CALL-INDICATOR OPERATION BY MEANS OF AN ORDER-WIRE. 183

a common group of call- indicator
positions, but this is not possible in
manual-to-manual operation and al-
though advantageous, should not, ex-
cept in special circumstances, be
essential.

(k) Busy signal is given from the automatic
exchange without holding a junction
engaged.

(1) Reasonable breakdown operation can be

given even if the order-wire is entirely
disconnected.

The writer is ‘indebted to Messrs. Siemens
Brothers & Co., Ltd., in whose laboratories this
scheme was developed, for permission to publish
the above description.

[The system described in the foregoing article
is not used by the British P.0O. Department.—
Eds., P.O.E.E. Journal.]

A NEW C.B. MICROTELEPHONE.

A. ]J. ALDRIDGE, E. J. Barnes, E. FOULGER,

INTRODUCTION.—In August, 1927, the Re-
4 search Section was asked by the Engineer-
in-Chief  to design 'a microtelephone which
would be equal to any instrument of that type
then available, and which would not infringe
any existing patents. | _
. Extensive tests of microtelephones from all
sources had been carried on for many years,
but ‘the results were generally far inferior to
those obtained with the fixed solid back trans-

mitter and Bell receiver of the P.Q. standard
pedestal telephone.

General features of the proposed instrument.
The requirements -which it was desired the
instrument should meet were ;:—

" Electric and Acoustic.—

(1) Sending efficiency shoﬁld_‘not be more
than 1.4 d.b. worse than P.O. basic standard.

Fic. 1.—Tue New C.B. MICROTELEPHONE.



186 A NEW C.B. MICROTELEPHONE.

(2) Receiving efficiency should not be more
than 1 d.b. worse than Department’s standard.

(3) Articulation should be 10%, or more,
better than siandard.

(4) Frying and packing should not be worse
than on the No. 1 C.B. Transmitter.

(5) The instrument should be capable of use
without serious change in efficiency when used
in any practicable position.

(6) The instrument should not ‘‘ how!l *’ on a
short local line. -

These desiderata are rather severe, but it was
considered advisable to work to them if possible.

b —

be self-contained on the lines of the No. 1
transmitters, as this has been found in
the past to be a good design.

(3) The mouthpiece should be hygienic and
easily cleaned.

(4) The instrument should be robust, of
pleasing appearance and not easily inter-
fered with by the subscriber.

Transmitter Design.

A large number of model transmitters were
made up, mainly by using parts of the No. 1
C.B. transmitter. The points which were

Fig. 2.—Tue HAND-SET ASSEMBLY.

Several patterns of headgear type receivers
giving good transmission efficiency were known
and no difficulty was expected in adapting any
of these for this purpose. Attention was there-
fore mainly concentrated upon the transmitter
and the following mechanical points were kept
in mind : —

(1) Transmitter and Receiver should be of

‘“inset ”’ type for ease of replacement.

(2) The granule chamber should preferably

chiefly kept in mind were means to enable the
transmitter to work in any position, the reduc-

_ tion in the sharp resonance of the No. 1 Trans-

mitter, and the improvement in efficiency by
reduction of the weight of the moving
parts.

The most satisfactory model consisted of a
granule chamber made up in cylindrical form,
the end away from the diaphragm being closed
with a mica diaphragm and electrode, identi‘cal
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with that in the No. 1 transmitter except that the
excess brass present was very considerably cut
down. This moveable electrode was connected
with the diaphragm by means of an insulated
bolt passing through the granule chamber. The
other electrode was in the form of a gold-plated
ring fixed about half-way down the chamber.
Satisfactory performance was obtained with
transmitters of this type as regards maintenance
of efficiency when used away from the vertical,
but it was soon found that when the diaphragm
was reduced to a size suitable for use in a micro-
telephone the sending efficiency fell away
seriously. This was remedied by the use of a
coned diaphragm of thin aluminium with an
annulus of thin surgical silk to reduce the stiff-
ness. This diaphragm was later replaced by
one consisting of two opposed cones, between
which the annulus was clamped. This produced
a more rigid piston and also eliminates the
difficulty of attaching the annulus to the cone.
The sitk annulus was also later replaced with
one of thin aluminium foil. The result is a
stiff, piston type diaphragm, with a very flexible

edge; the weight of the whole moving system is -

under two grammes as against 7
the No. 1 type transmitter.

