off the "SFERT" weighting during inspection of the trace, or to draw the limits 
with a SFERT correction added and leave the "SFERT" weighting on. The SFERT correc
tion is shown in Fig.6.8. Operators should note that carbon transmitters may be non-lin
ear and may show different responses when stimulated with a SFERT-weighted and an 
unweighted signal. 

The second Voice pressure measuring jig has the part number UA 031 7. It is designed 
to follow the recommendations of the IEEE 269 1971 standard for the measurement of 
telephone apparatus. These recommendations suggest that the output pressure from an 
Artificial Voice can be measured by an approved 1" Microphone placed head-on to the 
Voice at a distance of 0,3 inches from the lipring. The UA 0317 jig holds the 4144 Micro
phone at the correct distance and has attached to it a cap which fits on the 4144 to con
vert it to the approved type of Microphone. The 4144 is, however, a pressure-type micro
phone whereas the standard calls for a free field type. For this particular measurement, 
the difference between the two is that the pressure-type 4144 would produce a higher 
electrical signal than the free-field 4145 for the same sound pressure measured using 
the UA 031 7 jig. The exact amount of correction has been calculated for the 0,3 -
3,3 kHz sweep and this amount has been marked on the ORE Meter scale for use during 
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Fig.6.9. The Male Speech Spectrum Weighting curve 

the calibration of the Voice output. The scale (y = k x 0 A 5 dB) carries a green mark 
0, 7 dB to the right of the zero dB mark, and when the meter needle is set to this point 
during OREM US calibration, then the 4144 Microphone is reading correctly a sound 
field of 94 dB SPL (1 N/m 2). 

Associated with this jig in the OREM US test is ,· the -.Male Speech Spectrum Weighting. 
This weighting is applied to the Voice output when . the WEIGHTING switch on the 4904 
ORE Meter is put to "MSSW". The Voice outp-ut • pr.e.ssure then becomes that shown in 
Fig.6 .9, and the input to the 4904 ORE Meter. is :switched to have the inverse MSS 
weighting. 



7. DISCUSSION OF TELEPHONE TEST METHODS 

7.1. INTRODUCTION 

A basic function of a telephone system is to enable subscribers to converse with each 
other at a distance. Other conditions often required are that the conversations should be 
private (i .e., not overheard by third parties) , and that the cost of conversations should be 
reasonably low. In practice, operating companies try to achieve a balance between low 
cost and ease of communication. It is in the pursuit of this rather fine balance that tele
phone test methods have to be studied. On the one hand, operating companies and tele
phone equipment manufacturers try to keep operating and equipment costs as low as 
possible to beat competition from other communication systems and other manufactur
ers, and on the other hand, subscribers require that their conversations can be con
ducted in comfort and with a good chance of exchanging information without errors due 
to poor transmission systems . In any one operating area (such as a single country), the 
local telephone administration can choose at which point to place its balance between 
cost and ease of communication. When subscribers in one area wish to telephone into 
another, administered by a different group, then it is obvious that some agreement on 
standards is necessary between areas which may otherwise choose quite different 
points in the cost/communication scale . 

The cost factor is estimated by financial methods which fall outside the scope of this 
Manual. The ease of communication is measured by direct methods involving the people 
who talk and listen on telephones. Ideally, these people would be subscribers them
selves, with measurements taking place during normal telephone service. But the re
quirement of privacy mentioned earlier makes it illegal in most countries for third parties 
(e .g ., the measuring technicians) to listen to telephone conversations. Therefore, the nor
mal subscriber is replaced by either trained teams or randomly-selected untrained sub
jects who then perform tests under controlled conditions . 

Many factors influence ease of communication over a telephone link. Three are particu
larly significant, and most subjective tests attach these three, singly or in groups. The 
factors are: 

QUALITY 
ARTICULATION 
LOUDNESS 

Quality refers to the degree of pleasantness of the received speech; whether or not it 
sounds distorted, nasal , muffled, or clear, natural or unrecognisable as the voice of a 
known talker. By their very nature, tests of quality of received speech must be subjective 
since the only criterion is the massed opinion of people. The difficulty of performing sui
table subjective tests has led many operating companies to ignore this factor of speech 
quality. How misguided they are becomes apparent when new telephones are put into 
service untested, with an unwillingness on the part of subscribers to continue conversa
tions for more than short periods. Objective test methods cannot replace subjective ones 
in this field; an objective test of frequency response for example can do no more than 
hint to an experienced engineer that there is something worth investigating in the peaks 
or troughs of an irregular curve. 
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An articulation test measures the success with which individual speech sounds are 
transmitted over a transmission system. "Individual" sounds are preferred for test pur
poses because a group of sounds organised into a known word contains recognition 
clues which may mask the fact that some of its individual sounds are not heard cor
rectly. The normal method of scoring such tests is to prepare a matrix showing the num
ber of times a given sound is transmitted compared with the number of times it is heard 
correctly and the number of times it is mistaken for another sound. A well-conducted ar
ticulation test can yield an enormous amount of information about the speech-transmit
ting properties of a communication system under conditions which can be arranged to 
be very close to real-life telephone usage. Unfortunately, the most common type of arti
culation test requires the use of a highly-trained test team over a period of at least a few 
weeks; this, plus the need for expert advice in preparing and analysing the tests, has led 
to a decline in the use of this kind of test. However, the advent of new types of tele
phone equipment is likely to bring new forms of speech distortion with effects which can 
be measured only by the use of articulation test techniques, so it is quite possible that 
these techniques will once again become important. On conventional transmission 
systems, in which the signal remains in analogue from over the whole link, there is 
some evidence that it is just possible to use objective equipment to predict articulation 
scores under simplified conditions. With newer forms of transmission using digital tech
niques with time- or amplitude-coding, then these objective techniques cannot replace 
the subjective methods and the subjective articulation test remains a powerful and im
portant means of assessing overall speech transmission performance. 

The loudness factor remains as that which is most often measured, possibly because, at 
first sight, such a measurement seems simple. Subjectively, loudness measurements 
have been for many years channelled into loudness comparisons with a known standard 
rather than treated as measurements of absolute loudness. The known standard for tele
phone work is the NOSFER system . The test telephone is compared with NOSFER, and 
the NOSFER loudness is altered until it sounds subjectively as loud as the test telephone. 
The amount by which NOSFER has to be altered is averaged over a series of tests and is 
known as the Reference Equivalent of the test telephone. Unfortunately, it is becoming 
increasingly clear that NOSFER is not the ideal system with which to compare ordinary 
telephones; the NOSFER bandwidth (approximately 80 Hz to 8000 Hz) is much greater 
than that of long-distance telephone systems (300 - 3400 Hz), and it is difficult for line 
planning engineers to make sensible use of NOSFER figures. Other minor difficulties in
crease the uncertainty with which NOSFER is regarded with the result that administra
tions and factories face practical problems in applying NOSFER-derived information to 
the design and production of telephone equipment. Objective techniques for the mea
surement of loudness have been considerably influenced by attempts to copy NOSFER 
readings with the inevitable result that these objective techniques themselves can often 
confuse operators instead of helping them. This problem is returned to later in this chap
ter. 

Of the three factors available for measurement, Quality, Articulation, and Loudness, the 
latter two appear to have most influence on basic speech transmission efficiency. But as 
communication systems advance in complexity and efficiency, it is likely that Quality 
will join the others as a necessary factor for assessment instead of being, as it is now, 
something which can be skimmed over in the knowledge that many telephone systems 
are so bad that subscribers are grateful for being able to recognise telephone speech 
and never feel daring enough to ask themselves if they actually like what they hear. On 
the other hand, shortcomings in Articulation or Loudness are immediately apparent, and 
if degradation of these factors is allowed to go too far, the communication system be
comes unusable. For many years, it was customary to measure these two factors to
gether since they are closely inter-related. The result, the Articulation Reference Equiva
lent, is an extremely useful measure of overall speech transmission efficiency; it has the 
obvious limitations of any single-figure index-of-goodness, but within these limitations it 
provides operators with a useful guide to differences between transmission systems. Un-



fortunately, the Articulation Reference Equivalent Test is lengthy and difficult; its applica
tion to line planning is often misunderstood; difficulties arise with the choice of languages 
in which the test should be conducted; and so the AEN test has almost gone out of exis
tence although a few enlightened groups still use it . As this test declined in popularity, 
the argument was raised that modern telephones were known to have good frequency 
responses plus low noise and low distortion, and since. articulation scores are dependent 
on these (and other) factors, it could be possible to assume that such telephones would 
have good articulation scores. If so, a simple measure of loudness could replace the com
plex AEN test . The new test, the Reference Equivalent test based on the SFERT equip
ment, rose in polarity, and today, it forms almost the only standard of comparison be
tween telephone transmission systems and between different designs of telephone set. 
Quality and Articulation tests are almost never performed except for research purposes 
so that when an operating company wishes to specify or buy a new design of telephone, 
the three basic factors affecting speech transmission are reduced to virtually one, and 
one moreover in which the experimental technique is not based on real-life require
ments of telephone systems. Under these circumstances, it is not surprising that admin
istrations, operators, and manufacturers are having difficulty in making use of the Refer
ence Equivalent concept. 

A further difficulty has been added with the enormous growth in the use of objective 
methods for the measurement of telephone loudness. Nearly all the systems offering 
telephone loudness measurements are based on SFERT (the 3356 is one such system; 
the American EARS is not), and so can suffer from the drawbacks already noted. At
tempts by system designers to avoid some of the pitfalls of the SFERT /NOS FER systems 
are not always understood by users. The wide gap between subjective readings using 
NOSFER (the true Reference Equivalent) and objective readings using for example the 
B & K 3350, 3352, 3354 and 3356 (Objective Reference Equivalent Measurements -
OREM) has been a source of confusion to operators, many of whom are attempting to 
use OREM readings as the criterion by which telephones are accepted or rejected for 
use in transmission plans based on NOSFER-derived standards. It is the primary purpose 
of this chapter to explain to operators how the 3356 can be used in conjunction with 
subjective tests, including those based on NOSFER, in the planning of new telephone 
systems, the design of new telephones, and the control of their production quality. 

