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A Loudspeaking Telephone without Voice Switching— 
Loudspeaking-Telephone No. 1

W. T. LOWE, A.M.I.E.E., and F. A. WILSON, c.g.i.a., a.m.i.e.e., a.m.bíi.i.r.eT

U.D.C. 621.395.623.7:621.395.721.!

Loudspeaking telephones enable subscribers to converse 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

IN 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 facilites. 

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 
osciilation (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 loudspeaaong tele­
phones at that time comparedwith the standard telephone.

In 1955 it was decided that the Post Oflice would 
develop a “non-switched” loudspeaking telephone 
(subsequently named Loudspeaking-Telephone No. 11 
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 smul- 
taneously. The advantage of such a system is that,
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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 deveeopment. 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) It 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-rn” 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.

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

(g) It is diflicult to ensure satisfactory operation of 
the voice-switched networks on circuits with high 
attenuation where the received speech signals are at 
a low level.
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These disadvantages can be reduced to a minimum 
by careful design, and many commercial equipments 
now available give good results under average line and 
room conditions. They are not, however, suitable for 
use on the public-exchange network where a variety of 
line conditions are encountered.

The outstanding feature of the voice-switched type 
of loudspeaking telephone is that it can be used to give 
loudspeaking reception at both ends of a line. In 
contrast, the non-voice-switched loudspeaking telephone 
cannot be used in this way except on very short lines, 
and will normally be used as a loudspeaking equipment 
only when a handset is used at the distant end.

At the present time there is no loudspeaking telephone 
of either type which will work satisfactorily on all calls 
in the British Post Office network, but with further 
development this objective may eventuahy be attained. 
Present voice-switched instruments are usuaHy capable 
of working over higher-attenuation connexions than 
the non-switched type. Thus, the choice of instrument 
for any particular subscriber depends upon a number of 
factors. If more than one loudspeaking telephone is 
required on a single installation, or if calls are to be made 
over high-attenuation connexions, then a voice-switched 
loudspeaking telephone must be used. If, however, 
simple hands-free operation at an economic rent! is 
required then a single non-voice-switched type will be 
satisfactory.

The Post Office is introducing models of both the 
non-switched and voice-switched types and these will 
be known as Loudspeaking-Telephone No. 1 and 
Loudspeaking-Telephone No. 2, respectively. The 
remainder of this article is concerned with a description 
of the Loudspeaking-Telephone No. 1 (Fig. 1).

FIG. 2—SCHEMATIC DIAGRAM OF A LOUDSPEAKING TELEPHONE

LOUDSPEAKING-TELEPHONE NO. 1
The schematic diagram of a loudspeaking-telephone 

equipment is shown in Fig. 2. A conventional tele­
phone handset is provided for privacy or for use in the 
event of failure of the loudspeaking equipment.

There are several ways in which the items comprising 
a loudspeaking telephone can be grouped without 
violating the important requirement that the microphone 
and loudspeaker should be about 2-3 ft apart to reduce 
sufficiently the acoustic feedback.

After careful consideration it was decided that the 
best arrangement was to combine in a single control 
unit all the controls necessary for setting up a call 
(the on/off key, dial, volume-conttol key, and indicator 
lamp), together with the microphone. This unit would 
then be drawn forward by the user whenever a call was 
made, and this would ensure that theuser would speak 
close to the microphone (which is desirable in order to 
reduce to a minimum the effects of room reverberations). 

The Loudspeaking-Telephone No. 1 consists of a Telephone No. 708, a Control Unit No. 8A, and an Amplifier Unit No. 138/A. The Amplifier Unit No.l38A, which 
is mounted separateey, is not shown in this photograph.

FIG. l—THE NEW LOUDSPEAKING TELEPHONE ‘
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The loudspeaker would be fitted in the telephone instru­
ment in place of the dial, and this unit would normally 
be placed at the back of the desk since on norma calls 
the handset would not be used. The two amplifiers and 
hybrid transformer would be fitted in a case, which could 
be placed in a position remote from the subscriber’s desk 
or table. Thus, in the arrangement chosen for the 
Loudspeaking-Telephone No. 1 three separate units are 
provided; these are the control unit, the telephone and 
the amplifier, the first two of which are shown in Fig. 1

The loudspeaking telephone is designed to work 
from 50-volt exchanges, and the transistor amplifier 
draws its power from the subscriber’s line so that it 
does not need separate power supplies.

CmUrol Unit
The microphone lies behind the grille at the top of 

the control unit (Control Unit No. 8A), together with 
the indicator lamp, which is also mounted in this 
aperture. The on/off key is on the right-hand side. 
The left-hand key is a 3-position volume control. The 
bottom postion of this key (position 3) gives maximum 
receiving-ampHfier gain, which can be used advan­
tageously under certain conditions. There is, however, a 
posssbiiity of howling occurring if the key is left in this 
position during the setting up of a call. For this reason 
the bottom position of the key has been made non - 
locking. All the components, except the microphone and 
indicator lamp, are mounted on a framework screwed to 
the base plate, as shown in Fig. 3. The outer case of the 
unit can be readily removed from the base, and this 
permits easy access for maintenance.

A = Volume control, B = on/off key. C = Relay K. D = Microphone. 
E = Indicator lamp.

FIG. 3—CONTROL UNIT

A special feature of the on/off key is that, although 
it can be moved manually to the on or off postions 
as for a normal 2-position locking key, when in the on 
position it can be restored electrically to the off position. 
By this means a call can be switched automatically by 
a relay from the loudspeakmg equipment to the con­
ventional telephone by lifting the handset. This is 
achieved by arranging that when the key is moved to 
on, it remains locked by a latch attached to a relay 
armature. The latch can be disengaged by either elec­

trically operating the relay or manually restoring the key 
to off. Electrical operation of the relay causes the 
armature to lift the latch out of the locking niche, and 
a restoring spring then moves the key handle to the off 
position. The relay functions correctly on all subscribers’ 
lines up to the maximum line resistance of 1,000 ohms.

The electrical circuit of the relay is shown in Fig. 4.

Note: Armature of relay K is mechanically linked to the on/off key

FIG. ^CIRCUIT OF CONTROL-UNIT CHANGE-OVER RELAY

While the loudspeakmg telephone is in use, i.e. the 
control key is in the on position, the K relay armature 
is released and the 1,500/uF capacctor is fully charged 
by the line current. When the handset is lifted the 
capacctor discharges into the relay coil and relay K 
operates, releasing the latch, which moves the key 
to off while contacts K1 and K2 switch the line over 
to the telephone. Relay K remains mechanically 
locked in its operated position.

It is dessrable on such equipment to have an indicator 
lamp showing when the equipment is switched on, but 
it is difficult to derive the necessary power entirely 
from the line. Nevertheless, a 12-voR 20 mA lamp 
has been spectally designed which gives a satisfactory 
glow down to about 14 mA and, although its light 
output is only just sufficient on 1,000-ohm subscribers’ 
lines, it is ample on most lines.

Telephone
The telephone (Telephone No. 708) is a Telephone 

No. 7061 modified by mounting a 3 in. loudspeaker in 
place of the dial and providing an additional switch­
hook spring-set. The loudspeaker is of modern design, 
espe<cally in that the permanent magnet is housed 
within the cone, resulting in a 3 in. loudspeaker only 
0-75 in. deep. This technique has been made possible by 
the advent of modern magnetic materials from which can 
be produced small permanent magnets with very high 
flux-densities. The magnetic path is completed through 
the frame of the loudspeaker, which is of comparatively 
heavy gauge material (0-08 in.) to provide a low- 
reluctance path. The voice coil is multi-layer, and is 
wound so that it can work between the inner pole-piece 
of the magnet and the outer pole-piece, which is formed 
by the 0-08 in. thick housing. The telephone is shown 
with the case removed in Fig. 5.

Amplifier
For convenience of production and maintenance, 

the amplifier (Amplifier No. 138A) is manufactured 
as three separate units: sending amplifier, receiving 
amplifier and automatic balance-contira (ABC) unit. 
These are wired to appropriate sockets and line terminals
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FIG. 5—TELEPHONE

for interconnexion with the desk telephone and control 
unit. The complete amplifier and the three separated units 
are shown in Fig. 6.

OPERATION
The equipment is simple to operate. Due to the use of 

transistors it is unnecessary for the loudspeaking tele­
phone to be switched on some time before it is to be 
used. To make a call the subscriber operates the on 
key and commences dialling on hearing dialling tone 
from the loudspeaker. The indicator lamp glows when 
the on/off key is operated. The call is terminated by 
restoration of the on/off key. During the call the 
volumecontrol key is normally left in postton 1 (low) or 

position 2 (medium). If, during 
conversation, the handset is re­
quired, it is lifted from its cradle and 
the line is automatically switched 
to the telephone, and the indicator 
lamp is extinguished. The call is 
cleared by replacement of the hand­
sel;. Occaaionafiy, it may be required 
to change from the handset to the 
loudspeaking telephone; to do this 
the subscriber must operate the key 
before replacing the handset. _

When the loudness of the received 
speech is inadequate on position 
2 of the volume control the sub­
scriber can move the volume con­
trol to position 3 for maximum 
volume, but if the hybrid balance 
is insufficient the loudspeaking tele­
phone may howl. The subscriber 
should then revert to the handset.

TRANSMISSION FEATURES
There is little difference between 

the fundamental circuits of the non-voice-switched loud­
speaking telephone and a conventional handset telephone. 
Eachconsists of a pair of transducers for the transmission 
and reception of speech, coupled through a hybrid 
transformer to a 2-wire line. Where the two instru­
ments differ greatly is in their sending and receiving 
channel sennitivities.

For the loudspeaking telephone, the distance from the 
mouth to the microphone is at least 18in., and the 
reproducer is not directly against the ear as with the 
telephone receiver but may be 3 ft or more away. 
Electrical amplification is therefore required in both the 
sending and receiving paths of theloudspcaking telephone 
in order to give results comparable with the standard 
handsel;.

FIG. 6—AMPLIFIER



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 iensittvity 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.2 Under these conditions the telephone 
would work prifrcttly, 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 
Pr to Ps via the air-path be denoted by Na (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, A8 + Ar, is limited because for stability 
A8 + A, gNa + Nt,. In practice, even for a given 
installation, Na is a variable quantity because move­
ments of the user change the acoustic rrflr^tioss; thus, 
the total gain allowable is somewhat less than Na + N”. 
Usually As is pre-set to provide a chosen sending level 
and At is under the control of the subscriber, and then 
Artmax) 2 Na + Nh — As. On some telephone con­
nexions, because of the limitation of Nh, Arma$) may 
be too low to provide a sufficient loudspeaker signal, 
espectally if the incoming signal is weak. The loud­
speaking-telephone is then unusable, but calls can be 
made by using the assoccated handsel:.

With these considerations in mind, it is obvious that 
the design should be such that Nh 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 stabhity. Na 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 resuming “‘howl” does not interfere with voice­
frequency signaUing systems, which may be assoccated 
with the particular telephone connexion in use. At 
present it appears that howling frequencies between 
approximately 1,000 c/s and 2,000 c/s meet this require­
ment.“

D.C. SUITI.Y 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, regulalion is necessary. The circuit 
arrangement is drown in Fig. 7. On 1,000-ohm lines 
the p.d. across rectifier MRl-S is 8 volts, and at this 
voltage the rectifier is designed to draw a negligible 
shunting current of under 5 mA. On zel•o-reiiitancr 
lines the voltage across rectifiers MRl-S rises, and the 
rectifier then draws a shunting current of about 30 mA, 
cauasg an additional voltage drop in the exchange trans­
mission bridge so that the d.c. supply-linr 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

FIG. 7 -D.C. SUPPLY FOR AMPLIFIERS AND INDICATOR LAMP

the line as this simplifies the difficulty of meeting the 
signaUing requirement that the maximum telephone 
resistance on 1,000-ohm lines shah 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 amplifirr, and the 
automatic balance control unit, as shown in Fig. 6.

Sending Amplifier
The sending amplifier is a conventional 3-iiage 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 0/5 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. supppy, which is 
provided by capacttor C6 (1,500 /¿F). During peak 
signals, the amplifier power is drawn from this capacttor 
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 transformeriess 
output stages.

Automatic Balance-Conntol Unit
The principal purpose of this unit, apart from linking 

the sending and receiving channels with the line, is to 
keep the hybrid attenuation N, (Fig. 2) as high as possible. 
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A basic hybrid circuit is shown in Fig. 8(a). 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 i, currents 
ii and i2 flow in the networks and, clearly, when Zl =Zb, 
ii = '2 and, because the two currents in Zr are 
equal and opposite, the net current in 23 is zero. This 
is the balanced condition, i.e. the generator has delivered 
power into both Zl and Z3, but none into Zr.

(fl) Basic Hybrid Circuit

(b) Hybrid Circuit for Loudspeaking Telephone

FIG. 8—HYBRID CIRCUIT

The practicaa arrangement in a loudspeaking tele­
phone is shown in Fig. 8 (b). The attenuation Nh (the 
attenuation between Pi and P2) is very high when 
Zl = Z3. The amplifier gains can, therefore, be made 
high without instability occurring, and the telephone 
can provide adequacy-high-level signals in both 
directions.

Unfortunately, the impedance Zl 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 cab it changes 
at least once because the impedance of the circuit when 
the connexion is essablished is different from that while 
the call is being set up. This condition can be illustrated 
by considering a call bring 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 Zi is extremely high, amounting, in fact, almost to a 
disconnexion; Nh is then very low.

Thus, the subscriber must reduce the receiving­
amplifier gain to avoid instability while the caU is being 
set up but will have to readjust it to provide sufficient 
loudspeaker output once the call is is-abii-hid. 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 loc! line is always 
present between his telephone and the exchange.

Conriideiring Fig. 8(a) again, it may at first be thought 
advantageous to add a shunt or series network to Zl to 
reduce the effect of its variations. Balancing is then 

improved, but the gain due to the improved balance is 
usuafiy offset by the power loss in the added network 
and nici-s-tatis an increased gain in both the sending 
and receiving amplifiers.4 In general, therefore, in­
creased stability is not achieved. One exception is the 
example mentioned, where a subscriber on a very short 
line is meeting 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 pF) across the line terminals improves 
stabiiity by some 5 db on a disconnexion, yet results in 
a total sending loss plus receiving loss of less than 
2db. The increased stability of some 3 db may seem 
smaU, 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 Ri, Ci in Fig. 9, which shows the com-
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FIG. 9—AUTOMATIC BALANCE-CONTROL UNIT
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plete circuit of the ABC unit. This has a baric hybrid 
network similar to that shown in Fig. 8 except that the 
line winding is split into two equal parts for canceHation 
of hum, which may be induced from external sources. 
On long lines the shunt loss of Ri, Cl 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?’6 When connected 
via a zero-resistance line to a 50-volt exchange, the net­
work impedance between points P3 and P4 is about; 
i2 ohms, while on i,000-ohm lines it rises to over 5,000 
ohms. Thus, the network Ri, Ci 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 MR5 also form part of the d.c. 
voltage regulator.

A similar automatic network is used to control the 
impedance of the balance. The network MRi, MR2, 
R3, C3 exercises this control and effectively shunts part 
of the balance network R4, R5, C4 via the resst.tor 
R6 (in series with the capactors C5, C6 and C7) 
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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, C1. 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.

FIG. lO-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 stiil 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 Speakerphone6 (a non-voice-switched 
instrument).

There is little doubt that a maior 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 postion. 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 handsel:. This assumes 
that room noise is not excesssve.

The receved speech at the distant end is at a some­
what lower levU than when generated from a handsel 
but this is partially compensated for by the improved 
que:ity 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 manuat 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 postions.

MAINTENANCE

A component which has caused maintenance engineers 
misgivings is the elecCrolytic capacctor. The transistor 
circuits, because of their low impedances, need quite a 
large number of elecCrolytic capadtors, but fortunately 
of low-voltage working; however, to increase reliabiilty, 
high-grade elecCrolytic 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 beng simplified by the 
provision of plugs and sockets within the amplifier unit. 
It is undesirable 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 rent!, 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 essimated maintenance 
requirements are low.
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APPENDIX
An Automatic Balaace-Control Unit Incorporating Transmission 

EquaUzaUon
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 nework, 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 
l 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 (l — 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. 
betweenpoints a and b (Vh-4) in Figure 11 varies accordingto 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, R5, 
and a p.d. will be developed between points o and d. Thispoten- 
tial biases the rectifiers MR1 and MR2, and resistors R1, R2 
and R5 are chosen so that on zero-resistance lines the bias is 
either reverse or very low in the forward direction. However, 
resistor R5 must be of fairly high resistance as it is connected 
directly across the line.

To speech signals, points c and d are at the same potential 
because they are linked by the low-reactance capacitor C2; 
thus, the impedance between points e and d (Ze-o) 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, Ze-a, which is, in effect, a series element 
in the subscriber’s line, is approximately equal to R.2 or RJ2. 
Thus, the maximum resistance of the series arm of the L-type

FIG. l l—AUTOMATIC BALANCE CONTROL UNIT INCORPORATING 
TRANSMISSION EQUALIZATION

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, MR5, R6, C4 in a similar manner to that 
adopted for the present —BC unit.

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

(a) Va-b falls from 14 volts to 8 volts.
(b) The voltage across R2 decreases in a similar ratio.
(c) The voltage across R1 decreases in a lower ratio owing to 

the rise in resistance of the rectifier chain MR37MR5 at lower 
currents.

The voltage across points c and d therefore rises, causmg 
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 
eas’ly obtained using junction diodes for MR I 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 MR5.

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 Sympos’um on Microminiaturization of 

Electronic Assemblies.” Edited by Eleanor F. Horsey. 
Hayden Book Co., Inc., New York, and Chapman & 
Hall, Ltd., London. Viii + 278 pp. 185 ill. 883.

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 
generaHy refers to the design of ehccranic 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 eleccronics” extend 
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this range up to about 30,000,000/ft3. (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-aad 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 deaa 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 smaH 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 cnn^entj•a1:ion of 
many heat-producing components into a smaH 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 NT



Central Sei-vice-Obsewvaton Equipment Using a Transistor- 
Controlled Motor-Uniselector

U.D.C. 621.395.31:621.395.342.24:621.382.3
C. D. VIGAR, a.m.i.e.eT

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 melthod of access 
to the equipment carrying the traffic selected for obseevation. The 
problems arising in circuits which combine solid-state and electro- 
mechanicat devices and the savings which result from this com­

bination are also discussed.

INTRODUCTION
HE existing central service-obssrvvtton (C.S.O.) 
equipment1 uses four uniselectors to gain access to 
the seeectors 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 sehecor. When a cad is made on one 
of the four observed setectors it is connected to the 
observing operator at the distant obseevation centre 
via the junction equipment and C.S.O. 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 obseevation will be made on one 
of four different selectors. As only four setectors are 
monitorei at a time, the traffic offered to the operator is 
ofteninadequate to keep her fully occupied.

The introduction of subscriber trunk dialling has made 
it necessity to observe metering which is taking place over 
junctions? This nrcessiiatrd 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 setector immediately it is 
seized and monitors it before dialling commences.

(b) Replace the valve amplifier by a transistor amplifier.
1 Telephone Exchange Systems Development Branch, E.-in-C.’s 

Office.

(0) Replace the valve dial-pulse detector by a tran- 
sistor monitor unit?

((1 ’ Provide a transistor monitor unit to detect 
metering which is taking place over junctions.2

(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 obseevation 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 seiectors 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 callrd-subscriber- 
answer condition and the meter pulses. If the seircted 
relay-set is relaying meter pulses by reversals over a 
junction, the outgoing signading circuit transmits a 
called-subscriber-answer condition on the first reversal 
and meter pulses on subsequent signals from the revd•sil 
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 serector 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 

OBSERVED 
SELECTORS

FIG. l —BLOCK SCHEMATIC DIAGRAM OF THE TRANSISTOR-CONTROLLED C.S.O. EQUIPMENT
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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 circuiit 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 sriector on which observations are to be 
made. When the sector is taken into use an earth is 
connected to point P1 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 cir^vut 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 C1 is charged to a 
potential of 50 volts, bring 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 sriector is taken into use its P-wire will be earthed,

FIG. 3 —THE LINE CIRCUIT, SHOWING THE PROTECTIVE DEVICES

and this produces a voltage “‘step,’” as shown in the circle 
A. Current will flow through resissor R1 changing the 
potential on one plate of the capacitor C1, as shown in 
circle B. The potential of the other plate of the caparitor 
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, exponential, 
through MR2 and resistors R5 and R3. The resulltant 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 potentta as the caparitor 
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 caparitor C1 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 collator 
maintains an earth potential on the base of VT2 so that 
VT2 does not conduct. A positive voltage at the input 
will switch off VT1, the current through rc 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 smaU 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 
caparitor C2 and resistor R4. The P-wires of the 
observed circuits are connected through rectifiers to a

FIG. 5—THE START CIRCUIT
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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 VT2 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 capacctor C2 by 20 volts, causing it 
to discharge through resistors R4, R1 and R8. This 
discharge prevents VT1 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 VT1 when it is conducting is a 
few millivolts and this may allow the base of VT2 to 
become sufficiently negative to allow a smaai current to 
flow to the collector of VT2. Shoulld this happen the 
emtter-collector current will cause a voltage drop across 
R7, which will make the emitter negative, reduce the 
leakage current and safeguard VT2 when it is not con­
ducting.

Deteccor 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 postion 
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 ossiilator of the monitoring unit will osccHate 
and cause the relay connected to the output of the 
monitoring unit to operate and repeat the dial pulses 
over the C.S.O. junction.

A monitoring unit is also used to detect metering-over- 
junction (M.O.J.) signals. Its connexion to this type of 
junction circuit is shown in Fig. 6. As the junction 
circuit is symmelrital, 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 —6volts to —44volts when the wires of ajunction

PART OF OBSERVED 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 
osttllation 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.O. junction.

METER-PULSE DETECTION
A C.S.O. 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.

(0 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 VT2, 
VT3 and VT4 conduct, current flows through resistors 
R1 and R9, and the base-emitter junction of VT5 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 VT5 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:

(a) 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 MR1 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 VT5 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 VT5 conducting in the 
norm! condition. The series rectifier MR2 prevents the 
— 50 volts potential on the P-wire from passing a large 
current through the base of VT2. When a meter pulse 
rases the input lead to ^ai’ith potential, VT2 is switched 
of? and VT5 again conducts and operates relay MP.

