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A Loudspeaking Telephone without Voice Switching—
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Loudspeaking telephones enable subscribers to coaverse during

calls with both hands free, and it is evident that the demand for

such an instrument is sufficient to justify development of a Post

Office model. This article describes the first of a range of Post

Office loudspeaking telephones and discusses its performance and
limitations.

INTRODUCTION

N 1932, the Post Office developed a loudspeaking-

telephone equipment suitable for use with 2-wire

lines, and several were installed on privately-rented
circuits to provide loudspeaking conference facilities.
Others were installed at private branch exchanges
for use on extension-to-extension calls, and were barred
from use on calls over the public network. Each equip-
ment consisted of a microphone and loudspeaker
mounted side by side in a desk cabinet, with their
respective sending and receiving amplifiers and power
supply housed in a separate box. To prevent unwanted
oscillation (howling) due to coupling between the micro-
phone and loudspeaker, either the sending amplifier or
receiving amplifier was automatically suppressed, depend-
ing on the direction of transmission at a given moment.
The suppression was achieved by deriving voltages
from the speech signals and using them to control
variable attenuation networks; the system was therefore
said to be “voice-switched.”

Several modified designs were produced experimen-
tally up to 1939, but during 1939-45 most of the loud-
speaking telephones were recovered. Until 1955 no
loudspeaking telephones were approved for connexion to
the public network ; this restriction was necessary because
of the inferior performance of the loudspeaking tele-
phones at that time compared with the standard telephone.

In 1955 it was decided that the Post Office would
develop a ‘“‘non-switched” loudspeaking telephone
(subsequently named Loudspeaking-Telephone No. 1)
suitable for use with 2-wire lines of the public network.
A non-switched system is one in which the sending-
amplifier and receiving-amplifier paths function simul-
taneously. The advantage of such a system is that,

T Mr. Lowe is in the Subscribers’ Apparatus and Miscellaneous
Services Branch, E.-in-C.’s Office, and Mr. Wilson is at the Post
Office Research Station.

having no complex switching networks, it is cheaper
to produce and easier to maintain than a switched
system. Although under certain conditions its per-
formance is inferior to that of a voice-switched instru-
ment, it was considered that there would be sufficient
demand to justify development. Ticket agencies, recep-
tion desks and information offices, where it is advan-
tageous to have both hands free during calls but where
expensive apparatus is not justified, are probably suitable
premises for the provision of non-switched loudspeaking
telephones.

In a voice-switched equipment the receiving amplifier
is suppressed when the sending amplifier is in use, and
vice versa. The receiving amplifier may be rendered
inoperative, or “suppressed,”” by using part of the out-
put voltage of the sending amplifier to operate a relay
or to control a variable-attenuation network.

The use of'voice switching introduces several problems:

(a) The voice-switching circuits can considerably
increase the cost of the equipment.

(b) Tt is desirable that a distant subscriber should be
able to break into the conversation by overriding the
suppression bias in the near-end loudspeaking equip-
ment. This “break-in” facility and other design
features increase the complexity of the switching net-
works and may cause maintenance difficulties.

(c) First syllables in sentences may be clipped due to
slight delay in operation of the switches; under adverse
conditions a complete word may be lost.

(d) When a voice-switched loudspeaking telephone
is being used in a noisy locality the noise sent to line
is suddenly switched off when the user stops talking.
This creates the disturbing impression at the distant
end that the circuit has been disconnected.

(e) Excessive room noise can hold the voice switch
operated and thus prevent break-in by the distant
subscriber, or, alternatively, it can cause false break-in.

(f) It is difficult to maintain the correct relationship
between the suppression and break-in biases for varying
line conditions.

(g) It is difficult to ensure satisfactory operation of
the voice-switched networks on circuits with high
attenuation where the received speech signals are at
a low level.












An electromagnetic microphone is used because of its
superior frequency response compared with the carbon-
granule transmitter, and also because of its smaller size.
Its low sensitivity is no handicap as the sending-amplifier
gain can compensate for this.

Given perfection in the hybrid transformer and
balancing, then during sending all power would be
dissipated in the line and balance, and none in the
receive path.> Under these conditions the telephone
would work perfectly, assuming that sufficient gain
were available from the receiving amplifier for the lowest
levels of incoming signal. Balance perfection at all
frequencies is unobtainable in practice, and this is the
main limitation of the instrument. If the loss from
P: to Ps via the air-path be denoted by N, (see Fig. 2),
and the loss introduced between the sending and receiv-
ing paths via the hybrid is denoted by N, then the
total gain at any frequency which can be used in the
amplifiers, As + Ay, is limited because for stability
As + Ar < Ng + Np. In practice, even for a given
installation, N, is a variable quantity because move-
ments of the user change the acoustic reflections; thus,
the total gain allowable is somewhat less than Ny + Np,.
Usually A4; is pre-set to provide a chosen sending level
and A, is under the control of the subscriber, and then
Argnan =~ Ng + N — Ac. On some telephone con-
nexions, because of the limitation of Np, Argnazy may
be too Jow to provide a sufficient loudspeaker signal,
especially if the incoming signal is weak. The loud-
speaking-telephone is then unusable, but calls can be
made by using the associated handset.

With these considerations in mind, it is obvious that
the design should be such that Ny is as high as possible
over the frequency range in use and on all connexions,
and that the sending-frequency and receiving-frequency
characteristics produce maximum articulation efficiency
with maximum stability. Ny should also be as high as
possible but, as its value is governed to a large extent
by the disposition of the items on the subscriber’s desk,
little control can be exercised by the designer.

In addition, the frequency characteristics must be so
arranged that when instability does occur the frequency
of the resulting “howl” does not interfere with voice-
frequency signalling systems, which may be associated
with the particular telephone connexion in use. At
present it appears that howling frequencies between
approximately 1,000 ¢/s and 2,000 ¢/s meet this require-
ment.’

D.C. SUPPLY FOR AMPLIFIERS AND INDICATOR LAMP

The resistance of subscribers’ lines connected to a 50-
volt exchange can lie between zero and 1,000 ohms,
and the voltage at the telephone terminals can vary,
correspondingly, from 21 volts to 8 volts.

To limit variations in the d.c. supply to the amplifiers
and indicator lamp, regulation is necessary. The circuit
arrangement is shown in Fig. 7. On 1,000-ohm lines
the p.d. across rectifier MR1-5 is § volts, and at this
voltage the rectifier is designed to draw a negligible
shunting current of under 5 mA. On zero-resistance
lines the voltage across rectifiers MR1-5 rises, and the
rectifier then draws a shunting current of about 30 mA,
causing an additional voltage drop in the exchange trans-
mission bridge so that the d.c. supply-line voltage
does not exceed 14 volts. The d.c. supply line is de-
coupled from the subscriber’s line by inductor L1 and
capacitor C6. The supply is connected in parallel with
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the line as this simplifies the difficulty of meeting the
signalling requirement that the maximum telephone
resistance on 1,000-ohm lines shall not exceed 330 ohms.
Rectifier MR6 is necessary to maintain correct polarity
for the amplifiers, irrespective of the line polarity.

AMPLIFIER

The amplifier is subdivided into three units: the
sending amplifier, the receiving amplifier, and the
automatic balance control unit, as shown in Fig. 6.

Sending Amplifier

The sending amplifier is a conventional 3-stage transis-
tor amplifier. When the talker is 2 ft from the micro-
phone the amplifier is capable of transmitting a speech
signal to line at a slightly lower level than that which
would be obtained from a handset. It has a nominal
maximum gain of 76 db between 300 ¢/s and 3,500 c/s,
and can be used with ambient temperatures not exceed-
ing 45°C.

When the amplifier is received from the manufacturer
the gain is set for use with lines of less than 500 ohms
resistance. An L-type attenuator in the output circuit
can be switched by a link to increase by 4 db the level
transmitted to line for use with lines of greater than
500 ohms resistance.

Receiving Amplifier

This amplifier, using four transistors, provides a maxi-
mum output of 200 mW, with less than 5 per cent total
distortion, to the 3-ohm loudspeaker when the d.c. supply
is 9 volts. The output stage operates in Class B push-
pull and requires a low-impedance d.c. supply, which is
provided by capacitor C6 (1,500 nF). During peak
signals, the amplifier power is drawn from this capacitor
rather than from the higher-resistance supply of the line.
capacitor C6 being recharged when the signal voltage
falls.

It is probable that the output transformer used will be
dispensed with in future designs of the receiving ampli-
fier because miniature loudspeakers are becoming
available with voice-coils wound to the higher imped-
ances (e.g. 40-70 ohms) required by transformerless
output stages.

Automatic Balance-Control Unit

The principal purpose of this unit, apart from linking
the sending and receiving channels with the line, is to
keep the hybrid attenuation Ny (Fig. 2) as high as possible.
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A basic hybrid circuit is shown in Fig. 8 (@). The trans-
former consists of three windings; windings 2 and 3
have equal turns and are connected in series-aiding.
When a generator is applied to winding 1, currents
i; and 7, flow in the networks and, clearly, when Zr = Zg,
i, =i, and, because the two currents in Zr are
equal and opposite, the net current in Zg is zero. This
is the balanced condition, i.c. the generator has delivered
power into both Z; and Zp, but none into Zg.

SUBSCRIBER'S
LINE ()

/’
z, P2 El"
RECEIVING
AMPLIFIER

{b) Hybnd Circuit for Loudspeaking Telephone

FIG 8—HYBRID CIRCUIT

The practical arrangement in a loudspeaking tele-
phone is shown in Fig. 8 (b). The attenuation N (the
attenuation between P1 and P2) is very high when
Z1 = Zp. The amplifier gains can, therefore, be made
high without instability occurring, and the telephone
can provide adequately-high-level signals in both
directions.

Unfortunately, the impedance Zz presented by the
subscriber’s line varies over a very wide range in both
modulus and phase, and it changes considerably with
frequency. Furthermore, on any single call it changes
at least once because the impedance of the circuit when
the connexion is established is different from that while
the call is being set up. This condition can be illustrated
by considering a call being set up for a subscriber
with a very short line to a manual exchange or private
branch exchange. While waiting for the operator to
answer, and also under certain other conditions, the value
of Z1, is extremely high, amounting, in fact, almost to a
disconnexion; Np is then very low.

Thus, the subscriber must reduce the receiving-
amplifier gain to avoid instability while the call is being
set up but will have to readjust it to provide sufficient
loudspeaker output once the call is established. This
detracts from the “hands-free” facility which the tele-
phone should provide. However, such violent imped-
ance variations do not occur for the subscriber on a long
line because the impedance of the local line is always
present between his telephone and the exchange.

Considering Fig. 8 (¢) again, it may at first be thought
advantageous to add a shunt or series network to Zz, to
reduce the effect of its variations. Balancing is then
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improved, but the gain due to the improved balance is
usually offset by the power loss in the added network
and necessitates an increased gain in both the sending
and receiving amplifiers.* In general, therefore, in-
creased stability is not achieved. One exception is the
example mentioned, where a subscriber on a very short
line is setting up a call and the impedance across the
telephone terminals approaches an open circuit. On
such a call a fairly-high-impedance shunt (2,200 ohms in
series with 0-1 uF) across the line terminals improves
stability by some 5 db on a disconnexion, yet results in
a total sending loss plus receiving loss of less than
2 db. The increased stability of some 3 db may seem
small, but it is of great value in an instrument of this
type because it avoids the inconvenience to the subscriber
of repeated volume-control changes. The shunt network
is designated R1, C1 in Fig. 9, which shows the com-
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plete circuit of the ABC unit. This has a basic hybrid
network similar to that shown in Fig. 8 except that the
line winding is split into two equal parts for cancellation
of hum, which may be induced from external sources.
On long lines the shunt loss of R1, C1 is not required
and is automatically removed. This is achieved by the
network MR4, MR5., R2, C2 in a manner similar
to that used in the automatic regulator of the Telephone
No. 706, as described elsewhere."» > When connected
via a zero-resistance line to a 50-volt exchange, the net-
work impedance between points P3 and P4 is about
12 ohms, while on 1,000-ohm lines it rises to over 5,000
ohms. Thus, the network R1, Cl1 is effectively in shunt
with the line when the latter is short, disconnected when
the line is long, and pro rata on intermediate lines.
Rectifiers MR4 and MRS also form part of the d.c.
voltage regulator.

A similar automatic network is used to control the
impedance of the balance. The network MR1, MR2,
R3, C3 exercises this control and effectively shunts part
of the balance network R4, RS5, C4 via the resistor
R6 (in series with the capacitors C5, C6 and C7)



when on short lines. The balancing arrangement is
designed for the range of impedances found in the
Post Office network and takes into account the network
R1, Cl. The change of balance impedance with sub-
scriber’s line length for a 50-volt exchange is shown in
Fig. 10. Even this arrangement leaves much to be
desired in the aim to achieve perfect balancing, but the
improvement over a fixed 4-element balance is fully
justified in view of the low cost.
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FIG. 10-—CHANGE OF BALANCE IMPEDANCE WITH LENGTH OF
SUBSCRIBER’S LINE AND WITH FREQUENCY

Circuit details of an automatic balancing unit, which
also includes transmission equalization, are given in
the Appendix. This type of unit is still in the experimen-
tal stage but obviously has many advantages for future
designs of non-switched or partially-switched instru-
ments.

PERFORMANCE AND LIMITATIONS IN USE

Little can be said at this stage about the operation of
loudspeaking telephones in the Post Office network
because the number tested has been small. Similar
equipments have been used in other countries, and, for
instance, in the U.S.A. the Bell Telephone Co. has
introduced the Speakerphone® (a non-voice-switched
instrument).

There is little doubt that a major field of usefulness
is on private branch exchanges where extension-to-
extension calls are most frequently made. Under these
conditions the incoming signal strength is sufficient for
ample loudness from the loudspeaker when the volume
control is set to the low or medium position. However,
when two Loudspeaking-Telephones No. 1 work
together, satisfactory loudspeaking operation at both
ends may not be obtained unless the rooms are quiet
and a loud signal is not required.

When using the loudspeaking telephone on junction
calls, about 10-15 db junction attenuation is probably
the highest which most subscribers would tolerate
before preferring to use the handset. This assumes
that room noise is not excessive.

The received speech at the distant end is at a some-
what lower level than when generated from a handset,
but this is partially compensated for by the improved
quality obtained from an electromagnetic microphone

compared with the carbon-granule transmitter. Because
the subscriber will be compelled to use a handset on the
higher-attenuation calls, there is little risk of the distant-
end reception being below standard.

INSTALLATION

The loudspeaking telephone can be used on direct
exchange lines, on extensions, on private branch ex-
changes, and on certain extension plans.

The 2-wire line is connected to the amplifier unit by
terminals, and the control unit and telephone unit are
connected to the amplifier unit by plugs and sockets and
then placed in their working positions. If the subscriber’s
line has a resistance exceeding 500 ohms the gain of the
sending amplifier is increased by adjustment of the
2-position link in the ABC unit.

Receiving loudness can be adjusted by two controls in
series, one available to the subscriber, i.e. the volume-
control key on the control unit, and the other a pre-set
gain control within the amplifier unit. With the
volume-control key in the middle position, the oN key
is operated and, on automatic systems, dialling tone
should be heard. The pre-set gain control is then
carefully adjusted so that the loudspeaking telephone
just does not howl. On manual systems a similar
adjustment is made with only an answering cord con-
nected. This adjusts the loudspeaking telephone so
that it will not howl on any connexion when the volume
control is in the low or medium positions.

MAINTENANCE

A component which has caused maintenance engineers
misgivings is the electrolytic capacitor. The transistor
circuits, because of their low impedances, need quite a
large number of electrolytic capacitors, but fortunately
of low-voltage working; however, to increase reliability,
high-grade electrolytic capacitors have been used.

At the subscriber’s installation the maintenance
engineer will renew any of the three units which becomes
faulty, the testing and changing being simplified by the
provision of plugs and sockets within the amplifier unit.
It is undésirable that further maintenance should be
done at the subscriber’s premises.

CONCLUSIONS

There is a considerable demand by subscribers for
loudspeaking telephones, mainly from those who are
conversant with the facilities obtainable and know that
such items are available. It is expected that the pro-
vision of the Loudspeaking-Telephone No. 1 will satisfy
much of this demand by providing an instrument which,
although having certain limitations, can be offered at a
reasonable rental, and will provide the valuable “hands-
free” facility.

The loudspeaking telephone requires no mains power-
supply connexion, and, for a non-voice-switched loud-
speaking telephone, has a high level of transmission
performance. Its cost and estimated maintenance
requirements are low.
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APPENDIX

An Automatic Balance-Control Unit Incorporating Transmission
FEqualization

This unit may be considered as a replacement for the unit
described in the above article. Its principle of operation is
somewhat different in that it employs a fixed balance and an
automatically controlled network, in the form of an L-type
attenuator, in tandem with the line to reduce the range of line
impedances which the hybrid circuit is required to balance.

If the maximum permissible length of subscriber's line is
! miles and in any particular case the length of line is x miles,
then the automatic circuit inserts, between the hybrid transformer
and the line, a network (series resistance and shunt capacitance)
approximately equivalent to a line of length (/ — x) miles.
The hybrid transformer circuit is, therefore, connected to a
similar, very much reduced, range of line impedances whatever
the length of the subscriber’s line, and receiving levels in both
directions are automatically compensated.

As in the case of the ABC unit already described, the p.d.
between pointsa and b (V) in Figure 11 varies according to the
resistance of the subscriber's line (e.g. 14 volts on zero-resistance
lines to 8 volts on 1,000-ohm lines). Direct current will therefore
flow through the two parallel paths R1, MR3, etc., and R2, RS,
and a p.d. will be developed between points ¢ and d. This poten-
tial biases the rectifiers MR1 and MR2, and resistors R1, R2
and RS are chosen so that on zero-resistance lines the bias is
either reverse or very low in the forward direction. However,
resistor RS must be of fairly high resistance as it 1s connected
directly across the line.

To speech signals, points ¢ and d are at the same potential
because they are linked by the low-reactance capacitor C2;
thus, the impedance between points ¢ and d (Z,—q) is that of the
two equal combinations MR1, R3 and MR2, R4 in parallel.
On zero-resistance lines, because MR1 and MR2 are biased
to very high impedances, Z.—q4, which is, in effect, a series element
in the subscriber’s line, is approximately equal to R,/2 or R,/2.
Thus, the maximum resistance of the series arm of the L-type
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attenuator can be made any practical value by the choice of
suitable values for the resistors R3 and R4.

The shunt-capacitance arm of the attenuator is controlled by
the network MR4, MRS, R6, C4 in a similar manner to that
adopted for the present ABC unit.

Comparing the electrical conditions on 1,000-ohm lines with
those given above for zero-resistance lines:

(a) Vg-p falls from 14 volts to 8 volts.
(b) The voltage across R2 decreases in a similar ratio.

(¢) The voltage across R1 decreases in a lower ratio owing to
the rise in resistance of the rectifier chain MR3-MRS5 at lower
currents.

The voltage across points ¢ and d therefore rises, causing
rectifiers MR1 and MR2 to conduct; thus, their impedances fall
to values very much smaller than R3 or R4 (e.g. 10-20 ohms is
easily obtained using junction diodes for MR1 and MR2).
The series arm of the attenuator is then effectively short-circuited.
The shunt arm is similarly rendered inoperative by the consider-
able rise in impedance of MR4 and MRS5.

Although only the extremes of line resistance have been
considered, it can also be shown that an automatically controlled
network may be obtained which closely simulates the difference
between a line of a given maximum resistance and the line in use.

Book Review

“Proceedings of the Symposium on Microminiaturization of
FElectronic Assemblies.”” Edited by Eleanor F. Horsey.
Hayden Book Co., Inc., New York, and Chapman &
Hall, Ltd., London. viii + 278 pp. 185 ill. 88s.

This book comprises 21 papers presented at an
“‘instructional-type” symposium at the Diamond Ordnance
Fuze Laboratories in the autumn of 1958, under the headings
of Techniques (5 papers), Semiconductors (3 papers),
Components (7 papers), Circuits (4 papers), Missile Systems
(2 papers), and Microelectronics in Industry (2 papers).

Microminiaturization has not been clearly defined, but
generally refers to the design of electronic equipment in
which reductions in the size and weight of components has
enabled component packing densities to be achieved in the
range of 100,000 to several million components per cubic
foot. **Solid circuits” and ‘“molecular electronics” extend
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this range up to about 30,000,000ft*. (To set the scale it
may be said that pre-1940 conventional circuits had com-
ponent packing densities up to about 1,000/ft3, and that the
new transistorized Medresco hearing-aid unit has a figure of
about 8,000-14,000/ft3, depending on whether the dimen-
sions considered take into account the protective case, or
not.)

This book has a great deal of information packed into it,
particularly with respect to constructional techniques, and
will undoubtedly be a great help to those who have to
develop very small equipments. One paper is devoted to
*“The Design of a Transistor NOR Circuit for Minimum
Power Dissipation,” but otherwise there is not very much
reference to the problems raised by the concentration of
many heat-producing components into a small space. The
50 pages on circuits do, however, indicate many points by
which the circuits can be adapted so as to favour micro-
miniaturization. A. A. N.



Central Service-Observation Equipment Using a Transistor-
Controlled Motor-Uniselector

C. D. VIGAR, AM.ILEE.T

U.D.C. 621.395.31:621.395.342.24:621.382.3

Recent developments in electronic techniques have enabled the
central service-observation equipment to be redesigned to give
improved facilities. This article describes the way in which
electronic techniques are used to give an improved method of access
to the equipment carrying the traffic selected for observation. The
problems arising in circuits which combine solid-state and electro-
mechanical devices and the savings which result from this com-
bination are also discussed.

INTRODUCTION

HE existing central service-observation (C.S.0.)

equipment! uses four uniselectors to gain access to

the selectors or relay-sets it is observing. The
observed selectors are wired to the banks of the four
uniselectors so that at any time each uniselector is
connected to one selector. When a call is made on one
of the four observed selectors it is connected to the
observing operator at the distant observation centre
via the junction equipment and C.S.0. junction.
The operator can then observe the pulses dialled
and the progress of the call. On the termination
of the observation all four uniselectors step forward,
each one stopping on the next outlet connected to a free
selector. Thus, the next observation will be made on one
of four different selectors. As only four selectors are
monitored at a time, the traffic offered to the operator is
often inadequate to keep her fully occupied.

The introduction of subscriber trunk dialling has made
it necessary to observe metering which is taking place over
junctions.? This necessitated a change to the equipment
and the opportunity was taken to carry out the following
modifications:

(a) Replace the four access uniselectors by a motor-
uniselector which starts to find a selector immediately it is
seized and monitors it before dialling commences.

(b) Replace the valve amplifier by a transistor amplifier.

t Telephone Exchange Systems Development Branch, E.-in-C.’s
Office.
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(c) Replace the valve dial-pulse detector by a tran-
sistor monitor unit.3

(d) Provide a transistor monitor unit to detect
metering which is taking place over junctions.?

(e) Replace the valve meter-pulse detection circuit
by a transistor circuit.

The arrangement of the modified equipment is shown
in Fig. 1. Its operation is similar to that of the existing
equipment with the exception of the operation of the
motor-uniselector finder. When the operator’s headset
is plugged into the observation position and the junction
key is thrown, the outgoing signalling circuit switches on
the amplifier and detector circuits. The finder will be
standing on a home position, and will await the arrival
of a call on any one of 24 selectors in a group being
observed. When a selector is seized the wipers of the
finder uniselector rotate to it and connect its positive,
negative, private and meter wires to the C.S.O. junction
circuit.

A monitoring unit detects the dial pulses and repeats
them to the observation position. The reversal and
meter-pulse detectors repeat the called-subscriber-
answer condition and the meter pulses. If the selected
relay-set is relaying meter pulses by reversals over a
junction, the outgoing signalling circuit transmits a
called-subscriber-answer condition on the first reversal
and meter pulses on subsequent signals from the reversal
detector. Speech signals from the high-impedance
monitoring circuit are amplified by the transistor am-
plifier before transmission over the C.S.O. junction.
When either the observed selector releases, or the
observation operator operates the release key, the finder
moves to the next home position.

FINDER CIRCUIT OPERATION

The finder is a 100-outlet motor-uniselector with four
home positions. Each outlet is connected to one of the
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FIG. 1—BLOCK SCHEMATIC DIAGRAM OF THE TRANSISTOR-CONTROLLED C S.0 EQUIPMENT



selectors or relay-sets that are to be observed and each
home position can receive a start signal from any one
of the P-wires of the 24 circuits in the group. A signal
is given by a line circuit when the selector to which it is
connected is seized, and this starts the wipers of the
finder uniselector rotating if they are at a home position
when the signal is given. The wipers pass over free
circuits and also over circuits in use when the hunting
commenced, but stop on the circuit which gave the start
signal. The time between the start signal and the wipers
reaching the 24th contact is about 170 ms.

A block schematic diagram of the finder is shown in
Fig. 2. The P-wire of each line circuit is connected to

FINDER

FIG. 2—BLOCK SCHEMATIC DIAGRAM OF THE CONTROLLING
ELEMENTS OF THE MOTOR UNISELECTOR

the P-wire of a selector on which observations are to be
made. When the selector is taken into use an earth is
connected to point Pl of the line circuit. At the initial
connexion of this earth the line circuit generates a
positive voltage which rises sharply to - 50 volts
and falls exponentially to earth potential in about 200 ms.
This voltage causes the start circuit to operate the latch
magnet and the finder uniselector wipers rotate. When
the detector circuit observes that the P wiper of the finder
has made contact with a P2 wire on which this positive
voltage also appears, it will stop the wipers rotating,.

Marking the Calling Circuit

The basic elements of the line circuit are shown in
Fig. 3. In the idle condition capacitor Cl is charged to a
potential of 50 volts, being connected on one side to
—50 volts through resistors R1 and RX, and on the other
side to earth via resistors R2, R5 and R3. When the ob-
served selector is taken into use its P-wire will be earthed,
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FIG. 3—THE LINE CIRCUIT, SHOWING THE PROTECTIVE DEVICES
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and this produces a voltage “‘step,”” as shown in the circle
A. Current will flow through resistor R1 changing the
potential on one plate of the capacitor C1, as shown in
circle B. The potential of the other plate of the capacitor
will follow this change, but as it is normally at earth
potential it will rise exponentially to +50 volts. After
the initial change it will slowly discharge, exponentially,
through MR2 and resistors RS and R3. The resultant volt-
age change at points X and Y is shown in circle C. The
voltage at point Y is used to start the uniselector hunting.
The voltage at point X is used to mark the calling circuit
and thus enable the detection circuit to find the circuit
which caused the hunting. The P-bank contacts of all
other line circuits will be at earth potential as the capacitor
C1 of a circuit that is free will be charged (—50 volts at
point P1 and earth at point Y). The bank contact of a
previously engaged circuit will be at earth potential
because capacitor Cl will have discharged, and both
plates will be at earth potential.

FIG. 4—THE SWITCHING CIRCUIT

Switching Circuit

A transistor switching circuit of the type shown in
Fig. 4 is used to detect the potential at points X and Y.
Transistor VT1 is normally conducting and its coHector
maintains an earth potential on the base of VT2 so that
VT2 does not conduct. A positive voltage at the input
will switch off VTI1, the current through r. will then
flow through the base-emitter junction of VT2 causing
it to conduct and operate the relay. A high-speed relay
is used because the inductance of this relay is low and
the induced voltage generated in its coil when it releases
is so small that damage to the transistor is prevented.
The design principles for the switching circuit are given
in the appendix.

Start Circuit

The start circuit (Fig. 5) consists of a switching circuit
which has positive feedback connected to it by means of
capacitor C2 and resistor R4. The P-wires of the
observed circuits are connected through rectifiers to a

FIG. 5—THE START CIRCUIT



common point which is connected to the input of the
start circuit via the home contact of the finder uniselector.
A positive pulse from one of the P-wires will cause the
switching circuit to operate relay ST. Contact STI
operates the latch magnet and the wipers of the finder
uniselector rotate. The collector current of VI2 will
pass through resistor R5, causing the potential of point Z
to rise from —50 volts to about —30 volts. This will
raise the potential of capacitor C2 by 20 volts, causing it
to discharge through resistors R4, R1 and RS8. This
discharge prevents VTl from conducting for about
200 ms, and thus relay ST remains operated long enough
for the uniselector to find the calling circuit.

The potential across VI1 when it is conducting is a
few millivolts and this may allow the base of VT2 to
become sufficiently negative to allow a small current to
flow to the collector of VT2. Should this happen the
emitter—collector current will cause a voltage drop across
R7, which will make the emitter negative, reduce the
leakage current and safeguard V12 when it is not con-
ducting.

Detector Circuit

The wipers of the motor uniselector are stopped by the
operation of relay HS, which is also in a switching
circuit of the type shown in Fig. 4. The input to the
circuit is connected to the P wiper and the relay operates
when the wipers of the finder encounter the positive
voltage at point X (Fig. 3).

CONNEXION OF THE MONITORING UNITS

When the marked circuit has been found, monitoring
units are connected to the negative and positive wires to
detect and relay to the C.S.O. operator’s position
information about the numbers dialled, and any metering
that takes place on the observed connexion.

The monitoring unit used to detect dial pulses is
connected to the positive line, and when the dial springs
open the positive line assumes a negative potential, the
blocking oscillator of the monitoring unit will oscillate
and cause the relay connected to the output of the
monitoring unit to operate and repeat the dial pulises
over the C.S.0. junction.

A monitoring unit is also used to detect metering-over-
junction (M.0.J.) signals. Its connexion to this type of
junction circuit is shown in Fig. 6. As the junction
circuit is symmetrical, reversing the wires will cause the
potential of each point in the line to swing above and
below —25 volts. The point A, Fig. 6, which is the
terminating point of the incoming junction, will change
from —6 volts to —44 volts when the wires of a junction
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FIG. 6—DETECTION OF METERING-OVER-JUNCTION SIGNALS

of maximum resistance (2,000 ohms) are reversed. and
from —22 volts to —28 volts when a junction of zero
resistance is reversed. The base of the transistor of the
blocking oscillator in the monitoring unit is connected
to —25 volts, obtained from a potential divider, and
oscillation will thus take place only when the junction is
reversed. This signal causes relay MC to operate and
repeat the information over the C.S.0O. junction.

METER—PULSE DETECTION

A C.S.0. equipment, which may be fitted in any type
of exchange, must be able to accept any type of meter
pulse and operate a relay when it is received. There are
three types of meter pulse:

(a) Positive-battery or booster-battery metering sys-
tems. A meter pulse consists of a change in potential of
the P-wire from earth to +50 volts.

(b) Fourth-wire earth metering system. A meter
pulse consists of a change in potential of a separate
fourth wire, to which the meter is connected, from
—50 volts to earth potential.

(¢) Fourth-wire battery metering systems. A meter
pulse consists of a change in potential of a separate
fourth wire, to which the meter is connected, from earth
to —25 volts.

The meter-pulse detection circuit is shown in Fig. 7.

FIG 7—THE METER-PULSE DETECTION UNIT

When no meter pulse is being received transistors V12,
VT3 and VT4 conduct, current flows through resistors
Rl and R9, and the base-emitter junction of VTS5 is
short-circuited because its base is approximately at the
potential of point X. Transistor VT5 is therefore cut off.
When a meter pulse is received, one of the transistors
VT2, 3 or 4 is switched off and current will flow through
resistor R1 to the base of VTS5 causing it to conduct.
Its collector current flows through resistors R8 and R9
and operates the relay. The resistor R8 serves the same
purpose as R7 in the start circuit (Fig. 5).

The three separate inputs to the meter-pulse detector
circuit are designed to cater for the three different types
of meter pulse which may be encountered. Their
operation is as follows:

(@) The input lead A will accept a positive-battery
meter pulse. When a meter pulse is received the
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potential of the base of VT3 is raised until it reaches
earth potential. The diode MRI1 then conducts and
prevents the voltage rising high enough to damage
the transistor. With an earth connected to its base, VT3
ceases to conduct and current through VTS5 operates
relay MP.

(b) The input lead B will accept meter pulses from the
fourth-wire earth metering system. The negative potential
connected to resistor R2 keeps VTS5 conducting in the
normal condition. The series rectifier MR2 prevents the
—50 volts potential on the P-wire from passing a large
current through the base of VI2. When a meter pulse
raises the input lead to earth potential, VT2 is switched
off and VTS5 again conducts and operates relay MP,

(¢) The input lead C will accept meter pulses from the
fourth-wire battery metering system. In the normal state
VT1 is prevented from conducting by the earth potential
at the rectifier MR3. The current through resistor RS
causes VT4 to conduct. When the potential of the input
lead falls to —25 volts during a meter pulse, resistors
R6 and R7 act as a potential divider and the base
potential of VT1 is reduced, causing it to conduct. The
base—emitter junction of VT4 is then short-circuited,
VT4 no longer conducts and VT35 operates relay MP.

PROTECTION OF SEMICONDUCTOR COMPONENTS

On the release of the relays which are normally con-
nected to the P-wire very-high-voltage surges (about
300 volts) are produced and would destroy the rectifiers
and transistors unless some protection were provided.
The protection devices are shown in Fig. 3. The main
protector is the cold-cathode tube V1, which strikes at
85 volts and shunts the induced voltage to earth through
resistor R4. Resistor R4 prevents an excessive current
flowing through V1. However, the tube may take nearly
a millisecond to strike during which time a damaging
voltage may have passed through the capacitor C1. To
prevent this, the initial voltage is reduced by the non-
linear resistor RX, which also serves to feed —50 volts
to the capacitor Cl for the normal operation of the
circuit.

