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A New High Performance from 

Subscribers' Telephones 
By A. F Jones, D.L.C. 

Telephone Laboratory 

Research, investigation, design, and testing are now 
complete, and a new range of G.E.C. telephones is in 
production. The telephones incorporate new compo-
nents, which have been designed and matched to each 
other to give a level of performance not excelled by any 
telephone available today. 

In comparison with their predecessors, the new 
telephones have a considerably better volume output 
and a marked improvement in articulation. The net 
result is an improvement in performance of 4-6db on 
receiving and 6db on sending. In consequence, local 
distribution networks may include longer lines, or smaller 
wires, or give a better performance with existing lines. 

For a standard of performance stipulated as an 
acceptable minimum, the new telephone will operate 
over a local line loop of 1120 ohms of 64-lb cable 
(.5mm conductor). Alternatively, 3.2 miles of 101b cable 
(.6mm) could be extended to 5.3 miles for a similar 
performance, or be replaced by 4lb cable (.4mm). 

These figures indicate a saving of capital cost or a 
better usage of existing investment that are of great 
importance to Telephone Administrations. 

The new components, and the improvements they give, 
are described in this present article. They are included 
in a new instrument—the "G.E.C. 1000" Telephone—
which is described elsewhere in this issue, and in the 
Gecophone "K", the Muraphone "K" and the Switching 
Telephones. 

Handset 
A notable feature is the new handset. Its curved 

shape (Fig. 1) has not only an aesthetic significance—it 
has a highly-important technical basis. It tilts the 
transmitter into a more-sensitive position during normal 
use, thereby resulting in an improvement of about 2db 
in sending performance, whilst the shape and size of the 
mouthpiece give an improved frequency response. 

Transmitter 
The transmitter inset is the immersed-electrode 

carbon-granule type that has been so effective in G.E.C. 
telephones for some years. The resistance of this type 
of transmitter is partially dependent on the value of the 
current passing through it , the relationship between 
current and resistance is shown in Fig. 2. The frequency 
response is shown in Fig. 3. Non-linear and amplitude 
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distortion are inherent in practical carbon-granule 
transmitters. The distortion can be reduced by 
restricting granule agitation in the direction of current 
flow, but increased restriction results in decreased out-
put from the transmitter. The inset establishes an 
appropriate balance and thereby gives a very high 
output consistent with an acceptable frequency response, 
together with a satisfactory signalling resistance. 

Some years ago, the G.E.C. conducted tests in high-
humidity areas, where some transmitters had been found 
to deteriorate in service. The tests indicated that, 
particularly on short lines, minute sparking occurred 
between adjacent granules. To protect them, a 
resistor was included for simple connexion across the 
transmitter. This practice is repeated in the new 
telephones. When specified on orders, the resistor will 
be included in the internal wiring of the telephone. 

Receiver 

The receiver is of the inset type. It employs a 
rocking armature, which drives a light diaphragm. A 
very-high electro-acoustic conversion ratio is combined 
with an improved frequency response. Fig. 4 indicates 
the order of improvement compared with the former 
receiver, and shows the greater output at the higher 
frequencies, which is so important for good articulation. 

Fig. 1.—New telephone handset showing receiver and 
transmitter capsules. 
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Fig. 2.—Variation of transmitter resistance with current flowing. 
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Fig. 3.—Transmitter frequency response. 
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The armature, rocking on a central support, drives the 
diaphragm via a small rod. The diaphragm, which in 
previous receivers consisted of a flat plate of magnetic 
material, is now a very-thin dished disc of light alloy. 
The use of the light alloy results in a large increase in 
the ratio of effective area to effective mass. The 
magnetic circuit of the rocking-armature receiver is 
analagous to that of the ordinary ringer, where a central 
permanent magnet polarises an armature, which is 
alternately attracted and repelled by the electro magnets 
on each side. The similarity ends there, however, for 
the magnetic and mechanical parameters of the receiver  

unit have been critically proportioned to produce the 
correct mass-to-compliance ratio and mechanical 
impedance to suit an ear-damped unit. 