7.1.1. Classification of Test Purposes 

In practical terms, telephone measuring problems fall into several groups. 

1. The development of a new design of subset (or other speech transmitting equip
ment) by a research group. 

2. Linked closely with 1, the choice of a new design of subset by an operating com
pany or administration; usually, the choice is made from a group of different subsets 
submitted by various manufacturers. 

3a. A choice of subset having been made, there is the problem of ensuring that produc
tion models give the same performance as the chosen prototype. This problem is 
shared by manufacturers and administrations . One aspect of the problem is that if 
the choice of prototype is based on subjective tests (e.g., NOSFER Reference Equiva
lents), then how can these test results be transferred to specifications applicable to 
the objective tests used by manufacturers and quality control groups? 

3b. As a variant of 3, a prototype from one manufacturer having been chosen, there 
may be the problem of asking other manufacturers to copy it under licence; do the 
copies have the same performance as the prototype, and do the copies made by 
each manufacturer agree with each other? This problem continues during the whole 
production run of the subset design. 
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3c. Another variant of 3; a manufacturer having decided to make a certain design of sub
set in several widely-separated factories, how can he be sure that similar products 
come from each factory? This problem becomes acute if the factories are organised 
so that some produce only components such as transmitters which are then shared 
by the other factories in the final assembly of the subset. 

4. Usually, a manufacturer attempts to standardise his production on one basic design 
of subsets which he then offers around the world to administrations. Obviously, ad
ministrations may ask for changes in the basic design, but the initial offer is made 
with that basic design . The problem faci-ng the manufacturer is how to describe his 
basic design, using test results, in a way which can be understood and fully appre
ciated by a possible buyer. The administrations, in turn, face the problem of making 
assessments of initial offers of subsets from various manufacturers; how can these 
initial offers be compared using manufacturers' literature before the stage at which 
expensive comparison tests are begun? 

These tests can be divided into two groups, those in which results must be "valid" and 
those in which results must be "repeatable". The distinction between the two is import
ant and an understanding of it will help operators to appreciate why it is that certain li
mits must be placed on the use of results from various tests. 

7.1.2. Valid Tests 

The first main type of test is that which is based firmly on real-life practice. In the open
ing stages of this chapter, it was suggested that a good way to test a telephone link was 
to measure it directly, using normal subscribers conducting their normal conversations, 
without the introduction of any artificialities due to the test method. Such a direct real
life test, if it could be done, would give a result which would be "valid" for the system 
concerned; the result would be a direct and true measurement of how good the system 
is for enabling people to converse with each other at a distance. Such a direct measure
ment is not normally legal in most countries because of the requirement of privacy for 
telephone conversations. Other tests can be devised using laboratory conditions, and if 
these are arranged carefully, then the conditions come close enough to real-life experi
ence to make test results again valid. If test arrangements depart too far from real-life 
conditions, then validity is weakened and eventually lost. Examples of valid tests would 
be well-conducted subjective tests in which subjects express their opinion of certain tele
phone parameters such as speech quality, handset comfort, ease of dial operation, suita
bility of the loudness range of a system, etc. A well-arranged articulation test can yield 
results which are valid for the conditions used. A test of absolute loudness of a speech 
signal can be valid although it is now doubtful if tests of loudness comparison with NOS
FER have much validity when applied to real-life telephones with their restricted band
width. In telephone measurements, most valid tests -are subjective, since these are the 
tests which come nearest to the direct measurement of the function of a telephone sys
tem. Objective tests can, of course, be valid, but · it is up to the experimenter to prove va
lidity for each type of objective test; validity can .never be assumed . 

7.1.3. Repeatable Tests 
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In the second main type of test, validity may be deliberately sacrificed for the convenience 
of a simpler and faster test, one which is adapted to the solution of a particular problem. 
The most common example is taken from factory quality control departments, where the 
requirements of high speed and conformity with strict numerical specifications mean 
that slow subjective tests are unsuitable, and their replacement by simplified objective 
tests is necessary. In such tests, the numerical answers form the basis of acceptance or 
rejection of the product; it becomes very important that stable measuring systems are 



used so that highly repeatable answers are obtained. In such tests, repeatability be
comes the prime target with validity moved to one side on the assumption that if a proto
type equipment has been shown to be suitable for its purpose, then all exactly-accurate 
copies of it will also be suitable for that purpose. (The assumption is true provided that 
the important aspects of the prototype are copied; for example, colour is not important 
with regard to transmission properties, but frequency response and sensitivity probably 
are) . 

7.1.4. Relation between Validity and Repeatability 

Validity and repeatability are not opposing properties; both can be present in a test. But 
the functioning of a telephone system is dependent on human talkers and listeners (the 
subscribers). These are the final arbiters of the goodness of the system and, therefore, 
for a telephone test to be valid, it must be linked in some way with subjective tests. Sub
jective tests are usually statistical in nature. The high cost of testing limits the time avail
able for the test and the size of the sample used, and these two limits usually mean that 
test repeatability is poor when compared with that obtained in roughly similar objective 
tests . For this reason, it is always necessary in subjective tests to include information 
about test repeatability derived from a simple statistical analysis of results; the bare 
mean of a group of results is not enough since it tells a reader nothing about how repeat
able that mean is. Since subjective tests form the basis of most telephone system plan
ning it is obviously of the highest importance -that planners should have a good indica
tion of test repeatability. The validity of a subjective test depends greatly on how the par
ticular test is arranged in detail; in general, experimenters try to achieve validity for all 
subjective tests (since this is the main reason for performing subjective tests), but care
lessness in test planning or performance can easily erode its validity and it must never 
be assumed that any subjective test is valid. In subjective testing, a good experimenter 
includes information which throws light on test validity. Conversely, objective tests on 
such parameters as frequency response, sensitivity, distortion, attenuation, etc. can 
have good repeatability (with no two results of similar tests being more than 1 dB apart 
using suitable equipment and techniques), but there has been very little work done on 
proving the validity of any objective test. 

This lack of confirmation of validity means that operators can never assume that any ob
jective test has much useful relation with the behaviour of the test object when it is put 
into service by telephone subscribers. Clearly it becomes meaningless for operators to 
argue amongst themselves about the merits or shortcomings of a telephone set which 
has been measured using only objective methods, unless each particular objective test 
has been shown to be valid for the specific conditions of testing and subsequent use of 
the telephone. 

7.1.5. Validity of Common Tests with the 3356 

Almost no work has been done on testing the validity of the OREM tests. In the early 
stages of the development of the principles of the OREM tests Dr. Karl Braun arranged 
for correlation tests between his OBDM system and the SFERT equipment using one par
ticular type of telephone (the standard German telephone). Results showed the good 
correlation between OBDM measurements using the forerunner of the OREM B tech
nique and SFERT-based Reference Equivalent results, for that particular telephone. But 
SFERT Reference Equivalents have not been correlated with loudness-appreciation 
scores by subscribers using real telephones on real long-distance lines, therefore the va
lidity of OREM B remains in doubt. 

OREM A results have been studied against NOSFER Reference Equivalents for a wide 
range of telephones. Correlation is poor, and again NOSFER has not been tested against 
real-life situations, so once more the validity of OREM A results is low or non-existent. 

125 



Tests on receivers involve the use of some kind of coupler between the receiver and 
the measuring microphone. Of the four couplers supplied with the 3356 system, two 
are designed to act only as reproducible cavities of defined volume, with little attempt to 
copy the sound pressures found in real ears, and the other two (Braun and IEC Audio
metric couplers), although aiming to be acoustic copies of real ears, fall short in not copy
ing the large acoustic leaks which can be present in the coupling between real ears and 
telephone receivers. All four couplers fall short of achieving validity, badly so in the case 
of the NBS 9 A and ANSI. Frequency responses of transducers measured with these four 
couplers need not correspond at all well with the true responses of such transducers 
measured on real ears. 

Tests on transmitters using the 4219 Artificial Voice appear to be achieving some kind 
of useful validity (provided the carbon conditioning problem can be overcome). Objec
tions to validity arise in the gross difference between the 3356 sine-sweep signal with 
its smooth output power and the peaky and impulsive nature of human speech signals. 
The "obstacle effect" - which differs between the 421 9 Voice and human voice -
does not now appear to be so serious a problem as was at one· time though. Other mat
ters such as the absence of air puffs from the 421 9 Voice and the probably wrong direc
tion of the speech signal, remain uninvestigated for the time being. 

7 .1 .6. Repeatability of Common Tests with the 3356 
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The OREM A and B tests are specifically designed for extremely high repeatability when 
performed on the 3356 system. Overall repeatability depends on: 

a) the equipment 
b) the test method 
c) the operator 
d) the test piece . 

3356 system stability in the OREM A and B modes is such that a drift of not greater 
than 0, 1 dB per month can be expected on any one system. Long-term drift is difficult to 
measure but it is thought to be in the region of less than 0,25 dB per six months. Both 
drift figures are dependent mainly on the drift of the 4230 Calibrator . 

The test methods used in the OREM A and B modes have been refined to the point 
where the main obstacle to repeatability of result lies in the physical difficulty of repeat
ing the exact motions of the conditioning movements; it has been noticed that operators 
do not always make the full 1 80° swing called for in the A mode, and in the B mode 
several operators seem to feel that the rather gentle B conditioning movements do not 
agitate the carbon sufficiently. With non-carbon transducers these objections do not ap
ply and test repeatability is then of the order of± 0, 1 5 dB on any one system. 