Shape of Handle. The first handles made
were of triangular section with rounded edges,
the handle itself sweeping into a more or less
hemispherical boss carrying the transmitter, and
into a similar but smaller boss carrying the
receiver.  After considerable discussion, and
the examination of various different experi-
mental models, a shape was finally adopted
which is very similar to that of the A.T. & T.
Co’s. instrument.

The length of the handle was based upon
fresh measurements of a large number of heads,
and is actually 5" between the centre of the ear-
piece and the nearest point of the transmitter
case. The inside of the mouthpiece is a nearly
cylindrical tube with a bore of about 13". The
transmitter inset itself is provided with a
perforated metal guard, the holes in which are
out of line with the holes in the grid at the base
of the mouthpiece, so that there is no possibility of
objects being pushed on to the dlaphragm The
plane of the opening of the mouthpiece is at an
angle of about 45 with the line of the handle,
so that a shorter handle is possible than would

.8 grammes for

otherwise be the case without causing the lips
of a long-headed user to touch the instrument.

Complete Test of 5 C.B. Microtelephones.
Six complete handles (somewhat different in
shape from the final models) were made up in
¢bonite and fitted with transmitters and receiv-
ers. The receivers were of the Sterling Tele-
phone 1A pattern and no special steps were
taken at this time to ensure that they were the
best obtainable.  Five instruments were sub-
mitted to test, the other being kept apart for
demonstration if required.

The following is a summary of the results
obtained, each transmiter being tested in the
handle by 20 speakers to obtain a reliable
average.  All tests were made on Standard
C.B. 300-ohm local : —

Volume efficiency, head in
normal position.
Range between

1.5 d.b. Worse
than Standard.
0.3 d.b. to 2.7 d.b.

instruments Worse than
Standard.
Receiving efficiency 2.5d.b. Worse than
Standard.
Range 0.2 d.b. to 6.2 d.b.
Worse than
Standard.
Articulation 6% Better than
Standard.
Range 8% Worse

Better  than
Standard.
Naturalness (Ease of
recognising a voice) Errors reduced to
75% in com-
parison  with
No. 1 C.B.
61 ohms.
54-77 ohms.
Passes  specifica-
tion for No. 1
transmitter at
any angle up
to 45°.

Resistance
Range

Frying

'y

The ‘* naturalness *’ test was made because
it was felt the articulation figures did not fairly
represent the improvement. It is well known
that a receiver, for example, when used as a
transmitter, is very articulate but the tone is
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unnatural, being thin and reedy. The ‘‘natural-
ness '’ test was made by twelve observers, well-
known to one another, each reading to each of
the others a short passage. The observer was
required to name the reader. It was found that
on the average with the No. 1 transmitter 33%
mistakes were made, whereas with the new
transmitter '25% mistakes were made.

A microtelephone fitted with a good trans-
mitter and a good receiver showed no tendency
to *“ howl ’ on a 35-ohm local.

It will be seen that these transmitters are
superior to the average supplies of No. 1 C.B.
transmitters (last 3 sample batches were 2.4 d.b.
worse than Standard) in both volume and
articulation.

Fic. 3.—VIEwW UNDER BASE OF CRADLE.

Life Test. Four of the transmitters were
subjected to the usual life test of 30,000 opera-

tions and the following table gives the complete
results after this:—

EFFICIENCY TESTS AFTER 30,000 OPERATIONS.

i Head Vertical. Head at 45° Head Horizontal,
i f .
Trans- | Effcy. Articu- Eficy. Articu- |  Effcy. Articu-
m&“" !+ db. Resis. lation d.b. Resis. lation |  d.b. _Resis. lation
0. e e e e — - - —_— e e
o 11 : *
Observers Ohms Observers Ohms . I Observers Ohms
B ! 0.4W 732 4% B 0.8B 104 8% B | 1o9B 140 | tggetd
C i o.3B 96 10% B 0.7B 113 7% B o 159 16% B
D 0.6W 78 1% B 0.4B 117 10% B 3.6W -8y 3% B
E | 1.4W 71 6% B 1.oW 95 3% B . 0.4B 184 4% B
Mean ! 0.5W 79 5% B I 0.2B 107 7% B 0.3W 160 8% B

* The results obtained with the three observers have Leen corrected (o allow for the fact that they were not average.