The high efficacy of the receiver is obtained by the 
use of a very small air-gap, ingeniously controlled, a 
high-permeability magnetic system, and a high stiffness-
to-mass ratio. After acoustic equalisation, the resulting 
frequency-response characteristic is substantially flat, as 
shown by the curve in Fig. 4. The small central magnet 
is anisotropic and works on a recoil loop of its demag-
netisation curve. 

Frequency-cis. 

Fig. 4.—Receiver frequency response. 
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Fig. 5.—Exploded view of rocking-armature receiver. 

After saturation the receiver is subjected to a de-
magnetising process, which stabilises the magnet, and 
adjusts the strength to an optimum value. The imp-
edance of the receiver, when loaded with an artificial 
ear of 3cc capacity, is 150 ohms. 

Induction Coil 
The induction coil is a most important component in 

a telephone. The extent to which its design governs 
performance has been used in the new instruments to 
take some of the improvement given by the new receiver 
and transfer it to the sending side. Without this 
transfer the overall performance would not have 
reached the high level that distinguishes the new 
telephones. 

In redesigning the coil, a closed-iron magnetic 
circuit was chosen in preference to an open-iron 
circuit for economy in space. By using a design having 
two long and two short limbs advantage could be taken 
of the new grain-orientated silicon iron for the laminated 
core. This results in a smaller coil (only half the cross 
section of iron) than would result if normal isotropic 
silicon iron were used, (Fig. 6). 

Circuit 
The new circuit is shown in Fig. 7 The ratio of 

turns of the three windings of the induction coils, the 
impedance provided by each, and the value of the two 
capacitors, have been chosen so that, notwithstanding 
the improvements in sending and receiving efficacies, 
the degree of sidetone suppression remains very high, 
particularly on the longer reactive lines. 

Operation of the dial off-normal springs provides a 
short-circuit across the receiver, creates a clean 
impulsing loop, and an efficient spark-quenching path 
consisting of a low impedance network in series with 
capacitor Cz. 

The circuit is redrawn in Fig. 8 in hybrid-transformer 
form. This illustrates more clearly that with turns 
ratio for optimum conditions of send and receive, the 
sidetone balance has been obtained by correct selection 
of values for C1, C2, RI, and R2. 

Fig. 6.—Comparison of new (right) and former induction coils. 

8 



041 	 oB 

C2 I 

No. 22 	 e..96.e TELECOMMUNICATIONS 

L 

2 

ON: 

3 

R2 	RI 

CI 

IMPULSE 

Fig. 7.—Circuit of "G.E.C. 1000" Telephone. 

Resistance 
The talking resistance offered to the line by the 

complete telephone varies with the steady current drawn 
over the line. The mean value of talking resistance for 
a given line loop is shown in Fig. 9, from which max-
imum current consumption per line may be deduced. 

The maximum resistance occurs when the handset, 
off the cradle switch, is in the horizontal face-down 
position. This is of the order of :- 

165 ohms at 20 milliamps of line current. 
120 ohms at 55 milliamps of line current. 

Impedance 
The following table gives the approximate impedance 

looking into the line terminals of the telephone with 
the handset removed from the cradle. Readings were 
taken with 50-milliamps direct current flowing in the 
line, one-volt AC input, and a dummy transmitter of 
60 ohms. 

Frequency c/s 300 500 800 1000 2000 3000 

Impedance ohms. 578 476 460 463 498 510 

Transmission 
The transmission performance of a telephone and its 

associated battery feed circuit is normally measured 
against the performance given by some standard 
arrangement. Measurement can be by volume alone 
or can include the effects of articulation, sidetone, and 
room noise. The subject is covered in the appendix. 

The efficacy of the telephone itself may be assessed 
in terms of the maximum length of local line over which 
it will work satisfactorily. Alternatively, the telephone, 
together with its standard local line, may be compared 
with the CCIF international reference levels, S.F.E.R.T 
for volume, and A.R.A.E.N. for articulation. 