The effect of operators on repeatability in the A and B modes is small except for possible 
variation in conditioning methods already noted. The B mode, with its built-in subset cir
cuits , its preset capsule holders and its generally rigid test conditions, is about the most 
operator-proof test available in the 3356 system. The one weak point, variation in opera
tor conditioning movement, can be overcome by careful supervision; in addition there 
are indications that several testing authorities are considering the use of automatic con
ditioning methods which are independent of the operator. The A mode has its weakest 
point in the pl.acing of the handset in the Test Head by the operator. This weak link can 
be reinforced by providing carefully-cut locating rings of sufficient depth to lock the re
ceiver cap in position and by careful attention to the positioning of the arms which sup
port the handset. Even so, different operators can still create small differences in read
ings. Tests show that operators of normal ability putting handsets into the Test Head rap-



idly with only moderate precautions against mishandling can generate differences of up 
to 0,3 dB on transmitting measurements and up to 0,2 dB on Receiving measurements. 

The remaining factor affecting repeatability is that of the inherent variation of the test 
piece. It should be obvious that carbon microphones are too unstable to use as test 
pieces for examining stability of the 3356 system, but they must be used for examining 
stability of test methods designed for use with carbon microphones. Tests of condition
ing methods for example are useless unless they are made with carbon microphones. 
The OREM conditioning methods (based on the smooth swinging of the microphone ac
cording to defined pattern) have been chosen to give highly repeatable results whilst si
multaneously copying to some extent the natural movement of a transmitter being used 
in a telephone held by a subscriber . The exact repeatability of results obviously depends 
on the particular design of transmitter being used so no general figure can be quoted. 
Usually, the figure is very much worse - a factor of ten is common - than that of the 
3356 system alone. For calibration purposes many testing authorities use non-carbon 
transducers of known properties which are tested at regular intervals on the 3356 sys
tem. The results are then an amalgam of variation due to equipment drift, test method 
variability, operator differences and test piece drift. It is not possible to blame the total 
drift on any one of these factors unless there is clear evidence for doing so . 

7.2. THE ORGANISATION OF TEST PROGRAMMES 

7.2.1. Development of a New Subset 

Valid subjective tests form the basis of design targets for new subsets. Although it is un
likely that these tests can be matched exactly by objective equivalents it is possible to 
make objective measurements on early prototype designs for the purpose of checking 
small improvements as the design progresses . The point here is that the objective test re
sult itself is not the design target but merely a way of checking that changes in subset 
design are for the better or for the worse. For example a frequency response test on a re
ceiver may have little relation with the true sound pressures generated in a real ear, but 
it will show if undesirable peaks and dips in response are present and also how success
ful are the attempts to remove them. OREM figures likewise will show if a transducer is 
being made louder or quieter but they will not show if the desired absolute loudness le
vel has been reached (unless deliberate tests of validity are made for each particular de
sign of transducer) . Note that changes in handset design - for example to the transmit
ter cap or the handset length - cannot be accurately assessed acoustically by OREM 
techniques. Such a change would have to be tested by subjective methods. 

The test programme then would consist of parallel subjective and objective tests, the sub
jective tests providing an anchoring point to which the objective test results can be re
ferred. Since objective tests on the 3356 have high repeatability the best use of the sys
tem would be in detecting small changes in performance linked to changes in circuit de
sign or transducer design. 

For the development of new circuits or new transducers, operators can set up the Plug
In Units to hold the fixed parts of the circuit while experiments are made on the variable 
components. The Plug-In Units can be used with extended leads (not supplied except to 
order) so that the working portions can be placed on the bench. The 4 71 2 Frequency Re
sponse Tracer can be used to show results of circuit changes relating to frequency re
sponse, return loss, etc. In the development of transducers, it is strongly recommended 
that the Plug-In Units plus the Capsule Holders are set up and used to measure accu
rately the small changes which may occur in the transducer during the various stages of 
development. 
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As development draws to a close, the tests should be switched to follow accepted fac
tory practice; the factories can then be given full data on results to be expected from 
their quality control tests based on the 3356 or 3357. 

7.2.2. Choice of a New Subset from a Group of Prototypes 
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The lack of validity in most objective tests means that it is unwise to us such tests in the 
choice of an article intended for public use. The 3356 is not suitable for use as the sole 
means of choosing a new subset; it must take second place to subjective tests. 

The correct method of choice is to prepare comprehensive subjective tests on the sub
sets offered, covering as many aspects as possible of the features to be expected when 
the sets are put into service. Since most administrations do not have access to a fully
trained subjective test team, it is usually necessary to design the subjective tests to 
make use of larger numbers of semi-trained (or untrained) volunteers. The three main 
factors of Quality, Articulation, and Loudness can be measured for each prototype sub
set - more easily in the form of ranking or simple comparison tests. Other factors such 
as the presence of ambient noise, line noise and clicks, voice echoes, switching delays, 
handset weight and shape, etc., can be added (and indeed should be), if time permits. 
During the subjective tests, the 3356 should be used to make objective measurements 
(OREM, frequency response, distortion, noise, return loss), on the subset as it is actually 
set up for the subjective test. 

In this way, a complete record can be made of the objective aspect of each subset's per
formance for each factor Ln the subjective test. For example, a chart recording of return 
loss for each subset at each line length may show anomalies which can be used to iden
tify deficiencies in the subset design revealed in a general way by the subjective tests. 

At the end of the subjective tests, a chart can be made showing the performance of 
each prototype in each test. If the tests are of the ranking type (in which the subsets are 
placed in order of merit together with a numerical score), then each test can be assigned 
a weighting factor which depends on how important that test result is compared with 
other tests. For example, a test showing subjects' preference for a certain colour of hand
set might not be regarded as being as important as a test showing subjects' opinion of 
speech quality. For combining rank position and test weighting, it is possible to arrive at 
a figure of merit for each subset which can then be used in the selection of the set 
judged to be most suitable as regards overall performance. 

Notice that the test weighting can be used to pick out sets intended for different uses. 
Sets intended for street callboxes usually have to work in the presence of heavy traffic 
noise; by weighting articulation-in-the presence-of-noise tests so that they become of pri
mary importance one can choose the set best suited to this use. A set intended as a be
droom telephone might score low on ambient noise tests and, therefore, be useless as a 
callbox set, but would probably score -high on quality-of-speech tests. 

During the course of these tests, the subsets can be submitted to the CCITT Laboratories 
in Geneva for a measurement of their NOSFER Reference Equivalents for transmitting 
and receiving at several line lengths typical of those in the network in which they are to 
be used. These Reference Equivalent results can then be weighted and added to the 
overall comparison chart. It is a matter for the administration concerned to assign a 
weighting to the NOSFER results; some might feel that the figures are very important in 
view of the requirement that administrations shall conform to international regulations 
regarding telephone standards; others might feel that NOSFER results have little practi
cal value, particularly if they conflict with results from more direct tests of telephone 
loudness as appreciated by subjects using real telephones under real conditions. 



Objective test results can be added to the overall chart. Again test weighting can be 
used to raise or lower the importance of single types of test. At this stage, for example, 
it is unlikely that OREM A or OREM B results would be regarded as important; their true 
function becomes important later. Therefore, these two tests would receive a very low 
weighting and would not count for much in the final selection . However, it is possible 
that frequency response tests might get a higher weighting simply because they are use
ful in detecting defective subsets, not through the overall shape of the response curve, 
but through the presence of sharp peaks or troughs. "Overall-shape" reflects a property 
which is more accurately measured by quality and articulation tests. Return loss meas
urements are valuable, particularly when performed over a range of line lengths, and 
can be added to the chart with a high weighting. Thus, the chart can contain a mixture 
of subjective and objective tests, on the whole with the subjective tests weighted to play 
a more important part in subset selection. 

A good example of this mixture of tests occurs in the selection of a bell or other calling 
device for a subset. First, the purpose of the calling device is examined . Is it to be used 
for a bedroom subset, needing a quiet pleasant-sounding bell, or for a factory needing a 
loud bell, or for outside use to call people from a distance, needing a strident gong? No
tice here that it is unlikely that any administration could select just one type of bell for 
its network since that one bell would have to cover the opposing requirements of callbox 
sets operating in traffic noise and probably through a partly-closed door, through factory 
and office sets operating amongst the noise of machinery and typewriters, to domestic 
sets operating presumably in quiet surroundings and requiring a more pleasant sound . 
These differing requirements are met by testing the available bells for Penetration - the 
ability to cut through noise and attract attention at a distance, and Quality, the degree of 
pleasantness of the sound. Some operators might add a measurement of Urgency to 
this; does the bell make people hurry to answer or do they tend to ignore it? 

Another requirement may be that of finding the ringing bell, measured as Location func
tion. This is critical in an office containing several bells or with some modern boudoir 
telephones which may be styled to resemble a non-telephonic device such as a flower
pot or ornamental casket . Notice that all these requirements, Penetration, Quality, Urg
ency, and Location are measured by subjective tests; not one of them can be handled by 
any objective test. An extra test, objective, is described later. 

The technique used is to assemble a choice of bells and to play them to test subjects un
der conditions suitable for the independent measurement of each of the above factors. 
Penetration, for example, requires the two sub-factors of distance and ambient noise 
(noise quantity and noise type are further sub-divisions) to be considered. One would 
seat the subjects at a great distance from the bells, in a suitable noise field, and would 
then score how many times -each bell was rung and heard or not heard. Ringing tone 
would be applied to each bell several times, at irregular intervals, and between applica
tions to other bells. Statistical methods would be used to calculate the number of times 
and in which order the bells are rung. The same methods would be used to calculate the 
number of times the noise field is varied and over which range of loudness or noise 
type, bearing in mind that the test subjects may become bored or fatigued by too long an 
exercise. At the encL one would collect test results and prepare a chart showing the var
iation in bell recognition rate with distance and ambient noise. Some bells would show 
good penetration, others poor, and it is normally possible to arrange the bells in rank or
der of penetration with a numerical assessment of the penetration factor of each . (The 
importance of the numerical factor is that it picks out if two bells are in adjacent rank, 
but virtually similar in penetration, the difference between them being too small to be 
significant) . Next, the bells are brought into a room with the test subjects who are then 
asked to choose according to their opinion of the quality of the bell sound. The operator 
will have to explain what is meant by quality. If there are too many bells for direct rank
ing, then the test can be split so that all the bells are paired in all possible combinations 
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and the subjects asked to choose which one they prefer out of every pair. Again, the re
sults are collected, and the bells placed in rank order (plus number) of quality. This order 
may very well be different from that of penetration, and in fact probably is. 

