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1. INTRODUCTION 

Fig. 1.1 The Electroacoustic Telephone Measuring System Type 3354 

The Electroacoustic Telephone Transmission Measuring System Type 3354 
is a combination of instruments designed to perform most of the common 
acoustical tests needed to assess the performance of a telephone. It is self 
-contained and no extra parts are needed to measure the sensitivity, frequency 
response, distortion, and objective reference equivalent of telephones in the 
transmitting, receiving, and sidetone modes. Carbon transmitters can be 
studied in detail; whilst measurements of battery supply loss, balance return 
loss, effects of line gauge, and line length, the results of changes in feed 
bridge conditions, etc., c;an be made with the addition of small items of 
equipment normally available in most telephone laboratories. 



Fig. 1.2 The Electroacoustic Telephone Measuring System Type 3355 

Apart from the small but growing amount of data transfer traffic, the 
main use of telephones is by people talking and listening to each other. The 
fundamental tests of a telephone system are therefore based strongly on 
subjective methods which use real people talking and listening under con
trolled conditions. If these difficult tests are performed properly, they can 
accurately assess the total performance of the telephone link with regard to 
speech transmission. There is no doubt that subjective tests are extremely 
valuable, particularly in the development of new telephone instruments. 

But subjective tests suffer from the twin disadvantages of taking a long 
time to perform and of yielding results which, although valid, may not be 
repeatable within the close limits demanded by modern telephone produc
tion techniques. Hence there is a need for subjective tests to be supplement
ed by objective methods which can be fast and repeatable. Unfortunately 
the present state of telephone testing technology is such that in practical 
terms there is no clear objective substitute for subjective tests; objective 
tests may be fast and repeatable, but they can also be inaccurate and mis
leading. (It should be obvious that repeatability is not the same thing as va
lidity). Therefore it must be emphasised that the main virtues of objective 
tests lie in their speed and repeatability, with validity remaining as a factor 
which should be assessed separately for each type of test on each type of 
telephone. 
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The 3354 Electroacoustic Telephone Transmission Measuring System has 
been designed to take full advantage of the speed and repeatability of stan
dard objective tests. Speed of use is obtained by reducing many often-used 
functions to automatic operation, such as the measurement of sensitivity, 
frequency response and distortion. In other important tests (such as the en
tire OR EM group), speed is achieved by removing awkward setting-up diffi
culties and by refining the test method so that rapid changes between trans
mitting, receiving and sidetone tests are accomplished by internal switching 
and not by external changes to the system. 

Likewise with repeatability. The system is designed to enable operators to 
get repeatabilities which satisfy the stringent requirements of modern pro
duction techniques. This has been done partly by making the system electric
ally and mechanically stable to an extreme degree, and partly by again re
fining test techniques to reduce possible sources of differences between dif
ferent operators. 

Validity is difficult to prove without using subjective tests to check every 
measurement made with this objective equipment. However, the 3354 system 
is designed so that any one measurement can be cross-checked by others 
using different techniques. For example, simple OREM loudness tests can be 
cross-checked by sensitivity /frequency measurements. The use of groups of 
tests like this reduces the risk of over-reliance on single-figure readings, a 
risk which is particularly great in the development of new telephone designs. 

Other Instruction Manuals 

Each major unit in the system has its own instruction manual which should 
be studied for detailed information about the unit concerned. This book 
deals with the system as a whole, but it also includes additional information 
about each unit regarding its function in the system. 

Text Abbreviations 

Type 

1023 A 
2113 A 
2307 A 
2608 A 
2619 

4134 

Full name 

Sine Generator 
Audio Frequency Spectrometer 
Level Recorder 
Measuring Amplifier 
Half-inch FET Microphone 
Preamplifier 
Half-inch Condenser Microphone 

Abbreviation 

Oscillator 
Spectrometer (Amplifier II) 
Recorder 
Amplifier I 

Preamplifier 
Half-inch Microphone 
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4144 One-inch Condenser Microphone One-inch Microphone 
4219 Artificial Voice Voice 
4230 Sound Level Calibrator Calibrator 
4712 Frequency Response Tracer Tracer 
4904 Objective Reference Equivalent 

Meter ORE Meter 
4905 Telephone Test Head Test Head 
4906 Telephone Power Supply Power Supply 

Commonly Used Abbreviations 

AEN 

ANSI 
ARAEN 

CCITT 

FTZ 
IEC 
IEEE 
MSSW 
NBS 
NOSFER 

OBDM 
OREM 
SET ED 
SFERT 

SPLdB 
TFT 

Affaiblissement equivalent pour Ia nettete. Articulation Ref
erence Equivalent. Used in this book to indicate the modal 
gauge position used in AEN tests. 
American National Standards Institute (replaces NBS). 
Reference equipment for the determination of Articulation 
Reference Equivalent. 
Comite Consultatif International Teh~graphique et Teh~
phonique. 
Fernmeldetechnisches Zentralamt. 
International Electrotechnical Commission. 
Institute of Electrical and Electronic Engineers. 
Male Speech Spectrum Weighting. 
National Bureau of Standards (USA). 
Nouveau Systeme Fondamental pour Ia Determination des 
Equivalents de Reference. 
Objektiver BezugsdampfungsmeBplatz. 
Objective Reference Equivalent Measurement (or'fo'leter). 
Systeme Etalon de Travail Electro-Dynamique 
Systeme Fondar:nental ' Europeen de Reference pour Ia Trans
mission Telephonique. 
Sound Pressure Level in dB re 2.10-5 N/m2 *. 
Telegraphen-, Fernsprech-, Funk- und Fernseh-Technik. 

*2.10-5 N/m2 = 20 J,JPa = 2.10-4 Jlbar 
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2. ASSEMBLY OF THE TELEPHONE TEST HEAD 

Identify these parts: 

Fig. 2. 1 Parts for the assembly of the Test Head 

4905 
4219 
4136 

Fig. 2.2 

Telephone Test Head 
Artificial Voice with fixing screw and washer 
quarter-inch Microphone 

Artificial Voice 4219 with the front face removed 

4722.?5 
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Fig. 2.3 The Voice Microphone Mounting lifted up 

Take the 4219 Artificial Voice and the 4136 quarter-inch Microphone. 
Unscrew the front face of the Voice, and lift up the microphone mounting 
which is clipped into a groove. Screw the quarter-inch 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. 
For most normal work with the 3354, this lipring does not need to be left in 

Fig. 2.4 Fixing screws for the Voice Lipring 
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place, so these four screws can be detached now, 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 3162). 

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. 

472250 

Fig. 2.5 Passing the Voice plug through the Test Head 

The Artificial Voice 4219 has a built-in preamplifier for the quarter-inch 
Microphone. Pass the cable from this preamplifier through the hole in the 
Test Head main ·bearing; eventually, this cable goes to the 2608 Measuring 
Amplifier, but for the moment, it is advisable to leave it coiled by the Test 
Head. 
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Fig. 2.6 The assembled Test Head 4905 + 4219 

2.1 ARTIFICIAL EAR ASSEMBLY- NBS 9A, ANSI (ASA), AND BRAUN 
COUPLERS 

8 

Identify these parts: 

(a) In the wooden accessory box KE 0069: 

DB1161 
DB 1162 

UA .0276 
UA 0277 
DB 1169 

NBS 9A coupler 
ANSI (ASA) coupler, unmachined 
Braun coupler 
SF E RT adaptor 
Adaptor from one-inch barrel to coarse thread 

·(b) lnthe2619box: 

2619 FET preamplifier 
DB 0375 half-inch to one-inch adaptor 



472281 

Fig. 2.7 The KE 0069 accessories box 

(c) In the 4144 box: 

4144 one-inch Microphone cartridge 

9 



Fig. 2.8 The 2619 FET Preamplifier with the DB 0375 Adaptor 

Before assembling the couplers, note that there is a choice of routes for 
the cable feeding the 2619 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 assembly of the 
coupler begins. 

Select the 4144 Microphone cartridge, the DB 1169 Adaptor, the DB 0375 
Adaptor, and the 2619 FET 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 F ET Preamplifier. See Fig. 2.1 0. 

This now forms the microphone assembly common to the NBS 9A, ANSI 
(ASA), and Braun couplers, and the SFERT adaptor. Each of these pieces 
can be screwed on to this assembly. 

10 



2619 DB 0375 [)B 1169 4144 

~: Braun 

UA 0276 

2619 DB 0375 DB 1169 4144 

qr;;;: 
2619 DB 0375 DB 1169 4144 

~: 

2619 DB 1164 4134 

~ 

DB 1161 

~ 
DB 1162LUJ 

NBS 9A 

ANSI 

Aud~;~etric 
YJ 0304 or 

YJ 0431 and 

YJ 0430 

DB 1160 UA 0318 

4144 DB 0111 DD 0015 

lEE 269 

--------------------------J 

2619 DB 0375 DB 1169 4144 

~: ~~~ SFERT 

171237 

Fig. 2.9 Parts for the assembly of couplers and Voice measuring jigs 
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472255 

Fig. 2.10 Assembly of the parts for the NBS 9A, ANSI, and Braun coup
lers 

2.2 ARTif-ICIAL EAR ASSEMBLY- IEC AUDIOMETRIC COUPLER 

Identify these parts: 

(a) In the wooden accessory box KE 0069 (see Fig. 2.7): 

UA 0141 
DB 1160 
DB 1164 

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

(b) In the 2619 box : 
2619 FET Preamplifier (see Fig. 2.8). 

There is a choice of routes for the cable feeding the 2619 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 ob
ject; 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 assembly of the coupler begins. 

For telephone applications, the IECcoupler UA 0141 is normally supplied 
already screwed to the Adaptor DB 1160, from which it need not be de-

12 
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tached for the whole of its use with the 3354. If the two parts have been 
separated, then screw them together. Select the 2619 Preamplifier and push 
it into the DB 11-64 Adaptor. Then screw the 4134 half-inch Microphone 
onto the Preamplifier body so that the Adaptor face is clamped between the 
Microphone and the Preamplifier. This complete assembly can then be screw
ed onto the I EC coupler using the coarse thread in its Adaptor. Notice that 
the SFERT Adaptor can also be screwed onto the same assembly. 

Notice also that all the other couplers can fit this assembly; at present 
there is no test specification which calls for this to be done, neither is 
there any clear advantage in such an assembly. 

Fig. 2.12 The assembled IEC Audiometric Coupler, with the optional soft 
seal and locking ring 

The cable from the 2619 Preamplifier eventually goes to the back panel 
of the 4904 ORE Meter; however, it is advisable not to put it there until 
the assembly of the remaining units has been completed. 

2.3 THE TRANSMITTER CAPSULE HOLDER 

Fig. 2. 13 The Transmitter Capsule Holder VA 0094 
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Identify these parts: 

In the wooden accessories box KE 0069 (see Fig. 2.7): 

UA 0094 
OA 0056 
OA 0027 
OA 0031 

Transmitter Capsule Holder, complete 
Pin spanner 
Screwdriver 
6 mm box spanner 

Packed separately: 

UA 0095 Stand for Artificial Voice and Capsule Holder. 

472231 

Fig. 2. 14 The UA 0095 Stand for the Voice and Transmitter Capsule Holder 

The Transmitter Capsule Holder is supplied already assembled. Note that 
adjustments to it can be made with the tools provided. Details are given in 
section 2.5, and illustrations of the transmitter capsule holder and its adjust
ments are shown in Figs. 2.13, 2.20 and 2.21. 

Note that the front face of the Holder is a copy of the German standard 
transmitter cap. When mounted in the Stand UA 0095, it takes up the po
sition ofthe transmitter cap in the German W 48 handset measured according 
to the Volume modal position with regard to the Artificial Voice 4219. 
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2.4 THE RECEIVER CAPSULE HOLDER 

Identify these parts: 

472247 

Fig. 2. 15 Parts for the assembly of the Receiver Capsule Holder 

Coupler assemblies as described in sections 2.1 and 2.2. 

UA 0286 
DB 1276 
DO 0093 
AO 0069 
UA 0086 
OA 0056 
OA 0031 

Receiver Capsule Holder Body 
Locking Ring 
Teleohone Earcap- German standard 
Cable, microdot to 2 pin plus locator 
Stand for Artificial Ear 
Pin spanner 
6 mm box spanner. 

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 DO 0093 Telephone Earcap so that the inside 
of the Earcap faces the stepped edge of the cylinder (see Fig. 2.16). Then 

Fig. 2.16 Inserting the Receiver Earcap 
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Fig. 2. 17 Inserting the Coupler 

select the DB 1276 Locking Ring. This has a threaded end and a 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. 
2.17. Then put the two pieces into the threaded end of the main body of the 
Capsule Holder (containing the Telephone Earcap) and screw the pieces tcr 
gether 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 cy
lindrical body of the Holder. The Coupler and Earcap should fit together 
tightly so that continued use (as in a factory production test) will not loosen 
them. If the I EC Coupler is being used, be careful not to damage the special 
seal which projects above the metal lip of the Coupler. 

Fig. 2.18 Fitting the Microphone into the assembled Coupler 
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Select the remainder of the Artificial Ear assembly, i.e., those parts screw
ed onto the 2619 preamplifier as described in sections 2.1 and 2.2. Unscrew 
the 2619. For the NBS 9A, Braun, and ANSI (ASA) couplers, the 2619 un
screws without difficulty. For the IEC Coupler, it is necessary to dismantle 
the whole assembly: re-assembly is described in section 2.2. 

Select the UA 0086 Stand for the Artificial Ear. Pass the 2619 Preampli
fier 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. 2.18. 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 en
tire Holder can be screwed to the bench top. 

472244 

Fig. 2.19 The Receiver Capsule Holder in its Stand 
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2.5 ADJUSTMENTS TO THE HOLDER 

If this is the first time the Holder has been assembled for use with the par
ticular receiver being tested, then it is necessary to check that the arrange
ment of electrodes in the Holder suits the receiver. Use the cable AO 0069 
to join the Capsule Holder to a suitable signal source such as the 1023 
Oscillator. Set this to an audible frequency at a power suitable for the tele
phone 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 advanced, 
they may jam on the receiver). Listen at the open end for the signal. If it is 
audible, check that contact is firm by shaking the entire holder. If the signal 
is intermittent or not audible, then these adjustments can be made : 

Fig. 2.20 Using the pin spanner to adjust the height of the Terminal Plate 
on the Capsule Holders 
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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. 
Tighten the nuts. 

3. Position of the terminals. Use the 6 mm box spanner to remove the ter
minals completely from the black plate. Use the same spanner to re
move 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 diameter should be 
5mm. 



Fig. 2.21 Adjusting the height of each Terminal with the box spanner 

4. Type of terminal cap. A plastic bag wedged inside the back of the Hol
der 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 Coupler and the Telephone Earcap should be tested. With the 
whole 3354 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 frequencies. If the coupler/re
ceiver combination is correctly sealed, then these lower frequencies 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 coupler since this action may 
alter its acoustic characteristics. The special seal on the I EC Coupler is de
signed 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 extremely sensitive diaphragms: these should be 
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cleaned as seldom as possible and only by an experienced technician. The 
diaphragm should never be touched except with a soft, clean, lens-cleaning 
brush. 
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2.6 THE VOICE MEASURING JIG TO IEEE 269 REQUIREMENTS 

This jig is used only when the Voice output is measured in the manner de
scribed in the American document IEEE 269 (1971 ). 

Fig. 2.24 Parts for the assembly of the Voice Measuring Jig to IEEE 269 
Recommendations 
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Identify these parts: 

4144 
UA 0317 
DD 0015 
DB 0111 
2619 

one-inch Microphone 
measuring jig (IEEE 269) 
perforated grid for 4144 
ring for above 
F ET Preamplifier 

472239 

Fig. 2.25 The Assembled Jig in place on the Voice 



The perforated cap and ring are supplied screwed to the UA 0317 jig: re
move 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. 

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

Put the 2619 into the back of the jig and screw it in place. 

The jig is now assembled for use with the 4219 Voice, and the 4904 0 R E 
Meter. The lipring on the jig corresponds to that on the 4219 Voice, and 
the marked position on the measuring scale of the 4904 ORE Meter corre
sponds to the reading of the Voice pressure recommended in IEEE 269. No
tice that this marked position includes a correction for the use of the 4144 
pressure microphone in place of the free-field microphone recommended in 
IEEE 269 (1971). 

2.7 THE STATIV WA 0040 

This Stativ has been designed with the co-operation of the Deutsche Bun
despost for the measurement of transmitter capsules used in Germany. It is 
not supplied with the 3354 and 3355 systems except to special order. 

Once assembled, it is not normally necessary to dismantle this unit, but 
it is recommended 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-metal 
transmitter capsule holder. 

2.8 THE WC 0012 ANSI COUPLER CUT TO FIT THE G3 HANDSET 

WC 0012 is the number given to the piece DB 1162 when it is specially 
cut to suit the Western Electric G3 handset. WC 0012 is not supplied with 
the 3354 or the 3355, but it is available to special order. 
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Fig. 2.26 The ANSI Coupler cut to fit the G3 Handset 

To assemble it, first identify these parts from the KE 0069 accessories 
box: 

DB 1169 
DO 0015 
DB 0111 

Ring: for adapting one-inch Microphone to coarse thread 
Perforated cap for the 4 144 
Ring for above 
(DO 0015 and DB 0111 are supplied mounted on the UA 0317 
Voice measuring jig). 

Also identify these parts: 

4144 
2619 
DB 0375 
we 0012 

one-inch Microphone 
FET Preamplifier 
half-inch to one-inch Adaptor (in 2619 box) 
ANSI coupler cut to fit G3 handset 

On the 4144 Microphone, remove the normal front cap. Do this carefully, 
and do not touch the Microphone diaphragm with any object or with the 
fingers. Take the perforated cap DO 0015 and the ring DB 0111; screw them 
together and then screw the pair onto the 4144. 

Place the 4144 Microphone in the coarse-threaded ring DB 1169. Screw 
the combination onto the one-inch Adaptor (the Microphone thread en
gages the Adaptor and clamps the coarse ring in position). 

Put the 2619 Preamplifier into the one-inch Adaptor and screw it in posi
tion. 

The microphone assembly is now ready for the ANSI coupler to be screw
ed onto the coarse thread. 
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3. RECOMMENDED PREPARATIONS BEFORE PUTTING 
3354 AND 3355 INTO SERVICE 

3.1 EARCAP DISCS FOR THE TEST HEAD 

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

Fig. 3.1 Blank discs supplied with the Test Head 

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. 

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 accommodate these models. Fig. 3.4 gives 
details of the single disc supplied with the Test Head, showing fixing hole de
tails. 
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Fig. 3.2 

Fig. 3.3 
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The telephone earcap shown resting on the metal reference plane, 
with the disc acting as a latera/locator 

0 
Samples of cut discs for round, square, and oblong earcaps 



threaded M2 

Fig. 3.4 

70mm 

3.5 mm minimum 

2 holes dia 2.2 mm 
cis dia 4.2 mm 

Disc dimensions and fixing holes 

3.2 PLUG-IN UNITS FOR THE TELEPHONE POWER SUPPLY 

78mm 
minimum 

472037 

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 0 R E Meter. 

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

(a) only the signal-path components need be used, i.e., the bell and 

gravity switch mechanisms can be omitted. See Fig. 3.5. 

(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 3354 circuits via the 
soldered connections on the Plug-in Unit printed circuit board shown in Fig. 
3.6. 