A simpler means of protection could have been
provided by a capacitor connected in place of RX (Fig. 3)
but this would have affected the operate and release
times of relays connected to the P-wire and consequently
the operation of associated electromechanical equipment.

PREVENTION OF FALSE OPERATION

The line circuit (Fig. 2) is designed to generate a posi-
tive voltage when the P-wire of the observed selector is
raised in potential. When a free selector is seized the
potential on its P-wire is raised from — 50 volts to earth
and the resultant positive voltages at points X and Y
(Fig. 3) cause the finder to find the seized selector: but
when a meter pulse is sent from a selector in a positive-
battery or a booster-battery metering system the potential
of the P-wire is raised from earth to +350 volts for a
period of 250 ms. This rise in potential of the P-wire
will also cause the line circuit to generate a positive
voltage and would result in the operation of the finder
unless preventive measures are taken. The rectifier
MR in the line circuit (Fig. 3) conducts when a meter
pulse attempts to raise the potential of the capacitor
above that of earth. The resistor R1 allows the potential
of the P-wire to rise to + 50 volts, thus permitting the
subscriber’s meter to operate while the Pl side of
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capacitor Cl is maintained near earth potential.
However, because of the forward resistance of rectifier
MRI1, a small positive voltage is actually generated
by the line circuit; it is not enough to operate the
start circuit, but if the finder were searching as a result
of a genuine start signal this voltage would be enough 10
cause false operation of the detector circuit. False
operation is prevented by providing a circuit which will
inhibit the operation of relay HS, which would stop the
finder wipers if it detects a positive voltage on the P-wire.

The circuit to perform this function is shown in Fig. 8.

DETECTOR B -
ccT I T

—I5

FIG 8—THE INHIBIT CIRCUIT TO PREVENT SWITCHING TO A
POSITIVE-BATTERY METER PULSE

Transistor VT1 is normally kept conducting by the
current passing through resistor R2. Relay HS can be
operated by the detector circuit when a positive voltage
resulting from a genuine start signal is detected on
arc P. The base of VT1 is connected to the wipers of
arc I which sweep over the P-wires of the selectors; a
positive voltage detected on this arc can only come from
a meter pulse. This positive voltage passes through MR2
to the base of VTI, switches it off and prevents the
operation of relay HS.

In practice it has been found that the start circuit may
also be falsely operated by induced voltages in the
cabling. These voltages, which are of about 50 volts and
10 ms duration, occur when a selector sharing the same
cable as the observed selector releases. Resistor R5 and
capacitor C2 (Fig. 3) form a filter circuit which prevents
these voltages from reaching the start circuit.

CONCLUSIONS

The design of this equipment shows that transistor
circuits can be used to receive signals of a transient
nature and interpret them to control electromechanical
equipment. By designing circuits using both transistors
and relays, facilities can be obtained which could
not be provided by these components when used by
themselves.

Transistors offer advantages over valves in this respect
because they do not require ancillary circuits such as
power-supply units, anode-current check circuits, and
timing circuits to prevent the connexion of H.T. while
the valves are cold. Also, ventilation is not required to
keep down the ambient temperature of the equipment.

However, transistors are electrically delicate and must
not be exposed to the high voltages generated by electro-
magnets. If special protection is required it must be
designed so that the performance of the electromechanical
circuits is not affected.
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APPENDIX
Design of the Switching Circuit

Because the voltage of the exchange battery is 50 volts con-
siderable advantage is gained by using a transistor which will
operate with 50 volts on its collector. A suitable transistor
which will stand such a high collector voltage is the CV 7007,
and this transistor is used throughout the equipment. Its
limiting parameters are:

Maximum collector voltage V. = 60 volts
Maximum collector current I. = 125mA
Maximum revErse basle-imitter voltage 1 Vy == + 6 volts
Maximum collector leakage current in .

the off condition fleo = 100 1A
Maximum base current I, = 20mA

The basic circuit for a transistor connected as a switch in
common-emitter configuration is shown in Fig. 4. The limiting
parameters of the transistor determine the maximum and
minimum permissible values of r,, r, and r..

As the transistor is being used as a switch very little power is
dissipated in the transistor and the maximum power rating is not
the limiting parameter restricting the collector current.

Power, P, = V. I,

where 7, = collector voltage
I, = collector current.

As, when the transistor is in the off condition, /. is almost zero,

and when it is in the on condition ¥, is almost zero, the power to

be dissipated is very small. Only during the time of switching from
one condition to the other is there any danger of power in the
transistor raising its temperature to a dangerous level. The power
dissipated during switching will be small provided that the
switching times are n=t long. Thus, the minimum value of r, is
limited only by the maximum value of I,. The maximum value
of r. is determined only by the current required to operate the
succeeding stage when the transistor is switched off.

The value of r, is limited by three requirements:

(i) The current through r, must be large enough to ‘‘bottom™
the transistor in the on condition.

(ii) When the 50 volts is applied at the point D, resistors r,
and r, acting as a potential divider must not allow the potential
of point B to rise above -6 volts.

(iii) Resistor r, must restrict the base current to less than
20 mA.

The base-emitter impedance of a transistor is small and the
resistor r, is inserted to increase the input impedance of the
circuit. The maximum value of resistor r, is limited, however, by
the leakage current which flows in the reverse direction from the
collector to the base when the transistor is in the off condition.
This current is usually referred to as 7., (or sometimes I,,,), it is
temperature dependent and may be as large as 100 wA at the
upper working temperature. If resistor r, is large, I., can cause
a voltage drop across r, so that in the off condition the base,
B, is less positive than the point D and the condition may be
reached in which the base potential falls low enough to allow the
transistor to conduct. The current which flows increases the
transistor temperature and therefore the value of J.,. The
potential drop across r, further lowers the base potential. There
is then both current flowing through the transistor and a voltage
drop from collector to emitter. The circuit now ceases to function
as a switch and, if resistor r, is small, the transistor will probably
be destroyed by thermal runaway. In practice this means that
resistor r, must be low, i.e. less than about 50,000 ohms.

Book Review

“AluminiumBusbar.” A.G. Thomas, B.Sc.(Eng.), AM.LE.E,,
AM. Amer.LEEE.,, and P. J. H. Rata, B.Sc.(Eng.),
A.C.G.1. Published for Northern Aluminium Co., Ltd.,
by Hutchinson & Co. (Publishers), Ltd. 105 pp. 54ill.
21s.

This book, although well written and covering the subject
very fully, is a “company book.” It deals specifically with
grades of aluminium alloys and products marketed by the
Northern Aluminium Co., Ltd. Chapter 1, “B.S. 2898,”
says ““2 busbar materials are available. The first is . . .”
and proceeds to quote two NORAL grades completely ignor-
ing other sources of supply. This attitude is continued all
through the book. Another example occurs on pages 67 and
68 where the only jointing compound mentioned is a pro-
prietary brand, whereas B.S. 159 and E.R.A. Technical Report
Z/T 118 have quite a good word for the humble petroleum
jelly.

There are points in the book which are somewhat puzzling;
for instance, considering Fig. 6 and 9, one is left in some
doubt as to which way channel sections should be used to
obtain the maximum efficiency. This is possibly the result
of using material collected from different sources. Another
point which could have been made a little clearer is on page 67,
where the author, in stating that two methods of cleaning are
available, refers to a method of chemical cleaning using
jointing compounds; his only succeeding reference to jointing
compounds refers to a particular compound which is not of
the “cleaning” type. The method of jointing described and
illustrated on page 68 is, however, the accepted standard
method and produces satisfactory jointing with a large range
of jointing compounds.

The paper jacket carries a short synopsis on the front flap
in which a statement is made that the current-carrying capacity
of aluminium is about 75 per cent of that of copper. This
may be so in some particular case but the normal method of
comparison is the conductivity per unit cross-section and this
is accepted as being approximately 60 per cent of the conduc-
tivity of copper for equal cross-section. The statement
referred to does not appear in Chapter 1 where the specific
resistance given confirms the usual value of about 60 per cent
of the specific resistance of copper.

A very useful point of practical application is that ‘“‘rating
factors” for struetural and engineering sections are given
in Table 6. These classes of aluminium alloys can often be
obtained at short notice from local sources for an urgent job,
and they are useful where greater than normal strength or
rigidity is required.

Apart from these criticisms the book contains a large
amount of collected information and the bibliography is
goad. It brings together under one cover all the major
infc fmation required for the design of busbar systems using
aluminium, the worked examples in Chapter 6 being extremely
helpful. Chapter 2 is devoted to design considerations
and covers losses due to temperature rises, voltage drop and
corona effects. Chapters 3 and 4 cover busbars for d.c. and
a.c. applications, respectively, and Chapter 4 coupled with
Chapter 5 (Reactance of Busbars) gives excellent coverage
to the problems to be dealt with in a.c. applications. Chapter 7
covers mechanical factors to be considered in designing a
system.

On the whole, apart from the “‘company book’’ aspect, the
treatment of the subject is excellent and the book is a *“‘must”
for anybody concerned with the design of busbar systems.

L.H.C
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The Unit Method of Automatic Telephone Exchange Design
J. P. LAWRENCE, Graduate I.E.E.J\'

U.D.C. 621.395.722

One of the problems of exchange planning in recent years has been

the replacement of obsolete or worn-out equipment without affecting

the service life of other equipment in the exchange. The unit method

of automatic telephone exchange design has been developed to ensure

that the need for ultimate replacement is taken into account in the

preliminary planning and design of new exchanges. Both the method
and its application are considered in this article.

INTRODUCTION

HE planning of a telephone system involves a

long-term survey of future requirements and

developments since, in common with all public
utilities, it must be capable of easy extension to meet
increasing demands for service, while at the same
time permitting the incorporation of new facilities made
possible by tectwical progress. From an economic
aspect it is essential that ali telephone plant shouid
remain in service as long as possible consistent with
satisfactory performance, and individual items or groups
of equipment be replaced at the end of their life without
prejudice to the working life of equipment with which
they may be associated.

The success with which these requirements can be
fulfilled will obviously depend on the methods of plant
provision. This article describes the principles under-
lying the unit method of automatic telephone exchange
design, and discusses alternative ways in which it may
be applied to achieve the desired equipment flexibility
and ease of replacement.

TRADITIONAL PLANNING METHODS

Building

Traditionally, a telephone exchange building has been
provided to meet the requirements of the exchange unit
for a 20-year period, and for the purposes of site and
accommodation calculations a forecast of the increase
in subscribers’ connexions and their telephone-traffic
characteristics, together with an estimate of trunks and
junctions required by the end of that period, is supplied
to the design engineer. By applying standard design
principles to these limited traffic data, the 20-year require-
ments for the equipment racks, power equipment and
distribution frames can be obtained, which, after careful
scrutiny, enable floor plans to be prepared and floor-
space requirements to be assessed. The addition of
switchroom and ancillary accommodation requirements
completes the basic information required for the design
of the building.

Site

Having decided the initial building requirements, it is
necessary to specify the required exchange-site capacity
and define an area within which the search for a suitable
site should be confined. The capacity of an exchange
site is normally defined as that which will accommodate
the 20-year building requirements with an allowance for
a 100 per cent extension of the essential floor space. In
practice, some deviation from this standard may be
necessary due to local conditions such as exceptional

1 Exchange Equipment and Accommodation Branch, E.-in-C.’s
Office.
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requirements for ancillary accommodation. building
restrictions, etc. The actual exchange-site area will. of
course, be affected by the method which will be used to
extend the building to meet the post-20-year requirements.

Apparatus-Room Floor Layout

Apparatus racks and distribution frames are arranged
on the exchange apparatus-room floor with the object
of obtaining a compact self-contained unit at the end of
the 20-year period when, ideally, the apparatus-room
floor space will be fully utilized. Each instalment of equip-
ment is provided to meet the requirements of an approxi-
mate 5-year period. Thus, if the ideal is achieved. the
apparatus room will eventually accommodate equipment
in four main age-groups corresponding to the initial
installation, extension 1, extension 2 and extension 3,
provided at the opening date, and the 5-year, 10-vear
and 15-year dates. respectively.

With the traditional layout, racks are grouped accord-
ing to type, e.g. Ist selector racks, and space is left within
each group for expansion to the 20-year requirements.
Fig. 1 shows the disposition of racks and space for the
initial installation and the final layout of equipment for
a medium-sized non-director exchange. It should be
noted that space is normally left for expansion of the
main distribution frame (M.D.F.) to the capacity de-
manded by full utilization of the site.

The relative disposition of groups of racks and frames
is governed by the need to: (@) keep cabling costs to a
minimum, and (b) facilitate maintenance functions such
as call tracing, testing, replacement of equipment, etc.
It follows that the subscribers’ equipment, i.e. the calling
equipments, final selectors, meters and the subscribers’
intermediate distribution frame (I.D.F.), are located
in close proximity to one another, and the selector and
relay-set racks and the equipment I.D.F. to which they
are cabled are similarly associated.

In large exchanges with automanual switchboards
the subscribers’ meters are located in a separate meter
room. This arrangement can, however, involve the
provision of a long cable run to the subscribers’ I.D.F.
with an appreciable increase in the cost of cabling.

DISADVANTAGES OF TRADITIONAL PLANNING METHODS

It is some 35 years since it became standard practice
in the British Post Office to provide new automatic
exchanges to replace those manual exchanges which had
become worn out or obsolete, but it is only recently that
the problem of automatic-exchange replacement has
arisen. The study of this problem has led to a review of
the traditional methods by which exchanges have been
planned, particularly with regard to such long-term
considerations as accommodation planning, numbering-
scheme requirements and the replacement of equipment.
It is now possible to see how these methods must be
modified to meet the demands of a network which. it is
intended, will be fully automatic by 1970, and in which
the expansion of subscriber trunk dialling (S.T.D.) is
rapidly taking place.

Any review of automatic telephone exchange develop-
ment must be made against the background of the econ-
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FIG. 1—TRADITIONAL EQUIPMENT LAYOUT FOR A MEDIUM-SIZED
NON-DIRECTOR EXCHANGE

omic conditions and fluctuations in demand that have
existed. The lack of necessary capital during the war and
post-war years inevitablyled to the adoption of expedients,
which are contrary to any course of planned engineering
development. At the same time, many pre-war forecasts
of the increases in subscribers’ connexions have proved
to be inadequate, resulting in premature exhaustion of
exchange sites, buildings and numbering schemes.

The original planning method can be criticized on the
grounds that it made no provision for the planned
replacement of exchange equipment as it became worn
out or obsolete. Furthermore, it should be noted that,
whilst sufficient floor space was provided to meet the
forecast development, the traditional method of arrang-
ing equipment on the apparatus floor is not without
disadvantages. These disadvantages can be summarized
as follows:

(a) Both exchange development and traffic distribu-
tion can vary widely in individual cases from the original
forecast. Accurate assessment of floor-space require-

ments for the individual groups of equipment at the
20-year date, which the present method requires, is
extremely difficult to realize in practice.

(b) The equipment installed initially is scattered over
the apparatus-room floor so that, as illustrated in Fig.1,
the 20-year floor space is, in effect, fully used at the
opening date. Space surplus to immediate requirements
cannot, therefore, be readily used for other purposes
since it is broken up into a number of small areas
between groups of apparatus racks.

(c) The equipment racks in different age-groups. i.e.
initial installation, extension I, etc., are intermingled on
the apparatus floor so that independent replacement of
the initial installation is difficult and expensive. In some
cases independent replacement has been impossible,
leading to uneconomic premature recovery of plant.

The unit method of exchange design promises to over-
come these disadvantages and is discussed in detail in the
following paragraphs.

DESIGN OF EXCHANGES IN UNITS

The design of exchanges in units represents a departure
from traditional standards inasmuch as the equipment is
laid out in self-contained units on the apparatus-room
floor. The units are arranged in order of provision. as
shown schematically in Fig. 2. If all the units are of the
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FIG. 2—LAYOUT FOR EXCHANGE BASED ON UNIT-METHOD DESIGN

same size it is theoretically possible to replace unit 1
independently at the end of its life by reserving floor space
in the extended portion of the building and providing a
replacement unit for unit 1 in this space. Unit 2 can then
be replaced in the space vacated by unit 1, and so on.
Thus, with such a method of equipment replacement, the
maximum life for all equipment would be obtained.

In addition to keeping equipment in service as long as
possible, unit design offers the prospect of maintaining
the exchange in the original building indefinitely—
provided, of course, that growth beyond the date at
which the site capacity is fully utilized is taken over by
an adjacent exchange or exchanges. Moreover, it will
be seen that spare floor space is no longer divided into
small portions distributed over the apparatus floor but is
available as a single block, which diminishes with each
exchange extension. This presents some advantage in
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that it should facilitate the introduction of a new type
of equipment, e.g. electronic, at some future date.

From the replacement point of view, the ideal unit
layout is one in which (a) the whole of the exchange
equipment is divided into units, (b) the units are as smalil
as possible, to keep the space for equipment replacement
to a minimum, and (c¢) the number of cables running from
each unit is a minimum.

It is necessary to define each unit in terms of the capa-
city of the subscribers’ line multiple and the equipment
contained within the unit; this can be done in a number
of ways.

The units can be designed on an installation basis, i.e.
the first unit comprises the whole of the equipment
installed initially whilst the remaining units correspond
to extensions 1, 2, 3, etc. This method has a serious
disadvantage, however, in regard to the disparity in size
of the units, since in most cases the initial installation of
equipment is appreciably larger than subsequent exten-
sions. The amount of floor space required for equipment
renewal would, therefore, be large, and the advantage of
independent replacement of the units could only be
realized at the expense of inefficient use of available
accommodation.

A more practical method of unit design becomes
possible if the exchange equipment is considered as:
(a) subscribers’ equipment, the quantities of which are
determined by the number of the exchange subscribers
and their traffic characteristics, and (b) tandem equipment,
provided for the switching of junction and trunk calls
controlled at other exchanges, and miscellaneous equip-
ment, not necessarily related to the capacity of the
subscribers’ line multiple of the exchange and to some
extent capable of independent growth. It is then possible
to either provide subscribers’ equipment in units each of
a specific multiple capacity and having a proportion of
tandem and miscellaneous equipment, or arrange sub-
scribers’ equipment in units whilst the remaining equip-
ment is provided as a single tandem and miscellaneous
equipment section laid out in the traditional manner.

Initial investigations into the application of these
methods of design to non-director and director exchanges
favoured the adoption of the latter method, using a
2,000-line multiple unit as the basic unit.

THE 2,000-LINE MULTIPLE UNIT SCHEME

In this scheme, an example of which is illustrated in
Fig. 3, the following equipment is located in the units:
(a) lst selectors serving ordinary and coin-box sub-
scribers’ groups, (b) final selectors, (c¢) subscribers’
uniselectors, (d) penultimate selectors, (¢) meter racks,
and (f) subscribers’ I.D.F.

The tandem and miscellaneous section comprises:
(a) 1st selectors serving incoming junctions and trunks,
(b) 2nd and 3rd selectors other than penultimate ones,
(¢) S.T.D. equipment, (d) relay-sets, (e) equipment
I.D.F., and (/) miscellaneous equipment.

The subscribers’ equipment is arranged in units of
1,800 subscribers’ uniselectors and 2,000-line multiple
capacity. In spite of the similarity in multiple capacities
for different units there is some variation in the number
of penultimate and final-selector racks in these units
due to the variations in the proportion of ordinary and
2-10 P.B.X. final selectors and to the inclusion in some
units of 11-and-over P.B.X. final selectors. In addition,
unit 1 accommodates the whole of the coin-box sub-
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scribers’ calling equipments that will be required during
the life of the exchange.

The size of the unit adopted was favoured for a number
of reasons. The 2,000-line multiple unit gives a con-
venient apparatus-room floor layout and occupies a com-
paratively small area so that floor-space requirements for
equipment replacement are correspondingly small. More-
over, the multiple size is a convenient one in regard to
the size of an initial installation and subsequent extensions
of equipment generally. The choice of a whole number
of 1,000-line multiple groups enables the penultimate-
selector to final-selector cabling to be kept within the
unit, thereby facilitating its design as a self-contained
group of equipment capable of being easily replaced.
The provision of 1,800 subscribers’ uniselectors on six
racks (300 uniselectors per rack) gives a uniselector to
Ist selector grading of convenient size when 90 per cent of
the subscribers’ lines in the multiple are in use.

The main features of design include:

(a) The provision of separate subscribers’ I.D.F.
facilities in each unit, which may be met either by the
provision of two 4ft 6in. rack-type LD.F.s with
inter-jumpering, as shown in Fig. 3, or by a single



double-sided frame, 4 ft 7} in. long, located in line with
the apparatus racks. In either event tie-cables must
be provided between units to provide the required
flexibility between calling equipments and the final-
selector multiple numbers; cables for tie-circuits to the
equipment I.D.F. are also necessary.

Compared with the 4 ft 6 in. frame, the double-sided
I.D.F. requires more floor space, but it does provide
greater capacity. Since it is desirable to keep cables
for external connexions to a minimum, this capacity may
be used to provide interconnexion between subscribers’
uniselectors and their associated Ist selectors. With
rack-type I.D.F.s, however, an additional 2 ft 9in.
frame per unit is required for this purpose.

(b) The location of subscribers’ meters with the other
apparatus racks in the appropriate subscribers’ units.

(¢) The grading of the outlets of the ordinary Ist
selectors by extending the multiple between units either
by direct tie-cables or by using tie-pairs via the equipment
I.D.F.

(d) Direct cabling of the outlets of penultimate selectors
to the final-selector racks.

(e) The provision of a composite rack to accommodate
both Ist and penultimate selectors where economy in
rack provision can be achieved thereby. This does, of
course, complicate the cabling of both 1st selector and
penultimate-selector outlets, and makes it necessary to
augment the outgoing tie-circuits from the rack con-
cerned to both the equipment I.D.F. and the final
selectors.

The tandem and miscellaneous equipment section is
located at the opposite end of the exchange to that into
which the subscribers’ units will be extended, and is laid
out in accordance with traditional methods. The relay-
set racks and miscellaneous racks will be replaced on a
rack-by-rack basis. Group-selector racks, which are
linked by rack-to-rack tie-cables, present a more difficult
problem, and space is reserved for the ultimate provision
of a suite of racks to facilitate equipment replacement.

Advantages and Disadvantages of the Method

A trial, using the 2,000-line multiple units, was
planned at a number of exchanges and in the course of
carrying out the trial it was possible to assess the advan-
tages and disadvantages of the method.

The weakness of the method from the aspect of
replacing the equipment at some future date is the
retention of the standard layout for the tandem-equip-
ment section. Thus, with a large exchange having an
appreciable quantity of tandem equipment the principal
advantage of unit design would appear to be only
partially realized.

The problem of flexibility of connexion between
subscribers’ calling equipments and final selectors in
different units is one which is fundamental to all unit
methods, and is one which increases as the capacity of the
subscribers’ line multiple of individual units is reduced.
Whilst the rack-type I.D.F. in the 2,000-line multiple
unit offered a reasonable prospect of sufficient flexibility
when the method was originally developed, the intro-
duction of S.T.D. has shown that this flexibility will, in
some cases, be inadequate. This is brought about by
the need to provide certain auxiliary equipment, e.g.
subscribers’ private-meter control equipments between
calling equipments and 1st selectors, and since, in view
of the uncertainty of demand, such equipment cannot

at this stage be split economically into individual units
it must be provided in the tandem-equipment section.
A complex network of tie-cables between individual
subscribers’ I.LD.F.s and the equipment I.D.F. might,
therefore, become necessary and this would result in a
reduction of the capacity available on the individual
subscribers’ I.D.F.s for normal flexibility purposes.

To effect economies in equipment provision a 50-point
linefinder calling equipment, to work in conjunction
with ordinary subscribers’ uniselectors, has recently been
introduced for low-calling-rate subscribers.: A single
4 ft 6 in. rack of 50-point linefinder equipment associated
with 50 subscribers’ uniselectors can cater for some
750 subscribers. This compares very favourably with the
24 racks required by an individual uniselector system.
Efficient use of this linefinder system, however, normally
demands the provision ultimately, if not immediately, of
large blocks of calling equipments and, except where the
ratio of low-calling-rate to high-calling-rate subscribers
is within certain narrow limits, the division of calling
equipments into 2,000-line multiple units is liable to
introduce an appreciable number of partially equipped
linefinder racks.

However, the small 2,000-line multiple unit is one
which can be replaced easily and which requires a com-
paratively small area of floor space to be reserved for
ultimate equipment replacement. , For a small exchange,
where the tandem-equipment section is small and where
the subscribers’ requirements are such that S.T.D. and
50-point linefinder equipment can be provided economic-
ally and efficiently, its adoption may well be justified.
To meet other circumstances a modified scheme has been
suggested.

MODIFIED UNIT METHOD

The modified unit method has been developed for the
planning of new exchanges and has been introduced in
conjunction with changes in the fundamental planning
of exchange buildings.

It is intended that, in the future, each exchange will be
planned, and the initial building will be provided, to
cater for a specific multiple capacity in that building.
Buildings will no longer be provided to meet the require-
ments of a fixed 20-year period, but, in effect, will be
planned for an initial building-design period of 10-20
years, the actual period depending upon such factors as
the rate of increase in subscribers’ connexions, develop-
ment of the numbering scheme, possible changes in
exchange-area layout, and site limitations. In this way it
will be possible to plan using a forecast which is likely
to be more realistic than that for the previous fixed
20-year period, and provision for the longer period can
be deferred until development can more easily be
foreseen.

Equipment will be provided as a combination of units
of 2,000-line, 3,000-line, 4,000-line, or 5,000-line multiple
capacity per unit, each unit being served by a separate
subscribers’ I.D.F. located parallel to the suites of
apparatus racks. Where the 2,000-line multiple unit is
required it may be provided either separately or as the
first instalment of a 4,000-line multiple unit. In the latter
case, space will be left for the subscribers’ I.D.F. to grow
to the ultimate capacity of a 4,000-line multiple.

The choice of units to be provided in the initial building
must be decided by a consideration of the individual
factors operating in each project. Normally; a single
unit of appropriate size (up to a 5,000-line multiple

17



.
Ol TV CC3 LTI Ist
UNIT 3 [ i Saaie i B T 1
V| ds e LI0ESG) |
r ) T T !
| S U S 1 E Y Y | R J
e Sl e S e
(| sofZ73I770072  Citoioaol: IsT
R B L -
UNIT 2 RS, o R 1 IDESQ |
L Lol .:.._-.‘..-.I.-I [..j S, J
T St i Sy g Sl et s Sty
s T T T T T T 1 st
(C I T T 11
FS. I.0.F. S (1)
UNIT | LI I | 11
FS. L ) [ —
Us.C T T T T T T T us
( S N S S CIZZUIZIZCORSS
Lo LI D O D N T CT DD LT T IskLs.
B  —— |
10.E® ' MisC.
TANDEM AND - trrm J
MISCELLANEOUS ¢
EQUIPMENT N S — | N I S — T
C_T T T T T T T 38
e
COMMON EQUIPMENT
\

—————  Equipment provided initially
~==—~  Additional equipment

F. (E) = Equipment I.LD.F.
.F. (S) = Subscribers’ I.D.F.
M = Meter rack

FIG. 4—NON-DIRECTOR EXCHANGE EQUIPMENT LAYOUT BASED
ON MODIFIED UNIT-METHOD DESIGN WITH SEPARATE TANDEM
EQUIPMENT

capacity) will be provided to cover the required initial
installation with one or two additional units being
added subsequently, as permitted by the initial building
capacity. The larger units generally allow the racks to
be equipped more economically and, in addition, they
offer more scope for the efficient use of the 50-point
linefinder and for achieving the required flexibility of
interconnexion between calling equipments and final-
selector multiple numbers. They have the disadvantage,
however, of increasing the amount of floor space which
has to be reserved for equipment replacement purposes.

Irrespective of the size of units decided upon, only
equipment to meet the requirements at the end of the
5-year equipment design period will be provided. Only
exceptionally, therefore, will it be provided in complete
units.

The location of the tandem and miscellaneous equip-
ment will depend on the size of the tandem section of the
exchange and other local requirements. There are two
main alternatives: (@) to provide a separate tandem and
miscellaneous section, as for the 2,000-line multiple
unit method, but departing, where necessary, from the
traditional layout, or (b) to include tandem or miscel-
laneous equipment in the subscribers’ units.

Separate Tandem Section
A typical example of the modified unit method is
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shown in Fig. 4, where a separate tandem section of the
exchange is provided and where one subscribers’ unit of
4,000 lines and two further units of 3,000 lines are
provided to fully equip the original building. The initial
installation of a 4,000-line unit (unit 1) and the first
instalment of the tandem and miscellaneous equipment
are clearly indicated. The layout of the equipment in the
tandem section gives appreciable scope for the exercise
of ingenuity in design if due consideration is to be given
to the demands—at times conflicting—of equipment
replacement, flexibility, economic rack provision, and
S0 on.

In the equipment layout illustrated it will be seen that
the ultimate tandem equipment is arranged in two
groups covering the initial installation and subsequent
extensions, respectively. Within the initial tandem unit,
equipment is arranged in the following categories:
(a) signalling equipment, (b) S.T.D. and other miscel-
laneous racks, (¢) common equipment, such as register-
translators for S.T.D., with sufficient spare space to
permit equipment extension to provide for the ultimate
requirements of the original building, and (d) tandem
selectors.

Of this equipment, it should be possible to replace the
signalling and miscellaneous racks individually, so that
it will be necessary to reserve sufficient equipment-
replacement space in the extended portion of the building
for only the common equipment and initial tandem-
selector racks.

It will be seen that the tandem-selector racks are
located as a single group, which can be augmented after
the initial installation. Selectors in any one rank are
provided on consecutive racks throughout the life of the
exchange, so that rearrangements are necessary during
each extension to convert, for example, some of the
selectors which were formerly 2nd selectors into Ist
selectors, and so on. Such rearrangements are, however,
confined to the changing of temporary strapping on
rack grading boards and to jumpering connexions on
the equipment I.D.F. Full use is thereby made of the
flexibility offered by the graded group-selector rack.?

Composite Units

The inclusion of tandem and miscellaneous equipment
in the subscribers’ units is illustrated in Fig. 5, where the
equipment for a 10,000-line exchange has been arranged
in three composite units. The broad principles followed
in this arrangement are:

(a) Racks for the common equipment are located in
the first complete unit to be provided.

(b) The floor space required is approximately the same
for each unit (in any case it should not be greater for
subsequent units than for the first).

(¢) Group selectors, other than penultimate selectors
which are located in the unit they serve, are accom-
modated according to rank, i.e. 1st, 2nd or 3rd selectors,
so that all selectors proper to one rank occupy consecutive
racks, as in the previous example.

(d) Relay-set racks are allocated to units in such a
way as to balance the floor-space requirements already
referred to in (b).

M.D.F. AND EQUIPMENT I.D.F.

Recent developments in M.D.F.> and L.D.F. design
have appreciably increased the number of terminations
provided on each vertical section of these frames. The
M.D.F. capacity has been doubled and the majority of
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exchanges can now be served by a single frame located
across the apparatus room. Irrespective of the arrange-
ments adopted for the tandem section, a separate equip-
ment I.D.F. will be necessary to provide flexibility of the
interconnexions between selectors, relay-sets, manual-
board terminations and miscellaneous equipment
generally. Sufficient vertical sections of the frame will be
provided for all the exchange equipment that will
occupy the original building, with an allowance for the
termination of tie-cables to the equipment I.D.F. which
will eventually be provided in the extended portion of
the building.

ECONOMIC CONSIDERATIONS

The unit method offers appreciably greater prospects
for the independent replacement of exchange equipment
than have hitherto been realized, and the resultant
increase in effective equipment life, with the possibility of
planned development of the exchange site and building,
represents a considerable long-term economic advantage.

Studies carried out prior to the adoption of unit
design have indicated that in the short term the change
in equipment capital costs is likely to be a marginal one
in favour of the new standard. This arises because the
equipment installed at any particular time is confined to
a smaller floor area than with the traditional method,
thereby reducing cabling costs, but the number of
partially equipped racks is liable to increase. The
increase in apparatus costs tends, therefore, to offset
cabling economies. .

The space required for equipment at the initial
building design date will, in general, be similar for both
traditional and unit design methods. The unit method
does, however, permit the initial building to be designed
for a shorter term than the 20-year period previously
used. The resultant economy will depend of course upon
the individual characteristics, e.g. rate of growth, of the
exchange concerned.

CONCLUSION

The modified unit method is now being used for the
design of new automatic telephone exchanges. Recent
experience, together with present trends in exchange
planning, favours separate treatment of tandem equip-
ment. It is expected, therefore, that in the majority of
cases, the retention of a separate tandem and miscel-
laneous equipment section will provide the best solution.

Exchange design must take into account not only the
demands of ultimate equipment replacement, but the
need for economic plant provision and for flexibility to
meet increasing demands for service and new facilities.
Full consideration must, therefore, be taken of local
conditions and in some cases a compromise will be
justified. The final course must be decided from a study
of the exchange concerned, when account must be taken
of such factors as the type and status of the exchange,
tandem-equipment requirements, subscribers’ develop-
ment and traffic characteristics, etc. In this way, it will
be possible to ensure that the experience and skill of the
design engineer are fully employed in achieving maximum
economy and efficiency in automatic telephone exchange
design.
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A Note on the Laying Effect and Aging of Submarine
Telephone Cables
R. A. BROCKBANK, PhD., B.Sc.(Eng), AM.LEE.T

U.D.C. 621.315.28:621.317.341

Measurements on the first transatlantic telephone cable (TAT-1)
showed that an appreciable decrease in attenuation was taking
place during aging, in addition to the initial decrease in attenuation
measured during the laying operation. After considerable study
and experimenting a length of special cable was manufactured and
laid. Measurements on this cable showed that no laying effect
had occurred and that the aging effect over 7 months was negligible,
and it is believed that the location of, and the cure for, these
phenomena have now been definitely established.