Urgency is measured in a roughly similar test with the operator explaining clearly what 
is meant by urgency . Again, a rank order emerges. 

Finally, Location is measured by placing the bells in a wide arc around the subjects, but 
not visible to them. As each bell rings (in random order), the subjects indicate where 
they think the bell is . Normally, the subjects do this without pointing so as not to influ
ence the views of their neighbours; a line can be sketched on a polar pad fixed to a tab
letop opposite each subject. There are several variations on this test technique including 
that of placing the telephones in pairs near to and visible to the individual subject and 
asking him to pick up without hesitation the one he thinks has just begun to rung. This 
second test is of great practical use for telephones intended for busy offices but is not so 
useful for locating "disguised" boudoir telephones. Notice that in any location test, the 
room surroundings may be quite critical since reflected bell sound will obviously play a 
large part in concealing the true location of the bell. For this reason, most authorities 
prefer to use this test in surroundings typical of those in which the set is to be used, 
and not in artificially-damped rooms. Tone callers, for example, usually have poor locata
bility in rooms with reflecting walls, but do better in heavily-damped domestic surround
ings. To some extent, the surface on which the subset stands can affect results so this, 
too, should be considered. From all this, another order for Location emerges. 

Finally, objective tests are made on the ability of the bell to ring at low ringing voltages 
or at unusual angles. 

The operator now has a chart in which the performance of each bell is noted as a series 
of rank orders plus the last objective test which is in the form of a ring/no-ring answer. 
From this chart, the bell most suitable for the purpose is chosen, with multiple choices 
being possible for multiple purposes covering factory, callbox, office, or boudoir use as 
described earlier . 

The description above has been given at some length because it illustrates the import
ance of subjective tests in the choice of a new telephone device. Experimenters may pro
test that to do the suggested tests is time-consuming; this is true in the choosing stage, 
but later, in discussions with contractors and in the actual production of bells, it could 
very well result in a considerable saving of time since it will be obvious to administration 
engineers, manufacturers' representatives, and operating company engineers that the 
bell was chosen for sensible and irrefutable reasons. There is a welcome clarity in the 
choice which contrasts well with the usual confusion and occasional bad feeling caused 
by badly-understood objective tests with poor theoretical basis. It is a common complaint 
from manufacturers offering advanced designs of bells and other telephonic equipment 
that administrations do not recognise the worth of a product since they insist on testing 
it with meaningless tests which are often poor copies of methods specified by some 
other administration. It is certainly true that several manufacturers have comprehensive 
research laboratories in which sophisticated equipment is developed with great care, 
only to be rejected by an administration using a test which is known to be of doubtful 
value. On the. other hand, if an administration shows itself willing to conduct careful and 
properly-planned subjective tests on the main items of telephone equipment, then it is 
virtually certain that the better class of manufacturer will respond with help and advice 
on the conduct of the tests and the analysis of results. To avoid bias in such tests, it 
would be expected that the help and advice would be offered by several manufacturers 
acting in co-operation with the administration. Another incidental advantage of this com
prehensive-testing approach is, of course, that it gives engineers a thorough understand
ing of the fundamentals of telephony. 



The same principle can be applied to the more complicated matter of speech trans
mission. Descriptions of suitable subjective tests are to be found in the literature, and ad
vice on the detailed planning, conduct, and analysis of the tests can be obtained from 
statisticians and workers in the field of behavioural-psychology. 

7.2.3. Testing Production Copies of a Prototype 

The production copies can be those made by the manufacturer of the prototype or those 
made by another manufacturer under licence and supplied to the same administration. 
The information in this section can be applied to a manufacturing group with multiple 
factories attempting to ensure uniformity of products within the group. 

The previous two sections gave an outline of test programmes used in the development 
of a new subset and in the choice of a new subset by an administration. Objective tests 
took second place to subjective tests in both of these activities. But in the following 
stages of production, quality control, acceptance testing and routine performance check
ing, objective tests become of primary importance . Validity, although always desirable, 
takes second place to speed of testing and repeatability of results. 

During the development stage of a new subset, several objective tests are used to trace 
the progress of the design . It is recommended that as many as possible of these should 
follow a standard technique so that production tests, using the same technique, can be 
linked directly with research tests. The OREM tests are not too illuminating for research 
purposes, but they are firmly established as production control tests and should, there
fore, be included in research programmes. Tests of frequency response made during pro
duction are usually conducted at high speed using the 4 71 2 Tracer screen and not the 
graphic 2307 Level Recorder; research tests should, therefore, check that response 
curves shown under OREM conditions (on the Tracer) match those obtained in the labora
tory on the 2307 Recorder. Return loss measurements are sometimes considered to be 
too slow for routine factory use, but given a suitable test jig containing the necessary 
transformers and connectors then the return loss trace can be switched to the Tracer 
screen and can be checked as rapidly as a normal frequency response chart. Distortion 
measurements present a small problem. Research workers tend to favour the measure
ment of separate harmonics of a signal whereas factory production tests favour the 
much faster total distortion method . The normal 3356 uses the 1 61 8 Band Pass Filter 
which measures the individual harmonics of a signal, but the 1618 can be replaced if it 
is so wished by a 21 20 Frequency Analyzer or a 2020 Heterodyne Slave Filter for the 
measurement of total harmonic distortion. 

The test programme would then be arranged in this manner. After a new set has been 
developed, or after an administration has chosen a prototype for production, the set con
cerned is put through a full range of objective tests made under strict conditions. The 
test conditions are chosen so as to make it possible for the tests to be repeated at any 
time with exactly the same technique and using the same test jigs and ancillary equip
ment. The principal OREM tests already have these conditions laid down in their test in
structions, but for other tests it is necessary for the testing authority to make careful and 
detailed notes of each step of the chosen procedure . For example, in using the Plug-In 
Units and Capsule Holders it is necessary to adjust the Holder in the same way every 
time (if it is not left undisturbed between tests), to use the same type of earcap in the 
Holder with the same type of seal (if one is used), the same circuitry in the Unit and the 
same artificial line . Section 7.3 discusses this further. 

The results from these tests on the chosen prototype can then be used as a standard by 
the manufacturers of production copies. Most manufacturers own the 3356 system and 
this means that they should be able to reproduce all test results on their own equip-
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ment, provided that the testing authority has taken care to make a complete description 
of the test technique . 

The next step is to repeat some tests in a manner adapted for the quality control checks 
of a factory . Frequently there will be no need to make any change in test procedure be
tween the careful prototype tests and the rapid factory test; for example, the OREM B 
test is designed as a rapid factory test and can be used without change . OREM A is a 
slower test designed for factory-sample testing and again can be used without change. 
Total distortion tests can replace harmonic-analysis tests, and frequency response meas
urements on the Tracer can replace similar measurements using the Recorder. In every 
case it is the responsibility of the administration (or telephone buying authority) to make 
sure that the proposed tests are practicable for factories, are understood by factory 
engineers, and are described clearly without ambiguity. The 3356 system itself is de
signed to reproduce test results with good repeatability but for this repeatability to be 
achieved, the test technique and the test jigs, etc . must be exactly identical with tech
niques and jigs used elsewhere or at a-different time . 

As an example , one can continue with the testing of telephone bells . In the previous sec
tion , it was shown how the choice of bell is made almost entirely by subjective tests, 
with one objective test (minimum ringing current) added. The problem now is to help 
manufacturers to make a million or so bells with characteristics the same as those of 
the prototype. First , it is assumed that the four subjectively-tested characteristics (Pene
trat ion , Quality, Urgency, and Location) can be described by an analysis of the frequency 
content of the bell signal and an accurate measurement of sound power. (If necessary, 

. the directivity of the radiated bell signal can be measured, but this is not normally an im
. portant factor unless the main component of the signal is likely to be in a direction sus
cept ible to gross muffling . For example, a downwards-directed signal would be greatly af
fected by a soft absorbent surface) . The function of the objective tests is now to make it 
possible to detect the smallest change in either of these properties. To do this means us
ing a test method which is invariable and which is proof against misuse, against poor en 
vironment, and perhaps careless technicians . The principle here is to aim hard at repeat
ability and not at validity. The chosen test need not be modelled on real-life situations 
since the original subjective tests took care of validity; the main ·concern now is to pro
duce the million copies of the prototype . 

A typical programme of general tests would include these: 

a) OREM A or OREM B, made at a number of line lengths ranging from zero line to 
1 500 loop ohms . Repeated for Transmitting, Receiving, and Sidetone. 

b) Frequency Response and sensitivity, over a range of line length, for Transmitting, Re
ce~ving , and Sidetone . 

c) Transmitter distortion: either harmonic analysis or total harmonic distortion (using 
an extra instrument) . 

d) Receiver distortion. 

e) Return loss, using a range of line lengths . 

f) Transmitter noise . 

g) Transmitter stability . 

h) Click amplitude in a receiver, measured acoustically . 

i) Bell sound power and harmonic analysis . 



The first four (OREM, response, distortion, return loss) can be used in rapid form in fac
tory testing . The full programme would be used to compare the same design of subset 
manufactured by different factories. 