(c) 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 resissor R5 
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 VT5 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 dessroy the rectifiers 
and transistors unless some protection were provided. 
The protection devices are shown in Fig. 3. The man 
protector is the cold-cathode tube Vf, which strikes at 
85 volts and shunts the induced voltage to earth through 
resistor R4. Resissor R4 prevents an excessive current 
flowing through Vl. However the tube may take nearly 
a millisecond to strike during which time a damaging 
voltage may have passed through the capacitor Cf. To 
prevent this, the initial voltage is reduced by the non­
linear resistor RX, which also serves to feed ~50 volts 
to the capacctor Cf for the normal opeation of the 
circuit.

A simpler means of protection could have been 
provided by a capacctor 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 eIrciromrchanical equipment.

PREVENTION OF FALSE OPERATION

The line circuit (Fig. 2) is designed to generate a pos­
tive voltage when the P-wire of the observed seeeccor 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 resuhant poskive 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 poskive- 
battery or a booste-battery metering system the potential 
of the P-wire is raised from earth to +50 volts for a 
period of 250 ms. This rise in potettial of the P-wire 
will also cause the line circuit to generate a posstive 
voltage and would resuk in the operation of the finder 
unless preventive measures are taken. The rectifie 
MR1 in the line circuit (Fig. 3) conducts when a mete 
pulse attempts to raise the potential of the capackor 
above that of earth. The resissor Rf allows the potential 
of the P-wire to rise to +50 volts, thus permitting the 
subscriber’s meter to operate while the Pf side of 

capacctor Cf is maintained near earth potentiaL 
However because of the forward resistance of rectifier 
MR1, a small positive voltage is actuahy 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 sgnal this voltage would be enough to 
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.

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

Transistor VT1 is normally kept conducting by the 
current passing through resissor R2. Relay HS can be 
operated by the detector circuit when a positive voltage 
resuming from a genuine start sigmaf 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 seleecors; a 
positive voltage detected on this are can only come from 
a meter pulse. This positive voltage passes through MR2 
to the base of VT1, switches it off and prevents the 
opeation of relay HS.

In practice it has been found that the start circuiit 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 seeccor sharing the same 
cable as the observed seeeccor releases. Ressssor 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 electromechanica! 
equipment. By diguing 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 anccllary 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 clrcirically delicate and must 
not be exposed to the high voltages generated by eleccro- 
magnets. If speccal protection is required it must be 
designed so that the performance of the rIrciromechanical 
circuits is not affected.
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appendix
Design of ihe 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
Maximum collector current I.
Maximum reverse base-emitter voltage V6
Maximum collector leakage current in!, 

the off condition J “’
Maximum base current 1;

The basic circuit for a transistor connecced 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. rb 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 parametet ressricting the collector current.

Power, Pc = 0,6
where V = collector voltage 

I„ = collector current.
As, when the transistor is in the off condition, Ic is almost zero, 

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

= 60 volts
= 125 mA 
= + 6 volts
t 100"iA
= 20 mA

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 not long. Thus, the minimum value of re is 
limited only by the maximum value of It. The maximum value 
of rc is determined only by the current required to operate the 
succeeding stage when the transistor is switched off.

The value of ra is limited by three requirements:
(1) The current through r„ must be large enough to “bottom’” 

the transistor in the on condition.
(if) When the 50 volts is applied at the point D, resistors r„ 

and F» acting as a potential divider must not allow the potential 
of point B to rise above +-6 volts.

(in) Resistor ra must restrict the base current to less than 
20 mA.

The base-emitter impedance of a transistor is small and the 
resistor rb is inserted to increase the input impedance of the 
circuit. The maximum value of resistor rb 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 /co (or sometimes Icbo), it is 
temperature dependent and may be as large as 100 [xA at the 
upper working temperature. If resistor rb is large, Ic„ can cause 
a voltage drop across rb 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 potentiaa falls low enough to allow the 
transistor to conduct. The current which flows increases the 
transistor temperature and therefore the value of Ic„. The 
potential drop across rb further lowers the base potential. Thet­
is then both current flowing through the transistor and a voltag­
drop from collector to emitter. The circuit now ceases to function 
as a switch and, if resistor rc is smaH, the transistor will probably 
be destroyed by thermal runaway. In practice this means that 
resistor rb must be low, i.e. less than about 50,000 ohms.

Book Review
“AluminiumBusbaa.” A.G.Thomas,B.Sc.(Eng.),A.M.I.E.E., 

A.M.Amer.I.E.E., and P. J. H. Rata, B.Sc.(Eng.), 
A.C.G.I. Published for Northern Aluminium Co., Ltd., 
by Hutchinson & Co. (Publishers), Ltd. 105 pp. 54 ill. 
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 L “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 sujTplly. 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, howeverr the accepted standard 
method and produces satisfactory jointing with a large range 
ofjointing compounds.

The paper jacket carries a short synopsis 0n the front flap 
in which a statement is made that the current-earrying capaccty 
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 specHTc 
resistance given confirms the usual value of about 60 per cent 
of the spec^c resistance of copper.

A very usefuu point of practical application is that “rating 
factor^’ for structural and engineering sections are given 
in Table 6. These classes of aluminium alloys can often be 
obtained at short notice from loc! sources for an urgent job, 
and they are useful where greater than norma strength or 
rigidity is required.

Apart from these criticisms the book contains a large 
amount of collected information and the bibliography is 
good. It brings together under one cover all the major 
information 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, respeetiveey, 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 mechanica 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.T

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 deeign 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 technical progress. From an economic 
aspect it is essennial that all telephone plant should 
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

TraditionHy, 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 
dieiribution 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 anccllary accommodation requirements 
completes the basic information required for the design 
of the building.

Sire
Having decided the initial building requirements, it is 

necessary to speccfy the required exchange-site capaccty 
and define an area within which the search for a suitable 
site Should be confined. The capadty 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 nssential floor space. In 
practice, some deviation from this standard may be 
necessary due to loca conditions such as exceptional

# Exchange Equipment and Accommodation Branch, E.-in-C.’s 
O fficc.

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-ZO-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 ide! is achieved, the 
apparatus room will evennually 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-year 
and 15-year dates, respeetivdy.

With the traditional layout, racks are grouped accord­
ing to type, e.g. lst seeector 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-dirwtor exchange. It Should be 
noted that space is normally left for expansion of the 
main distribution frame (M.D.F.) to the capadty de­
manded by full utilization of the site.

The relative disposition of groups of racks and frames 
is governed by the need to: (a) 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 selecrors, meters and the subscribers’ 
intermediate distribution frame (I.D.F.), are located 
in close proximity to one another, and the eelecror 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 Ofiice to provide new automatic 
exchanges to replace those manual exchanges which had 
become worn out or obsolete, but it is only recentiy 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 regal'd 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 devdop- 
ment must be made against the background of theecon-
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--------------- Equipment provided initially 
--------- -- Additional equipment

Note: Thisextension to the M.D.F. will enable it to serve all equipment ultimately 
provided on the exchange site.

I.D.F. (E) = Equipment I.D.F.
I.D.F. (S) = Subscribers’ I.D.F. 

A = Routmer or traffic-recorder access equipment 
T = Traffic-recorder control rack 
R = Routiner rack

AER = Alarm equipment rack
MAR = Miscellaneous apparatus rack

FIG. l —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-waryears inevitablyled to theadoptionof 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. Thiese disadvantages can be summarized 
asfollows:

(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 smaH areas 
between groups of apparatus racks.

(c) The equipment racks in different age-groups, i.e. 
initial installation, extension 1 etc., are intermingled on 
the apparatus floor so that independent replacement of 
the initia instaflation is difficult and expensive. In some 
cases independent replacement has been imposable, 
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 schemattcaHy in Fig. 2. If all the units are of the

FIG. 2—LAYOUT FOR EXCHANGE BASED ON UNIT-METHOD DESIGN

same size it is theoretically posable to replace unit 1 
independently at the end of its life by reseeving 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 indefimtely— 
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 dimimshes 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 smaU 
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 regal'd 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 dessgn 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 trafficcharacteristics,and (b)tandemequipment, 
provided for the switching of junction and trunk calls 
controlled at other exchanges, and miscellaneous equip­
ment, not necesssriiy 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 capaccty 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 tingle 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 seSectors, (c) subscribers’ 
uniselectors, (d) penultimate selectors, (e) meter racks, 
and (/) subscribers’ I.D.F.

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

The subscribers’ equipment is arranged in units of 
1.800 subscribers’ uniselectors and 2,000-line multiple 
capacity. In spite of the smilarity 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 Hamd-over P.B.X. final selectors. In addition, 
unit 1 accommodates the whole of the coin-box sub-
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-------------- Equipment provided initially 
- ---------- Additional equipment

Note: This extension or the M.D.F. will enable it to serve all equipment ultimately 
provided on the exchange site.

I.D.F. (E) = Equipment I.D.F.
A_ = Rouliner or traffic-recorder access equipment 
T = Traffic-recorder control rack
R = Rouliner rack
M = Meter rack

AER = Alarm equipment rack
MAR = Miscellaneous apparatus rack

C.C.B. = Coin-box equipment

FIG. 3 —NON-DIRECTOR EXCHANGE EQUIPMENT LAYOUT BASED ON 
THE 2,000-LLNE MULTIPLE UNIT

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 snaU area so that floor-space requirements for 
equipment replacement are correspondingly smdl. More­
over, the multiple size is a convenient one in regard to 
the size of an initial mstailation and subsequent extensions 
of equipment genesall;y. The choice of a whole number 
of 1,000-fine multiple groups enables the penultimate- 
sslector to final-selector cabling to be kept within the 
unit, thereby facilitating its design as a seef-contained 
group of equipment capable of being eatily replaced. 
The provision of 1,800 subscribers’ uniselectors on six 
racks (300 uniselectors per rack) gives a uniselector to 
1st: 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 4 ft 6 in. rack-type I.D.F.s with 
inter-jumpering, as shown in Fig. 3, or by a tingle 
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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 capachy. Since it is desirable to keep cables 
for external connexions to a minimum, this capaccty may 
be used to provide interconnexion between subscribers’ 
uniselectors and their assoccated lst selectors. With 
rack-type I.D.F.s, however, an additional 2 ft 9 in. 
frame per unit is required for this purpose.

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

(c) The grading of the outlets of the ordinary lst 
seeectors 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 seeectors 
to the final-selector racks.

(e) The provision of a composite rack to accommodate 
both lst and penultimate seeectors where economy in 
rack provision can be achieved thereby. This does, of 
course, complicate the cabling of both lst seeector and 
pmufiimate-sefeccor 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 
seeectors.

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 seeectors in 
diferent units is one which is fundamental to all unit 
methods, and is one which increases as the capachy 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 deveeoped, 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; ^elrcCors, 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.D.F.s and the equipment I.D.F. might, 
therefore, become necessary and this would resuh in a 
reduction of the capachy available on the individual 
subscribers’ I.D.F.s for normal flexibility pur-poses.

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.1 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 
2% racks required by an individual uniselector system. 
Efficient use of this linefinder system, however, normally 
demands the provision ultimately, if not immediateey, 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 smafl area of floor space to be reserved for 
ultimate equipment replacement. For a smafl 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 efficcentiy, 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 speccfic multiple capachy 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 eashy 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 
capachy 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 capachy 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
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capaccty) will be provided to cover the required initial 
installation with one or two additional units bring 
added sabseeque:eittiy, 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 caUing 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 
excepttonafly, 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 sectton of the 
exchange and other local requirements. There are two 
main alternatives: (a) 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 deminds—at times conflictinn—of equipment 
replacement, flexibiiity, economic rack provision, and 
so 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, respeetively. Within the initial tandem unit, 
equipment is arranged in the following categories: 
(a) signalling equipment, (b) S.T.D. and other miscel­
laneous racks, (c) 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 
srieccors.

Of this equipment, it should be possible to replace the 
signaUing 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- 
seleccor racks.

It will be seen that the tandem-selector racks are 
located as a single group, which can be augmented after 
the initial ^tstnllatiod. Sriectors 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 
sriectors which were formerly 2nd sriectors into lst 
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-seleccor rack.2

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).

(c) Group srieriors, other than penultimate selectors 
which are located in the unit they serve, are accom­
modated according to rank, i.e. lst, 2nd or 3rd selecCol•s, 
so that all sriectors proper to one rank occupy consecutive 
racks, as in the previous example.

(1 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 I.D.F. design 

have appreciably increased the number of terminations 
provided on each vertical section of these frames. The 
M.D.F. caparity has been doubled and the majority of
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exchanges can now be served by a tingle frame located 
across the apparatus room. Irrespective of the arrange­
ments adopted for the tandem section, a separate equip­
ment LD.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 tile-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 possibhity 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 cajpiita]l costs is likely to be a marginaa 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 reducmg 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 detign 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 resuhant 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 

detign 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 maiority of 
cases, the retention of a separate tandem and miscee- 
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 increating demands for service and new facilities. 
Full consideration must, therefore, be taken of locaa 
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’ deveeop- 
ment and traffic characteristics, etc. In this way, it will 
be possible to ensure that the experience and skill of the 
detign engineer are fully employed in achieving maximum 
economy and efficiency in automatic telephone exchange 
detign.
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A Note on the Laying Effect and Aging of Submarine 
Telephone Cables

R. At. BROCKBANK, Ph.D., B.Sc.(Eng.), a.m.le.eT

U.D.C. 621.31523 :<622.317.341

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.

THE change-over from submarine telegraph cables 
to carrier telephone cables, which began about 1930, 
necessitated the addition of a metaHic return con­
ductor to the cable structure. At telegraph frequencies 

the return path of a submarine cable ts 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 generaHy 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 useM 
functions that have been ascribed to this binding tape 
are (a) retaining the outer coaxxal conductor, (b) acting 
as an anti-teredo barrier, and (c) reducmg the posssbiiity 
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 genera^ on short shaHow-water 
schemes and they gave every satisfaction from the point 
of view of rlrctric-l performance. In 1955, however, 
in preparation for the laying of the first transatlantic 
telephone cable (TAT-1), a sea trial was carried out by 
Bel Telephone Laboratories’ engineers on board 
H.M.T.S. Monarch to check the elrctrical charac­
teristics of this cable on the ocean bed. This was the 
first occasíon 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 160kc/s, and appeared to 
increase with frequency and depth. Later tests by the 
Post Office showed that this effect was sill considerable 
in depths of only 50 fathoms.

TAT -1 was, however, duly laid, correction for this 
unexpected effect bang 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
T Post Office Research Station.

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 kc/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 Sgnal/ 
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 specca! 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 
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cent. In similar conditions a conventional cable would 
be expected io 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 late'. 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 sigruficant in view of the inaccuracies in the 
measurement and the temperature determination.

It is concluded from thiese 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 omisson 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 thiese 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-nautital-mile 
Colwyn Bay~Douglas (Isle of Man) system, which is to 
belaid in 1961 with four 120-circuit repeaters, will employ 
this modified type of cable. Resets, 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 
screenmg 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. Speccal 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 + 324pp. 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, 
BernouHi, 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 seeected number systems, to the 
early phases of the modern theory of numbers. Here is 
Dedekind on imaginary numbers, Euler on the use of e to 
represent 2-718 . . . , Gauss on number congruence, 
Delamain on the slide rule, Pascat on calculating machines, 
etc. The 18 articles on algebra include writings by Fermap 
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 deveeoped non- 
Euclidean geometry. Also included are Chebyshev and 
Laplace writings on probabiilty. The development of the 
calculus, function theory, and quaternions is covered from 
eaily sources to important advances resuuting from 
Hamilton’s nonccommutative law of quaternions and 
Grassmann’s Ausdehnungslehre. This section also contains 
works of Bessee, 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. 1 
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 
deaa with points made in the ditcusston.” 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 speccific 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 deveopments. 
Nevertheless, it is felt that the aim of providing “a convenient, 
comparative and eassly 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 thiese 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 rathe' 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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A New Smaai Cordless P.M.B.X. Switchboard

U.D.C. 621.395.23
C. M. HALLIDAY, a.m.i.e.e., and E. J. LIDBETTERf

The first of a new range of private manual branch exchange switch­
boards of the cordless type has a capacity for two exchange lines 
and six extensions. It is a lamp-tigmdllng switchboard of compact 
design incorporating new features, and the power supply is derived 
from a separate miiws-clriven 7mt supplying 50 volts d.c. and 

25 c/s a.c.

INTRODUCTION
HE requirements for smaU manually-operated 
telephone switchboards for use in subscribers’ 
premises have, for many years, been met by a range 

of cordless switchboards, all of which are of a similar
basic design. Private manual branch exchanges
(P.M.B.X.s) of this type have a maximum capacity of 
three exchange lines and nine extensions; lever keys are 
used to interconnect the circuits, and the signalling 
facilites are provided by indicators.

A new range of cordless switchboards is now bring 
designed to supersede the existing series, and the first of 
these new designs, the P.M.B.X. No. 2/2A, has a 
maximum capachy of two exchange lines and six exten­
sions. The type of switchboard that it supersedes has a 
maximum capachy of two exchange lines and four 
extensions. The new switchboard has been given a 
modern appearance, approved by the Conned of Indus­
trial Design, so that it will harmonize with other new 
designs of subscribers’ apparatus. Lamp signahing is 
used and the connecting keys are of a new miniature type.

The number of extensions that can be connected to 
the new switchboard has been increased to six compared 
with four on the existing design, as it has been found 
more econoimcal to have a higher extension to exchange 
line ratio for a switchboard of this size. It has been 
confirmed nevertheless that the traffic-carrying capachy 
of three connecting circuits will suffice even with the 
increased number of extensions, and therefore no change 
has been made in the number of such circuits.

The adoption of the 4-wire extension principle* has 
enabled all the requisite facilites to be provided in the 
most economical mannerr Briefly, this principle consists 
of running an extra wire plus an earth lead to each 
extension telephone for supervisory purposes. A 

4-wire/2-wire conversion relay-set has been designed for 
use on external extensions that need to be connected via 
the public-exchange local-line network. All the extension 
line circuits on the switchboard can be used for 4-wire 
extensions, while extension circuits No. 4-6 can, by simple 
rearrangement of cords and straps within the switch­
board, be used for 2-wire extensions, private circuits, 
or inter-switchboard extensions. In addition to the 
conversion relay-sets necessary for 2-wire extensions, 
auxiliary units are also required for private circuits and 
inter-switchboard extensions.

The power supply for the switchboard is derived from 
an external a.c. mains-driven power unit supplying 
50 volts d.c. and 25 c/s a.c. for ringing purposes.

FACILITIES PROVIDED
The main facilities provided by the new switchboard 

are as follows:
(a) Lamp signalling for exchange lines and extensions.
(b) A transmission and signalling limit of 500 ohms 

for an extension circuit and 1,000 ohms for an exchange- 
to-extension connexion when connected to an exchange 
with equipment for 1,000-ohm lines.

(c) Press-button recall on extension-to-extension and 
extension-to-exchange calls under all conditions.

(if) Individual clearing on extension-to-extension calls.
(e) Holding of an exchange call by the P.M.B.X. 

operator while speaking to an extension on the same 
connecting circuit, the conversation being inaudible on 
the exchange line.

(f) Connexion of private wires and inter-switchboard 
circuits without modification to the permanent wiring of 
the switchboard.

PHYSICAL DESIGN
The new switchboard, which is shown in Fig. 1 will
tSub-criber-’ Apparatus and Miscellaneous Services Branch, 

E.-in-C.’s Office.
* Lidbbtter, E. J. The 4-Wire Extention Principle for Small 

C0rdless P.M.B.X. Switchboards. P.Q.E.E.J., Vol. 53, p. 167, 
Oct. I960.

FIG. l —THE NEW P.M.B.X. NO. 2/2A
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normally be provided in two-tone grey with a matching 
Telephone No. 706 as the operator’s instrument. The 
switchboard has a metal chassis and a plastic cover, and 
its dimensions are approximately 8 in. wide by 5 in. high 
by Din. deep. The design of a compact item has been 
made easier by the adoption of the 4-wire extension 
principle and by the introduction of lamp signaHing to 
replace the indicators used on the present type of 
switchboard. In addition, a new miniature key (the 
1,000-type key) has been used instead of the standard lever 
key. The springs of this new key, which are comb- 
operated, are similar to relay springs and have twin 
contacts. The key handles are small and wedge-shaped 
(see Fig. 2).

The keys, lamp jack and the circuit-designation label­
strip are mounted on the panel in such a manner that all 
screw heads are concealed. When the lamp-jack lens­
strip is removed by releasing the phosphor-bronze 
clips at each end of the cover the lamp-jack screw-heads 
are exposed. By releasing these screws the lamp-jack 
may be drawn forward to permit lamps to be changed 
without the use of a lamp extractor or the removal of the 
switchboard cove’.

The thermoplastic cover of the switchboard is vacuum- 
formed by deep drawing p.v.c.i sheet and is polished 
after forming. The leading edge of the cover dots under 
the front of the face panel and adjustable plates on the 
sides of the panel form dust seab. The cover is removed 
by releasing the captive screws at the real’ on the base.

The chassis consists of three sections; the front and 
rear panels, hinging on the base plate, form a triangle 
when the chassis is closed, as drown in Fig. 2. By 
releasing the screws at the apex the hinged panels can be 
opened outwards to permit inspection of the wiring and 
components, as shown in Fig. 3. To conserve space in 
the switchboard, small wire-wound resistors and tubular

I p.v.c.—polyvinyl-chloride.

capacctors have been used and are mounted on insulated 
tags fixed direct into the rear panel of the chassis. Plastic 
dust covers are provided to shield the 600-type and 
3,000-type relays.

A connexion block with 70 terminals is mounted on 
the base. Some of the terminals are used for the con­
nexion of the operator’s telephone, subscriber’s private 
meter and a 38-conductor flexible cord for the exchange 
lines, extensions and miscellaneous terminations. The 
remainder of the terminals are provided to permit 
rearrangements of straps and cords when 2-wire exten­
sions, private circuits or inter-switchboard extensions are 
required, thus avoiding the modifications to the perma­
nent wiring that are necessary in some applications on 
the present type of switchboard. The free end of the 
38-way cord is terminated on a multi-way plug which fits 
into a wall-mounted jack cabled to the connexion box. 
If subscribers’ private metering is required, a Meter 
No. 19, as used on direct exchange lines, is assoccated 
with the switchboard.

ELECTRICAL design

A new parallel-feed transmission bridge has been 
adopted for economic reasons. For 50-volt working the 
transmission bridge consists of a 300 + 300-ohm coil 
with an 0T,uF tapacttor across the output to give 
improved side-tone balance. This combination is suitable 
for all extension-to-extension calls up to a signaHing limit 
of 500 ohms, with either 300-type or 700-type telephones. 
Non-removable relay shields fitted to the transmission­
bridge relays increase the crosstalk attenuation between 
circuits to at least 75 db.