Be careful to observe the correct polarities of the connections so that the 
4904 DC meters can function correctly. 
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Fig. 3.5 A signal-path only subset circuit mounted in a Plug-in Unit 

@ @ 

1-0+ 
To receiver Subset 

01 Circuit 
....JO+ 

From line 
0 1 

::z:O+ 
To transmitter 

0 1 

@ @ 

@ @ 

472 027 

Fig. 3.6 Connections to the printed circuit board in the Plug-in Unit 
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Two solder boards are provided for carrying substitute resistors. These re
sistors simulate the telephone transmitter and receiver and are switched into 
circuit automatically when the 4904 FUNCTION SELECTOR is set to "Re
ceive" and "Transmit" respectively. If this automatic switching is not needed, 
it can be cancelled by removing the third solder board (SHORTING PLUG in 
Fig. 3.5) which then breaks the DC supply to the relay coils. 

3.3 TRANSMITTER AND RECEIVER CAPS FOR THE CAPSULE 
HOLDERS 

In Sections 2.3 and 2.4, the assembly of the two Capsule Holders is de
scribed. In both cases, the earcap and transmitter cap used are those supplied 
with the 3354 and 3355. These two caps are copies of those used in the stan
dard German telephone, and as such, they are not suitable for tests involving 
other types of telephone. 

To modify the correct caps for use with the Capsule Holders, proceed as 
follows. 

3.3.1 Transmitter Cap 

Dismantle the Transmitter Capsule Holder by unscrewing the front cap. 
It is almost certain that the threaded ring behind the cap will also have to be 
removed. Then take the new transmitter cap (which must be the same type 

472275 

Fig. 3.7 The front cap detached from the transmitter capsule holder 
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as that of the telephone 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. (bl A thin ring can be placed around the edge of the cap and pulled 
tight against the Holder with small clamps. (c) Occasionally, it may be found 
possible to modify the fixing thread on the new cap to match that on the 
threaded ring: before working on this, make sure that the transmitter 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 book concerning the definitions of the REF and the AEN modal planes. 
Choose which modal plane it is desired to use. Then calculate the gap be
tween the transmitter cap and the lipring, and position the Capsule Holder 
Stand so that this gap is achieved. This almost 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 hand
set 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 trans
mitter cap and the lipring and reproduce this gap between the Capsule Hol
der 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 . 

3.3.2 The Earcap 

The earcap supplied is a copy of a German standard earcap with the out
er 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 thought desirable to allow receivers to be handled easily. 
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Fig. 3.8 Fitting the earcap into the holder 

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

The cap should be equipped with the correct sealing ring. Fig. 3.8 shows 
the correct mounting of the cap in the Holder. 

3.4 SCREEN SELECTION ON THE 4712 FREQUENCY RESPONSE 
TRACER 

The 4712 is supplied with three types of screen: 

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

(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 position 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 escut
cheon 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 
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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 match
es the frequency range of the chosen screen (which for telephone work would 
be the ZS 0121 200-5000 Hz). Consult the 4712 Instruction Manual for in
formation about the construction of non-standard boxes for screen frequen
cy ranges other than the two supplied, 200-5000 Hz and 20 Hz-20 kHz. 

3.5 METER SCALE SELECTION ON THE 2113 SPECTROMETER 

The Service Manual for the 2113 has a pocket which holds a selection of 
meter scales. For telephone work, three scales are particularly useful. 

SA 0037 

SA 0039 
&SA 0040 

Voltage scale with dB, 

Sound level in dB re 2 X 1 o-s N/m2 for the 4144 and 
4134 microphones used in the couplers. 

The 2113 Instruction Manual contains a list of other sc·ales supplied with 
the 2113 plus a list of extra scales available to order. 

3.6 PREPARATION OF THE ANSI COUPLER 

The ANSI Coupler is supplied with the front face unfinished. Regulations 
governing 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 telephone 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. 

Fig. 3.9 
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472242 

The unfinished ANSI coupler on the right with an example of 
how the coupler can be cut to match a particular earcap 



Before putting the Coupler into use, therefore, the front face shape will 
have to be calculated, 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. 
This is shown on the left in Fig. 3.9. 
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4. CONTROLS 

4.1 OBJECTIVE REFERENCE EQUIVALENT METER TYPE 4904 

4.1.1 Top Panel 

Le.J.p. G.I.~Mp. ee..~ 

• • • • • • • • • 
1/ca.-~ ~~f ~ .. 

V....t.,. "-- ~' R~ 

u '25 . 7$ ~-~' LiM:---. Nom.o1 

• • 
0 0 

Fig. 4.1 The top panel of the 4904 Objective Reference Equivalent Meter 

VOLTMETER RANGE: 

VOLTAGE-CURRENT 
MEASUREMENT: 

34 

Range switch for the adjacent voltmeter. Three 
ranges, 0-7 .5, 0-25, and 0-75 volts. This 
voltmeter is placed across the DC circuit feed
ing the telephone instrument. 

Switches the voltmeter and milliammeter ter
minals to read the DC voltage and current 
across these points: 



"Supply": 

"Line 1 ": 

"Line 2": 

"Transm. ": 

POWER SUPPLY 
POLARITY: 

"Normal": 

"Reverse": 

Output from the internal or external power 
supply. 

Pins 1 on the front panel. This represents the 
feed voltage/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. 

Pins 2 on the front panel. This represents the 
feed voltage/current supplied to a telephone 
subset or artificial line joined to pins 2. 

Pins marked "Transmitter" on the front panel. 
This represents 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 tele
phone 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 out
puts on the front panel. The voltmeter and 
the milliammeter continue to read normally. 

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

The above polarities are reversed. 

Ml LLIAMMETE R RANGE: Selects the range of the adjacent milliammeter. 
Three ranges, 0-30, 0-100, and 0-300 rnA. 
As with the voltmeter, this instrument operates 
on both the internal and external power sup
plies. 
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TRANSMISSION 
ATTENUATOR: 

"+1 0 dB": 

"+5 dB": 

''0'': 

"-5 dB": 

"-10 dB": 

"-15dB": 

RECEIVING 
ATTENUATOR 

"+15 dB": 

"+1 0 dB": 

"+5 dB": 

''0'': 

"-5 dB": 

"-10 dB": 

36 

Alters the output signal from the 4904, both 
electrical and acoustical. The acoustical signal 
appears at the Artificial Voice with the FUNC
TION SELECTOR set to "Transmitter" or 
"Sidetone ". 

The electrical signal appears at pins 4, 3, 2, 1, 
and TRANSMITTER, with the FUNCTION 
SELECTOR set to ''Transmitter". The elec
trical output from GENERATOR 775 mV on 
the front panel is not affected by the TRANS
MISSION ATTENUATOR control. 

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

Increases the output signal by 5 dB. 

Same value as set during calibration. 

Decreases the output signal by 5 dB. 

Decreases the output signal by 10 dB. 

Decreases the out put signal by 15 dB. 

This alters the gain of the meter amplifier. 

The gain is increased by 15 dB above that set 
during calibration. 

The gain is increased by 10 dB. 

The gain is increased by 5 dB. 

The gain remains the same as that set during 
calibration. 

The gain is decreased by 5 dB. 

The gain is decreased by 10 dB. 



"-15dB": 

"-20 dB": 

FUNCTION SELECTOR: 

"Transmitter": 

"Receiver": 

The gain is decreased by 15 dB. 

The gain is decreased by 20 dB. 

This switches all necessary circuits for calib
ration of the system and for the measurement 
of the transmitting, receiving, and sidetone 
characteristics of telephone apparatus. 

This control also switches relays in the Plug-in 
Units which bring dummy receivers and dum
my transmitters into circuit during the mea
surement of real transmitters and real recei
vers respectively. 

In this position, the Artificial Voice is acti
vated and the Artificial Ear is switched out of 
circuit. The main meter is switched to measure 
inputs to pins TRANSMITTER, 1, 2, 3, and 
4. 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 COMPENSA
TION potentiometer (mounted on the back 
panel) is in circuit. 

In this position, the Artificial Voice is switched 
off, and the Artificial Ear circuits are activated. 
The electrical output from the 1023 Oscilla
tor is switched through an isolating transfor
mer to pins 4, 3, 2, 1, and RECEIVER on the 
front panel; this is indicated by a small signal 
lamp on the front panel which lights to show 
a connection between the · Oscillator and the 
above-mentioned pins. 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 the Spectrometer 
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"Sidetone": 

"Meter": 

"Osc. Output": 

"Microphone and 
Voice~': 

to the main meter for measurement. Note 
that the EAR COMPENSATION potentio
meter (mounted on the back panel) is in circuit. 

Both the Artificial Voice and the Artificial 
Ear are activated. The Oscillator signal is 
switched to the Artificial Voice, but not to 
the output pins on the front panel. In the tele
phone circuit under test, the signal is split, and 
a small part travels to the telephone receiver. 
Here it is collected by the Ear Microphone and 
passed via the receiving measuring circuits to 
the main meter. The EAR COMPENSATION 
potentiometer is in circuit. 

The remaining three positions are concerned 
with the calibration of the complete 3354 
system. 

The main metering circuit is connected to an 
internal reference Oscillator which delivers a 
fixed signal of 285 mV at 1000 Hz. This is 
used to establish the gain of the metering cir
cuit, in conjunction with the potentiometer 
METER on the right face of the top panel. 

This connects the main metering ~ircuit, now 
calibrated, to the attenuated output of the 
1023 Oscillator. The output of the Oscillator 
is set to the required value with the potentio
meter OSC. OUTPUT on the right face of the 
top panel. 

Both the Microphone and the Voice circuits 
are activated. The required Microphone chan
nel gain is set using the potentiometer MIC
ROPHONE, on the right face of the top panek 
The EAR COMPENSATION potentiometer is 
not in circuit. The required Voice output is 
set using the potentiometer VOICE. 



SWEEP: 

"Main Osc.": 

"0,2- 4 kHz" and 
"0,3 - 3,3 kHz": 

"Cont.": 

"Stop": 

"30": 

"5": 

MAIN METER: 

This control selects the mode of the Sweep 
Unit ZM 0047. 

In this position the 1 023 osc. is electrically 
synchronized with the 2307 Level Recorder. 

These groups select the appropriate triangle 
wave amplitudes in the ZM 0047 that will 
sweep the 1023 between 0,2 and 4 kHz and 
between 0,3 and 3,3 kHz respectively. 

The sweep runs continuously once the SWEEP 
START button has been pressed. 

The oscillator completes one sweep cycle and 
stops at the low-frequency end. 

The oscillator makes 30 complete up-and
down sweeps and stops. 

The oscillator 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 
operation available. The meter needle deflec
tion angle (y) measured from rest can have the 
following dependencies on the peak input volt
age (x): 

y = kx units: dB 

y = kx0.6 units: dB 

Y = kx0.45 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. 
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OVERLOAD INDICATOR: 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 overload at an input peak 
voltage corresponding to 14 dB above full scale 
deflection on the main meter. 

CALIBRATION 
POTENTIOMETERS: 

"Meter": 

"Osc. Output": 

"Microphone": 

"Voice": 

CONDITIONING: 
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Four of these are arranged on the right face of 
the top panel. They are used with the FUNC
TION SELECTOR control, which has three po
sitions carrying the same labels as the poten
tiometers. These are: 

This controls the gain of the main metering cir
cuit. 

This controls the level of the electrical signal 
delivered by the 1023 Oscillator to the out
puts on the front panel of the 4904 (pins 4, 3, 
2, 1, RECEIVER, plus a higher level output 
from GENERATOR 775 mV). This signal is 
used in RECEIVING measurements to drive 
the telephone receiver. 

This controls the gain of the microphone chan
nel after the signa I has left the 2 J 13 Spectro
meter. 

This ten-turn potentiometer lies in the feed
back circuit from the Artificial Voice, and so 
controls the output from the Voice. 

This spring-loaded button connects a resistor 
across the VOICE control potentiometer de
scribed above, reducing the Voice feedback 
and so increasing the Voice output. The 
amount by which the output is increased is de
termined by the value of the resistor wired 
across the button 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 acoustic shock for the car
bon 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. 

WEIGHTING NETWORK: This switch introduces filter networks which 
act on the feedback circuit of the Artificial 
Voice in such a way as to shape the Voice out
put to conform with two accepted standards. 

"MSSW": 

"Off": 

"SFERT": 

TRACER LEVEL AND 
POWER OFF: 

(Male Speech Spectrum Weighting): This con
trol performs a double function; it weights the 
Voice output according to the MSSW law, and 
it also introduces the inverse characteristic in
to the main metering circuit. The result is that 
the overall electrical-to-acoustical, acoustical 
-to-electrical gain has a flat frequency charac
teristic. The MSSW characteristic is described 
in section 7 .8.3. 

In this position of the control, the electrical 
and acoustical frequency responses are flat. 
This position is used for frequency response 
measurements of transmitting characteristics. 

A filter circuit is introduced into the Voice 
compressor circuit 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 spec
trum 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 fre
quency. Note that this weighting applies only 
to the Voice output. The SFERT characteri
stics is described in section 7 .8.3. 

The Tracer Level potentiometer controls the 
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SIGNAL LAMPS: 

4.1.2 Back Panel 

signal voltage passed to the 4712 Frequency 
Response Tracer via the socket mounted on the 
back panel ofthe 4904 ORE Meter. A full anti
clockwise rotation of the knob switches off 
the mains power supply to the 4904 0 R E 
Meter. 

This row of lamps indicates the state of the 
back panel controls. 

·~ 

~ ~ . 
lo-&t.Fifw~ Toe.-,:.- To~ 

~~ ~np.taro Ol.tpo,ot~' 

Fig. 4.2 The bsck panel of the 4904 Objective Reference Equivalent 
Meter 

METER DAMPING: 

"Slow": 

"OBDM" 
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selects one of three meter damping characteri
stics. 

gives a heavily-damped movement of the me
ter needle which then takes about eight se
conds to move from the no-deflection position 
_to the 0 dB position . 

This characteristic corresponds closely to that 
of the meter needle movement in the Objekti
ver BezugsdampfungsmeBplatz formerly built 
by the firm of Siemens AG. 



"Fast": 

METER FUNCTION: 

RECEIVER IMPEDANCE: 

GENERATOR 
IMPEDANCE: 

gives a light damping to the meter needle move
ment which then takes about two seconds to 
move from the no-deflection position to the 
0 dB position. 

switches between the three characteristics of 
the meter: meter def;lection being proportional 
to the 1st, 0.6, anci 0.45 power of the instan
taneous value of the input signal. 

selects tappings on the input transformer cor
responding to impedances of 600 or 900 ohms. 

selects tappings on the output transformer cor
responding to ~mpedances of 600 or 900 ohms. 

COMPENSATION IN -OUT: switches in or out of circuit two potentiome
ters. One is in the Artificial Ear Microphone 
circuit, and the other is in the input amplifier 
joined to the telephone microphone output. 

EAR COMPENSATION : 

EL. RECEIVING 
COMPENSATION: 

METER DC VOLTAGE: 

screw-slot potentiometer: this is set to give 
0.4 Neper attenuation to the Artificial Ear 
Coupler signal when the COMPENSATION 
switch is "In". 

screw-slot potentiometer is switched into the 
input circuit of the 4904 0 R E Meter for trans
mitting tests only, when the COMPENSATION 
switch is "In". It is used to attenuate high-level 
signals from transmitters with unusually high 
output levels. This control is set to give zero 
attenuation when the 3354 system is delivered. 

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). 
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4.1.3 Front Panel 

Using the meter scale y = kx0.6 the output 
voltage is 2.67 volts DC for a meter reading 
of zero dB. The output impedance is voltage
dependent because of the action of meter 
law diodes. A typical value is 12 kn. 

472279 

Fig. 4.3 The front panel of the 4904 Objective Reference Equivalent 
Meter 

GENERATOR 775 mV: 
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After calibration of the main equipment for 
European OREM measurements, the 1023 
Oscillator delivers a signal of 775 mV to this 
section of the front panel when the F UNC
TION SELECTOR is switched to "Receiver" 
or "Osc. Output". The Oscillator with its 
source impedance of just less than 3 ohms 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 Oscillator output to the B & K socket. 
It appears there with a source impedance equal 
to the value of the bridging resistor plus the 
3 ohms of the Oscillator. 

The output voltage from this source can be 



MIMIC DIAGRAM: 
POWER SUPPLY 

EXT. BATTERY 

TERMINAL 
PINS 1 I 2 

altered by using the OSC. OUTPUT potentio
meter on the top panel of the 4904. Note that 
such an alteration disturbs any previous cali
bration of the system. Calibration can be re
gained by switching the FUNCTION SELEC
TOR to "Osc. Output" and using the same pot
entiometer to set the 4904 meter needle to 
zero 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 
directly to the output of the 4906 Power Sup
ply and can be used to supply DC to external 
circuits. 

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 dis
connected, 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 resistors (of a value se
lected by the FEEDING COl L switch on the 
4906) and passed to terminals 2. It is to these 

. terminals that a subset is normally joined. 
Shorting links can be used to pass the DC on 
to terminals 1 which are connected perma
nently 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 sub-
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TRANSMITTER 

RECEIVER 

TRANSFORMER 
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scriber's loop for use with the Plug-in Units. 

If the links are in place and if the selected Plug 
-in Unit contains a subset circuit, then the DC 
is passed to the TRANSMITTER terminals 
where it can be used to power a carbon trans
mitter. Likewise, a signal received by the 
transmitter is passed back through terminals 1, 
2, 3, and 4. These can be joined by a shorting 
link or by an artificial line representing a trunk 
line. At terminals 4, the signal is passed via a 
balanced 1 : 1 transformer to the meter input. 

•The signal path at this point is shown by a lamp 
indicating that in this case (i.e., the measure
ment of a signal coming from a transmitter), 
the signal path is from the transformer to the 
meter. 

If the FUNCTION SELECTOR is switched to 
"Receive", then the Oscillator generates a sig
nal which is switched to pass into the isolating 
transformer (with the appropriate signal lamp 
indicating the route), and from here via termi
nals 4, 3, the feed capacitors, terminals 2, 1, 
and the Plug-in Unit circuitry to the terminals 
marked RECEIVER. Alternatively, the short
ing links can be opened and trunk line and 
subscriber's line inserted. If the Plug-in cir
cuits are not in use, then a complete subset can 
be joined to pins 2 and the Oscillator signal 
then drives the receiver in this subset. 

The transformer shown isolates the balanced 
telephone circuits from the unbalanced mea
suring circuits. Choice of two RECEIVER IM
PEDANCE values, 600 and 900 ohms, is made 
with the selector switch on the back panel . 
(with signal lamp on the 4904 top panel). This 
transformer has a movable earth link on the 
balanced side which can be used to ground 
either end or the centre tap of the transfor
mer. 



REFERENCE EQUIVALENT 
METER. AMPLIFIER The 8 & K socket contains a microswitch; 
INPUT. when a 8 & K plug is inserted, this switch cuts 

off the internal signal leaving the meter clear 
to read the signal on the external plug. Two 4 
mm terminals are provided for monitoring in
put signals from either source. 

SHORTING LINKS: These are designed to provide reliable connec
tions between terminals. When not in use, they 
can be unscrewed and either allowed to hang 
captive or they can be removed altogether. 