HE change-over from submarine telegraph cables

to carrier telephone cables, which began about 1930,

necessitated the addition of a metallic return con-
ductor to the cable structure. At telegraph frequencies
the return path of a submarine cable is adequately and
efficiently obtained through the medium of the sea, but
with signals of increasing frequencies the return current
concentrates closer to the cable so that a low and stable
cable attenuation is only possible by providing a low-
resistance return path directly over the core insulation.
The construction which has been generally adopted for
this conductor consists of a layer of long-lay copper tapes
laid up over the core insulation, followed by an over-
lapping short-lay copper binding tape. Among useful
functions that have been ascribed to this binding tape
are (a) retaining the outer coaxial conductor, (b) acting
as an anti-teredo barrier, and (c¢) reducing the possibility
of environmental cracking of the polythene insulation by
the lighter constituents of the compound used to impreg-
nate the jute bedding for the armour.

For many years coaxial cables with this type of con-
struction were used, in general, on short shallow-water
schemes and they gave every satisfaction from the point
of view of electrical performance. In 1955, however,
in preparation for the laying of the first transatlantic
telephone cable (TAT-1), a sea trial was carried out by
Bell Telephone Laboratories’ engineers on board
H.M.T.S. Monarch to check the electrical charac-
teristics of this cable on the ocean bed. This was the
first occasion on which precision measurements had been
conducted during a laying operation and it came as an
unwelcome shock to find that immediately the cable was
laid its attenuation was appreciably lower than could be
explained by theory, which allowed for pressure and
temperature changes. This “laying effect,” as it came
to be known, was found to be of the order of 1-5 per
cent in 3,000 fathoms at 160 kc/s, and appeared to
increase with frequency and depth. Later tests by the
Post Office showed that this effect was still considerable
in depths of only 50 fathoms.

TAT-1 was, however, duly laid, correction for this
unexpected effect being carried out by submerged
equalizers inserted during the laying operation. Since
that project a considerable number of systems have been
laid, and with each one the sea-bottom attenuation
characteristic has had to be arrived at by subtracting an
empirical loss curve, which was often rather indefinite,
from the expected theoretical curve.

The TAT-1 cable system had not been laid very long

1 Post Office Research Station.
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before it was evident that, after allowing for the annual
temperature variation, the cable was aging in such a
manner that there would be a still further decrease in
attenuation. After four years the overall change is
13 db at 150 ke/s, which represents nearly 0-5 per cent of
the total cable attenuation. The annual change has,
however, been steadily decreasing. The effect of this
aging is serious, and compandors have had to be inserted
in the higher-frequency channels to restore the signal/
noise ratio.

The question naturally arose as to whether the aging
was a continuation of the laying effect or whether another
mechanism was at work. The latter appeared unlikely
as there was difficulty in producing even one satisfactory
explanation for the decrease in attenuation. In this
connexion some tests carried out by the Post Office
Research Branch are of interest. In 1955, lengths of
TAT-1 type cable had been laid in about 120 fathoms and
had been measured over a period of two years, by which
time the aging change had become appreciable. After
this period one of the cables was recovered, stored in the
ship’s tank and re-measured; its attenuation appeared
to be equal to the original value measured on the cable
in the ship’s tank, decreased by the aging change. The
cable was then relaid and re-measured, and it was
found that the loss curve was a repetition of the curve
obtained just before the cable was picked up. These
results were considered to be significant in showing that
the laying effect was reversible even after the cable had
been laid for a long time, whereas the aging effect
appeared to persist unchanged, at least during the few
days of testing. This conclusion tended to give more
weight to the contention that two separate mechanisms,
or perhaps two manifestations of the same mechanism,
were involved.

In the last few years many theories have been evolved
and experiments performed in an attempt to explain
these changes. Perhaps the most puzzling feature has
been that the change has been a decrease in attenuation,
since reasonable explanations for an increase in attenua-
tion would have been much more readily forthcoming.
One theory, i.e. that all the changes were due to con-
solidation of the centre composite conductor, has since
been eliminated by results obtained on a cable with a
solid-wire centre conductor, which indicated no signi-
ficant change in the laying effect.

The problem was still unresolved in 1959 when it was
proposed by the author that a length of special cable be
made to check what was considered to be the most likely
cause of cable variations; namely, the presence of the
short-lay copper binding tape. A length of 6 nautical
miles of armoured cable, which was conventional in all
respects except for the omission of the copper binding
tape, was therefore manufactured; the rubber-wax-
bitumen impregnated tape normally applied over the
binding tape was lapped directly over the long-lay tapes.
The cable was laid in April 1960 in the English Channel
in 40 fathoms and tests showed that there was no laying
effect within the accuracy of measurement, i.e. 0-1 per



cent. In similar conditions a conventional cable would
be expected to show a decrease in attenuation of about
0-7 per cent. The cable was left on the sea bottom and
a further test made 7 months later. From the Post
Office tests on TAT-1 cable a decrease of attenuation
due to aging of around 0-5 per cent would be expected
after this period but, in fact, tests indicated a slight rise
in attenuation of the order of 0-15 per cent, though this
was barely significant in view of the inaccuracies in the
measurement and the temperature determination.

It is concluded from these tests that the laying and
aging effects which have been experienced with submarine
telephone cables are entirely due to the presence of the
short-lay copper binding tape, which is lapped directly
over and in contact with the return-conductor tapes.
The omission of this tape eliminated both anomalous
effects. Although the location of, and the cure for, these
phenomena now seem to have been definitely established,
the precise mechanism causing these variations has not
been pursued, but it is presumably bound up in some
way with varying contact impedances between the copper
layers involved.

As a result of this experiment the 60-nautical-mile
Colwyn Bay-Douglas (Isle of Man) system, which is to
be laid in 1961 with four 120-circuit repeaters, will employ
this modified type of cable. Results, particularly in
respect of long term aging, will be awaited with interest.

In the light-weight cable being manufactured for the
U.K.-Canada (CANTAT) system to be laid this year, a
screening tape has been wound over the return tapes to
increase the crosstalk attenuation between the spiral
layers of the cable in the ship’s tanks. Special care has,
however, been taken to ensure that each turn of the
screen is insulated both from adjacent turns and from
the return tapes.
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Book Reviews

“A Source Book in Mathematics” (Two Volumes). David
E. Smith. Dover Publications, Inc., N.Y., and Con-
stable & Co., London. Vol. I: xiv + 324 pp. 32 ill.
Vol. II: xiv + 418 pp. 83 ill. 28s. per set.

The purpose of this source book is to supply students with
a selection of excerpts from the original works of the makers
of mathematics. It is believed that by knowing the begin-
nings of his subject a student will be encouraged to follow
its growth. This will enable him to see how it has developed
and to appreciate more clearly its present status.

This work, which is in two volumes, presents the great
discoveries in mathematics from the Renaissance to the end
of the 19th century. It contains significant selections from
the original writings of Newton, Leibniz, Riemann,
Bernoulli, and many others. These selections have been
taken from 125 different treatises and articles; many of
them had to be translated into English.

In the first volume the field of numbers is covered in
24 articles which trace developments from the first steps in
printed arithmetic, through selected number systems, to the
early phases of the modern theory of numbers. Here is
Dedekind on imaginary numbers, Euler on the use of € to
represent 2-718 . ., Gauss on number congruence,
Delamain on the slide rule, Pascal on calculating machines,
etc. The 18 articles on algebra include writings by Fermat,
Wallis, Abel, Galois, etc.

In the second volume the field of geometry is covered by
36 articles that span 500 years. Here are extracts from the
works of early writers such as Fermat, Desargues and
Descartes. This is followed by selections from the works of
later writers like Lobachevsky, Bolyai and DeMoivre, who
revived the study in the 19th century and developed non-
Euclidean geometry. Also included are Chebyshev and
Laplace writings on probability. The development of the
calculus, function theory, and quaternions is covered from
eatly sources to important advances resulting from
Hamilton’s non-commutative law of quaternions and
Grassmann’s Ausdehnungslehre. This section also contains
works of Bessel, Mobius, Cauchy and other pioneering
mathematicians.

Together, these two volumes will enable the student to
read about the great discoveries in mathematics exactly as
the world saw them for the first time. H.J.J.

“Annual Review in Automatic Programming.”” Vol. I.
Edited by R. Goodman, M.A., B.Sc. Pergamon Press,
Ltd. xi + 300 pp. 63s.

This book consists mainly of the papers read at the Working
Conference on Automatic Programming of Digital Com-
puters, held at the Brighton Technical College in April, 1959.
If the intention is to provide a record of the conference it
would have been preferable to give a full report of the dis-
cussions which presumably took place; a report is only
given in summary form for one paper, although it is claimed
that “whenever possible the papers have been modified to
deal with points made in the discussion.”” On the other hand,
if the intention is to provide a review or text book on auto-
matic programming techniques, the present form seems hardly
adequate. This is for two main reasons. Firstly, of the
18 papers, 13 deal with more or less detailed descriptions of
particular programming schemes or the application of one
of these schemes to a specific problem. Little has been said
as to how these schemes are implemented, nor is any detailed
picture given of the problems which beset the designer of
translation programs. Secondly (and this is a common fault
of books in the field of automatic computers), the subject
matter is now more of historic interest than any other; thus,
no mention is made of COBOL, i.e. common business
orientated language, which is already over a year old in this
country. However, some interest or even entertainment
may be gained by comparing (or contrasting) predictions and
other statements in the book with subsequent developments.
Nevertheless, it is felt that the aim of providing ‘‘a convenient,
comparative and easily available record of the position to
date’ has been partly achieved.

The book contains, as an appendix, reprints of Turing’s
papers “On Computable Numbers.”” The reason given is
that these provide “the fundamental theorem upon which all
automatic programming is based.”” While this is, in a sense,
true, and the reappearance of this work in print is welcomed,
it does seem somewhat out of place and rather like, for
instance, including Shannon on information theory in a hand-
book for telegraphists.

The book is well produced, the printing being clear and
accurate; this reviewer detected only one misprint. Future
volumes in the series will be awaited with interest.

"J.B.S.
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Incoming Call on Exchange Lines

Incoming ringing current on the exchange line will
operate relay AC over one coil via capacitor C2 and
relay contact MF1 normally operated. Relay contact
ACI lights the calling lamp and AC2 completes a holding
circuit for relay AC (to provide a locked calling signal
on the exchange line) and also operates the pilot relay, P.

The circuit is arranged to ensure that, provided the
ALARM ON key, KA, is operated, an audible alarm is given
at the P.M.B.X. even if the exchange-line calling lamp
becomes disconnected. The operation of relay AC is
delayed by the short-circuit maintained across the hold
coil by contact AC2. This avoids false operation due to
line surges when switching takes place. Specific safe-
guards have also been incorporated to avoid the possi-
bility of lost calls due to misoperation of the switchboard
keys. A calling signal is not extinguished until the
operator’s handset has been lifted and both the KE and
KO keys have been operated. If an exchange-line key
only is operated with all the remaining keys in the same
connecting circuit normal, the L relay of the connecting
circuit is operated via KX3, KO3, KES5 to earth at KO4,
and the calling signal is maintained by contacts L1 and

L2 (contacts L3 and L4 are similarly connected in the
second exchange-line circuit). When key KO is operated,
relay L releases, but the ringing current is extended
to ring the bell in the operator’s telephone and this is
continued (unless the calling party clears) until the
call is answered by lifting the operator’s handset. The
circuit thus ensures that a signalling device is always
connected across the exchange line until a call is
answered, and the need to connect a calling device
incorporating a capacitor permanently across the line is
thus avoided. A call can be extended to an extension as
already described, and the clearing signal is given on the
extension calling lamp when the handset of the extension
telephone is replaced.

Exchange-Line-Hold Facility

A HOLD key, KH, is provided in each exchange-line
circuit and these keys have the dual function of applying
a resistive loop to hold the exchange equipment and of
reconnecting a 50-volt supply via a bridging coil to the
connecting circuit, which is disconnected from the
exchange line so that the operator may use the same
connecting circuit to speak to an extension without the
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conversation being audible on the exchange line. This
facility is normally used on incoming exchange-line calls.
A single CALL HELD lamp common to both exchange
lines is provided to give a visual indication to the
operator when a hold condition is applied.

Mains Failure

As the switchboard has been designed to work from a
mains-operated 50-volt d.c. supply unit, the circuits have
been arranged so that exchange-line service is maintained
under mains-failure conditions. A mains-failure relay,
MF, has been included and is operated by the 50-volt
supply. When a mains failure occurs relay MF releases
and contacts MF1, 2 and 3 connect the bell of the
operator’s telephone to the first exchange line so as to
give an audible indication of an incoming call. The
operator can answer the exchange call under mains-
failure conditions by operation of the appropriate KE
and KO connecting keys and by removing the handset
from the operator’s telephone. Outgoing exchange calls
can also be originated by the operator in the normal
manner. The operating instructions for this type of
switchboard will advise subscribers to connect the
remaining exchange line to a selected extension, as for
night-service working, should a mains failure occur, and
the selected extension will then have direct access to the
second exchange line.

Press-Button Recall

By fitting a press-button key with a make contact in
parallel with the auxiliary switch-hook spring-set of each
extension telephone, press-button recall is effected by
extending the earth on the fourth wire to the C wire (the
third wire), and recall can be provided on all extension
and exchange calls.

Night Service

Night-service arrangements are provided by the
NIGHT SERVICE key, KNS, which disconnects the pilot
relay, the extension calling lamps and also the AC relay

locking circuit. Selected extensions can then be con-
nected to the exchange lines by operating the KE and
KX keys to a specific connecting circuit.

Private Circuits, Inter-switchboard and External Extensions

Using the additional terminals which have been pro-
vided for extensions No. 4-6, private circuits, inter-
switchboard and external extensions can be connected
without modification to the permanent wiring of the
P.M.B.X. When an exchange-line key and an extension-
connecting key are operated together in the same
connecting circuit, earth is applied to the extension P
terminal from KO4 via KES5 and KX5. This earth can
be used to operate a relay in an auxiliary unit. The
contacts of this relay disconnect the line, thus providing
a prohibition facility to prevent the interconnexion of
exchange lines and private circuits.

An auxiliary switch-hook spring-set, SWB, controls
relays in the 4-wire/2-wire conversion relay-set when this
is provided. The circuit of the relay-set is such that, when
the operator intervenes on an established exchange call,
the exchange line is held by a loop and current for the
extension is provided from the local transmission feed
in the relay-set. The SWB spring-set ensures that calls
are not inadvertently released by the operator entering
the circuit by operating key KO before lifting the handset
of the operator’s telephone.

CONCLUSION
It is confidently expected that the new cordless
P.M.B.X., with its use of modern materials, compact
design and an increased range of facilities, will be more
attractive to the subscriber and to the Post Office than
the existing type of cordless switchboard which it
supersedes.
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Book Review

“Beam and Wave Electronics in Microwave Tubes.” R. G. E.
Hutter. D. Van Nostrand Co., Inc.,, New York and
London. xii + 378 pp. 158ill. 73s. 6d.

This is a specialist work written by an expert in microwave
valve theory. The author is chief engineer of the Special
Tube Operations Division at Sylvania Electronic Products,
Inc., and he says in his preface that his aim was to write a
textbook for schools and an introductory reading for engineers
who were transferring their activities to microwave valves from
other non-microwave fields. It is not a book for valve
designers; its purpose is somewhat too general for such
practical people. Principles and theories are set out in a
manner that suggests that one of the author’s aims was to
provide mental exercises for his students. One feels strongly
that he is trying to stimulate interest in electron-beam theories,
and devices based on them, in order to counteract the bias
towards research in solid-state equivalents of thermionic
valves. Mr. Hutter feels that many worthwhile develop-
ments can still be made in small-signal microwave thermionic
valves which will make them successful competitors with
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transistors in a number of fields, and he is anxious in his book
to revive interest for research in electron-beam valves. For
this reason, perhaps, he avoids the most recent developments
such as masers and parametric devices and concentrates on
thermionic valves for frequencies in the range 300-30,000Mc/s.

The mathematical treatment is fairly thorough. Many
readers will disagree with the author’s fundamental belief
that “physical pictures cannot be formed or appreciated
without the mental effort required to understand the mathe-
matical details of the analyses of these tubes.”” Vision often
plays a more important part in engineering development than
analysis, but this does not seem to be Mr. Hutter's view. In
this book he has made a collection of mathematical analyses
of the behaviour of clectron beams under most of the con-
ditions that could be experienced in microwave valves such
as klystrons, magnetrons and travelling wave valves, and
concludes with a chapter on noise generation in microwave
devices.

This book is definitely for the specialist, as it is too analytical
for the general telecommunications engineer. It is beautifully
produced and is very well illustrated.

C.F. F.



A Swept-Frequency Method of Locating Faults in Waveguide
Aerial Feeders

J. HOOPER, AM.IEET

U.D.C. 621.317.333.4:621.372.8:621.396.679.4

The general principles of a close-range, high-resolution, frequency-
modulation echo-sounding equipment are explained and their
application to a practical method of locating faulty waveguide-
feeder junctions in a 4,000 Mc/s radio-relay system is described.
It is possible to measure, at the input to a waveguide feeder, those
reflections having voltage reflection coefficients greater than 0-005
and caused by waveguide junctions up to 300 ft from the input.
These junctions can be located within 2 per cent of their actual
distance from the waveguide input, even in the presence of other
reflections from junctions spaced 10 ft or more apart.

INTRODUCTION

N important development in this country since the
Awar has been the introduction of broadband
microwave radio-relay systems for the point-to-
point transmission of television and multi-channel
telephony. An example of such a system for the trans-
mission of telephony has been described in this Journal.l
The system uses frequency modulation to avoid an
unacceptable amount of signal distortion and noise;
amplitude modulation requires a degree of linearity in
the amplifiers that is difficult to obtain. Frequency
modulation also demands linearity but, in general, it is
the linearity of the phase/frequency characteristic that is
important if the quality of transmission is to be acceptable.
The linearity requirements of the phase/frequency
characteristic become more severe as the modulation
band-width increases and it is likely that these linearity
requirements will set a limit to the number of telephone
channels that can be carried by a single carrier using
frequency modulation.

An important source of non-linearity of the phase/fre-
quency characteristic is the aerial feeder where impedance
mismatches give rise to multiple reflections and, hence,
to echoes. Each echo causes a ripple on the phase/
frequency characteristic and the effect on performance is
more noticeable in telephony than in television. For the
latter a relatively strong echo of sufficient delay will
cause a ghost image, but for telephony each echo of a
group of very small echoes will introduce some inter-
modulation noise.2 The total intermodulation noise of
a system will be the summation of the intermodulation
noise contributions from each echo, not only for a single
feeder but for all the feeders of the complete system of
several radio links in tandem. For telephony, therefore,
exceptionally high-quality aerial feeders are required.

The aerial feeders of a microwave radio installation are
generally of rectangular copper waveguide along the
inside of which the radio energy travels. To achieve the
desired high quality of impedance matching the inside
dimensions of the waveguide are maintained to within
small tolerances. The tolerance is +40-003 in. for a
2%in. x 1} in. waveguide such as that used for 4,000 Mc/s
radio-relay systems.

The waveguide feeder, which may be up to 300 ft in
length, is assembled in lengths of about 10 ft, each length

¥ Mr. Hooper was formerly at the Post Office Research Station.

* Voltage reflection coefficient is the vector ratio of the return
voltage to the voltage that would exist at the point if the trans-
mitting lines were extended under reflectionless conditions.

being butt-jointed to its neighbour by a pair of bolted
brass flanges. During assembly it is difficult to
achieve a smooth transition at each point, and impedance
mismatch may be found at all the joints of the waveguide
feeder. If the magnitude of an impedance mismatch, in
terms of its voltage reflection coefficient,* r, exceeds a
given value then the joint at which it originates is classed
as faulty. The value of r which can be accepted is to
some extent arbitrary since it depends on the amount of
non-linearity allowed in the radio equipment and the
propagation path (along which echoes may also originate),
but experience shows that r = 0-01 is a reasonable limit
for circuits carrying up to about 1,000 telephone channels.

It follows that there is a need for a method of measur-
ing r separately for each joint of a complete waveguide
in order that faulty ones may be located. The alternative
is a trial and error method of testing each joint during
assembly using a slotted-line instrument; this can be
time consuming and even misleading since the reflections
from two or more joints may cancel at a particular
frequency, although each will produce its own quota of
intermodulation noise. Testing a waveguide feeder after
it has been in service is of even more practical importance,
for if the reflection coefficient of each joint cannot be
measured separately to locate a faulty joint then the
waveguide feeder must be broken down section by
section. Apart from the time taken to do this, there is
the possibility that damage will be done during the
process, resulting in additional faults.

The method described here is one whereby the reflec-
tion coefficient of each joint in a waveguide feeder may
be measured separately. Although the equipment
described is particular to microwave waveguide feeders
the method is quite general and may be applied to all
long transmission lines and, indeed, to reflections origin-
ating along a radio path. The principle is that of a radar
system which can measure separately the time delays
and amplitudes of echoes. The type of radar system
chosen is known as frequency-modulation radar and,
for reasons to be given, is preferred to the better-known
pulse-modulation radar. The equipment described can
measure a minimum reflection coefficient of 0-005 and
locate the position of the joint concerned to within 2 per
cent of its distance from the waveguide input.

PRINCIPLE OF THE METHOD

If a detector is coupled to a zero-loss waveguide feeder
close to the input terminal, where a r.f. signal source is
connected, the detector will sample the wave as it passes
along the waveguide toward the output. Let there be a
reflection of coefficient r at a distance L from the detector,
and let the group velocity of the wave be Vg: then, after
a time A4t = 2LV, the detector will once again be
sampling the same wave, but it will be travelling in the
opposite direction and reduced in amplitude by a factor r.
Now let the frequency of the source be varied at a uni-
form rate. Because of the time interval between the
direct and reflected waves at the detector two -frequencies
will be present simultaneously. Fig. 1 shows, as the
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full-line curve, the variation of frequency of the direct
wave with time. The frequency is varied in a saw-tooth
manner over a total range of frequency 4f. The cycle of
events is repeated at a rate 1/7o. The broken line shows
the frequency of a reflected wave, delayed by time At
with respect to the direct wave. It will be seen that most
of the time there is a constant frequency difference, Fi,
between the two waves; for a time 4z out of every period
To another frequency difference, F». occurs. Provided
that A4t is very much smaller than T, the effect of F» can
be ignored (it is in any case much greater than £:), and
to a good approximation F: may be treated as constant
over the whole of the period T,. The frequency difference
F, is related to the rate of change of frequency 4f/To and
the delay time 4t by the equation

Fi=AtAf|To ... (€))
and to the distance to the reflection by
Fi= QLIV)Af|To) -« 2

F, is, therefore, proportional to the distance of the
reflection from the detector, so that if /1 can be measured
the distance L can be determined.

Measurement of Frequency Difference Fi

The two wavesat the detector, because o their frequency
difference, will apparently reinforce and oppose one
another, and produce an amplitude variation. The
detector will, therefore, observe a time-varying field. The
frequency of variation of the field is known as the beat
frequency and, provided r is small, the beat frequency is
equal to F; and will appear at the detector output. In
principle, all that is now necessary is to connect a cali-
brated, tunable amplifier to the detector to measure the
beat frequency, and F, and L can be determined. In
practice, matters are somewhat more complicated, as
discussed later.

Measurement of Reflection Coefficient r

When the two waves beat together they will produce a
resultant field whose relative amplitude is (1 + r) at the
maximum and (1 — r) at the minimum. The beat-
frequency wave at the detector output will, therefore, have
a peak-to-peak amplitude proportional to 2r, and the
value of r may be determined by comparing the output
of the tunable amplifier to that obtained when a known
reflection is deliberately obtained from the waveguide
feeder. The value of r so determined is not the true
reflection coefficient but will be slightly smaller than the
reflection coefficient originating at the distant point
because of the loss of the practical waveguide. If Ris the
true reflection coefficient at the point of reflection and 4
the ratio of the output voltage to the input voltage for a
waveguide 2L long, then a correction can be applied, as
given by R = r/A.

Output of the Detector

_The detector output will not in general consist of a
single frequency equal to Fi even when, as is assumed
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here, the detector is linear and the duration of F: is
negligible. Fig. 2 shows the form of a typical output
from the detector. The general expression for the output

y=SINE wot +6)

DETECTOR ?
OUTPUT J
1

' TIME —
FIG. 2—OUTPUT WAVEFORM FROM DETECTOR

wave is given by sin (Pwot + o), where wo = 2mFo:
F, is the frequency of the modulation, « is a constant-
phase term which merely describes the point at which the
waveform starts, and P is the number of beats during one
cycle of modulation. In Fig. 2, P has a value almost equal
to 21, When P is other than a whole number there is a
phase discontinuity at the start of each modulation cycle,
as illustrated in the figure. Such a waveform, when
analysed, resolves into a line spectrum, each component
of which is an harmonic of the modulation frequency.
The general expression for the line spectrum is com-
plicated and not very helpful for cursory inspection.
Fig. 3 shows in a simplified and approximate manner the
components of the line spectrum. provided that the
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FIG. 3—ENVELOPE OF BEAT-FREQUENCY SPECTRA

number of beats per modulation cycle is ten or more.
The curve represents the envelope of all possible spectra.
The units of the abscissa of the envelope curve are given
in terms of (n — P), where n is the number of the har-
monic whose amplitude is required. For example, if P is
equal to 10-7 and it is required to find the amplitude of
the seventh harmonic of the line spectrum, then
(n — P) = — 3-7 and the amplitude is the height of the
curve above the point —3-7 on the horizontal axis. The
other harmonics may be found in the same way for this
particular value of P. The equation of the envelope curve
is {sin {m(n — P)}/m(n — P)]. Two extreme examples of
harmonic spectra are shown. The full lines within the
envelope show the spectrum for the maximum phase
discontinuity, i.e. when P is equal to a whole number plus
one-half, and the broken line the spectrum when P is
equal to a whole number. In the latter case only one
frequency is present and F, is exactly equal to the
harmonic # = P. Inthe former case the spectrum has the
maximum spread and Fi is midway between the two
largest harmonics n = P+ § and n =P — 4. In all
cases the frequency Fi is at or near the largest harmonics
of the spectrum and may, therefore, be determined from



the frequencies of maximum response of the tunable
amplifier.

Measurement of a Number of Reflections

It has been assumed in the foregoing analysis that
there is only one reflection in the waveguide feeder.
With several reflections present there will be a corre-
sponding number of beat-frequencies at the detector
output. Provided that the detector is linear, no inter-
modulation frequencies will be present. The beat-
frequency waves may then be resolved and measured
separately if they are far enough apart in frequency and
the selectivity of the tunable amplifier is adequate. The
resolving power of the equipment is a very important
property which is dealt with in more detail later.

The effect of multiple reflections can be ignored. For
example, with two reflections of r = 0-1, located at
distances L, and L, from the detector, the first multiple
reflection between them would be measured as a reflection
at a distance 4L, — 2L, but its amplitude would be 0-001
and, therefore, undetectable in comparison with the
primary reflections.

RESOLVING POWER

The resolving power of an equipment is its ability
to discriminate between two adjacent reflections. In this
equipment there must be discrimination between reflec-
tions from mismatches with a spacing of about 10 ft of
waveguide. However, it is instructive to consider what is
the maximum inherent resolving power of the method
using perfect equipment.

Since the detector output consists of a spectrum of
harmonics it is apparent that two beat-frequencies may be
resolved only if they are at least one harmonic interval
apart. This interval is equal to 1/T,. Expressing two
beat-frequencies differing by 1/75 in terms of Equation (1)
and taking their difference, the minimum resolvable time
interval between reflections is, T = 1/4f

From this it can be seen that as the frequency sweep
Af increases, the resolving power increases since the
equipment becomes capable of separating more closely-
spaced reflections. It should be noted that this is
independent of the modulation frequency, 1/75.

Considerations of resolving power show that f.m. radar
is preferable to pulse radar. Briefly, a frequency-sweep
of 100 Mc/s is required to resolve reflections of 10
milli-microseconds time spacing. A frequency-sweep of
100 Mc/s or more is now readily obtained using a
backward-wave oscillator’ (B.W.0.). For pulse radar a
pulse of 10 milli-microseconds is required for the same
resolving power. Apart from the difficulty of generating
such narrow pulses, a post-detector amplifier with a wide
video band-width and a high quality oscilloscope to dis-
play the pulses would be required. The f.m. radar
requires audio amplification only, the amplifier having a
band-width no greater than the modulation frequency.
Furthermore, because of the wide noise band-width in
the pulse system, very high peak-power pulses are
essential if the pulse radar is to be as sensitive as f.m.
radar.

There are four main limitations to the resolving power
of the equipment:

(a) Non-linearity of the frequency/voltage character-
istic of the B.W.O.

(b) The variation of group-velocity (V) with frequency
of the waves in the waveguide.

(¢) Noise due to the B.W.O. supply.

(d) Amplitude modulation of the B.W.O. output.

The first three of these limitations cause the resolving
power of the equipment to decrease as the distance to the
reflections increases. The fourth limitation mainly
affects the resolving power for close reflections. The
effects of these limitations have been mitigated as follows:

(a) The frequency of the B.W.O. is approximately
proportional to the square root of the line-electrode
voltage. To obtain a constant rate of change of radio
frequency over the modulation cycle it is convenient to
apply a saw-tooth voltage with an exponential shape
which modulates from high to low frequency. The
modulating voltage is described by the function e~
between the limits = 0 and ¢ = To, and for any given
range of frequencies there will be a particular value of
that gives the closest approximation to a linear frequency
sweep. In the equipment, b can be adjusted so that the
maximum response is obtained from a given reflection.

(b) The group-velocity (Vg) of the waves depends
upon frequency thus,

Vg:('/\/l—{(‘,i:,

where ¢ is the velocity of light, and f: and f are, respect-
ively, the cut-off frequency of the waveguide and the
radio-frequency. Equation (2) shows that Fi depends
upon V., and analysis shows that the effect of its
variation is the same as that described under (a). The
variation of Vg can, therefore, be compensated by
increasing the value of the exponential factor b.

(¢) Noise due to the B.W.O. supply introduces
spurious radio-frequency modulation which has the same
effect as (@) and (b). The noise level is kept within the
required limits for the equipment by normal smoothing
techniques reinforced by substantial negative feedback.

(d) Amplitude modulation of the B.W.O. output
produces two effects. The first is a small reduction of
resolving power for all reflections, since some of the
energy of Fi is dispersed into amplitude-modulation
sidebands. The second and more noticeable effect is the
introductign of relatively high-power harmonics into the
detector output due to demodulation of the large direct
wave. These harmonics are of low frequencies and inter-
fere with the low beat-frequencies originating from
close-range reflections. Fortunately, the unwanted
harmonics can be cancelled in the output of a double-
balanced detector whilst the beat-frequency output is
doubled. In the equipment, two balanced detectors
sample the r.f. energy at a quarter of a wavelength
spacing, with their outputs connected to a balance-to-
unbalance transformer.

PRACTICAL APPLICATION

The heart of the equipment developed to locate faults
on waveguide feeders is the backward-wave oscillator
valve.® This valve is capable of a frequency-sweep
of 2,300-4,500 Mc/s by application of a varying voltage
to its line electrode. The valve, together with its
1,500-volt power unit and modulation circuits, is housed
in a single cabinet. The remaining items of equipment
are a double-beam oscilloscope and an audio amplifier,
tunable over the range 300-6,000 ¢/s and fitted with an
output-level meter. The waveguide output from the
cabinet is connected, in turn, to a 90° bend, a 90° twist,
a wavemeter, a padding section, a double detector
(connected to the tuned amplifier) and, finally, a wave-
guide switch. The switch enables the equipment to be
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connected either to the waveguide under test or to a
comparison reflection of known amplitude and delay.
Using the tunable amplifier as a wide-band amplifier the
detector output is displayed on the oscilloscope, which
also displays the wavemeter response, thus enabling the
frequency sweep to be set up between known radio-
frequency limits.

PERFORMANCE OF THE EQUIPMENT

The sweep-amplitude, 4f, of the B.W.O. is continucusly
variable from 0-400 Mc/s over any part of the range
2,500-4,500 Mc/s. The modulation frequency is 50 c/s
and the tunable amplifier can analyse a spectrum from
the sixth to the hundred-and-twentieth harmonic. A
maximum potential resolving power, capable of dis-
tinguishing between reflections 1 ft apart, is obtainable
when A4f = 400 Mc/s. The tunable amplifier then
allows 6-120 ft of waveguide to be scanned at maximum
resolution. Longer lengths may be scanned by reducing
Af, but this reduces resolution. In practice, due to the
imperfections discussed and the finite selectivity of the
tunable amplifier, the potential resolving power is not
obtained for the distant reflections, but it is adequate to
discriminate between reflections 10 ft apart at a distance
of up to 300 ft away.