The transmitters had thus somewhat im-
proved in efficiency but the resistance had risen.
This rise may be the cause of the improved
efficiency.

Efficiency and articulation ‘were well main-

tained, at any rate up to the 45° position. Tests
were made in the go° position as a matter of
interest, but the position is only reached in
practice with very considerable discomfort.
The resistance is high, particularly in posi-
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tions away from the vertical position, but this
Jatter is not of great importance in a micro-
telephone for the reason that the transmitter is
almost certain to be put into a vertical position
before being put into the ‘‘ use’’ position.
This would cause the supervisory signals to be
operated and these will then remain operated for
any position of the transmitter.  Steps were,
however, taken to reduce the resistance.

FREQUENCY CHARACTERISTICS OF
C.B TRANSMITTERS.
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Mechanical Test.  Three transmitters were
taken from the -handles and mounted in a
wooden frame which could be raised one quarter
of an inch and then dropped on to a block of
wood.

The frame was dropped 50,000 times,. and
volume and resistance tests were then again
made.

An average reduction in efﬁcxency of 1.4 d.b.
was obtained.

Frequency

Characteristics. Frequency

characteristics of two of the transmitters with a

representative No. 1 C.B. transmitter for com-
parison are given in an accompanying figure.
It will be seen that the characteristic is a con-
siderable improvement over that of the No. 1
Transmitter.

Reproducibility. It was found that if -proper

_precautions were taken in manufacture and

assembly, different transmitters gave..‘very
similar efficiencies, and a transmitter could be
dis-assembled and re-assembled without ap-
preciable change in efficiency. .
Manufacturing Development. These results
were considered so satisfactory that steps were
taken, under the usual Departmental procedure,
to obtain Provisional Protection. The Depart-
ment then approached Messrs. Siemens Bros.,
with a view to their taking up the provision of
commercial models, as it had been found that
that Company had been developing a micro-
telephone and had reached about the same
position as the Department. Tests of Messrs.
Siemens transmitter, which was of quite differ-
ent design, gave results almost identical in all
respects with those- obtained with the Depart-
ment’s transmitters. It was therefore decided
to make certain small mechanical modifications
with a view to the use of either transmitter in a
common handle. Messrs. Siemens Bros. were
given an order for a considerable number of

each pattern with a view to both types being

given a commercial trial.

— A
7 L.

Fic. 5.—P.O. Tyre TRANSMITTER.
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Particulars are given in the accompanying
drawings and photographs of the complete
instrument, and of both the >.O. and Siemens
pattern transmitter, either of which can be used
in the one handle.

A short description of eadl transmitter, is
given.

P.O. Transmitier. The diaphragm receiving
the sound is a double cone aluminium piston,

carbon electrode.  This is polished and is of
the same size as the front electrode of the No. 1
Transmitter but it has no brass backing.
Clamped to it, as shown, is the mica diaphragm
which closes the side of the granule chamber
remote from the piston diaphragm. The other
electrode is an annular ring of brass, gold-
plated, and perforated with a number of holes.
These holes allow of free granule movement

Q-

PO Trrpe INSET.

L=

L0. Tyrs

CRANULE CHAMBER & MOVING SysaTem,

s 2 © e S

INSET

Fic. 6.

the two cones being riveted together with a
perforated ebonite rivet, and clamping between
them an annulus of aluminium foil. The outer
edge of this is strengthened by two thin brass
rings cemented to it. These form the clamping
surface. Through the ebonite centre rivet a
small bolt is passed to which the piston is
bolted. The bolt passes (msu]ated) through the
granule - chamber and carries the moveable

and cause a lower resistance than occurs with a
solid electrode. They also render more easy the
filling in of the granules. It will be seen that .
both electrodes are almost completely embedded
in granules and that as the transmitter is turned
over on its back more and more of the granules
are carried by the moveable electrode. This
ensures the maintenance of good working in any
position.
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Siemens Transmilters (Patent No. 308630).
- The diaphragm receiving the sound is a single
corrugated aluminium cone.
centre is a small aluminium cylinder, the other
end of which carries one electrode (carbon).
This cylinder projects into the granule chamber
as shewn. The other electrode, also of carbon.,

CaRBon  ELECTRPOE
FACE POUSHED

Ee

SRR

Fic. 7.—SieMenNs Type TRANSMITTER.

is mounted at the base of the granule chamber,
which of such a size that the two electrodes are
correctly spaced apart at about the centre of the
chamber. The granules are prevented from

Attached to the-

springs on the case in the other.