4.2 THE 4906 TELEPHONE POWER SUPPLY 

"::::· 
&tllt!!•<Rr 

• 

Fig. 4.4 The front panel of the 49Q6 Telephone Power Supply 

VOLTAGE RANGE: Provides coarse steps of 12 volts in the output 
voltage. In position "Ext.", the 4906 Power 
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OUTPUT VOLTAGE: 

FEEDING COl LS: 

Supply is disconnected, and the whole DC cir
cuit 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 volt
age. The voltmeter on the 4904 top panel reads 
the output voltage when the 4904 VOLTAGE 
-CURRENT MEASUREMENT switch is set to 
"Supply". 

This switch selects a resistor joined in series 
with the feed coil such that the combined re
sistance of the coil plus resistor equals the 
marked value. Each feed coil has a resistance 
of 60 ohms, so for example selecting "400" 
means that each coil is linked with a 340 ohm 
resistor. In position "60", the coils have no 
series resistor. In position "0", the coils are by 
-passed, and the DC supply is joined direct to 
the output pins. In position "Ext.+ Coils", the 
coils are joined in series with the two pairs of 
terminals FEEDING COIL EXT. RESIST
ANCE: by adding appropriate resistors across 

Terminal 3 

~-----------.. 0-.. ~------------~ 

Fig. 4.5 
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Feeding Coils 
Ext. Resistance 

Terminal 2 

472038 

A simplified diagram of one arm of the feed bridge arrangements 



PLUG-IN UNIT: 

4.3 OTHER UNITS 

these terminals, various feed bridges can be 
constructed. 

This switch selects either one of the two Plug-in 
Units 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. 

These are described fully in the appropriate Instruction Manuals. Control 
settings for normal use in the 3354 system are described in this Instruction 
Manual in chapters 5 (Calibration) and 6 (Operation). 
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5. CALIBRATION OF THE 3354 FOR OBJECTIVE 
REFERENCE EQUIVALENT MEASUREMENTS 

5.1 BASIC TECHNIQUE 

5.1.1 Calibrated quantities 

Four basic quantities are calibrated: 

(a) the electrical gain of the metering circuits 
(b) the 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 
section 5.2. 

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

A reference oscillator built into the 4904 ORE Meter. This delivers exact
ly 285 mV across 600 ohms at 1000 Hz. The figure of 285 mV across 
600 ohms represents a power level 1 Neper (Np) below 1 mW. (One Np is 
equal to approximately 8.68 dB). Voltage stability is better than ±1 %. 

A reference sound pressure delivered by the 4230 Calibrator. This gives 
1 N/m2 (94 dB SPL) in a cavity adapted for housing the microphones 
used in the 3354 system. Sound pressure stability is ±0.25 dB under nor-

. mal conditions, widening 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 Instruction Manual supplied 
with the system. 

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

Fig. 5.1 

reference 
electr ical 
level 

-1 Np re 1 mW 

meter amp. 

[> 
y = kx0.6 

~ X / 
meter : 
0 dB 472031 

Calibrating the 4904 metering circuits with the built-in reference 
oscillator 

The calibration begins by placing the reference signal across the input of 
the ORE Meter amplifier; the amplifier gain is adjusted so that the ORE 
Meter indicates a standard reading (0 dB for OREM A and B). The ORE 
Meter which is now calibrated is then placed across the sweep signal delivered 

200-
4000 Hz 

Fig. 5.2 

-1 Np re 1 mW 

472035 

Using the 4904 metering circuits to calibrate the output of the 
1023 Oscillator 

by the Oscillator, and this signal is adjusted until it reaches 285 mV again 
across 600 ohms. This ensures that the 3354 equipment is calibrated to 
deliver an electrical sweep signal of 285 mV to a load of 600 ohms. 

reference 
acoustical 
level 

1 N/m2 
94 dB SPL 

Fig. 5.3 

[> 
meter : 
+ 0.6 472032 

Acoustical calibration of the microphone chain 
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The next step is to apply the Calibrator 4230 to the Microphone of the 
Receiving measuring circuit. This delivers a stable acoustic pressure of 1 N/m2 

(94 dB SPL). This signal passes through the whole receiving chain to the 
Objective Reference Equivalent Meter. For OR EM A and B tests, the 
meter should read "0" dB when an input of 94.6 dB SPL is applfed to the 
measuring Microphone; for this input of 94 dB, therefore, the meter is set to 
read 0.6 dB lower than "0", i.e.,+ 0.6 dB. 

200-
4()()() Hz 

8 

Fig. 5.4 

SFERT- SFERT-
weighted 4219 baffle 

b C> 
meter : 

94.6 dB SPL OdB 

472033 

Calibration of the Voice output pressure, using a microphone 
fitted with the SFERT baffle 

The same Microphone and Meter are then used to measure the sound out
put from the Artificial Voice. For OR EM A and B, this is set to 94.6 dB 
SPL measured with the microphone surrounded by a baffle representing the 
shape of the standard measuring microphone used in the old SFERT system; 
this 94.6 dB SPL corresponds to the "0" mark on the ORE Meter. 

This completes the normal working calibration of the equipment for 
telephone loudness measurements. It is possible to insert one more step if it 
is wished to calibrate the 2113 Spectrometer to read absolute sound pressure 
level. When the 4230 Calibrator is applied to the receiving microphone a 
reading appears on the meter of the 2113; the sensitivity control of the 2113 
can be adjusted so that the reading corresponds to the 94 dB ·sPL of the 
Calibrator. 

5.2 CALIBRATION FOR OREM A_ AND OREM B 

5.2.1 Control settings 

2608 GAIN CONTROL "Cal." 

INPUT SECTION ATTENUATOR "30 mV" 
INPUT "Preamp." 
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OUTPUT SECTION 
ATTENUATOR 

FILTERS 
"x1" 
"HP 22.4 Hz" 

1023 SWEEP CONTROL 
MODULATION FREQUENCY 
COMPRESSOR SPEED 
COMPRESSOR VOLTAGE 

"Ext. Eletr", "Log" 
"Mod. Off" 
300 dB/s 
"1 0" 

· OUTPUT VOLTAGE "10" 

2113 INPUT "Preamp." 
INPUT SECTION ATTENUATOR "0.1 V" 
OUTPUT SECTION 

ATTENUATOR "x1" 
Fl LTER "Ext." 
SCANNING/BANDWIDTH both "Out" 
RECORDING MODE "AC" 
RANGE "I" 

OREM B 

Artificial Ear used: Braun 

4904 back COMPENSATION "In" 
EAR COMPENSATION "0.4 Neper" 
GENERATOR IMPEDANCE "600" 
RECEIVER IMPEDANCE "600" 
METER DAMPING "OBDM" 
METER FUNCTION "y = kx0.6, 

4904 top TRANSMISSION ATTENUATOR "0 dB" 
RECEIVING ATTENUATOR "0 dB" 
METER SCALE "dB kx0.6" 
SWEEP "Cont. 0,2 -

4kHz" 

WEIGHTING NETWORK "SFERT" 

OREM A 

NBS 9A 

"Out" 
Not required 
"600" 
"600" 
"Slow" 
"y = kx0.6, 

''0 dB" 
"0 dB" 
"dB kx0·6" 
"Cont. 0,2 -
4kHz" 
"SFERT" 
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5.2.2 Calibration Procedure 

Sine Generator 1023 

The frequency scale of the Oscillator is adjusted as shown in the 1023 
manual. 

4904 FUNCTION 
SELECTOR 4904 Meter Scale Potentiometer 

1 
Meter 

·~ 
Meter 

C)L., 
(S) (!) 

FUNCTION SELECTOR on 
"Meter". Set meter needle to 
0 with METER potentiometer /,,, _' 0 e 

1 

~ 
Osc. 

01:, 0 ([) 
FUNCTION SELECTOR 
on "Osc". Set meter needle to 
0 with OSC potentiometer /,,, -/ 0 e 

1 

~/ 
0 ([) 

FUNCTION SELECTOR on 

C)tt· "Mic. & Voice" . Put 4230 

Voice Calibrator on Microphone. Set 

Mic. 
meter needle to red mark 

Cal 
0 e with MIC. potentiometer 

7 

~ 
0 (!) FUNCTION SELECTOR on 

"Mic. & Voice': Put SFERT Ot"· baffle ori microphone. 

v~:~. 
Mount on the Voice. Set 

Voice 
meter needle to 0 with ;., - / 0 e VOICE potentiometer 

1 
Sidetone jjy, ~o 

OREM B only. 

OREM B. FUNCTION SELECTOR on 
ONLY "Sidetone" SFERT baffle on. 

Check that meter needle 
falls to+ 0.4 Np {3.5 dB} 

472039 

Fig. 5.5 Calibration steps for OREM A and OREM B. 
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Objective Reference Equivalent Meter 

With the FUNCTION SELECTOR already on "Meter", adjust the METER 
potentiometer until the meter reads "0" on the chosen scale. 

Turn the FUNCTION SELECTOR to "Osc. Output" 
Press the SWEEP START button 
Adjust the meter to "0" with the potentiometer marked OSC. OUTPUT. 

Select the Artificial Ear assembly. Remove any Coupler, leaving the 
one-inch Microphone exposed in the coarse-thread housing. 

Use the 4230 Calibrator on the Microphone and press the small button 
on the Calibrator. 

472280 

Fig. 5.6 The Microphone and SFERT baffle mounted on the upward 
-facing voice. 
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Turn the FUNCTION SELECTOR to "Microphone and Voice". 

Adjust the deflection on the meter to the red mark (corresponding to 
94 dB SPL, 10 microbars) with the MICROPHONE potentiometer. 

Remove the Calibrator. Screw the Microphone assembly into the SFERT 
Adaptor. Rotate the Test Head (or the Voice alone if it is not in the Test 
Head) so that the Voice faces upward. Push the lipring into the Voice and 
hook the SFERT Adaptor onto the ring. Take care that the two spacing rings 
are concentric and are touching all round. Adjust the meter to "0" with the 
VOICE potentiometer. 

(For tests using the Braun coupler, move the FUNCTION SELECTOR to 
"Sidetone": The meter deflection should fall to+ 3,47 dB (+ 0,4 Neper). 

Remove the SFERT Adaptor. 
Re-assemble the Coupler. 
The calibration is now complete. 

5.2.3 Summary of Calibration Procedure for OREM A and OREM B 
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1. Adjust the frequency scale of the 1 023. 

2. FUNCTION SELECTOR on "Meter" - set meter to 0 dB with 
METER pot. 

3. FUNCTION SELECTOR on "Osc" -set meter to 0 dB with OSC 
pot. 

4. FUNCTION SELECTOR on "Microphone and Voice" -use 4230 
Calibrator on the Microphone -set meter to the red mark (+0.6 dB) 
with MIC potentiometer. 

5. Put SFERT adaptor on the Microphone- measure Voice output
set meter to 0 dB with VOl CE potentiometer. 

6. OREM B -switch to "Sidetone" and check that meter reads +3,47 
dB (+0.4 Np). 



6.1 INTRODUCTION 

6.1.1 TheOREM Tests 

6. OPERATION 

The term OREM indicates an Objective Reference Equivalent Measure
ment. A full discussion of OREM principles is given in chapter 8, but it must 
be noted here that these objective measurements are not the same as Bef
erence Equivalent measurements. Therefore when reporting the results of 
any OREM test, the operator must make it clear that OREM techniques were 
used. 

6.1.2 The 3354 Feed Bridge 

An important point about sidetone tests is that the feed bridge circuitry 
in the 4906 Power Supply can have a large effect on the sidetone characte
ristics of a subset. In the 3354 system, the feed bridge (Fig. 6.1) contains 

2 

Fig. 6.1 

Power Supply 

5H 
60n 

5H 
60n 

"Feeding Coils" value minus 60 n 

Feed bridge values in the 4906 Power Supply 
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2 x 20 J.LF capacitors, and 2 x 5 H chokes. These values are much higher than 
those used in telephone operating systems and may therefore 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 
J.LF capacitor across 3 to 4 reduces the feed capacitance from 20 to 2 J.l.F. 

6.2 THEOREM A TEST 

6.2.1 Documents for OREM A 

Prepare documents on which the test results are to be written. An example 
is suggested in Fig. 6.2. Include information on these points: 

Feed voltage 
Feed resistance 
Generator impedance 600 or 900 ohms 
Receiver impedance 600 or 900 ohms 
Power Supply polarity -normal or reverse, with identification of subset 
polarity 
Setting of Transmission and Receiving Attenuators 
Any variation on standard control settings. 

Ptus information on the test piece: 

Telephone type number and identifying mark 
Transmitter and receiver type numbers 
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 adq the serial number of the 
3354 or 3355 test system: this can be useful in factories where large numbers 
of 3354 or 3355 systems are in use. 

The document should have provision for recording line loop ohms or line 
length, line current, and 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. 
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OBJECTIVE REFERENCE EQUIVALENT MEASUREMENT OREM.A 
made on Bruel & Kjaer ETTMS type no. 3352 -+- Date 

Test Report on telephone type - - - -

transmitter type - - - -

receiver type-- --

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

Transmit-- -- Receive - - - - Sidetone - - - - Line current--·--

300 600 900 1200 1500 

Fig. 6.2 Sample report sheet for OREM A 

10 
OAEM.A 

dB 

3+ 

10 

11 

1 

1 

1 

1 

1 

17 

16 
1800 Loop ohms 

072081 

Line current 
mA 

It is customary for testing authorities to design the complete test docu
ment 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 
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ready for use near the test equipment. The point of all these preparations is 
that theOREM A test depends heavily on exact timing of various operations 
(transmitter conditioning and meter reading) and any unplanned delays 
caused by inadequate preparation may invalidate the test results. 

6.2.2 Equipment preparation for OREM A 

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 VOLT
AGE-CURRENT MEASUREMENT switch set to "Supply"). 

Also on the 4906, check that the PLUG-IN UN IT switch is set to an un
wired Plug-In Unit; if both units are wired, then one can be unplugged al
together from the Power Supply. Alternatively, the two links can be removed 
from between pins 1 and 2 on 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. 6.3(a)). If arti
ficial line is being used, this can be joined between the subset and pins 2 to 
give the effect of LOCAL Ll NE (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. 6.3(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 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. 
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raJ 4904 

00 ® 
0 0 

/ 
(b) 

0 0 
00 ® 

0 _0 

/ 

0 0 0 0 

0 

Link 

4904 

0 0 0 0 

(c) 4904 

0 0 
00 ® 

00 

/ 

0 0 0 0 

0 

Local Trunk 

0 
® 

0 

0 
® 0 

0 
® 0 

472161 

472162 

472165 

Fig. 6.3 OREM A: Attachment of artificial lines and a subset to the 
ORE Meter 

Consult Section 3.1 for details of the preparation of the locating disc, and 
fit the correct disc to the Reference Plane of the Test Head. 
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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 configu
ration of the obsolete 4903 Test Head and they do not necessarily represent 
the best choice of angles for testing telephones. However since they form an 
important part of the 0 REM 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 approxi
mately the correct angle with regard to the direction of the gravitational 
force, an important consideration 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 hands~t (see Fig. 

472287 

Fig. 6.4 The clamp adjusted correctly to press against the back of the 
handset 
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6.4). 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. Loop the handset cord away from the Voice orifice, using the not
ches cut into the Test Head platform (Fig. 6.5). Adjust the holding fingers 
on the Head. 

Take the NBS 9A coupler assembly and push it into position inside the 
Reference Plane block. It is important that there should be a good acoustic 

Fig. 6.5 Handset cord looped clear of the transmitter 
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seal between the coupler and the telephone receiver earcap (Fig. 6.6); this 
seal can be checked in either one of two ways: 

(a) Put 4904 ORE Meter FUNCTION SELECTOR to "Receiver" 
and start the Oscillator SWEEP. 

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

A trace will appear on the 4712 Tracer. Adjust the coupler as
sembly against the earcap until the low-frequency part of the 
trace reaches its highest level (Fig. 6.6); a few moments' prac
tice will show that when a leak is present, the low-frequency end 
of the trace falls, rising again when the leak is sealed. There may 
be several positions of the coupler assembly which give good seal-

; ..... . 
~ -~- .~ . CJ-~t 

4712 

~/ 

, .. ~ 

,/,' ' 

Sealed 

/ With leak 

/ 

Fig. 6.6 The use of the Tracer in obtaining a good acoustic seal between 
the receiver earcap and the Coupler 
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ing; 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 Oscillator 
(SWEEP to "Stop"). The output from the Coupler can be seen 
on the 0 R E 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 resting solidly on the Reference Plane; the 
Coupler assembly must not push it away from this plane. 

Some telephone handsets (notably those similar to the American G3 style) 
are so short that their transmitter caps foul the lipring on the Voice, prevent
ing proper seating of the earcap. If this happens, remove the lipring from the 
Voice. The reason for this difficulty is discussed in chapter 8. 

Because the OR EM A test is so dependent on the accurate timing of con
ditioning motion and meter reading, it is an advantage to have some timing 
device placed near the operator for indicating intervals of up to 30 seconds. 

Finally, the area around the Test Head should be cleared to minimise acou
stical reflections. 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. 

6.2.3 OREM A test procedure 

Switch on the telephone. 

Put the FUNCTION SELECTOR to the test required, "Transmitter", "Re
ceiver" or "Sidetone". 

For "Transmitter" and "Sidetone" tests on a telephone using a carbon 
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Fig. 6.7 Conditioning motion for OREM A 

transmitter, condition the transmitter by swinging the Test Head through 
these angles (Fig. 6.7): 

goo arc to the left 
180° arc to the right 
180° arc to the left 
180° arc to the right 

goo arc to the left 

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 bearing. 
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After 10 seconds, read the 0 R E Meter; use an average position of the 
meter needle; write down the result. 

After a further 10 seconds, read the ORE Meter again. No further con
ditioning of the telephone is permitted. 

After a further 10 seconds, make the final reading of the ORE Meter. 

TheOREM A reading is then the average of the three readings. With most 
carbon transmitters, 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. However, operators with experience of carbon trans
mitter 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 0 REM 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 asking the operator to shift 
the TRACER LEVEL control to see if the trace can fit between these limits. 
Note that the Voice output contains SFE RT weighting (a fall in output at 
high frequencies) so the limits drawn on the screen must include compen
sation for this weighting. It is possible for the operator to put the WEIGHT
ING 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 transmitter. Both activities 
would be against the conditions of the OREM A test. 

The 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 obscuring 
the significance of shifts in OR EM 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 repeat the first test in the series as a rough check on the be
haviour of the carbon transmitter. The check is described as "rough" since 
most carbon transmitters will show some change after being put through 

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

Main bearing 0° 
Platform 78° 

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

"Sidetone" tests follow the procedure already described, but there is like
ly to be one difference. 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 +10 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 +1 0 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 "Re
ceiver". Most receivers are acoustically stable, but .some telephone circuits 
containing unstable carbon transmitters allow changes in the transmitter to 
influence the receiver output. To achieve repeatable test results it is there
fore 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 Coupler 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 conditioning, then the conditioning can be omitted 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 reading 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 
automatically. This means that frequency response limits can be shown on 
the screen directly. 
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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 readings and those from other tests. In particu
lar, it is quite wrong to use the term Reference Equivalent to describe any 
OREM result since this term is reserved exclusively for results obtained by 
subjective techniques using closely-defined methods and equipment. 

6.3 THEOREM B TEST 

6.3.1 Documents for OREM B 

Prepare documents on which the test results are to be written. An example 
is suggested in Fig. 6.8. Include information on these points: 

Feed voltage 
Feed bridge resistance 
Generator impedance 600 or 900 ohms 
Receiver impedance 600 or 900 ohms 
Power supply polarity - normal or reverse 
Transmission attenuator 
Receiving attenuator 

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 
3354or 3355 test system: this can be useful in factories where large numbers 
of 3354 or 3355 are in use. 