To carry out a measurement, after adjustments have
been made to calibrate the response in amplitude and
time delay from the comparison reflection, the output is
switched to the waveguide under test. Generally it is
found convenient, in the absence of large responses, to
plot the output spectrum of the detectors in the form
shown in Fig. 4. This figure shows the output of the
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FIG. 4—SPECTRUM FOR WAVEGUIDE OF 38 FEET, USING FREQUENCY
SWEEP OF 3,756-4,059 MC/S

tunable amplifier when connected to a 38 ft length of
waveguide with joints at intervals as marked on Fig 4(c).
Fig. 4(a) shows the output with reflections of coefficient
r = 0-05 at 17 ft and 38 ft, Fig. 4(b) with » = 0-05 at 38 ft
only, and Fig. 4(c) with no reflection present. Fig. 5
shows the detector output displayed on the oscilloscope
for the same three conditions; these displayed waveforms
have to be analysed to obtain the spectra shown in
Fig. 4. The lower trace in each oscillogram shows the
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(a) Mismatches at 17 ft and 38 ft with retlection coethcients of 0-05

(b) Mismatch at 38 ft with reflection coetficient of 0-05

(¢) Terminated with matched load

FIG. 5—~0OSCILLOSCOPE DISPLAY FOR WAVEGUIDE OF 38 FEET, USING
FREQUENCY SWEEP OF 3,756-4,059 MC/S

frequency-marker response of the wavemeter. The
equipment, as may be seen, is capable of detecting
reflections with coefficients of the order of 0-005 and, at
the distance shown, of resolving them when about 3 ft
apart.

CONCLUSIONS

The equipment has been used in the field to check the
waveguide feeders of the Braewynner-Thrumster radio
link.! These feeders range from 50 to 250 ft in length, with
from 15 to 35 junctions per feeder. Only one junction was
found to have a reflection coefficient of more than 0-01.
A reflection coefficient of 0-02 was indicated at a junction
about 6 ft from the aerial termination of the shortest
feeder; visual inspection showed a ‘““pulled” flange as the
cause of the mismatch and, incidentally, accounted for a
gas leak from the pressurized waveguide. Checking the
waveguide feeders took less than half a day for each site,
and the location of the fault but a few minutes. Without
the frequency-sweep equipment, checking the feeders
would have taken several days at each site and the faulty
junction might well have remained undetected.
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Automatic Letter Sorting—The Luton Experiment

T. PILLING, B.Sc.(Tech.), AM.LE.E.,, and P. S. GERARD, B.Sc.(Eng.), AM.LEE.}

U.D.C. 681.178

Machines have been successfully developed for performing many

of the separate processes involved in handling mail. The stage

has now been reached where devices that have already proved

satisfactory for carrying out individual processes can be combined

to form a mail-handling system suited to the needs of a large
sorting office.

INTRODUCTION

OR over 20 years experiments have been carried
Fout and ingenious machines have been constructed
to perform various postal processes mechanically
instead of manually. Over the last five years much of
this work has come to fruition, and in various sorting
offices in the United Kingdom full-scale field trials have
been conducted using prototypes of such machines.
The first of these was the single-operator letter-sorting
machine! that was installed initially at Bath sorting
office and then at Southampton sorting office. Such was
the success of this machine that a first batch of 20 pro-
duction models was ordered, and these have now been
distributed to a number of sorting offices for further trials.
To work in co-operation with the letter-sorting machine
a code translator was designed? and installed in the
Southampton sorting office. This translator reduced
the mental effort required of the sorter and proved
completely satisfactory in all its functions.

At the same time as these equipments were undergoing
field trials, letter-facing and segregating equipment® was
being designed, built and finally installed at Southampton
sorting office. This equipment has also proved success-
ful and production models have been ordered for more
extensive trials.

One outcome of these experimental installations is
that a number of well-tried mechanical and electronic
units or “building bricks” have emerged which permit,
without further experiment or trial, the planning of
complex mail-handling systems. Such was the state of
affairs when the Luton experiment was first considered.

To understand fully the need for the Luton experiment
it is first necessary to say a little about the operation of
the single-operator letter-sorting machine and the code
translator mentioned above.

SINGLE-OPERATOR LETTER-SORTING MACHINE

Each postman on a manual sorting duty is provided
with a sorting frame with 48 pigeon-holes into which he
can sort the mail. Successive stages of sorting and the
sum total of the outputs from all sorters finally produce
bundles of mail ready for dispatch either to other towns
when outward mail is being sorted or for local delivery
when inward mail is dealt with.

With the adoption of the single-operator letter-sorting
machine the sorting process was speeded up and made
less arduous. The sorter now had 144 boxes into which
he could sort the mail (at a maximum rate of 110 items/
minute), so that the number of sequential stages of sorting
was reduced. He was also able to sit comfortably at
the machine, thereby eliminating the need to stand and

1 Post Office Research Station.

stretch in order to reach the top-corner boxes of a manual
sorting-frame. It was also found that the average
machine sorting rate was higher than the average manual
sorting rate by about 20 per cent.

For manual outward sorting the sorter has to remember
the appropriate compartment of the sorting frame for
each group of towns out of a total of 1,700 post-towns,
and because of this is a skilled man, while inward sorting
requires a great knowledge of the locality. Skill is also
required of the operator of the sorting-machine. For
each destination he has to remember which two keys
(one left-hand and one right-hand) he has to depress on
his keyboard, which has 12 keys for each hand, thus
giving 144 combinations. It takes time for a sorter to
become quick at this operation, but once having acquired
the art his output rate is higher than that of a manual
sorter.

Nevertheless, in spite of the improved sorting rate and
a reduction in the number of secondary sorting stages
required, it is undesirable to have to rely on the acquired
skill and memory of an operator. By putting the
routing of the letters in the sorting machine under the
control of an electronic *brain,” a less skilled sorter can
be employed. To accomplish this improvement a
translator was designed to carry out the function of
converting the address as it appears on a letter into a
code which could be acted upon by the sorting machine.

CODE TRANSLATOR

Prior to designing the translator an investigation was
made into the possibility of using an alphabetical key-
board (similar to that on an ordinary typewriter) to
replace the keyboard with 12 + 12 keys on the letter-
sorting machine. The idea was to instruct the operator
to extract characters from the post-town name according
to a set rule, and to key these characters sequentially,
leaving the translator to route the letter through the
machine. The result of this investigation, carried out
jointly with the Mechanization and Buildings Depart-
ment, showed that, consistent with a sufficiently high
sorting rate and minimum ambiguities, a 5-character code
extraction could be accepted and that, for outward
sorting, these characters should be the first three and
the last two of the post-town name, e.g. Southampton
would become SOUON and Rye RYEYE. For inward
sorting, the extraction should be the first two and last
two letters of the thoroughfare name plus the first letter
of the type of thoroughfare, e.g. Neasden Lane would
become NEENL.

Thus, with the alphabetical keyboard and a translator
working in conjunction with the letter-sorting machine,
the operator would now only have to be able to read
the address (not always an easy matter) and to type in
order to feed all the necessary information to the
machine; the mental effort would thus be considerably
reduced.

A translator® was constructed for the above purpose,
employing square-loop magnetic cores driven. by tran-
sistors. The apparatus was completely satisfactory
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and, because of the speed at which translations could
be performed, the possibilities that are being exploited
in the Luton experiment became apparent.

CODE MARKING OF LETTERS

A single-operator letter-sorting machine is an expensive
piece of equipment and is not employed economically if
an operator uses it at an average of only half its possible
operating rate. The average output rate of an operator
is about 50 items/minute, although he can reach peaks
of nearly 100 items/minute, while the machine has a
maximum output rate of 110 items/minute. It would
be economical therefore for two operators to work one
machine and for the machine to be run synchronously
at full rate, instead of on demand. It is essential,
however, that each operator should be allowed to work
at his own speed and not be tied to a particular machine
speed. Two operators cannot therefore work one machine
directly without complicated synchronizing equipment.

The information relating to the routing through the
machine between the code-extraction point (i.e. the
keyboard) and the point of entry into the distribution
section of the sorting machine can best be carried by
the letters themselves, in the form of code markings.
Furthermore, the keyboard can then be detached from
the sorting machine to form a separate unit, a coding
desk, and an automatic code-reader can be added to the
sorting machine. With this scheme a number of sorters
can operate coding desks remote from the sorting
machines, passing their outputs to the inputs of the
sorting machines, in which the codes carried on
the letters can be scanned by the code-readers and the
letters routed to the correct boxes in the sorting machines.

A further advantage which would accrue from code-
marking letters is that, once a letter had been marked
with a code at the office of posting, it need never be
inspected again except by machine until it arrived at its
office of delivery. For example, a letter posted at
Penzance and destined for Crieff in Perthshire would be
sorted a number of times on its journey. If, at Penzance.
it could be marked with the unique code for Crieff, the
first sorting machine would group it with London letters.
In London it would be grouped probably with Glasgow
letters and in this fashion it would be guided to its
destination.

Had the inward (street) sorting information also been
marked in code on the letter at the office of posting, it
would have been possible to arrange that at Crieff this
inward code could be read by a local sorting-machine
code-reader and be directed to a sorting box appropriate
to the postman’s walk that included the requisite street.
Unfortunately, this would have involved the original
coding-machine operator in making two extractions.
resulting in a considerably reduced sorting rate. How-
ever, another experiment is in progress at Norwich in
which the public are being asked to co-operate. Houses
and business premises are allotted codes of six digits,
e.g. ABC/12D, the first three digits referring to the post-
town and the second three to the street. Persons
corresponding with Norwich are asked to include this
public code in addition to the normal address, and
statistics are being obtained of the scale of public co-
operation. The idea is that, if the percentage usage of
this code is sufficiently high, the scheme will eventually
be introduced on a national scale, so that coding-machine
operators would no longer have to read and extract the
correct codes for the post-town and the street but would
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merely copy-type the public code. The two halves of
the code will produce on the letter two distinct sets
of code marks, one of which will determine the route of
the letter f.om the office of posting to office of delivery
whilst the other set will determine to which postman the
letter should be directed when it reaches its destination
office.

A SORTING SCHEME FOR A LARGE MECHANIZED
SORTING OFFICE

It has been explained in the preceding sections how,
by separating the keyboard from the sorting machines,
several benefits accrue. If the sorting office of a large
town is completely mechanized, the number of sorting
machines is determined by the number of boxes required
for the final stage of sorting the mail. The number of
coding desks is determined by the size of the largest
mail collection, the average operator rate and the
schedule of train connexions, etc. An early investiga-
tion of a large sorting office indicated that the require-
ments for outward sorting would be approximately
16 operators working into six sorting machines and 14
stacking units. A statistical analysis of the mail showed
that 50 per cent of it would be sorted into 14 selections and
each selection would warrant a separate stacker (termed
a main-selection stacker when used in this way). The
remaining 50 per cent of the mail would require six
sorting machines to sort it adequately for dispatch.

A photograph and a plan of a model of such an office
are shown in Fig. 1. Each coding desk has letter con-
veyors to each of the six sorting machines and 14 main-
selection stackers. The equipment is shown mounted
on a false floor (or plinth) which houses the conveyors.

Each coding-desk operator has a separate conveyor
from which the letters he has coded can be diverted
either to the sorting machines or the main-selection
stackers. Thus he has a primary conveyor with, in this
instance, 20 (14 + 6) outlets. The diverted letters from
all operators are carried by wide flat belts (called aggre-
gating-conveyors) to the sorting machines or to the
main-selection stackers. In each sorting machine the
random stream of letters is stacked and then fed syn-
chronously inio the code-reader, which in turn directs
the letters to the appropriate box.

If at any time a coding desk, primary conveyor,
aggregating conveyor, sorting machine or main-selection
stacker ceases to function correctly, the whole system is
not brought to a standstill. This is a most important
feature of the scheme. Alternatively, at slack periods
of the day, only a limited portion of the equipment
need be utilized. The scheme is equally applicable to
inward as well as outward sorting, the main-selection
stackers becoming the destinations for letters to large
firms, etc., when used for inward sorting,

Two translators are shown in Fig. 1. They deal with
(a) the translation from the operator’s code extracted
from the post-town name to the code required to be
marked on the letter by the printer in the coding desk, and
(b) the translation from the printed code-marks on the
letter to the sorting-machine instruction required by the
code-reader in the sorting-machine input. Each trans-
lator searches the two sets of equipment continuously,
seeking a translation to perform. The rate of search is fast
enough to leave the operator unaware that he is connected
to shared equipment and also to leave unaffected the
synchronous operation of the sorting machines.






LUTON EXPERIMENT

The Luton experiment was designed to test all the
elements of a scheme such as that outlined above.
Fig. 2 shows the Luton scheme diagrammatically.
Two coding desks are provided., each with its separate
primary conveyor. Each of these conveyors has four
diversion points that necessitate four aggregating
conveyors and four main-selection stackers, one of these
stackers (not shown in Fig. 2) being allocated to letters
bound for the code-reading sorting machine. In addition,
at the end of each primary conveyor another stacker is
provided. A single sorting machine with a code-reader
is provided, together with the necessary translators.

Coding Desks

The coding desks and code-reading letter-sorting
machines at Luton cannot be described fully here, but a
brief explanation of their function is necessary. Each
coding desk is in fact the separated keyboard-end of a
single-operator letter-sorting machine modified to house
two printing units and a code-reading unit. In this form
the coding desks become a ““building brick”™ of the whole
structure. Fig. 2 includes a block schematic diagram of
the coding desk. It shows the four principal parts, namely
the keyboard, the printer, the code-reader and the com-
parator. The translators also interwork with this unit.

The letters to be coded appear on demand in the
operator’s viewing position. He reads the address,
makes the requisite mental extraction of the 5-character
code and types it. This code is passed on to the first
translator, which in turn directs the printer to mark the
letter with the necessary bits of a 12-digit binary code
plus a start mark and, if necessary, a parity digit. The
bits are dots of a phosphorescent material that are
virtually invisible except when irradiated by an ultra-
violet-light source.

The letter meanwhile has passed into one of two
identical printing units. The operator then proceeds to
code the next letter and this will in turn pass into the

CODING DESK

other printing unit. The use of two printing units allows
sufficient time for the letter to be aligned accurately and
marked with the appropriate code, before it passes
through the reader unit. The information from the
translator that is used to set up the printer is also passed
into a comparator unit in synchronism with the passage
of the letter through the code-reader. If the printer has
operated correctly the two sets of signals will agree, bit
by bit, throughout the binary code. If, however, due
to omission or addition of binary marks the codes do
not agree, the comparator causes a reject divertor to
operate, and the letter is extracted from the system.

The reader unit also performs the separate function of
scanning the codes on items which have been coded at
other offices and are ready for inward sorting. The
desk is switched to automatic operation for this purpose.

In all instances binary signals detected by any code-
reader are passed to the second translator. This second
translator selects the appropriate aggregating conveyor
for each letter and sets the divertor control-unit accord-
ingly. This control unit is a memory device which
arranges that the letters passing along the primary
conveyor are diverted on to the appropriate aggregating
conveyors or, in the absence of a signal, are allowed to
pass into the end stacker. Letters that fall on to the
four aggregating conveyors from the two primary con-
veyors shown in Fig. 2 are stacked in random order.

Code-Reading Letter-Sorting Machine

The first aggregating conveyor collects letters that
require further sorting in the code-reading sorting
machine. At the time of writing, the link between the
output of this aggregating conveyor and the input to
the code-reading letter-sorting machine is manual, the
aggregating conveyor feeding a main-selection stacker,
as do all the other aggregating conveyors. The letters
required to be sorted in the sorting machine are placed
onits feed conveyor and are fed separately at synchronous
speed into the machine, passing the code-reader almost
immediately after separation. The binary-code signals
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FIG. 2—DIAGRAM OF LUTON SCHEME
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office, using codes printed at the collection office. To cover
this portion of the scheme, a small unit is being manu-
factured for installation at the Mount Pleasant sorting
office in London. This unit will consist of one coding desk
and one code-reading letter-sorting machine together with
the necessary 5-digit binary-code translator and binary-
code-to-machine-code translator. The Mount Pleasant
unit will send coded mail to Luton for inward sorting and
will receive coded mail from Luton for outward sorting,
thereby testing the complete scheme.

The equipment at Luton employs, in the main, well-
tested principles which have been given field trials in
various sorting offices. It also assumes the role of a

test bed for economic and life-test studies of various
other parts such as memory systems, divertors, letter-
jam alarms, etc. The experiment will also yield valuable
statistical data for the Postal Services Department.
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Book Reviews

*““Numerical Methods for High Speed Computers.” G. N.
Lance, M.Sc., Ph.D.,, M.LA.S., A.F.R.Ac.S. lliffe &
Sons, Ltd. x 4166 pp. 41ill. 42s.

Numerical analysis is a subject which, while it offers
many opportunities for advanced theory, is at the same
time intensely practical; in particular, in the adapting of
computational procedures to the computational aids
available. Thus, pencil-and-paper, graphs, slide-rules, desk
machines, and so on, all have their features which must be
considered in choosing a procedure; a given type of problem
may be handled in quite different ways according to the aid
used.

Electronic digital computers have features which often
make new procedures desirable. These features are: the
preference for many repetitions of a simple process, rather
than few repetitions of a complicated process; the difficulty
of storing tables of functions; the difficulty of arranging
for any intelligent being to keep an eye on the progress of a
calculation. A great deal of work has been done, and a great
deal of work is still going on, in devising suitable computa-
tional procedures. Dr. Lance’s book gives a fairly compre-
hensive review of the situation up to 1959.

An introductory chapter reviews calculating by hand
machines and leads up to automatic computers. There is a
chapter on evaluation of functions—square roots, ex-
ponentials, logarithms, trigonometric functions, and so on,
where the requirements of automatic computers have led to
entirely new methods in many of these methods the proper-
ties of Chebyshev polynomials have been exploited. The
solution of ordinary and partial differential equations is
dealt with, and so also are matrix manipulations, solutions
of algebraic and transcendental equations, evaluation of
continued fractions, interpolation, and numerical evaluation
of integrals. An appendix deals with floating-point working.
There is a bibliography of about one hundred items, an
author index, and a short (two-page) subject index.

Although the user of a computer may rely almost entirely
on sub-routines and library programs supplied with his com-
puter, the need for extension and adaption of these is likely
to arise and this book will help in giving him an under-
standing of principles. He will, however, have to be familiar
with numerical methods.

One could have wished for more on the subject of floating-
point working. This is a fundamental operation used in
many calculations and especially in autocodes, which are
now almost a standard feature of any computer. Most
autocodes use the method described by Lance, in which
rounding-off errors may mean that the printed result is not
to be trusted; the user has still to decide for himself how
accurate are his answers. Several workers are looking into
improved methods which give some indication of the
number of trustworthy figures in results,

W.E. T.
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“National Certificate Mathematics,” Vol. I (First year
course). P. Abbott, B.A., and C. E. Kerridge, B.Sc.
Completely revised by W. E. Fisher, O.B.E., D.Sc.,
A M.I.Mech.E. The English Universities Press, Ltd.
410 pp. 135ill. 9s. 6d.

This book is a revised version of the original work by
P. Abbott and C. E. Kerridge, which was first published in
1938. Fifteen impressions have been taken since that date.
giving an indication of the popularity of this book.

The part-time nature of the WNational Certificate
curriculum means that students must devote most of their
leisure time to study if they are to complete the course
successfully. Most students do not appreciate this, or prefer
to ignore it, during the early stages of the course, and the
consequent lack of familiarity with fundamentals is the
most common cause of failure in later years. Presumably
with this in mind, this book treats the rather elementary
subject matter briefly and simply, the various points being
illustrated with some 140 worked examples. The main
feature, however, is the number and variety of unworked
examples for practice, and in his revision Dr. Fisher has
modernized these problems, where possible, and has
increased the total number to over 900.

Some of these examples anticipate the work of later
chapters; for example, a quadratic equation is included as
one of the exercises at the end of the chapter on simple
linear equations. In his preface, Dr. Fisher claims that
“this is not altogether accidental” and tests the alertness of
the student. It is felt that students are more likely to think
that they have missed some point in the text, and will waste
time in attempting what is to them an impossible question.
This will be aggravated by the brevity of the text, which
also gives rise to incomplete treatment of some items. An
example of this occurs in Chapter 1, the section on
Approximations referring only to significant figure accuracy
and making no mention of the specification of a given
number of decimal places; inexperienced students are
frequently confused on this point. The handling of
logarithms with a negative characteristic receives very
scanty treatment, particularly the calculation of roots of
numbers between 0 and 1.

This book will normally be used in support of class
instruction, however, and these faults will undoubtedly be
remedied during tutorial periods. Any student who finds
the time to complete all the practical exercises in this book
cannot fail to become thoroughly familiar with the
elementary principles of mathematics, and in so doing will
provide himself with an invaluable background for his work
in all subjects in later years of the National Certificate
course.

G. H. K.



Reflectometers
D. E. WATT-CARTER, AMIEE.T

U.D.C. 621.317.742

At high-frequency radio-transmitting stations where open-wire
transmission lines are in general use it has been the practice to use
travelling meters, loosely-coupled inductively to the line, to measure
the standing waves. The introduction of coaxial feeders for distribu-
tion at transmitting stations has led to the use of devices which can
continuously monitor the standing-wave condition on a feeder and
the power output from the transmitter. The devices are known
collectively as reflectometers, and the operation of the directional-
coupler type and wattmeter type is described in this article.

INTRODUCTION

T is well known that if energy is transmitted along a
Itransmission line terminated by an impedance differing

in value from its characteristic impedance, some of the
energy will be reflected from the termination giving rise
to a standing wave of both voltage and current along the
transmission line. At high-frequency radio-transmitting
stations, where open-wire transmission lines are in
general use between the transmitters and aerials, it has
been the practice to measure this standing wave using
travelling meters, loosely-coupled inductively to the line,
as a means of determining and adjusting the impedance
characteristics of the aerials.

The effect of mis-termination of the feeders on a high-
power radio-transmitting system is, in the first place, to
cause a reduction in the amount of power delivered to
the aerial. In practice, the output circuit of the trans-
mitter is designed to be capable of adjustment to match
normally-occurring impedance variations, but even
though the output power of the transmitter be restored
to normal by such an adjustment, the standing wave will
still be present and will give rise to an increase in
attenuation along the line as well as to undesirably high
peak voltages in the transmitter and line. Ifin an extreme
case a transmission line happened to become dis-
connected or earthed the voltages set up might be
sufficient to cause serious damage to the installation.

The introduction in recent years of transmitters
arranged for coaxial-line outputs, and the use of coaxial
feeders for distribution to a point some distance from
the transmitter building, has made the feeders less
accessible for standing-wave-ratio measurements of the
travelling-meter type; on the other hand it has opened
the way to the use of more ¢legant measuring techniques
which can be exploited in various ways. A modern
transmitter can be fitted with a device which continuously
monitors the standing-wave condition on the feeder and
the power output from the transmitter and, should
conditions deteriorate below a predetermined amount,
will cause the transmitter to shut down. These devices
may take several forms, known collectively as reflecto-
meters, and a description of two of these is given in the
following sections. Before doing so, however, it may be
helpful in explaining the simple theory of their operation
if the conditions existing on a mismatched transmission
line are briefly stated.

THE MISMATCHED TRANSMISSION LINE
Suppose a transmission line supports two oppositely-
travelling electromagnetic-wave systems, as shown in
Fig. 1. In both systems the ratio Vi/lh = Vao/l. = Z,,
the characteristic impedance of the line, and the voltage

FIG. 1—TRANSMISSION LINE CARRYING TWO OPPOSITELY-
TRAVELLING ELECTROMAGNETIC-WAVE SYSTEMS

and current of either system are, therefore, in phase at all
points. If, further, the ratio V./Vi = L/hL = r, this
ratio is the reflection coeflicient of the combined wave-
system. Without loss of generality, the origin O may be
selected at a point in the line where V; and Vs, are in
phase. It will be noted that at this point I, and I, are
in opposition and, therefore, that a current-minimum
point is also a voltage-maximum point on the line. At
any point on the line a distance x metres from O,
legitimately assuming negligible attenuation and ignoring
the common pulsatance term,

Vl == I/I()ejﬁt
Il — @ eiﬁ‘f
0
Vo = Ve #¥ = rVi e 8¢
I, = V_m’ e i — r_Vm e~ i
Z Z

where B is the phase constant of the line in radians/metre.
The resultant line voltage at a distance x from O is.
therefore:
Vi = Vi, (€# + re i)
= Vi [(1 + rcosBx + j(1 — r)sinfx].. (1)
Similarly, the resultant line current is:

IL = 2 [(1 — cosBx +j(1 + Nsin fx].. (2)

If the line is cut at this point and terminated by an
impedance preserving the two electromagnetic wave
systems its value will be given by:

(1 — r2 4 2jrsin 28x
Zy=Vyll, = Z, 1T 2rcos 2,8x}' I )

It will be noticed that the phase angle between line

voltage and current is, in general, not zero and equals

tan*l[l i"r'—’ sin ZﬁX]

The power associated with the forward-travelling wave
is V1ly and with the backward-travelling wave is Vals,
so that the resultant power flowing in the line is:

P = Ve — VP o V12(1 — rg)
= 7 = Zo

f?i Overseas Radio Planning and Provision Branch, E.-in-C.’s
ce.
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The power flow may also be derived from the scalar
product Valy, which, from equations (1) and (2), will be
found to give the same result as equation (4). It is
clear, therefore, that power flow in a transmission line
may be determined either by measuring separately the
power in the forward and backward waves and sub-
tracting one from the other, or by measuring the line
voltage and current at a single point and finding their
scalar product. The first method requires a directional-
coupler and the second method a form of wattmeter.

TRANSMITTER REFLECTOMETERS

The Directional-Coupler Type

In order to measure separately the two oppositely-
travelling waves on the transmission line it is necessary
to couple with one field system to the exclusion of the
other. Suppose a small metallic loop is inserted into a
coaxial line which carries an electromagnetic wave in one
direction only (Fig. 2). The loop is loaded with a

-

DIRECTION OF
———
POWER FLOW

FIG. 2—DIRECTIONAL COUPLER IN A COAXIAL CABLE

resistance R and the output is delivered into the
impedance Z. This loop will couple both into the
magnetic field via its mutual inductance M and into the
electric field via its capacitance C. If it is not to upset
the line conditions appreciably its self-inductance and
capacitance must both be small and then, with a good
degree of accuracy, the following expressions may be
written for the currents flowing into the impedance Z:
That due to electric coupling,

. jwCR
i = }2 T Ve (5)
That due to magnetic coupling,
_ joM
I = R T A N (6)

The two currents are in phase quadrature with ¥ and
I, respectively, and are, therefore, in phase with each
other.

Suppose now the direction of the wave is reversed,
by changing the direction of either V or I. Then, i,
opposes 7, and, by correct choice of the loop parameters,
they may be made to cancel. The condition for this is
found, by equating equations (5) and (6), to be

M|CR = Z,.

Thus, a correctly proportioned loop will respond to a
wave travelling in one direction only, and it will be
noticed that this unidirectional property is insensitive to
frequency, so that it is suitable for wideband operation.
The actual loop dimensions are chosen by using approxi-
mate methods to calculate C and M, and the precise
balance is achieved by determining R experimentally.
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FIG 3—REFLECTOMETER USING DIRECTIONAL COUPLERS

In the directional-coupler type of reflectometer a
combination of two opposed directional couplers is used
to form a reflectometer, as shown schematically in Fig. 3.
Outputs from the forward and backward couplers are
applied, respectively, via simple netwerks Cl, Rl and
C3, R3 to compensate for rising output with frequency,
to rectifiers and smoothing circuits C2, R2 and C4, R4.
The rectified signals are then applied to a ratiometer, R,
calibrated to read their ratio, which is the reflection
coefficient of the wave in the transmission line. The
meters P1 and P2 are calibrated in terms of the forward
and backward power, respectively, and the difference
between their readings indicates the power being conveyed
to the load along the transmission line. It will be noted
from equation (4) that if the reflection coefficient does
not exceed 0-3, which is so in all normal circumstances,
then the error in taking the reading of the forward-power
meter P1 as the true power is less than 410 per cent, so
that for most practical purposes the backward-power
meter P2 is omitted.

The transmitter is prevented from operating under
badly mismatched conditions by the incorporation of an
auxiliary circuit, in which a signal from the backward-
coupler circuit and a proportion of the signal from the
forward-coupler circuit, derived from the dividing net-
work R5, R6, are applied to a magnetic amplifier, M.
Under normal line conditions no current flows, but
should the reflected component increase the backward-
coupler signal takes over and the magnetic-amplifier
output is made to decrease and release relay T, which
disconnects the h.t. power supplies from the transmitter.

The Wattmeter Type
Another type of reflectometer is illustrated schemati-
cally in Fig. 4. In this arrangement signals proportional

v, ———:‘_t—'-—-‘u‘z '—‘—4

FIG. 4—REFLECTOMETER USING LINE CURRENT AND VOLTAGE
COUPLING



to the line current and line voltage are applied to a
rectifier-resistor network, containing resistors R1, R2,
R3 and R4, via a toroidal transformer, having a centre-
tapped secondary winding, and a potential divider
consisting of two capacitors Cl and C2 (C. > C1).

It is shown in the Appendix that if the network
components are correctly chosen and the network is
balanced (R, = R; and R; = R.), the ratio of the direct
currents flowing through the resistors R3 and R4 (or of
the voltages appearing across them) is numerically equal
to the reflection coefficient of the line.

An alternative method of using this circuit is to place a
trip relay in series with the r.f. choke and to make the
resistor R3 variable. The value of r at which the current
through the relay falls to zero and releases the relay may
then be determined by the setting of resistor R3.

It will be noticed that the voltage appearing across the
points AB of the bridge will be proportional to V(1 + r).
If a second bridge is provided identical with the first,
except that one of the rectifiers is reversed relative to the
other, then the voltage appearing across AB will be
proportional to Vi(1 — r). If these two voltages are
applied to a conventional type of d.c. wattmeter the
reading will be proportional to their product, i.e.
Vi*(1 — ), which, as seen from equation (4), is
proportional to the power flowing in the line.

CONCLUSION

Reflectometers of both the types described in this
article are in service as transmitter-monitoring devices at
Post Office high-frequency transmitting stations, the
first type in transmitters installed at the Rugby B and
Criggion stations, and the second in transmitters installed
at the Ongar, Dorchester and Rugby A stations. Both
types are applicable to other frequencies, both higher and
lower; the first type of instrument, being dependent on
defined electromagnetic field patterns, is more suited to
higher frequencies, and the second method could readily
be extended to lower frequencies where lumped-circuit
techniques are more applicable.

APPENDIX

Derivation of the Current and Voltage Relationships in the
Reflectometer of Figure 4

In considering the currents flowing in the network
illustrated by Fig. 4 it is convenient to deal separately with
those due to inductive and capacitive coupling to the line.
For the moment the effect of the rectifiers will be disregarded.

The elements of the network which are relevant to the
currents 7, and 7, derived from the inductive coupling, are
shown in Fig. 5(a). The mesh equations for the left-hand
half of the network are

(i + i) joL + i (Rs + 1[joC,) = joMI

and — 0" R + i (R + 1/jwCy) = 0,
from which it is deduced that
joMIR,

I

~ joL(R, 4+ Ry) + wLjwC; + R,R, + R,[jwC,

If oL > R, > 1/wC,, this expression simplifies to:
. MIR,
' L(R, + Ry)
A similar expression may be found for i, by considering
the right-hand half of the network.
Referring to Fig. 5(b), the capacitive divider C,,C,

(b)

(&) For inductive coupling
(b) For capacitive coupling

FIG. 5—EQUIVALENT CIRCUITS FOR NETWORK OF WATTMETER-
TYPE REFLECTOMETER

mtroduces into the network a voltage ¢ across OP which is
approximately equal to VC,/C, (since C,< C,). The
reactance of C, is so much smaller in value than the
resistances that its effect may be ignored, and the currents
i, and 7, are then given by:

Ve,
C, (R, + Ry)

Ve,
C: (R, + RY)

1t will be noticed that i, and i, are in phase with the line
current I, and i, and 7, with the line voltage V. Also, the
relative senses of the currents i, and i; are the same, whereas
those of currents 7, and i, are opposite.

Suppose the parameters of the network are chosen such
that C,/C, = MR,/LZ, = MR,/LZ, = K, and making
R, = R,, then the resultant currents flowing in the resistors
R3 and R4-are, respectively,

iy + iy = K(an + V)/(Rl + R3)

and iy — iy = K(ZI — V)/(Ry + Ry)

The expressions for V and I given by equations (1) and
(2) may be inserted in the right-hand side of these equations
to transform them to:

i, + i, = 2KVi(cosBx + jsinfx)/(R, + Ry)
= [2KV,/(R, + Rs)] LBx

i, — i, = 2KVyr(cosBx + jsinfx)/(R, +— Ry)
= [2KV#{(Rs + R, £Bx

That is to say, for a given reflection coefficient, r, the
currentsin R, and R, are of constant magnitude, independent
of the position of the standing wave relative to the coupling

oint.
P The effect of placing rectifiers in series with R3 and R4
will be to cause direct currents to flow through them
substantially proportional to the magnitudes of the
resultant alternating currents, and it follows that
| iy — is | (R, + Ry)
[, + iy | (R: + Ry)

If the bridge is made symmetrical (R, = R,) then the
ratio of these currents, or of the voltages v, and v, appearing
across the resistors R3 and R4, is numerically equal to the
reflection coefficient r.

i; =

and iy =
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Component Reliability in Post Office Equipment”
A. A. NEW, M.sc., F.R.I.C., A.lnst.P.T

U.D.C. 621.3.03.004.15

The growing use of electronic equipment and the need for apparatus
capable of functioning for very long periods without any main-
tenance attention have increased the importance of component
reliability. The necessity of determining the exact reasons for
failures is stressed and the effects of working conditions on the lives
and performance of components are reviewed. The analysis of
statistical data relating to component reliability is discussed and
some statistics of failures of components in Post Office equipment
are given.