The actual results of these objective tests on the prototype are not in themselves import
ant; what is important is that production copies should get the same results. For exam
ple, if a prototype telephone passes all its subjective tests with high marks and is chosen 
for production, objective tests may disclose a low OREM value compared with a rejected 
prototype from another manufacturer. This low OREM value is not important and cannot 
be used against the chosen prototype; if the loudness of the prototype was judged satis
factorily by subjective means, then that is enough for the OREM value to be discounted 
except as a target value to be aimed at in production. The same is true for most other ob
jective tests, although engineers might be justified in regarding doubtfully a peaky fre
quency response since this is often a sign of poor or unstable assembly of a transducer . 

From this, it will be seen that it is virtually impossible to quote figures for a "good" 
OREM value or even a "good" frequency response. The construction of the 3356 (in par
ticular, the characteristics of the Artificial Voice and the Couplers) makes it difficult to re
late figures from one design of handset to another different design. Modern designs of 
handset range from those with extremely thin transmitter caps (often masking an acous
tic duct leading to a transmitter placed in the body of the handset), to those with square 
bulky flat caps. The difference in acoustic characteristics is large and it is not at all cer
tain that the present designs of artificial mouths react to these transmitter caps in the 
same way as a human voice does. This large variation in acoustical conditions is thought 
to be one reason why the OREM A correction factors described in 7.4 are only partially 
successful since they cannot include the effect of such variations . The same reasoning 
applies to measurements of frequency response where the couplers at present in use do 
not represent the pressures present in a human ear-telephone receiver combination. 
Therefore, once a prototype telephone has passed its subjective tests, its objective test 
results should be regarded only as production guides . 

7.2.4. Describing a New Telephone 

Technical descriptions of new telephones pose difficulties for the manufacturer and the 
administrations. An administration or other buying authority may receive descriptions of 
a large number of telephones but may find it difficult to compare them since there may 
be a lack of common testing methods or even a lack of information about how a particu
lar test was made. For example, most description leaflets include the frequency re
sponse of the telephone concerned, but very few say which coupler was used or what 
the acoustical or electrical driving levels were. Since a frequency response chart is a 
measure of the combined response of (for example) the telephone receiver, the coupler 
and the microphone it follows that an unidentified test has no value. The same applies 
to measurements of distortion and sensitivity. Even in cases where full information is 
given, the units used may not be in common use and may be confusing. 

To overcome this difficulty, it is suggested that the OREM conditions can be used not 
only for the OREM tests themselves, but also for general tests of frequency response, 
distortion, and return loss. Each OREM test uses well-defined acoustical and electrical le
vels, each has its stated coupler; the transmitter conditioning is standardized, and if simi
lar conditions are used, then all the tests can be interpreted together as a group and not 
put together piecemeal from tests made under conditions which could differ widely. For 
example, a distortion test should use driving levels which approximate to those in use in 
real-life telephone conversations. This condition is met by the transmitting OREM tests. 
(OREM receiving tests use driving levels somewhat higher than those encountered in 
real-life conditions). 
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Most administrations and factories now use 3350, 3352, 3354 or 3356 equipment, 
and it is, therefore, a simple matter to use and quote these OREM conditions. 

In the preparation of such literature using OREM results, manufacturers and administra
tions should remember the poor correlation between OREM A and B and NOSFER-der
ived Reference Equivalents; a telephone giving a high OREM figure is not necessarily 
louder in speech transmission than another giving a lower figure . To guard against this 
kind of misinterpretation, most groups prefer to issue leaflets giving test results in 
groups, where each group contains results from a number of different types of test. For 
example, it has long been a requirement of several leading administrations that OREM 
values are useless unless accompanied by a frequency response chart (or by a certifica
tion that such a chart has been prepared and has shown no deficiencies). This double
testing can be extended to include results from all the tests listed earlier. A leaflet quot
ing such a battery of tests is much more informative and useful than one which quotes a 
single test figure. Naturally, results from subjective tests should be included; it is unfor
tunate that some of the most useful subjective tests are those which compare two tele
phones yet it is obviously impossible for a manufacturer to publish test results which di
rectly involve the products of a rival. For this reason, the only subjective tests which ap
pear in leaflets are the NOSFER-derived Reference Equivalent values plus an occasional 
result from an Articulation Reference Equivalent test. 

OREM results can be used with some confidence to describe the regulatory action of re
gulated subsets. Correlation with NOSFER is known to change slightly with line length 
so that the OREM curve (OREM versus line current) may not correspond to a Reference 
Equivalent versus line current curve. However, the correlation of Reference Equivalents 
with telephones used on real lines is unsure, and so too much cannot be read into dis
agreements between NOSFER and OREM results. The OREM results can then be inter
preted as a useful guide to the true regulatory action of the circuit, and as such they are 
well worth quoting in a descriptive leaflet. 

7.3. METHODS OF REDUCING DIFFERENCES BETWEEN MEASUREMENTS 
MADE AT DIFFERENT LOCATIONS 

This section lists action which can be taken to reduce differences in measurements be
tween different locations. These locations can be grouped in one country or scattered 
throughout the world. 

7.3.1. Calibration of the 3356 
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Calibration of the main 3356 system should be performed approximately every six 
months. Calibrations can be repeated if an especially important test is being made. Cali
bration time varies from two minutes for an experienced operator to five minutes for a 
novice. The sweep limits should also be checked during the six-monthly calibration. 

The 4230 Calibrator can vary by ± 0,35 dB at high temperatures such as those common 
in tropical zones or in -overheated laboratories. If the measuring groups are in the same 
geographical area, try to collect all the 4230 s together at intervals and check them 
against each other. Do not attempt to adjust any one of them, but merely note the differ
ence and use this difference to apply corrections during the calibration of the related 
3356 system. This comparison check should be done by a competent central authority 
and notes of the results should be kept. Note that the 4230 itself is affected very little 
by ambient air pressure. If it is used in high locations (for example, in the systems in Bo
gota and Mexico OF), there is no need to apply corrections to the 4230 but is is possible 
that any telephone measured there may itself behave differently from when it is mea
sured at sea level - this is worth remembering if "stable" subsets are used in calibra
tion comparisons. 



During calibration of the Voice output, the meter needle on the 4904 swings over a 
range of about 1 dB (OREM 8) . Most authorities choose the left edge of the swing as the 
reading point. In OREM A, the damping used is "Slow" and meter needle swing is re
duced to about 0, 5 dB; in this case, the centre of the swing is used. Make sure that the 
technicians in the measuring groups are absolutely clear about which edge of the swing 
to use. 

During calibration of the Recorder, it is possible that system noise may be high enough 
to affect pen positioning if too low a position on the paper is used. Make sure that techni
cians in the groups use a standard position for setting up the 94 dB or 285 mV calibra
tion mark. 

Acoustical reflections can affect calibration of the Voice. Use the precautions stated ear
lier in this book to guard against this trouble. 

The internal reference voltage has already been mentioned as a primary calibration 
source, and it is possible that a drift in this voltage may first be noticed when the af
fected system gives results consistently different from other systems. If two systems are 
brought together in the same laboratory, then it is possible to use them to match each 
other's calibration settings. This sort of cross-calibration is an extremely sensitive way of 
detecting small differences between systems. Any administration with a really keen inter
est in removing small differences between systems should consider arranging a regular 
double-calibrating test between the administration's 3356 and those of its dependent 
groups. 

7.3.2. Equipment Settings and Ancillary Devices 

It is often not appreciated that differences between system results can be caused simply 
by a difference in the ancillary equipment used in the measurement. The following 
checks should be made by some competent central authority if differences in routine test 
results appear . 

On the Capsule Holders, check that the back cavities are identical in the Holders used in 
different measuring groups. The back cavity is the space between the transducer and the 
black plate holding the spring terminals, and a change in this cavity can affect transdu
cers which have acoustic leaks in their rear walls. 

On the Capsule Holders, check that the tension of the spring terminals is identical be
tween groups. Measured with a typical transducer in position. Identical tension is 
achieved by first putting the stems of the terminals at equal distances from the back 
plates and then adjusting the small screws in the base of each stem until equal tensions 
are achieved with a Capsule inserted. 

In the Receiver Capsule Holder, check that any receiver seal (usually a soft plastic ring) 
is identical throughout the measuring groups . 

In receiving measurements, it is useful for the central authority to collect all the Cou
plers used by dependent groups and to test them with a selection of receivers. Although 
every care is taken to manufacture identical Couplers, some may receive service damage 
and may then contain a smaller cavity or possess a small acoustic leak. The NBS 9 A 
Coupler is particularly liable to sustain damage leading to a leak from the sharp edge. 
The IEC Audiometric Coupler is difficult to manufacture and for that reason, each IEC Au
diometric Coupler UA 0318 manufactured by Bruel & Kjcer is individually calibrated. The 
chart is supplied with the Coupler in the UA 061 7 box; keep this chart and use it to cal
culate possible differences between two IEC Audiometric Couplers. Again, a central au
thority could make such a check. Both the Braun and IEC Audiometric Couplers are Ii-

135 



136 

able to be affected by dirt; use a stable receiver to check that the response of the Cou
plers is unchanged over a period of time. 

The Voice 421 9 is remarkably stable and should not contribute to any shift between sys
tems provided calibration is done correctly in the absence of reflections. Some engineers 
have thought that Voice output is affected by reversing the polarity of the signal plugs, 
but this has never been demonstrated convincingly. If such a reversal causes any 
change, examine the earth connections of the Generator signal path for a resistive sec
tion. 