The document should have provision for recording changes in line loop 
ohms or line length, line current and the OREM 8 values. These values are 
usually written in numbers in columns. For OREM 8, 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. 
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OBJECTIVE REFERENCE EQUIVALENT MEASUREMENT OREM.B 

made on Briiel & Kjaer ETTMS type no. 3352/3353 

Test Report on telephone transmitters type----

with earcap type - ---

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

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

Sample No. 
Reading 

1 

0 R E M.B dB 
Reading 

2 
Reading 

3 
Reading 

Mean 
Class Transmitter Transmitter Transmitter 

current voltage res istance 
mA V ohms 

~-~---·--r----- ----+---~ --~---~--~·----------

- r----r--~--,_--~----+----~ 

- -t---·- 1-- - -- - -· -t------11-- --. -~ 

- r--- -+-- - -t- --r-- ----- --- r- - --- -·---

- -·--r------r- --- - --

~--~-~~---~--~-- -

1-----+ - --r----~--~--~-~---~---,~-----

072079 

Fig. 6.8 Sample report sheet for OREM 8 

It is customary for testing authorities to design the complete test docu
ment 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 capsules and it is often important that the test should 
not be delayed by the absence of proper documents. 
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6.3.2 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 measure the supply voltage (VOLTAGE-CURRENT 
MEASUREMENT switch is set to "Supply"). 

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. (See section 3.2). 

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

Assemble the transmitter and receiver Capsule Holders; refer to Sections 
2.3 and 2.4. Use the Braun Coupler in the receiver Holder. If necessary, 
adjust the Holders (Section 2.5) so that the transmitter and receiver cap
sules fit smoothly without strain. 

Note that both Holders are supplied with caps which are copies of th_ose 
used on German telephones; refer to Section 3.3 for details concerning the 
use of other caps. 

Plug the Holders into the sockets on the front panel of the 4904 0 R E 
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 circuit 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. 6.9 (a)). 

(c) Trunk line running from the output through the feed bridge to 
the ORE Meter can be joined between pins 3 and 4 on the front 
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Fig. 6.9 OREM 8: Attachment of artificial lines to subset circuitry 
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panel of the ORE Meter (with shorting links removed between 
3 and 4 - see Fig. 6.9 (b)). 

It is possible to use a combination of the methods, as for example in Fig. 
6.9 (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 entire
ly removed, but their effect can be reduced by standing the assembly on 
sound-absorbing material. Some operators 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 obtained in 
normal service. 

6.3.3 OREM B test procedure 

Transmitting 

Set the FUNCTION SELECTOR to "Transmitter". 

Start the SWEEP. 

Open the Transmitter Capsule Holder. Pick up a transmitter and without 
shaking or tapping 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 120° 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 120° and replace it 
in the Holder. After an interval of five seconds, make a third reading on the 
ORE Meter. 

Inspect the trace on the Tracer to ensure that the transmitter response 
falls within the limits laid down by the local testing authority. Note that the 
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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 volt
meter and milliammeter then read the voltage and current at the terminals 

TRANSMITTER on the front panel of the 4904 ORE Meter. For these read
ings 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. 

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 measurements using the Plug-In Units the real transmitter is replaced by a 
load in the Unit circuitry. 

Inspect the trace on the Tracer to ensure that it falls within the limits laid 
down by the local 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 measurement is needed it can be made by putting a transmitter and a 
receiver capsule into 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. 
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General 

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

6.4 SUMMARIES OF OREM TEST TECHNIQUES 

6.4.1 Summary of OR EM A test technique 

(a) 

(b) 

METER FUNCTION 
COMPENSATION 
METER DAMPING 
SWEEP 
WEIGHTING 
TEST HEAD 
VOICE 

CONDITIONING 

"y = kx0 ·6" 

"Out" 
"Slow" 
"0.2-4 kHz" 
"SFERT" 
135° and 22° 
REF. 

goo 
180° 
180° 
180° 
goo 

left 
right 
left 
right 
left 

(c) Read the 0 R E 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 transmitting. 

Always use the Term OREM A to describe the results. 

6.4.2 Summary of OREM B test technique 

(a) METER FUNCTION 
COMPENSATION 
METER DAMPING 

"y = kx0·6" 

"In" 
"OBDM" 
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SWEEP 
WEIGHTING 

"0.2-4 kHz" 
"SFERT" 

Use Capsule Holders and Plug-In Unit. 

(b) Conditioning: Rotate transmitter 120° 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 OR EM B to describe the results. 

6.5 FREQUENCY/AMPLITUDE MEASUREMENTS 

6.5.1 General 

In general, it is possible to make frequency /amplitude recordings with very 
fewchangestocontrol knob settings which have been arranged for theOREM 
tests. 

If the operator wishes to use Voice pressures and electrical outputs, etc., 
similar to those used in the OREM tests, then the only changes to control 
settings are: 

Spectrometer 2113 

FILTERS 

ORE Meter4904 
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SWEEP 
WEIGHTING 

"Ext" button in the "out" 
position 

"Main Osc." 
"Off" 



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

POTENTIOMETER RANGE 

RECTIFIER RESPONSE 
LOWER LIMITING FREQUENCY 
WRITING SPEED 

POWER 
PEN DRIVE 
STOP/START 
PAPER DRIVE FUNCTION 
PAPER SPEED 

"50 dB" or "25 dB" accord
ing to dynamic range of the 
tested object 
"RMS" 
"50 Hz" 
"1 00" to "250" mm/s, 
according to regularity of 
shape of the response of the 
tested object 
"On" 
"On" 
"Start" 
"F Automatic Stop" 
"3" or "1 0" mm/s 

Load the Recorder with the chosen paper; for telephone work, type 
QP 1142 is recommended. Remember that the "Rec. paper" switch on 
the Sweep Unit ZM 0047 has to be set for the paper type chosen. 

Consult the 2307 Instruction Manual for advice on how to set up syn
chronisation between the Oscillator and the paper. 

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 frequency range of interest. Adjust the attenuation 
on the 2307 or 2113 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 dynamic range of the test object on the Recorder, switch the 
1023 SWEEP CONTROL back to "Ext. Electr.". 

Clean the Recorder pen; lower it onto the paper and press the Recorder 
"Start" button. The paper chart will continue to run until a full chart length 
has been used, when it will stop automatically. Lift the pen. The recording 
is now complete. 
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6.5.2 Conditioning during recording 

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 record
ing 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 during a recording; these bursts keep the carbon in a state 
of gentle agitation which persists through the whole recording and which can 
be reproduced during other measurements. 

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 3354 system, noise burst recording is simple. Consult the 
Instruction Manuals for the 1023 Oscillator, and the 2307 Recorder for infor
mation on the remote operation of the OSCILLATOR STOP control and 
assembly of cams on the DRIVE SHAFT 2 of the Recorder. With a suitable 
choice of cams (provided with the 2307}, it is possible to switch off the Os
cillator for 100 msec. every second and to switch in noise in its place from 
an external noise source (not supplied with the 3354). 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 evi
dence 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. 

6.5.3 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 recti
fier smoothing circuits introduce an averaging effect which can sometimes 
obscure sharp detail when a trace is viewed during the fast sweep used in 
OR EM tests. If such loss of detail is suspected, then the operator can either 
sweep the Oscillator manually slowly enough to show detail, 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 
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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). 

6.5.4 Frequency/amplitude measurements on lines and other apparatus 

Apparatus such as real or artificial lines, amplifiers, repeaters, loading cir
cuits, 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 outlet when the FUNCTION SELECTOR 
is set to "Receiver". 

This is a balanced output delivering a signal of 
285 m V 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 COl LS to "Ext. + 
Coils" (After OREM. US calibration, this out
let delivers 316 mV, switchable source impe
dance). 

If these outlets are not suitable, then the apparatus can be joined directly 
to the LOAD or ATTENUATOR OUTPUT outputs on the Oscillator. (See 
the Instruction Manual for the 1023 for information about the Oscillator). 
If this is done, the control knobs on the 1023 will have to be reset to suit 
the apparatus under testj after the test has finished, the controls can be re
turned to their former state without the necessity of recalibrating the system. 

The output signal from the test piece can be taken either directly to the 
Recorder or via the amplifiers in the Spectrometer. Since the Spectrometer 
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 avail
able at Pins 4 of the 4904 ORE Meter (with FUNCTION SELECTOR switch
ed to "Transmitter"). 
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It is always advantageous to use the 4904 ORE Meter for supplying both 
the driving signal and the measuring input since overall calibration of the 
results is simpler and is linked with the standard calibrations for the OR EM 
tests. For example, to test the frequency 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 EQUIVALENT 
METER, all on the front panel of the 4904 ORE calibrated using normal pro
cedures; 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 ca
libration of these two instruments is again simple. 

Measurements on real lines are possible in the same way, but two precau
tions are necessary: 

(i) the signal from the real line must pass through balancing trans
formers. 

(ii) there must be some form of protection for the measuring 
system against high voltage surges in the real line. 

If measurements on real lines are being interfered with by excessive elec
trical 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. 

6.6 DISTORTION MEASUREMENTS 

6.6.1 General 

The 3354 system is equipped with a third octave Spectrometer which iso
lates and measures the individual harmonic products of a given fundamental 
signal. For a full description of the 2113 Spectrometer, consult the Instruc
tion Manual which is supplied in a folder complete with a selection of meter 
scales for the 2113. 

6.6.2 Calibration 

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

The Recorder/Spectrometer combination can be calibrated using the 4230 
Calibrator or the 4904 ORE Meter reference voltage as described in Chapter 
6. A further method makes use of the Spectrometer'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 TRANS
MISSION ATTENUATOR on the 4904 ORE Meter. This acts on both the 
acoustical and electrical outputs from the 4904. Similarly, the RECEIVING 
ATTENUATOR can be used to alter the gain in the meter amplifier to com
pensate for alterations of the driving signal. 

Note that the power handling ability of the 4219 Voice is limited. If the 
Voice is used at too high an output pressure, then distortion is greatly in
creased, and the operator may be misled into thinking that this is coming 
from the transmitter being measured. Refer to section 6.15 for a discussion 
of Voice limits. In general, when making distortion measurements on tele
phone transmitters, it is advisable to either 

(a) restrict the frequency sweep to values above 200 Hz using nor
mal Voice pressures, or 

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

In both cases, it is advisable to switch the COMPRESSOR SPEED con
trol to "1 00" dB/s; this gives a slight improvement in distortion levels at low 
frequencies. 

6.6.3 Synchronisation between the Spectrometer and Oscillator 

Normal assemblies of the 3354 system include a 2:1 reduction drive 
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between the Recorder and Oscillator. Since the Recorder also supplies syn
chronising pulses direct to the Spectrometer, it follows that the pulse rate 
must also have a 2:1 reduction for the Spectrometer and Oscillator to remain 
synchronised. This reduction is accomplished by the Sweep Unit ZM 0047 
which is connected between the Recorder pulse output and the Spectro
meter pulse input. 

6.7 CARBON TRANSMITTER MODULATION NOISE MEASUREMENTS 

Most carbon transmitters possess the unfortunate property of generating 
noise whenever 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 remove the speech frequencies, leaving the upper fre
quencies of the carbon modulation noise available for measurement. 

6.7.1 5kHz High-Pass Filter 

In the 3354 system, this technique is carried a stage further. Here, the 
modulating signal is that of the sweep Oscillator, 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 carbon 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 assumption that the magnitude of 
modulation noise components over 5kHz 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 sig
nal component over 5 kHz is measured using the Spectrometer as a linear 
measuring amplifier. 

To make a measurement, switch the FUNCTION SELECTOR to "Trans
mitter", and mount the telephone (handset in the Test Head or transmitter 
Capsule in the Holder) as for transmitting tests. Start the sweep. Calibrate 
the Spectrometer using its internal 50 mV reference voltage (instructions for 
doing this are given in the 2113 manual). It may be worth changing the 2113 
meter scale to the SA 0037 mV scale. 

Now condition the telephone transmitter. The ORE Meter shows a read
ing, but this is not used in this measurement. Instead, read the 2113 meter: 
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It is likely that the Spectrometer gain controls will have to be altered since 
the noise products are usually of low value. Gain alterations are made with 
the 10 dB stepped attenuators, starting with the Input Section Attenuator 
and continuing with the Output Section Attenuator when the input section 
approaches the overload point. Shifting of the calibration point is noted. 

The 2113 meter now reads the over-5 kHz noise products in millivolts. 
However, the insertion loss of the 5 kHz high-pass filter has to be allowed 
for. This loss is 4.7 dB. The filter circuit contains an amplifier, and it is 
possible to vary the gain of this to set the insertion loss at values other than 
those quoted here; consult the 4904 Service Notes for instructions for this 
work. 

If there is doubt about the exact insertion loss of the filter, or about the 
overall calibration of the system, both can be checked by using a signal direct 
from the Oscillator to the Spectrometer. Use a frequency of over 5kHz and 
feed it first to the DIRECT INPUT of the Spectrometer and then to Pins 4 
on the ORE Meter; entry through Pins 4 means that the signal reaches the 
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Spectrometer via the high-pass filter so that filter insertion loss shows as the 
difference in reading between the two signal paths. Note that Pins 4 have an 
input impedance of 600 or 900 ohms whereas the 2113 DIRECT INPUT has 
an input impedance of 1 MQ, and check that signal input voltages are the 
same. 

6.7.2 Pulse System 

A second technique for measuring modulation noise consists of pulsing the 
carbon transmitter with a modulating signal and then measuring noise out
put during the off-cycle of the pulse. In the 3354 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 actuate a two-way switch inside 
the Recorder. This switch can be used to work the Oscillator GENERATOR 
STOP circuit and also to open and close an input switch for the remainder of 
the measuring system (this input switch is not supplied with the 3354). The 
disadvantage 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 standard sweeps (200-4000 Hz or 300-3300 Hz) or the fre
quency modulation circuits built into the 1023 Oscillator. 

6.8 CARBON TRANSMITTER STABILITY MEASUREMENTS 

Most carbon transmitters show a marked decline in sensitivity 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 
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(e) whether or not the transmitter is clamped rigidly after shaking 
or held in a human hand which typically imparts small move
ments to the transmitter 

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

In tests 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 contaminants. 

Such a test is performed as follows: 

In the 2307 Level Recorder, fit a 10 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 (small figures). Set the WRITING SPEED to some low value 
such as "25 mm/s". Start the paper moving, and lower the pen. On the 2113, 
set the EXT. button to the "Out" position. 

Then go through any OREM transmitting test. The transmitter output 
appears on the Recorder, first as a high-level noisy signal during the condi
tioning motion, and then settling 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 accu
rate 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, counting 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 con
ditioning motions. 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 motions arranged in a pat
tern 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 
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Fig. 6. 11 Recorder chart showing the decline in sensitivity of a carbon 
transmitter measured with the 3354 system 

techniques may give low initial output with a small and slow decline. The 
OREM rotary conditioning normally shows as a moderately high output fol
lowed 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. 6.11. This has no frequency calibrations. 

An interesting extension of the time/sensitivity measuring technique is to 
apply it to transmitters in telephones held in human hands. Although Oscil
lator sweep signals can be used to drive the transmitter, it is also possible, 
though difficult, for the person holding the handset to talk into it over a 
period of time at a level which is aimed at being constant. Since constant-level 
talking is virtually impossible, a second microphone can be used to monitor 
the talker's speech output, and this can be recorded side-by-side with the out
put from the carbon microphone (see the Bruel & Kj<Er Two Channel Micro
phone Selector Type 4408). In this way, the sensitivity/time characteristics 
of the transmitter can be plotted under conditions which come close to real
life handling. 

6.9 CARBON TRANSMITTER RESISTANCE MEASUREMENTS 

The combined 4904 ORE Meter and 4906 Power Supply have provisions 
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for measuring transmitter voltage and current directly at the transmitter ter
minals. To do this, the transmitter is placed in the Capsule Holder which is 
then plugged into the 4904. In the 4906, the correct subset circuit is put into
the Plug-In Unit. On the 4904, the VOLTAGE-CURRENT 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 carbon, line current, gravitational force, and so on. For a resistance 
test to have any meaning, 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. Be
cause of this variability, most transmitter resistance tests follow OREM pro
cedures 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 OR EM 
tests. 

6.10 MEASUREMENT OF CLICKS IN RECEIVERS 

In recent years, much work has been done in audiometry concerning the 
evaluation of impulse noise. The 2113 Spectrometer meets the requirements 
of the various standards on the measurement of impulse noise. 

Most telephone operating authorities have strict limits governing the maxi
mum loudness of signals which can appear at the receiver of a telephone. Im
pulse noise (clicks) caused by switching transients, lightning strikes, etc., 
cause many problems both in setting these loudness limits and in making use
ful measurements on new telephone designs. 

Until recently, most measurements of click noise were made on the elec
trical input to the receiver and not on the receiver's acoustical output. With 
the 2113, both measurements are possible. 

To measure the peak value of the electrical waveform reaching the recei
ver, join the DIRECT INPUT of the Spectrometer across the receiver ter
minals. Note that this input has one side joined to chassis, and that, there
fore, it is likely that other ground paths between the 2113 and the subset 
circuit exist. Check and remove these before beginning measurements. To 
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measure, set the 2113 METER FUNCTION to "Impulse" or "Impulse Hold". 
Apply the click function to the receiver and check that the 2113 measuring 
circuits do not show overload; if they do not, then the meter shows the 
maximum RMS value of the impulse voltage. 

For acoustical measurements, set up the receiver with one of the coup
lers supplied; the type suggested for this work is the I EC Audiometric Coup
ler which uses the 4134 Microphone. Calibrate in the usual way (with the 
4230 Calibrator) and then apply the click voltage to the receiver and mea
sure the acoustical output on the 2113 using the "Impulse" or "Impulse Hold" 
mode again. The EXT. button should be in the outer position. 

6.11 USE OF A SECOND FEED BRIDGE 

For some measuring applications, it is necessary to use a second subset. 
For convenience, 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 in
ternal feed bridge which is used to feed the first subset. The combined cir
cuit then becomes that shown in Fig. 6.12. The signal paths through the 
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Fig. 6. 13 The internal feed bridge circuit 

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. 6.13 together with component values. 

6.12 AIR-TO-AIR MEASUREMENTS 

Using a second feed bridge as described in section 6.11, two telephone 
sets can be linked for the measurement of air-to-air characteristics. 

Telephone 1 is joined to Pins 2 of the ORE Meter and is fed by the inter
nal bridge in the 3354 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 telephone 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 
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Fig. 6. 14 Air-to-air measurements 

top of any of the couplers which can be held in the UA 0086 Stand for the 
Receiver Capsule Holder. 

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 tele
phone 2, where it drives the receiver. The receiver signal is collected by the 
Coupler and Microphone and transferred in the usual way to the measuring 
and display circuits of the 3354. 

The reverse path can be measured by exchanging the two telephones. 
Sidetone characteristics 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 impedance 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 
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across the telephone terminals. 

If both telephone transmitters are carbon type, then conditioning of the 
second telephone 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 necessary in the case of telephone subset 
circuits in which resistive changes in the transmitter have an effect on re
ceiving 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. 