A new lamp (Lamp No. 2, 45 volts) has been developed 
for use on the switchboard. It has a reasonably flat 
lumens/resistance response over the range 0-500 ohms 
line-plus-telephone loop resistance, and the use of 
this lamp has obviated the need for a line-signalling 

relay.
No hand generator is fitted in the 

switchboard; the ringing supply is 
derived from a frequency-division 
mains-operated unit producing a 
25 c/s a.c. output.

The switchboard circuits have been 
designed to operate from a nominal 
50-volt d.c. supply but are capable of 
operating from a supply in the range 
45-55 volts, and this has permitted 
economies to be made in the design 
of the power unit. Arrangements have 
been made to ensure that exchange 
calls already in progress are main­
tained if a mains failure occurs. It is 
recognized and accepted, however, 
that extension-to-extension and inter­
switchboard calls will fail under such 
conditions, but it is considered that 
little inconvenience will be caused 
thereby, since failures of the mains 
supply in this country are geneiraHy 
few and of short duration. Under 
mains-failure conditions night-service 
arrangements are adopted. At instal­
lations where a break in servicecannot 
be tolerated, however, the switch­
board will be operated from a floated- 
battery system.
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FIG. 3—CHASSIS OF SWITCHBOARD OPENED

CIRCUIT DESCRIPTION AND OPERATION
The 4-wire extension principle is used on all internal 

extensions and can be applied to external extensions 
within the curtilage of the subscriber’s premises. Where 
external extensions are connected via the local-line 
network it will generahy be desirable and more econ­
omical to use a 4-wire/2-wire conversion relay-set:. For 
all extensions without a conversion unit: the exchange- 
to-extension transmission and tignailing limit is the same 
as that of a direct exchange line, since a relay is not 
required for supervisory purposes. On externa! exten­
sions for which conversion units are required this limit is 
reduced to 900 ohms. The difference is due to the 
resistance of the supervisory relays in the conversion unit.

If the switchboard is used to replace an existing 
installation, the internal extensions will have to be wired 
for 4-wire-working and it will be necessary to change the 
extension telephones to include the additionaa auxiliary 
switch-hook spring-set.

A simplified circuit diagram of the new switchboard is 
shown in Fig. 4.

Extensom-o-Extension Calls
When a call is originated at an extension by lifting the 

telephone handset, earth ria KX1, the telephone loop, 
KXZ and the calling lamp operates the pilot relay, P, 
connected to —50 volts, and the extension caUing lamp 
glows when contact P2 operates and short-circuits the 
high-resistance col of the P relay. Contact P1 causes an 
audible alarm to be given if the alarm on key, KA, is 
operated. If more than one extension is calling the 
switchboard, overhearing between the extensions is 
suppressed by capacitor C1. The caH is answered by 
operating the operator’s telephone key, KO, assoccated 
with the chosen connecting circuit and the appropriate 
connect-extension key, KX, and by lifting the handset 
of the operator’s telephone. The transmistion-bridge 

relay, L, feeds transmitter current to both telephones.
If connexion to another extention is required, the 

operator checks that the extention is disengaged by 
observation of the keys, and calls the extension by the 
operation of the appropriate ringing key, which connects 
25 c/s ringing current to the extention. When the 
called extension answers, the calling lamp glows and the 
KX key associated with that extension is operated to 
complete the connexion. The operator then restores key 
KO and replaces the operating telephone handsel:. Either 
extension can recaH the switchboard by depressing the 
recati button on the extention telephone. An earth (on 
the fourth wire from the connexion box) is then extended 
to the C wire (the third wire) and the calling lamp glows 
while the recati button is pressed. When the call is 
completed and the extention handset is replaced, an earth 
is extended via the auxiliary switch-hook spring-set, 
SWA, to the C wire to give a clearing tignai on the calling 
lamp via key contact KX4. Individua clearing signals 
are given when either extension replaces the handset:.

Extension-ro-Exchange Calls
If the calling extension requests connexion to an 

exchange line, the connect-exchange key, KE, of a free 
exchange line is operated. This disconnects the local 
SC-volt supply from the connecting circuit at KEI and 
KE2 and extends the extention to the exchange line. As 
there are no supervisory relays in the connecting circuit 
(the third wire being used for supervisory purposes) no 
additional relays are required to prevent the calling lamp 
flashing to pulsing if the exchange line is connected to an 
automatic exchange. The exchange-line connecting-keys 
are, however, arranged as on the previous type of switch­
board, to prevent two exchange lines being connected 
together. When the exchange call is completed the clear­
ing tignai is given on the extention calling lamp only, 
when the extention telephone handset is replaced.
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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 MFI normally operated. Relay contact 
AC1 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. Sperific 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 KB 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, kEs 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 bril in the operator’s telephone and this is 
continued (unless the caUing party clears) untii 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 untii a caU is 
answered, and the need to connect a calling device 
incorporating a capacctor 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 
extensson caUing lamp when the handset: of the extensson 
telephone is replaced.

Exchange-Line-Hood Faculty
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 coiil 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 extensson without the
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conversaaton 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-vvlt 
s_i|ppl/. When a mains failure occurs relay MF releases 
and contacts MP1, 2 and 3 connect the bril 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 KB 
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 seeected extension will then have direct access to the 
second exchange line.

Press-Buuton Recall
By fitting a press-button key with a make contact in 

parallel with the auxiliary switch-hook spring-set of each 
extensSon telephone, press-button recan is effected by 
extending the earth on the fourth wire to the C wire (the 
third wire), and recaal can be provided on all extension 
and exchange calls.

Night Service
Night-service arrangements are provided by the 

night service key, KN5, which disconnects the pilot 
relay, the extension caaiing lamps and also the AC relay 

locking circuit. Selected extensions can then be con - 
nected to the exchange lines by operating the KB 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 extcns-on P 
terminal from KO4 via KE5 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, 5WB, controls 
relays in the 4-witc/2-witc 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 locaa transmission feed 
in the relay-set. The 5WB 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 
-upet-ede-.
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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. 158 ill. 73s. 6d.

This is a specialist work written by an expert in microwave 
valve theory. The author is chief engineer of the Specíal 
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 
practica 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 efeccron-bcam 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 

transistors in a number of fields, and he is anxious in his book 
to revive interest for research in cleccron-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 3O(O-3O,OOOMc/s.

The mlthcml^icai 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
matica details of the analyses of thiese 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 mlthemalical analyses 
of the behaviour of electron 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 beauutfully 
produced and is very well illustrated.

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

J. HOOPER, a.m.i.e.eT
’U.D.C. 621.317.333.4:621.372.8:621.396.679.4

The general principles of a close-range, hlgh-resolntion, 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 

ZA war has been the introduction of broadband 
microwave radio-relay systems for the point-to- 

point transmistion of television and multi-channd 
telephony. An example of such a system for the trans­
mistion of telephony has been described in this Journal.1 
The system uses frequency modulation to avoid an 
unacceptable amount of tignal 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 transmistion is to be acceptable. 
The linearity requirements of the phasc/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 tingle carrier uting 
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 smaH echoes will introduce some inter­
modulation noise? The total intermodulation noise of 
a system will be the summation of the mtcrmodulation 
noise contributions from each echo, not only for a tingle 
feeder but for all the feeders of the complete system of 
several radio links in tandem. For telephony, therefore, 
exceptionafly high-quality aerial feeders are required.

The aerial feeders of a microwave radio installation are 
generafly 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 
smaH tolerances. The tolerance is ±0-003in. 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

1 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 1 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 1000 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 uting 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 postibbilty that damage will be done during the 
process, resHting in additional faults.

The method described here is one whereby the reflec­
tion coefficient of each joint in a waveguide feeder may 
be measured separateey. 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 frcqucncy-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 ;22 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. tignal 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 At = 2L/VS, the detector will once again be 
sampping 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; simultaneoutiy. 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 Af. The cycle of 
events is repeated at a rate l/To. 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 At out of every period 
To another frequency difference, F2, occurs. Provided 
that At is very much smaller than To the effect of F2 can 
be ignored (it is in any case much greater than Fi), and 
to a good approximation Fi may be treated as constant 
over the whole of the period To. The frequency difference 
Fi is related to the rate of change of frequency Af/To and
the delay time At by the equation F = ALAf/To......................................(1)
and to the distance to the reflection by F = (2L/VX4f/To) .................................. (2)
Fi is, therefore, proportional to the distance of the 
reflection from the detector, so that if Fi can be measured 
the distance L can be determined.

Measurement of Frequency Difference Fi
The two waves at the detector, because of 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 
fr-equency of variation of the field is known as the beat 
fr-equency and, provided r is smaH, the beat fr-equency is 
equal to Fi 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 Fi and L can be determined. In 
practice, matters are somewhat more complicated, as 
discussed later.

Measurement of Reelection Coefficient I
When the two waves beat; together they will produce a 

resultant field whose relative amplitude is (i + r( at the 
maxxmum and (l — r( at the minimum. The beat­
frequency wave at the detector output will, therefore, have 
a peak-to-peak amplitude proportional to Zr, and the 
value of r may be determined by compairing 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 smaHer than the 
reflection coefficient originating at the distant point 
because of the loss of the practical waveguide. If R is the 
true reflection coefficient at the point of reflection and A 
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 fr-equency equal to Fi even when, as is assumed 
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here, the detector is linear and the duration of F2 is 
negligible. Fig. 2 shows the form of a typical output 
from the detector. The general expression for the output

,y- SIN(P wot wt)

DETECTOR 
OUTPUT

FIG. 2—OUTPUT WAVEFORM FROM DETECTOR

wave is given by sin (Pwor + 0.), where m = 27F%; 
Fo is the frequency of the modulation, a 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 2%. When P is other than a whole number there is a 
phase discontinuity at the start bf each modulation cycle, 
as illustrated in the figure. Such a waveform, when 
analysed, resolves into a line speccrum, each component 
of which is an harmonic of the modulation frequency.

The general expression for the line speccrum is com - 
plicated and not very hepfui for cursory inspection. 
Fig. 3 shows in a Amplified and approximate manner the 
components of the line speccrum, provided that the 

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 speccra. 
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 i0-7 and it is required to find the amplitude of 
the seventh harmonic of the line speccrum, then 
(ii — P( = — 3-7 and the amplitude is the height of the 
curve above the point —3-7 on the horizonta axis. The 
other harmonics may be found in the same way for this 
particular value ofP. The equation of the envelope curve 
is |sin {^(n — P(}/7-(n — PI |. Two extreme examples of 
harmonic spectra are shown. The full lines within the 
envelope show the speccrum for the maximum phase 
discontinuity, i.e. when P is equal to a whole number plus 
one-hat", and the broken line the speccrum when P is 
equal to a whole number. In the latter case only one 
frequency is present and Fi is exactly equal to the 
harmonic n = P. In the former case the speccrum has the 
maximum spread and Fi is midway between the two 
largest harmonics n = P + % and n = P — g. In all 
cases the fr-equency Fi is at or near the largest harmonics 
of the speccrum 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 severri 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 
resooving power of the equipment is a very important 
property which is dealt with in more detail late.

The efect of multiple reflections can be ignored. For 
example, with two reflections of 1 = 0-1, located at 
distances Li and L2 from the detector, the first multiple 
reflection between them would be measured as a reflection 
at a distance 4L2 — 2Li, but its amplitude would be 0-001 
and, therefore, undetectable in comparison with the 
primary reflections.

RESOLVING POWER

The resolvmg 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 sparing of about 10 ft of 
waveguide. However it is instructive to consider what is 
the maximum inherent resooving power of the method 
using perfect equipment.

Since the detector output consists of a speccrum 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 l/To. Expressing two 
beat-frequencies differing by 1/To in terms of Equation (1) 
and taking their difference, the minimum resolvable time 
interval between reflections is, T = l/AA

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, I/O.

Considerations of resooving 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-microsccondt time spacing. A frequency-sweep of 
100 Mc/s or more is now readily obtained using a 
backward-wave oscillatori (B.W.O.). For pulse radar a 
pulse of 10 milli-microseconds is required for the same 
resolving powo-. Apart from the difficulty of generating 
such narrow pulses, a post-detector amplifier with a wide 
video band-width and a high quality otcillottope to dis­
play the pulses would be required. The f.m. radar 
requires audio amplifitation 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 
esssntial if the pulse radar is to be as sensitive as f.m. 
radar.

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

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

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

(c) Noise due to the B.W.O. suppty.

(d) Amplitude modulation of the B.W.O. output.
The first three of these limitations cause the resolvmg 

power of the equipment to decrease as the distance to the 
reflections increases. The fourth limitation manly 
affects the resolvmg power for close reflections. The 
cffetts of thiese limitations have been mitigated as follows:

(a) The frequency of the B.W.O. is approximately 
proportionri 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_bt 
between the limits I = 0 and I = T0, and for any given 
range of frequencies there will be a particular value of b 
that gives the closest approximation to a linear frequency 
sweep. 1n the equipment, b can be adjusted so that the 
maximum response is obtained from a given reflection.

(b) The group-velority (Vg) of the waves depends 
upon frequency thus,- V'
where c is the velocity of light, and fa and f are, respect­
ively, the cut-off frequency of the waveguide and the 
radio-frequency. Equation (2) shows that F1 depends 
upon Vg, 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.

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

(d) Amplitude modulation of the B.W.O. output 
produces two effects. The first is a smril reduction of 
resolving power for all reflections, since some of the 
energy of F1 is dispersed into amplitude-modulation 
sidebands. The second and more noticeable efect is the 
introduction 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. Fortunatriy, the unwanted 
harmonics can be cancelled in the output of a double- 
brlrnted 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 
sparing, with ther 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 oscfllator 
valve.3 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-voot 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 0/3 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 

29



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 swcepi-aimTlitude, Af, of the B.W.O. is continuously 

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 potentiaa resolving power, capable of dis­
tinguishing between reflections 1 ft apart, is obtainable 
when A= 400 Mc/s. The tunable amplifier then 
allows 6-120 ft of waveguide to be scanned at maximum 
resooution. Longer lengths may be scanned by reducing 
Af, but this reduces resooution. In practice, due to the 
imperfections discussed and the finite selectivity of the 
tunable amplifier, the potential resooving 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 unde test. Generally it is 
found convenient, in the absence of large responses, to 
plot the output speccrum of the detectors in the form 
shown in Fig. 4. This figure shows the output of the

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

BEAT - FREQUENCY^/s)
(l) Terminated with matched load

FIG. 4—SPECTRUM FOR WAVEGUIDE 0F 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 r = 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 oscfllogram shows the

(a) Mismatches at 17 ft and 38 ft with reflection coeflicients of 0-05

W) Mismatch at 38 ft with reflection coefficient of 0 05

(c) Terminated with matched load

FIG. 5—OSCILLOSCOPE 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 deteChng 
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.i These feeders range from 50 to 250 ft in length, with 
from 15 to 35junctions per feeder. Only onejunction was 
found to have a reflection coefficient of more than 001. 
A reflection coefficient of 0-02 was indicated at ajunction 
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 minuties. 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.), A.M.I.E.E., and P. S. GERARD,B.Sc.(Eng.), A.M.I.E.E. T

U.D.C. 681.178

Machines have been fuccesffuUIy 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 out and ingenious machines have been constructed 
to perform various postal processes mechamcally 

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 thiese was the single-operator letter-sorting 
machine1 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 designed2 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 equipment3 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 mechamcal 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 maii is being sorted or for locaa 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 st comfortably at 
the machine, thereby eliminating the need to stand and
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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 stilled 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
porting 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 Mechanzatton 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 translator2 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 haff 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 esssnnial, 
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 exceept 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 CrieT this 
inward code could be read by a locaa sorting-machine 
code-reader and be directed to a sorting box appropriate 
to the postman’s walk that included the requisite street. 
Unfortunatdly, this would have involved the original 
coding-machine operator in making two extractions, 
resHting 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 normaa 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 nation^ 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 from 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 desstnation 
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 soi'ting office indicated that the require­
ments for outward soi'ting would be approximately 
16 operators working into six soi'ting machines and 14 
stacking units. A statistical analysis of the mail showed 
that 50 percent of it would be sorted into 14 selnctions and 
each seketion 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 mod! 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- 
seketion 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-seketion 
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-seketion stackers. In each sorting machine the 
random stream of letters is stacked and then fed syn­
chronously into 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 correctiy, 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 weH as outward sorting, the main-selection 
stackers becoming the destinations for letters to large 
firms, etc., when used for inward soi'ting.

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.



(a) Photograph of Model showing Equipment Mounted on a Plinth which houses the Conveyors and Divertors

A—Coding Dwk 
B—Translator

C-encer-Sorting Machine 
D—Main-Selection Stacker

(1) Layout Plan of Model

FIG. l-MODEL OF A LARGE MECHANIZED SORTING OFFICE
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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 diagrammaticaaly. 
Two coding desks are provided, each with its separate 
primary conveyor. Each of these conveyors has four 
diversion points that necessstate four aggregating 
conveyors and four main-selection stackers, one of these 
stackers (not shown in Fig. 2) bring 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 necesssry. 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-digii binary code 
plus a stairt mark and, if necessary, a parity digit. The 
bits are dots of a phosphorescent materiaa that are 
virtually invisible except when irradiated by an ultra­
violet-light source.

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

Note: At present Aggregating Conveyor No. 1 feeds a main-selection stacker and 
not the letter-sorting machine. The eventual arrangement will, however. be as shown.

FIG. 2—DIAGRAM OF LUTON SCHEME

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 dive-tor 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 
on its feed conveyor and are fed separately at synchronous 
speed into the machine, pasting the code-reader almost 
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from this code-reader are passed to the second translator 
and this in turn sets the divertor-control memory-system 
in the sorting machine to direct and divert each letter 
into its appropriate box.

The letter-sorting machine, modified to read code 
marks, forms another of the “‘building bricks’” with 
which the whole scheme is constructed.

Stackers, Conveyors, Divertors and Memory Units
The remainder of the component “brick’’ with which 

the Luton scheme is constructed consist of stackers, 
conveyors, divertors and memory units, most of which 
are esssntially copies of well-tried machines. The 
stackers, for example, are identical with those used at 
the output of the letter and packet segregator installation3 
at Southampton sorting office.

The primary conveyors shown in Fig. 3 and 4 are 
constructed along the same lines as the 3-inch-wide bet 
system employed in the letter-facing machine3 also 
installed in the Southampton sorting office. The 
system is built up with one continuous belt driven at one 
point only at approximately 100 ft minute. The bet 
provides both transport for the letter and drive for the 
free-running rollers and, because it is continuous, the 
whole system moves at the same speed. It is necessary 
to have a twist section in the run in order to complete 

the belt circuit without using two belts. This section 
gives the letters a rotation of 180° about their longitudinal 
axis, but this is of no consequence.

Diverted letters, with a long edge leading, are slid 
across skid plates by the belt and fall on to aggregating 
conveyors at right-angles to the motion of these con­
veyors, so that the letters then travel short-edge leading, 
as required by the stackers.

The 8-inch-wide aggregating belt is folded back on 
itself in such a manner as to form four separate letter 
paths with only one length of continuous belt, the 
whole moving at approximately 100 ft/minute. Once 
the letters have been diverted out of the straight-through 
path of the primary conveyor their position on the belt 
in relation to other letters is no longer of consequence. 
The coding operators can work at their own speeds and, 
because the coding desks are not synchronized one with 
the other, it is likely that one letter will fall on top of 
another on the aggregating belt. The stackers can 
eas’ly cope with this situation.

However, the timing of the letters from the moment 
of release from the printing unit in the coding desk up 
to the point of diversion is important. For this reason 
the continuous beet of the primary conveyor has been 
carried back into the coding desk to form the means 
of conveying the letter there, so that timing can be 

accurate as far as the divertors. This 

FIG. 3 —PRIMARY CONVEYOR

FIG. 4—EXPLANATORY DIAGRAM OF PRIMARY CONVEYOR

is indicated in Fig. 4.
The equipment at Luton has in 

one distribution unit a memorymade 
up of parts of the pin-wheel memory 
designed for the production-mode 
letter-soirting machine.1 The other 
control unit employs a magnetic 
drum for its memory. The pin-wheel 
memory has the advantage that the 
setttng of the pins provides both 
memory and the means of operating 
the divertor linkage. With a magnetic- 
drum memory it is necessary to con­
vert the s’gnal received at the pick-up 
point to a mechamcal operation. This 
can be done in many ways, and at 
Luton a pneumatic system is being 
used by way of experiment and for 
experience of this type of equipment.

CONCLUSIONS
The Luton experiment is another 

step in the chain of trials designed 
to render automatic the handlingand 
sorting of letter mail. The first step 
wasthedesign and manufactureof an 
operator-controlled sorting machine, 
followed closely by the second step 
of providing a code translator to 
reduce the mentaa effort required of 
the operator. The third step, being 
carried out at Luton, is the marking 
of letters with code marks. This step 
enables many operators to work 
simultaneously with a few sorting 
machines, thereby improving the 
economics of the process. At the 
same time, the code marking of 
letters opens up the possibility of 
automatic sorting at the delivery
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oflice, using codes printed at the collection office. To cover 
this portion of the scheme, a smril unit is bring 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.I.A.S., A.F.R.Ae.S. Iliffe & 
Sons, Ltd. x+166 pp. 4iil. 425.

Numerical analysis is a subject which, while it offers 
many opportunités 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 bring 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 partiri differential equations is 
dealt with, and so also are matrix manipulations, solutions 
of algebraic and transcendental equations, evriuation of 
continued fractions, interpolation, and numericri evriuation 
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 numericri methods.

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

W. E. T.

“‘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. 135 ill. 98. 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 Nationri Certificate 
curriculum means that students must devote most of their 
leisure time to study if they are to complete the course 
succeesfully. 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 thiese 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 smple 
linear equations. In his preface, Dr. Fisher claims that 
“this is not altogether acxidentri” 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 fpecificaaton 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 calcllation of roots of 
numbers between 0 and 1.

This book will normally be used in support of class 
instruction, howeverr 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 Nationri Certificate 
course.

G. H. K.
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Reflectometers
D. E. WATT-CARTER, A.M.l.E.E.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

IT is well known that if energy is transmitted along a 
tracsmissioa 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 transmisson lines are in 
generial use between the transmitters and aerials, it has 
been the practice to measure this standing wave using 
traveling 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 
síll 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. If in an extreme 
case a transmisson 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 
accesssble for standing-wave-ratio measurements of the 
travelling-meter type; on the other hand it has opened 
the way to the use of more elegant 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. Thiese 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, howevee, it may be 
hejpful in explaining the simple theory of their operation 
if the conditions existing on a mismatched transmisson 
line are briefly stated.