REASONS FOR INCREASED INTEREST IN RELIABILITY

HE Post Office, with its very large investment in

telecommunications plant, has always required its

equipment to have a long life and be very reliable.
The developments that have taken place during the last
decade have, however, greatly increased the importance
of reliability. The growing use of electronic equipment
and particularly the tendency for it to be used to carry
out functions previously performed by electromechanical
equipment have offered the prospect of reducing main-
tenance attention almost to vanishing point. If, as a
consequence, equipment can be left unattended for many
years without failure, extremely important developments
become possible. The introduction of electronic com-
puters into everyday Post Office work also lends added
importance to achieving reliability in electronic apparatus.

Some organizations have found it desirable to employ
engineers whose sole concern is reliability, but the
production of reliable equipment depends on the
application of certain principles from the earliest stages
of design. To be fully effective, therefore, a reliability
engineer must also be a design engineer in every relevant
sense. A more reasonable alternative is that every
design engineer should have a knowledge of the prin-
ciples governing reliability.

In operating electronic equipment reliably for a very
long period, one of the major factors is the reliability of
the individual components when working under the
conditions of temperature, humidity, voltage, mechanical
wear and operational hazard to which the equipment is
normally subjected.

The probability of failure of an equipment due to
random failures of its components when such failures
are very rare is the sum of the probabilities of failure
of each kind of component multiplied by the number of
components of that kind. However, if the incidence of
failures is high enough for the possibility of the simul-
taneous occurrence of more than one fault in an equip-
ment to become appreciable, the above probability is
often reduced by such simultaneous faults or by multiple
failures.

Hence, if all kinds of components had the same
probability of failure, the equipment with the least
components would be the most reliable. In fact,
different kinds of components have widely different
failure rates.

RELIABILITY AND STABILITY

Reliability implies the absence of failures, and stability
the absence of change in the characteristics of com-
ponents. Nevertheless, reliability and stability may be
assessed in terms of failures and drift, and it is by
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studies of these phenomena that the way to avoid them
can be discovered and components improved.

Superficially there are two broad classes of failures:
those due to an abrupt change of some important
parameter to zero or infinity, called catastrophic failures,
and those which occur more gradually due to a drift of
some parameter outside a value corresponding to some
limit of performance of the equipment. Short-circuits
and disconnexions are failures in all circumstances, but
failure by drift depends on the requirements of the
design of the equipment in which the component is used.
In addition, if regular maintenance is carried out, some
drifting components can be replaced before the equip-
ment-failure limit is reached. Such factors are liable to
introduce a lack of precision into statements on the
reliability of components and should be defined clearly
if there is any possibility of ambiguity.

MECHANISMS OF FAILURL

Statistical studies on components give a measure of
the reliability of a component or the effect of a condition,
and may be used to improve the reliability of an equip-
ment by allowing the best choice to be made from many
alternatives, but such studies cannot directly indicate
how the reliability of the component can be improved.
The only way this can be done is by determining the
mechanisms of failure of faulty components by the
appropriate chemical and physical methods and deducing
from these investigations how such mechanisms may be
slowed down or eliminated without introducing other
failure mechanisms. An alternative is to design a
completely new component, making use of the best
physical and chemical information available, but such a
component needs thorough life-testing before its relia-
bility is known.

There is a reason for every failure. This may seem
an unnecessary truism, but it is worth stating because
mere lack of information and the desire for simple
statistics lead to the lumping together of many different
kinds of faults, and sometimes inferences are subsequently
made as though (@) the faults were all the same kind, or
(b) they were purely random events, when neither of
these assumptions is justified. The use of statistics and
the assumption of randomness are much better than
subjective judgments based on a few samples under
unknown conditions, but the result should be regarded
as a rough approximation adopted because of incomplete
information. A grouping in accordance with the
individual mechanisms of failure can often indicate useful
inferences and generalizations.

In general one may say that, when components are
working as intended, only electrons are being per-
manently displaced. If matter, in the form of atoms,
ions, molecules or aggregations of them, is being per-
manently displaced such a displacement may constitute a
mechanism by which the component may fail. Com-
ponent failure mechanisms may arise from misuse, bad

* This is an expanded version of a paper contributed to the
L.LE.E. Symposium on Electronic Equipment Reliability on
18 May 1960.

1 Post Office Research Station.



design, failure of other components, mechanical causes,
or chemical and physical processes.

As the writer has dealt with the detailed mechanisms
of failure of components in general! and of mica
capacitors in particular? at some length elsewhere,
readers requiring further details are referred to those
papers. Many mechanisms of failure of valves and
drift of their characteristics have been described by
G. H. Metson?: 4 5 and others, including considerations
affecting valves for the transatlantic telephone cable
system:® transistors have been dealt with by F. F.
Roberts.” The use of component reliability data in
circuit design has been described by A. C. Lynch.®

ACCELERATING AND DE-RATING FACTORS

When estimating the effect of altering the working
conditions or of de-rating components, or when con-
sidering the use of accelerated life-tests, a knowledge of
the magnitude of the accelerating or de-rating factori
involved is essential. It is much to be preferred that
this information should relate to the individual mech-
anisms of failure of components rather than to the
components themselves, although the need for generali-
zations sometimes makes the latter association un-
avoidable.

Change of Parameters with Time

During shelf life and working life the parameters of a
component are continually changing even though the
rate of change may be very small and detectable only
with very sensitive measuring equipment. Some of these
variations are cyclic and associated with some cyclic
change in temperature, humidity, voltage or other con-
dition. Such variations are predictable from a know-
ledge of the relationship between the condition and the
parameter concerned. Other types of change are con-
tinuous and are usually termed drift.

If such drifts are plotted against time for various
types of component and parameter many different types
of curve may be found, including some, such as those
relating to the conductance of valves,® which are nearly
straight lines. Some drifts may be negligibly small at
first, but increase with time, as does the resistance of a
conductor a part of whose surface is being corroded
away at a constant rate. Other drifts may be fairly
rapid initially, but may asymptotically approach some
fixed value, as sometimes happens when the relaxation
of a frozen-in strain in a plastic takes place and governs
the capacitance drift of a capacitor. Any of these types
of drift may terminate abruptly with the value suddenly
increasing or dropping to zero on account of some
secondary effect, but the main reason that abrupt
catastrophic failures of an unpredictable nature occur is
that the change at the spot where the failure will take
place, which may be an exceedingly small area, is masked
by some large unchanging quantity which has always to
be measured along with it, e.g. the current at the minute
faulty portion of the dielectric of a 1 uF paper capacitor
may have to increase 10,000 times before it is noticeable
in comparison with the normal leakage current of the
vastly greater area of sound dielectric.

i An accelerating factor is a measure of the rate of increase of
deterioration caused by a given change in conditions and hence
of the shortening of life. A de-rating factor is a measure of the
extent to which one operational condition must be reduced in
intensity (@) to balance the intensified action of some other
condition, or (b) to produce a given increase in length of life.

Environments

The environment in which a component is required to
work has a profound effect on the length of its life. It
cannot be too strongly stressed that this statement refers
to the environment immediately adjacent to the com-
ponent, and includes a// the conditions relating to that
environment.

The exact quantitative effect of ambient conditions on
the life of a component is a complex function which can
only be stated for a given component after a considerable
study of the processes underlying its mechanisms of
failure. The accelerating effect of a change in conditions
is often different for various mechanisms of failure, and
hence, when endeavouring to predict the life of a com-
ponent by extrapolating from data obtained in accelerated
life-tests, a separate extrapolation should be made for
each mechanism of failure. The expected life should
then be taken as the lowest of the individual values so
obtained. A great deal of research is being done on this
subject, but in the meantime use is often made of the
following generalizations.

Temperature. Many failure mechanisms act more
rapidly when the temperature is raised, and for some of
them the rate of increase is roughly doubled for every
10°C rise in temperature.l® For example, some types of
impregnated capacitor described by Brotherton!! had
rates of failure at temperatures of 65°C and 85°C related
by a factor of 2-2 per 10°C.

Many component-failure processes are chemical
reactions. The speed of many chemical reactions varies
with temperature by a factor!? of 2-3 per 10°C. The
speed in most instances is governed by either the reaction
rate (in many processes involving gases or liquids) or
the diffusion rate (mainly processes involving, in addition,
one or more solids'®). These rates may be represented in
simplified form by A exp(—E¢/RT) and Ag exp(—Ee/kT)
typically, where A4 and Ag are frequency factors
representing frequency of collisions, E; and E, are the
activation energy in calories/mole and in electron volts
respectively, R is the gas-constant'mole, & is Boltzmann’s
constant (R/Ng, where Ny = Avogadro’s number) and
T is the absolute temperature. The logarithms of the
above expressions plotted against the reciprocal of
absolute temperature give straight lines, and hence the
temperature coefficient is not a constant but decreases
with increasing temperature.*

If the activation energy E. is of the order of 20,000
and the A4 values are such as commonly occur, the
reaction rate is perceptible at ordinary temperatures, and
the temperature coefficient (per 10°C) is about 2-3
(3-1 for 20-30°C, falling to 2-6 for 50-60°C). If the
activation energy is as high as 40,000, the reaction rate
is imperceptible at ordinary temperatures!® (the tem-
perature needs to be raised several hundred degrees
before the rate is appreciable), but its rate temperature
coefficient (per 10°C) is now much higher (about 9-3 for
20-30°C falling to 6-5 for 50-60°C).

It can thus be seen that rate temperature coefficients
of 2-3 times (per 10°C) are often met because they occur
where the rate is appreciable and hence the process is
both noticeable and readily measurable.

The above is a simplified picture assuming that the
reaction consists of a single process, but in practice this
is rarely so. Most reactions consist of a number of
processes with different activation energies (and rates).
One process usually predominates as an overall speed or
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rate-determining factor in a particular range of tem-
perature while another is more important in a different
temperature range. Hence, curves derived as above some-
times consist not of one straight line but of two or more,
with a slightly curved portion where they meet. depending
on the extent of the temperature range over which they
have been made. If there is a change of state of one of
the materials involved there will also be a marked change
in the reaction rate at the temperature at which the
change occurs.

Tt is useful to analyse data in this way because the
straight-line relationship permits a certain amount of
interpolation and extrapolation and because many
activation energies are known or can be calculated
theoretically. The possibility of a particular reaction
being concerned in some failure mechanism may thus
be considered quantitatively.

In such analyses the data should be derived from
one mechanism of failure only and it should be clear
whether, in the range of conditions used in any
extrapolation, one or more than one process is operative.
If more than one process is present the plot may consist
of more than one straight line and this must be taken
into account in any estimates of expected life.

The above refers mainly to the mechanisms of failure
arising from chemical reactions, but other failure
mechanisms such as those due to relaxation of long
chain molecules are also accelerated by rise of tem-
perature. Because the movement of such molecules
takes place through a very large number of separate
jumps of the atoms or groups constituting them, their
rate temperature coefficients are subject to similar con-
siderations but with the difference that there are two (or
more) processes approaching equilibrium.

Humidity. Many deterioration mechanisms of com-
ponents are accelerated by a rise in ambient humidity if
some electrically functional part is capable of absorbing
moisture or of having moisture condensed on it. The
effect may become evident as chemical corrosion, or as
increased capacitance, power factor, or leakage current.
If the leakage current is high it may lead to electro-
chemical corrosion, perhaps followed by a short-circuit
or disconnexion.

If there is some severe restriction on the rate of entry
of the moisture vapour, either because it can only enter
through a fine crack or pinhole, or because it has to
diffuse through some plastic seal or casing, this restriction
may be the overall controlling factor of the rate of
deterioration.

The rate at which such mechanisms act is usually a
function of the rate of diffusion of moisture. This is
governed by Fick’s law,® which states that the rate of
diffusion of a vapour through a permeable membrane is
proportional to the difference in vapour pressure between
the two sides of the membrane. In practice the “mem-
brane” is formed by the casing, coating, or filling
intended to prevent moisture entering the component.

Most electrolytic capacitors (excluding recent com-
pletely dry types containing manganese-dioxide coatings)
call for a modification of part of the above in that their
capacitance and power-factor values often drift at a rate
which is a function of the difference in moisture-vapour
pressure between their interiors and the external ambient
atmosphere. If it is drier outside than inside they dry
out; if the moisture-vapour pressure is greater outside
than inside, moisture will diffuse in until the available
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space is full and the internal pressure may then cause
leaks of liquid or force open the case, resulting in a
catastrophic fall of insulation resistance.

Where moisture is condensed as liquid water on a
surface, deterioration is a function of the amount and
distribution of the water film deposited, but often the
conditions of such films change so frequently and so
rapidly that precise investigations are difficult.

Voltage. Based mainly on empirical work, it has
been shown that in many instances the rate of deteriora-
tion of components, such as impregnated-paper capaci-
tors, whose failure mechanism consists of a slow deter-
ioration of a dielectric under d.c. stress of the order of
1-100 volts/micron, is proportional to a power n between
4 and 8 of the applied potential.*s. !* Brotherton!!
showed that for capacitor impregnants in general use »
varies from 4-6. For convenience it is usually taken
that the life of such capacitors is inversely proportional
to the fifth power of V.

Current or Loading. The life of resistors and wires is
related to their loading. Over the full range of current
or loading from zero up to that causing rapid breakdown
there are usually several different mechanisms of failure,
each one predominating over a part of the range. At
the higher end the temperature of the working element
of the component (a function of heat evolved less heat
lost) may be the most important factor and be a cause of
resistance drift. For low-current values at which the
heat evolved is negligible, the predominant factor may
be electrolytic attack, and the length of life may be
related to the current by processes based on Faraday’s
laws. If the current is variable the main factor is the
total quantity of electricity passed. This applies to the
leakage current in some types of capacitor and to
leakage currents between poorly-insulated conductors.

With small resistors most of the heat dissipated is
conducted along the leads, but with larger resistors a
greater part of the heat is dissipated by convection.
Radiation only becomes important at surface tem-
peratures of the order of 300°C or more. De-rating
graphs for the various types of resistor are given in the
Inter-Service Standards RCLI111 and 112.18

Frequency. 1f a deterioration process occurs once per
cycle of an applied alternating potential, e.g. the ioniza-
tion of gas in an enclosed space in a dielectric with
impact of the ions on the inner surface of the dielectric,
then, other things being equal, the rate of deterioration
may be proportional to the frequency of the alternating
potential.

STATISTICAL DISTRIBUTIONS

Considerations Arising when Dealing with Large Batches

When large batches of components have to be studied
it is of interest to consider the main distributions occur-
ring. Such information gives various measures of the
quality of the populations of components concerned
but does not indicate directly how the components may
be improved. It is useful in assessing statistical data
on component reliability such as those given in Tables 1-4.
If a rigorous estimate of significance or comparison with
some hypothesis or mathematical curve is desired this
can be done simply by the use of the chi-squared test
and tables.?

Distribution of Parameter Values in a Population
The distribution of capacitance values of an actual
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The plots were made with different width steps to emphasize different features. The superimposed dotted line gives the curve
of the normal distribution.

FIG 1—THE DISTRIBUTION OF CAPACITANCE VALUES IN A BATCH OF 1,000 CAPACITORS

consignment of 1,000 capacitors of nominally 10,000 pF
capacitance and -+ 1 per cent tolerance is shown in
Fig. 1. The three histograms show analyses of the same
set of data in steps of 10 pF, 20 pF and 50 pF, while super-
imposed on each is the theoretical curve obtained by
assuming a normal distribution of the same number of
samples with the same mean and standard deviation.
They illustrate the following features of interest:

(a) They resemble the theoretical normal distribution
fairly closely, so that mathematics that has been worked
out for such a distribution can be applied if desired.
Fortunately, the departure from it has to be severe before
tests of significance on averages become inaccurate.!®

(b) The mean of the batch is a little higher than the
nominal value.

(¢) Only two of the 1,000 are outside the lower toler-
ance, but 136 are outside the upper tolerance. This
arises partly from the difference between real and
nominal means and partly because

(i) the distribution is sligl *ly skew, and
(ii) there is a slight doubl”. “ump in the distribution,

the minimum of the hump .oinciding with the mean
value of the whole batch.

Some or all of these features are found in measure-
ments on all batches of components, often with greater
divergencies from the normal curve. The increasing use
of automatic selection machines in resistor production
can, for example, result in batches having a very strongly
double-humped distribution if a 5 per cent tolerance
batch contains only individuals which are between
+ 2 per cent and -+ 5 per cent or — 2 per cent and
— 5 per cent of the mean value. Distributions with a
greater degree of skewness than the above are common.

Distribution of Failures with Time

The distribution of failures in the time domain is very
important in expressing and estimating the reliability of
components and equipments during service.

The ideal distribution economically, if life were
proportional to cost, would be that in which all the
components of an equipment were due to wear out
simultaneously on the day after it had been discarded,
but this is impracticable.

If the distribution of failures with time of large

numbers of components in an equipment is plotted, a
curve with a shape rather like one of the dotted curves
in Fig. 2 and 3 may be obtained. Such curves consist
of three main parts, an initial rapidly-falling portion
usually consisting of small numbers of failures of each
of several different mechanisms of failure of several
kinds of components (usually termed ‘‘early failures” or
“rogues’”), an intermediate fairly flat portion related to
a low failure rate, and a humped portion which corre-
sponds to the main-failure mechanism of one type of
component.

If several different main-failure mechanisms are
present, the individual humps tend to be smoothed out
when all failures are lumped together. If the failures
from many types of component in an equipment are
taken together, a further smoothing of the distribution
curve occurs, and if the failures in equipments of various
ages are also treated together, still further flattening
takes place. Two further causes of flattening of this
curve are that failures due to maltreatment are often
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V—valve C—capacitor
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Many examples are known of normal (- —- curve) or skewed-normal (- - - curve)

distributions in time of failures of a single type of component during accelerated
life-tests, but little information is available relating to the whole working life of
complete batches of a single type of component, .

The thick lines indicate observed failures and the thin lines show the additional
failures which could be expected if at any time a failure occurred only the faulty valve
were replaced instead of all three in the repeater. The estimate assumes that the
observed failures indicate the earlier side of the hump and a half-life of
7 years It agrees with the total number of valves of the type and the usual shape
for one failure mechanism.

FIG. 2—DISTRIBUTION OF COMPONENT FAILURES WITH TIME FOR
SUBMERGED REPEATERS LAID 1951-1954
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FIG. 3—FAILURES PER 100 COMPONENTS PER YEAR

randomly distributed and that the higher incidence of
early failures is often hidden by a deliberate pre-aging of
the components or the equipment or both. Such a
procedure removes many of the failures, which are not
included in the failure distribution curve.

Hence, in equipments containing large numbers of
components of different kinds and ages, it is usual to
find that the failure rate shows only moderate changes
from year to year, and that fault rates can therefore be
expressed, with a useful degree of accuracy, as x per cent
per unit of time.

When referring to a single mechanism of failure of a
single component this method of expression is less valid,
because the distribution is often more or less normal or
log-normal, and the half-life, together with some expres-
sion of the spread, such as standard deviation, variability,
or the time to 0-1 per cent, 1 per cent or 10 per cent
failures, defines the situation more closely.

However, when there are several failure mechanisms
present, including early ones, the x per cent per unit of
time method (which really assumes that failures have a
purely random distribution) has some value provided
that designers are clear about its limitations and the
actual time of test is not too short, say not less than a
year.

Distribution of Rare Failures in the Number Domain
(Number of Incidents per Interval)

The distributions when the numbers of failures per
unit of time or equipment are low and often zero are of
interest in at least three connexions: firstly, with regard
to the principle of redundancy where a component is
in parallel with »n others of the same kind and value, so
that complete failure will only happen when there is a
coincidence of » failures at the same part of the circuit;
and, secondly, when a situation exists that there are, say,
four components of the same type in each of 20 equip-
ments and failures of such components in the individual
equipments have been 0,0, 1,0,3,0,1,2,0,0,1,4,1,0,
2,0,0,2,0,0. Does this mean that there were special
local circumstances affecting the equipments with three
and four failures which could only be determined by
studying those equipments closely, or would a mere
random distribution of 17 failures have a high probability
of producing an instance of three and of four failures in
a single equipment? Thirdly, there is a similar situation
concerning time intervals, e.g. if the above failures
occurred in say successive weekly periods, is there a
high probability that the weeks with three and four
failures had special conditions (e.g. high humidity, high
line voltage) causing the high failure rate, or is there a
high probability that a random distribution would
produce these results?

The distribution of scarce events like the above takes
place in accordance with the Poisson series:
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if the events are occurring randomly, where m is the
average frequency and e~ corresponds to zero occur-
rences.

If random, the failures may well be grouped together
for study, but if not it is wise to examine with more
than usual thoroughness the conditions affecting the
minority of outstanding failures. These may contain
the most extreme (and hence the most readily recogniz-
able) condition of a general cause of failure, or some
condition which is specific to them and not to the
majority.

e-m

et seq.,

Other Statistical Distributions and Calculation of
Equipment Reliability.

Other distributions applicable in certain circumstances
in the calculation of equipment reliability are the
Binomial, Exponential,®*»%** Gamma,” and Weibull.22

Methods of calculating reliability of service equip-
ments from component data have been published in this
country®® and the U.S.A.23

DEGREES OF RELIABILITY AND LENGTH OF LIFE REQUIRED
BY THE POST OFFICE

The desire for the maximum reliability of equipment
at an economic cost leads to several different degrees of
reliability when applied to specific types of equipment.
These degrees of reliability may for convenience be
arbitrarily listed as follows, where the standard of
reliability for (a) is a little better than that of the ordinary
commercial radio set:

(a) Hearing aids for Ministry of Health (developed
and partly designed by the Post Office: 3-year life with
a small percentage of failures (i.e. about 0-1 per cent—
0-2 per cent component failures per year).

(b) Computers for other Government Departments:
10-year life and serviceable for at least 90 per cent of the
time.

(c) General telecommunications equipment: 20-year
life with minimum interruptions of service (for electronic
exchanges about 0-05 per cent component failures per
year has been suggested).

(d) Shallow-water submerged repeaters: 10-year life
with not more than a few days out-of-service time per
system per year.

(¢) Deep-water submerged repeaters: 20-year life
with no failures (one failure in 20 years allows only
0-0004 per cent component failures per year).

These standards are liable to be raised and greater
reliability may be required. They are equipment require-
ments, but a knowledge of them is essential as a back-
ground to the statistics of component performance that
follow.

SOME STATISTICS OF RELIABILITY OF COMPONENTS USED BY
THE POST OFFICE

1t is only possible here to deal with the simpler statistics
of field performance of components, and Tables 1-4
give some rates of relative failure occurrence and per-
centage failure rates per annum of components in certain
Post Office equipments. In each example wiring is
counted as one unit, but in a few instances further
information is given concerning the number of termina-
tions or soldered joints.



TABLE 1

Relative Incidence of Failures of Components in General
Telecommunications Equipment

Percentage of
Total Failures
of all Components
Carrier-generating Valves 39-6

equipment and Jacks (see note)
supergroup trans- Wiring 1
lating equipment Capacitors
(1951-52) Relays

Resistors

Fuses

Filters

Valveholders

Transformers

Potentiometers

Rectifiers

Attenuators

Fuse panels

Connexion strips

Coils

Keys

Modulators

Magnetic-drum Cold-cathode tubes 43
register-translator® Valves 13
(1959) Wiring 13

Rectifiers,
germanium point-
contact 13
selenium 3
Resistors 13
Plugs and sockets 0
(including multi-
contact plugs and
coaxial plugs)
Capacitors

Type of Equipment Type of Component
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Video amplifier panels Valves 5
(1956-57) Resistors (fixed-value) 1
Wiring
Capacitors,
foil-and-paper
ceramic trimmer
Potentiometers
Fuses
Relays
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Note: Nearly all failures were on input and output jacks of
amplifiers and were due to too-short lengths of cord associated
with jacks.

In addition to the data contained in Tables 1 and 2,
information relating to the relative incidence of failures
in hearing aids shows that relatively few failures of
active or passive electronic components occurred but
that most failures were due to broken cases and receivers.
In the first year of operation of the ‘“Mosaic” com-
puter,2® however, the most serious cause of faults was
drift in high-stability resistors. The average rate of
valve replacements was 10 per month. There were
also some failures due to open-circuits in resistors and
bifilar coils.

The crudities of these simple forms of statistics are
well known and have been commented on already
(e.g. the combination of failures caused both by manu-
facturing faults and by wearing out, a type of failure
occurring mainly with valves, together with random and
systematic failures), and, where arbitrary choices of data
have had to be made, the more conservative course has
been followed. The data on repeaters, for example,
include some repeaters which have had several years of
shelf life before starting their operational life and this has
been counted in the calculations. In most instances there
were a few more repeaters than there were repeater

positions in the cable systems, leading, where failures
and replacements have occurred, to an increased prob-
ability of finding early (manufacturing) failures, though
of course also a decreased probability of finding late
(wearing out) failures. Also, the number of passive-
component failures is increased by items like glands or
loose solder, which are extremely important in this
context but may not be so in other circumstances.

The large number of figures for groups of components
among which no failures have taken place are quoted
because it is felt that this information is often as valuable
in indicating the low failure rates that can be achieved
(even though the exact level is not known) as figures for
the actual failure rate of less reliable types.

Tables 1-4 show that components in electronic equip-
ment used by the Post Office have much the same
relative reliabilities as those quoted in the literature® for
many other equipments. Valves usually have the
highest failure rate, followed by resistors, capacitors and
wiring at a considerably lower level, while inductors and
transformers of normal types rarely have failures. The
rates for resistors, capacitors and wiring would be lower
still were it not for the relatively large numbers of such
components and of wiring joints inequipment. Occasion-
ally, by reason of a bad batch or unfair rating or design,
any one of the other components may temporarily show
a high failure rate until the matter has been diagnosed
and dealt with.

Tables 3 and 4, which give failure rates per 100 com-
ponents per annum, show lower rates for land tele-
communications equipment than have been published for
comparable equipment elsewhere.*

The figures for failure rates for components in under-
water repeaters show that the comparatively simple
ideas on component reliability applied to submerged

TABLE 2
Incidence of Failures of Components in Submerged Repeaters

Number of
Failures (Note)

Type of Repeater Type of Component

Shallow-water, early Capacitors,
experimental types silvered mica
1943-1951 and clamped mica
1946 (still worki{'ng) Resistors (fixed-value).

—— -0

Switches
Shallow-water, Valves 10
laid 1951 and Resistors wire-wound) 2
still working Capacitors 1
Transformer screen 1
Glands 1
Shallow-water, Valves 2
laid 1953 and 1954, Glands 1

1 due to loose
solder
1 noisy amplifier

still working

Not yet identified

Shallow-water,

laid 1954 and Not yet identified 1
still working
Transatlantic
telephone cable — 0
laid 1956 (cable severed
three times by
trawlers)
Deep-water,
systems laid — 0

1958 and 1959

Note: The figures quoted are the totals at 1 January 1960
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TABLE 3

Failure Rate per 100 Components per Yeai—General Telecommunications

Equipment

Type of Equipment [Type of Component

Failure Rate

Valves ‘
Cold-cathode
triodes ‘
Cold-cathode
diodes
Resistors
Capacitors
| Rectifiers (mainly
copper-oxide)
| Valveholders
Tags (individually)
Soldered joints
All passive com-
ylaonems (note)
‘ All types (note)

Experimental
electronic
director at
Richmond
Exchange?®
(1952-53)

[ A
cCoO—

1st Year 2nd Year
39 28
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025
052

Valves

Wiring

Fuses

Potentiometers

Metal rectifiers

Relays

Resistors

Capacitors

Switches

Inductors

Plugs and sockets

All passive com-
ponents

Ali types

Video amplifiers
(20 db)
(1956-59)

1956-57

1958-59 (6 months)
. 21
07
02
not available

ANy
W QW thth AN

SN
(=X}
" —
W=

Valves ‘
Cold-cathode tubes
Resistors
Rectifiers
Wiring
(taken as one
component)
(as separate ter-
minations) |
Plugs and sockets
coaxial i
multi-pin
Capacitors
All passive com-
ponents
All types

Magnetic-drum
register-transiator
equipment a
Lee Green®*
Exchange (1959)

COND | OO COOCOOOOOUn—

S I00 | o=
o

S
O
(=3

0 005

<28
<03
<01

0 12 (average)
017 )

Subscriber trunk- ‘ Va ves |
dialling equipment ‘
at Bristol*”

11 2 (improvements made 1n
Nov. 1959 reduced failure
rate considerably)

(Dec. 1958-Apr. Cold-cathode tubes Q15
1960) Resistors ‘ 0 001
| Capacitors
paper 0 007
polystyrene 011 (two out of three failures
‘ due to maltreatment)
Chokes | 007
Selenium diodes
(miniature) 0 008
Rectifiers
copper-oxide ! 49

ponents

All passive com-
All types l

0 011 (average)
0022 ( )

’

Note: Counting tags and associated wiring and joints as one component.

cathode tubes. With the expected increased use of
transistors, there will be a need for many capacitors of
large values of capacitance. This requirement can, at
present, only be met reasonably (on grounds of physical
size) by electrolytic capacitors. The electrolytic capacitor
has had a poor reputation for reliability in the past, but
much more is known now about its mechanisms of
failure, and somewhat more reliable items are becoming
available. Before they can be used in under-water
repeaters, however, they will need to be even more
reliable than the best types widely available at present,
and studies are being made with this end in view.

FUTURE DEVELOPMENTS AND PROBLEMS

The cost of achieving the improved degree of reliability
shown in submerged-repeater components is con-
siderable, and some of the increased reliability due to
the human element may not be obtained when future
equipments are made. For both these reasons intensive
studies will have to continue to ascertain more precisely
which refinements and precautions are most important
and to perfect components and constructions which
allow the least possibility of causing faults or mistakes.

New components and materials have become available
in recent years which offer design advantages but which
have no long history of proved performance. These call
for an increased use of scientific knowledge and testing
methods, particularly along the lines of accelerated life

TABLE 4
Failure Rate per 100 Components per Year—Submerged Repeaters

Failure Rate (Note 1)

repeaters in the 1940s gave results about as good as
those given by ordinary telecommunications equipment
in the 1950s. Progressive refinements have achieved a
level of reliability of the order of 10-100 times better
than that of the first submerged repeaters. This im-
provement has been the result of a great deal of co-
operative research between the scientific, engineering and
manufacturing bodies concerned, and has inevitably
been accompanied by higher cost of components.
However, where the effect of single failures of equip-
ments is very costly, the increased cost of the more
reliable components is worth while.

TYPES OF COMPONENTS WHOSE RELIABILITY PARTICULARLY
NEEDS IMPROVING
There is a need for a range of highly reliable com-
ponents at an economic price to enable developments
which are now possible to become practicable.
The components causing most failures in the equip-
ment which have been discussed are valves and cold-
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Shaliow-Water Repeaters | Deep-Water
- | Repeaters,
Early | Laid } Laid Laid Transatlantic
Experi- = 1951 '1953-54 1954 Telephone Cable,
mental and and and laid 1956
Types still still still (No component
Type of Component (1943~ 1 working) working working faults have yet
1951 I i occurred-—sez
and note 1)
1946, —_
stll All British
work- Com- Com-
mng) ponents ponents
Valves <08 4-6 06 <04 <006 <03
(note 2) |
Inductors
alt types <01 <002 ‘<0~015 <004 2001 <002
air core — <013 <008 <008 — <007
dust core —_ <006 <002 <008 —_ <005
coaxial — <046 <03 ~ 07 — <04
Capacitors
all types 03 0015 <0010 1-002 <0006 <0014
paper and foil <03 006 |<004 <008 — <005
mica 03 <002 <0013 <003 — <002
electrolytic ~64 — — — — —
Resistors
all types B 008 10 03 .0011 \g 8% <0 006 <(0) 82
wire woun — < — <007
vitreous enamel — 005 0017 02 — <012
carbon composition — <005 |wo003 005 — <003
carbon film — <07 <04 <13 — <02
Transformers 09 <07 <04 <07 <010 <06
Switches 64 — -— - —
Relays — <02 |<014 1+ — —_
Metal rectifiers — '<1'4 <09 <07 — <04
Varistors — <07 <04 - | —
Thermustors — — — l<o03 — —
Crystals —_ . = ‘ — <07 <017 <04
Fuses — — — <26 — <06
Glands <12 1 07 04 |<i'3 <010 <08
Wiring ‘<2 4 <1-4 047 <26 <020 <16
All passive components | 02 003 | 001 0-008 | <0°002 <0-005
All components 02 008 | 002 | 0008 <0002 <0005

Note 1: The sign <means that no failures occurred and that the failure rate
is therefore lower than the figure quoted, which 1s based on one failure. The
cufferent rates shown 1n such instances arise merely from the different quantities
of components volved and the length of time they have been n service. Smmularly,
the differences between the rates for Briish and all components in the trans-
atlantic telephone cable arise from the fact that about half the total components
were British.

Note 2: There is some doubt whether 1n fact a valve failure did occur.

Note 3: The failure rates shown are those appropriate to Jan, 1960. Most of the
rates prefixed by the sign < for repeaters laid from 1951-1956 will now be lower, e.g.
for the 1956 transatlantic telephone cable, about 25 per cent lower.



testing, which in turn can only be developed from an
improved knowledge of the mechanisms of failure of the
components concerned.

More use should be made of knowledge of component
reliability and stability in circuit design, e.g. A. C. Lynchs
has shown that it is an over-simplification to consider
the least complicated circuits as the most reliable, and
has pointed out that it is the number of components
used in a way which will cause failure that is the true
criterion.

The application of these ideas will obviously be
necessary to the much smaller passive components of all
types which are becoming available, to transistors,
diodes, diode variable capacitors and to printed circuits.
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Book Review

“Alternating Current Machines.” Second edition. Prof. H.
Cotton, M.B.E., D.Sc., M.ILE.E. Cleaver-Hume Press,
Ltd. 328 pp. 175ill. 2ls.