6.13 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 factories contain rooms which are suitable for free
field measurements. In practice, most local testing authorities are concerned 
more with assuring themselves that production bells are as loud as the proto
type 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 received by the measuring microphone. Therefore in recent 
years two types of test have emerged. In the first, the total sound energy rad
iated by a calling device is collected using a totally-reflective box, and then 
integrated; in the second, a proper anechoic room is constructed and classical 
acoustical measurements are made at various points and angles around the 
calling 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 
energy and do not measure the effectiveness of a device in attracting the 
subscriber's attention. The whole question of the measurement of sound 
fields is treated at length in the Bruel & Kjcer publica~ion "Acoustic Noise 
Measurement" by Jens Trampe Broch, ( 1971). 
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6.14 SWEEP MEASUREMENTS ON REAL LINES 

Many local testing authorities specify the performance of a lrne in terms 
of the attenuation it offers to a standard-level 1000 Hz tone. Although this 
test is adequate for checking lines with known characteristics, it does not 
give full information about the behaviour of new designs of lines or of lines 
which carry unusual signals. By sweeping such lines with the signal from a 
3354 system, full information about attenuation and frequency response can 
be obtained, with visual inspection of the results, and, if required, a paper 
chart plot of the r~sults. 

6.15 NOTES ON THE USE OF THE ARTIFICIAL VOICE 4219 

6.15.1 Output pressure and distortion 
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Fig. 6. 15 Relation between maximum sound pressure and distance from 
the orifice for the 4219 Artificial Voice 
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To make proper use of the Voice, operators should be aware of the limi
tations 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 100 dB re 2 x 1 o-5 N/m2

. To translate this to working 
pressures measured under OREM conditions, one can consult Fig. 6.15. This 
shows the pressure along the axis of the Voice as a function 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 115 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 theOREM calibrating devices. 

Fig. 6.16 shows distortion levels for orifice pressures of 120 dB re 2 X 1 o-5 

N/m2
. It indicates clearly the need to use lower pressures at frequencies be

low 200 Hz if an acceptable level of second harmonic distortion is required. 

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. 
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6.15.2 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 measurements can be seriously affected by acoustical re
flections from objects standing around the transmitter and Voice. Common 
nearby objects are the telephone subset, the Test Head itself (or the Voice 
jig 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 
allow 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 framework, pointing away from the main reflecting surface which 
carries the main bearing (Fig. 6.17). This construction reduces, but does not 
completely remove, reflections from the Head, and this influence is still 
marked enough for some operators to want to reduce it further. Various 
wavs of doina this are oossible. 

472246 

Fig. 6. 17 A method of mounting the handset to reduce reflections from 
the bench top 
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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 relatively anechok place and to record the voltage 
required to drive the Voice at a fixed output pressure over the frequency 
range of interest (Fig. 6.18). "Relatively anechoic" here means ideally a pro
perly-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-centre 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 Oscillator 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 below 200 Hz are used, 
reduce the Voice pressure over the whole range by about 10 dB. 

When the chart has been made, put the Voice into the Test Head and set 
it up with the rest of the 3354 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 measured, etc.) as for a normal test. Then re
peat the frequency sweep and record the Voice coil drive voltage again . 

• 
4712 

Second measuring position 
includes normal layout of 
all test pieces 

Fig. 6. 18 The Artificial Voice mounted first in ideal anechoic conditions 
and then in typical telephone-measuring conditions for a com
parison of the effects of reflections 
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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 ser
ious enough to warrant changing the arrangement of the test site. After any 
change, the recording can be repeated and checked against the first for evi
dence of improvement. 

The changes which can be made to reduce reflections fall into two cate-
gories: 

(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 desirable; 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 recommend
ed unless the operator has special reasons for aiming at low-reflective mea
surements 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 available; to help the operator choose that 
which has good sound-absorbing properties, the following simple test can 
be made. 

With the 3354system set up for normal OREM tests, switch the WEIGHT
ING NETWORK to "Off" and the FUNCTION SELECTOR to "Transmitter". 

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

6.16 ADAPTING THE SCREEN OF THE 4712 TRACER FOR RAPID 
INSPECTION OF FREQUENCY RESPONSE CURVES 

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 programme, and sometimes the search for a speedy test 
method leads operators into errors caused by misreading of the instruments. 
The 4712 Tracer can be adapted without difficulty 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 
(Fig. 6.19). The Tracer is provided with detachable screens to facilitate the 
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Fig. 6.19 GO/NO-GO limits plus a reference point marked on the screen of 
the 4712 Tracer 
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marking ofthese 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 only 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 differing sensitivi
ties 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 ref
erence 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 tech
nique is desirable for marking limits. 

The improved technique is to first make tests on a prototype item to de
termine the limits of frequency response. Note that for most telephone cap
sules 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 perspex. This col
our template is then taped to the screen of the Tracer so that it corresponds 
to the "acceptable" region of the screen trace (Fig. 6.20). Any departure from 
this acceptable region will be shown by a change in trace colour. This change 
moreover is not masked 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 darkened, 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 
falling outside all the colour strips. Obviously, the colour strips should lie 
alongside each other and should not be overlaid since this witt considerably 
darken the trace. 

An additional refinement is 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 
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Fig. 6.20 A colour mask fitted to the 4712 Tracer to give a clearer indica
tion of GO/NO-GO Limits 

felt that a small hole is too critical for easy use, then the hole can be expand
ed into a slit. 

When using this colour-mask technique (also known as a "rising-sun" 
technique), operators 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 lighter density. 

6.17 MEASUREMENTS ON 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 
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B & K sockets on the front panel of the 4904 ORE Meter (Fig. 6.21). The 
socket on the left, marked 775 mV GENERATOR is joined to the 1023 
Oscillator via two series-connected 4 mm terminals . By placing a resistor (or 
other loading device) across these terminals, the output 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 terminals, 
and by placing a suitable resistor across these, the desired load impedance can 
be put across the output of the 4-pole network. The 4904 ORE Meter input 
by using the appropriate resistor across the two 4 mm terminals. 

Since there are earth connections to one side of each of the B & K sockets, 
it is necessary 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 0 R E Meter. 
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Fig. 6.21 A four-pole network connected to the 4904 OR£ Meter 



7. DESCRIPTION OF THE SYSTEM 

This rack-mounted assembly of equipment consists of several standard 
Bri.iel & Kjcer instruments linked to three special telephone-measuring units. 
The functions of these units are to supply power to the measured telephone 
through a range of feed bridges, to hold the telephone correctly during meas
urement, to supply calibrated test signals to the telephone, and to measure, 
display, and record the output from the telephone. 

7.1 OREM TEST EQUIPMENT BASED ON THE WORK OF DR. KARL 
BRAUN 

The 3354 delivers a test signal from an Oscillator sweeping continuously 
between 200 to 4000 to 200Hz once per second. The signal can be switched 
to either an Artificial Voice or an output transformer. At the Voice, the sig
nal produces a sound pressure level of 94.6 dB SPL which is constant with 
frequency when measured with a special arrangement of a measuring micro
phone fitted with a baffle which simulates the acoustical properties of the 
original SF E RT microphone. At the transformer, the electrical signal has a 
power output equal to -1 neper re 1 mW developed from a source impedance 
of 600 ohms and measured across a load of 600 ohms. 

The signal from the Voice is passed into the transmitter of the telephone 
being tested by mounting the telephone handset on a Test Head which holds 
the voice in the REF modal position with respect to the reference plane of 
the telephone handset. The resulting electrical signal from the telephone 
transmitter is fed to a metering circuit (Fig. 7.1) where it is rectified and 
then acted on by a circuit which produces an output proportional 'to the 0.6th 
power of the input voltage. This output voltage is applied to a moving-coil 
meter which indicates by how much the measured input signal differs from a 
fixed internal standard signal. This internal standard is based on the original 
SFE RT constants and ideally, the meter would indicate the loudness differ
ence between the telephone bei!1g tested and SFERT. However, correlation 
between meter readings and the SFERT/NOSFER systems is poor, partly be
cause of necessary simplifications inherent in the design of objective equip
ment and partly because of different approaches to the basic theory of meas-
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Fig. 7.1 Basic system for the measurement of transmitter characteristics 
using OREM A and OREM B 

urement between SFERT/NOSFER and the 3354 system. These points are 
dealt with in more detail in chapter 8. 

The electrical signal from the Oscillator passes via an isolating transformer 
to the telephone subset under test. It appears as an acoustic signal in the re
ceiver of the telephone, where it is collected by a coupler-microphone com
bination and passed to the same metering circuits for measurement in the same 
fashion as previously described. In his original work, Dr. Braun designed a spe
cial couplerfor the collection of this acoustic signal. This coupler (the Braun 
coupler) is still used in the OREM B test, but has been supplanted by other 
couplers in other tests. 

[> 

472036 

Fig. 7.2 Basic system for measuring receiver characteristics 

7.2 OBJECTIVE REFERENCE EQUIVALENT METER 4904 

Figs. 7.3 to 7.7 show the block diagram of the 3354 with the FUNCTION 
SELECTOR switched into the following five modes: 

"Transmitter" 
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"Receiver" 
"Sidetone" 
"Osc. Output" 
"Microphone and Voice" 

The "Meter" mode is omitted since its operation can be seen from a study 
of the other diagrams. 

In each block diagram, the driving signal is coloured red; the measured sig
nal is green, and the DC circuits are blue. 

Each block diagram consists of two main parts. The first covers the units 
specially designed for telephone measurement, i.e. the. 4904 and the 4906, 
and the second shows the standard 8 & 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. 

The 4904 section of the diagram is divided into sub-sections numbered 
100, 200, .... 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. 

Section 100. This contains the meter circuitry, starting with an input atte
nuator (the RECEIVING ATTENUATOR) with steps ofO, +5, +1 0, +15, -15, 
-10, and -5 dB. (Earlier models of the 4904 were fitted with an attenuator 
giving steps of 0, -10, -20, +1 0, decibels, and -1, -2, and +1 neper: these 
earlier models of attenuator can be changed to the all-decibel version by 
applying to the 8 & K factory for a conversion kit). From the attenuator, 
the signal passes to the switched inverse-MSSW weighting network 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 meter amplifier is a variable gain amplifier with heavy negative feed
back to ensure very high stability and dynamic range. Gain variation is con
trolled 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 Re
corder as well although there is an output for this purpose from the 2113 
Spectrometer. 

The meter amplifier output is fitted with an overload indicator consisting 
of a lamp mounted on the main moving-coil meter. The indicator responds to 
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A typical meter scale for the 4904 0 R E Meter, showing the 
OVERLOAD lamp 

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 main output from the meter amplifier goes to the meter rectifier. This 
is a normal double-wave rectifier loaded by the meter function circuitry. This 
circuitry applies the integrating indices of 1, 0.6, and 0.45 to the output 
voltage before it reaches the moving-coil meter. The circuit uses multiple 
matched diode integrated circuits giving an accuracy of ±0.5 dB over a dynamic 
range from 14 dB below 0 dB scale reading to 20 dB above 0 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 ~hen 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 inverts the function to show the 1 /0.6th 
value. Thus, a 10 dB change in input voltage produces 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 redundant, but for 
the typically variable-frequency variable-level telephone test signals, the 
meter function circuits produce a meter drive signal which has some corre
lation with the workings of human sensation of loudness. 

After leaving the function circuits, the rectified signal passes through a 
group of load resistors and reaches the meter coil. Three meter damping cir-
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cuits are available, chosen by a back-panel switch. A tapping across the load 
resistors and meter coil feeds the meter DC voltage to two 4 mm terminals 
METER DC on the back panel. 

Section 200: The compressing loop. This loop controls the output of the 
Beat Frequency Oscillator 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 ~s picked up by the microphone 
mounted in the orifice of the Voice. It is fed to Amplifier 1 where the built
in meter reads the value of the compressing signal and passes from there to 
the TRANSMISSION ATTENUATOR mounted on the 4904. This attenuator 
has steps of 0, 5, 10, -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. In the "SFERT" position, the Voice output follows the curve 
shown in Fig. 7.22. 

The signal is passed to the conditioning network which consists of a simple 
attenuator 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 settling into a packed 
state. 

The signal has now passed through all necessary shaping and attenuation 
circuits, and it now enters the compressing amplifier where it is squared and 
passed to the compressor input of the Oscillator. The squaring circuit acts 
to double the frequency of the compressing signal so that there is a faster 
reaction time from the rectifying-smoothing circuits in the Oscillator. This 
fast reaction time is called for by the combination of a fast sweep speed for 
the Voice signal and the massive weighting required by the MSSW circuits. 
The double-frequency signal is also less liable to cause distortion from the 
action of the Oscillator compressing circuit on the peaks of low-frequency 
signals. 
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Inside the Oscillator, the compressing signal acts on the Oscillator output 
so as to keep the compressed function constant. In this case, the constant 
function is the sound pressure on the diaphragm of the microphone in the 
orifice of the Voice. The extent of compression can be seen from the meter 
on the Oscillator which shows the Oscillator output voltage; a low reading 
indicates high compression levels. 

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

Section 300: This is electrically a part of section 200, since it contains 
the TRANSMISSION ATTENUATOR which governs the output to the Voice 
and to the telephone subset. The attenuator circuits are physically separate 
from the main circuit board, and so the components are given numbers in this 
300 series. 

Section 400: This section contains the important FUNCTION SELECTOR, 
a six-position switch which sets up calibrating and measuring circuits for all 
tests. The five block diagrams (Figs. 7.3 to 7. 7) correspond to the working 
positions of the FUNCTION SELECTOR detailed below. In each block dia
gram, the signal paths are coloured to represent signal functions: 

Red: Driving signals applied to test objects: stimulus signals. 

Green: Signals from test objects resulting from the application of test 
signals: response signals. 

Blue: DC telephone power circuits. 

"Transmitter": the driving signal passes from the Oscillator to the Artificial 
Voice via one arm of the TRANSMISSIO!'J ATTENUATOR. The resulting 
telephone transmitter signal is returned to the system via an isolating trans
former and impedance loading networks. It then splits. The main part travels 
to the metering circuits from which another tapping feeds a signal to the 
Tracer. The minor part travels via a 10 dB attenuator pad to the input of 
Amplifier 2 (usually the 2113 Spectrometer) where it is amplified and return
ed to the 4904 ORE Meter for processing by the 5 kHz high-pass filter (de
scribed in section 500) . . 

"Receiver": the driving signal passes from the Oscillator to the output 
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transformer in the 4904; the setting of the GENERATOR IMPEDANCE 
switch determines the output impedance for this transformer. From here, 
the signal is passed to the subset under test, either direct from the trans
former or through built-in subset circuits in the 4906 Power Supply. The 
signal appears at the receiver of the telephone where it is collected by a 
Coupler-Microphone combination. The Microphone signal passes into the 
first amplifying section of the 2113 Spectrometer where it is amplified and 
returned to the 4904 ORE Meter. Here it passes through an attenuator COM
PENSATION which can be used to reduce excessive signals from the Mic
rophone or to apply fixed attenuation to compensate for differences between 
couplers. This network then passes the signal to the metering circuitry 
which functions as already described. As supplied from the factory, com
pensation is fixed at 3.5 dB attenuation. 

"Sidetone": the driving signal follows the same path as in the "Transmit
ter" switch position, and the telephone signal follows the same path as in 
the "Receiver" switch position. 

"Meter": an internal reference Oscillator generating 285 mV is connected 
to the input of the metering circuitry. It is used to adjust the meter gain to 
some known value as described in chapter 5. 

"Osc. Output": the electrical output from the Oscillator is switched to the 
input terminals of the metering circuitry plus a load impedance of a value 
selected by the GENERATOR IMPEDANCE switch: the metering circuitry 
is used to measure and adjust the Oscillator output. 

"Microphone and Voice": the driving signal follows the same path as in 
''Transmitter", and the receiving circuits are activated as in the "Receiver" 
position. The output from the Voice is measured with the receiving circuits. 

Section 500: The 5kHz high-pass filter. This is activated when the FUNC
TION SELECTOR is in the ''Transmitter" position. The signal from the tele
phone transmitter is split as described above, and part passes through the 
first stage of the 2113 Spectrometer and is fed back to the 4904. Here, it 
passes through the 5 kHz filter and is then amplified by 10 dB and returned 
to the second stage of the 2113 Spectrometer for measurement on the 
Spectrometer metering section. The Spectrometer filters are not involved in 
these measurements. 
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7.3 TEST HEAD TYPE 4905 

7.3.1 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 measurement of their acoustical properties. 

There are two standards governing the correct position in which the hand
set is held (Figs. 7.9 and 7.1 0). Both of them start from the same reference 

Fig. 7.9 
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Fig. 7.10 The AEN and REF lipring positions for a typical handset 

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. 

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. 7.11 ). This block is fixed in position in the factory, and no 
attempt should be made to loosen it. Note particularly that the metal sur
face forms the reference plane, not the surface of the black ring which is 
often 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 receiver earcap so that when the ring is screwed in 
place on the reference plane, the earcap is held firmly in place and cannot 
move across the reference plane. Preparation of the ring is described in Sec
tion 3.1. 

The two standards AEN and REF govern the distances and angles be
tween the reference point and the lipring of the Artificial Voice. The Test 
Head is constructed so that both standards can be used. The same rigid plate 
that carries the metal block with the reference plane also has two sets of 
pins which locate the Artificial Voice accurately in each of the two standard 
positions. No extra template is needed; the Voice lipring falls into the cor
rect position with respect to the reference plane. 

The REF standard is that used by the CCITT Laboratories for its Objec-
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Fig. 7.11 The Reference Plane block on the 4904 Telephone Test Head 

tive and Subjective Reference Equivalent Measurements; it is also used in 
theOREM A and OR EM 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 locating pins. 

The two modal planes occupy different positions. The older REF measure
ments 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 telephones 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 
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Fig. 7.12 The base of the Test Head 

this fact clearly when reporting his results. It is not possible to give any gene
ral correcting factor for changes between AEN and REF measuring positions 
since this will depend largely on the characteristics of the particular tele
phone handset and transmitter. 

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 modal position based on work by the British Post 
Office. This new position, known as the British Modal Speaking Position 
(BMSP), uses the .;arne geometry as the AEN mode, but makes the two im
portant 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 sitting upright. On the 4905 Test Head, the platforms can be adjusted to 
achieve the correct direction for gravitational field. Setting the correct speech 
direction gives rise to complications; for handsets with circular transmitter 
caps and symmetrically-circular capsules, then a very good approximation to 
BMSP can be made; for non-symmetrical caps and capsules, then the BMSP 
cannot be reached. 
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7 .3.2 Bent handsets 

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 ref
erence plane has the correct 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 complete 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 accom
modate defective handsets. 

·Some groups have found it useful to prepare a template which fits be
tween the Voice lipring 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 transmitter caps, particularly in 
the case of telephones with bent handsets. 

7 .3.3 Pressure pillar 

The pressure pillar (Fig. 7.13) 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 position. Normally, this is correct when both small black 
studs on the pillar are touching the back of the handset. The second adjust
ment 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, particular
ly 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. 
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Fig. 7.13 The adjusting screw at the top of the pressure pillar on the Test 
Head -

7 .3.4 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 respect 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) conditioning 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 operator wishes to make theOREM 
A (UK) test, then he must use this arrangement of conditioning axis. 

The second axis of rotation passes through the main bearing on the back 
plate. Unscrewing the locking handle which extends from the right of the 
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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. · 

7 .3.5 Handset supports 

The two bars are provided for supporting handsets during tests. Both bars 
are released by the same finger screw. 

7 .3.6 Cable clips 

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 telephone 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. 