The Plug-In Units are prepared by the users of the system , not by Brue! & Kjrer. It is 
strongly advisable for the central authority to check all Plug-Ins used by its dependent 
groups. Some authorities have the excellent idea of having all Plug-Ins prepared by a 
common laboratory to ensure that components, wiring, etc., are completely identical and 
can be shown to be so by tests . It is possible to build sections of line into the Plug-Ins to 
further reduce equipment differences. As an extension of this practice, it is possible for 
a manufacturer w ith several distant groups to make and despatch Plug-Ins to them to
gether with a test spec . For example, an administration buying telephones from a distant 
manufacturer can ask for such a Plug-In to be included so that no systematic differences 
can arise in test equipment. Spare Plug-In boxes can be supplied by Bruel & Kjrer (Part 
No. ZD 0001). 

Polarity of the DC supply should be standardised, both on Plug-In units and on other test 
pieces. 

On the Test Head , the locating disc for the telephone earcap should be made as snug as 
possible to reduce the change of mislocation of the handset. Some authorities prefer to 
increase the thickness of the disc to two to five times that of the one supplied with the 
3356. (A thin disc is supplied because some of the world's handsets will not fit around 
a thicker disc; however, most telephones would certainly benefit from a much thicker 
disc) . Likewise , the thin supporting fingers can be replaced with fixed arms which are 
then less likely to move during long test sessions . 

A source of difference in meter reading lies in the use of the 1 0 dB transmitting/receiv
ing attenuators to shift the meter needle to a more readable portion of the scale. The 
rule is to keep the needle always between + 10 and -4 dB on the dB scale. Meter mark
ings outside these ranges are deliberately left sparse to discourage use of these por
tions . It is a useful practice to ask operators to note down in results the settings of the 
transmitting / receiving attenuators so that lack of attention to this rule can be spotted. In 
a few exceptional telephones, mostly those for specially arduous applications requiring 
all-metal construction , the response of a transducer may be so peaky that a meter read
ing of + 10 dB is accompanied by flashing of the overload indicator . In this case, add 
10 dB to the receiving attenuation , note it on the results, and interpolate the actual nee
dle reading . It is in a case like this that it becomes absolutely necessary to chart the fre
quency response of the transducer and to accompany the OREM readings with the chart 
so that other operators can understand that conditions were exceptional. 

Operators occasionally claim that the RECEIVING ATTENUATOR produces differences 
slightly smaller or greater than the dB values marked on the control, i.e ., a reading of 
+ 9 dB is shifted to -0,5 dB and not -1 dB when a 10 dB increase in gain is applied via 
the RECEIVING ATTENUATOR. In every case investigated, the control has proved accu
rate; the difference has arisen because the meter needle has a different mechanical aver
aging motion between the upper portion of the scale, where a 1 dB peak-to-peak swing 
covers about 1 0 mm of scale, and the lower portion, where the same peak-to-peak 
swing covers only about 3 mm . The difference is worst on peaky signals, and is a further 
reason for standardising the use of the attenuators and also accompanying all OREM 
readings with an indication of frequency response . 



Artificial line is used in most telephone measurements. It so happens that in practice, 
there is no agreement as to what constitutes an acceptable artificial line. Operators in 
different locations use different types of artificial line. Even in any one country, several 
types of artificial line are used; some have been supplied to local factories from their for
eign-based head office; others have been bought from various suppliers, and some have 
been constructed locally. It is, unfortunately, very rare to find that any attempt has been 
made to recognise that there can be differences in artificial line characteristics and only 
too frequently, operators use these different lines and blame the consequent differences 
in reading on the 3356 systems. The situation has arisen partly because there are no in
ternationally-accepted standards for artificial lines which manufacturers can follow, and 
partly because artificial line design has been changing recently to keep pace with the pro
gressive move towards narrow gauges and non-cupric materials in real line construc
tion . Artificial lines can be measured in detail on the 3356. It is strongly suggested that 
central measuring authorities should make a point of checking the artificial lines used in 
their dependent groups, and if necessary, they should re-equip with standard line . Manu
facturers offering prototype subsets for evaluation by administrations should accompany 
their own results with a description of the line used . Groups using the Plug-In Units can 
avoid line differences by building the line into the Plug-In Unit; if several different line 
lengths are called for in tests, then these can be selected by means of a switch mounted 
on the front panel of the Plug-In Unit. 

In some countries, variations in mains voltage are large enough (greater than 10% of 
the value set on the rear panel of the units in the system) to upset calibration accuracy 
of the 3356 system . If the normal six-monthly calibration is made during a period of 
high mains voltage in these countries, it becomes likely that in the following six months, 
the mains will fall below the permitted level during at least some of the measurements. 
If this is thought to be happening, then the use of a stabilising device is strongly recom
mended . The device should produce an output having a good waveform; saturated-core 
reactor types often produce a distorted output containing high harmonics of the mains 
frequency which may break through into system measuring circuits. If this breakthrough 
is suspected, or if mains noise is upsetting certain measurements, then it is possible for 
Bruel & Kjrer to supply individual mains filter units for each instrument in the system. 
As a guide to operators, it can be pointed out that mains noise rarely interferes with nor
mal measurements made on the 3356; however, in measurements involving very low le
vel signals (such as detection of the null point in return loss tests), the noise can enter 
the system via the 4906 Power Supply and pass through the feed circuits into the tele
phone line. (The entire DC feed supply including the feed circuits is not joined to earth, 
and this unearthed state continues when telephones and lines are added to the 4904 
front panel connections). 

7.3.3. Test Methods and Operating Techniques 

The two most common OREM tests, A and B, have their methods fully standardized. The 
important point about such standardization is that it greatly improves repeatability of re
sults; it does not mean that that particular test is regarded as the best method available 
for measuring some quantity. Improvements to OREM A and OREM B are always possi
ble and indeed desirable, but if they are made irresponsibly then the strong point of the 
test, repeatability, is lost. This argument is not always appreciated by engineers who 
sometimes feel that the detail of the A and B tests is not justified in the light of what is 
known about advanced measuring techniques. If they feel strongly enough about this, 
then there is nothing to stop them from re-designing the test and issuing it in revised 
form; but they must then use a different label for the test, OREM X or something like 
that. Each OREM label defines one particular test; for the label to be justified, the details 
of the test must correspond exactly with the technique described under that test label. 
This point is made strongly since it is known that some operators are "refining" the 
OREM A test, but are still using the OREM A label; the difficulty here is that other opera-

137 



138 

tors using the true OREM A method cannot repeat the reported results and spend a 
great deal of time searching in their own lab for what they feel is a mistake on their own 
part. Therefore, it must be impressed on technicians that the OREM A and OREM B tech
niques must be followed in every detail , particularly as regards transmitter conditioning 
and meter-reading technique. 

Conditioning motions for the A and B tests are described elsewhere, (sections 5.1 .3 and 
5.2 .3). The most common fault is for operators to add to these motions by tapping or 
shaking the transmitter - particularly if the OREM reading is lower than what the opera 
tor would like to see. An experienced engineer reading through results of such a test 
can often spot added tapping motion by looking at the three OREM A readings, and not
ing if the decline in sensitivity from 1 to 3 is more rapid than expected. A rapid decline 
suggests conditioning by tapping since it is known (and can be shown by tests like that 
in section 5 . 7) that tapping leads to high initial output from a carbon transmitter fol
lowed by a sharp irregular decline. Obviously, the operator is attempting to push his 
transmitter past a tight specification by gathering an extra dB or so by vigorous tapping. 
If the telephone is then accepted by the administration, their own tests - presumably 
properly performed - will not show this extra dB and at once, an argument breaks out 
between the two groups as to which is wrong . If the groups are far apart, then testing in 
each other's presence is not practicable . The answer lies in vigorous work by the admin
istration to ensure that the specified OREM test method is being rigidly adhered to in 
every detail . An examination of the three OREM readings (made after ten, twenty, and 
thirty second delays) can often indicate if conditioning is being modified. 

This problem is mixed with that of reporting of results. Some operators make the three 
readings referred to, but carry the answers in their heads, writing down only the aver
age of the three. This is difficult and is obviously open to abuse. Others write the three 
readings on scrap and transfer an accurately-computed average to the score sheet. This 
is better , but it effectively hides evidence of transmitter packing. What is recommended 
is to write down every reading during a test and compute averages afterwards, publish
ing both the three readings and their average. Alternatively, the OREM A chart can be 
used , and the three readings spotted in, with a mean line drawn through them after the 
test. This latter method is open to the usual error which occurs when an operator has to 
make a mental transfer from a meter reading in numbers to a point plot on a chart. It is 
especially great if the meter reading is in the negative portion of the scale; operators can 
easily mis-interpolate readings falling between two negatively-marked points . 

With OREM B, no charts are used and the table suggested for use includes columns 
clearly marked for each of the three readings, plus columns for microphone current and 
microphone voltage. All columns should be filled. 

A second occasjon of error arises in shortening the recommended delays between end of 
conditioning and the reading of the meter. The A delay ( 10, 20, 30 second) is particu
larly open to abuse since it is just long enough to give operators time to wonder why it 
is so long. The answer is given in earlier sections (time for "Slow" damping to settle, 
time for carbon output to settle on the smoothly-sloping portion of the output/time curve 
obtained by the test described in section · 5. 7) . If operators understand clearly the reason 
for the delay and the advantages it brings (improvement in repeatability), then there is 
less chance that they will fail to observe it. Cutting short the delay can again be detected 
in the results by comparing the three readings from a suspect test with those from a 
properly-performed test and noting any difference in output/time behaviour. Incidentally, 
although some operators estimate the delay by counting the number of sweeps occur
ring between end-of-conditioning and meter reading, it is much better to use a large
faced clock with a clear seconds hand. At least one operator is getting excellent service 
from such a clock from which the hour and minute hands have been removed leaving 
only the seconds hand to rotate over a plain scale marked at 5-second intervals. 