Fig. 8.—Circuit of "G.E.C. 1000" Telephone drawn in 
hybrid form. 
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Fig. 14.—Sidetone levels for the telephone. 
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Long Lines 
The curves of Figs. 12 and 13, show that in comparison 

with the minimum reference level for national and 
international working the receive rating for the existing 
G.E.C. Table Telephone was already higher than the 
send rating (broken lines). This is why part of the 
increased performance due to the new receiver is 
transferred to the sending side in the new telephones. 
Even with this transfer, it is still the sending side 
that determines the maximum length of local line 
permissible. 

Comparison between the full and broken lines in 
Fig. 12 shows an improvement of the order of 5 to 
6db for sending performance on long lines, which, 
expressed in terms of line plant, means that maximum 
line length may be increased, or a lighter gauge of cable 
used. 

Short Lines 
The increase in transmission performance is main-

tained over very-short lines. On such lines, if warranted 
by exceptional circumstances, reduction of the trans-
mission performance may be obtained by introducing 
a resistor into the line. connexions. 

Effect of Transmitter Shunt 
Where a shunt is fitted across the transmitter, a 

sending loss of approximately 2db occurs on long local 
lines , the effect on reception is negligible. 
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Appendix—Efficacy Rating for 
Telephones and Telephone Systems 
S.F.E.R.T. A.R.A.E.N. and Trans-
mission Performance 

The minimum standard of performance that will be 
given by a telephone system is principally determined 
by the local circuit because any subsequent loss in trunk 
or junction circuits can be made good by amplification. 
The local circuit consists of the subscriber's telephone, 
the line wires, and the battery-feed transmission bridge 
at the exchange. 

Testing Methods 
To allow the performance of different local circuits 

to be compared with each other, reference systems have 
been established in Geneva. True measurement of 
performance is difficult because a complete telephone 
link includes two human beings, with the consequent 
vagaries of the human element. Loudness of sound 
reproduced is an obvious criterion, but is not nec-
essarily the best because, if articulation is better, a 
weak sound may well be more intelligible than a strong 
one. Thus there are two standards of reference at 
Geneva, one taking into account only volume, and the 
other including also other parameters that affect 
intelligibility. 

S.F.E.R.T. 
The reference system for volume is S.F.E.R.T 

(Systeme Fondamental Europeen de Reference pour la 
transmission Telephonique). It is rigorously defined in 
CCIF documents. 

It consists of a sending portion, an attenuator, and a 
receiving portion, as shown in Fig. 15. A guard ring 
is located at a fixed distance from the diaphragm of the 
condenser microphone, thus fixing the modal speaking 
distance. The talker has under constant observation 
a volume indicator (V.I. Fig. 15) so that he may keep 
his speaking loudness constant. 

To find Reference Equivalent for sending of a tele-
phone and its feed circuit, part "T" of Fig. 15 and the 
telephone circuit under test are alternately connected 
to part "R" Similarly, the Reference Equivalent for 
receiving is determined by comparison against part 
"R" using part "T" as the sending end for both the 
test and reference circuits. 

The receiver in the handset is not held to the ear in 
these tests, hence the effect of sidetone on the talker 
does not appear in the measurements. The tests are 
conducted in the absence of room noise. 

The output volume, that is, the speech voltages at the 
output of the S.F.E.R.T. sending and receiving ends, 
which are used as the reference levels are quite arbitrary 
and have been fixed higher than the level obtained from 
normal commercial systems in order that, during tests, 
any required attenuation shall be applied to the refer-
ence system and not to the system under test. 

A.E.N. 
The Fourth Study Group of the CCIF is responsible 

for specifying the quality of transmission of local 
networks, with particular reference to parameters other 
than volume. 
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Fig. 16.—Method of determining A.E.N. 