7.4 UA 0095 STAND FOR TRANSMITTER CAPSULE HOLDER 

4219 

Transmitter 

UA 0095 

472326 

Fig. 7. 14 The VA 0095 Stand for the Transmitter Capsule Holder 
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This structure carries the 4219 Artificial Voice and the UA 0094 Trans
mitter Capsule Holder (Fig. 7.14). 

The angle and distance between the transmitter front cap and the Voice 
lipring are those corresponding to just one type of telephone, the German 
FeAp 61, using the REF modal position. For other types of telephone, it 
will almost certainly be necessary to alter this angle and distance by removing 
the locating pins on the Stand and re-drilling the main fixing hole for either 
the Capsule Holder or the Voice. In practice, operators will already have con
sidered this problem when they first assemble the Transmitter Capsule Hol
der because of the need to choose the front cap which is correct for the type 
of transmitter capsule they wish to measure. 

7.5 UA 0094 TRANSMITTER CAPSULE HOLDER 

This piece (components for which are shown in Fig. 7.15 (b)) is contain
ed in the accessories box KE 0069 (Fig. 2.7). It is a holder which can be 
adjusted to fit almost every type of transmitter capsule in use. Adjustment 
details are given in section 2.5. For the few transmitters which cannot fit 
this holder, special designs of Holder can be prepared to order. Full details 
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Fig. 7. 15 Parts diagram for the Transmitter Capsule Holder 
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of the transmitter, transmitter seals, and handset should be sent with the 
initial enquiry. 

The DD 0049 front cap is a copy of that used in the German FeAp 61. 
Instructions for changing this cap to other designs are given in section 3.3.1. 

7.6 UA 0286 RECEIVER CAPSULE HOLDER 

This piece is contained in the accessories box KE 0069 (Fig. 2.7). It is a 
holder which can be adjusted to fit almost every type of telephone receiver 
in use. Adjustment details are given in section 2.4. For the few receiver cap
sules which do not fit this holder, special designs of holder can be prepared to 
order. Full details of the receiver, receiver seals and handset should be sent 
with the initial enquiry. 

The UA 0286 includes a receiver front cap (DD 0093) which is a modified 
copy of that used in the German FeAp 61 telephone. The modification con
sists of the removal of part of the shoulder of the cap to allow receivers to be 
lifted out of the Holder easily. Instructions for changing this cap for other 
designs are given in section 3.3.2. Components of the UA 0286 are shown in 
Fig. 7.15 (a). 

7.7 THE FOUR COUPLERS 

These are contained in the accessories box KE 0069 (Fig. 2.7). 

7.7.1 Braun Coupler 

The Braun Coupler (Fig. 7 .16) contains a complex cavity of 4 cm 3 volume 
fitted with a group of holes and slits. This Coupler has the B & K part num
ber UA 0276 and is used with the 4144 one-inch Microphone to which it is 
fitted with the adaptor DB 1169. Its main use is in the standard German test 
designated OREM Bin which the relative loudness of telephone receiver cap
sules 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 cm 3 Coup
ler. This attenuation is built into the 4904 ORE Meter and is switched "In" 
or "Out" by the COMPENSATION switch on the back panel of the ORE 
Meter. The value of the attenuation is controlled by a potentiometer COM
PENSATION, and it can be measured by applying the 4230 Calibrator to a 
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Fig. 7. 16 The Braun Coupler 

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 attenua
tion). 

7.7.2 NBS 9A Coupler 

The NBS 9A Coupler (Fig. 7.17) 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 cavities of the human ear. The total meas
uring 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 earcap of the re-

Fig. 7.17 The NBS 9A Coupler 
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ceiver. For some handsets (for example the American Bell G.3), this can 
amount to a significant increase in total volume. For that reason, this Coup
ler has been replaced in America by the ANSI coupler. 

7.7.3 ANSI Coupler 

Fig. 7.18 The ANSI Coupler; the uncut version with one prepared specially 
for the Western Electric G.3 handset 

The ANSI Coupler (Fig. 7.18) is also a simple cavity of 6 cm3 with no 
attempt to reproduce the complexities of the human ear. However, the 
method of use of the Coupler removes the error 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 exact
ly 6 cm3 . This means that the Coupler face must be machined to suit each 
type of telephone to be measured. The ANSI Coupler supplied with the 3352 
and 3353 is therefore manufactured with the front face unmachined and be
fore it can be used the operator 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 unmachined coupler is DB 1162, 
and it is used with the 4144 Microphone to which it is fitted with the Adap
tor DB 1169. The 4144 Microphone itself is modified to suit American re
quirements 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, and it is shown in Fig. 7 .18. 

7.7.4 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 de-
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Fig. 7.19 The IEC Audiometric Coupler 

sign was made for use in audiometry 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 Bruel & Kjcer equipment, this design is avail
able in two acoustically identical forms: 

Type number 4153 consists of the complete Audiometric Coupler with 
accessories and a stand. It requires a 4134 Microphone and a 2619 FET Pre
amplifier for use in general work. 

Type number UA 0318 is the acoustical Coupler itself, without access
ories, which can be fitted with adaptors DB 1160 and DB 1164 for use in the 
3352 and 3353 systems. 

The UA 0318 and the 4153 are described in the Instruction Manual for 
the 4153 which is supplied with the 3352 and 3353 systems. Operators are 
strongly advised to use the full description "I EC Audiometric Coupler" 
when referring to this item, and not just "I EC Coupler". 

Each Coupler is individually calibrated at the factory, and the resulting 
calibration chart is supplied with the Coupler, inside the box KE 0069. How
ever, 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 themselves are useful in com
paring sensitivities of two Couplers for the correction of small differences 
between measurements made with two or more 3354 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 KE 0069 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 
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bottom face cut away to hold the seal. These are used to complete the acou
stic 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 de
liberately as a design feature or accidentally during manufacture. Without 
this soft seal, there would be an awkward acoustic leak between the earcap 
and Coupler which would upset repeatability of results. 

7.7 .5 Discussion of Coupler Applications 

For general telephone measurements, it is difficult to pick any one Coup
ler as the "correct" one to use. There is no doubt that the I EC Audiometric 
Coupler comes closest in its acoustic properties to those of the human ear; 
the NBS 9A 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 I EC Audiometric and the other two in 
this respect. The only advantage of the NBS 9A Coupler is that it is easy to 
make and should therefore give closely repeatable readings between different 
models. The ANSI Coupler shares something of thi§ 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 Coup
lers are unsuitable for use with loudness-calculating methods based on com
puting loudness from a study of frequency-response curves. 

The Braun Coupler is more difficult to make and the use of a plastic ma
terial 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 I EC Audiometric 
Coupler is difficult to make and its properties can be upset 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 tele
phonometry. At the moment 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 con
verting it to telephonometric use. Hence, the importance of referring to the 
4153 and the UA 0318 as "Audiometric" Couplers. 

The Bruel & Kjcer Technical Review Nos. 4/1961 and 1/1962 contain a 
useful description of the above Couplers plus a detailed discussion on the 

130 



design and functioning of the I EC Audiometric Coupler. 

7.8 4219 ARTIFICIAL VOICE CONSTRUCTION 

7 .8.1 The lipring and the fixing pins 

Fig. 7.20 shows the uncovered front of the Voice. A small ridge can be 
seen surrounding the orifice. This ridge is accurately machined with respect 
to the base plug carrying the fixing holes. When the front face is screwed on
to 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 located accurate
ly 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 Microphone is built into the Voice. No other pre
amplifier is required. It is not necessary to calibrate this quarter-inch Micro
phone, but if users wish to do so, then a Pistonphone Type 4220 should be 
used, not the Calibrator 4230 which is supplied with the equipment. (The 

Fig. 7.20 The front face of the 4219 Voice, uncovered to show the refer
ence ridge 
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Calibrator Type 4230 delivers only 94 dB SPL which is too low a signal level 
for accurate calibration of the relatively low sensitivity Microphone). 

8.9.2 Signal cables 

These are attached to the Voice in such a way that the entire Voice can be 
moved between the Test Head and the four-legged stand without having to 
detach the cables. The large plug fitted to the Voice preamplifier can pass 
through the hole in the Test Head main bearing: or, if frequent interchanging 
is contemplated, this cable can run directly to the 2608 Amplifier without 
passing through the bearing hole. 

7.8.2 Voice sound pressure measuring jigs 

472280 

Fig. 7.21 The SFERT baffle 
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Two jigs are supplied for measuring the Voice sound pressure according 
to methods defined in two test standards. The jigs are not suitable for use 
except for tests made according 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 (plus a DB 1169 Adaptor) for meas
uring the 94.6 dB SPL (10.75 ,ubar) 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 SF ERT apparatus installed in the CCITT Laboratories. The require
ment for SFERTwas that the microphone should have the best possible freq
uency response when used with close-talking speakers. The chosen micro
phone 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 spec
trum, thus compensating for some unavoidable fall-off in response from the 
transducing element in the microphone. This combination of a pressure
raising plate and a rolling-off transducing element was adjusted so that the 
two had a combined frequency 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 va I ue of 94.6 dB SP L ( 1 0. 7 5 ,ubar), 
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 objective determination of transmission loss based on SFERT con
stants. The present 3354 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 appara
tus. 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 position 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 like
wise raises the pressure at high frequencies, but this rise is unwanted since 
the transducing element, the 4144 Microphone, has a flat frequency char
acteristic over the frequency. range of interest. It is necessary, therefore, to 
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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 con
stant output from the 4144 Microphone. The filter is placed in the Voice 
channel and not the microphone channel since it is felt that a slight attenua
tion of Voice output at high frequencies brings it closer to the output charac
teristics of a real voice. The filter used to do this is the SFERT weighting 
filter, and it is switched into circuit by the WEIGHTING NETWORK switch 
on the 4904 ORE Meter. By putting the FUNCTION SELECTOR to "Mic
rophone & Voice" and fitting the SF E RT baffle to the Voice (as in normal 
OREM A and OREM B calibration), the operator can see the effect of the 
baffle and the "SF E RT" 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 trans
mitter being tested. Thetrue response is obtained by switching the WEIGHT
ING 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 correction is shown in Fig. 7.22. Operators should note that carbon 
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Fig. 7.22 The SFERT weighting curve 
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472239 

Fig. 7.23 The UA 0317 measuring Jig 

transmitters may be non-linear and may show different responses when stim
ulated with a SF EAT-weighted and an unweighted signal. 

The second Voice pressure measuring jig has the part number UA 0317. 
It is shown in Fig. 7 .23. 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 one-inch Microphone placed head-on to the 
Voice at a distance of 0.3 inches from the lipring. The UA 0317 jig holds the 
4144 Microphone at the correct distance and has attached to it a cap which 
fits on the 4144 to convert it to the approved type of Microphone. The 4144 
is, however, a pressure-type microphone 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 lower electrical signal than 
the free-field 4145 for the same sound pressure measured using the UA 0317 
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 the calibration of the Voice output. The scale (y = kx0 .45 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 Nfm2). 
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7.9 LEVEL RECORDER 2307 

The Recorder supplied with the 3354 is standard. A complete description 
is given in the Instructions and Applications Manual for the 2307. The follow
ing point is of special interest to users of the 3354. 

7.9.1 Special recording paper OP 1142 

This is a white paper for ink writing, 100 mm wide, having a frequency . 
scale from 100 Hz to 10 kHz. This frequency scale has been chosen to suit 
the characteristics of telephone subsets. It is different from all other Bruel & 
Kjcer papers because it requires the Oscillator to scan the frequency range at 
half the speed needed for other papers. This scanning speed reduction is 
obtained in the Sweep Unit ZM 0047. 

7 .9.2 Synchronising pulses for the 2112 Spectrometer 

The Level Recorder is equipped to deliver DC pulses to the Spectrometer. 
These step the filter switch so that the centre frequencies of the filters re
main synchronised with the Oscillator frequency. Notice that the pulse 
mechanism can be switched on and off with the slotted switch placed on 
the Recorder next to the illuminating lamp. 

When the special paper QP 1142 is used, the Oscillator scanning speed is 
halved. This means that the synchronising pulse rate from the Recorder to 
the Spectrometer must also be halved. This scanning speed reduction is 
obtained in the Sweep Unit ZM 0047. 
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8. DISCUSSION OF TELEPHONE TEST METHODS 

8.1 INTRODUCTION 

A basic function of a telephone system is to enable subscribers to con
verse 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 telephone 
test methods have to be studied. On the one hand, operating companies and 
telephone equipment manufacturers try to keep operating and equipment 
costs as low as possible to beat competition from other communication 
systems and other manufacturers, and on the other hand, subscribers require 
that their conversations can be conducted in comfort and with a good chance 
of exchanging inform~tion without errors due to poor transmission systems. 
In any one operating area (such as a single country), the local telephone ad
ministration 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 agree
ment on standards is necessary between areas which may otherwise choose 
quite different balance points in the cost/communication scale. 

The cost factor is estimated by financial methods which fall outside the 
scope of this book. The ease of communication is measured by direct methods 
involving the people who talk and listen on telephones. Ideally, these people 
would be the subscribers themselves, with measurements taking place during 
normal telephone service. But the requirement of privacy mentioned earlier 
makes it illegal in most countries for third parties (e.g., the measuring tech
nicians) to listen to telephone conversations. Therefore, the normal subscriber 
is replaced by either trained teams or randomly-selected untrained subjects 
who then perform tests under controlled conditions. 

Many factors influence ease of communication over a telephone link. Three 
are particularly significant, and most subjective tests attack these three, sing
ly or in groups. The factors (Fig. 8.1) are: 

QUALITY 
ARTICULATION 

LOUDNESS 
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Fig. 8.1 Points for subjective assessment of a telephone connection 

Duality 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 suitable 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 un
tested, only to be greeted by complaints of stridency and unnatural speech 
sounds, with an unwillingness on the part of subscribers to continue conver
sations 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. 

An articulation test measures the success with which individual speech 
sounds are transmitted over a transmission system. "Individual" sounds are 
preferred for test purposes 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 correctly. The normal method of scoring 
such tests is to prepare a matrix showing the number 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 
articulation test can yield an enormous amount of information about the 
speech-transmitting properties of a communication system under conditions 
which can be arranged to be very close to real-life telephone usage. Unfor
tunately, the most common type of articulation 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 de
cline in the use of this kind of test. However, the advent of new types of 
telephone 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 f)Uite possible that these techniques will once again become import
ant. On conventional transmission systems, in which the signal remains in 
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analogue form 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 can
not replace the subjective methods and the subjective articulation test remains 
a powerful and important means of assessing overall speech transmission 
performance. 

The loudness factor remains as that which is most often measured, possib
ly 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 telephone work is the NOSF E R 
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 increase the uncertainty with which NOSFER is regarded 
with the result that administrations and factories face practical problems in 
applying NOSFER-derived information to the design and production of tele
phone equipment. Objective techniques for the measurement 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 chapter. 

Ofthe 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 complexi
ty 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 becomes unusable. For many years, it was 
customary to measure these two factors together since they are closely inter-
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related. The result, the Articulation Reference Equivalent, 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 limit
ations it provides operators with a useful guide to differences between trans
mission systems. Unfortunately, the Articulation Reference Equivalent Test 
is lengthy and difficult; its application to line planning is often misunder
stood; difficulties arise with the choice of languages in which the test should 
be conducted; and so the AEN test has almost gone out of existence 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 freq
uency 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 complex AEN test. The new 
test, the Reference Equivalent test based on the SFERT equipment, rose in 
popularity, and today, it forms almost the only standard of comparison be
tween telephone transmission systems and between different designs of tele
phone 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 requirements of telephone 
systems. Under these circumstances, it is not surprising that administrations, 
operators, and manufacturers are having difficulty in making use of the 
Reference 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 3352 is one such system; the American EARS is not), and so can suffer 
from the drawbacks already noted. Attempts by system designers to avoid 
some of the pitfalls of the SF E RT /NOSF E R systems are not always under
stood by users. The wide gap between subjective readings using NOS FER (the 
true Reference Equivalent) and objective readings using for example the 
B & K 3350, 3352 and 3354 (Objective Reference Equivalent Measurements
OR EM) has been a source of confusion to operators, many of whom are 
attempting to use 0 REM 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 3354 can be used in conjunction with subjective tests, including 
those based on NOSFER, in the planning of new telephone systems, the de
sign of new telephones, and the control of their production quality. 
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8.1.1 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 equipment) by a research group. 

2. Linked closely with 1, the choice of a new design of subset by 
an operating company 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 en
suring that production 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., NOS FER Reference 
Equivalents), then how can these test results be transferred to 
specifications applicable to the objective tests used by manufact
urers 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 manu
facturers 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. 

3c. Another variant of 3; a manufacturer having decided to make a 
certain design of subset 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 subset which he then offers around the 
world to administrations. Obviously, administrations may ask for 
changes in the basic design, but the initial offer is made with 
that basic design. The problem facing the manufacturer is how 
to describe his basic design, using test results, in a way which 
can be understood and fully appreciated by a possible buyer. 
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The administrations, in turn, face the problem of making assess
ments 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 important and an understanding of it will help operators 
to appreciate why it is that certain limits must be placed on the use of results 
from various tests. 

8.1.2 Valid tests 

The first main type of test is that which is based firmly on real-life prac
tice. In the opening 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 art
ificialities 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 
measurement is not normally legal in most countries because of the require
ment of privacy for telephone conversations. Other tests can be devised using 
laboratory conditions, and if these are arranged carefully, then the con
ditions come close enough to real-life experience to make test results again 
valid. If test arrangements depart too far from real-life conditions, then vali
dity is weakened and eventually lost. Examples of valid tests would be well
conducted subjective tests in which subjects express their opinion of certain 
telephone parameters such as speech quality, handset comfort, ease of dial 
operation, suitability 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 NOSFER have much validity 
when applied to real-life telephones with their restricted bandwidth. In tele
phone measurements, most valid tests are subjective, since these are the tests 
which come nearest to the direct measurement of the function of a telephone 
system. Objective tests can, of course, be valid, but it is up to the experimen
ter to prove validity for each type of objective test; validity can never be 
assumed. 
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8.1.3 Repeatable tests 

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 becomes the prime target with validity moved to one 
side on the assumption that if a prototype 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 im
portant aspects of the prototype are copied; for example, colour is not im
portant with regard to transmission properties, but frequency response and 
sensitivity probably are). 

8.1.4 Relation between validity and repeatability 

Validity and repeatability are not opposing properties; both can be pre
sent 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. Subjective tests are 
usually statistical in nature. The high cost of testing limits the time avail
able for the test arid 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 sub
jective 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 repeatable that mean is. 
Since subjective tests form the basis of most telephone system planning it 
is obviously of the highest importance that planners should have a good 
indication of test repeatability. The validity of a subjective test depends 
greatly on how the particular test is arranged in detail; in general, experi
menters try to achieve validity for all subjective tests (since this is the main 
reason for performing subjective tests), but carelessness 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 in
cludes information which throws light on test validity. Conversely, objective 
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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 ob
jective test; 

This lack of confirmation of validity means that operators can never assume 
that any objective 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 object
ive methods, unless each particular objective test has been shown to be valid 
for the specific conditions of testing and subsequent use of the telephone. 

8.1.5 Validity of common objective tests performed on the 3354 system 

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 theOREM 
tests Dr. Karl Braun arranged for correlation tests between his OBDM system 
and the SFERT equipment using one particular type of telephone (the 
standard <;Jerman telephone). Results showed the good correlation between 
OBDM measurements using the forerunner of the OREM B technique and 
SFE RT-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 validity of OREM B remains in doubt. 