This question of delay can apply in a wider sense to the conduct of the whole test. Car
bon transmitters change their state from moment to moment (hence, the need for three 
readings for the OREM tests), and over a period of an hour or so, accumulated change 
may grow to an appreciable amount. If an OREM test is interrupted, and the transmitter 
then lies around for such a period before the test is resumed, results taken after the gap 
may show a distinct step in value compared with results taken before the gap. Since the 
usual OREM test consists of t_esting a telephone over a range of conditions (usually differ
ing line lengths), this step could easily disrupt interpretation of the effect of these 
changes in conditions. It is, therefore, always advisable to arrange test programmes so 
that blocks of tests can be completed without interruption. In detail, this also means that 
before any OREM test is begun, the technician concerned should be sure that all test 
conditions are known, all equipment is ready (including artificial line, return loss transfor
mers, etc.), and all documentation is available and placed conveniently for him to use. 
This may seem a small point, but often an OREM test is begun, the first readings are 
made on the first chosen line length, and then there is a long pause while the techni
cian goes off. to find a suitable report sheet. The remaining line lengths are then dealt 
with rapidly, and the supervisor, not knowing of the time gap, is left to wonder why the 
first result stands apart from the rest. This irregularity in testing also affects the plotting 
of frequency response curves . With these, it can sometimes become impossible to detect 
changes in the curve caused by changes in line length since an opposing change may oc
cur in the transmitter itself which completely swamps the lesser change which one is try
ing to measure. Time gaps contribute to this difficulty. To a large extent, this difficulty 
can be overcome by the use of noise-blast conditioning. This puts the carbon transmitter 
into a permanently-conditioned state, in which quite small differences in test conditions 
can be detected enabling line length changes of down to 100 loop ohms in 1 500 loop 
ohms to be measured and plotted on a frequency response curve. What is more impor
tant for widely-seperated laboratories is that it often enables extremely good repeatability 
to be obtained on carbon microphone measurements made at different times or different 
places. 

7.3.4. Stable Subsets 

Although the basic calibration procedure of the 3356 system is complete and constitutes 
a thorough check of the working functions of the system, some operators feel happier if 
they can apply a real telephone to the system and check that it produces a measurement 
which remains the same for repetitions of the test made over long periods. Obviously, 
such a measurement depends as much on the stability of the telephone, the test tech
nique, and the technician making the test, as it _does on the stability of the 3356 sys
tem . It has the advantage though that this test telephone can be sent to other laborato
ries and can act as a difference-detector. All these tests assume that the telephone itself 
varies very little. This condition becomes difficult to prove when .the telephone variation 
gets down to the same level as 3356 variation, Qut the basic idea of having a stable tele
phone is so good that measuring groups are recommended to equip themselves with 
several. "Several" rather than one since a group of stable sets is to some extent self
checking. Such sets can suffer damage in travelling between laboratories, therefore 
other sets must always be kept safe to act as checks. 

The construction of a stable subset presents several problems. Stability is easily lost if 
various points are not followed . The following suggests some of these: 

a) The transducers are of vital importance. Use a non-carbon microphone. Modern Ger
man dynamic microphones and receivers have excellent stability and are strongly 
recommended . They are available from the usual German suppliers together with 
the transistorised amplifiers necessary for their use. 
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b) Handset design is critical. The German handset designed for the transducers recom
mended above is itself mechanically stable and the acoustic characteristics of the 
transmitter cap are such that transmitter output is not affected much by small 
changes in sound source position. If other handsets are used, they should be 
checked to see if they bend easily - not only because the Test Head Clamp may dis
tort them, but also because they may suffer permanent sets during travel. Security 
of caps is important; some caps can appear to be screwed down even when they are 
not properly clamping the transducer. Alignment of the transducer inside the cap is 
sometimes critical (not with the German sets). Contact between the transducer and 
the signal cables is best made by crimped, screwed, or soldered joints; ordinary 
spring contacts can cause trouble. In many laboratories, engineers have a lively curi
osity about strange telephones which they satisfy by dismantling any which come 
their way. Since this can damage a stable set, it is strongly recommended that the 
handset caps are permanently fixed in place in a manner which makes it obvious 
that they are fixed, so that compulsive twiddlers will realize that the caps ~re not 
meant to be removed. 

c) The subset portion should use stable components; normal telephone components 
may not be suitable . 

d) The bell is not needed and should be removed. If it is left in place, it adds to the 
weight and bulk of the set and can also cause trouble if it tinkles during transport. 
Some operators feel that the bell coil should be left in circuit since in many designs 
this coil loads the signal circuit. However, the point of a stable subset is repeatabil
ity, not validity with respect to a particular circuit, and so the bell coil is best re
moved. 

e) The gravity switch is not needed. It can be replaced by wiring the set permanently in 
the "handset removed" mode. Removing this switch reduces bulk and, of more im
portance, removes variable-resistance contacts in the signal path. 

f) The normal subset case need not be used. It is difficult to pack for transport to other 
laboratories, and it also arouses suspicions amongst Customs officers who may not 
appreciate why a single telephone is being sent or carried to their country. Instead, 
an ordinary small instrument box can be used, fitted with permanent cables to the 
handset and good low-resistance connections to the feed bridge and signal lines. All 
connections must be clearly marked, and the polarity of the DC supply must be 
shown. 

g) It is possible to include a feed bridge in the subset circuit. This improves repeatabil
ity, but it does not then include the 3356 system feed bridge in its test. The best 
method is to provide a feed bridge in the same box as the subset circuit but to add 
arrangements for bypassing it. (To use the subset feed bridge, attach the power 
cables to POWER SUPPLY on the front panel of the 4904 ORE Meter; to use the in
ternal feed bridge in the 4904 ORE Meter, attach the subset lines to pins 2 on the 
front panel of the 4904. Both sets of pins accept 4 mm plugs). 

h) The stable set should carry full identification plus full information about internal cir
cuitry, power requirements, etc. 

i) Associated with each stable set, there should be a book in which all test results are 
recorded. 

j) When used with the 3356 system, the handset does not need a lipring. However, 
for subjective testing, liprings are necessary, and there should be provision for fit
ting one. The CCIT Laboratories should be consulted for advice on lipring dimensions 



and fitting arrangements. Although the present world standard for modal gauges is 
based on the REF position, it seems likely that the AEN position may soon replace it. 
Operators are , therefore, advised to make two liprings, one for each mode. 

k) It may be advisable for the originator of the stable subset to supply with it a locating 
disc which fits on the Test Head to hold the handset in place (described in section 
2.3.2). Since this ring is almost certain to be lost, several should be made and each 
should be labelled with the name of the stable set to which it is applicable. 

When the stable subset has been built, it should be put through a programme for test
ing. This has two purposes. First, it defines the initial performance of the subset. Sec
ond, it can be used to train technicians in the art of accurate measurement. This second 
use is often not recognised yet it is quite important. It is unlikely that technicians will be 
able to achieve the sort of accuracy looked for in stable set testing at their first attempt. 
Therefore, supervisors should consider allowing the first few results to be regarded 
purely as a training exercise and not for use as recorded stable subset performance fi
gures . 

During this initial testing period, operators may find it necessary to modify the circuitry 
or fittings on the stable subset to make the tests easier to handle. 

In some stable subset tests, such as in the recording of a frequency response, the 
method of use of the 3356 may have an influence on the result. Knob settings for such 
things as WRITING SPEED, LOWER LIMITING FREQUENCY, PAPER SPEED, RECTIFIER 
RESPONSE, COMPRESSOR SPEED, etc ., should be noted on the test form. Note that the 
normal OREM conditions are not suitable for transmitting tests below 1 80 Hz because of 
the limits placed on the Voice output. 

Some operators have reported that their stable subsets seem to change slightly after air 
travel (this is, of course, referring to stable sets using non-carbon transmitters) . No rea
son for this has been suggested apart from the effects of vibration and general rough 
handling during an air flight. It is possible that a rapid lowering of air pressure such as 
occurs in the baggage compartments of some aircraft might blow out a diaphragm; the di
aphragm would recover slowly only to be blown in again during the aircraft's descent, re
turning more or less to its normal position before it reaches the measuring laboratory. A 
frequency response test might disclose evidence of damage from this cause whereas a 
straight OREM test would merely show that readings had changed slightly. If the tele
phone is likely to face damage from rapid air pressure changes, then it should be packed 
in a container having a slow leak - not completely airtight; an airtight container packed 
in Mexico City or Bogota would implode the diaphragms if it were opened in some other 
place at sea level. A slow leak allows the jar air pressure, and the air pressures around 
the diaphragms, to equalise slowly with the surrounding environmental pressure. 

Operators using the 3356 with stable subsets should expect repeatabilities of the follow
ing orders: 

a) One stable subset measured on one 3356 repeatedly, using OREM A; peak differ
ence between readings 0,4 dB over the lifetime of the 3356. 

b) As above, using OREM B to measure stable capsules plus stable Plug-In Units; 
0,35 dB peak difference. 

c) One stable subset measured on a number of 3356 systems using OREM A; peak dif
ference between any two systems 0, 7 dB over the lifetime of the systems. 

d) As (c), using OREM B; peak difference 0,6 dB. 
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The above are peak differences; in practice, results should be fractionally better. If differ
ences fall outside the above limits, operators should conduct a vigorous investigation of 
test methods, techniques, and stability of ancillary equipment. 

7.4. CORRELATION BETWEEN OREM RESULTS AND THOSE FROM NOSFER
DERIVED REFERENCE EQUIVALENT TESTS 
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. 
To appreciate the link between the 3356 system and NOSFER, it is necessary to glance 
at the historical origins of each. SFERT was the system standardised by the CCITT for 
use in the subjective determination of Reference Equivalents. The system itself and its 
method of use are described in the Red Book. By international agreement, the various ad
ministrations used SFERT-determined Reference Equivalents in network planning and in 
the evaluation of new telephone instruments. 