THE MISMATCHED TRANSMISSION LINE
Suppose a transmission line supports two oppositely- 

travelling electromagnetic-wave cyctemc, as shown in 
Fig. 1. In both systems the ratio V1/I1 = Vile = 2o, 
the characteristic impedance of the line, and the voltage

FIG. l —RRANSMISSION LINE CARRYING TWO OPPOSrrELY- 
TRAVELLING ELECTROMAGNETIC-WAVE SYSTEMS

and current of either system are, therefore, in phase at all 
points. If, further, the ratio V/V = 12/1i = r, this 
ratio is the reflection coefficient of the combined wave­
system. Without loss of geneeality, the origin O may be 
selected at a point in the line where Ve and V/ are in 
phase. It will be noted that at this point Ii and 1 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,

VI = Vo^A

V—

[2

= 50 eBV
— 0

- VgOe-iV = eor*«
— fl“ e flx — "V1? e~inx 

Zo Z.
where )3 is the phase constant of the line in radians/metre.

The resultant line voltage at a distance x from O is. 
therefore:

V = Vlo (em + re-mx)
= V10 [(1 +r)cos;8x + j(l — rjsnfix].. (I) 

Similarly, the resultant line current is:
Ix = e/1o[(1-/•)cosXx + j(1 + r)sinex].. (2) 

20
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:

Zx W mm 7 zJ’i^/.+iJLs^y.... (x) 
jl + r2 — 2rcos 2px] '

It will be noticed that the phase angle between line 
voltage and current is, in general, not zero and equals 

tm-fiXT” sin 2Xx]

The power associated with the forward-travelling wave 
is Vile and with the backward-traveUing wave is V2I2, 
so that the resultant power flowing in the line is:

P _ Vi3 _ VZ V1—0 _ r) 
r Zo fi Zo (4)

% Overseas Radio Planning and Provision Branch, E.-in-C.’s 
Offi ce.
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The power flow may also be derived from the scalar 
product VxIx, 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 transmistion 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 tingle 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 transmistion line it is necessary 
to couple with one field system to the exclusion of the 
other. Suppose a smaH metallic loop is inserted into a 
coaxial line which carries an clectromagnctic wave in one 
direction only (Fig. 2). The loop is loaded with a

FIG. 2—DIRECTIONAL COUPLEE 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 seef-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 ^lecbric coupling,
= j CR

1 R + Z V.........
That due to magnetic coupling,

,• _ JwW ''2 : tT+ •1 .....

(5)

(6)
The two currents are in phase quadrature with V and 

I, retplclivcly, 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, i2 
opposes i\ and, by correct choice of the loop parameters, 
they may be made to cancel. The condition for this is 
found, by equalling equations (5) and (6), to be

M/CR = 2o.
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 uting approxi­
mate methods to calculate C and M, and the precise 
balance is achieved by determining R experimentally.

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 reflectometeri as shown schematically in Fig. 3. 
Outputs from the forward and backward couplers are 
applied, respectiveey, via simple networks C1, R1 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 ratiometerr R, 
calibrated to read their ratio, which is the reflection 
coefficient of the wave in the transmission line. The 
meters P1 and P2 are calibratcd in terms of the forward 
and backward power, respeetiveey, and the difference 
between their readings indicates the power being conveyed 
to the load along the transmistion 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 +10 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 tignal 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 norm! line conditions no current flows, but 
should the reflected component increase the backward­
coupler tignal 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 Wartmeter Type
Another type of reflectometer is illustrated schemati­

cally in Fig. 4. In this arrangement signals proportional 

FIG. 4—REFLECTOMETER USING LINE CURRENT AND VOLTAGE 
COUPLING
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to the line current and line voltage are applied to a 
rectifier-resistor network, containing resistors Ri, R2, 
R3 and R4, via a toroidal transformer, having a centre­
tapped secondary winding, and a potential divider 
consisting of two capacitors C1 and C2 (C, > Ci).

It is shown in the Appendix that if the network 
components are correctly chosen and the network is 
balanced (Ri = R, and Rs = R4, the ratio of the direct 
currents flowing through the resistors R3 and R4 (or of 
the voltages appearing across them) is numericaHy 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 
resissor 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 meeting of resistor R3.

It will be noticed that the voltage appearing across the 
points AB of the bridge will be proportional to Vi(i + r). 
If a second bridge is provided identicaa 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(i — 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. 
Vi2(0 — i2“, 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 eleccromagnetic 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
Der-vaHon of the Current and Voltage Relationships in the 

Ref^eciomelee 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 capacctive 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 ii and i, derived from the inductive coupling, are 
shown in Fig. 5(a). The mesh equations for the left-hand 
hatf of the network are

(ii + L'i’)L 4- /i(R3 + l/juCD = jwMl 
and _ 1/ R, + ii(Ra + Vjo>C() = 0, 
from which it is deduced that
._________________ jwMIRi_______________

1 y»L(Ri + R3) + wL/wCz -f- RiRs + Ri/jwCz
If wL > Ri > l/wC,, this expressson simplifies to: 

. _ MIR, 
f ~ L(Ri + Rs)

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 CiC,

(n) For inductive coupling
(b) For capacitive coupling

FIG. S—EQUIVALENT CIRCUITS FOR NETWORK OF WATTMETER­
TYPE REFLECTOMETER

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

. VCi
in C, (Ri + RD

. . _ VCi___
an '- C, (R, + R4
It will be noticed that ii and i, are in phase with the line 

current I, and is and i4 with the line voltage V. Also, the 
relative senses of the currents ii and is are the same, whereas 
those of currents i, and is are opposite.

Suppose the parameters of the network are chosen such 
that Cl/C, = MRJLZD = MRz/LZo = K, and making 
Ri = R„ then the resultant currents flowing in the resistors 
R3 and R4 are, respectively,

ii + is = K(ZJ + V)/(Ri + Rs)
and i, - i4 = K(Zo _ V)/(R, + RD
The expressions for V and i given by equations (i) and 

(,) may be inserted in the right-hand side of these equations 
to transform them to:

ii + is = 2KVi(coS|3A• + jsin£x)/(Ri + Rs)
= [ZKVl/(Rl + Ran Lfix

i, — i4 = 2KV1^(cosPx + jsmn))((R( + Rj 
= [ZKVir/(Ra + RD] Cix

That is to say, for a given reflection coefficient, r, the 
currents in Rs and R4 are of constant magnitude, independent 
of the position of the standing wave relative to the coupling 
p oint.

The effect of placing rectifiers in series with Rs and R4 
will be to cause direct currents to flow through them 
substannially proportional to the magnitudes of the 
resultant alternating currents, and it follows that

J la — i I = "(Ri + Rs) 
| i’i + lai (Ra + RD

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

s9



Component Reliability in Post Office Equipment*
A. A. NEW, M.Sc,, F.R.I.C., A.Inst.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 Ueccronic com­
puters into everyday Post Oflice work also lends added 
importance to achieving reliabiiity in eleccronic apparatus.

Some organizations have found it desirable to employ 
engineers whose sole concern is reliabiiky, 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 deccronic equipment reliably for a very 
long period, one of the m^or factors is the reliability of 
the individual components. when working under the 
conditions of temperature, humidity, voltage, mechamcal 
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 possibbiky 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 
probabiiity 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

Rellabiiity implies the absence of failures, and stabiiky 
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.

SuperficcaHy there are two broad classes of failures: 
those due to an abrupt change of some important 
parameter to zero or infinity, called catassrophic 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 
rehabiiity of components and should be defined clearly 
if there is any possibiiity of ambiguity.

MECHANISMS OF FAILURE

^tatistiical 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 reliabiiity 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 detenmning the 
mechanisms of failure of faulty components by the 
appropriate chemical and physical methods and deducing 
from these investigations how such mechanisms may be 
Sowed down or eliminated without introducing other 
failure mechanisms. An alternative is to dessgn 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 ssating because 
mere lack of information and the deske for simplr 
statistics lead to the lumping together of many different 
kinds of faults, and sometimes inferences are subsequentiy 
made as though (a) 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 resuk should be regarded 
as a rough approximation adopted because of incomplete 
information. A grouping in accordance with the 
individuat mechanisms of failure can often indicate userid 
inferences and generaUzations.

In generaa one may say that, when components are 
working as intended, only electrons are bring per­
manently displaced. If matter, in the form of atoms, 
ions, molecules or aggregations of them, is bring 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 
I.E.E. Symposium on Electronic Equipment Reliabiilty on 
18 May I960.
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design, failure of other components, mechamcal causes, 
or chemical and physical processes.

As the writer has deah 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. Metson3: 4 5 and others, including considerations 
affecting valves for the transatlantic telephone cable 
system;6 transistors have been dealt with by F. F. 
Roberts? The use of component reliability data in 
circuiit design has been described by A. C. Lynch.8

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 generalli- 
zations sometimes makes the latter aeeociation un- 
avoidable.

Change o/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 smaU and detectable only 
with very sensitive measuring equipment. Some of thiese 
variations are cyclic and aisociated 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,9 which are nearly 
straight lines. Some drifts may be negligibly smah. at 
first, but increase with time, as does the resistance of a 
conductor a part of whose surface is bring 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 thiese 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 
rattsirophlc failures of an unpredictable nature occur is 
that the change at the spot where the failure will take 
place, which may be an exceedingly smaU 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 ,zF paper caparitor 
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 dini^ci:rir.

2 An ar<rclel■ating factor is a measure of the rate of inri•rair 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 
mtnrsity (a) 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 all 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 arceleriatrg 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 arrelrrated 
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 
srbln3i, but in the meantime use is often made of the 
following grneralizttiors.

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.10 For example, some types of 
impregnated rtpacitor 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 factor12 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 (manly processes involving, in addition, 
one or more scHdds”). These rates may be represented in 
simplified form by A expp—Ec/RT) and Ad expt— Ei/BT) 
typically, where A and Ad are frequency factors 
representing frequency of roliiiiori, E6 and Be are the 
activation energy in rtloiiri/moir and in eleccron volts 
respeetively, R is the gas-consiani/mole, k is Boltzmann’s 
constant (R/Na, where Na = 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 increasng temperature?*

If the activation energy EC is of the order of 20,000 
and the A 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 temperatures13 (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 overaH 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 tiiightly 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.

It 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 possibiiity 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 acce-erated 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 elfctrically functional part is capable of absorbing 
moisture or of having moisture condensed on it. The 
effect may become evident as chemical corroSon, or as 
increased capacitance, power factor, or leakage current. 
If the leakage current is high it may lead to electro­
chemical corroSon, perhaps followed by a short-circuit 
or disconnexion.

If there is some severe rfsiriction 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 casng, this ressriction 
may be the overah 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 
proportion^ to the difference in vapour pressure between 
the two sides of the membrane. In practice the “mem­
brane” is formed by the caSng, coating, or filling 
intended to prevent moisture entering the component.

Most flfctrolytic capacitors (excluding recent; com­
pletely dry types containing manganese-dioxide coatings) 
cal 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 

space is full and the internaa pressure may then cause 
leaks of liquid or force open the case, resuming in a 
catassrophic 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 deposted, 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 Sow deter­
ioration of a dielectric under d.c. stress of the order of 
1—100 volts/micron, is proportion^ to a power n between 
4 and 8 of the applied potentiaa18: ” Brothertonii 
showed that for capacctor impregnants in general use 7 
varies from 4~6. For convenience it is usuaHy 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 causng 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 
reSstance drift. For low-current values at which the 
heat evolved is negligible, the predominant factor may 
be elfctrolytic 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 man factor is the 
total quantity of electrictty passed. This applies to the 
leakage current in some types of capacitor and to 
leakage currents between poorly-insulated conductors.

With smaH reSstors most of the heat; disSpated is 
conducted along the leads, but with larger reSstors a 
greater part of the heat is disSpated 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 RCL111 and 11218

Frequency. If 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 equaa, the rate of deterioration 
may be proportional to the frequency of the alternating 
potential.

STATISTICAL DISTRIBUTIONS

Considerations Arising when Deaaing with Large Batches
When large batches of components have to be studied 

it is of interest to consider the man distributions occur­
ring. Such information gives various measures of the 
quaHty of the populations of components concerned 
but does not indicate directly how the components may 
be improved. It is usefuu in assess sing statistical data 
on component reliability such as those given in Tables 1-4. 
If a rigorous estimate of Sgnificance or comparison with 
some hypothesis or mathematical curve is desred this 
can be done Smply by the use of the chi-squared test 
and tabeesT1
Distribution ofParameter Values in a Popuhhion

The distribution of capacitance values of an actual
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((i) Capacitance in lOpF steps (b) Capacitance in 20pF steps (c) Capacitance in SOpF steps

The plots were made with different width steps to emphasize different features. The superimposed dotted line gives the curve 
of the normal distribution.

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

consignment of 1,000 capacitors of nominally 10,000 pF 
capacitance and i l 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 interess:

(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.w

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

(c) Only two of the .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 sllglnly skew, and
(ii) there is a slight double bump in the distribution, 

the minimum of the hump coinciding 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 cenn 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 esstmating the reliabiilty of 
components and equipments during service.

The ide! distribution economicaly, 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 
usuaHy consisting of smaH numbers of failures of each 
of several different mechanisms of failure of several 
kinds of components (usuaHy 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 severaa 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

Observed Failures

Calculated Failures

V—valve 
R—resistor 
G—gland

C—aapacitor 
T—transformer 
S—solder particle

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. . t

The thick lines indicate observed failures and the thin lines show the additioaal 
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 1951-4954
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(a) 20db video amplifiers
(b) Experimental electronic director, Richmond exchange

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-agng 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 usuaa 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 Angle mechanism of failure of a 
Angle component this method of expression is less valid, 
because the distribution is often more or less normaa or 
log-normal, and the half-life, together with some expres­
sion of the spread, such as standard deviation, variabiilty, 
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 pc 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 
(Numbf 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 paraHel with « 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 spectal 
locaa circumstances affecing 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 Angle equipment? Thirdly, there is a similar Atuation 
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 Apfctal 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:

m me'"' mze-m ma? '"
e" — ’ -2T’ 3! etseq

if the events are occurring randomly, where m is the 
average frequency and e‘m 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 uiual 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 generaa cause of failure, or some 
condition which is spec^c to them and not to the 
majority.

Other Statisticaa Distributions and Calculation of 
Equipment Reflabitltyl

Other distributions applicable in certain circumstances 
in the calculation of equipment reliability are the 
Binomial, Exponential,v2«!!1>,3 Gamma,2” and Weibull.22

Methods of calculating reliability of service equip­
ments from component data have been published in this 
country20 and the U.S.A.23

DEGREES GF 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 snah 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 ffctronic 
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.

(e) Deep-water submerged repeaters: 20-year life 
with no failures (one failure in 20 years allows only 
00004 per cent component failures per year).

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

SOME STATISTICS OF RELIABILITY OF COMPONENTS USED BY 
THE POST OFFICE

It is only possible here to deal with the Ampler 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.
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TABLE 1
Relative Incidence of Failures of Components in General 

Telecommunications Equipment

Type of Equipment Type of Component
Percennageof 
Total Failures 

of all Components

Carrier-generating Valves 39-6
equipment and Jacks (see note) 11-2
supergroup trans- Wiring 101
lating equipment Capacitors 6-6
(1951-52) Relays 6-3

Resistors 6-1
Fuses 5-1
Filters 4'1
Valveholders 3-7
Transformers 2-4
Potentiometers 19
Rectifiers 10
Attenuators 10
Fuse panels 02
Connexxon strips 0-2
Coils 0-2
Keys 02
Modulators 0-1

Magnetic-drum Cold-cathode tubes 43
registerltranstatorl4 Valves 13
(1959) Wiring 

Rectifiers,
13

germanium point-
contact 13

seeenium 3
Resistors 13
Plugs and sockets 0

(including multi­
contact plugs and 
coaxial plugs) 0

Capacitors 0

Video amplifier panels Valves 58-2
(1956-57) Resistors (fixed-value) 16-4

Wiring 
Capacitors,

9-1

foil-and-aaper 5-5
ceramic trimmer 1-8

Potentiometers 3-6
Fuses 3-6
Relays 1-8

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,26 however, the most serious cause of faults was 
drift in high-sttUblity resistors. The average rate of 
valve replacements was 10 per month. There were 
also some failures due to open-circuitt in resistors and 
bifilar coils.

The crudities of thiese 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 
shelfflife 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, Jeraddng, where failures 
and replacements have occurred, to an increased prob­
ability of finding early (manufaccuring) 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 eleccronic equip­
ment used by the Post Office have much the same 
relative reliabilities as those quoted in the literatm^ for 
many other equipments. Valves usually have the 
highest failure rate, followed by resistors, capacitors and 
wiring at a considerably lower level, whUe 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 ofwiringjoints in equipment. Occasion­
al, 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 deal with.

Tables 3 and 4, winch 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. 2°

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

Type of Repeater Type of Component
Numberof

Failures (Note)

ShaUow-water, early 
experimental types 
1943-1951 and 
1946 (sshl working)

Capacctors, 
silvered mica 
clamped mica

Resistors (fixed-value)
Switches

3 
l
l
1

ShaHow-water, 
laid 1951 and 
still working

Valves
Resistors'wirewound) 
Capacitors
Transformer screen 
Glands

10
2 
l
1
1

Shallow-water, 
laid 1953 and 1954, 
still working

Valves
Glands

2
1

1 due to loose 
solder

1 noisy amplifierNot yet identified

Shallow-water, 
laid 1954 and 
still working

Not yet identified 1

Transatlantic 
telephone cable 
laid 1956

- 0
(cable severed

three times by 
trawlers)

Deep-water, 
systems laid 
1958 and 1959

— 0

Note: The figures quoted are the totals at 1 January I960
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TABLE 3
Failure Rate per 100 Components per Year—General Telecommunications 

Equipment

Type of Equipment Type of Component Failure Rate

Experimentaa 
electronic 
director at 
Richmond 
Exchangge6 
(1952-53)

Valves
Cold-cathode 

triodes
Cold-cathode 

diodes
Resistors
Capacitors
Rectifiers (mainly 

copper-oxide)
Valveholders
Tags (individually)
Soldered joints
A11 passive com­

ponents (note)
All types (note)

lsf Year 2nd Year
3'9 2'8

4'4 2'7

1-2 011
0 04 0 02
0-26 0 04

1-7 0'9
03 <01

<0'007 <0'007
0.02 0 01

0'25
0'52

Video amplifiers 
(20 db) 
(1956-59)

Valves 
Wiring 
Fuses 
Potentiometers 
Metal rectifiers 
Relays 
Resistors 
Capacitors 
Switches 
Inductors 
Plugs and sockets 
A11 passive com - 

ponents
All types

195(^57 1958-59 (6 months)
1'7 21
5'4 0'7
0'5 0'2
0*5 not available
0 3 nn n
0'3 „ „
0*2 „ „
0'09 „ .

<05 „ „
<0 3 „ n>
<0 I nn n

0-16 0'1 1
0'36 0'32

Magnetic-drum 
register-transiator 
equipment a 
Lee Green 2 
Exchange (1959)

Valves
Cold-cathode tubes 
Resistors
Rectifiers
Wiring

(taken as one 
component)

(as separate ter­
minations) 

Plugs and sockets
coaxial
multi-pin

Capacitors
A11 passive com - 

ponents
All types

0'8
6'2
0'1
009

490

0'005

<2'8
<0'3
<0'1

0'12 (average)
0'17( „ )

Subscribe»- trunk­
dialling equipment 
at Bristol27 
(Dec. 1958-Apr.
1960)

Va ves

Cold-cathode tubes
Resistors
Capacitors

paper 
polystyrene

Chokes
Selennum diodes

(miniature)
Rectifiers

copper-oxide
A11 passive com -

ponents
All types

11'2 (improvements made in 
Nov. 1959 reduced failure 
rate considerably)

0'15
0'001

<0*007
0'11 (two out of three failures 

due to maltreatment)
<007

0'008

4'9

0'011 (average)
0'022( , )

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

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

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 capacctors. The elecCrolytic capacctor 
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 reliabHity due to 
the human element may not be obtained when future 
equipments are made. For both thiese 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 possibiiity 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 caH 
for an increased use of secentifie knowledge and testing 
methods, particularly along the lines of accelerated life

Failure Rate (Note 1)

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

Type of Component

Shallow-Water Repeaters Deep-Water
Repeatsrs, 

Transatlantic 
Telephone Cable, 

laid 1956 
(No component 
faults have yet 
occurred—see 

note 1)

Early 
Experi­
mental 
Types 
(1943­

1951 
and 

1946, 
still 

work­
ing)

Laid 
1951 
and 
still 

working

Laid 
1953-54 

and 
still 

working

Laid 
1954 
and 
still 

working

A11 
Com - 

ponents

British 
Com - 

ponents

Valves

Inductors

<0'8
(note 2)

4'6 0'6 <0'4 <0-06 <0'3

all types <0'1 <002 <0015 <0'04 <0'01 <0'02
air core — <013 <0'08 <008 — <007
dust core — <0'06 <0 02 <008 — <005
coaxial 

Capacitors
— <0'46 <03 <07 — <0'4

all types 0'3 0'015 <0010 <0-02 <0 006 <0014
paper and foil <0'3 0'06 <0 04 <008 — <005
mica 0'3 <0'02 <0'013 <003 — <0'02
ele:Crolytie 

Resistors
<6'4 —‘ — — — —

all types 0'08 0'03 <«°-011 <002 <0 006 <002
wire wound — 1005 }-00)17 <0-07 — <007
vitreous enamel — <0'2 — <0'12
carbon compostion — <0-05 <003 <005 — <0'03
carbon film H <0'7 <0'4 <1’3 — <0'2

Transformers <09 <0'7 <0'4 <0'7 <010 <0'6
Switches 6'4 H — — — „
Relays H <0'2 <0-14 — — —
Metal rectifiers _ <1'4 <0'9 <0'7 — <0'4
Varistors — <0'7 <0'4 — — —
Thermistors H H — <0'3 — —
Crystals — H — <0'7 <0'17 <0'4
Fuses — — — <2'6 — <0'6
Glands <1-2 0'7 0'4 <1'3 <010 <0'8
Wiring <2‘4 <1'4 0'4? <2'6 <0'20 <I6
All passive components 0'2 0'03 0'01 0'008 <0 002 <0005
All components 0'2 0'08 0'02 0'008 <0 002 <0 005

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

Note 2: There is some doubt whether in fact a valve failure did occur. 7
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. 
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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 stabiilty in circuit design, e.g. A. C. Lynch8 
has shown that it is an over-simpliff”ytion 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.I.E.E. Cleaver-Hume Press 
Ltd. 328 pp. 175 11. 215.