OREM A results have been studied against NOSFER Reference Equival
ents 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. 

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 3354 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 I EC Audiometric couplers), although aim
ing to be acoustic copies of real ears, fall short in not copying 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 9A and ANSI. Frequency responses of transducers 
measured with these four couplers need not correspond at all well with the 
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true responses of such transducers measured on real ears. 

Tests on transmitters using the 4219 Artificial Voice appear to be achiev
ing some kind of useful validity (provided the carbon conditioning problem 
can be overcome). Objections to validity arise in the gross difference between 
the 3354 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 4219 Voice and human voice -does not now appear to 
be so serious a problem as was at one time thought. Other matters such as 
the absence of air puffs from the 4219 Voice and the probably wrong direct
ion of the speech signal, remain uninvestigated for the time being. 

'8.1.6 Repeatability of common objective tests performed on the 3354 
system 

The OREM A and 8 tests are specifically designed for extremely high 
repeatability when performed on the 3354 system. Overall repeatability 
depends on 

the equipment 
the test method 
the operator 
the test piece. 

3354 system stability in theOREM 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 theOREM A and B modes have been refined to 
the point where the main obstacle to repeatability of result lies in the 
physical difficulty of repeating the exact motions of the conditioning move
ments; it has been noticed that operators do not always make the full 180° 
swing called for in the A mode, and in the 8 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 
apply and test repeatability is then of the order of ± 0,15 dB on any one 
system. 

The effect of operators on repeatability in the A and 8 modes is small 
except for possible variation in conditioning methods already noted. The B 
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mode, with its built-in subset circuits, its preset capsule holders and its gen
erally rigid test conditions, is about the most operator-proof test available in 
the 3354 system. The one weak point, variation in operator conditioning 
movement, can be overcome by careful supervision; in addition there are 
indications that several testing authorities are considering the use of auto
matic conditioning methods which are independent of the operator. The A 
mode has its weakest point in the placing of the handset in the Test Head by 
the operator. This weak link can be reinforced by providing carefully-cut locat
ing rings of sufficient depth to lock the receiver cap in position and by careful 
attention to the positioning of the arms which support the handset. Even 
so, different operators can still create small differences in readings. Tests 
show that operators of normal ability putting handsets into the Test Head 
rapidly 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 un~ 
stable to use as test pieces for examining stability of the 3354 system, but 
they must be used for examining stability of test methods designed for use 
with carbon microphones. Tests of conditioning methods for example are 
useless unless they are made with carbon microphones. The OREM condit
ioning methods (based on the smooth swinging of the microphone according 
to defined pattern) have been chosen to give highly repeatable results whilst 
simultaneously copying to some extent the natural movement of a trans
mitter 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 3354 system alone. 
For calibration purposes many testing authorities use non-carbon transducers 
of known properties which are tested at regular intervals on the 3354 system. 
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. 

8.2 THE ORGANISATION OF TEST PROGRAMMES BASED ON THE 
CLASSIFICATION GIVEN IN SECTION 8.1.1 

8.2.1 Development of a new subset 

Valid subjective tests form the basis of design targets for new subsets. 
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Although it is unlikely 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 pro
gresses. The point here is that the objective test result 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 
receiver 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 successful 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 level has been reached (unless 
deliberate tests of validity are made for each particular design of transducer). 
Note that changes in handset design -for example to the transmitter 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 object
ive tests, the subjective tests providing an anchoring point to which the object
ive test results can be referred. Since objective tests on the 3354 have high 
repeatability the best use of the system would be in detecting small changes 
in performance linked to changes in circuit design 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 ex
tended leads (not supplied except to order) so that the working portions can 
be placed on the bench. The 4712 Frequency Response Tracer can be used to 
show results of circuit changes relating to frequency response, 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. 

As development draws to a close, the tests should be switched to follow 
accepted factory practice; the factories can then be given full data on results 
to be expected from their quality control tests based on the 3354 or 3355. 

8.2.2 Choice of a new subset from a group of prototypes 

The lack of validity in most objective tests means that it is unwise to use 
such tests in the choice of an article intended for public use. The 3354 is not 
suitable for use as the sole means of choosing a new subset; it must take second 

147 



place to subjective tests. 

The correct method of choice is to prepare comprehensive subjective tests 
on the subsets 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 subset- 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 3354 should be-used to make objective meas
urements (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 performance for each factor in 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 identify 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 per
formance 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 handset might not be 
regarded as being as important as a test showing subjects' opinion of speech 
quality. By 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 wei~Ag 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 primary importance one can choose the 
set best suited to this use. A set intended as a bedroom 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 Refer-
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ence 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 internat
ional regulations regarding telephone standards; others might feel that 
NOSFER results have little practical 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 weight
ing 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. There
fore, 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 res
ponse tests might get a higher weighting simply because they are useful 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 articu
lation tests. Return loss measurements are valuable, particularly when per
formed 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 import
ant 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? Notice here that it is unlike
ly 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 call
box 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 pleasant
ness 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? 
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Another requirement may be that of finding the ringing bell, measured as 
Location function. 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 flowerpot or ornamental casket. Notice that all 
these requirements, Penetration, Quality, Urgency, and Location, are meas
ured 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 under 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 dis
tance 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 applic
ations to other bells. Statistical methods would be used to calculate the num
ber 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 end, one would 
collect test results and prepare a chart showing the variation in bell recog
nition 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 order 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 ranking, then the test can be split so that all the bells are paired in all 
possible combinations and the subjects asked to clioose which one they 
prefer out of every pair. Again, the results 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 
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this without pointing so as not to influence the views of their neighbours; a 
line can be sketched on a polar pad fixed to the tabletop opposite each sub
ject. 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 be
gun to ring. This second test is of great practical use for telephones intended 
for busy offices but is not so useful for locating "disguised" boudoir tele
phones. 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 locatability in rooms with reflecting walls, but do better 
in heavily-damped domestic surroundings. To some extent, the surface on 
which the subset stands can affect results so this, too, should be considered, 
From all this, another rank 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 pur
poses covering factory, call box, office, or boudoir use as described earlier. 

The description above has been given at some length because it illustrates 
the importance of subjective tests in the choice of a new telephone device. 
Experimenters may protest 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 consider
able 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 bases. It is a common complaint from manufacturers offer
ing advanced designs of bells and <?ther telephonic equipment that admini
strations do not recognise the worth of a product since they insist on test
ing it with meaningless tests which are often poor copies of methods speci
fied by some other administration. It is certainly true that several manufac
turers have comprehensive research laboratories in which sophisticated equip
ment is developed with great care, only to be rejected by an administration 
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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 comprehensive-testing approach is, of 
course, that it gives engineers a thorough understanding of the fundamentals 
of telephony. 

The same principle can be applied to the more complicated matter of 
speech transmission. Descriptions of suitable subjective tests are to be found 
in the literature, and advice on the detailed planning, conduct, and analysis 
of the tests can be obtained from statisticians and workers in the field of 
behavioural-psychology. 

8.2.3 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 uni
formity 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 admini
stration. 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 checking, 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, therefore, be in
cluded in research programmes. Tests of frequency response made during 
production are usually conducted at high speed using the 4712 Tracer 
screen and not the graphic 2307 Level Recorder; research tests should, there-
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fore, check that response curves shown under OREM conditions (on the 
Tracer) match those obtained in the laboratory 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 measurement of separate harmonics of a signal whereas factory 
production tests favour the much faster total distortion method. The nor
mal 3354 uses the 2113 Spectrometer which measures the individual har
monics of a signal, but the 2113 can be replaced if it is so wished by a 2120 
Frequency Analyzer or a 2020 Heterodyne Slave Filter for the measure
ment oftotal distortion. It is recommended that a research group should add 
one of these instruments for the purpose of providing factories with a total 
distortion figure for the production subset. 

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 concerned 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 equipment. The 
principal OREM tests already have these conditions laid down in their test 
instructions, 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 art
ificial line. Section 9.3 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 3354 system and this means that they should be able to reproduce 
all test results on their own equipment, 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 between the careful prototype tests and the rapid 
factory test; for example, the 0 REM B test is designed as a rapid factory test 
and can be used witt-lout change. OREM A is a slower test designed for 
factory-sample testing and again can be used without change. Total distortion 
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tests can replace harmonic-analysis tests, and frequency response measure
ments 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 3354 system itself is designed to reproduce test re
sults with good repeatability but for this repeatability to be achieved, the test 
technique and the test jigs, etc. must be exactly identical with techniques 
and jigs used elsewhere or at a different time. 

As an example, one can continue with the testing of telephone bells. In 
the previous section, it was shown how the choice of bell is made almost en
tirely 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 (Penetration, Quality 
Urgency, and Location) can be described by an analysis of the frequency 
content of the bell signal and an accurate measurement of total sound energy. 
(If necessary, the directivity of the radiated bell signal can be measured, but 
this is not normally an important factor unless the main component of the 
signal is likely to be in a direction susceptible to gross muffling. For example, 
a downwards-directed signal would be greatly affected 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 
using a test method which is invariable and which is proof against misuse, 
against poor environment, and perhaps careless technicians. The principle 
here is to aim hard at repeatability 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 produce the million copies of 
the prototype. 

A typical programme of general tests would include these: 

OREM A or OREM B, made at a number of line lengths ranging from zero 
line to 1500 loop ohms. Repeated for Transmitting, Receiving, and Side
tone. 

Frequency Response and sensitivity, over a range of line length, for Trans
mitting, Receiving, and Sidetone. 

Transmitter distortion: either harmonic analysis or total distortion (using 
an extra instrument). 
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Receiver distortion. 

Return loss, using a range of line : lengths. 

Transmitter noise. 

Transmitter stability. 

Click amplitude in a receiver, measured acoustically. 

Bell total sound energy and harmonic analysis. 

The first four (OR EM, response, distortion, return loss) can be used in 
rapid form in factory 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 important; what is important is that production copies should 
get the same results. For example, 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 satisfactorily by subjective means, then that is enough for theOREM 
value to be discounted except as a target value to be aimed at in production. 
The same is true for most other objective tests, although engineers might be 
justified in regarding doubtfully a peaky frequency 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 construct
ion of the 3354 (in particular, the characteristics of the Artificial Voice 
and the Couplers) makes it difficult to relate 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 acoustic 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 certain 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 8.4 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 pre-
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sent 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 product
ion guides . 

... 
8.2.4 Describing a new telephone 

Technical descriptions of new telephones pose difficulties for the manu
facturer 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 particular test was made. 
For example, most descriptive leaflets include the frequency response 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 theOREM conditions 
can be used not only for the OREM tests themselves, but also for general 
tests of frequency response, distortion, and return loss. Each 0 REM test 
uses well-defined acoustical and electrical levels, each has its stated coupler; 
the transmitter conditioning is standardised, and if similar 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 con
dition is met by the transmitting OREM tests. (OREM receiving tests use 
driving levels somewhat higher than those encountered in real-life con
ditions). 

Most administrations and factories now use 3350, 3352 or 3354 equip
ment, 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 administrations should remember the poor correlation between OREM A 
and 8 and NOSFER-derived Reference Equivalents; a telephone giving a high 
OR EM figure is not necessarily louder in speech transmission than another 
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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 OR EM 
values are useless unless accompanied by a frequency response chart (or by 
a certification that such a chart has been prepared and has shown no de
ficiencies). This double-testing can be extended to include results from all 
the tests listed earlier. A leaflet quoting 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 unfortunate that some 
of the most useful subjective tests are those which compare two telephones 
yet it is obviously impossible for a manufacturer to publish test results which 
directly involve the products of a rival. For this reason, the only subjective 
tests which appear in leaflets are the NOSFER-derived Reference Equivalent 
values plus an occasional result from an Articulation Reference Equivalent 
test. 

0 REM results can be used with some confidence to describe the regulatory 
action of regulated subsets. Correlation with NOSF E R is known to change 
slightly with line length so that theOREM curve (OREM versus line current) 
may not correspond to a Reference Equivalent versus line current curve. How
ever, the correlation of Reference Equivalents with telephones used on real 
lines is unsure, and so too much cannot be read into disagreements between 
NOSFER and OREM results. TheOREM results can then be interpreted as a 
useful guide to the true regulatory action of the circuit, and as such they are 
well worth quoting in a descriptive leaflet. 

8.3 METHODS OF REDUCING DIFFERENCES BETWEEN MEASURE
MENTS MADE AT DIFFERENT LOCATIONS 

This section lists action which can be taken to reduce differences in 
measurements between different locations. These locations can be grouped 
in one country or scattered throughout the world. 

8.3.1 Calibration of the 3354 

Calibration of the main 3354 system should be performed approximately 
every six months. Calibrations can be repeated if an especially important test 
is being made. Calibration time varies from two minutes for an experienced 
operator to five minutes for a novice. 
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The sweep limits should be checked during the six-monthly calibration. 
Do this by switching the "sweep selector" on the 4904 to "stop" and note 
the frequency on the digital display of the 1023, which should be 200 Hz 
± 2 Hz (300 Hz± 3 Hz). Then switch to "cont." and press the "sweep start" 
button. The frequency reading with "counting time" on the 1023 set to 1 s 
should now be a stable 1268,5 ± 20 ( 1251,1 ± 20) indicating the number of 
zero-crossings in one complete sweep. An unstable reading indicates that 
the sweep time is not exactly 1 s. Should corrections be necessary, follow 
the procedure described in the service manual. 

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 measur
ing groups are in the same geographical area, try to collect all the 4230s to
gether at intervals and check them against each other. Do not attempt to 
adjust any one of them, but merely note the difference and use this differ
ence to apply corrections during the calibration of the related 3352 system. 
This comparison check should be done by a competent central authority 
and notes of the results should be kept. On the question of which one of the 
4230s is "correct", a 4220 Pistonphone which has higher accuracy, can be 
used to provide a "correct" calibration. However, the 4220 delivers 124 dB 
SPL compared with the 94 dB SPL of the 4230 and in switching attenuators 
to match these pressures, it is possible to introduce errors greater than those 
contained in the sound pressures of the two units. It is, therefore, 
recommended that no such "correcting" is done unless it is thought that 
serious errors are present in the 4230. 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 Bogota and Mexico D F), there is no need to apply correct
ions to the 4230 but it is possible that any telephone measured there may 
itself behave differently from when it is measured at sea level -this is worth 
remembering if "stable" subsets are used in calibration comparisons. 

During calibration of the Voice output, the meter needle on the 4904 
swings over a range of about 1 dB (OREM B). 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 reduced 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 technicians in the groups use a standard position for 
setting up the 94 dB or 285 mV calibration mark. 
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Acoustical reflections can affect calibration of the Voice. Use the pre
cautions stated earlier 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 affected 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 cal
ibration settings. This sort of cross-calibration is an extremely sensitive 
way of detecting small differences between systems. Any administration 
with a really keen interest in removing small differences between systems 
should consider arranging a regular double-calibrating test between the 
administration's 3354 and those of its dependent groups. 

8.3.2 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 measure
ment. 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 be
tween the transducer and the black plate holding the spring terminals, and a 
change in this cavity can affect transducers which have acoustic leaks in their 
rear walls. 

On the Capsule Holders, check that the tension of the spring terminals is 
identical between 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 <:sfe achieved with a Capsule in
serted. 

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 Couplers 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 
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possess a small acoustic leak. The NBS 9A Coupler is particularly liable to · 
sustain damage leading to a leak from the sharp edge. The I EC Audiometric 
Coupler is difficult to manufacture and for that reason, each I EC Audiometric 
Coupler UA 0318 (or 4153) manufactured by Bruel & Kjcer is individually 
calibrated. The chart is supplied with the Coupler in the KE 0069 box; keep 
this chart and use it to calculate possible differences between two I EC Audio
metric Couplers. Again, a central authority could make such a check. Both 
the Braun and IEC Audiometric Couplers are liable to be affected by dirt; 
use a stable receiver to check that the response of the Couplers is unchanged 
over a period of time. 

The Voice 4219 is remarkably stable and should not contribute to any 
shift between systems 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 demon
strated convincingly. If such a reversal causes any change, examine the earth 
connections of the Oscillator signal path for a resistive section. 

The Plug-In Units are prepared by the users of the system, not by Bruel & 
Kjcer. 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 com
ponents, 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 with several distant groups to make and despatch Plug-Ins 
to them together with a test spec. For example, an administration buying tele
phones 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 & Kjcer (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 ring for the telephone earcap should be 
made as snug as possible to reduce the chance 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 3354. (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. 
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A source of difference in meter reading lies in the use of the 10 dB trans
mitting/receiving 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 markings outside these ranges are deliberately 
left sparse to discourage use of those portions. 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 re
quiring all-metal construction, the response of a transducer may be so peaky 
that a meter reading 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 needle reading. It is in a case like this 
that it becomes absolutely necessary to chart the frequency 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 pro
duces 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 accurate; the difference 
has arisen because the meter needle has a different mechanical averaging 
motion between the upper portion of the scale, where a 1 dB peak-to-peak 
swing covers about 10 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 attenu r
ators and also accompanying all OR EM readings with an indication of freq
uency 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 artifi
cial line. Operators in different locations use quite 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 foreign-based head office; 
other have been bought from various suppliers, and some have been construct
ed 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 3354 systems. The situation has 
arisen partly because there are no internationally-accepted standards for 
artificial lines which manufacturers can follow, and partly because artifi
cial line design has been changing recently to keep pace with the progres
sive move towards narrow gauges and non-cupric materials in real line 
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construction. Artificial lines can be measured in detail on the 3352 . It is 
strongly suggested that central measuring authorities should make a p( int 
of checking the artificial lines used in their dependent groups, and if 
necessary, they should re-equip with standard line. Manufacturers offering 
prototype subsets for evaluation by administrations sh9uld 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 up
set calibration accuracy of the 3354 system. If the normal six-monthly cal
ibration 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 recommended. 
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 cir
cuits. If this breakthrough is suspected, or if mains noise is upsetting cer
tain measurements, then it is possible for 8ruel & Kjcer 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 normal measure
ments made on the 3354; however, in measurements involving very low level 
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 cir
cuits into the telephone line. (The entire DC feed supply including the feed 
circuits is not joined to earth, and this unearthed state continues when tele
phones and lines are added to the 4904 front panel connections). 

8.3.3 Test methods and operating techniques 

The two most common OREM tests, A and 8, have their methods fully 
standardised. The important point about such standardisation is that it great
ly improves repeatability of results; it does not mean that that particular test 
is regarded a·s the best method available for measuring some quantity. Im
provements to OREM A and OREM 8 are always possible and indeed desirable, 
but if they are made irresponsibly then the strong point of the test, repeata
bility, 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 
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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 corre
spond 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 Atest,butarestill using. theOREM A label; the difficulty here is that 
other operators 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 tech
niciansthattheOREM A and OREM B techniques 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. (Sec
tions 6.2.3 and 6.3.3). 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 operator would like to see. An ex
perienced engineer reading through results of such a test can often spot added 
tapping motion by looking at the three OR EM A readings, and noting 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 6.8) that tapping leads to high initial output from a car
bon transmitter followed 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 
administration to ensure that the specified OREM test method is being rigid
ly adhered to in every detail. An examination of the three OREM readings 
(made after ten, twenty, and thirty second delays) can often indicate if con
ditioning 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 average 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 effect
ively hides evidence of transmitter packing. What is recommended is to write 
down every reading during a test and compute averages afterwards, publishing 
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both the three readings and their average. Alternatively, the 0 REM 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 read
ing 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-inter
polate readings falling between two negatively-marked points. 