Receivers.  The only special points about the
receivers are the provision of a substantial
aluminium case, giving a good seating for the
diaphragm, and the use of a straight cobalt steel
magnet. The receiver is attached to the handle
by two clamping screws which also form the
terminal connections.

Side Tone-and Exiraneous Noise. The high
efficiency of these instruments produces very con-
siderable side tone, and also renders any noise in
the room very distressing. It was agreed that
some form of anti-side-tone circuit was essential,
and the most effective arrangement was con-
sidered to be one which had been brought out by
Messrs. Siemens. This consists in the addition
of a small subsidiary, two-winding induction
coil, one winding being connected across the
receiver terminals and the other across the
transmitter, and so connected that the subsidiary
output from the transmitter into the receiver is
in opposition to the normal transmitter output
into the receiver.

The - inherent effect of this coil is to reduce
the sending efficiency by about 2 d.b. but this

&
-

O

Inscte

SiEMmENS Tror INSET

Qulscde
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escaping by annuli of silk clamped in the
granule chamber and forming a sliding fit on
the cylinder attached to the diaphragm. It will
be seen that in this pattern also both electrodes
are almost completely embedied in granules in
any position of the transmitter.

Both transmitters are made up as insets, con-
tact being made in the same way in each, viz. :
by plug and socket for one connection and

is almost exactly compensated for by the fact
that in practice when the side tone is reduced
the wvoice is somewhat raised in volume.
Reception efficiency is reduced by about 0.5 d.b.
The side tone and extraneous noise are reduced
by from 7 to 10 d.b. The subsidiary coil is
mounted in the base of the cradle. The instru-
ment is connected to the Bell Set No. 1 by the
usual three conductor cord- and can be used
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interchangeably with Telephones Nos. 2, 124,
etc.

Performance. A number of difficulties have
been experienced in testing these instruments.
These are due:—

(1) To the large differences obtained in

efficiency with different speakers due to:
(a) Size of head.
(b) Shape of head.
(¢) Character of voice.

(2) The effect of the side tone.

(3) The effect of the presence of the instru-

~ 'ment on the head in its relation to the

picking up of the sound vibrations, other
than directly on the diaphragm.

In normal transmission testing the receiver at
the sending end is not held to the head, but
in this case it must play some part. The use
of a guard to fix the distance of the speaker is
inadmissable, partly, because it eliminates the
effect of any communication of sound down or
from the handle and, partly, because a man with
a large head will produce much side tone and
will therefore tend to reduce his voice more than
will a man who produces less side tone.

The method finally adopted to determine the

‘way.

efficiency is to use 20 speakers, each man hold-
ing the microtelephone to the head in the normal -
The anti-side-tone coil is in use, and the
microtelephone receiver also alive. On the
standard circuit a transmitter and receiver, as
nearly as possible each equal to standard, are
used, and the receiver held on the ear when
speaking. Several microtelephones were thus
standardised against the usual standards and
used subsequently as substandards to calibrate
other microtelephohes. For this calibration,
substandard and test microtelephones were each
fitted with wire guards at approximately the
average speaking distance and the guards
spoken to close up as to a No. 1 C.B. transmitter.

Four P.O. instruments were selected as sub-
standards, the sending allowance of the com-
plete instrument, obtained as outlined, being in
each case 0, in terms of the Department’s
standard.

A number of instruments of each pattern
(constructed by Messrs. Siemens Bros.) have
now been tested and the following Table gives
the results.

All results are in terms of the Depdrtments
Standard transmitter or receiver. -

No. Allowance in d.b. Resistance * ohms
Trans. tested Mean % Range Mean Range
P.O. 25 1.5 Better ! 0.z Better— 47 39—55
R i 3.5 Better
Siemens ] 45 1.5 Better | 0.1 Worse— 45 3560
. i 3.4 Better
. BN 1.0 Better— !
Receivers . 25 70 0.9 Worse 7 Worse .

* These figures include the anti-side-tone coil.