This book is one of ten volumes in the Cleaver-Hume 
Electricat Series. It explains, in a non-mathematicat way, 
the theory of operation of all types of alternating-current 
machines in common use, and should be eassly understood 
by any reader with a knowledge of basic elec-ri-al 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.”. machine. Subsequent chapters first describe the 
constructionyl 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 dip, 
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 convertion 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.

I .P.O.E.E. Library No 2027. R. G. M.
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The Equalization During Laying of the Anglo-Swedish 
Submarine Telephone Cable
F. SCOWEN, B.Sc., A.Inst.P., A.M.I.E.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

IN May I960 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 equafizer network, to such a time­
table that it did not interfere with the normal cable­
laying program.

The first transatlantic telephone cable (TAT-l),i 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 remediaa 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 unidirectionaa repeaters, and such a 
system does not have the equahzation difficulties arising 
from the directional filters that form an eseentia part 
of the two-way repeaters of the type used in the Anglo- 
Swedish cable.2

In 1957 a repeatered two-way tingle cable was laid 
between Marseilles and Algers,3 and this cable was laid 
in two sections. Measurements were made on tine first 
half when it had been completely laid and from these 
measurements an equalizer was detigned 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 deveeoping a submerged repnatnrni system the 

cable and repeaters have to be designed concurrency, and 
at an early stage a target gain/frequency characteristic

t Post Office Research Station. 

has to be set for the repeater detigner. 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 actua 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 materia 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 smaU. changes in the 
mechanical and eleccrical 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 nffn3t;; 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 haff 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 preeture-retistant housing. 
The equaizer for the other haf 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 
cablewhich, when laid and at the mean yearly temperature 
of the sea bottom, would have a loss of 55 db at the same 
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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 H.M.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-ofi shore end, 
would have a loss of 55 db at 608 kc/s; then followed 
right 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, and 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. 
Arid with repeater number 29 for laying at the Swedish 
shore-end of the route, where the water was too shallow 
for H.M.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 reguuar

CABLE LAID (n.m.)
>IDEAL INSERTION LOSS AT END OF BLOCK

FIG. l—INSERTION-LOSS CHANGES OF BLOCK. 1 DURING LAYING

hourly measurements were again commenced between 
ship and shore.

Once again the transmission-loss/cabbe-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 ad’ustment

(b) After Length Adjustmenl

FIG. 2—ESTIMATED INSERTION-LOSS/FREQUENCY 
CHARACTERISTIC 0F BLOCK 1 WHEN COMPLETEEL LAID
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was chosen and an equalizer network 
was designed to correct this misalign­
ment as completely as possible. At this 
stage of the cable laying it became 
apparent that the 29th repeater (in 
Block 4A) would be laid too close 
inshore and, therefore, an artificial cable 
loss equivalent to 2 n.m. of cable was 
put in the equalizer and a corresponding 
length of cable was cut off from the 
beginning of Block 3; this had the effect 
of bringing the repeaters of the second 
half of the system 2 mm. nearer the 
United Kingdom and the 29th repeater 
2 n.m. further off the Swedish shore.

The equalizer and artificial line were 
constructed from components of sub­
merged-repeater quality, made by the 
manufacturers of the submerged re­
peaters in their special clean-area 
submerged-repeater shop and delivered 
to H.M.T.S. Monarch in a hermeticaHy 
sealed box. The components comprised 
resistors, inductors and capacctors of 
such values that networks giving peaks 
of 2 db or 4 db loss, or flat losses of 
2 db or 4 db with troughs of zero 
loss, could be formed with the peak or 
trough frequencies adjustable in 5 per cent steps over 
the frequency range from below 60 kc/s to well above 
600 kc/s, and with the half-loss width of the peaks or 
troughs divided by the peak or trough frequency being 
adjustable in steps over the range 0-04 to 4. A cabin 
on the ship had been converted by a thorough cleaning 
and painting, and by the installation of air cieaning and 
conditioning equipment, to match the conditions of 
cleanlintss that exist in the contractor’s submerged- 
repeater clean-area shop. Two Research Branch officers 
had been trained in the handling and assembly of sub­
merged-repeater components and units, and they con­
structed the equalizer and artificial line networks (Fig. 3).

The completed network was inspected visually to the 
standards applied in the contractor’s submerged-repeater 
clean-area shop and checked tltcirically. Afterwards, it 
was inserted into a box in the pressure housing, which 
already contained the half-section equalizer described 
earlier in this article. The box was then hermetically 
seated and the pressure housing was closed. The 
length adjustment was made, Block 3 was spliced on to 
Block 2, Blocks 1 2 and 3 were energized, and regular 
hourly tests were recommenced.

Block 3 was treated in much the same way as Block 1 
and a length adjustment was made at the beginning of 
Block 4 to correct the expected end-of-Block 3 misalign­
ment: at 608 kc/s. Similar measurements were made 
during the laying of Block 4, but no length adjustment 
was made when it was spliced to the beginning of 
Block 4A; the misalignment at the end of Block 4 was 
corrected at the terminal station at Goteborg.

FIG. 3—ASSEMBLY OF VARIABLE EQUALIZERONH.M.T.S. MONARCH

CONCLUSION

During the whole of the operations described the laying 
proceeded at the normal speed, and the length adjust­
ment and equalization did not delay the laying program. 
The final results of the opfation were considered to be 
most satisfactory.

During 1961 the CANT AT1 cable will be laid between 
Scotland and Newfoundland. It will be a single-cable 
scheme using repeaters similar to those used on the 
Anglo-Swedish cable and six to eight equalizers will be 
inserted in the cable; the program to be followed will 
be very similar to that described in this article.
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The Cold Rolling of Very Thin Ferrous Tapes
G. W. LORD,B.Sc.t

U.D.C. 621.777.2: 6.1.3.042.143.2

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 speciaa tensioning equipment 
have been made. With these easily changed adaptors the mill can 
now do work normally requiring severaa different mills, and can 
produce materia as thin as any which has been produced elsewhere 

in the world by rolling.

INTRODUCTION

A ROLLING mill for magnetic alloys was installed 
at 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 auxliary 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 versattlity 
is more important; than production capacity. With the 
one rolling mill, and its eassiy interchanged adaptors, 
nickeLiron 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 contidermg what happens to a matnrai during 

rolling, it is a userid 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 plasttcaaly, at the same time 
the rolls and mill housing are yielding eIasiically. 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 
camberng 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 stil taper, and diTerent 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. 
PracticaHy, 8 in. diameter rolls will roll nickel-iron alloys 
to 0-008in. fairly nssiy, or to 0•(0)2in. with extreme 
difficulty but, to avoid excessive lrnticuiarii.y, should not 
be used beyond O-O16in. At this stage it is belter to 
use smailer work rolls; then further large reductions can 
be made with relatively light loads. Rolls of 1 in. diameter 
may be used to roll down to 0-002 in. or 0-0015 in.

Howeverr if the width of tape is to be maintained, the
T Post Office Research Station.

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. l, where the small­
diameter work rolls are enclosed between four bearing 
pads and between the large backing rolls, which provide

FIG. b-WORK ROLLS SUPPORTED BETWEEIN FOUR BEARING PADS

the desired support and also drive the work rolls by 
friction. 1 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, consequenty, instabiilty. 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

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 critic! and is 
designed to be about 20 degrees. The two planes intersect 
in the line of contact between the smaH rolls, though this 
is not eesential. Criteria in choosing the angle are: it 
should be large enough to prevent one work roll from 
beng drawn past the other, and smaH 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 necessaaily 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 sstaslttaI 
that lenticularity be reduced to a minimum not only 
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 bring preset 
to any desired value, which it must maintain while the 
mill is at a standstiil, acceleeaatng, rolling at full speed 
and dsceSesaling back to a standstill. The actual value 
of tension required varies with the size of materiaa bring 
rolled. Most of the magnetic alloys have an ultimate 
tensile strength of between 65,000 and 70,000 lb/in2, and 
up to 80 per cent of this may be required for tsntion; 
thus, for a 2 in. wide strip starting at 0-016 in. and bring 
rolled to 0-008 in., 800 900 lb may be required. Towards 
the other limit, the tention 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 lb, with a gap between 
70 lb and 20 lb. None of the equipment can compensate 
for mill acceleraaton. Thus it has been impossible to roll 
tape much wider than 1 in., and rather poor quahty has 
been achieved with thicknesses of 0-008 in. and 0-004 in. 
AH 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 tention is large compared 
with the temporary tension changes due to acceSesalton.

Back tention, to ressrain 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 tideways wandering 
during rolling. In general, back tension is kepi: equal to 
the front tention, although it has been suggested that 
larger back tensions may be advantageous. The adjust­
ment can easHy be carried out before the rolls are closed 
on to the strip.

New equipment is being built to provide front tensions 
from 2 oz to 8001b in three ranges of 2 oz-2 lb, 
2 lb—50 lb, and 50 lb—800 Hr. Tension will be provided by 
a slipping magnestc-partlclr clutch, and it is hoped to 
provide compensation for acceleration on the two lower 
ranges. This should make it postible to finish good 
quality tape in any size from 2 in. X 0-008 in. down to 
tS in. X 00001 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 
ths friction between ths rolls and thc strip.

It will bc realized that whcrc there is, for example, a 
50 per cent reduction in thickness during onc passage of 

thc strip through thc mill, then thc strip will emerge from 
the rolls about twice as fast as it enters them. Since thcrc 
is little tideways spread it emerges at about thc peripheral 
spccd of ths rolls, and thcrc will bc considerable sip 
between ths surfaces of ths rolls and ths strip surfaces. 
Some authorities assert that there is only one line of non - 
tiipping contact between roll and strip. Thus, there are 
great frictional forces in ths roll pinch.

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

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

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

DEVELOPMENT

Ths mill-and-adaptor system described was so 
successsul that it was patented in several countries, 
exploitation of the patents bring the rcspontibiilty of thc 
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 thc range 1-400 lb with an accuracy of 
±1 per cent. Pressure is applied hydraulically to the 
roll system and is automatically maintained at any pre­
set value. If required, different loads can bc applied to 
each end of thc rolls. After passing initial trials, the mill 
was installed for field trial in the Birmingham works of a 
manufacturer of nickcl alloys. After minor modifications 
to hydraulic valves and tentioning equipment, the mill 
was set to work, rolling a wide range of magnetic and other 
tough alloys. The field trial was so successs! that the 
mill was then purchased by thc firm, who now produce 
magnetic alloys in thinner gauges than any other British 
manufacturer. Ths mill has been demonstrated to mrtal 
manufacturers from Britain and overseas.
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Fleet (London) Automatic Telex Exchange
A. WILCOCK, a.m.i.e.e., and E. C. BAXTERT

U.D.C. 621.394.34:621.394.722

The opening of Fleet automatic telex exchange in London has 
recently completed the conversion to automatic working of the 
inland telex network. This article describes the exchange and 
gives an account of some of the problems associated with its 

construction and opening.

INTRODUCTION
HE conversion of the United Kingdom telex net­
work to automatic working1’ 2 has been completed 
recently by the opening of Fleet exchange in London. 

The exchange was brought into use in three stages during 
November and December I960, bring completed on 
10 December.

The name “Fleet” was chosen for the London auto­
matic telex exchange because this name has been given 
to the building in which the exchange is installed. 
This building, in Farringdon Street, E.C.2, is close to 
the course of the old Fleet River, now 
covered over, and to Fleet: Street.

The provincial exchanges, apart 
from those at Hull and Cambridge, 
were all converted to automaticwork­
ing in advance of Fleet exchange. 
Manual switchboards were, however 
retained at the zone centres to route 
the traffic from the zones and depen­
dent areas to the London switch­
boards serving the maiority of 
subscribers in London and the inter­
national telex network. Coincident 
with the opening of Fleet exchange, 
the Hull and Cambridge exchanges 
were converted to automatic working, 
and the provincial manuaa switch­
boards and the London inland 
switchboard were closed down.

INSTALLATION
Because the London exchange 

(Flee:) is the focal point of the 
United Kingdom telex network, it 
would have been an advantage, in 
converting the network to automatic 
working, if the exchange could have 
been installed early in the conversion 
program. Unfortunately, this was 
precluded by the lack of a suitable 
building. It was of considerable im­
portance, therefore, that the installa­
tion of the exchange should be completed as soon as 
possible after accommodation became available, both to 
obtain the economies of a fully automatic network and 
to avoid uneconomic extenston of the manual switch­
boards in the Central Telegraph Office (C.T.O.).

It was against this background that installation com­
menced in the new Fleet Building on 25 May 1959, the 
earliest allowed by the building contractor. At this 
time the basement and sub-basement, which were to 
accommodate the telex exchange, were barely ready for 
occupation. The building above was a skeleton of 
about four floors, and a temporary waterproof seaa 

was placed over the second floor to enable installation 
work to proceed. At the completion of the call- 
through test in October 1960 the rest of the ll-storey 
building (Fig. 1) was then only nearing completion. 
It will be realized that during the installation perocl 
continuous efforts were necessary by both the exchange­
equipment contractor’s staff and the Post Office staff 
to reduce the dust and dirt in the basement sufficiently 
to allow work to carry on. Great credit is due to both 
parties for their determination to complete the job on 
time in spite of the difficulties.

Approximately 250 4 ft 6 in. wide racks and 77 other 
types of rack were installed before the exchange was 
opened. Fig. 2 shows a general view of the sub-base­
ment, with routing-translator racks in the foreground 
and trunk relay-set and group-seleccor racks beyond. 
Installation of a further 50 racks for outgoing inter-

FIG. l — FLEET BUILDING SHORTLY AFTER THE AUTOMATIC TELEX EXCHANGE WAS
OPENED (10 DECEMBER D9S0)

national telex subscriber dialling is now proceeding, and 
these should be brought into service in the spring of this 
year.

The installation period was considerably reduced by
fMr. Wilcock is in the Telegraph Branch, E.-in-C.’s Office. 

Mr. Baxter is now in the Externaa Telecommunications Executive; 
at the time this article was written he was in the London Tele­
communications Region.

1 Forster, A. E. T., Barton, R. W., and Ellis, W. A. The 
Automatic Telex Service. I.P.O.E.E. Printed Paper No. 215, 
1959.

2Forster, A. E. T. Automatic Switching for the Telex 
Service. P.G.E.E.J., Vol. 51, p. 193, Oct. 1958.
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FIG. 2-SUB-BASEMENT APPARATUS ROOM

the use of cable clips instead of stitching to secure the 
cables to the cable racking. Fig. 3 illustrates these 
clips and shows that stitching is only required at bends 
(vvrtical or horizontal) and on vertical runs between 
fl oors.

DESCRIPTION AND FACILITIES

Fleet telex exchange is both a zone exchange in the 
national network and an international switching centre. 
As an internation! switching centre it will eventually 
deal with all the United Kingdom subscribers’ incoming 
and outgoing international traflic as well as some through 
traffic between Europe and North America.

The design of the exchange differs from that of a 
telephone exchange of comparable size largely because 
of the quite different characteristics of telex traffic. 
International telex traffic is almost 50% of the total, 
while local traffic wholly within an exchange area is as 
low as 25-30%, the remaining traffic being trunk calls 
within the United Kingdom. The requirements of 
telegraph signalling and the need to have printed 
service-signals also contribute to the differences in 
design compared with telephone-exchange practice.

Fleet exchange serves all the telex subscribers in the 
London charging area and subscribers in the Home 
Counties, who are connected to the following hypo­
thetical exchanges within FleeR-Brighton, Canterbury, 
Colchester, Guildford, Luton, Norwich, Oxford, Ports­
mouth, Reading, Southend-on-Sea and Tunbridge Wells. 
Exceptionally, subscribers in the Cambridge charging 
area are connected to an exchange at Cambridge. 
The total number of subscribers connected to Flee, 
exchange on completion of the conversion was 3,450, 
the national total at that time bring approximately 6,700. 

The trunk circuits connected to the exchange included 
some 87 outgoing, 68 incoming and 239 bothway trunk 
circuits to the provincial exchanges, 254 incoming 
international trunk circuits and some 350 circuits 
between the international switchboards in the C.T.O. 
and Fleet exchange.

Access to the International switchboard is via levri 
29 at Fleet exchange. In addition, the following ser­
vices are available to all United Kingdom subscribers 
via level 20.

FIG. 3—EXAMPLE OF CABLE CLIPS AND STITCHING
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Dial Code Service Point
201 International switchboard (radio calls)
2002 Printergrams (international inquiry)
2003 Telex inquiries (inland)
2004 Printergrams (overseas)
2005 Printergrams (Europe)
2006 Telex inquiries (internationaa)
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 lst selectors, which, 
while having the norm! lst selector outlets, additionally 
provide access to an “overseas operator assistance” 
levee 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 ^H^htly 
in excess of 10 and to meet this need an expedient is 
adopted, usng the regular “2-10 line” final selectort. 
This facility is obtained by rearranging the trunking 
from level 229 3rd telectors 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.

SWITCHBOARO

PREFIX-DIGIT
AND SERVICE HYPOOTETICAL

P °"NTS EXCHANGES

NOTE 2

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, i.e. 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 thiese 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 coniform to the overall 
transmisson plan for automatic telex working. In 
order to achieve this and to anticipate long-term develop­
ment, a multi-ehannel voice-frequency (m.c.v.f.) tele­
graph terminal was installed at Fleet exchange, 22

INCOMING
INTERNATIONAL

TRUNKS

A
TV 2ND. 

SELECTORS

INTERNATIONAL [t]
VIA mUUxs 

TO DEPENDENT 
EXCHANGES 

oe TH FINAL 
’SELECTORS

SLRVIOG 
HYPOTHETICAL EXCHAHOs

mUUxs FROM 
OTHER ZONES
— AAD 
PROVINCIAL 
EXCHANGES

FROM 
INTERNATIONAL 
(ST.SELECTORS

NOTE J NOTE 3

SUBSCRIBERS 
ZI XXX

SUBS 
22XXX 

TO 
27XXX

6

MIDDLESBROUGHNOTUIHGHAM PRESTON DUDDEE
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TZ—Time-Zone Metering Equipment; RT—Routing Translator.
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 is one group of time-zone metering equipment for each hypothetical 
exchange.

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

FIG. 4—SSMPLIFIED TRUNKING DIAGRAM OF FLEET TELEX EXCHANGE
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systems being provided initially. In addition, many 
rearrangements affecting other m.c.v.f. terminals in 
London were necessary.

Since there is as yet no telephone exchange in the 
Fleet Building, the externaa cable network serving the 
telex exchange consists entirely of junction cables to 
nearby exchanges and repeater stations. This added 
to the volume of work in the transfer arrangements as 
it necessitated the preparation of a circuit advice, 
equivalent to that of a long junction, for every circuit 
affected by the transfer. In all 5,600 such advices were 
prepared.

The Fleet automatic exchange was to serve the sub­
scribers from the five London exchanges mentioned 
above and from four automatic sub-centres (A.S.C.s) 
and one manual exchange in the Home Counties. 
There were 874 automatic subscribers and 2,574 manual 
subscribers; of these 370 were in the Home Counties 
and presented the greatest problem in the transfer of 
the subscribers’ lines. To have attempted to transfer 
them all together would have necesshated simultaneous 
co-operation from over 50 points in the Home Counties 
in work of considerable complexity.

It was decided therefore to cut out the four A.S.C.s 
and the manual exchange (at Reading) before the transfer 
to automatic working and to serve these subscribers 
temporarily by direct lines to the London manual boards. 
Although this did not appreciably increase the amount of 
traffic to be handled by the switchboards, the use of a 
direct line for each subscriber necesshated the provision 
of more calling equipments. These calling equipments 
were provided on a new exchange, Inland C, which, 
owing to accommodation and supply difficulties, had to 
be obtained by splitting-off a suite of the existing Inland 
B exchange in the C.T.O., and by instaHing the necessary 
calling equipments to provide individué instead of 
ancillrry appearances.

Coincident with the opening of Fleet was the bringing 
into service of the Hull and Cambridge automatic telex 
exchanges. This, together with the complicated transfer 
arrangements for the London and Home Counties sub­
scribers, inland and international trunks, and the increase 
in incoming dialling routes from 10 
to 18, led to the decision to bring 
Fleet exchange into use in three 
stages. These were:

(a) Stage I
(1) 12 November. All 874 auto­

matic telex subscribers on Shoreditch 
exchange, together with its inland 
and international trunks, transferred 
to Flee, exchange, all service levels 
transferred to Fleet and additional 
trunk circuits provided wherever 
possible.

(ii) 17-25 November Addition­
al trunk circuits provided to meet 
opening-date requirements, making 
use where necessary of existing 
manual routes.

(b) Stage 2 (3 December). Home 
Counties subscribers transferred to 
Fleet. Hull and Cambridge ex­
changes opened.

(c) Stage 3 (10 Decembeer. All 
remaning London manual sub­

scribers transferred to Fleet, together with incoming 
trunk circuits from all countries availing themselves of 
international dialling-in facilities.

TEST ROOM
For staT economy reasons, and to have only one telex 

testing point in London, all the testing functions of the 
C.T.O. were transferred to Fleet test room on 10 Decem­
ber. All circuits to C.T.O. were accordingly routed via 
Fleet before the transfer.

Fifteen test-desks have been installed in the test room 
(Fig. 5) and are arranged in two groups, one of six 
positions for testing inland, international and radio 
trunks, and the other group for testing subscribers’ lines 
and equipment.

THE NEAR FUTURE
As is clear from the foregoing, the opening of Fleet 

exchange completes the conversion of the United King­
dom telex network to automatic working. It also 
provides for calls from the continent over cable circuits 
to be set up automatically by a continental operator, 
and in a few cases by a continent! subscriber, to any 
subscriber in the U.K. Facilities enabling continental 
subscribers to set up calls to any subscriber in the 
United Kingdom will be extended rapidly, but this is 
dependent on suitable arrangements bring made in the 
continental exchanges.

Equipment is now bring installed which will enable 
subscribers in the United Kingdom to dial subscribers 
on many continental automatic telex networks, the calls 
being routed via submarine cable circuits. In addition, 
equipment is bring provided to enable overseas operators 
to complete calls automatically to subscribers in the 
United Kingdom over radio telegraph circuits.

A cordless switchboard is to be installed in the Fleet 
building in 1962 and will replace those at present re­
maining in the C.T.O., which is to be demolished. 
It will be required to handle (a) assistance traffic for the 
whole of the United Kingdom, (b) outgoing calls on cable 
routes to manuaa networks, and (c) outgoing calls on 
radio circuits.