From the results of a discussion at a meeting in 
London in 1949, agreement was reached on a laboratory 
method in which the criterion of transmission efficacy 
is based on the quality of transmission rather than on a 
Reference Equivalent of volume. The method, known 
as A.E.N. (Affaiblissement Equivalent pour la Nettete). 
was adopted as a basic for a series of tests. 

The articulation of a telephone is evaluated by ex-
pressing the number of correct logatoms received by a 
listener from a talker as a percentage of the total 
number spoken. Logatoms are syllabic sounds which 
have no meaning, but which are representative of the 
normal speech of a particular language. By intro-
ducing distortionless attenuation into the testing 
circuit a curve is plotted to show the relation between 
percentage articulation and attenuation. 

Fig. 16 illustrates curves obtained when two different 
telephone systems are tested in this manner. If the 
plot of a standard reference system is curve "a" the 
test system giving curve "b" is xdb worse when both 
have a sound articulation of 80 %. This percentage 
articulation is usually taken as the maximum quality of 
speech necessary for commercial telephone commun-
ication. 

A.R.A.E.N. 

This CCIF testing technique, has involved the 
introduction of new apparatus to provide a reference 
system having a known quality of transmission. The 
system is known as A.R.A.E.N. (Appareil de Reference 
pour la determination des Affaiblissements Equivalent 
pour la Nettete). The equipment, designed and con-
structed by the Research Branch of the British Post 
Office, is established in the CCIF laboratory at 
Geneva. It gives a transmission characteristic similar 
to the air path between a talker and listener one meter 
apart using monaural listening. 

The system has sending and receiving ends similar to 
S.F1E.R.T against which the sending and receiving 
articulation of any practical local circuit may be tested. 
In conducting the tests the logatoms to be spoken are 
inserted into a carrier phrase "Kan Kon Baj 	Olso" 
so that the speaking level for the test syllable shall 
remain constant. The pronounciation is in the 
Esperanto language. 

A testing technique and the statistical treatment of 
the results have been evolved by D. L. Richards of the 
B.P.O. Research Laboratories. 
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The tests are made in the presence of noise, but, to 
help to maintain a constant speaking level, the receiver 
is not held to the ear. This means the effect of sidetone 
on the talker is absent ; hence to obtain a true com-
parison between two test systems for sending efficacy, 
the effect of their respective sidetone levels must be 
algebraically added to their A.R.A.E.N. send ratings. 

Transmission Per formance—
Send or Receive 

This is the name given to the tests made by the 
B.P.O. They use volume as the criterion when volume 
suffices but take articulation into account when the 
parameters that affect articulation are involved. These 
are frequency response of transmitter and receiver, 
sidetone, and room noise. 

The technique consists of determining the difference 
between the test circuit and the reference circuit for 
various values of transmitter-feed current, speech loss 
in the line, induction coil rating, sidetone effect, and 
transmitter and receiver efficacies. All these are added 
algebraically to produce an overall rating. Curves 
have been drawn to assist in determining some of these 
factors without actually making tests. 

Sidetone 
Excessive sidetone causes a talker to speak more 

quietly , further, in the presence of noise, reception of 
wanted signals is impaired by the noise conveyed to the 
receiver via the local transmitter. Reduction of side-
tone therefore adds to the efficacy of the telephone and 
makes talking more comfortable , hence the anti-side-
tone circuit is a necessity. 

All anti-sidetone circuits consist of a balanced 
network, the level of sidetone depending upon the 
degree of balance attained. The line from the telephone, 
and whatever connexion may be made at the exchange, 
form part of the network. The impedance of this part 
will be between very wide limits of magnitude and phase 
angle. The consequent changes in network balance 
conditions affect the level of sidetone. 