This book is one of ten volumes in the Cleaver-Hume
Electrical Series. It explains, in a non-mathematical way,
the theory of operation of all types of alternating-current
machines in common use, and should be easily understood
by any reader with a knowledge of basic electrical theory.
The text is amply illustrated and particular emphasis has
been placed on the constructional details of the equipment
described.

The first chapter describes how a rotating field is produced
in an a.c. machine. Subsequent chapters first describe the
constructional features of each class of machine, and then
explain their operating characteristics and show how each
type is suited to the particular duties for which it is employed.
The relative merits of the many types of small single-phase
induction motors are particularly well explained. Formulae

are given for the calculation of characteristics such as syn-
chronous speed, generated e.m.f.,, motor torque and slip,
and the practical application of these formulae is well illus-
trated by numerical examples.

A comparison of the relative merits of d.c. motors would
have been valuable in the chapter on polyphase commutator
motors, and the chapter dealing with the conversion of a.c.
to d.c. is thought incomplete without a reference to
germanium and silicon rectifiers

The disadvantage of textbook references to British
Standards is illustrated by the references to B.S. 169 and
B.S. 266, both of which were superseded in 1955 by B.S. 2613.
Also, the definition of “Synchronous Impedance’” does not
correspond with that in the “Glossary of Terms used in
Electrical Engineering’ (B.S. 205, 1943).

This book will be of great value to the student and engineer
concerned with the general applications of a.c. machinery in
industry, or with its maintenance and repair.

LP.O.E.E. Library No 2027. R. G. M.

47



The Equalization During Laying of the Anglo-Swedish
Submarine Telephone Cable
F. SCOWEN, B.sc., A.Inst.P., A.M.LE.E.T

U.D.C. 621.372.552 : 621.315.285 (410 : 485)

During the laying of the Anglo-Swedish cable in mid-1960 a sub-

merged equalizer was designed and manufactured on H.M.T.S.

““Monarch’’, and was inserted into the cable without holding up the

cable-laying. This was the first occasion on which such an operation
had been performed.

INTRODUCTION

N May 1960 a technique was employed which, it is

believed, had not been used before during the actual

laying of a repeatered submarine telephone cable.
This new technique involved the carrying out on board
the cable ship of the design, construction, and insertion
in the cable of an equalizer network, to such a time-
table that it did not interfere with the normal cable-
laying program.

The first transatlantic telephone cable (TAT-1),! which
was laid during 1955 and 1956, used a stock of pre-
constructed equalizers of five different attenuation
frequency characteristics, so that a suitable one could be
inserted into the cable at predetermined positions during
laying to compensate for any unexpected effects that
appeared during the laying. However, the success of
this remedial action depended on the advance knowledge
that the design engineers had of the probable changes of
cable and repeater characteristics when the cable and
repeaters were transferred from the cable ship to the
ocean bottom. The system employed two cables each
provided with simple unidirectional repeaters, and such a
system does not have the equalization difficulties arising
from the directional filters that form an essential part
of the two-way repeaters of the type used in the Anglo-
Swedish cable.?

In 1957 a repeatered two-way single cable was laid
between Marseilles and Algiers,® and this cable was laid
in two sections. Measurements were made on the first
half when it had been completely laid and from these
measurements an equalizer was designed and constructed
on shore. This equalizer was inserted in the cable
when the ship returned to pick up the end of the first
half of the cable to connect it to the second half before
that was laid.

The Anglo-Swedish cable has a transmission loss at
the highest channel frequency of some 1,650 db, and this
loss is neutralized by the gain of the 29 submerged
repeaters and the terminal receive line amplifiers. The
loss of the cable is approximately proportional to the
square-root of frequency and, for perfect operation of the
system, the cable loss must be matched at all frequencies
by the gain of the repeaters; moreover, there should be
as close a match as possible between the loss of a length
of cable between adjacent repeaters and the gain of a
repeater.

GENERAL PROBLEMS OF SYSTEM DESIGN

When developing a submerged repeatered system the
cable and repeaters have to be designed concurrently, and
at an early stage a target gain/frequency characteristic
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has to be set for the repeater designer. As the project
progresses, this target is changed in the light of cable-
characteristic information obtained by the cable
engineers, and the design of the repeater is modified
accordingly. A stage is reached, however, after which
the design of the cable and repeater must not be changed if
they are to be made in time for the laying program. In
order to keep to a minimum the number of components
in a repeater (and thus to keep down the fault liability,
which is proportional to the number of components)
the actual repeater gain cannot exactly match the target
gain. The components used in a repeater cannot be
made to have their precise design values and there will
thus be slight differences between the gain/frequency
characteristics of the various repeaters.

The first lengths of cable from which the original
repeater target gain is determined will have been made
from a small batch of material and the cable for the
route will have been made from a larger but different
batch of material. The cable transmission charac-
teristics are susceptible to very small changes in the
mechanical and electrical characteristics of the materials
used during manufacture of the cable; the different
armouring applied to the various lengths of cable also
has slightly different effects on the cable characteristics.
As the time approaches for the cable and repeaters to be
loaded into the cable ship, the production characteristics
of cable and repeaters are carefully inspected to discover
by how much the cable attenuation and repeater gain
deviate from the design characteristics.

Furthermore, the cable attenuation changes as the
cable leaves the ship’s tanks and sinks to the sea bottom,
because of what is known as the laying effect; this effect
is made up of several parts which depend mainly on the
temperature change and the depth of water. The laying
effect will have been determined from cable-laying trials
made using the first trial length of cable but, like the
cable attenuation, it is dependent on the characteristics
of the materials used in making the cable.

EQUALIZING THE ANGLO-SWEDISH CABLE

For the Anglo-Swedish cable, information about the
production characteristics of the cable and repeaters was
used to design an equalizer which, installed at the mid-
point of the system, would compensate for one half of
the expected difference between the cable loss and the
repeater gain for the whole route; this equalizer was
made by the contractor making the repeaters, and was
inserted into a demountable pressure-resistant housing.
The equalizer for the other half of this difference was to
be fitted at a terminal station. At this stage the system
was as accurately equalized as allowed by the informa-
tion about the cable (including the laying effect) and
repeaters then available to the system engineers.

The gain of the repeaters at the top channel frequency
of 608 kc¢/s is 55 db, and for the optimum performance
of the link the repeaters had to be separated by lengths of
cable which, when laid and at the mean yearly temperature
of the sea bottom, would have a loss of 55 db at the same



frequency. The lengths of cable required for the various
repeater sections were cut in the factory, using the latest
available information about the laying effect, so that they
should have had this loss when on the sea bottom: they
were then loaded into the tanks of HM.T.S. Monarch.

In order to provide for flexibility during laying, the
whole cable was divided into four roughly equal lengths
or blocks. Block 1 started with a length of cable which,
together with the length of cable between Middles-
brough repeater station and the buoyed-off shore end,
would have a loss of 55db at 608 kc/s; then followed
eight repeaters and seven and a half lengths of cable.
Thus, Block 1 ended with a half repeater-section length
of cable after repeater number 8. Block 2 started with a
half-section length of cable plus an extra length of cable
for adjustment, azd this was followed by seven repeaters,
six and a half lengths of cable, and the equalizer; Block 2
thus ended with a half-section length of cable and the
equalizer. Block 3 had seven repeaters and over seven
lengths of cable; the cable between the start of the
section and repeater number 16 was half a section in
length plus an adjustment length, and the block ended
in a half-section length of cable. Block 4 had six
repeaters, and Block 4A was loaded into H.M.T.S.
Ariel with repeater number 29 for laying at the Swedish
shore-end of the route, where the water was too shallow
for HM.T.S. Monarch.

When H.M.T.S. Monarch reached Middlesbrough and
connected the United Kingdom end of Block 1 to the
buoyed end, the system, from Monarch through Block 1
to Middlesbrough, was energized and cable laying com-
menced. During the laying of this block, transmission
measurements were made between the ship and the
shore end at roughly hourly intervals, using 12 fre-
quencies spread over the range 60-608 kc/s. At the
start of the laying all of Block 1 was in the ship’s tanks
at a temperature approximately that of the sea surface.
As the cable was laid, its temperature dropped by about
12°C as it approached the sea bottom, and as a result the
cable loss fell continuously.

As the laying proceeded, graphs were constructed
showing the transmission loss between the ship and the
shore end against the length of cable laid, at each of
the 12 frequencies (Fig. 1). On the graph there is a
vertical line at the end of Block 1, and about 12 hours
before reaching the end of the block the transmission-
loss/cable-length-laid characteristics were extrapolated
to obtain an estimate of the loss at each of the measure-
ment frequencies when the whole of Block 1 had been
laid; this extrapolation is shown in Fig. 1. Meanwhile,
the loss of Block 1 that would have been expected if the
cable and repeaters had been accurately matched at all
frequencies was calculated for each of the measure-
ment frequencies and the results were plotted along the
end-of-block line in the figure; the extrapolated end-of-
block losses were compared with the ‘accurately-
matched” losses and the end-of-block expected misalign-
ment was determined. This misalignment is shown in
Fig. 2. It will be seen from the curve in Fig. 2(a) that the
expected end-of-block misalignment at 608 kc/s is
0:6 db, and this is equivalent to the loss of 0-2 nautical
miles (n.m.) of cable. Power was removed from the
system, and Block 2 was adjusted by making the cable
length between its beginning and the first repeater in
Block 2 equal to a half-section plus 0-2 nautical miles.
The adjusted Block 2 was then spliced to the end of
Block 1, Blocks 1 and 2 were energized, and regular
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hourly measurements were again commenced between
ship and shore.

Once again the transmission-loss/cable-length-laid
characteristics were plotted, and 12 hours from the
expected time of laying the end of Block 2 an expected
end-of-block misalignment characteristic was plotted
and power was cut off. This time a length adjustment

o t2 y
N A 7\ /~\
: NN IN L NEA D
£ ot 7 j
5 / 0-2'n.m. i
= - - 4'
w
5 /
= -2 T t -
3 1 | ‘
(<] -3 | i
60 100 200 304 360 400 500 608
FREQUENCY (kc/s)
(@) Before Length Adjustment

o +2
3 I |
[ | !
Z +1 |
]
£, JEAVARR VA UYA
a -l
> /
z -2 —\\.. i J\
& |

-3 | | |

60 100 200 304 360 400 500 608

FREQUENCY (kc/s)
(b) After Length Adjustment

FIG. 2—ESTIMATED INSERTION-LOSS/FREQUENCY
CHARACTERISTIC OF BLOCK 1| WHEN COMPLETELY LAID

49






The Cold Rolling of Very Thin Ferrous Tapes
G.W. LORD, Bsc.t

U.D.C. 621.771.2: 621.3.042.143.2

To enable a rolling mill at the Post Office Research Station to be

used for rolling magnetic-alloy tapes of less thickness than its

designed limit, several adaptors and special tensioning equipment

have been made. With these easily changed adaptors the mill can

now do work normally requiring several different mills, and can

produce material as thin as any which has been produced elsewhere
in the world by rolling.

INTRODUCTION

ROLLING mill for magnetic alloys was installed
Aat the Post Office Research Station, but in its

original form it could not roll them to the thick-
nesses (0-001 in. or less) that are sometimes needed.
Various alternative types of mills were considered but
eventually an adaptor for the existing mill was designed.
This adaptor, together with auxiliary tensioning equip-
ment, enabled the mill to produce material as thin as
that produced anywhere by rolling.

In the adaptor, the original rolls drive two additional
small work rolls by friction. With adaptors of various
sizes the one mill can then do the work of several. This
is particularly valuable in the laboratory where versatility
is more important than production capacity. With the
one rolling mill, and its easily interchanged adaptors,
nickel-iron alloys can be prepared from the raw materials
by the powder metallurgy method and rolled to a fraction
of one-thousandth of an inch in less than three days.

UNIFORMITY OF SECTION OF STRIP

When considering what happens to a material during
rolling, it is a useful conception to think of rolling putty
with rubber rolls in a rubber housing. In practice, the rolls
have a Young’s Modulus similar to that of the material
being rolled, but the significant difference is that the
rolls have a much higher elastic limit. Thinking in terms
of the flexible mill, it will be appreciated that whilst the
material being rolled yields plastically, at the same time
the rolls and mill housing are yielding elastically. Hence,
even if the unstressed rolls are truly cylindrical, they are
distorted somewhat during rolling, and, therefore, the
rolled strip cannot be perfectly uniform in cross-section.

An attempt to minimize this effect is often made by
cambering the roll surface during grinding so that the
roll is slightly barrel-shaped. This enables the centre
portion of the strip to be finished at uniform thickness
but the extreme edges still taper, and different amounts
of camber are required for different finishing thicknesses.

Another way of reducing the lenticularity of cross-
section to a minimum is to keep the loads on the rolls
always small. This means that rolls of a given diameter
must never be used to roll material which is near the
limit of thickness that could be achieved with those rolls.
Practically, 8 in. diameter rolls will roll nickel-iron alloys
to 0-008 in. fairly easily, or to 0-002in. with extreme
difficulty but, to avoid excessive lenticularity, should not
be used beyond 0-016 in. At this stage it is better to
use smaller work rolls; then further large reductions can
be made with relatively light loads. Rolls of 1in. diameter
may be used to roll down to 0-002 in. or 0-0015 in.

However, if the width of tape is to be maintained, the
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ratio of the length to diameter of the 1 in. rolls will be
greater than that of the 8 in. rolls with a consequent loss
of rigidity. Thus, for effective rolling, it is essential that
the smaller rolls be supported to improve their rigidity.

One way of doing thisis shown in Fig. 1, where the small-
diameter work rolls are enclosed between four bearing
pads and between the large backing rolls, which provide

Y
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FIG. 1—WORK ROLLS SUPPORTED BETWEEN FOUR BEARING PADS

the desired support and also drive the work rolls by
friction. If sufficient load is applied to the bearing pads to
maintain them in contact with the rolls during all
conditions of rolling, then the friction is such that the
rolls will either overheat or fail to be driven. Slackening
of bearing loads will permit roll movement in the
direction of rolling and, consequently, instability. Thus,
the position of the rolls is indeterminate and the quality
of tape rolled in this mill is inferior in flatness, lenticu-
larity and appearance, and is also inconsistent. The mill
is also difficult to load with strip.

To overcome this, the roll conformation shown in
Fig. 2 was -devised. Here the position of the rolls is
unambiguous for all significant roll loads; it therefore
produces consistent strip. The angle between the plane

—
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FIG. 2—INCLINED-ROLL METHOD OF SUPPORTING WORK ROLLS

containing the axes of the small rolls and the plane
containing the axes of the large rolls is not critical and is
designed to be about 20 degrees. The two planes intersect
in the line of contact between the small rolls, though this
is not essential. Criteria in choosing the angle are: it
should be large enough to prevent one work roll from
being drawn past the other, and small enough to avoid
excessive frictional losses at the bearing pads.

Changing to a smaller diameter of work roll tends to
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reduce the lenticularity of the strip, due to the smaller
roll loading and distortion; with these conditions the
outgoing strip necessarily has its centre rolled more than
the edges. Unfortunately, sideways flow in thin
materials is negligible, so any improvement in uniformity
of thickness achieved in this way causes the strip to
distort with its centre longer than its edges. Flatness can
only be restored by applying sufficient tension to the
outgoing strip to stretch the edges, thus restoring the
degree of lenticularity present in the ingoing strip.
Where flatness and uniform thickness are simul-
taneously required in the finished thin strip, it is essential
that lenticularity be reduced to a minimum not enly
during the later stages but during all stages of rolling.

STRIP TENSION

The need for tension to flatten the strip and maintain
its flatness has already been mentioned. The equipment
providing this tension must be capable of being preset
to any desired value, which it must maintain while the
mill is at a standstill, accelerating, rolling at full speed
and decelerating back to a standstill. The actual value
of tension required varies with the size of material being
rolled. Most of the magnetic alloys have an ultimate
tensile strength of between 65,000 and 70,000 1b/in® and
up to 80 per cent of this may be required for tension:
thus, for a 2 in. wide strip starting at 0-016 in. and being
rolled to 0-008 in., 800-900 1b may be required. Towards
the other limit, the tension required for a § in. wide tape
being rolled to 0-0001 in. may be as low as 6 oz.

The range of tensions so far available with the mill at
the Post Office Research Station is incomplete. the
maximum tension being about 240 1b, with a gap between
70 1b and 20 Ib. None of the equipment can compensate
for mill acceleration. Thus it has been impossible to roll
tape much wider than 1 in., and rather poor quality has
been achieved with thicknesses of 0-008 in. and 0-004 in.
All thicknesses of strip tend to be inferior over the part
of the strip rolled during the acceleration period of the
mill, except where the required tension is large compared
with the temporary tension changes due to acceleration.

Back tension, to restrain the strip as it enters the mill,
is also needed; it allows the strip to be fed into the mill
straight and fairly flat, and prevents sideways wandering
during rolling. In general, back tension is kept equal to
the front tension, although it has been suggested that
larger back tensions may be advantageous. The adjust-
ment can easily be carried out before the rolls are closed
on to the strip.

New equipment is being built to provide front tensions
from 20z to 8001b in three ranges of 2 oz-21b,
21b-50 Ib, and 50 1b-800 Ib. Tension will be provided by
a slipping magnetic-particle clutch, and it is hoped to
provide compensation for acceleration on the two lower
ranges. This should make it possible to finish good
quality tape in any size from 2 in. ¥ 0-008 in. down to
15 in. x 0-0001 in.

LUBRICATION AND MAINTENANCE

There are two main aspects of lubrication of a mill:
firstly, that of the rolls and their bearings considered as a
piece of machinery, and secondly, lubrication to reduce
the friction between the rolls and the strip.

It will be realized that where there is, for example, a
50 per cent reduction in thickness during one passage of
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the strip through the mill, then the strip will emerge from
the rolls about twice as fast as it enters them. Since there
is little sideways spread it emerges at about the peripheral
speed of the rolls, and there will be considerable slip
between the surfaces of the rolls and the strip surfaces.
Some authorities assert that there is only one line of non-
slipping contact between roll and strip. Thus, there are
great frictional forces in the roll pinch.

The practical results of reducing these forces by
lubrication are to improve the reduction in thickness for
each passage of the strip through the mill, work formerly
lost as heat being now usefully employed, and also to
improve the finish of the strip as a more burnished
appearance is obtained.

There is little difficulty in lubricating the backing rolls
as oil in adequate quantities can be pumped to their
journals at high pressures. On the work rolls, however,
there are the two different requirements for lubrication,
that of the strip and that of the work-roll bearings,and
care must be taken that neither interferes with the other.
The work-roll lubricants must not contaminate the strip,
and those containing graphite or molybdenum disulphide
cannot be used. With the adaptors, standard rolling oils
have been satisfactory for both purposes, but care must
be taken to avoid contamination from the oil pumped to
the journals of the backing rolls.

The work rolls are simple cylinders and the bearings
are flat plates of hard-rolled bronze, so they are relatively
cheap and large stocks can be held. As the rolls are
peripherally driven their diameters are not critical, nor
need the diameters be precisely the same. Hence,
selection is not needed and the rolls may be reground
several times before they at last become too smali for
further use. End-thrust pads, mounted in the adaptor
frame to limit sideways movements of the work rolls.
are flat plates of hardened silver steel and, though spares
are held, none has been used yet. Rolls and bearings
can be changed in a few minutes. An equally important
but more subtle form of maintenance is the need for
cleanliness, particularly the removal of flakes of metal
that tend to congregate where the rolls touch their
bearing pads, and cause dented or broken strip, or even
scored rolls and bearings.

DEVELOPMENT

The mill-and-adaptor system described was so
successful that it was patented in several countries.
exploitation of the patents being the responsibility of the
National Research Development Corporation. The
latter financed the building of a mill designed around the
inclined-roll principle. The mill has tensioning gear
capable of maintaining front and back tensions at any
selected values in the range 1-400 1b with an accuracy of
41 per cent. Pressure is applied hydraulically to the
roll system and is automatically maintained at any pre-
set value. If required, different loads can be applied to
each end of the rolls. After passing initial trials, the mill
was installed for field trial in the Birmingham works of a
manufacturer of nickel alloys. After minor modifications
to hydraulic valves and tensioning equipment, the mill
was set to work, rolling a wide range of magnetic and other
tough alloys. The field trial was so successful that the
mill was then purchased by the firm, who now produce
magnetic alloys in thinner gauges than any other British
manufacturer. The mill has been demonstrated to metal
manufacturers from Britain and overseas.









Dial Code

201 International switchboard (radio calls)
2002 Printergrams (international inquiry)
2003 Telex inquiries (inland)

2004 Printergrams (overseas)

2005 Printergrams (Europe)

2006 Telex inquiries (international)

2009 Multelex

2000 Assistance

All incoming international dialling circuits enter the
United Kingdom telex network at Fleet and are ter-
minated on a separate group of Ist selectors, which,
while having the normal Ist selector outlets, additionally
provide access to an ““overseas operator assistance”
level and to an international through-tandem level.
The operators of 18 European countries were able to
dial into the United Kingdom network from the opening
date.

All final selectors in Fleet have facilities for switching
to the first free circuit in a group not exceeding 10 lines.
There is a small requirement for groups of lines slightly
in excess of 10 and to meet this need an expedient is
adopted, using the regular “2-10 line” final selectors.
This facility is obtained by rearranging the trunking
from level 229 3rd selectors so that approximately
half the traffic is offered to each of two inputs to the
229 final-selector group. In this way it is possible to
grade the outlets to subscribers having more than 10
lines.

Service Point

SWITCHBOARD

A simplified trunking diagram of the exchange is
shown in Fig. 4.

OPENING ARRANGEMENTS

Prior to the opening of Fleet there were five telex
exchanges in London, ie. Inland A, B, and C, and
international manual exchanges in the C.T.O. and the
automatic telex exchange at Shoreditch. The inland
exchanges had 82 positions and a total operating staff
of 150, whilst the International exchange had 190
positions, which with auxiliary services required a staff
of 700 operators and supervisors.

Each of these exchanges, except Inland C, had separ-
ate trunk routes to all provincial zone and the larger
area automatic telex exchanges. There were also the
routes from the provincial zone manual boards, and
those to Cambridge and Hull manual exchanges, which
were converted to automatic working at the same time
as the opening of Fleet. In all, there were 40 separate
routes to 13 towns.

The requirement for a number of routes between
London and any particular provincial town, though
necessary during the conversion period, was uneconomic
since it led to the provision of more circuits than were
really necessary to carry the telex traffic. The oppor-
tunity was therefore taken to provide an integrated
inland trunk network for both inland and international
traffic. At the same time, the routing of the trunk circuits
was arranged to provide a satisfactory degree of diversity
and the circuits were made to conform to the overall
transmission plan for automatic telex working. In
order to achieve this and to anticipate long-term develop-
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HYPOTHETICAL PONTS oo eEs ment, a multi-channel voice-frequency (m.c.v.f.) tele-
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Notes:

1 This routing applies to hypothetical exchanges which will shortly become
physical exchanges. It is adopted to avoid a change in dialling procedure
when the physical exchange is opened.

2. There 1s one group of time-zone metering equipment for each hypothetical
exchange.

3 This level 1s barred to ordinary subscribers. It is used for traffic controlled
by routing traanslators at distant zone exchanges.

FIG. 4—SIMPLIFIED TRUNKING DIAGRAM OF FLEET TELEX EXCHANGE
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FIG 1—ELEMENTS OF NEW DIAL-TEST CIRCUIT

measurements are made on the eight pulses remaining
when digit 0 is dialled. The total number of pulses
received can be displayed if required.

Fig. 1(b) shows the circuit arranged to measure speed.
Relay TA operates at the beginning of the second break
period and remains held during the subsequent pulses.
During this period, capacitor C1 is charged to a pre-
determined voltage but capacitor C2 is charged to a value
dependent on the setting of the calibrated control, RV2.
and the time required for eight pulses. If, for example,
pulses are received at 10 p.p.s. and RV2 is set to this
value, then when relay TA releases and the capacitor
voltages are compared via the meter, which has a
centre-zero scale, C2 will have been charged to the same
voltage as Cl and no deflexion of the meter needle will
be observed. When making a test, several trains of
pulses are dialled to check that there is no variation in
speed from one train to another and to enable successive
adjustments of RV2 to be made to obtain a satisfactory
null reading. It will be appreciated that both speed and

ratio tests are the average of measurements of eight
pulses out of a train of ten.

For ratio measurements (Fig. 1(¢)), relay TA operates
and releases as before, but in this test the charge on
capacitor C2 depends on the length of the make periods
of contact AA1 as well as on the setting of RV2. At the
end of the pulse train, therefore, capacitor C1 will have
been charged to a value dependent on the total time for
eight pulses while capacitor C2 will have been charged
to a value dependent on the integrated make periods of
the dial springs. This may be expressed in terms of
percentage break and. when RV2 has been adjusted to
give a null deflexion, the value is read from the appro-
priate scale.

OPERATION

When testing over subscribers” lines, factors other than
dial characteristics influence the received pulses. As far
as the line constants are concerned it is found in practice
that the line capacitance can be ignored in the face of the
much larger spark-quench capacitance in the sub-
scriber’s instrument, the effect of which is allowed for
during calibration. The inductance of a subscriber’s
line can also be neglected. If leakance is large enough to
affect pulse measurements, it constitutes a fault con-
dition in itself; normally it has no appreciable effect.
The line resistance varies from line to line and means
are provided for adjusting the current in the receiving
relay to the value at which the circuit was calibrated.

The circuit is calibrated for speed and ratio by using
an external source of pulses of known parameters; a
suitable instrument is the pulse generator and measuring
set designated Tester AT 5300.% Provision is made for
checking that the circuit remains accurate. A field-trial
model was examined after six months’ use and the
calibration was found to be unchanged. The self-check
arrangements incorporated in the tester did not reveal
any need for re-calibration after a further six months’
period.

Each suite of test-desks will be provided with one of
the new test circuits, with a meter and control keys
mounted on each testing position.
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Glasgow, and served his apprenticeship with the Blue
Funnel Line.

After service as a junior officer with various shipping
companies, and a short spell of service as a Sub-
Lieutenant in the R.N.R. during the Munich crisis, Capt.
Finlayson entered the Post Office in September 1939
when he joined the cable ship HM.T.S. Monarch as
Fourth Officer. Transferred to H.M.T.S. Ariel when she
was first commissioned, he served in all ranks up to
Chief Officer, and in 1944 moved to Headquarters to
take up the post of Assistant Submarine Superintendent.

In May 1946 he took command of H.M.T.S. Iris, a
post which he held until his appointment as Deputy
Submarine Superintendent in August 1960. Under his

command, [Iris, operating from her base at Dalmuir,
Glasgow, steamed many thcusands of miles on sub-
marine-cable operations, chiefly on repairs to cables in
waters around the British Isles, particularly in the Irish
Sea and off the coast of Scotland.

Capt. Finlayson has taken over command of Submarine
Branch at a time when a heavy cable-laying program for
the Commonwealth Cable Network, commencing with
the laying of the CANTAT cable, is about to start. His
wide experience of submarine-cable work, combined with
a characteristic thoroughness and perseverance, and a
ready sense of humour, equip him well for his new post,
and he carries with him the best wishes of his colleagues
in the cable-ship service. A. L

Institution of Post Office Electrical Engineers

Retired Members

The following members, who retired during 1960, have
retained their membership of the Institution under Rule
11 (a):

W. J. Marshall, 10 South Hill Grove, Harrow, Middlesex.

G. J. Channon, 80 Chiswick Lane, Chiswick, London, W 4.

G. Daly, 3 Belgrave Road, Wanstead, London, E.11.

T. E. Walker, 25 Wynford Terrace, Leeds, 16.

H. S. Waters, 53 Spring Lane, Woodside, London, S.E.25.

A. G. Southgate. 285 Osborne Road, Hornchurch, Essex.

S. WELCH,
General Secretary.

Additions to the Library

Library requisition forms are available from Honorary
Local Secretaries, from Associate Section Centre Secretaries
and representatives, and from the Librarian, I.P.O.E.E.,
G.P.O., 2-12 Gresham Street, London, E.C.2.

2603 A Course of Applied Mathematics. D. F. Lawden
(Brit. 1960).

Devised mainly to assist students reading for science
degrees at a level lower than honours. Assumes inter-
mediate degree standard, or “A” level of the G.C.E.
Covers dynamics, statics, field theory and hydro-
mechanics.

2604 Magic of Numbers. R. Toquet (Brit. 1960).

Lightning calculators and their secrets; how to do
mental arithmetic; animal calculators.

2605 Domestic Water Heating. R. Grierson (Brit. 1950).

A critical analysis of current practice in the supply
of hot water for domestic purposes.

2606 Hi-Fi Amplifier Circuits. E. Rodenhuis (Dutch 1960).

Intended for those people interested in building and
experimenting with high-quality amplifiers.

2607 Junction Transistors in Pulse Circuits. P. A. Neeteson
(Dutch 1959).

Designed to give an adequate knowledge of the
fundamental principles of pulse circuit design and the
application of junction transistors in such circuits.

2608 Heat Engines. R. Joel (Brit. 1960).

Covers the work necessary for the subject of Heat

Engines set in the O.N.C. and O.N. Dip. examinations.
2609 Basic Concepts of Elementary Mathematics. W. L.
Schaaf (Amer. 1960).

Attempts to capture the spirit of contemporary
mathematics and to integrate it with those aspects of
“classical”’ mathematics which are pertinent to the
elementary school.

2610 Close-up Colour Photography. C. H. S. Tupholme
(Brit. 1960).

Describes the fascination of, and the techniques used

in, making photographic studies of small objects.
2611 Principles of Illumination. H. Cotton (Brit. 1960).

A comprehensive book on fundamental principles of
lighting which goes beyond the examination-syllabus
requirements to meet the needs of the practising
illumination engineer.

2612 Direct Conversion of Heat to Electricity. J. Kaye and
J. L. Welsh (Amer. 1960).

This book is an edited collection of papers on the
fundamentals and practical applications and problems
of each type of conversion scheme.

2613 Applied Mechanics for Engineers. J. C. Grassie
(Brit. 1960).

A textbook for students designed to show how the
three branches of applied mechanics—statics, dyna-
mics and strength of materials—are co-related.

2614 Engineering Mathematics. J. Blakey and M. Hutton
(Brit. 1960).

A revision of J. Blakey’s “University Mathematics™
to make it more suitable for engineering students of
degree standard.

2615 Photographing Colour. W. Benser (Brit. 1959).

A book for the amateur photographer.

2616 Relativity for Engineers and Science Teachers. L. H. A.
Carr (Brit. 1960).

A simple textbook explaining the meaning of the
special theory of relativity in a form suitable for the
average engineer or engineering student.

2617 Low Frequency Amplifiers. A. Schure (Amer. 1959).

Presents the major specifications for low-frequency
amplifiers covering the range from zero to 100,000 ¢/s.

2618 Magnetism and Electromagnetism, A. Schure. (Amer.
1959).

Discusses the major theoretical considerations of

magnetism, magnetic circuits, and electromagnetism.
2619 Mathematics for Telecommunications, Vol. 2. D. F.
Spooner and W. H. Grinsted (Brit. 1960).

Covers the mathematics required for the third and
fourth year of the City and Guilds’ Telecommuni-
cations Technician’s Course, contains rather more
than is required for the O.N.C. in engineering, and
should have particular appeal to electrical and tele-
communication O.N.C. candidates.

2620 Principles of A.C. W. Sluckin and J. R. Greener
(Brit. 1959).
Assumes only some familiarity with electricity and
magnetism. Uses the M.K.S. system of units.
W. D. FLORENCE,
Librarian.
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Regional Notes

North-Eastern Region
DONCASTER MOTORWAY

The Doncaster motorway will, when completed, bypass
Doncaster on the west side and do much to alleviate the
traffic congestion in the town. Starting at the Humber
Head bridge, north of Doncaster on route Al where the
road crosses the King’s Cross-Leeds main railway line,
the motorway will extend 12} miles southwards to finish at
Blyth. In between these two points, 32 bridges will have
been built and Post Office plant is affected at 14 of them.

Access to the motorway at intermediate points will be
obtainable only at two places. At both places a 4-way duct
track has been laid across the west-side slip roads. Along
all motorway bridges a nest of four steel pipes has also been
laid. In case it is necessary to provide emergency telephones,
ducts have been laid across the motorway at 1-mile intervals.

One of the major projects has been the construction of a
roundabout and the four associated slip roads on the
Doncaster-Sheffield route, A630, at Warmsworth. The
motorway passes beneath the roundabout and this has
resulted in the roundabout being built as two separate
bridges, one for each direction of traffic. The old road
ran between these two bridges and the telephone plant
along it consisted of one 4-way and two 2-way ducts
containing the four Doncaster—Sheffield trunk cables and
five local cables.

Before the old road could be dug out, the southern bridge
of the roundabout had to be built and traffic diverted to it.
During the building of this bridge the existing duct-track
was excavated and a narrow suspension bridge built so that
its cat-walk floor was beneath the track. Thus, when the
motorway contractor continued to excavate, the old road
was completely removed, and the bridge and its cables were
left some 30ft above the surface of the motorway. To
lighten the load on the suspension bridge the 4-way duct and
one of the 2-way ducts were removed.

The second bridge was then built and during construction
twelve 4 in. steel pipes were laid across it. A duct-track of
two 6-way ducts was provided from each side of this bridge
to join up with the existing track. The work also involved
the construction of five R2A manholes. On completion of
the new track, cables were laid and circuits diverted into
them. Finally, the old cables and the suspension bridge were
removed.