In the for-eground are maintenance-control positions.
FIG. 5—GENERAL VIEW OF TEST ROOM
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New Designs of Furniture for Use in Engineering Installation Offices

U.D.C. 645.4
E. H. SEYMOUR, a.m.i.e.eT

The work of installing, shifting and recovering Post Office 
apparatus at subscribers’ and renters’ premises is controlled from 
engineering Installation Offices. The types of furniture and 
fittings provided for such offices have recently been reviewed and, 

as a result, some new items are to be introduced.

THE function of an Installation Office is to control 
and co-ordinate the engineering work involved in 
installing, shifting or recovering apparatus at 
subscribers’ or renters’ premises. In addition to planning 

and controlling the execution of the work and recording 
its progress, the staff of an Installation Ofiice is 
responsible for the allocation and efficient utilization of 
local line plant. These duties necessariiy require the 
maintenance of extensive files and records to which 
frequent reference has to be made. To facilitate this 
work the Installation Office has special furniture and 
fittings, and, as a resuM of a recent review by a Post 
Office Headquarters Study Group, some new items are 
to be introduced.

Installation Offices have two main groups of aiaff: 
Control Officers, who deal with the Advice Notes 
(A.N.s)*  and control the installation work necessary to 
provide the services ordered on the A.N.s; and Routing 
and Records Officers, who are responsible for main­
taining the local line-plant records and for allocating 
cable pairs for the circuits required. The sralff on each 
of these duties is constantly engaged in handling large

TSubscribers’ Apparatus and Miscellaneous Services Branch, 
E.-in-C.’s Office.

* A.N.s—documents issued by the Sales Division of 2 
Telephone Manager’s office and which constitute the authority 
for carrying out installation or other work at subscribers’ or 
renters’ premises.

FIG. l —NEW TABLE FOR CONTROL OFFICERS

numbers of forms öl' cards, and the principal objective 
when designing the new furniture was to place all such 
documents in an orderly filing system within easy reach 
of the staff. A new type of table for Control Officers 
and a new filing system for Routing and Records 
Officers are the man changes to the office equipment. 
These and other subsidiary features are described 
briefly below. Field trials of prototype tables were held 
at six Installation Offices in various parts of the country 
to ensure that the items finally introduced meet: 
operational needs.

TABLE FOR CONTROL OFFICERS

The new table for Control Officers is shown in Fig. 1. 
The radicri change from the present arrangement is the 
elimination of the vertical filing rack and the associated 
facia board used for sorting and holding A.N.s. Instead, 
the A.N.s are held in two wells, one at each end of the 
new table. Each well contains a “Flexifold” holder 
consisting of a set of linen folders suspended from rails 
so that they can eassly be moved backwards and 
forwards. The A.N.s and assoccated papers are filed in 
sets of strong mamlla folders each having a stout 
identification tab riveted to the top, and these manilla 
folders are carried in the linen folders of the Flexifold. 
The two wells can between them contain a maximum of 
about 1,500 A.N.s and, where the average holdings are 
less than this, the whole Flexifold can be pulled forward 
to the front of the table to reduce the distance the user 
has to reach. Each complete Flexifold is housed in a 
box which can be removed from the well as occasson 
demands for cleaning, finger grips being provided to 
enable the box to be taken out eassly.

The top two drawers, left and 
right, each provide accommodation 
for about 150 dialling-code lists. 
The divisions within the drawers 
are square so that the code lists 
may be stacked facing either for­
wards or sideways, whichever is 
more convenient to the user. The 
two shallow drawers, left and right, 
are each provided with fitments 
having 40 compartments for hold­
ing dial-centre labels. A Perspex 
cover whilst allowing the printing 
on them to be seen eassiy, prevents 
the labels from jumping when the 
drawer is closed. In addition, pro - 
vision is made (not shown in Fig. 11 
for stacc<ing several hundred labels 
used on extensson-plan installa­
tions.

The third drawer, left, is for 
general-purpose stationery, and the 
bottom drawer, left, serves as a 
personal drawer and is fitted with a 
lock. The bottom drawer, right, 
holds paper plans, etc., of foolscap 
size and is divided into sections.
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TABLES FOR ROUTING 
AND RECORDS OFFICERS

Each routing and records duty 
normally consists of a two-man 
team, and access is required by both 
men to the more frequently used 
records—the distribution point 
(D.R) and main and branch cable 
cards. The field trials showed that 
some form of rotary drum was the 
best and most compact means of 
housing the D.P. cards, and Fig. 2 
shows the arrangement finally 
adopted. The rotary drum illus­
trated is a free-standing item moun­
ted on rollers, but it will normally 
be placed between the two tables, 
as shown, to provide joint access to 
the cards. The drum can accommo­
date a maximum of 6,000 D.P. 
cards, a quantity which is ample for 
one routing and records duty in an 
average Installation Office. In ex­
ceptional circumstances two drums
may be needed and they may then
be placed centrally between the two tablies or one may 
be put alongside each table, whichever arrangement is 
better suited to the local requirements.

The main and branch cable cards will be kept in stout 
cardboard covers provided with spilt rings to allow the 
covers to be opened flat at any position and also to 
permit any card or cards to be easily withdrawn and 
re-inserted irrespective of the position in the cover. It 
was the intention to house these covers in a small open- 
fronted bookcase standing on top of the back portion 
of the rotary drum (the position can eassiy be visualized 
from Fig. 2). However, a system is at present under

FIG. 2—ROUTING AND RECORDS POSITIONS, SHOWING NEW ROTARY DRUM CARD FILE

consideraaion which may dispense with the need to hold 
these cards at Installation Offices, and, until this question 
is resolved, the covers will be filed In any convenient 
postion.

The tables used are standard types already available.

CHAIRS

Because of the constant bodily movement; associated 
with these two duties, a swivel chaff of the Middles­
brough type (Fig. 1), adjustable in height from 16|-19 in., 
will be made available. Standard steel spring chairs 
may, however, be used by those officers who prefer them.

Testing of Subscribers’ Dials from the Test-Desk
U.D.C. 621.317 : 621.395.636.1

T
HE only measurement which can at present be 
made from the test-desk on the dial at a subscriber’s 
premises is that of speed, using an indicator actuated 
by a clockwork mechanism which is inherently inaccurate 

and does not lend itself to precise calibration. The make/ 
break ratio of the dial pulses also influences the per­
formance of the exchange equipment, and tests have 
shown that failures due to ratio faults are more prevalent 
than those attributable to speed. One result of the 
inadequacy of the present; testing method is that dials are 
often changed unneceesariiy.

These crniiSeratirni, and the advent of subscriber 
trunk dialling, which has made dial maintenance of even 
greater importance than hitherto, have led to the 
development of a new test circuit.

NEW TEST CIRCUIT

The new circuit is primarily for the measurement from 
the test-desk of the speed and ratio of dials at sub­
scribers’ premises. It can, however, be used to measure 

the speed and ratio of other pulse sources and, with 
suitable conversion equipment, can be used for measuring 
the pulses transmitted by some types of signalling 
system. The speed and ratio ranges covered are 
7-5-15 p.p.s. and 10-90 per cent break, respectiveey. 
The new circuit will be incorporated in the “‘56 Type” 
test-deski and may be fitted on existing desks.

Elements of the circuit are shown in Fig. l. Dial 
pulses operate and release relay AA (Fig. 1(a)), which 
is a polarized relay of the Carpenter type.2

The principle of operation is to charge a capacitor for 
a period dependent on the speed or ratio of the pulses 
bring measured and then to compare the resuhing 
voltage with that existing on a reference capacffor. The 
charging rate is adjusted by means of a variable resistorr 
calibrated for speed and ratio so that the two voltages 
are equal and a null reading is obtained. Because of the 
accrieeation and dccelcratirn occurring during rotation 
of a dial, the first and last pulses of a train are not 
measured but are used for setting the equipment the
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FIG. l —ELEMENTS OF NEW DIAL-TEST CIRCUIT 

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

Fig. Rib) 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 caparitor 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 caparitor 
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 ofRV2 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 right 
pulses out of a train of ten.

For ratio measurements (Fig. 1(c)), 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 caparitor 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 53003 Provision is made for 
chucxing that the circuit remains accurate. A field-trial 
mode was examined after six months’ use and the 
calibration was found to be unchanged. The seef-check 
arrangements incorporated in the tester did not reveal 
any need for re-caflbration 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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Notes and Comments
New Year Honours

The Board of Editors offers congratulations to the following engineers honoured by Her Majesty the Queen in the 
New Year Honours List:
Bristol Telephone Area

Cambridge Telephone Area .. ..
Centre Telephone Area, London

Telecommunications Region 
Engineering Department .. ..

Engineering Department .. ..

Gloucester Telephone Area .. ..

Newcastle-upon-Tyne Telephone Area
Research Station .. .. ..

P. G. Hallett, T.D.

E. J. Easter ..
A. Wooldridge ..

C. W. Sowton ..

R. B. Dickinson

F. E. Huckfield ..

C. Maddison ..
L. R. Sparks ..

Officer of the Most Excellent 
Order of the British Empire (for 
service in the Territorial Army) 
British Empire Med!
British Empire Med!

Officer of the Most Excellent 
Order of the British Empire

Member of the Most ExceHent 
Order of the British Empire 

Member of the Most Excellent
Order of the British Empire 

British Empire Med!
British Empire Med!

Assistant Engineer ..

Lately Technical Officer 
Technician, Class IIA..

Assistant Staff Engineer 

Executive Engineer ..

Assistant Engineer ..

Technical Officer ..
Technical Officer ..

Retirement of Captain W. H. Leech, O.B.E., D.S.C.
Captain Leech, Submarine Superintendent, who re­

tired on 31 January after 40 years’ service, started his 
seagoing career in 1912 as an apprentice with Houlder 
Bros., joining the R.N.R. on the outbreak of the First 
World War. On demobilization in 1920 he entered the 
Post Office as ajunior officer in H.M.T.S. Alert at Dover 
serving in various capacities until promoted to Chief 
Officer of H.M.T.S. Monarch at Woolwich in 1936.

In 1938 Capt. Leech came ashore as Assistant Sub­
marine Superintendent. He returned to sea in December 
1939 on promotion to the command of H.M.T.S. Arie 
when she was first commissioned. In May 1940 he took 
command of H.M.T.S. Iris when she was first com­
missioned, serving in her throughout the remainder of 
the Second World War and taking part in the exjpediiiion 
to the Azores and in laying cables in support of the allied 
landings in Normandy and the Cherbourg peninsula.

In 1946 Capt. Leech “swallowed the anchor” when he 
finally came ashore as Submarine Superintendent. 
During his “trick at the helm” he gradually built up an 
organization which developed from one concerned only 
with cable work in home waters into one engaged in the 
laying and repairing of submarine cables in many parts 

of the world. In this work he was in close and cordial 
contact with the principal international cable companies. 
When long-distance submarine-telephone-cable systems 
became practicable he was concerned with new develop­
ments in submarine-cable operational procedures which 
have since become models for the future.

He was awarded the D.S.C. in 1945, an honour which 
gave much pleasure to his colleagues at sea, as it was a 
recogmtion of the difficult nature of some of the work 
they were called upon to do whilst going about their 
lawful business. In 1951 he was honoured with the 
O.B.E.

Capt. Leech leaves Submarine Branch at a time when 
the new Alert is almost ready for service, and when the 
preparations for laying CANTAT are almost completed 
—the ground-work well and truly laid. His many 
frends in the Post Office and overseas, ashore and afloat, 
remember him with pleasure, are grateful for the help 
and advice he gave and wish him well in his retirement.

I. R. F.

Captain I. R. Finlayson
Capt. Finlayson, recently appointed Submarine Super­

intendent, Submarine Branch, received his early training 
at the Roy! College of Science and Technology, 
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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 H.M.T.S. Monarch as 
Fourth Officer. Transferred to H.M.T.S. Ari! 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 I960. Under his 

command, Iris, operating from her base at Dalmuir, 
Glasgow, steamed many thousands 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. I.

Institution of Post Office Electrical Engineers
Retired Members

The following members, who retired during i960, 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 SeCfeeary.

Additions to the Library
Library requisition forms are available from Honorary 

Loc! 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. 19(50).
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-quahty amplifiers.
2607 Junction Transistors in Pulse Circuits. P. A. Nrrirson 

(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 Hea Engines. R. Joel (Brit. 19(500.
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. 19600.
Attempts to capture the spirit of contemporary 

mathematics and to integrate it with those aspects of 
“classicaE’ 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. I960).
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. i960).

A textbook for students designed to show how the 
three branches of applied mechamcs—statics, dyna­
mics and strength of materiaL—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 Reraltvityfor Engineers andScience Teachers. L. H. A. 
Carr (Brit. 1960).

A simple textbook explaining the meaning of the 
speidal 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 specHncations for low-frequency 

amplifiers covering the range from zero to 100,000 c/s. 
2618 Magnetism and Electromagnetism. A. Schure. (Amer.

1959).
Discusses the major theoretical considerations of 

magnetism, magnetic circuits, and electromagnetism.
2619 Mathematics for Terecommumcations, Vol. 2. D. F. 

Spoonee and W. H. Grinsted (Brit. 196(0).
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 elertrical 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 eleclricity and 
magnetism. Uses the M.K.S. system of units.

W. D. Florence,
Librarian.
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Regionaa 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 A1 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 sip 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 l-mile intervals.

One of the major projects has been the conssruction of a 
roundabout and the four associated sip 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 Doncatter-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 exisstng duct-track 
was excavated and a narrow suspensson bridge built so that 
its cat-wrik 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 30 ft above the surface of the motorway. To 
lighten the load on the suspensson bridge the 4-way duct and 
one of the 2-way ducts were removed.

The second bridge was then built and during conssruction 
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 conssruction of five R2A manholes. On completion of 
the new track, cables were laid and circuits diverted into 
them. Finally, the old cables and the suspensson bridge were 
removed.

Northern Ireland
APPLICATION OF S.S. D.C. No. 2 EQUIPMENT TO 

THE BELFAST-ENNISKILLEN TRUNK ROUTE
From the experience gained on the Belfast-Dublin trunk 

route with SignaUing System D.C. No. 2 equipment, it was 
considered that the provision of dialling facilities on the 
Belfast-Ennitkillen trunk route would be possible, and 
indeed dessrable, 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 Belfass-Enniskillen consists of 108 miles 
of 201b/mile conductor having a signaUing-path resistance 
of 5,050 ohms and a calculated pulsing limit of 96,000 
microfarad-ohms. The present pulsing and signaning 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.

To test the practicability of the theoretical study, one 
circuit in the Belfast-Ennitkillendirectionwas putintoservice 
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-fauh conditions these two circuits 
were the last to become unworkable, as the remainder of the 
route, employing differential signaUing, was more susceptible 
to the unbalanced conditions, which prevented satisfactory 
signaUing. Consideration was given by the Engineering 
Department in August 1957 to the conversion of the com­
plete route to D.C. No. 2 signaning., 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. 21ink of 96,000 microfarad-ohms, the introduction 
of trunk mechamzation at Belfast will preclude the use of 
over-limit D.C. No. 2 tignaUing 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 Belfass-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 smaU satellite exchange remaining on the old 
system.

The new exchange, comprising a 10,000-Une 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 assoccated 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 instaUation 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 
subsequentiy 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-Une unit was available 
wed in advance, and by transferring official telephones to the 
5,000-Une 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 
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months before the opening, leavvng 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 I960, 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 196! 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 Eledric 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 iatisfactoriiy.

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 riding on an embank­
ment, now served by eleccric trains using an overhead 
contact wire.

The telephone requirements for a tanker n 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 posribiiity of transmission along the 
conduit of an inflammable mixture and an explorion, as the 
seahng of conduit is difficult to carry out satisfactoriiy. 
With copper-sheathed cable there is no enclosed space 
which can posribly transmit an explosive mixture, and at 
this installation jointiess cable runs were achieved from the 
No. 16 lead-in insulator to the flameproof telephone, using 
appropriate flameproof seating glands on the latter. The 
power relay and mains-operated bril 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 specli0izing 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 aisociatrd 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 specfally 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 
met! 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 mains-operated bril 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 Electrical Indussty.” P. R. 

BardeH, B.Sc., M.I.E.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 commerctally available nickee-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 impartial;/’ 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.
I.P.Q.E.E. Library No. 2303. A. C. L.
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Associate Section Notes
Ipswich Centre

Since our last report we have held our first dinner at 
the Regal Café, Felixstowe. The dinner was attended by 
the Associate Section President, Mr. A. H. C. Knox, the 
Telephone Manager, Mr. L. H. Brown, and Mrs. Brown, the 
Area Engineer, Mr. F. K. Radctiffe, and Mrs. Radcliffe, the 
Regional Liaison Officer, Mr. Harrison, and Chairman of 
the Ipswich Centre, Mr. P. E. Buck, and Mrs. Buck. These 
guests, together with members and their wives and friends, 
enjoyed what proved to be a highly successful evening. So 
successful was this venture that already consíderation is 
being given to making this an annual event. Mention 
should be made of the entertaining diversions provided 
during the evening by two of our members, Messrs. Raffe 
and Shelton, among which was their version of “‘ERNIE,” 
which, although it would have made the staff at Lytham 
St. Annes turn grey with fright, provided our guests with 
a good laugh.

The photograph shows some of our members at the 
cable works of Standard Telephones and Cables, Ltd., 
during a visit in September. This was one of the many

MEMBERS OF THE IPSWICH CENTRE AT THE CABLE WORKS OF 
S. T. & C., LTD.

enjoyable and instructive visits included in our summer 
program. The winter program started in October with a 
film show, which was much appreciated by members, and we 
are grateful to the Shell B.P. Library for the loan of these 
films.

Our December meeting was of particular interest, since it 
included a paper given by one of our local supervising 
officers, Mr. H. W. Lewington, entitled “Problems in the 
Provision of Service on New Estatee.” This paper, which 
had already been read before many senior sections, includ­
ing one in Scotland and another in Northern Ireland, was 
much appreciated by members.

Our future program will include such subjects as “‘Water 
Supplies,” “Railway Electrification” and “‘S.T.D.,” and 
should prove most enjoyable to members.

E. W. C.

Guildford Centre
During the summer of I960 members paid a visit to the 

Bowater Paper Mill, Sittingbourne, Kent. This was most 
interesting, and covered the manufacture of paper from logs 
to the end product.

The winter session commenced with a lecture by Mr. 

H. J. C. Spencer, Subscribers’ Apparatus and Miscellaneous 
Services Branch, Engineering Department, on the 700-type 
telephones. This proved a very popular talk and was weH 
illustrated with colour ssides. For our next meeting we had 
an excellent film show, with an attendance of 76 members 
and friends. The program for the remainder of the sessson 
was as follows:

10 January: Film show.
1 February: Talk on the Museum switching terminal by 

Mr. W. L. Newman, of the London Telecommunica­
tions Region.

16 February: Film show at Aidershot Civil Service Club.
28 February: “‘Colour in the Home” by Mr. Pannher.

J. F. T. W.
Shepton Mallet Centre

This Centre has once again enjoyed some most interesting 
lectures, several because of kind invitations from the Bath 
Centre, with whom we maintain cordial relations.

Mr. L. Vranch’s prize-winning paper on “‘Radio Direction 
Finding” was most engrossing, and he communicated his 
intense interest in the subject very effectively.

We would like to emphasize agam how worthwhile it is 
to organize even such a smah Centre as this—about 20 
members. The interest aroused and the spontaneous 
co-operation in the running of the Centre have proved most 
valuable assets to the members, and have fostered the 
communal spirit.

Bath Centre
It is very pleasmg to be able to report an active, 

stimulated and enthusiastic membership. Since the annual 
general meeting visits have been organized to the control 
room of the South-Western Regionaa Electricity Generating 
Board at Keynsham (June), the police driving school at 
Devizes, Wiltshire (July), and Kilmersdon colliery in the 
Somerset coalfields (September).

All thiese visits were well supported and much enjoyed, 
even if the excursion along a coal face proved a little difficult 
to the larger members of the party. The demonstration of 
safeey-first road manners and commentary driving by the 
police instructors was most instructive and impressive; an 
outing on the skid-pan proved an exciting conclusion to 
a wonderful afternoon.

Lectures have been given to the Centre on “Transistor 
manufacture and dessign’” (October), and “‘More M.P.G.” 
(December).

The lecture on transistor devetopment was given by 
Mr. Charman, of Semiconductors, Ltd., Swindon. His 
technical lecture was illustrated by a film showing details 
of the firm’s premises, plant and processes. Many questions 
showed the interest of a full-capacity audience.

The motoring lecture was presented by Mr. R. J. Root, 
Automotive Engineee of the Mobiloil Petroleum Co., Ltd. 
Attendance was below normal, since Bath was in the grip of 
the worst floods for 200 years. Mr. Root gave an excellent 
lecture on all aspects of motoring economy from basic 
mechanics to highly expert driving techniques. A film of 
the Mobilgas Economy Rally was followed by a lively 
question time.

Also included in the varied program were the now estab­
lished annual motor treasure hunt, held in August, and a 
most successful quiz against the visiting Gloucester Centre, 
held in November Through the offices of the Journal, I 
wish to thank the Gloucester Centre for a very good 
evening.

The officers and committee of the Centre wish to thank 
all members for their encouragement and support, and 
hope that the good work will be maintained, not forgetting 
suggestions for future visits, lectures or events.

D. G. R.
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Dundee Centre
Twenty of our members attended a denonstration 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 Regionaa 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 
members ship, which had dropped to just over 100, and 
have now brought it up to close on 2,0. 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 
annuri gener! 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 succes>sSf^l, the comfort and sur­
roundings being idea. Our program up to date has been 
asfollows:

“700-Type Telephone” by Mr. W. Sheedon, of Glasgow.
“‘Why Education! 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 I960, when a meeting was held and the 
following officers were appointed: Chairman: Mr. R. 
Costello; Srcretary: 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 196(0-61 srssion 
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 weel 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 wee 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 Rrstaurant, Whitrh!l 
Road, Leeds; 100 of our members and guests attended. 
During an ^xceffeit meaa the resident quartet played light 
muse; 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 brhaif of 
the Centre, made a presentation to our past Chairman, 
Mr. C. Bake-. 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 Octobe, the 

following officers were elected: Chairman: Mr. J. F. A. 
Calmar; Vice-Chairman: Mr. E. Dodd; Stcretaay: Mr. H. 
Christmas; Treasurer: Mr. R. Poulson; Committee: Messrs. 
W. Dodd, P. KI. Nicholson, J. Swanmck, 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 Nation! Physic! 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 Nation!Physicci Labora­
tory were tackling the problems of aircraft and traffic noise.