With 0 REM 8, no charts are used and the table suggested for use includes 
columns clearly marked for each of the three readings, plus columns for mic
rophone current and microphone voltage. All columns should be filled. 

A second occasion 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 particularly 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 6.8). 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 occurring 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. Carbon transmitters change their state from moment to moment 
(hence, the need for three readings for theOREM 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 testing a telephone over a range of conditions 
(usually differing 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 with
out interruption. In detail, this also means that before any OREM test is 
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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 technician goes off to find a suitable report sheet. The 
remaining line lengths are then dealt with rapidly, and the supervisor, not 
knowrng 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 frequen
cy 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 occur in the transmitter itself which completely swamps the 
lesser change which one is trying 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 permanent
ly-conditioned state, in which quite small differences in test conditions can 
be detected, enabling line length changes of down to 100 loop ohms in 1500 
loop ohms to be measured and plotted on a frequency response curve. What 
is more important for widely-separated laboratories is that it often enables 
extremely good repeatability to be obtained on carbon microphone measure
ments made at different times or different places. 

8.3.4 Stable subsets 

Although the basic calibration procedure of the 3354 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 repe
titions of the test made over long periods. Obviously, such a measurement de
pends as much on the stability of the telephone, the test technique, and the 
technician making the test, as it does on the stability of the 3354 system. It 
has the advantage though that this test telephone can be sent to other labo
ratories and can act as a difference-detector. It can also be used in subjective 
tests as a check on team repeatability. All these tests assume that the tele
phone itself varies very little. This condition becomes difficult to prove when 
the telephone variation gets down to the same level as 3354 variation, but 
the basic idea of having a stable telephone 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. 
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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: 
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(a) The transducers are of vital importance. Use a non-carbon micro
phone. Modern German dynamic microphones and receivers have 
excellent stability and are strongly recommended. They are avail
able from the usual German sup pi iers together with the tran
sistorised amplifiers necessary for their use. 

(b) Handset design is critical. The German handset designed for the 
transducers recommended 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 distort 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 trans
ducer 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 curiousity 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 
realise that the caps are not meant to be removed. 

(c) The subset portion should use stable components; normal tele
phone 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 repeatability, not validity with respect to a particular circuit, 
and so the bell coil is best removed. 



(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 importance, 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 into their country. Instead, an 
ordinary small instrument box can be used, fitted with perma
nent cables to the handset and good low-resistance connections 
to the feed bridge and signal lines. All connections must be clear
ly 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 repeatability, but it does not then include the 3354 
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 internal 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 inform
ation about internal circuitry, 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 3354 system, the handset does not need a 
lipring. However, for subjective testing, liprings are necessary, 
and there should be provision for fitting one. The CCITT Lab
oratories 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, there
fore, 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 ring which fits on the Test Head to hold the 
handset in place (described in section 3.1). Since this ring is al
most certain to be lost, several should be made and each should 

167 



be labelled with the name of the stable set to which it is applic
able. 

When the stable subset has been built, it should be put through a pro
gramme of testing. This has two purposes. First, it defines the initial per
formance of the subset. Second, 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. There
fore, supervisors should consider allowing the first few results to be regarded 
purely as a training exercise and not for use as recorded stable subset per
formance figures. 

During this initial testing period, operators may find it necessary to modi
fy 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 3354 may have an influence on the result. Knob 
settings for such things as WRITING SPEED, LOWER LIMITING FREQ
UENCY, PAPER SPEED, RECTIFIER RESPONSE, OSCILLATOR COM
PRESSOR SPEED, etc., should be noted on the test form. Note that the 
normal OREM conditions are not suitable for transmitting tests below 180 
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 reason 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 diaphragm 
would recover slowly only to be blown in again during the aircraft's descent, 
returning 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 read
ings had changed slightly. If the telephone 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 en
vironmental pressure. 

168 



Operators using the 3354 with stable subsets should expect repeatabilities 
of the following orders: 

(a) One stable subset measured on one 3354 repeatedly, using 
OREM A; peak difference between readings 0.4 dB over the 
lifetime of the 3354. 

(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 3354 systems using 
OREM A; peak difference between any two systems 0.7 dB over 
the lifetime of the systems. 

(d) As (c), using OREM B; peak difference 0.6 dB. 

The above are peak differences; in practice, results should be fractionally 
better. If differences fall outside the above limits, operators should conduct 
a vigorous investigation of test methods, techniques, and stability of ancillary 
equipment. 

8.4 CORRELATION BETWEEN OREM RESULTS AND THOSE FROM 
NOSFER-DERIVED REFERENCE EQUIVALENT TESTS 

To appreciate the link between the 3354 system and NOSFER, 1t 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 Refer
ence Equivalents. The system itself and its method of use are described in 
the Red Book. By international agreement, the various administrations used 
SFERT -determined Reference Equivalents in network planning and in the eva
luation 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 crrcuit, unre
gulated, 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. Obvious
ly, it would not be practicable to grade the entire output of transducers 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, 
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put down the principles 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 tech
nique, 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 reliable use and was replaced by NOSFER. The intention 
was that NOSFER 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 Bri.iel & Kjcer 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 equipment and adding other measuring possibilities. The SFERT
OBDM pair had now become the NOSFER-3350 pair. 

NOSFER is still in use (1973), but the 3350 has given way to the 
3352/54. In designing the 3352/54, 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 active use. (The 3350 had not 
achieved exact equality; differences were never fully defined but were 
thought to be large enough to warrant a fresh look at the problem.) The 
3352/54 also added refinements to other standard circuits and added a 
whole new set of circuits aimed at satisfying predicted American require
ments. 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 theOREM 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 Equivalents 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 equivalent values. The whole matter of carrel-
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ation between 3350 OREM A and NOSFER was investigated in detail by 
the ITT research group at Standard Telecommunication Laboratories, Har
low, England. Three reports were issued by W.O. Cragg 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 tele
phones 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 NOS FER and the 3350/3352/3354. 

NOSFER has a working bandwidth of 80 to 8000Hz. The 3350 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 represents a loudness difference of about 
3.5 dB relative to a system having exactly the same bandwidth as NOSFER. 
This means that the 3350-0REM A system would show a Reference Equiva
lent of +3.5 dB calculated on bandwidth alone and neglecting the other 
factors (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). Converse
ly, 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 calib
rated with a reciprocity method. Some time after NOSFER was established, 
it was suspected that the two pressures 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 Cragg 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 implies that NOSF ER-derived Reference Equivalents for trans-
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mitting and rece1vmg (not sidetone) 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 NOSF ER about 3 dB quieter than 
that obtained using SFERT on transmitting, and 3 dB louder on receiving. 
With regard to OREM A correlation, it means that 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 theOREM A sweep used no energy outside 
the 200 to 4000 Hz band. If now a telephone is measured having energy 
outside this band, the 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 NOSFER 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 re
sponse of the individual telephone being measured. 

(d) Distance between the telephone transmitter cap and the lipring of the 
B & K Artificial 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 3354. 

Thus, four factors are involved (the fourth disappearing with the use of an 
improved artificial mouth). Of the first three, the numerical values of correct
ions add in this manner: 

To an OREM A Transmitting reading, add +3.5 dB (bandwidth 
NOSFER-3350) 

add +3.0 dB (calibration error 
NOSFER-SFERl) 

add x dB (bandwidth 
telephone-3350) 

total +6.5 + x dB 

x is determined from a study of the bandwidth overlap between the telephone 
and theOREM A range 200-4000 Hz. 
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To an OREM A Receiving reading, add +3.5 dB (bandwidth 
NOSFER-3350) 

add -3.0 dB (calibration error 
NOSFER -SFERT) 

add y dB (bandwidth 
telephone-3350) 

total +0.5 + y dB 

An important convention requires that these corrected figures are known 
as Corrected OREM A. Although the corrections are meant to improve 
correlation with NOSFER-derived 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 difference between true 
NOSFER Reference Equivalent measurements and any other made object
ively, no matter how close numerically those other results might be to 
NOSFER figures. Administrations and manufacturers have agreed that this 
fundamental distinction must be preserved, and the way to help this preserv
ation is always to be careful to differentiate between Reference Equivalent 
measurements (subjective, using NOSFER), and Corrected OREM A (object
ive, using the 3350-3354 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 shortcoming in the 3350, 3352 or 3354 equipment. The fourth factor 
exposed a weakness in the old 4216 Artificial Mouth, but this has been 
corrected in the 4219 design used in the 3352/3354. 

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 circuits has a bandwidth of 300 to 3400 Hz. This band
width restriction represents something like a 4 dB loss as measured on 
NOSFER. Consider now two telephones, each with a flat frequency response 
and exactly equal sensitivities at 1000 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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9. PARTS LIST 

9.1 INSTRUMENTS USED IN THE ELECTROACOUSTIC TELEPHONE 
TRANSMISSION MEASURING SYSTEMS 

3354* 3355* 

0 

0 

2 

' 1 

0 

0 

* 1023 A Sine Generator 

*2113 A Audio Frequency Spectrometer 

* 2307 A Level Recorder 

*2608 A Measuring Amplifier 

*2619 FET Preamplifier 

*4134 

*4144 

*4219 

*4230 

*4712 

*4904 

*4905 

Half-inch Condenser Microphone 

One-inch Condenser Microphone 

Artificial Voice, incl. 4136 quarter-inch 
Condenser Microphone 

Microphone Calibrator 

Frequency Response Tracer 

Objective Reference Equivalent Meter 

Telephone Test Head 

4906 Telephone Power Supply 

*includes Instruction Manual and accessories 
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0 KC 3354 Rack system and accessories 

0 KC 3355 Rack system and accessories 

9.2 ACCESSORIES SUPPLIED WITH THE 3354 AND 3355 

9.2.1 General Accessories 

3354 3355 

2 

2 3 

2 

2 

2 

3 

2 

KE 0069 Mahogany Box with accessories (see section 
9.2.2) 

UA 0086 Stand for receiver capsule holder 

UA 0095 Stand for Transmitter Capsule Holder 

KO 0120 Combining Unit 

KO 0121 Combining Unit 

KS 0037 Separation Shelves 

UA 0489 Mounting Set for Type 2608 

UA 0491 Mounting Set for Types 2113 and 4906 

UA 0507 Mounting Set for Type 4904 

FA 0567 Blank Panel 

FA 0579 Blank Panel 

ZM 0047 Sweep Control Unit 

OP 1142 Roll of telephone-scale paper: 100 mm by 
60 m 

AO 0014 Screened cable, B & K plugs, 1,2 m 
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3 AO 0019 Screened cable, B & K plugs, 3 m 

AO 0027 Microphone Extension Cable, 3 m 

AO 0064 Screened Cable, B & K-BNC, 1,2 m 

AO 0071 Multicable joining Meter to Power Supply 

AO 0087 Screened Cable, BNC plugs, 1,2 m 

3 AO 0142 Screened Cable, BNC plugs, 3 m 

AO 0143 Multicable joining Meter to Sweep Unit 

AQ 0011 Cable, banana plugs, 4904 to 4219 

2 AO 0034 Control Cable with 8-pin Dl N plugs 

2 AO 0035 Control Cable with 7-pin Dl N plugs 

2 JP 0144 B & K to BNC plug Adaptor 

JP 0150 Banana plug to BNC plug Adaptor 

9.2.2 Contents of Accessories Box KE 0069 
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DB 1161 NBS 9A Coupler 

DB 1162 ANSI (ASA) Coupler with front face 
unmachined 

UA 0276 Braun Coupler 

UA 0318 I EC Audiometric Coupler comprising follow
ing three items: 

UA 0141 Metal body 
<" DB 11 eO -- Ring with coarse-thread adaptor 

Y J 0304 Hard black collar for normal use 

Y J 0430 I EC Coupler: hard black collar, undercut for 
use with soft seal Y J 0431 



10 YJ 0431 I EC Coupler: disposable soft seal 

DB 1164 I EC Coupler: 1-inch sleeve with coarse thread 

DB 1169 Ring: For adapting 1-inch mic. to coarse thread 

UA 0277 SFERT baffle 

UA 0317 Voice calibration jig: in one piece to IEEE 269 

UA 0094 Transmitter Capsule Holder 

UA 0096 Ring for Transmitter Capsule Holder 

UA 0286 Receiver Capsule Holder complete with ring 

OA 0027 Screwdriver 

OA 0031 6 mm box spanner 

OA 0056 Pin spanner for Capsule Holders 

2 AO 0069 Cable: microdot to 3-pin, for Capsule Holders 

D D 001 5 Perforated grid for 4144 front cap 

DB 0111 Ring for above 

9.3 ACCESSORIES AVAILABLE TO SPECIAL ORDER 

9.3.1 ANSI Coupler machined to suit the Western Electric G3 Handset 

Part number WC 0021. This is a machined version of the Coupler DB 1162 
cut so that when placed on the earcap of the Western Electric G3 handset, the 
enclosed cavity measures exactly 6 cm 3

• It follows accepted American 
practice regarding front-face design with the use of a sealing 0-ring. It is 
supplied ready for use in conjunction with the accessories in box KE 0069. 

9.3.2 Deutsche Bundespost Transmitter Measuring Jig 

Stativ Type WA 0040. A special version of the UA 0095 Stand in which 
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the Voice and Transmitter Capsule Holder are carried on long anti-micro
phonic stalks to minimize acoustic reflections from the supporting base. 
The Transmitter Capsule Holder is of all-metal non ;adjustable construction 
designed to fit the Bundespost standard transmitter. 
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10. SPECIFICATIONS 
4904 OBJECTIVE REFERENCE EQUIVALENT METER 

4906 TELEPHONE POWER SUPPLY 

Input Impedance. 

600 Q, 900 Q, via transformer with centre-tap. Optional earth link to 
centre-tap or to either end. 

Also 100 kU. 

Meter Functions. 

Linear 
Exponential 
Exponential 

Meter Damping. 

Fast 
OBDM 
Slow 

Meter Scales. 

y = kx 
Y = kx0.6 
Y = kx0.45 

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 amp I ifier. 

Overload Indicator. 

Fitted on the moving-coil meter face, visible on each meter scale. 

Indicator flashes for peak voltages 14 dB over fu II scale deflection. 
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Scale Range. 

y = kx +25 to -5 dB 
Y = kx0.6 
Y = kx0.45 

+30 to -4 dB Objective Reference Equivalent 
+30 to -6 dB. 

Meter Amplifier Input Attenuator. 

+ 10 dB, 0, - 10 dB, - 20 dB, + 15 dB, + 5 dB, - 5 dB, - 15 dB. 

Measuring Functions. 

Single-knob control for transm1ttmg, receiving, and sidetone measure
ments on complete telephone sets, handsets, or individual transmitters 
and receivers. 

Objective Reference Equivalents using the standard methods of OREM 
A, and OREM B. 

Frequency Response: recorded on charts, (with 3354 system). 

Harmonic analysis using third-octave filters, (with 3354 system). 

Modulation noise above 5kHz. 

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. 

OREM A and B calibrations: 285 mV across 600 n (-1 Np re 1 mW). 

Other values obtainable by varying calibration technique. 

Acoustical output when used with 3354 or 3355 system including 4219 Art
ificial Voice. 

10.75 Jlbar at 43.5 mm measured with SFERT-adapted microphone and 
with SFERT-weighted output from the 4219 Voice. 
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Other outputs are available by varying the calibration method. 

Output A ttenuator. 

+ 10 dB, 0, - 10 dB, + 5 dB, - 5 dB, - 15 dB. 

Built-in Reference Voltage. 

285 mV ± 1%. 1000Hz. 

Weighting Networks. 

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 Q with break points for insertion of add
itional impedance. Supplied from 1023 Oscillator. 

Signal output to 4712 Tracer via potentiometer 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. 

Meter DC output, after rectification and meter law circuitry. 

Other Inputs. 

Direct to meter input, with extra 4 mm terminals connected for the add
ition of load resistors, if required. 

Input for transmitter capsule, connected to Plug-In Unit. 

Front-panel Connections. 

Telephone subset 
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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, centre-tapped with optional earth 
Direct input to ORE Meter 
Direct output from Oscillator 

Front-panel Connectors. 

4 mm sockets with screw tops and flat shorting links, captive 

Calibration Checks. 

Meter amplifier gain 
Oscillator output 
Microphone sensitivity 
Voice output 

Current Meter Ranges. 

0-30 rnA, 0-150 rnA, 0-300 rnA 

Voltmeter Ranges; 

0-7,5 0-25 0-75 volts 

Measuring Points. 

Power supply output: line 1, line 2: transmitter 

Polarity. 

Normal: reversed 

Outputs. 

Direct from supply 
Via internal feed bridges 
From external power supply 
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Stability. 

±0.1% for 10% line voltage change 

Regulation. 

Under typical conditions 1% change in output voltage between zero and 
300mA 

Feed Bridge. 

Capacitance 2 x 20 JJ.F 

Inductance 2 x 5 henry at 60 mA 
2 x 5 henry at 200 mA 

Coil Resistance. 

2 x 60 n 

Feed Resistance Total. 

0-60 -100 -150-200- 250 - 300 - 350 - 400 - 500 n plus spare, 
plus break point for additional circuitry. 

Plug-In Units (2): 

Partly wired: automatic switching for each test plus switching of dummy 
transmitter and receiver resistors as required. 

Power Supply Output. 

Floating with respect to earth: available via feed bridge: direct to front 
panel: direct to Plug-In Unit. 
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BROEL &. KJ.ER instruments cover the whole field of sound and vibration measurements. 
The main groups are: 

ACOUSTICAL MEASUREMENTS 
Condenser Microphones 
Piezoelectric Microphones 
Microphone Preamplifiers 
Hydrophones 
Sound Level Meters 
Precision Sound Level Meters 
Impulse Sound Level Meters 
Noise Dose Meters 
Noise Level Analyzers 
Standing Wave Apparatus 
Calibration Equipment 
Reverberation Processors 
Sound Sources 

ACOUSTICAL RESPONSE TESTING 
Sine Generators 
Random Noise Generators 
Sine-Random Generators 
Artificial Voices 
Artificial Ears 
Artificial Mastoids 
Hearing Aid Test Boxes 
Audiometer Calibrators 
Telephone Measuring Equipment 
Audio Reproduction Test Equipment 
Tapping Machines 
Turntables 

VIBRATION MEASUREMENTS 
Accelerometers 
Force Transducers 
Impedance Heads 
Accelerometer Preamplifiers 
Vibration Meters 
Accelerometer Calibrators 
Magnetic Transducers 
Capacitive Transducers 
Complex Modulus Apparatus 
Bump Recorders 

VIBRATION TESTING 
Exciter Controls- Sine 
Exciter Controls- Sine- Random 
Exciter Equalizers, Random or Shock 
Exciters 
Power Amplifiers 
Programmer Units 
Stroboscopes 

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multipoint Selectors 

Bruel & Kjrer 

MEASUREMENT AND ANALYSIS 
Voltmeters 
Phase Meters 
Deviation Bridges 
Measuring Amplifiers 
Band-Pass Filter Sets 
Frequency Analyzers 
Real Time Analyzers 
Heterodyne Filters and Analyzers 
Distortion Measuring Equipment 
Psophometers 
Statistical Distribution Analyzers 
Tracking Filters 

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 
Alphanumeric Printers 
Digital Event Recorders 

DIGITAL EQUIPMENT 
Computers 
Tape Punchers 
Tape Readers 
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