Northern Ireland

APPLICATION OF S8.S. D.C. No. 2 EQUIPMENT TO
THE BELFAST-ENNISKILLEN TRUNK ROUTE

From the experience gained on the Belfast—-Dublin trunk
route with Signalling System D.C. No. 2 equipment, it was
considered that the provision of dialling facilities on the
Belfast-Enniskillen trunk route would be possible, and
indeed desirable, prior to the introduction of subscriber
trunk dialling at Belfast. The use of D.C. No. 2 equipment
would permit direct dialling to Enniskillen non-director
automatic exchange, and tandem dialling to the 21 U A.X.s
of which it forms the parent.

The cable route Belfast-Enniskillen consists of 108 miles
of 20 Ib/mile conductor having a signalling-path resistance
of 5,050 ohms and a calculated pulsing limit of 96,000
microfarad-ohms. The present pulsing and signalling limits
for D.C. No. 2 equipment at 50-volt exchanges are 76,000
microfarad-ohms and 8,200 ohms. From the foregoing it
will be seen that, although the route has a time constant of
96,000 microfarad-ohms compared with the limit of 76,000
microfarad-ohms, the signalling-path resistance is well
within the specified limit, and from a purely theoretical study
it would appear that the performance of the route should be
satisfactory.
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To test the practicability of the theoretical study, one
circuit in the Belfast-Enniskillen direction was put into service
on an experimental basis during February 1957, and one
circuit in the Enniskillen-Belfast direction during March
1957. The performance of both circuits carrying telephone
traffic was entirely satisfactory. It was particularly notice-
able that under cable-fault conditions these two circuits
were the last to become unworkable, as the remainder of the
route, employing differential signalling, was more susceptible
to the unbalanced conditions, which prevented satisfactory
signalling. Consideration was given by the Engineering
Department in August 1957 to the conversion of the com-
plete route to D.C. No. 2 signalling, the installation to be
regarded initially as a field trial. Due to equipment and
accommodation shortages it was not possible to proceed
until April 1960, when the complete route was converted to
D.C. No. 2 working.

Although the results of the field trial have shown that in
these particular circumstances it is possible to dial over a
D.C. No. 2 link of 96,000 microfarad-ohms, the introduction
of trunk mechanization at Belfast will preclude the use of
over-limit D.C. No. 2 signalling as a permanent method,
since with tandem dialling the pulsing limits would be
exceeded. It is understood that as soon as practicable after
the introduction of trunk mechanization, A.C. No. 9
equipment will be installed on the Belfast-Enniskillen
route.

H.C.P

Midland Region
NEW TELEPHONE EXCHANGE AT LEICESTER

With the opening of the new non-director automatic
exchange at Wharf Street on the 10 December 1960, the
conversion of the Leicester multi-exchange area from
Siemens No. 16 type equipment was virtually completed,
only one small satellite exchange remaining on the old
system.

The new exchange, comprising a 10,000-line unit and a
5,000-line unit, is housed in a modern building which also
accommodates the trunk non-director automatic exchange
and junction tandem switching and subscriber trunk dialling
(S.T.D.) equipment.

S.T.D., which was introduced on the opening day, uses
68 electronic registers and associated translators, and serves
not only Leicester but also the remaining satellite and
non-director exchanges in the home charging group.

Installation of equipment has been in progress over the
past 2% years, commencing with the trunk non-director
exchange, and at the time the installation of this equipment
commenced in the basement the upper floors had not been
erected. Similarly, when the main automatic-apparatus
installation commenced, only the apparatus floors were
completed. It was difficult to ensure that while this building
work was progressing the installed apparatus remained free
from dust, but adequate screening of the apparatus rooms
enabled the difficulties to be overcome.

It was fortunately possible to open part of the exchange in
advance of the main exchange transfer and, by opening the
junction tandem section of the equipment in July and
subsequently transferring additional routes to the new equip-
ment, the main exchange transfer was effected with only a
minimum number of junctions being concerned. Similarly,
the S.T.D. equipment and the 5,000-line unit was available
well in advance, and by transferring official telephones to the
5,000-line unit they were provided with full S.T.D. access
and adequate pre-opening testing of the S.T.D. facilities was
possible. This enabled various initial difficulties to be over-
come and gave good time for the maintenance staff to
become familiar with the system.

The extensive underground-cable work was completed six



months before the opening, leaving time for the transfer of
external extensions, etc., and pre-transfer testing of subscriber
apparatus.

The exchange was opened for service at 7.30 a.m. on
10 December 1960, with the transfer of subscribers from the
Siemens No. 16 type exchange and also those which were
served by the CB1 relief manual exchange ““Granby,” which
was closed down concurrently. S.T.D. was introduced at
3 p.m. during a ceremony at which the Assistant Postmaster-
General declared the building open and an inaugural call to
Flamborough Head Lighthouse was made by the Lord
Mayor of Leicester.

With the opening of the new exchange, S.T.D. became
available to 15,000 subscribers connected to the Leicester
and three remote non-director exchanges, and extension of
the service to the remaining satellite and remote non-
director exchanges during 1961 will make S.T.D. available
to a further 20,000 subscribers.

Installation of the exchange was carried out by Associated
Electrical Industries, Ltd., with The General Electric Co.,
Ltd., as contractors for the electronic equipment, and it is
due in no small measure to their co-operation that the whole
scheme has progressed satisfactorily.

W.L.S.

London Telecommunications Region
EXPLOSION RISKS

Work on overhauling Post Office plant in an oil-storage
depot to bring it into line with flameproof requirements
had hardly been completed when another installation, at a
printing works, was reported as needing attention. Both
these installations presented unusual difficulties, and the
second one involved considerable risks.

When an oil tanker is in port the risks of fire and explosion
are mainly confined to those days when bulk cargoes are
transferred to storage. Large volumes of vapour, often
equivalent to hundreds of gallons of liquid, are displaced
from the tanks and linger in the compound until dispersed by
winds. The depot referred to here has another special
hazard, for alongside it runs a railway siding on an embank-
ment, now served by electric trains using an overhead
contact wire.

The telephone requirements for a tanker in port are
met by providing a flameproof (and weatherproof)
telephone on the dolphin against which the tanker is
moored. Where telephones are needed in close proximity
to pumping machinery the wiring is best done in mineral-
insulated cable. This is much easier to install than solid
drawn galvanized conduit and flameproof fittings. A section

of earlier conduit work at this installation was condemned as
unsatisfactory, but, even if it had been well done, there
would haveremained the possibility of transmission along the
conduit of an inflammable mixture and an explosion, as the
sealing of conduit is difficult to carry out satisfactorily.
With copper-sheathed cable there is no enclosed space
which can possibly transmit an explosive mixture, and at
this installation jointless cable runs were achieved from the
No. 16 lead-in insulator to the flameproof telephone, using
appropriate flameproof sealing glands on the latter. The
power relay and mains-operated bell were wired similarly.
Particular care must be taken when working in such loca-
tions; an electric drill is forbidden, and an ordinary hand
lamp is unsafe. Even for working in dark corners a normal
pocket torch is not allowed; in this instance the subscriber
lent a husky Buxton-certified torch.

The place where the considerable risk was found is the
machine room of a firm specializing in the printing of illus-
trated photogravure magazines. This is a large room, filled
with machines and much too noisy to be considered for a
telephone. There is, however, a telephone extension bell
and its wiring. The bell was an ordinary 6 in. magneto type
(No. 67A) and had associated with it an ordinary tumbler
switch. The wiring was of “flameproof™ type, but was not
suitable for a situation where a spark might set off an
explosion. By contrast, all the other electrical services were
flameproof or had been made specially safe. The case only
came to light when a chance telephone call rang the exten-
sion bell at a time when the machine room was being
examined by the Factory Inspector for compliance with
flameproof and other safety requirements.

At these premises the driving motors for the machines are
commutator types and are made safe by fresh air pumped via
ventilating ducts. The lighting in the room is all in flame-
proof fittings with the lamps, filament and fluorescent, in
special, sealed, glass fittings. Even small signal lamps on the
control panels have to be fitted inside their individual
metal boxes, with coloured glass windows held down by
screws, which only a special key will remove. Casings of
switchgear have wide flanges on all joints. The installation
is classed as Group 2 (Pentane) under the Ministry of Fuel
and Power regulations, and any equipment used must be up
to that standard.

The installation has now been made safe by fitting a
flameproof majns-operated bell controlled by a power relay
near the telephone, which is in a quiet vestibule outside the
room and the danger area. Once more a run of mineral-
insulated cable was used, nearly 50 yd being needed. This
is by far the most suitable cable for a difficult run such as
was encountered.

A.F.T.

Book Review

“Magnetic Materials in the FElectrical Industry.” P. R.
Bardell, B.Sc., M.LE.E., F.Inst.P. Macdonald & Co.
(Publishers), Ltd. 320 pp. 166 ill. 32s. 6d.

This new edition differs from the old mainly in the addition
of chapters on ferrites and on the testing of materials by
magnetic methods. Both these new chapters might well
have been longer; they are satisfactory as far as they go—
some errors about the physics of ferrites do not affect the
practical considerations which are the main feature of the
book. Changes elsewhere include a fuller and better account
of the commercially available nickel-iron alloys, and some
additional material on magnetic recording, including the
recording of television signals. The development of cube-
textured silicon-iron and of Supermendur is not mentioned,
perhaps because they have not yet come into industrial use.
The changes, then, are minor, and one suspects that if the

book were being written afresh some of the material would
now be differently chosen.

The emphasis remains, as in the first edition, strongly on
the practical applications of magnetic materials. Even so,
the scope is so wide that a book of this size can provide only
an introduction, and it fulfils this purpose very well. The
only criticism which might be made of the use of the avail-
able space is that many of the photographs show only the
outside of a box and convey little more than the assurance
that the apparatus really has existed. The author is not
afraid to mention manufacturers’ names; he seems to have
succeeded in doing this impartially, and for most readers
the presence of trade names will make the book more useful.

A reviewer of the first edition referred to this book as
making a common-sense approach, and the present reviewer
agrees. As before, the book is well indexed, well produced.
and seems to be good value for money.
1.P.O.E.E. Library No. 2303. A. C. L.
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Dundee Centre

Twenty of our members attended a demonstration of the
River Tay model, which surprised most of us by its size
(about 125 ft long, 75 ft wide at one end and tapering to
3 ft at the other) and by the great amount of detail shown,
including the projected new road bridge.

About 20 members visited the offices of John Leng &
Co., Ltd.,, and witnessed one of the newspapers being
compiled and the associated work, which culminated with
the paper being printed.

Our first talk, given to about 40 members, was on “Micro-
waves for the Layman,” by Mr. J. S. R. Lawson. Also at
this extremely interesting meeting we had the pleasure of
the company of Mr. Blackburn, our Regional Engineer
(Maintenance), who presented Mr. A. W. Brighton with an
Institution Certificate of Merit for his essay on ‘‘Fault
Statistics—Their Aid to Production and Efficiency."”

We are looking forward to a talk on “TV Link Testing,”
by Messrs. R. B. Duncan and G. Duff.

J.S.B.

Glasgow and Scotland West Centre

The winds of change have been blowing up here in
Glasgow. First, we made a determined effort to increase our
membership, which had dropped to just over 100, and
have now brought it up to close on 200. The purpose of
this drive was twofold: (a) to increase our income, and
(b) with the increased income, to hold our meetings in a
more congenial atmosphere. This we have done. Our
annual general meeting last year was held outside official
premises and was highly successful, as was also the first
meeting of this session. Another change was the opening of
the Telephone Manager’s new offices in Marland House;
we took advantage of this and held some of our meetings
there. This again was very successful, the comfort and sur-
roundings being ideal. Our program up to date has been
as follows:

“700-Type Telephone,” by Mr. W. Sheldon, of Glasgow.

“Why Educational Problems To-day?” by Mr. William
Phillips, M.A., Deputy Rector, Marr College, Troon.

“S.T.D. and the Director Exchange,” by Messrs. B. B.
Gould and S. H. Sheppard, of the Telephone Exchange
Systems Development Branch, Engineering Department.

We are looking forward now to the second half of our
program, which includes films on transistors and magnetic
materials by Mullard, Ltd., a visit to John Brown’s Ship-
yard, Clydebank, a visit to Hunterston nuclear power
station, and a conducted tour of the new Post Office cable
ship before she leaves the Clyde.

J.F.

Middlesbrough Centre

The newly formed Middlesbrough Centre was inaugurated
on 4 August 1960, when a meeting was held and the
following officers were appointed: Chairman: Mr. R.
Costello; Secretary: Mr. N. Williams; Committee: Messrs.
A. Williams, K. Ashworth, A. Bird and K. W. Roe.

The session opened in October 1960 with a lecture on
“Repeatered Submarine Cables,” by Mr. F. Scowen, of the
Post Office Research Station. The talk proved to be both
interesting and instructive and was well attended; a lively
discussion followed.

For our November meeting a talk on ‘“Subscriber
Trunk Dialling,” recently introduced in Middlesbrough, was
given by Mr. S. Hinson and Mr. W. Smith, both Technical
Officers in Middlesbrough automatic telephone exchange.
The use of numerous large-scale diagrams produced by the
lecturers enabled them to hold the interest of the audience
during the explanation of a complex subject. The meeting
was an outstanding success with an audience of about 60.

The December meeting took the form of a visit to the
Middlesbrough fire station. The visit was made more
interesting by the fact that an alarm occurred during the

visit, giving an excellent opportunity to see the service in
action.

The program for the remainder of the 1960-61 session
was arranged as follows:

January: Film show.

February: A talk on automatic telex.

March: Visit to Cameron’s brewery.

April: A talk on refrigeration and ventilation plant.

May: Annual general meeting.

The committee are very pleased with the progress of the
Centre and welcome all members to future meetings.

N. W.

Leeds Centre

The current program is now well under way and meetings
are well attended.

On 14 October 30 of our members travelled to Cambridge
to spend an interesting day at Pye Telecommunications, Ltd.

Memories of many warm and happy days spent in the
Lake District were brought back to us in a talk entitled
“Lakeland Days,” given by Mr. P. Broadbent, a member of
the Leeds Centre. This was an open meeting and 40 of our
members and friends had a most enjoyable evening.

On Thursday, 15 December 1960, we held our annual
dinner and dance at the Ringsways Restaurant, Whitehall
Road, Leeds; 100 of our members and guests attended.
During an excellent meal the resident quartet played light
music; later the Chairman, Mr. T. M. Smith, proposed
a toast to the Queen, and afterwards briefly referred to the
future of the Centre and thanked all members for their
support. Mr. E. Hopkinson replied and then, on behalf of
the Centre, made a presentation to our past Chairman,
Mr. C. Baker. During the remainder of the evening there
was dancing, songs by Mr. Frain, and magical entertainment
by Mr. G. Blake.

E.B.B.

Shrewsbury Centre

At the annual general meeting, held on 7 October, the
following officers were elected: Chairman: Mr. J. F. A.
Callear; Vice-Chairman: Mr. E. Dodd; Secretary: Mr. H.
Christmas; Treasurer: Mr. R. Poulson; Committee: Messrs.
W. Dodd, P. K. Nicholson, J. Swannick, J. Fleming,
G. Ridgway and R. Jervis.
' H.C.

London Centre

The November talk, “The Nature of Annoying Sound,”
given to the Centre at Waterloo Bridge House, was by
Mr. E. A. Newman, Deputy Superintendent of the Applied
Physics Division of the National Physical Laboratory.
Mr. Newman explained how the annoyance of certain
sounds was caused not by loudness but by the make-up of
the sound, and showed how the National Physical Labora-
tory were tackling the problems of aircraft and traffic noise.

For some years now the December meeting has been the
occasion of a technical film show. The films shown last
December were “This is the B.B.C.,” “Hazard,” and “The
History of the Cinema.”

In January, Messrs. 1. J. Shelley and S. Edwardson of the
B.B.C. gave their talk, “Cablefilm,” and explained how
B.B.C. newsfilm is transmitted over the TAT cable. Film
sequences showed how the technique had developed from
early tests made in 1957, and these were followed by films
of important events that had been shown on television since
the visit of the Queen to Canada in 1958. Demonstration
equipment included the receiving film camera for the slow-
speed telerecording apparatus and the transmission
equipment.

With the advent of S.T.D. in the London Telecommuni-
cations Region many of our Areas have asked for follow-up
talks on the subject after Mr. H. E. Francis’s introductory
lecture last year. Messrs. B. B. Gould and S. H. Sheppard,
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of the Telephone Exchange Systems Development Branch,
Engineering Department, covered the director aspect with
their talk, “S.T.D. as it affects Director Exchanges,” given
before the Centre, the Circuit Laboratory of the Telephone
Exchange Standards and Maintenance Branch, Engineering
Department, and the North and West Areas, while Mr. B. G.
Woods of the Circuit Laboratory has kindly covered the
non-director aspect by talking about the non-director
register-translator (electromechanical) for S.T.D. before the
Circuit Laboratory Branch, and the North and North-West
Areas.

The Centre was proud to learn that Mr. L. J. Garland,
of Long Distance Area, had won the first prize in the
1959-60 Associate Section Papers Awards for his paper,
“Continental Semi-Automatic Switching Exchange.”

On 18 November a team from the Centre met a team from
Brighton Centre at the Telephone Manager’s Office at
Brighton for a technical quiz. Our party, some 25 in all,
contained a composite team of three members from each of
last session’s London Telecommunications Region finalists,
West and City Areas. After an enjoyable meal provided by
our Brighton hosts, the match began with our President,
Mr. A. H. C. Knox, acting as Question Master, while
Mr. Greening, our Regional Liaison Officer, and Mr. S. J.
Edwards, the Telephone Manager of Brighton, adjudicated.
After mounting excitement the two teams drew and the
London team just lost on the first of the supplementary
questions, thus bringing to a close one of our most enter-
taining quiz evenings. The opening rounds of a further
inter-area technical quiz were played in the London Tele-
communications Region before Christmas, with East,
South-West and West Areas beating their contestants Centre
Area, Circuit Laboratory and Test Section, respectively,
while City Area received a bye against South-East Area.

Orders for about 800 Associate Section ties have now been
received. Of this number some 250 have been ordered from
the Home Counties Region and five other Centres throughout
the country, while the remaining 550 have been ordered by
the Areas comprising the London Centre. Completion of
orders takes about two months.

In addition to the visits organized by each Area, the
Centre has arranged two visits so far this session. The first
of these was to New Scotland Yard, while the other was a
whole-day visit to the Central Electricity Generating Board,
Grid Control Centre, at East Grinstead, Sussex. This latter
visit gave us the opportunity to see the control and telemeter-
ing systems used by the C.E.G.B. to control that part of the
national grid in South-East England.

D. W.W.

Colwyn Bay Centre

The opening of the new repeater station at Colwyn Bay
has enabled the meetings of the Centre to be held in the
spacious welfare accommodation available this has resulted
in an increased attendance.

Meetings during 1960 included a lecture on ‘‘Postal
Mechanization,” by Mr. C. J. Lamping, of the Engineering
Branch, Post Office Headquarters, Wales and Border
Counties, at which the postal staff were our guests; “This
is the B.B.C.,” a film of the work of the Corporation,
introduced by their North Wales representative, Mr.
S. Jones; a film show and lecture by a representative of
Mullard, Ltd.; and a repeat visit to the works of John
Summers, Ltd.

A lecture, “S.T.D., Part II,” a film show, and a talk by
a representative of the police force are scheduled for the
beginning of 1961.

E.W. W.

Book Review

“Electronic Circuits, Signals and Systems.” S. J. Mason
and H. J. Zimmermann. John Wiley & Sons, Inc.,
New York, and Chapman & Hall, Ltd., London.
xviii + 616 pp. 355ill. 100s.

This book is one of a series being prepared by members
of the electrical-engineering department of the Massa-
chusetts Institute of Technology to document ‘‘the hard
core of essential information given to all students in elec-
trical engineering.”” The emphasis in all the books of the
series is on basic principles and methods of analysis; dis-
cussions of industrial practice, which contribute little to the
students ability and which nowadays are liable to be out of
date by the time the book appears, are severely limited.
An earlier book in this series by the same authors, “Elec-
tronic Circuit Theory,” applied elementary linear-circuit
theory to electronic circuits and described the behaviour of
such devices as amplifiers, modulators, oscillators, wave-
form generators, etc. The emphasis was on circuit theory.

Here, the subject is taken one major step forward to
consider complete systems composed of these devices. In a
system one is concerned with the transmission of a signal,
and the component devices are to be regarded as units for
processing this signal. The detailed distribution of voltages
and currents within the device and the precise manner by
which the specific processing is achieved are, from this
viewpoint, of little concern; the important thing is the
functional relation between input and output signal. The
bulk of the book is concerned with describing methods of
analysing such systems.

It opens with two chapters which deal with matrix
methods and topological methods in circuit analysis. They
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are in the nature of groundwork for the rest of the book,
are rather loosely connected with the main topic, and are
not very inspiring. The next two chapters discuss the first
main approach to the subject, namely, signal flow graphs
and their applications. Signal flow graphs were developed
some years ago by Professor Mason as a method of pre-
senting in geometrical form the relations implied by a set of
simultaneous equations such as one may use to describe the
progress of a signal through a system. Simple rules for
manipulating a flow graph allow one to “‘solve™ the system
it represents without explicitly concerning oneself with the
simultaneous equations.

The other main part of the book is contained in the two
chapters which follow and is devoted to signal analysis.
Here the basic tool is the Fourier transform. One chapter
is concerned with the dual representation of a signal as a
function of time and a function of frequency, and the other
chapter with the way these two representations are modified
when the signal is sent through a linear system. Both
chapters are a delight to read.

A further chapter deals with the elements of nonlinear
systems and of linear systems with time-varying elements
and describes the connexion between them; this leads to a
discussion of various modulation processes. The Ilast
chapter is a short one about feedback systems.

The general standard of treatment in the whole book is
excellent; there are copious diagrams, well conceived and
clearly drawn, and there is just about the right amount of
mathematics. Altogether it is a book which can be highly
recommended.

H.J. O.



Staff Changes

Promotions
Name Region, etc. Date Name Region, etc. Date
Depury Submarine Super zmendenr to Submarine Superintenden: Inspector to Assistant Engineer —(’onnnued
Finlayson, I. R. E.-in-C.O. 1.2.61 Marshall, P. S. H. L.T. Reg. 4.11.60
Allmond, J. L.T. Reg. 4.11.60
Senior Executive Engineer to Assistant Staff Engineer }Neller,CS-K II:$ geg- 2”28
R J. -in-C.O. “—__ .10. anes, C. K. . 1. Reg. A1,
Meiorid, I F. E-in-C.O 241080 | Burch, L.J, LT. Reg, 21.11.60
GOI‘dOl’l S. C E‘-in-C'O' o 24.10'60 Spiers, B.N. .. N.W. Reg. 11.11.60
Bennett, R. O. TS.U. .. 24.10.60 Middleton, T. Mid. Reg. 12.12.60
Mitcheli, M. War Office . . 16.12.60 Lenton, A. L. N.E. Reg 12.12.60
(In absentia) Wellmgton P. F. L.T. Reg 29.12.60
Walker, N. E.-in-C.O. .. 16.12.60
Technical - to Assistant Engineer
Senior Executive Engineer to Principal R 11060
Hawkins, A. P. E.T.E. to Personnel Dept. 12.12.60 Holdsworth, H. N.E. Reg. .. 12.10.60
Hemming, L. H. Mid. Reg. .. 3.10.60
Efficiency Engineer to Regional Engineer Weate, S. J. .. Mid. Reg. .. 3.10.60
Greenwood, G. C. "~ H.C.Reg. .. 30.9.60 Clarke, W. H... H.C. Reg. .. 13.10.60
Carter, S. W. .. H.C. Reg. .. 13.10.60
Efficiency Engineer to Deputy Telephone Managet éﬁanlqs’ I}i % S. II\\/IIIIS geg. . g?%ggg
- B S P arles, R. G. id. Reg. .. .10.
Executive Engineer to Area Engineer g?égi(: g D o M:g %Zg o %2}868
Donovon, J. G. L.T. Reg. 5.10.60 ' D. A id. Reg. 26.10.6
. Hudson, D. A. Mid. Reg. 6.10.60
Johnson, E. S. Mid. Reg. .. 15.11.60 Barratt, F. C. .. Mid. Reg. 26.10.60
Moore, B.H. .. L.T. Reg. 12.12.60 Hume, H. G. .. E.-in-C.O. 17.10.60
Jones, D. H. .. N.W. Reg. 19.10.60
Executive Engineer to Power Engineer Prestwich, J. D. N.W. Reg. 31.10.60
Greenall, J. L.P. Reg. to Mid. Reg. 7.11.60 Jenkins, E. G. E. W.B.C. 23.11.60
Alexander G. E. L.T. Reg. 12.12.60 Ankers, W, L. W.B.C. 5.9.60:
Henderson, G. C. Scot. 14.11.60
Executive Engineer to Senior Executive Engineer ?ixon, }}{ Jk % E'IWRReg ttoEE -m(—ECOO %2 Hgg
Ridout, P. N. E.- anner, R. K. R. eg. to E.-in-
Barton. R. W. Ernco (21960 | Powell, D.J. .. L.T. Reg. to E.-in-C.0, 14.11.60
Hawkins, A. P. E T.E. . 22.11.60 Phillips, A. B. N.W. Reg. to E.-in-C.O. 14.11.60
Chilver, L. W. J. E.Ain-C.O. .. 22.11'60 Rothwell, F. .. N.W. Reg. to E.-in-C.O. 14.11.60
Mead, A. C. .. HC Reg 0E. -in-C.0. 22.11.60 Whitcombe, S. J. B 0. - o, | 1a.11.60
McGrath, H. T. -in-C. . ust, K. E. .. eg. to E.-in- R 1.
McLucky, R, F. EnfQ - 221180 | Young, G.W.J. . LT.Reg toE-in-C.O. 14.11.60
Stephenson, M E -C.O. to T.S.U. 15 Livermore, R. W. D... L.T. Reg. to E.-in-C.O. 14.11.60
phenson, M. -in- o 13.12.60 Castl C L.T. Reg. to E.-in-C.O 1 6
Harding, D. J. E.-in-C.O. .. 13.12.60 as {3, w.C. .. L Ce% o E.-in- X 4,11.60
Masters, D, C. ETE, (0 Ecin-C. 0. 131260 | preelb R E-An-CO- . - 191160
or, S. A. .. - .. 5 e de - il
Banham, H. EonCo. 191289 | Gipp, 1. A’ L. L.T. Reg. to E.-in-C.0. 14.11.60
Amott, H. .. E-in-C.O. .. 1412.60 | [lreland, W. A. L.T. Reg. to E-in-C.O. 14.11.60
Ravenscroft, I. A. E.-in-C.O. .. 21.61 Garland, J. L... L.T. Reg. to E.-in-C.O. 14.11.60
o Trumper, J. W. L.T. Reg. to E.-in-C.O. .. 14.11.60
Assistant Engineer to Executive Engineer E;’éim\akr]l, ]F R. %\z ﬁzg to E.-in-C.O. .. ;gﬂ gg
Beaumont, C. L. G. .. Mid. Reg. .. 6.10.60 Rook’e, S.A. .. LT. Regg' 4.11.60
Webb, J. A. G. L.T. Reg. .. .. .. 23.9.60 Morath, H. E. L.T. Reg. 4.11.60
Sparlges, G. T. H.C. Reg. to E.-in-C.O. .. 24.10.60 Hildersley, S. E. G. L.T. Reg. 4.11.60
Brewin, R. C. E.-in-C.O. .. .. 23.9.60 Matthews, E. G. L. L.T. Reg. 4.11.60
Baxter, B. W. E.-in-C.O. .. 23.9.60 Yates, J. F. . L.T. Reg. 4.11.60
Sander, D. H. E.-in-C.O 29.9.60 Cowley, C. W. H L.T. Reg 4.11.60
Fletcher, N. E. E.-in-C.O 31.10.60 Barber, T. H. L.T. Reg 4.11.60
Kirk, L. W. .. L.P. Reg. 24.11.60 Hewitt, A. R. L.T. Reg. 14.11.60
Taylor, G. E. .. LT Reg. .. .. 28.10.60 Lane, J L.T. Reg. 4.11.60
Crutchett, S. H. L.T. Reg. to E.-in-C.O. 7.11.60 Bryan, W. R. L.T. Reg 4.11.60
Brookes, G. F. L.T. Reg. to E.-in-C.O. 18.11.60 Roach, W, G. . LT Reg' 4.11.60
Jackson, F. G. E.-in-C.O. .. .. 28.11.60 Wood, W. S. W.B.C. 8.11.60
Russell, A. C. L.T. Reg 23.11.60 Gould D. ) L.T. Reg. 21.11.60
Kennedy, D. J. W. L.T. Reg. .. ... 231160 Peckham, D. A. L.T. Reg. 21.11.60
Moncrieff, A. W. E.-in-C.O. to Factories Dept. 12.12.60 Hourie, J. N.W. Reg. 18.11.60
]\)NOO?, ‘i \é’ .. E.-gn-g.g. .. .. .. 21.12.60 Briggs, W. ) N.W. Reg. 28.11.60
rout, A. Q. .. ~in-C. 7.12.60 Toppmg, L H N.W. Reg. 30.11.60
Endersby, J. C. E.-in-C.O 7.12.60 Biggs, R N.W. Reg 30.11.60
Inspector to Assistant Engineer g%?vnr:’ ](); R. . II:III)E Reegg 1;;81(3)28
Lee, J. A. N.E. Reg 12.10.60 Crombie, A. M. Scot. 23.11.60
Forster, H. .. N.E. Reg 12.10.60 Riley, G. A. .. Mid. Reg 5.12.60
Elms, D. B. H. S.W. Reg 8.11.60 Hughes, O. H. D. Mid. Reg 5.12.60
Darby, E. L. S.W. Reg 8.11.60 Borrett, J. L. .. N.E. Reg 12.12.60
Cox, J. W. S.W. Reg 8.11.60 Newton, F. N.E. Reg 12.12.60
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Promotions—continued