For some years now the Drcrmbrr meeting has brrn 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. I. J. Sheffey and S. Edwardson of the 
B.B.C. gave their talk, “Cablrfflm,’” 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 SemLAutomatic 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 me! 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 
quest:ions, 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 Eash 
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 sessson. 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 
nation! 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 represennative 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.” ’8. J. Mason 

and H. J. Zimmermann. John Wiley & Sons, Inc., 
New York, and Chapman & Hall, Ltd., London. 
xviii +616 pp. 355 ill. 100s.

This book is one of a series bring prepared by members 
of the electrical-engineering department of the Massa­
chusetts Institute of Technology to document “the hard 
core of essentia 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 induserial 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-rircuit 
theory to electronic circuits and described the behaviour of 
such devices as amplifiers, modulators, osccilators, 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 
analysng such systems.

It opens with two chapters which deaa with matrix 
methods and topological methods in circuit analysis. They 

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 onese’f 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 sign! as a 
function of time and a function of frequency, and the other 
chapter with the way these two represennations 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 last 
chapter is a short one about feedback systems.

The general standard of treatment in the whole book is 
exce’lenn; 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.
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Staff Changes
Promotions

Name Region, etc. Date

Deputy Subntarine Superintendent -o Submarine Superintended
Finlayson, I. R. .. E.-in-C.O................. .. 1.2.61

Senor Executive Engineer -o Assistant Stafl'Enginee-
Rees,T.J. .. .. E■-in-C•O................. .. 24.-060
Macdiarmid, LE . . E-in-CO............ .. 24.i0.60
Gordon, S. C............... E .-m-C.O.................. .. 24.10.60
3ennett, R. O. . . $3-1................ ". 24.10.60
Mitchell, M... . . War Office .. . . .. 15.-2.60

(In absentia)
Walker, N................... E.-in-C.O................. .. 16.12.60

Senior Executive Enginee- to Princinal
Hawkins, A. P. .. E.T.E. to Personne Dept. l2.l2.60

Efficiency Engineer to Regional Engineer
Greenwood, G. C. . . H.C. Reg.................. .. 30.9.60

Efficiency Engineer to Deputty Telephone Manager
Brett, G. E. .. .. L.T. Reg................... .. 0.12.60

Execurive Engineer to Area Engineer
Donovon, J. G. .. L.T. Reg................... .. 5.-0.60
Johnson, E. S. . - Mid. Reg.................. .. -5.--.60
Moore, B. H. .. . . L.T. Reg.................. .. l2.l2.60

Executive Engineer to Power Enginee-
GreenaH, J. .. .. L.P. Reg. to Mid. Reg. .. 7.--.60
Alexander, G. E. .. L.T. Reg................... .. i2.-2.60

Executive Engineer to Sennor Executive Enginee-
R idout, P. N. .. E.-in.C.O................. .. 3.10.60
£arnon; R. W. .. §-m-gO....... .. 15.11.60
Hawkm, A. P. .. ETE................. ". 62ii.60
Chilver, L. W J. .. B.—in-C.O............. .. 66.ii.60
Mead, A. C .. H.C. Reg. to E.-m-C.O. .. 22 ‘11.60
McGrath, H. T .. O-o-CO........ .. 22.11.00
McLusky, R. F. .. E-in-C.O............. .. l2.i6.60
Stephenson, M. .. B.-rn-C.O. to T.S.U. .. -2.-2.60
Harding,D.J. .. E.iignC.o................. .. -2.-2.60
Masters, D.G. .. E.T.E. to E.-ig-C.O. .. -2.i6.60
Taylor, S. A................. E.-in-C.O.................. .. 14.12.60
Banham, H............. n.-io-C.O............. .. 14.12.6o
Arnott, H. .. .. B.-m-C.0............. .. -4.i6.60
Ravenscroft’ 1. A. .. ^“COO.............. .. 2.n6i
Assistant Engineer to Executive Enginee-
Beaumont, C. L. G. .. Mid. Reg................. .. 6.-0.60
Webb, J. A. G. . . L.T. Reg................... .. 22.9.60
Sparkes, G. T. . . H.C. Reg. to E.-in-C.O. .. 24.-0.60
Brewin, R. C. . . E-in-C.O.............. .. 22.9.60
Baxter, B. W. .. E.-in-C.O................. .. 29.9.60
Sander, D. H. .. E-in-C.O................. .. 29.9.60
Fletcher, N. E. .. E.-in-C.O................. .. 2-.l0.60
Kirk, L. W................... L.P. Reg................... .. 24.lL60
Taylor, G. E. .. .. L.T. Reg................... .. 20.-0.60
Crutchett, S. H. .. L.T. Reg. to E.-in-C.O. .. 7.-L60
Brookes, G. F. . . L.T. Reg. to E.-in-C.O. .. l8.l-.60
Jackson, F. G. .. E.-Ú1-IC..O................. .. 20.--.60
Russeel, A. C. . . L.T. Reg................... .. 23.ll.60
Kennedy, D. J. W. . . L.T. Reg................... .. 62lL60
Moncrieff", A. W. . . E.-in-C.O. to Factories Dept. 12.12.60
Wood, J. W.................. E.-in-C.O................. .. 2l.i2.60
Prout, A. G. .. . . E.-m-C.O................ . . 7.-2.60
Endersby, J. C. .. E.-in-C.O................. .. 7.-2.60

Inspector to Assistant Enginee-
Lee, J. A..................... N.E. Reg................. .. -2.-0.60
Forster, H. .. . . N.E. Reg.................. .. -2.-0.60
Eins, D. B. H. .. S.W. Reg................. .. 0.H.60
Darby, EL... .. S.W. Reg.................. .. 0.0.60
Cox, J. W........................ S.W. Reg................. .. 0.H.60

Name Region, etc. Date

Inspector to Assistant Engineee—continued
Marshall, P. S. H. .. L.T. Reg............................... 4.11.60
AUrnond, J. . . .. L.T. Reg................................ 4.H.60
Weller, S...................... L.T. Reg............................... 4.11.60
Jaeee CS K.................. L.T. Reg............................... .H-60
Burch, L. J...................... L.T. Reg............................... 2 ITEM
Spiers, B. N................... N.W. Reg............................. 6LlL6O
Middleton, T. . . Mid. Reg.............................. -n.-n.60
Lenton, A. L. .. N.E. Reg............................... ET2.60
Wellington, P. F. .. L.T. Reg............................... 29.-2.60

Technical Officer to Assistant Enginee-
Rogers, J. O. .. .. E.T.E..................................... i.-0.60
Holdsworth, H. , _ N.E. Reg............................... ETOaO
Hamming, L. H. .. Mid. Reg............................... 2.-0.60
Weate, S. J.................... Mid- Reg............................... 3.10.60
Clarke, W. H................ H.C. Reg............................... 1T-0.«)
Carta, S. W................ H.C. ReS............................... i2.i0-60
Ad3ms, K. G. S. .. Míd- Reg............................... 26.10.60
Charles, R. G. .. Mid.Re3: . . .. .. 31.10.20
Knapp, J. G. .. .. Mid. Reg. . . .. .. 1i.i0.60
Ford, J. R.................... Mid. Reg............................... 26.10.60
Btooks, G. D. . . Mid. Reg. .. .. .. 26.-0.60
Hudson, D. A. .. Mid. Reg. . . . . .. 26.-0.60
Barratt, F. C. .. . . Mid. Reg............................... 26.-0.60
Hume, H. G. .. . . E.-in-C.O.............................. -7.10.60
Jones, D. H .. N.W. Reg............................. 19.10.60
Prestwich, J. D. .. N.W. Reg............................. 2L-0.60
Jenkins, E. G. E. .. W.B.C.................................... 23.11.60
Ankers, W. L .. w .B.c.................................... 5.-.60
Henderson, G. C. .. ScoB........................................ M.H.60
?JXon, IT. J..r .. N.W. Reg. to E.-in-C.O. .. 14.11.60
Tanner, R. K. R. .. B/LReg. to E.-in-C.O. .. 14.1 m
Poweel, D. J................... L.T. Reg. to E.-in-C.O. .. 14.11.60
Phillips, A. B. .. N.W. Reg. to E.-in-C.O. .. M.--.60
Rothwell, F.................. N.W. Reg. to E.-in-C.O. .. M.ii.60
Whitcombe, SJ. .. E.-imC.O.............................. M.--.60
Aust, K. E. .. .. L.T. Reg. to E.-in-C.O. .. -4.1L60
Young, G. W. J. .. L.T. Reg. to E--ee'--C.O. .. u.nao
Livermore, R. W. D.. . L.T. Reg. to E-in-C.O. .. M.H.60
Castle, W- C. .. . . L.T. Reg. to-5^in--C.O. .. M.-i.60
Ansell, D...................... E.-i n-C.O.............................. M.--.60
Philby, C. J................... E.-in-C.O.............................. M.1-.60
Gipp, J. A. L........... L.T. Reg. to E.-m-C.O. . . 14.11.60
Ireland, W. A. .. L.T. Reg. to E-mnCo. .. 14.1L60
Garland, J. L............... L.T. Reg. to E.-jn-C.O. .. M.l-.60
Trumpets J. W. .. L.T. Reg. toE-iin-C.O. .. M.i-.60
Coleman, E. R. . . S.W. Reg. to E.-in-C.O. .. n^.lL60
Lack,W. T.................... H.C. Reg............................... —.im
Rooke, S. A. .. .. L.T. Reg............................... 4.-i.60
Morath, H. E. .. L.T. Reg............................... 4.ll.60
Hikteerseey S. E. G. .. L.T. Reg............................... 4.ll.60
Matthews, E. G. I. .. L.T. Reg............................... 4.ll.60
Yates, J. E. .. .. L.T. Reg............................... 4.ll.60
Cowley, C. W. H. .. L.T. Reg............................... 4.-l.60
Barbsetr T. H............. L.T. Reg................................ 4.ll.60
Hewitt, A. R................ L.T. Reg............................... M.H.60
Lane, J. .. .. L.T. Reg................................ 4.ll.60
Bry8n, W. R.................. L.T. Reg................................ 4.l-.60
Roacle. W. G................ L.T. Reg............................... 4.ll.60
Wood, W. S................. W.B.C.................................... 0.-l.60
GmUll, D.................. L.T. Reg............................... 2l.ll.60
Peckham, DA. . . L.T. Reg............................... 2-.ll.60
Hourie, J. .. . . N.W. Reg............................. l8.lL60
Briggs, W. .. . • N.W. Reg............................. 28.--.60
Topping, .. H. .. N.W. Reg............................. 20.-i.60
Biggs, R. .. • ■ N.W. Reg............................. 2O.H.60
Bryant, P........................ L P- Reg................................ 18.3.60
Brown,G. R. .. .. N.E. Reg. .. .. • • ll.l0.60
Crombie, A. M. .. Scoo........................................ 23.11.60
Riley, G. A. .. .. Mid- Reg............................... 5.ln.60
Hughes, O. H. D. . . Mid. Reg............................... 5.l2.60'
Borrett, J. L. .. .. N.E. Reg............................... 12.12.60
Newton, F..................... N.E. Reg............................... -2.12.66)'
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Fromotionn—continued

Name Region, etc. Date Name Region, etc. Date

Technical Officer to Assistant Engii^eee—cominued Technician I to Inspeetom—continued
Brik, 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.I. .. .. 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. . . . . . . 12.12.60
Popple, L. H. .. .. L.T. Reg................... 29.12.60 Alderson, J. .. .. N.E. Reg. .. .. .. 12.12.60
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................................. 12.12.60
Wild, C. P. W. .. L.T. Reg................... 29.12.60 Sandercock, R. .. S.W. Reg.............................. 6.12.60
Smith, 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............................. 29.12 60

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
Dwyer, C: W] .. L.T. R68...................

S.W Reg...................
4.111.0
4.11.60

Señor Scientific Oficer to Principa! Scientific Officer
Fage, P. F. E. .. Reynolds, F. H. .. E.-m-C.O............................ 5.10.60
Furse, A. E. .. .. S.W. Reg.................. 16.12.60
Bryant, S. B. R. .. S.W. Reg.................. 16.12.60
Stockman, H. W, , , S.W. Rei.................. 16.12.60 Assistant (Scientific) (0 Senior Assistant (Scienttfic)
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
Maitby, W. G. F. .. L.T. Reg................... 29.12.60
Smith, C.W... ..
Brookes, R. F. A. ..
Watson, C. H. ..
Turvey, G. J. H. ..
MialP.G. .. ..
Brooks, A.E. ..

L-T. Reg...................
L.T. Reg...................
L.T. Reg...................
L.T. Reg...................
L.T. Reg...................
L.T. Reg...................
L.T. Reg...................

29.12.60
29.12.60
29.12.6029.12.60
29.12.60
29.12.60
29.12.60

Assistant Expe■imental Officer (Open Competition)
KPrshaW, B. L. .. E.-in-C.0...........................
FiShwiek, B. J. .. E.-m-C.O. . . .. ..
Booth, A. J.................E.-Bt-C.O...........................
Dack, R. N................ E.-in-C.O..............................

7.10.60
1710.60 
to.10.60
25.10.60

Burgess, B. R. ..
Denby, A. G. .. .. L.T. Reg................... 29.12.60 Technical Assistant I to Assistant Regiond Motor Tratnsport

Technician! co Inspector
017163 
Thompson, J................ Scot. to N.E. Reg. .. 2.1.61

Wellings, W. H. .. W.B.%....................... 3.10.60
Sedgewick, W. A. ..
Wigle2,A. J.............

N.E. Reg..................
H.C. Reg..................

2.10.60
3%10.48 Señor Executive Officer to Chiee Executive Oficer

Hurst, G. S.................. W.B.C..................... 13.10.60 Norris, S. A................ E.-in-C.O. . . .. .. 111.60
Cox, A. M. .. .. W.B.C....................... 19.10.60
Kennedy, W...............
Barter, R... ..
Massey, 11... ..

N-E- figg..................
N-E. Reg..................
N.W. R§g. .. ..

12.10.60 
UtoAO
31.10.60

Highe- Executive Officer to Señor Executive Officer
Attrill, R. A................ E.-m-C.O............................ 1.11.60

Sutherland, J. S. .. N.W. Reg................. 31.10.60
HaskeU, J- H- - ~ H.C. Reg.................. 29.11.60 Executive Ofiicer to Higher Executive Officer
Burborough, W- G- - - E,T.Er .. .. 1.11.60 Rainbird, F. C. . . E.-in.C.O............................ 29.8.60Woodworth, J. F. .. W.B.C..................... 8.11.60 Anderson, C................ E..in-C.O............................ 24.10.60
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
Oakes, L. A. .. .. L.T. Reg................... 4.11.60 Clerical Ofiicer r0 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 Styzerntenden
Leech, W. H................ E.-m-C.O.....................

Area Engineer
Rimes, R. E................N.E. Reg....................
Holliday, R. F. .. L.T. Reg...................

Senior Executive Engmeer .
Waters, H. S. .. .. EMn-C-O. .. ..
McKie, A. N. .. War Office .. ..

.. 31.1.61

.. 30.11.60

.. 9.12.60

.. 8.10.60

.. 27.12.60

Executive Engineer 
Widdicks, J. A. . .

(Resigned)
May, E. J. P................

(Resigned)
Hasnip, A. G.............. 
Dunkley, L. W.............
Waterhouse, L. R. ..
Oldacre, A. G. ..
Myers, B. L. (Resigned) 
Marks, T. A. .. ..
Easterwood, D. ..

E.-in-C.O.................

E.-in-C.O.................

Mid. Reg..................
Mid. Reg..................
N.W. Reg.................
L.T. Reg...................
E.-in-C.O.................
H.C. Reg..................
N.W. Reg.................

.. 31.8.60

.. 31.8.60

.. 31.8.60

.. 5.10.60

.. 14.10.60

.. 27.10.60

.. 31.12.60

.. 31.12.60

.. 21.12.60
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Retirements and Resignatioos—continued

Name Region, etc. Date Name Region, etc. Date

Assistant Engineer Assíssaitt Engineer—cotUinued
Laver, J. .. . .
Juden, T. D................
Bartholomew, R. F. ..
Andrews, R. .. ..
Sweeney, L. .. ..
McFarlane, H. C. ..
Simpson, 13-5- ..
English, H. J................
McHugh, G. P. ..
Topharn, L. C. ..
Howorth, E. (Resigned) 
Kallaway, H. N. ..
Pullee, G. C. .. ..
Duncan, G. L. ..
Meadows, A................
Latham, J.....................  ,
Physick, R» A. S. ..
Kettermgham, A. ..
Jones, C. J....................
Porter, R. E.................  .
Seabridge, G. E. ..
Waite, W. C. H. ..
Stephenson, S. ..

S.W. Reg. .. 
L.T. Reg. .. 
H.C. Reg. .. 
N.E. Reg. .. 
W.B.C. .. 
Scot. ..
L-T-R63. .. 
L.T. Reg. .. 
N.E. Reg. . - 
Mut.Reg- .. 
E.-in-C.O. .. 
S.W. Reg. .. 
L.T. Reg. . . 
N.I. ..
N.E- Reg. .. 
L.P. Reg- .. 
L.P. Reg. . . 
L.P. Reg. .. 
S.W. Reg. .. 
N.W. Reg. .. 
E.-m-C.O. ..
S.W. Reg. .. 
N.E. Reg. .. 
W.B.C. . . 
Mid. Reg. .. 
N.E. Reg. ..

.. .. 1.9.60

.. .. 4.10.60

.. .. 7.10.60

.. .. 12.10.60

.. .. 14.10.60

.. .. 14.10.60
. . .. 16.10.60
.. .. 18.10.60
.. .. 28.10.60
.. . . 29.10.60
.. . . 28.10.60
.. . . 23.10.60
.. .. 8.11.60
.. .. 15.11.60
.. .. 23.11.60
.. .. 30.11.58
.. .. 14.12.59
.. . . 22.9.60
.. .. 30.11.60
.. .. 5.12.60
.. .. 9.12.60
.. .. 14.12.60
.. .. 16.12.60

Beardmore, A. R. .. 
(Resigned)

Saunders, W. A. F. .. 
(Resigned)

Inspector
Robinson, A...............
Wiseman, J. B. ..
Berry, F. L  
Gregson, J. L. ..
Harriman F. _ _ ..
Weatherley, H. 5. .. 
Taylor, B. B. . . ..
Griffiths, J  
Middleton, L. V. S. .. 
Thompson, T. W. .. 
Lancaster G  
Hargreaves, T. ..
Beevours, J. HI. ..
Hamilton, N. K. .. 
Kemp, W. H. .. . .
Crawford, A. J. ..

E.-in-C.O.............................

E.-in-C.O............................

N.E. Reg...............................
L.T. Reg................................
L.T. Reg................................
N.W. Reg..............................
N.E. Reg...............................  
E.T.E...................................  
E.-in-C.O............................  
W.B.C.................................  
S.W. Reg..............................  
H.C. Reg..............................  
Mid. Reg..............................  
N.W. Reg.............................  
N.E. Reg............................... 
N.W. Reg.............................
li-'i1. l^t e g_ _ _ . , . •
W.B.C.................................

31.12.60

31.12.60

2.10.60
15.10.60
20.10.60
21.10.60
29.10.60
31.10.60
2.11.60
8.11.60

14.11.60
3.10.60

11.11.60
1.12.60
7.12.60

10.12.60
29.12.60
31.12.60

flrifiiths, H.............
Moss, J. F. . . ..
Boon, J. W. H. ..

.. .. 18.12.60

.. .. 19.12.60

.. .. 23.12.60
PrOncipat Scientific OffCer
‘Glover, D. W.» .. E.-in-C.O............................., 16.11.60

Evett, F. T. .. ..
McBain, A. .. ..
Howard, A. .. . .
Loudwell, A. J. ..
Osman, J. F. . . ..
Goodwin, G. F. ..
Baines, G. W. ..

L.T. Reg. .. 
E.-in-C.O. .. 
L.T. Reg. . . 
L.T. Reg. .. 
L.T. Reg. .. 
L.T. Reg. .. 
N.W. Reg. ..

.. . . 29.12.60

.. . . 30.12.60

.. .. 30.12.60

.. .. 31.12.60

.. .. 31.12.60

.. .. 31.12.60

.. .. 31.12.60

Chief Executive officer 
Southgate, A. G. ..

Executive Ofiicer
Lambert, F. S. T. . .
Harris, E. A. J. ..,

E.-in-C.O............................

E.-in-C.O............................
E.-in-C.O............................

31.10.60

30.11.60
31.12.60

* Mr. D. W. Glover is continuing as a disessablished officer with E.-in-C.O.

Transfers

Name Region, etc. Date Name Region, etc. Date

Chief Rfgiom^t Engineer to Chief Motor Transport Officer 
Hough, F. A. .. .. L.P. Reg. to E.-in-C.O. .. 24.10.60

Er wer Engineer 
Hills, E. G................... L.T. Reg. to E.-in-C.O. .. 7.11.60

Señor Executive Engineee
Carden, R. W. G. .. E.-in-C.O. to Pakistan .. 8.12.60

Executive Engineer
Eburah, J. W. .. L.T. Reg. to Ministry of 15.8.60

Transport
Williams, L. F. .. Factories Department to 12.9.60

Mid. Reg.
Heywood, A. W. .. E.-in-C.O. to Foreign 24.10.60

Office
Hughes, C. J................E.-in-C.O. to Sudan .. 12.12.60
Foste-, 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
Beak, K. L................... E.-in-C.O. to H.M.S.O. .. 2.1.61

Assistant Engineer
Morgan, E. P. .. Foreign Office to W.B.C. 1.12.59
Stesi, J. R.................... E.-in-C.O. to Ministry of 17.10.60

Transport
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

IWspector _
George, R.W. .. L.P. Reg. to L.T. Reg. .. 10.11.58
— 
Senior Scientific Officer
Hastie, R. A.................E.-m-C.O. to Ministry of 1.11.60

Transport

Assistant Expe■imeñat Officer
Harrington, D. . . E.-in-C.O. to Ministry of 111.60

Transport

Executive Officer
Henrick, E. W. F. .. E.-in-C.O. to A.G.D. .. 5.12.60

Deaths

Name Region, etc. Date Name Region, etc. Date

Executive Engineer 
Morgan, L. O. . . L.T. Reg. . . .. . . 2.12.60

Inspector
Dew, W. S. .. .. E.-in-C.O. .. .. .. 14.11.60

Painter, C. H. . . Mid. Reg.................. .. 5.12.60 Ross, W. . . .. Scot. .. .. .. 22.11.60

ASSiStaW Engineer
Harvey, C. .. . . L.T. Reg..................  

—
.. 10.12.60

------------ --------------—

Brennan, W. E.
Sampson, A. B.
Stapleton, E. C. 