This latter use particularly interested the German administration in the early 1930's. As 
with all administrations, they faced the problem of designing a telephone set which 
could handle signals when it was used on both long and short lines. Their decision was 
to use a common subset circuit, unregulated, and to grade all transducers by loudness, 
the loud ones being used on long line telephones and the quiet ones being used on 
short line sets. Obviously, it would not be practicable to grade the entire output of trans
ducers by subjective tests since these were too slow and lacked the high repeatability 
needed for sensitive grading. Therefore, an objective measuring system was called for. 
Dr. Karl Braun of the Deutsche Bundespost, in a series of papers, put down the princi
ples on which such a system could operate, taking SFERT as his guide in matters related 
to standard sound pressures and voltages. His early design work led to the commercial 
production of the OBDM system by the firm of Siemens. 

Test showed that good correlation existed between SFERT Reference Equivalents and 
the OBDM measurements using the early OREM B technique, for the standard German 
telephone. Correlation using other countries' telephones was not investigated because it 
was not necessary. 

After the OBDM had been in use for some years throughout Germany, the original 
SFERT apparatus installed in the CCITT Laboratories in Geneva became too old for reli
able use and was replaced by NOS FER. The intention was that NOS FER would operate 
to exactly the same standards as SFERT, but with modern equipment. Shortly after this 
changeover, the firm of Siemens, producers of the OBDM, arranged with Bruel & Kjrer 
for the OBDM to be replaced with a B & K design . The intention here was that the B & K 
design, the 3350, would be an exact copy of the OBDM but again using modern equip
ment and adding other measuring possibilities. The SFERT-OBDM pair had now become 
the NOSFER-3350 pair. 

NOSFER is still in use, but the 3350 has given way to the 3352/ 54/ 56. In designing 
the 3352/ 54/ 56, an important target was that a further attempt .would be made to get 
exact equality between it and the original OBDM, many copies of which were still in ac
tive use. (The 3350 had not achieved exact equality; differences were never fully de
fined but were thought to be large enough to warrant a fresh look at the problem). The 
3352 / 54 / 56 also added refinements to other standard circuits and added a whole new 
set of circuits aimed at satisfying predicted American requirements. As far as equipment 
development is concerned, that is the stage reached at present. 

During the lifetime of the 3350, the original OREM B method of use was supplemented 
by the addition of the OREM A (UK) technique aimed at the measurement of complete 
telephone sets rather than individual transducers. Since the 3350 had spread around 
the world in large numbers, this test attracted the attention of many users who saw in it 



a measurement which might be comparable to NOSFER Reference Equipments in the 
same way that the OBDM OREM B test was linked with SFERT. The fact that the OBDM 
was tested against SFERT using only one type of telephone seems to have been missed, 
and many engineers were, unfortunately, rather too quick to consider the 3350 OREM 
A as the answer to their cry for a fast objective method for obtaining reference equiva
lent values. The whole matter of correlation between 3350 OREM A and NOSFER was 
investigated in detail by ·the ITT research group at Standard Telecommunication Laborato
ries, Harlow, England. Three reports were issued by W.D. Craft and G .J. Barnes, in 
which reasons were advanced to explain the gap between OREM A results and SETED 
Reference Equivalents; correction factors were suggested; and measurements were 
made on a wide range of telephones to test these correction factors. (SETED is an 
ARAEN-derived working standard having a known relation with NOSFER). Results show 
that the correction factors (which are different for each type of telephone) work well for 
many telephones but fail for some types, notably those in which the transmitter cap is 
placed very close to the lipring. It seems likely that the four elements making up each 
correction factor may not be a sufficient explanation of the NOSFER-3350 gap. 

a) Bandwidth differences between NOSFER and the 3350/3352/3354/3356 

NOSFER has a working bandwidth of 80 to 8000 Hz. The 3356 used in the OREM A 
mode has a sweep range of 200 to 4000 Hz and therefore generates no energy in the 
outer bands 80 to 200 Hz and 4000 to 8000 Hz. The lost energy in these bands repre
sents a loudness difference of about 3,5 dB relative to a system having exactly the same 
bandwidth as NOSFER. This means that the 3356-0REM A system would show a Refer
ence Equivalent of + 3,5 dB calculated on bandwidth alone and neglecting the other fac
tors (which follow). 

b) Calibration difference between SFERT and NOSFER 

When the old SFERT system was replaced by NOSFER, it was intended that the same 
transducing constants would be used. Thus, a standard talker producing a certain talking 
pressure (measured on SFERT as 94,6 dB SPL) would generate a certain voltage in the 
SFERT system (285 mV). Conversely, a voltage of 285 mV in the SFERT system would 
give rise to a standard pressure at the ear of a listener. 

In SFERT, these sound pressures were measured with a thermophone. In NOSFER, they 
are measured with microphones which themselves are calibrated with a reciprocity 
method. Some time after NOSFER was established, it was suspected that the two pres
sures used in SFERT and NOSFER were not in fact the same; it appeared that a shift of 
about 3 dB had crept in. This belief hardened with the publication in the Craft reports of 
figures referring to two extremely accurate calibrations of two identical SETED systems, 
one using SFERT, the other using NOSFER. The 3 dB difference was shown clearly. It im
plies that NOSFER-derived Reference Equivalents for transmitting and receiving (not side
tone) are shifted by about 3 dB compared with SFERT-derived values. The shifts are such 
that a telephone measured on both systems would obtain a value with NOSFER about 
3 dB quieter than that obtained using SFERT on transmitting, and 3 dB louder on receiv
ing. With regard to OREM A correlation, it meansthat the SFERT-based 3350-0REM A 
will now become 3 dB quieter when compared with NOSFER (transmitting) and 3 dB
louder (receiving). This factor is constant for all OREM A transmitting and receiving 
measurements. 

c) Bandwidth differences between 3350-0REM A and a telephone 

In (a) above, it was stated that the OREM A sweep used no energy outside the 200 to 
4000 Hz band. If now a telephone is measured having energy outside this band, the 
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OREM A sweep will not include it. This missing energy would, however, be collected by 
the wideband NOSFER system, and so a further difference would appear between NOS
FER and OREM A-derived measurement. The amount of energy involved depends on the 
extent to which the telephone passband overlaps the OREM A sweep range 200 to 
4000 Hz, so this factor is not constant but depends on the frequency response of the in
dividual telephone being measured. 

d) Distance between the telephone transmitter cap and the lipring of the B & K Artifi-
cial Mouth Type 4216 (old model) 

This correction applies only to the use of the 4216. This model has been replaced by 
Type 4219 for which no correction is needed . The factor remains at zero for OREM A 
measurements made on the 3356 . 

Thus, four factors are involved (the fourth disappearing with the use of an improved arti
ficial mouth) . Of the first three, the numerical values of corrections add in this manner: 

To an OREM A Transmitting reading, add+ 3,5 dB 

add+ 3,0 dB 

add x dB 

total 

(bandwidth 
NOSFER-3350) 
(calibration error 
NOSFER-SFERT) 
(bandwidth 
telephone-3350) 

+ 6,5 + x dB 

x is determined from a study of the bandwidth overlap between the telephone and the 
OREM A range 200 - 4000 Hz. 

To an OREM A Receiving reading, add+ 3,5 dB 

add -3,0dB 

add y dB 

total 

(bandwidth 
NOSFER-3350) 
(calibration error 
NOSFER-SFERT) 
(bandwidth 
telephone-3350) 

+0,5+ydB 

An important convention requires that these corrected figures are known as Corrected 
OREM A. Although the corrections are meant to improve correlation with NOSFER-de
rived figures, under no circumstances can Corrected OREM A figures be labelled with 
the NOSFER name. Operators will appreciate at once that there is a fundamental differ
ence between true NOSFER Reference Equivalent measurements and any other made ob
jectively, no matter how close numerically those other results might be to NOSFER fi
gures. Administrations and manufacturers have agreed that this fundamental distinction 
must be preserved, and the way to help this preservation is always to be careful to differ
entiate between Reference Equivalent measurements (subjective, using NOSFER), and 
Corrected OREM A (objective, using the 3350 - 3356 in the OREM A mode with the 
stated correction factors applied to meter readings). 

It is worth noting that of the three factors discussed above, none represents any short
coming in the 3350, 3352, 3354 or 3356 equipment. The fourth factor exposed a 
weakness in the old 421 6 Artificial Mouth, but this has been corrected in the 4219 de
sign used in the 3352/ 54/ 56. 



Also worth noting is the gap between a NOSFER wideband system and a real telephone. 
Typically, a multiplexed signal path such as those in constant use over long-distance cir
cuits has a bandwidth of 300 to 3400 Hz. This bandwidth restriction represents some
thing like a 4 dB loss as measured on NOSFER . Consider now two telephones, each with 
a flat frequency response and exactly equal sensitivities at 1 000 Hz; telephone A has a 
response flat between 80 to 8000 Hz and B has a response flat between 300 to 
3400 Hz. NOSFER would show B to have a Reference Equivalent about 4 dB lower than 
A, yet on a real telephone link, both sets would have the same apparent loudness. 
Worse still, if one telephone were measured on SFERT, and the other on NOSFER, then 
the gap in Reference Equivalents can rise to 6 or 7 dB, again with equal real-line speech 
performance . This problem underlines the difficulties line planning engineers face when 
using Reference Equivalents in estimating signal power in lines. 
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8. SERVICE AND REPAIR 

The 3356 and 3357 are designed and constructed to provide the user with many years 
of safe, trouble free operation. However, should a fault occur which impairs its correct 
function then it should be immediately disconnected at the mains source and be secured 
against unintended operation. For repair consult the separate Service Instruction Manual 
available for the 3356 or contact your local B & K service representative. Under no cir
cumstances should repair be attempted by persons not qualified in the service of elec
tronic instrumentation. 
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