The articulation of both types of transmitter
is distinctly superior to that of the No. 1 C.B.
transmitter, but it is difficult to give a quanti-
tative statement of the amount. Results have
been obtained with these samples varying from
4% Better to 45% Better. The figure depends
upon the observers making the test, upon the
conditions of the test and upon the circuit condi-
tions. For example, a direct test between a No.
1 C.B. transmitter and the microtelephone on
the working circuit does not necessarily produce
the same relative articulation efficiency as is
obtalned Dy a test of each instrument against

a distortionless circuit. The two patterns of

transmitter are found to give practically identical
results, and probably ansaverage figure of about
15% better than standard is about right.

All the transmitters are satisfactory as regards
frying when the microtelephone is held on the
head, the latter being vertical. About 20% ex-
ceed the allowable amount when the head is
held at 43°, and most are unsatisfactory when
the head is held with the line through the ears
vertical.  This position is only reached with
very considerable discomfort,

Tests have also been made of the possibility
of sparking occuring in the transmitter whilst
being lifted from or replaced on the switch-hook.
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With the Siemens type of transmitter it was
found impossible to produce a disconnection in
the transmitter whilst the switch-hook contacts
were closed.

With the P.O. type a disconnection could only
be produced when the microtelephone was re-
placed on the cradle in a very violent manner.
With neither type did the resistance rise to any

very high values when the microtelephone was
handled normally. o

It should be mentioned that since the
preliminary samples have been obtained, vari-
ous minor modifications have been made in the
P.O. inset. These should result in an even -
better transmitter. .

THE MECHA’NICAL TESTING OF TRANSMITTER AND
RECEIVER EFFICIENCIES.

A. Hubson, B.Sc., A.C.G.L.LF.C.,, AM.LLE.E.

NTRODUCTION. — The present method

used by the British Post Office of testing

transmitters for volume efficiency, whether
for factory acceptance tests or laboratory pre-
cision tests, involves the co-operation of at least
two observers. One observer talks in some
standardised manner into, first, the test trans-
mitter, and then into .a standardised transmitter,
the necessary circuit alterations being made by
means of suitable relays. The other observer
listens to the output from the two transmitters in
turn and either adjudges which is the better of
the two, as in factory acceptance tests, or carries
out an elaborate balancing test with a third
observer with the object of assessing the exact
difference between the two transmitters, and
hence determining the efficiency of the trans-
mitter under test in terms of the Departinent’s
standard transmitter. ;

The object of the mechanical test is to replace,
the talker by an electro - acoustic convertor
actuated by some form of oscillator, and the
listener by some form of value voltmeter so that
the whole test may be made by one man in a
fraction of the time required by the laborious
laboratory tests and with the same accuracy.

At first sight it would appear that such a
method should be capable of giving very great
accuracy, as the whole of the elements of the
test are subject to exact calibration and specifica-
tion. Such, however, is not the case, owing to
the fact that the results to be of value must give,
within fairly narrow limits, the same result that
would be obtained by a laboratory speech test.

The Research Section has developed a
mechanical test which has achieved a consider-
able amount of success in this connection, by
ensuring that the speech test should be copied in
almost every particular, if the same result is to
be obtained by the mechanical test. '

Oscillator.—The voice of the talker is replaced
by a moving coil loud speaker of special con-
struction. This is actuated by a modulated
rhythmic oscillator. The rhythmic oscillator
ranges from 100 to 1,600 cycles per second at 250
rhythms per minute. This rhythmic frequency
is_then modilated by a fixed frequency of 180
cycles per second. The 180 cycles per second is
filtered at a later stage, so that finally three fre-
quencies, apart from harmonics, are present in the
resultant noise at any one moment. The result
is a sound which, apart from transients, can be
said to possess the same essentials as speech.
A considerable number of tests shows that this
type of sound has a great superiority over a
rhythmic oscillator producing a pure note.

Volimeler. — The listener is replaced by a
special valve voltmeter or amplifier rectifier set,
which is connected to the output side of the
repeating coil on the present starnidard trans-
mitter testing circuit.

The amplifier has incorporated in it a tuned
circuit, so that its frequency voltage character-
istic follows the same curve as a receiver on an
ear; the rectifier has a *‘ straight line ’’ voltage
output characteristic.

The standard method of testing a transmitter
is to compare it with another, a standardized