The design of an efficient anti-sidetone induction coil 
must be based on a knowledge of the average line and 
junction conditions over the exchange area. Reactive 
lines and junctions are almost exclusively employed for 
town and city areas, where telephone density is greatest,  

and the induction coil in the G.E.C. telephones is 
therefore designed to suit these conditions. The 
loudness of the sidetone may be taken as the average 
output of the local receiver when the frequency of the 
input to the transmitter is 500, 1000, 2000, and 3000c/s. 
Alternatively, it may be assessed by voice-ear methods. 
The measure of sidetone is the ratio of this output 
loudness with that of the receiver of the reference 
circuit when both have the same input to the transmitter 

To assess how sidetone affects telephone performance, 
reference is made to data compiled by the British Post 
Office. The impairment in sending and receiving levels 
has been determined by a series of subjective tests. 
The results give the relationship between sidetone level 
and sidetone effect. The curve in Fig. 17 shows how 
the effect of sidetone influences the receiving efficacy. 
This data has been used in the compilation of figures 
for the Transmission Performance graphs of G.E.C. 
telephones. 

Room Noise 
The effect of room noise on both sending and 

receiving performance of a telephone system depends 
upon the amount of sidetone, frequency response, and 
other factors affecting psychological reactions. Per-
formance tests are therefore made under conditions of 
normal room noise. Sixty decibels of noise has been 
recommended by the CCIF for the determination of 
A.R.A.E.N. assessments. This is approximately the 
ambient noise of an average city office such as in the 
centre of London. Where subscribers' telephones are 
used under quiet conditions, the receive efficacy will be 
rather better than shown by the A.R.A.E.N. rating. 

International Levels 
The performance of a telephone for national working 

can be fixed at any level that an Administration con-
siders to be satisfactory. The level should comply 
with the CC1F limits for sending and receiving on the 
national part of any international network, and can be 
assessed in terms of maximum length of local line over 
which the telephone will work. However, for inter-
national working the actual sending and receiving levels 
of the complete local circuit must be known if satis-
factory working between countries is to be established. 
The minimum levels for national local circuits recom-
mended by the CCIF are :— 
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Fig. 18.—B.P.O. reference circuit. 

The frequency characteristic of the receiver is 
checked by a level test on several selected bands 
500c/s wide. During the test the receiver is loaded with 
an artificial ear of 3cc capacity. 

This objective method of comparison is only suitable 
where the items being tested have similar frequency 
characteristics. A subjective test (voice-ear) is made 
when the frequency response differs from that of the 
standard components. 

Transmission Equivalent Resistance 
(T.E.R.) 

The T.E.R. of a line is defined as the resistance of a 
6klb line having the same grade of transmission. It is 
expressed in ohms. Thus a length of any size or 
type of conductor may be converted into an equivalent 
length (expressed in ohms) of 6ilb cable by the use of a 
multiplying factor. This multiplying factor is the 
ratio of the limiting (maximum allowable) resistance of 
0113 cable to the limiting resistance of the conductor 
to be converted. 

Thus, when the local connexion is composed of 
several lengths of different types of cable, calculation 
of the total losses is more easily made if the various  

lengths are converted into equivalent units, which can 
then be added together. 

The maximum T.E.R. for a local line had been fixed 
by the B.P.O. to be 600 ohms of 6ilb cable when 
working to a 200/200-ohm 50-volt ballast exchange. 
This is equivalent to 550 ohms when working to a similar 
non-ballast exchange. In fixing this limit, the B.P.O. 
had to take into account the many older, less-efficient 
telephones then in service , hence these figures are 
lower than the limiting resistances possible with 
modern telephones. 

If a subscriber were equipped with the existing 
G.E.C. Table Telephone the limiting T.E.R. of his line 
to a non-ballast exchange would be raised to 660 ohms. 
An A.R.A.E.N. test shows that if he had a new G.E.C. 
telephone, the limiting T.E.R. would be 1120 ohms. 
This improvement is illustrated by the difference 
between the full and dotted lines at reference level, 
sending performance, on 6ilb cable in Fig. 12. 

The equivalent T.E.R. for 41b and 101b cable can be 
seen from the curves in Fig. 12. At 0db sending 
performance the T.E.R. for 41b cable is raised from 
815 ohms to 1415 ohms, and for 101b cable from 
555 ohms to 925 ohms by the new telephones. 
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