Name Region, etc. Date Name Region, etc. Date
Technical Officer to Assistant Engineer—continued Technician I to Inspector—continued
Belk, K. J. .. .. N.E. Reg. .. 12.12.60 Aldred, H. .. Mid. Reg. .. .. .. 5.12.60
Poynter W. A. S.W. Reg. .. 13.12.60 Bradley, R. G. Mid. Reg. .. .. .. 5.12.60
Dymond, J. .. N.L .. 29.12.60 Vernon, V. R... .. Mid. Reg. .. .. .. 5.12.60
Taylor, G. A. .. Mid. Reg. .. 9.12.60 ¢ Lynch, P. A. .. .. Scot. .. .. .. 12.12.60
Picard, P. B. .. L.T. Reg. 29.12.60 Milligan, G. W. F. .. Scot. .. .. .. 12,1260
Popple, L. H. .. L.T. Reg. 29.12.60 Alderson, J. .. .. N.E. Reg. .. .. .o 12,1260
Parker, E. A. L.T. Reg. 29.12.60 Musgrave, S. .. .. W.B.C. .. .. .. 9.12.60
Clegg, R. L.T. Reg. 29.12.60 Davies, D. .. .. W.B.C. .. .. ..o 12,1260
wild, C. P. W L.T. Reg. 29.12.60 Sandercock, R. S.W. Reg. .. .. .. 6.12.60
Smxth J. D. L.T. Reg. 29.12.60 Lamb, D. W. A. S.W. Reg. .. .. .. 21.12.60
Macre, J. L.T. Reg. 29.12.60 Stacey, N. S. T. S.W. Reg. .. .. .. 16.12.60
Doubleday, W H L.T. Reg. 29.12.60 Thorne, M. S.W. Reg. .. .. .. 21.12.60
Gray, C. L. .. L.T. Reg. 29.12.60 Sparks, S. . S.W. Reg. .. .. .. 21.12.60
Dauncey, L. A. L.T. Reg. 29.12.60 Francis, E. G. E L.T. Reg. .. .. .. 29.12.60
Sayers, P. . L.T. Reg. 29.12.60 Leeds, P.E. A. L.T. Reg. .. .. .. 29.12.60
Lucy, J. H. E.T.E. 22.12.60 Hall, G. A, .. L.T. Reg. .. .. .. 29.1260
Rabbitts, A. D. L.T. Reg. .. .. .. 29.12.60
Technical Officer to Inspector Jarrett, P. M. .. L.T. Reg. .. .. .. 29.12.60
Falconer, A. D. .. Scot. 26.9.60 Grant, J. W. L.T. Reg. .. .. .. 29.12.60
Walton, R. W. L.T. Reg 4.11.60
lgwyeff) Cl:." V]g I]:% £R{eg. 2%%28 Senior Scientific Officer to Principal Scientific Officer
age, P. F. E. .T. Reg. 1. Revio in- .
Furse, A. E. .. S'W. Res 16.12.60 Reynolds, F. H. .. E.in-C.O. .. .. .. 5.10.60
Bryant, S. B. R. S.W. Reg 16.12.60
Stockman, H. W. .. S.W. Reg 16.12.60 Assistant (Scientific) to Senior Assistant (Scientific)
Hollingsworth, W. F. L.T. Reg. 29.12.60 Marriott, M. .. . E.-in-C.O. .. .. .. 14.11.60
Woods, W. H. L.T. Reg. 29.12.60 Schroder P. M. (Mrs) E.-in-C.O. .. .. .. 7.11.60
Maltby, W. G. F L.T. Reg. 29.12.60
lS}mlth, C. Ww. L.T. Reg. 29.12.60 Assistant Experimental Officer (Open Competition)
rookes, R. F. A. L.T. Reg 29.12.60 ;
Watson, C. H. L.T. Reg 29.12.60 K‘ershgw, B. L. .o E.-!H-C‘O. e .. . 7.10.60
Turvey. G. J. H. L.T. Reg 29.12.60 FlSthCk, B. J. .. E.-}H—C.O. e .. - 11.10.60
Miall, i) G. L.T. Reg 29:12:60 Booth, A. J. .. .. E.-}l‘l—C.O. .. . .. 19.10.60
Brooks, A. E. L.T. Reg. 29.12.60 Dack, R. N. .. .. E.-in-C.O. .. .. .e 25.10.60
Burgess, B. R. L.T. Reg. 29.12.60 ]
Denby, A. G. .. L.T. Reg 29.12.60 Technical Assistant I to Assistant Regional Motor Transport
. Officer
Technician 1 to Inspector Thompson, J. .. Scot. to N.E. Reg. .. 2.1.61
ngling_s,kw. HA ?\IVI?CI:{ 3.10.60
WicC LA .E. Reg. .10.
\S;Sigglgy,] A, }V . H.C. Reg. 3%{828 Senior Executive Officer to Chief Executive Officer
Hurst, G. S. W.B.C. 13.10.60 Norris, S. A. .. E.-in-C.O. .. .. .. 1.11.60
Cox, A. M. W.B.C. 19.10.60
Kennedy, W N.E. Reg. 12.10.60 Higher Executive Officer to Senior Executive Officer
Barber, R. .. N.E. Reg. 12.10.60 . Ecin-C.O 1.11.60
Massey, H. J. N.W. Reg. 31.10.60 Attrill, R. A. .. ~1n-C.O. .. .. .. A1,
Sutherland, J. S. N.W. Reg. 31.10.60
I};Iastl)(ell, L. IFW G E’IC':E Reg. 2?“20 Executive Officer to Higher Executive Officer
urborough, W. G. .. E.T.E. -11.60 Rainbird, F. C. .. E-in-CO. .. .. .. 29.8.60
Woodworth, J. F. W.B.C. 8.11.60 Anderson, C. .. .. E-in-C.O. .. .. .. 241060
Ratcliffe, T. .. H.C. Reg. 29.11.60 Florence, W. D. .. E-in-C.O. .. .. .. 7.11.60
Budgen, B. J. .. S.W. Reg. 24.10.60 ’
Bland, E. .. L.T. Reg. 4.11.60 .
QOakes, L. A. .. L.T. Reg. 4.11.60 Clerical Officer to Executive Officer
Duke, E. N.W. Reg. 18.11.60 Machin, C. W. .. E.~in-C.O. .. .. .. 29.8.60
Parker, W. N.W. Reg. 28.11.60 Coyne, A. K. (Mrs.) .. E.-in-C.O. .. .. .. 24.10.60
Scurr, S. N.W. Reg. 28.11.60 Allington, L. C. .. E.-in-C.O. .. .. .. 31.10.60
Woods G. W. H.C. Reg. 22.9.60 Dee-Crowne, L. A. .. E.-in-C.O. .. .. .. 5.12.60
Retirements and Resignations
Name Region, etc. Date \ Name Region, etc. Date
Submarine Superintendent Executive Engineer
Leech, W. H. .. .. E.-in-C.O. .. 31.1.61 Widdicks, J. A. .. E.-in-C.O. .. .. .. 31.8.60
(Resigned) .
May, E. J. P. .. E.-in-C.O. .. .- .. 31.8.60
Area Engineer (Resigned)
Rimes, R. E. .. .. N.E. Reg. .. 30.11.60 Hasnip, A. G... Mid. Reg. .. .. .. 31.8.60
Holliday, R. F. L.T. Reg. 9.12.60 Dunkley, L. W. Mid. Reg. .. . .. 5.10.60
Waterhouse, L. R. N.W. Reg. .. .. .. 14.10.60
. , , Oldacre, A. G. L.T. Reg. .. .. .. 27.10.60
Senior Executive Engineer Myers, B. L. (Reszgned) E-in-C.O. .. .. .. 3L.1260
Waters, H. S. .. E.-in-C.O. .. 8.10.60 Marks, T. A. H.C. Reg. .. .. .. 31.12.60
McKie, A. N. War Office .. 27.12.60 Easterwood, D. N.W. Reg. .. .. .. 21.12.60
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Retirements and Resignations——continued

Name Region, etc. Date ’ Name Region, etc. Date
Assistant Engineer l Assistant Engineer—continued
Laver, J. .. .. S.W. Reg. 1.9.60 | Beardmore, A. R. E.-in-C.O. .. 31.12.60
Juden, T. D. .. .. L.T. Reg. 4,10.60 (Resigned)
Bartholomew, R. F. .. H.C. Reg. 7.10.60 Saunders, W. A. F. E.-in-C.O. .. 31.12.60
Andrews, R. .. N.E. Reg. 12.10.60 (Resigned)
Sweeney, L. .. W.B.C. 14.10.60
McFarlane, H. C. Scot. 14.10.60 | Inspectror
Simpson, E. S. L.T. Reg. 16.10.60 Robinson, A. .. N.E. Reg. 2.10.60
English, H. J. .. L.T. Reg. 18.10.60 | Wiseman, J. B. L.T. Reg. 15.10.60
McHugh, G. P. N.E. Reg 28.10.60 Berry, F. L. . L.T. Reg. 20.10.60
Topham, L. C. Mid. Reg 29.10.60 Gregson, J. L. N.W. Reg. 21.10.60
Howorth, E. (Resigned) E.-in-C.O 28.10.60 Harriman F. .. N.E. Reg. 29.10.60
Kallaway, HL N. .. S.W.Reg 23.10.60 Weatherley, H. S. E.T.E. 31.10.60
Pullee, G. C. .. L.T. Reg. 8.11.60 Taylor, B. B. .. E.-in-C.O. . 2.11.60
Duncan, G. L. N.L 15.11.60 Griffiths, J. .. W.B.C. 8.11.60
Meadows, A. .. N.E. Reg. 23.11.60 Middleton, L. V. S. S.W. Reg. 14.11.60
Latham, J. .. L.P. Reg. 30.11.58 Thompson, T. W. H.C. Reg. 3.10.60
Physick, R. A. S. L.P. Reg. 14.12.59 Lancaster, G. .. Mid. Reg. 11.11.60
Ketteringham, A. L.P. Reg. 22.9.60 Hargreaves, T. N.W. Reg. 1.12.60
Jones, C. J. .. S.W. Reg. 30.11.60 Beevours, J. H. N.E. Reg. 7.12.60
Porter, R. E. .. N.W. Reg. 5.12.60 Hamilton, N. K. N.W. Reg 10.12.60
Seabridge, G. E. E.-in-C.O. 9.12.60 Kemp, W. H. .. L.T. Reg. 29.12.60
Waite, W. C. H. S.W. Reg. 14.12.60 Crawford, A. J. W.B.C. 31.12.60
Stephenson, S. N.E. Reg. 16.12.60
Mo, 'R Mid: Re. 19,1260 | Principal Scientific Offcer
BOO]’!Z J. W. H. N.E. Reg. 23:1260 GIOVGI', D. W.* E.-in-C.O. .. 16.11.60
Evett, F. T. L.T. Reg. 29.12.60
McBain, A. E.-in-C.O. 30.12.60 Chief Executive Officer
Howard, A. .. L.T. Reg. 30.12.60 Southgate, A. G. .. E.-in-C.O. .. 31.10.60
Loudwell, A. J. L.T. Reg. 31.12.60 .
Osman, J. F. .. L.T. Reg. 31.12.60 Executive Officer
Goodwin, G. F. L.T. Reg. 31.12.60 Lambert, F. S. T. E.-in-C.O. .. 30.11.60
Baines, G. W, N.W. Reg 31.12.60 Harris, E. A. J. E.-in-C.O. .. 31.12.60
* Mr. D. W. Glover is continuing as a disestablished officer with E.-in-C.O.
Transfers
Name Region, etc. Date ' Name Region, etc. Date
Chief Regional Engineer to Chief Motor Transport Officer | Assistant Engineer
Hough, F. A. .. L.P. Reg. to E.-in-C.O. 24.10.60 ’ Morgan, E. P., Foreign Office to W.B.C. 1.12.59
. . Steel, . R. . E.-in-C.O. to Ministry of 17.10.60
Power Engineer Transport
Hills, E. G. L.T. Reg. to E.-in-C.O. 7.11.60 ] Marshall, N. E. E.-in-C.O. to Scot. . 5.12.60
Godwin, B.M. E.-in-C.O. to Sierra Leone 22.12.60
Senior Executive Engineer \
Carden, R. W. G. E.-in-C.O. to Pakistan 8.12.60 Inspector
i George, R. W. L.P. Reg. to L.T. Reg. 10.11.58
Executive Engineer - —
Eburah, J. W. L.T. Reg. to Ministry of 15.8.60 ] Senior Scientific Officer
Transport | Hastie, R. A. .. . E.-in-C.O. to Ministry of 1.11.60
Williams, L. F. Factories Department to 12.9.60 Transport
Mid. Reg. . .
Heywood, A. W. E.-in-C.O. to Foreign 24.10.60 Assistant Experimental Officer
Office Harrington, D. E.-in-C.O. to Ministry of 1.11.60
Hughes, C. J. .. E.-in-C.O. to Sudan 12.12.60 Transport
Foster, H. A. L. E.-in-C.O. to Jordan 31.12.60 -
Harris, T. . E.-in-C.O. to L.T. Reg. 2.1.61 Executive Officer
Beak, K. L. E.-in-C.0O. to H.M.S.0. 2.1.61 Henrick, E. W. F. E.-in-C.O. to A.G.D. 5.12.60
Deaths
Name Region, etc. Date 1 Name Region, etc. Date
Executive Engineer Inspector
Morgan, L. O. L.T. Reg. .. 2.12.60 Dew, W. S. E.-in-C.O. .. 14.11.60
Painter, C. H. Mid. Reg. .. 5.12.60 Ross, W. .. Scot. .. 22.11.60
. . Brennan, W. E. N.W. Reg. .. 5.12.60
Assistant Engineer Sampson, A. B. L.T. Reg. 19.12.60
Harvey, C. L.T. Reg. 10.12.60 Stapleton, E. C. L.P. Reg. 23.12.60
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Papers and Articles on Telecommunications
and Other Scientific Subjects

The following is a list of the authors, titles and places of publication of papers and articles written by Post
Office staff (sometimes in association with members of other organizations) and published during 1960.

AYERS, S. A New Type of Piezo-electric Flexural Vibrator
in the Form of Balanced Cantilevers. I.E.E. Monograph
No. 391E, July 1960. (Proceedings I.E.E.. Vol. 108,
Part C, p. 35, Mar. 1961).

BampToNn, J. F. The British Contribution to TAT 2.
Post Office Telecommunications Journal, Vol. 12, p. 162,
Autumn 1960.

BiLLeN, J. C. Producing More Circuits from the Trans-
atlantic Cable. Post Office Telecommunications Journal,
Vol. 13, p. 23, Winter 1960.

Bisaopr, D. K., CarLIN, J. S.,* and GRUNDY, S.* Channel
Selection in Highgate Wood Electronic Telephone
Exchange. Proceedings ILE.E., Paper No. 3569E, Nov.
1960 (Vol. 108, Part B, Supplement 20).

Bourbpeaux, N. The New Post Office Coast Radio Station.
The Consulting Engineer, Vol. 18, p. 203, Aug. 1960.

Bray, W. J. The Future of Microwaves for Tele-
communications. The New Scientist, Vol. 7, p. 649,
17 Mar. 1960.

BrAay, W. J. The Standardization of International Micro-
wave Radio-Relay Systems. Proceedings 1.E.E., Paper
No. 3412E, Mar. 1960 (Vol. 108, Part B, p. 180).

BrREWER, R., LAWRENCE, J. A., and LAver, F. J. M. The
Appraisal of Operational Reliability in Electronic
Systems. Symposium on Electronic Equipment Reliability,
p. 6 (I.LE.E., May 1960).

BroOADHURST, S. W. An Experimzntal Electronic Telephone
Exchange. Post Office Telecommunications Journal, Vol.
12, p. 59, Spring 1960.

Buck, G. A., see RicHARDS, D. L.
CapPLIN, J. S., see Bisnor D. K.

Carasso, J. 1. Environmental Effects on the Growth of
Excess Reverse Current in Germanium p-n Junctions.
Proceedings L.E.E., Paper No. 3080E, Mar. 1960 (Vol. 106,
Part B, Supplement 17, p. 964).

CaARrasso, J. 1., and SteLzer, I. The Surface Chemistry of
Germanium: Part 3.—Erosion by Chlorine. Journal of the
Chemical Society, Vol. 357, p. 1797, 1960.

Catt, L. H. Secondary Cells for Post Office Telecom-
munications. I.P.O.E.E. Printed Paper No. 218, 1960.

CatT, L. H. Stationary Batteries in the British Post Office.
Proceedings of the Second International Symposium on
Batteries, Paper No. 31/1, Oct. 1960. (Published on
behalf of the Inter-Departmental Committee on Batteries
by the Signals Research and Development Establishment,
Christchurch, Hants.)

CueeTHAM, H. Televising the Grand National. Post Office
Telecommunications Journal, Vol. 12, p. 136. Summer 1960.
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CrorspaLE, A. C. Automatic Error-Correction for Long
Distance Radio Telegraphy. Post Office Telecom-
munications Journal, Vol. 12, p. 78, Spring 1960.

CroispaLE, A. C. Error Rates and Error Detection on
Telegraph Circuits. (Presented at Data Symposium,
Delft, Sept. 1960). I.R.E. Transactions on Cominunica-
tion Systems, Mar. 1961.

CrossLey, C. G.,* DUuerpoTH. W. T., FRENCH, J. A. T., and
Rous, R. F.* Speech and Signalling Switching Equipment
in the Highgate Wood Electronic Telephone Exchange.
Proceedings I.E.E., Paper No. 3393E, Nov. 1960 (Vol. 108,
Part B, Supplement 20).

DuerpoTH, W. T., see CROSSLEY, C. G.

DuerbotH, W. T., and LAWRENCE, J. A. Reliability and
Maintenance of Electronic Exchanges. Proceedings I.E.E.,
Paper No. 337SE, Nov. 1960 (Vol. 108, Part B. Supple-
ment 20).

Evans, G. O., see JoweTT, J. K. S.

EveRresT, D. A.,; and HarrisoN, J. C. The Chemistry of
Quadrivalent Germanium:
Part 7.—Further Studies of the Complexes formed
between Germanium and Polyhydric Alcohols.
Part 8.—Complexes of Germanium with Tartaric,
Lactic and Mucic Acid. Journal of the Chemical Society,
pp. 1745 and 3752, Apr. and Oct. 1960.

Frowers, T. H. A Review of Electronic Exchange
Developments. British Communications and Electronics,
Vol. 7, p. 894, Dec. 1960.

Frowers, T. H. Transmission Network Planning with
Electronic Exchanges. Proceedings I.E.E., Paper No.
3373E, Nov. 1960 (Vol. 108, Part B, Supplement 20).

Frowers, T. H. Users Requirements and Problems—
Electronic Telephone Exchanges.  Symposium on
Electronic Equipment Reliability, p. 11 (1.LE.E., May 1960).

FreeBODY, J. W. H., and HerON, K. M. Some Engineering
Factors of Importance in Relation to Reliability of
Government Automatic Data Processing Systems.
Discussion Meetings on “The Reliability and Main-
tenance of Digital Computor Systems,” Jan. 1960
(LLE.E. and British Computor Society, Ltd.).

FreeBODY, J. W, H., and LAVER, F. J. M. Reliability and
the User of Automatic Data Processing Systems.
Symposium on FElectronic Equipment Reliability, p. 12
(LLE.E., May 1960).

FRrRENCH, J. A. T., see CrossLEY, C. G.

GiLL, Lt1.-CoL. W. E. Some Modern Developments in
Telecommunications (Chairman's Address to LE.E.
Local Centre). Electrical Times, Vol. 138, p. 595, Oct.
1960, and Proceedings 1.E.E., Vol. 108, Part B, p. 137,
Mar. 1961.



GRUNDY, S., see BisHop, D. K.

HARris, L. R. F. Highgate Wood Experimental Electronic
Telephone Exchange—General System Description.
British Communications and Electronics, Vol. 7, p. 897,
Dec. 1960.

Harris, L. R. F., ManN, V. E.,+ and WaRrD, P. W.* The
Highgate Wood Experimental Electronic Telephone
Exchange System: General Introduction. Proceedings
IL.E.E., Paper No. 3376E, Nov. 1960 (Vol. 108, Part B,
Supplement 20).

Harris, L. R. F., see WARD, P. W,

HARRIsON, J. C., see EVEREST, D. A.

HAsTIE, R. A., see WRrAY, D.

HeroNn, K. M., see FrReeroDY, J. W. H.

HowagrD, Miss J., see WALKER, E. V,

HUGHES, A. V. The Manufacture of Transmission Equip-
ment. Post Office Telecommunications Journal, Vol. 12,
p. 90, Spring 1960.

JoweTT, J. K. S. V.H.F. Field-Strength Measurements over
Paths in the Irish Sea involving Mountain Obstacles.
Proceedings I.E.E., Paper No. 3169E, Mar. 1960 (Vol. 107,
Part B, p. 141).

JoweTrT, J. K. S., and Evans, G. O. Radio Forecasting.
Post Office Telecommunications Journal, Vol. 12, p. 122,
Summer 1960.

KriLvingTon, T. The Technical Consideration of Television
in the International Field. Journal of the British Institution
of Radio Engineers, Vol. 20, p. 293, Apr. 1960,

LAVER, F. J. M. A Computer in the Office. Civil Seriice
Opinion, Vol. 37, p. 8, Jan. 1960.

LAvEr, F. J. M., see BREWER, R.

Laver, F. J. M., see FrRegBoDY, J. W. H.

LAWRENCE, J. A., see BREWER, R.

LAWRENCE, J. A., see DUERDOTH, W. T.

LAawsoN, R. W. The Influence of Residual Gas on the
Performance c¢f the British Post Office Submarine
Telephone Repeater Valve Type 6P12. Vacuum, Vol. 10,
p. 100, Feb./Apr. 1960.

LyncH, A. C. The Temperature Coeflicient of Metallized-
Mica Capacitors. Radio and Electronic Components,
Vol. 1, p. 243, Mar. 1960.

Ly~ncH, A. C. New Magnetic Materials. Science Survey,
Vol. 1, p. 48 (Hulton Press, 1960).

MacpiarMmip, 1. F. Waveform Distortion in Television
Links. Journal of the British Institution of Radio Engineers,
Vol. 20, p. 201, Mar. 1960.

Mann, V. E,, see Harris, L. R. F.

Mason, H. J. S. Graphical Symbols for Telecommunica-
tions. Post Office Telecommunications Journal, Vol. 13,
p. 14, Winter 1960.

May, C. A. Highgate Wood Electronic Telephone Exchange :
Facilities and Problems of Compatibility. Proceedings
LE.E., Paper No. 3374E, Nov. 1960 (Vol. 108, Part B.
Supplement 20).

Moore, B. H. Post Office Work for Outside Broadcasts.
Post Office Telecommunications Journal, Vol. 13, p. 17,
Winter 1960.

New, A. A. An Analysis of Failure of Components.
Radio and Electronic Components, Vol. 1,p. 193, Feb. 1960.

NEw, A. A. Some Mechanisms of Failure of Capacitors
with Mica Dielectrics. Proceedings IE.E., Paper No.
3261M, July 1960 (Vol. 107, Part B, p. 357).

OrcHARD, H. J. The Phase and Envelope Delay of
Butterworth and Tchebycheff Filters. I.R.E. Transactions
on Circuit Theory, Vol. CT-7, p. 180, June 1960.

ORrcHARD, H. J. Predistortion of Singly-Loaded Reactance
Networks. I.R.E. Transactions on Circuit Theory,
Vol. CT-7, p. 181, June 1960.

Pore, G. J. A Transistor Constant-Volume Amplifier.
Wireless World, Vol. 66, p. 80, Feb. 1960.

RAVENSCROFT, Miss M. J., see THomPSoN, J. H.

RicHARDS, D. L., and Buck, G. A. Telephone Echo Tests.
Proceedings I.E.E., Paper No. 3338E, Nov. 1960 (Vol.
107, Part B, p. 553).

Rous, R. F., see CrossLEY, C. G.

ScoweN, F. The Design of Reliable Systems for Submarine
Cables. Symposium on Electronic Equipment Reliability,
p. 32 (1.LE.E., May 1960).

SHoTtTON, D. C., see WALKER, E. V.
STELZER, L., see CARASSO, J. L.

TuompsoN, J. H., and RAVENSCROFT, Miss M. J. The
Determination of Copper in Lead and Lead Cable-
Sheathing Alloys. The Analyst, Vol. 85, p. 735, Oct. 1960.

TILLMAN, J. R. Microminiaturization. Post Office Telecom-
munications Journal, Vol. 13, p. 45, Winter 1960.

ToriN, W. J. E. Keysending from Subscribers’ Telephones.
Post Office Telecommunications Journal, Vol. 12, p. 118,
Summer 1960.

WaLker, E. V., HowaArDp, Miss J., and SHoTTON, D. C.
The Production of Silicon-Iron Magnetic Strip with (110)
(001) Texture by Cold Rolling from Sintered Compacts.
Journal of the Iron and Steel Institute, Vol. 194, Part 1,
p. 96, Jan. 1960.

WarD, P. W.,* and Harris, L. R. F. The Trunking of
100-Channel T.D.M. Exchanges. Proceedings, LE.E.,
Paper No. 3455E, Nov. 1960 (Vol. 108, Part B
Supplement 20).

WARD, P. W, see HarRrIs, L. R. F. and others.

WHITE, R. W. Long-Distance Waveguides. Post Office
Telecommunications Journal, Vol. 12, p. 178, Autumn 1960.

WrAY, D. Television Network Switching. FElectrical
Industries Export, Vol. 60, p. 37, Jan. 1960.

WrAY, D., and HasTiE, R. A. Waveguide Bend with
Continuously-Changing Radius of Curvature. Electronic
Technology, Vol. 37, p. 76, Feb. 1960.

WYLIE, T. S. The Provision of Post Office Broadband Links
for Commercial Television and Other Services in
Northern Ireland. Proceedings I.E.E., Abstract No. 3188,
Jan. 1960 (Vol. 107, Part B, p. 14).

YouNnG. J. E. Other People’s Jobs: Senior Communications
Officer, Home Office. Post Office Telecommunications
Journal, Vol. 12, p. 63, Spring 1960.

s

*Messrs. Caplin, Crossley, Grundy, Rous and Ward are with the General Electric Company, Ltd.

+Mr. Mann is with British Telecommunications Research, Ltd.

1Mr. Everest is at the National Chemical Laboratory.

Post Office Staff are asked to send the Managing Editor details of their papers and articles published during 1961.
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Books of model answers to certain of the City and Guilds of
London Institute examinations in telecommunications are
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Book Reviews

“Progress in Dielectrics.” Vol. II. Edited by J. B. Birks,
B.A., Ph.D., D.Sc., F.Inst.P., AMIEE.,, and J. H.
Schﬁlman, Ph.D. Heywood & Co., Ltd. vii + 225 pp.
76 ill. 55s.

In reviewing Volume I of this series, the present writer
doubted whether there would be enough suitable material
to keep the series alive. Volume I1 is better than he feared,
but of less general interest than a reader might reasonably
hope.

A review of polymers brings some order into the seeming
chaos of materials. The abbreviations used for them are,
however, unfamiliar, and the few trade names quoted are
American. The reader is assumed to know that irradiation
of polymers has so far achieved little that cannot be carried
out by alternative means—the one, admittedly important,
exception being the raising of the softening temperature of
polythene. The article on irradiated polymers will not tell
him this, but it will tell him everything else he is likely to
want to know.

A survey of the theory of dielectrics is a masterpiece of
condensation, but much of its material is already accessible
elsewhere. An article on ‘‘artificial dielectrics”’—that is,
structures used to refract microwaves—is in odd company,
although the subject is of some general interest because of
the parallels to be drawn with ordinary dielectrics on the
one hand and with optical components on the other. A
review of high-permittivity ceramics is extraordinary for
the amount of manufacturing detail it includes, and one on
glasses is also a diligent survey, but neither unites the many
crumbs of information into a memorable whole.

The book, then, includes much that is of interest to the
specialist, who may well use it for reference on points of
detail, but it contains less than it should of the type of
survey which interests the general reader.

A.C. L.

72

“Foundations of Electrodynamics.” P. Moeon and D. E.
Spencer. D. Van Nostrand Co., Ltd. vii + 314 pp.
155 ill. 73s.

Of the many textbooks available to the student of electro-
magnetic theory few can be more suited to his needs than
the book under review. This statement is illustrated by the
opening chapter, which gives a very concise treatment of
vector analysis. The chapter commences with a description
of co-ordinate systems and concludes with retarded vector
potential theory—no mean achievement in a space of
23 pages considering that, in the opinion of the writer of
this review, adequate explanation is given. Chapters on the
basic concepts of electromagnetism, Maxwell’s equations
and Laplace’s equation follow. The theory developed is
then applied to a variety of subjects such as the mutual
inductance between loops, skin effect, waveguides and
aerials. The last two chapters are perhaps of little interest
to the communications engineer since they deal with moving
systems and relativistic electrodynamics. Where necessary
the authors discuss briefly, as they arise, mathematical topics
such as improper integrals and Bessel functions, thus
making the book as self-contained as possible.

Each chapter concludes with a summary, references and
a set of problems. The summary would be more useful at
the beginning of the chapter; the reader would then know,
in general terms, what was about to be considered. The
book concludes with some useful appendices which include
vector-analysis formulae in the three main co-ordinate
systems and the solutions of the differential equations which
occur in the text.

Conscientious study of the book will give the student a
thorough grounding in electromagnetic theory and will
provide a firm foundation for the more advanced aspects of
the subject. Because of the range of practical problems
dealt with, many communications engineers will find the
book useful for reference purposes.

The M.K.S. system of units is used throughout.

C.F.D.









The Chinese had a use for it

Quartz was valued by craftsmen of the Ming
Dynasty as a medium for creating religious
symbols. ornaments and jewelry of great beauty.
Today. at STC. quartz has a vital 20th Century
function. Modern electronics and telecommunica-
tions callfor quartzcrystals made to extremely high
standards. and STC's precision manufacturing
techniques produce crystals to meet these
requirements.

STC quartz crystals maintain a high degree of
stability under conditions of severe vibration.
shock and chimatic change.

Write for detailed literature . . .

Srandard Telephones and Cables Limired

Registered Office : Connaught House, Aldwych, London W.C.2

COMPONENTS
GROUP
QUARTZ CRYSTAL DIVISION . HARLOW . ESSEX











































specify

fast recovery
silicon junction
low hole storage

diodes . .umne

> EXHIBITION
N OLYMPIA

Hughes HS11 series are alloyed junction siliconcomputer diodes,
operative over wide temperature ranges and characterized by
fast recovery time.

Made in Glenrothes, Scotland, the Hughes range of silicon and
germanium diodes are subminiature devices with extremely
stable electrical and mechanical characteristics. These diodes
are specially designed and constructed to meet the most exacting
requirements of military or commercial applications. They are
double wire ended and fusion-sealed in a subminiature one-
piece glass envelope to ensure complete isolation of the active
elements from damage or contamination. The small size,
combined with rigidity of construction and small mass of the
elements, enable them to withstand successfully physical shock
and vibration.

Continuous Ratings 25°C Characteristics 25°C
Max. : Max. Min. Forward Max. Reverse

Type No. Rated Forward Current Current

P.LV. (Volts) Current at 1.5V at PLV.
HS1101 150 80 mA 30 mA 1A
HS1102 100 80 mA 30 mA 1A
HS1103 50 80 mA | 30 mA 1 4A
HS51104 150 60 mA 15 mA 1 4A
HS1105 100 60 mA 15 mA 1 4A
HS1106 50 60 mA 15 mA 1.A
HS1107 150 40 mA 5 mA 1A
HS1108 100 40 mA 5 mA 1A
HS1109 50 40 mA 5 mA 1 6A

Typical Stored Charge Measurement, 700 pico—coulombs.

TEMPERATURE RANGE -65°C TO 150°C

Typical recovery time:
0.3 psec measured in JAN256 circuit, to 80 K ohms when switched from I; 5 mA to V, —35 voits
10 psec measured in IBM *Y" circuit to 400 K ohms when switched from 1;30 mA to V, 35 voits
Special Diodes from this range are available, featuring higher conductivity or faster recovery.

Qualified engineers in our Research and Development
laboratories at Glenrothes are available to help with your
application problems.

Home and Overseas enquiries to:

KERSHAW HOUSE,

GREAT WEST ROAD,

HOUNSLOW, MIDDLESEX

HOUNSLOW 5222



Photograph by courtesy of
H.M. Postmaster-General

This new telephone handset,
introduced by the G.P.O. in
1959 and now being offered
to subscribers all over the
United Kingdom, is moulded

from ‘Diakon’, one of the

many extremely efficient and

colourful plastics materials

‘Diakon’ is the registered trade mark for the
acrylic polymer manufactured by I.C.I. made by I.C.1I.

IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON : S.W.1 (asacy
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ERICSSON

AMPLIFIED TELEPHONE
p sronrornrss HANDSETS

ENGLAND

AMPLIFIED TELEPHONE HANDSETS, of reliable and
high quality performance, have been designed to improve
reception for subscribers with impaired hearing. In
addition, they may be used with advantage in certain
noisy locations where reception is inadequate.

These handsets — illustrated is the new ETELPHONE
version — are available in a variety of forms to provide
direct replacement for all existing types associated with
telephones manufactured by this Company, including
Local-battery instruments.

Power is taken from the instrument batteries in L.B.
installations but for C.B. systems the amplifier is
powered by the telephone line current.

> PRINTED CIRCUIT, SINGLE-TRANSISTOR
AMPLIFIER

2 NO LOCAL POWER SUPPLY REQUIRED SINCE THE
AMPLIFIER IS POWERED BY TELEPHONE LINE
CURRENT

> ADJUSTABLE GAIN, CONTROLLED BY SUBSCRIBER

> OVERLOAD CHARACTERISTICS OF AMPLIFIER
SAFEGUARDS THE SUBSCRIBERS HEARING

4 MAXIMUM GAIN IN EXCESS OF 20 DECIBELS

BLACK

LACQUER RED
CONCORD BLUE
ELEPHANT GREY

FOREST GREEN
TOPAZ YELLOW
 IVORY

FOR FURTHER INFORMATION PLEASE WRITE TO :—

ERICSSON TELEPHONES LIMITED — ETELCO LIMITED

HEAD OFFICE: 22 LINCOLNS INN FIELDS, LONDON, W.C.2. TEL. HOL. 6936.
WORKS:— BEESTON, NOTTINGHAM AND SUNDERLAND.
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SIVERSTR
CAPACITORS

for transistorised circuits

Something new in silvered mica capacitors—new in
the Silver Star range!

L AISE 2

Designed specially for transistor circuitry, these mini-
ature square-section capacitors are particularly useful
+ when the component density is high.

AISE

And they are ideal for printed circuits, for they can be
cemented to the circuit board — a big advantage when
acceleration forces are high.

Two sizes (A15E and A25E) together cover the capacitance
range from 33 to 20,000 puF. For values above 6,000 yuF the
capacitance tolerance can be as close as +1 per cent.

A2DSE

® square section ® Fired construction for maximum
long-term stability

® Synthetic resin encapsulated
@ |deal for printed circuitry @ 4ea) for “high g" applications
® 50 volt rating ® silver Star Oquality

® Miniature size

A2SE

Full technical
information available
on request.

|
€

Capacitance Range
33 to 6,000 wuF
.
Minimum
Tolerance
(above 100 uu F)
(below 100 42 F)
+2uuF

Capacitance
Range:
6,000 to
20,000 pu F
.

Minimum
Tolerance

ccotding to bend

Il"or1:2" CTRS

e
u A

One of the specialised products of I

Johnson <> Matthey

\\ Tinned Tinned >

Phosphor  Bronze Phosphor Bronze JOHNSON, MATTHEY & CO., LIMITED
s 2 S.W.G. 73-83 HATTON GARDEN, LONDON, E.C.I

Telephone: Holborn 6989
Vittoria Street, Birmingham, |. Telephone : Central 8004

75-79 Eyre Street, Sheffield, | Telephone : 29212







































STC

coaxial
cable for

STD

A 6-tube, type 375 Coaxial Cable incorporating
32 pairs 20 1b/mile conductors has been manufac-
tured and installed between Bristol and Oxford
by Standard Telephones & Cables Limited for
the British Post Office. The cable, necessitated
by the introduction of the Subscriber Trunk
Dialling (STD) system in Bristol, provides
additional trunk circuits between Bristol,

Oxford, Birmingham, London and other

principal cities. STC pioneered the
introduction of the first coaxial cable
and have been responsible for all
subsequent major developments.
Already the company has manufactured
and installed in the U.K. alone

over 3000 route miles of cable
incorporating over 10,000 miles

of coaxial tube.

The new STC Telephone Cable Catalogue
B/102 describes these and other cables and
is available from:

Srandard Telephones and Cables Limired

Registered Office: Connaught House, Aldwych, London W.C.2
TELEPHONE CABLE DIVISION: NORTH WOOLWICH - LONDON E.l6

CBLE

\Y\A/"‘ AND WIRE

GROUP
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