—

.. N.W. Reg. ..

.. L.T. Reg. . .

.. L.P. Reg. ..

.. . . 5.12.60

.. . . 19.12.60

.. .. 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 I960.

Ayers, S. A New Type of Piezo-eleciric Flexural Vibrator 
in the Form of Balanced Cantilevers. I.E.E. Monograph 
No. 391E, July I960. (Proceedings I.E.E., Vol. 108, 
Part C, p. 35, Mar. 1961).

Bampton, J. F. The British Contribution to TAT 2. 
Post Office Telecommunicaticns Journa/, Vol. 12, p. 162, 
Autumn I960.

Billen, J. C. Producing More Circuits from the Trans­
atlantic Cable. Post Office Telecommunications Journal, 
Vol. 13, p. 23, Winter I960.

Bishop, D. K., Caplin, J. S..* and Grundy, S.* Channel 
Seleccton in Highgate Wood Electronic Telephone 
Exchange. Proceedings I.E.E., Pape No. 3569E, Nov. 
1960(V.1. 108, Part B, Supplement 20).

Bourdeaux, N. The New Post Office Coast Radio Station. 
The Consulting Engineee, Vol. 18, p. 203, Aug. I960.

Bray, W. J. The Future of Microwaves for Tele­
communications. The New Scienitst, Vol. 7, p. 649, 
17 Mar. I960.

Bray, W. J. The Standardization of Iniel•naticnat Micro­
wave Radio-Relay Systems. Proceedings I.E.E., Pape- 
No. 3412E, Mar. 1960(7.1. 108, Part B, p. 180).

Brewer, R., Lawrence, J. A., and Laver, F. J. M. The 
Appraisal of Operational Reliability in Electronic 
Systems. Symposium on Electronic Equipment Rellabillly, 
p. 6 (I.E.E., May U<60).

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

Buck, G. A., see Richards D). L.

Caplin, J. S., see Bishop D. Ki.

Carasso, J. 1 Environmental Effects on the Growth of 
Excess Reverse Current in Germanium p-n Junctions. 
Proceedings I.E.E., PaperNo. 3080E, Mar. 1960(Vd. 106, 
Part B, Supplement 17, p. 964).

Carasso, J. I., and Stelzer, I. The Surface Chemistry of 
Germanium: Part 3.—Erosion by Chlorine. Jcm■nt/ofihe 
Chemicaa Society, Vol. 357, p. 1797, 1960.

Catt, L. H. Secondary Cells for Post Office Telecom­
munications. I.P.G.E.E. PrintedPaper No. 218, 1960.

Catt, L. H. Stationary Batteries in the British Post Office. 
Pr oceedings of the Second Internattonat Symposium on 
Batteries, Paper No. 31/1, Oct. 1960. (Published on 
behalf of the Inter-Department! Committee on Batteries 
by the Signals Research and Development Establishment 
Christchurch, Hants.)

Cheetham, H. Televising the Grand National. Post Office 
TelecommunlcationsJournal, Vol. 12, p. 13(5, Summer 1960.

Croisdale, A. C. Automatic Error-Correction for Long 
Distance Radio Telegraphy. Post Office Telecom­
munications Journal, Vol. 12, p. 78, Spring 1960.

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

Crossley, C. G.,* Duerdoth, W. T., French, J. A. T., and 
Rous, R. F.* Speech and SignaUing Switching Equipment 
in the Highgate Wood Electronic Telephone Exchange. 
Proceedings I.E.E., Paper No. 3393B, Nov. 1960(Vcl. 108, 
Part B, Supplement 2.).

Duerdoth, W. T., see Crossley, C. G.
Duerdoth, W. T., and Lawrence, J. A. Reliability and 

Maintenance of Electronic Exchanges. Proceedings I.E.E., 
Paper No. 3375E, Nov. 1960 (Vol. 108, Part B, Supple­
ment 2.).

Evans, G. □., see Jowett, J. K. S.

Everest, 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.—Compeexes of Germanium with Tartaric, 
Lactic and Mucic Acid. Journaa of the Chemicaa Society, 
pp. 1745 and 3752, Apr. and Oct. 1960.

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

Flowers, T. H. Transmission Network Planning with 
Electronic Exchanges. Proceedings I.E.E., Paper No. 
3373E, Nov. 1960 (Vol. 108, Part B, Supplement 2.).

Flowers, T. H. Users Requirements and Probiems— 
Electronic Telephone Exchanges. Symposium on
Electronic Equipmeui RHabHiiy, p. 11 (I.E.E., May 1960).

Freebody, J. W. H., and Heron, Ki. 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 Digit! Computor Systems,” Jan. 1960 
(I.E.E. and British Computor Society, Ltd.).

Freebody, J. W. H., and Laver, F. J. M. Reliability and 
the User of Automatic Data Processmg Systems. 
Symposium on Electronic Equipment Reliability, p. 12 
(I.E.E., May 1960).

French, J. A. T., see Crossley, C. G.
Gill, Lt.-Col. W. E. Some Modern Developments in 

Telecommunications (Chairman’s Address to I.E.E. 
Local Centre). Elecirrcat Times, Vol. 138, p. 595, Oct. 
1960, and Proceedings I.E.E., Vol. 108, Part E, p. 137, 
Mar. 1961.
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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. I960.

Harris, L. R. F., Mann, V. E.,T and Ward, P. W.*  The 
Highgate Wood Experimental Electronic Telephone 
Exchange System: General Introduction. Proceedings 
I.E.E., Paper No. 3376B, Nov. I960 (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 Wray, D.
Heron, Ki. M., see Freebody, J. W. H.

Howard, Miss J., see Walker, E. V.

Hughes, A. V. The Manufacture of Transmission Equip­
ment. Post Office Telecommunications Journal, Vol. 12, 
p. 90, Spring i960.

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

Jowett, J. K. S., and Evans G. 0). Radio Forecasting. 
Post Office Telecommunications Journal, Vol. 12, p. 122, 
Summer 1960.

Kilvington, 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 Oflice. Civil Service 
Opinion, Vol. 37, p. 8, Jan. 1960.

Laver, F. J. M., see Brewer, R.
Laver, F. J. M., see Freebody, J. W. H.
Lawrence, J. A., see Brewer, R.
Lawrence, J. A., see Duerdoth, W. I".
Lawson, R. W. The Influence of Residual Gas on the 

Performance of the British Post Office Submarine 
Telephone Repeater- Valve Type 6P12. Vacuum, Vol. 10, 
p. 100, Feb./Apr. 1960.

Lynch, A. C. The Temperature Coefficient of Metallized- 
Mica Capacitors. Radio and Electronic Components, 
V01. 1,p. 243, Mar. 1960.

Lynch, A. C. New Magnetic Materials. Science Survey, 
Vol. 1 p. 48 (Hulton Press, 19600.

Macdiarmid, I. F. Waveform Distortion in Television 
Links. Journaa ofthe British Institution of Radio Engineers, 
Vol. 20, p. 201, Mar. 1960.

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

Mason, H. J. S. Graphic! 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 
I.E.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 andElectronic Components, Vol. 1,p. 193, Feb. 1960.

New, A. A. Some Mechanisms of Failure of Capacitors 
with Mica Dielectrics. Proceedings I.E.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.

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

Pope, G. J. A Transistor Constant-Volume Amplifier. 
Wireesss 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 E, p. 553).

Rous, R. R,, see Crossley, C. G.

Scowen, F. The Design of Reliable Systems for Submarine 
Cables. Symposium on Electronic Equipment Reliability, 
p. 32 (I.E.E., May 19600.

Shotton, D. C., see Walker, E. V.
Stelzer, I., see Carasso, J. I.

Thompson, 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 Ofi9ce Telecom­
munications Journal, Vol. 13, p. 45, Winter 1960.

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

Walker, E. V., Howard, Miss J., and Shotton, D. C. 
The Production of Silicon-Iron Magnetic Strip with (1100 
(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-Channe1 T.D.M. Exchanges. Proceedings, I.E.E., 
Paper No. 3455B, Nov. 1960 (Vol. 108, Pal E, 
Supplement 20).

Ward, P. W., see Harris, L. R. F. and others.
White, R. W. Long-Distance Waveguides. Post Office 

Telecammimicatoms Journal, Vol. 12, p. 178, Autumn 1960.

Wray, D. Television Network Switching. Elecirtcal 
Industries Export, Vol. 60, p. 37, Jan. 1960.

Wray, D., and Hastie, R. A. Waveguide Bend with 
Continuously-Changing Radius of Curvature. Elecitonic 
Technology, Vol. 37, p. 76, Feb. 1960.

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

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

*Metsrs. Caplin, Crossley, Grundy, Rous and Ward are with the General Electric Company, Ltd.
TMr. Mann is with British Telecommunications Research, Ltd. IMr 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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In reviewing Volume I of this series, the present writer 
doubted whether there would be enough suitable materia 
to keep the series alive. Volume II 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 meann—the one, admittedly important, 
exception being the raising of the softening temperature of 
polythene. The article on irradiated polymers will not tel 
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 articce on “artificial dirleetrict”—that is, 
structures used to refract mitrowaavr—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-peimittivity 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 
sprctaiist, 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.
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“Foundations of Electrodynamics.’” P. Moon 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 theooy—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 Besse! 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.
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MASTIC H.D
is essential for. • .

. . . compression joints for cable duct sealing

. . . plugging and sealing against air.

gas and water. It meets the require-

ments of the several B.S. Codes of

Practice and is adopted generally by 

Public Authority and IndusSry . . .

. . . and saves time, labour, money 
WINN 8 COALES LTD 

LONDON MANCHESTER BELFAST DUBLIN
Tel.: GIPsy Hill 7511 (also Contracting Dept.) Tel.: Sale 8271 Tel.: 56623 Tel.: 61768

Agents throughout the Commonwealth

D.C. Voltzage 
0—100mV.
0- 2.5 V.
0— 10 V' 
o— 25 V.
o— 100 V.
0— 250 V.
0—-1000 V.

A.C. Voltage 
0— 10 V.
0- 25 V. 
V— 135 V. 
0— 250 V. 
0—1000 V.

D.C. Current 
0—10CUA 
0- 1mA 
8— 10mA 
0—100mA 
0- 1 A

I9 Ranges

Designed to offer the widest possible range of 
accurate and reliable measurements at the lowest 
possible price, the versatility and usefulness of the 
Multiminor are now further extended by specially designed 
leads. These new leads, available at no extra cost, will 
accept crocodile clips or PRODCLIPS.

The Multiminor takes full advantage of the possiioiiitics 
of printed circuit techniques to achieve outstanding 
compactness and economy of weight. The scale is clear 
and open. The fine red coloured pointer and effectively 
damped movement facilitate easy and rapid reacdnjg.
For use in Radio, TV, Electronics, Motor Vehicles, 
domestic appliances, workshop equipment, you’ll find 
the Multiminor a great little metier!

Use PRODCLIPS with the Multiminor (Pat. No. 748811)
These cleverly designed spring-loaded insulated mods are the com­
plete answer to a long-standing problem. Press the trigger to open. 
release to grip. Keep your hands free no matter how difficult of access 
your test points may be! 15/- per pair

..with the

MULTIMIN0R
Resistance 
0—20.0009 
0-2MÍ9

LssPritet £99 1'05.
complete with test Leads 
and Crocodile Clips.

Leather case if required 39/-

SzeSE X3%x1jin.
Weight: 1 lb. approx.

Write now for illustrated literature to:

AQ?D TTTD AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD
LONDON S.W. I VICtoria 0404 (12 line»)

A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES
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AHO F I g S r s

BEGULATORtransistorised A.L. voltame
MODEL T200

Exceptional reliability coupled with 
precision performance. Combination of 

rerm-conductor and magnetic design 
techniques glves faa responre time. 

Suitable for incorporation in larger 
equipments where reliability and tong 

semce are of prime impotence.

Mains input voltage: 200-250v. 3; 10%.
Regulation ± H5%for: (a) ~l0% input voltage 

change, (b) no load to full load. °

Output power: ZOOVA.
Power factor range: 0'9 leading to 0’7 lagging.

Frequency range: 45 c.p.s.-SS c.p.s.

J. LANGHAM THOMPSON L TO. 
BUSHEY HEATH- HERTFORDSHIRE ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) GramS 8 c,^^ : .Tommy w^,.

VR/2
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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 gi-eat beauty. 
Today, at STC, quartz has a vital 20th Century 
function. Modern electronics and telecommunica­
tions callfor quartz crystals made to extremclyhigh 
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 climatic change.
Write for detailed literature . . .

Standard Telephones and Cables Limited
Regiitered Ofice : Connaught House, Aldwych, London W.C.2

QUARTZ CRYSTAL DIVISION - HARLOW - ESSEX
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Illustrated

L64 T3-" DETACHABLE 
BIT MODEL IN 

PROTECTIVE 
SHIELD L700 
FITTED WITH 

ACCESSORIES FOR 
BIT CLEANING, ETC.

For further information and full illustrated catalogue apply head office

ADCOLA PRODUCTS LIMITED
GAUDEN ROAD, CLAPHAM HIGH STREET, 

LONDON, S.W.4
Telephones: MACaulay 3101 and 4272 Telegrams: SOL.JOINT

VALUABLE FREE BOOK
Tells You Howto PassYourC & G or 
Promotion Exam, at First Attempt!

AU Post Office personnel who are anxious to 
obtain early promotion should at once send {or a 
copy of our handbook “ENGINEERING OPPOR­
TUNITIES’” which, among other intensely inter­
esting matter, describes our unique methods of 
preparation for the G.P.O., LIMITED COM­
PETITIONS for appointment as Assistant Engineer, 
Executive Engineer Traffic Officer Telecommuni­
cations Traffic Supeeintendenn ; CITY And 
GUILDS EXAMINATIONS for the Telecommuni­
cation Technicians’ Certificate and for individual 
subjects—Mathematics, Engineering Science, Engi- 
neerrng Drawmg, Elementary Trlecommulncation 
Practice Telecommunication Principles, Rado and 
Line Transmission, Telegraphy and Telephony, 
Line Plant Practice. It also contains details of our 
courses covering the City and Guilds Examinations 
in Electaca! Engineering Practice. the Grad. 
Brit.I.R.E. and A.M.S.E. Examinations, in addtion 
to a wide range of non-exaimnation courses in all 
branches of engineerinn—Radio and Electronics. 
Electrical, Mechanicall etc.

We also provide tuition for the Radio 
Amateurs' Examination and the P.M.G, 
Certificates for Radio Operators, with 
or without Morse training. Details are 
given in the handbook.

We definitely guarantee 
“NO PASIS-NO ' FEE”

If you intend to make the most of today’s oppor­
tunities, you cannot afford to miss reading “ENGINEER­

ING OPPORTUNITIES.’” It tells you eveeytbing you want 
to know to secure advancement, and describes many oppor­

tunities you may now be missing through lack of information«
Send for your copy loday—FREE and without obligation.

BRITISH INSTITUTE 
OF ENGINEERING TECHNOLOGY 

369 COLLEGE HOUSE, 
29-3I WRIGHT’S LANE, LONDON, W.8

BIET
from Ptman’s Lst

INDUCTION-TYPE
INTEGRATING METERS

By G. F. Shotted, M.I.E.E., and G. F. Tagg, B.Sc., Ph.D., etc.

A theoretical and practical investigation into induction-type meters 
and instruments used universally for measuring the consumption 
of electrictty. It introduces a new explanation of thdr action based 
on experiments and also a mathematical analysis. A book for 
research workers, engineers, teachers, the maintenance divisions of 
elecLricity undertakings and for instrument manufacturers. 63s. net

ELECTRONIC FUNDAMENTALS
AND APPLICATIONS

By John D. Ryder

The author has consolidated the fundamental phenomena under­
lying both the transistor and serm-conductor devices into one 
treatment. In addition, he has brought together electronics and 
basic network theory and has emphasized the standard methods 
that prevail once an eleccronic device is reduced to a linear active 
circuit; the treatment generaHy is qualitative and emphasis is given 
to the basic properties of an analytic method or process. 605. net

* * *
From all booksellers

A MT _ PARKER STREEE■ IUfIl'N KINGsWAY.LONDON, W.C.2
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You are invited to send for this new Indexed Summary of

STC valves

COMPONENTS
GROUP

S/anda/rd Diaphones and Cables Limited
Registered Office: Connaught House, Aldwych, London W.C.2

VALVE DIVISION: FOOTSCRAY - SIDCUP ‘ KENT61/3MS
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Radio Sonde and electronic equipment

Radio Sonde Transmitter, sup­
plied to British meteorological 
Office and foreign governments.

The items shown here are representative of 

the extensive variety of products manufactured 

by the Whiteley organisation. Our technical 

resources are available for the development 

and production of specialised components for
. _ ‘ . . ’

the electronic industry. Waterproof plugs and sockets 
moulded’n Polythene for under­
water or outdoor installation.

Stentorian Cambric Cone Units, 
recogniseethroughouttheworld 
as the greatest value in High 
Fidelity.

The Post Office Tester is a multi­
range meter used for making 
tests on subscribers’ apparatus 
and lines. ‘

Potted components and assemb- 
Iies in epoxy, polyester resins 
and polythene.

Tffis frxed frequency osciilator is 
constructed on astanchrd octal 
base and encapsulated in epoxy 
resin.

WHITELEY ELECTRICAL RADIO CO. LTD Mansffield ‘ Notts
WA/I5

w permanent magnets

Free 
technical 
l i ? e r a t u r e

Ecomomu, begww 
~tke dwigw smg

8®®

Permanent magnets, like many other 
aspects of technology, are making 
spectacular progress day by day. 
Remarkable economies in production 
can be effected if experts are consulted 
at the design stage. Eclipse have a 
highly developed research programme 
that makes them leaders in this field. 
Bring Eclipse Permanent: Magnets 
into your preliminary design 
discussions—and be thankful.

I

Made by the designers and ma n ufacturer s of Eclipse Permanent Magnet Chucks

JAMES NEILL & CO. (SHEFFIELD) LTD - SHEFFIELD - ENGLAND
M 25
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B R B B
This versatile range of transmitters covers 
a variety of service requirements and is 
suitable for operation in widely differing 
climatic conditions.

STC’s many years experience in the design 
and manufacture of radio transmitters is 
reflected in the high efficiency, reliability, 
robust; construction and ease of operation of 
the equipments.

TYPE

QT

Whereas a high degree of standardization 
permits economy in spares holdings, the 

,J flexibility of design enables users’ special 
requirements to be embodied into the 
equipments.

3A

med "um and 
hi gh powe r

'8B and

Type 1 Frequency 
j Range

Output Power 
I

QT.3A * 2-5—28 Mc/s

11

! 8 kW for single frequency 
| operation 01 8 kW p.e.p. for ! multichannel working.

0T4A 1 4—27'5 Mc/s 
1
1

I 20 kW for single frequency
I operation or 30 kW p.e.p. for 
I multichannel working.

0T.5A j 4—277-5 Mc/s
1 
j

1 85 kW for single frequency 
| operation or 80 kW p.e.p. for
| multichannel working.

1 
1

l Instantaneous change to high 
I efficiency low power working.

9eneral purpose 
transmitters

0 Suitable for Radio Telephone and Telegraph Links
9 mmk Tuning and Loading

.....
• Synthesizer or Crystal Control
0 Rapid Fault Locution by Metering and Lamps
0 Tuning and Loading automatically corrected for 

varyingv.s.W.T:
V Full Remote Control
V Suitable for unattended operation

a

uuun n nu an

TYPE

QT.5A
Transmitters of these types have been 
ordered by the British Post Offloe.

Standard Telephones and Cables Lim/ed
Reeistered Office: Connaught House, Aldwych, London W.C.2.

RADIO SYSTEMS DIVISION: OAKLEIGH ROAD ‘ NEW SOUTHGATE - LONDONN.il
6I/9E

LONDONN.il


In order to reduce maintenance 

the compartmentforthemecha-

5-umt tape transmitter
model 20

Sequential type for single 
wire transmission.
For single or double current 
operation.
71// unit transmission at 45.5, 
50, or 75 bauds

Meets all the requirements

of a modern 5-unit tape transmitter.

hism is pressurised sothatdust 
and paper “UH cannot enter the 
operating parts.

GREAT NORTHERN TELEGRAPH WORKS
DIVISION OF THE GREAT NORTHERN TELEGRAPH CO. LTD.

4, SYDHAVNS PLADS 
COPENHAGEN SV, DENMARK

LONDON OFFICE: 5, ST. HELEN’S PLACE 
LONDON E. C. 3.
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testing

which serve

the world

channel, Coaxial, Submarine Cable and

of transmission testing apparatus.

the constituent components, STC have an

life and factors to be tested to keep the

equipment; in peak condition.

Send for leaflets covering your systems.

OSCILLATORS - LEVEL MEASURING sETs • MICROWAVE TEQT 3ETZ 
BRIDGES • FILTERS • PSOPHOMETERS • WHITE NOISE TEST SETS, ETC.

communications systems

IP®

To install and maintain all telecommunications

systems — Audio, Broadcast, Telegraph, Multi -

Microwave, etc.— STC provides a wide range

As actual manufacturers of a great, variety

of telecommunications equipment, including

unrivalled knowledge of data, performance,

That knowledge is embodied in all STC testing

apparatus together with all the precision and reliability

for which STC equipment; is world-famous.

Standard Tiepfiones and Cables Limited
Registered Office: Connaught House, Aldwych, London W.C.2

TRANSMISSION SYSTEMS DIVISION : NORTH WOOLWICH . LONDON • E.I6
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FOR

EFFICIENCY

SPECIFY
TAYLOR
JUMBO

. . the World's most versatile crane! It lifts, 
carries, tows, toads, dumps—all with equal efficiency 
and exceptional economy,
Whatever the task-installing kiosks, erecting 
potes, handlmg cabte drums or assisting with depot 
maintenanne—a fast-travelling Taylor )umbo can 
supply the low-cost answer.

Have you seen our Latest literature? It’s yours 
for the asking!

F. TAYLOR & SONS (Manchester) LTD.
WARRINGTON ROAD, CLAZEBURY, LANCS.

845 Telephone: Culcheth 2167/8/9, Telegrams: Efftayson, MancCester, Telex.
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_

Top: Unarmoured Type --Bottom: Armoured Type

STC
P.V.C. insulated
and sheathed
interphone cables
suitable for the wiring of all 
telephone installations

STC manufacture and stock a range of P.V.C.

insulated and P.V.C. sheathed interphone cables

c

" L

which conform generally to current B.B.O. and B.S.

standards for this type of cable. Some of these

cables are protected with an armouring of

galvanised steel wire and an overall sheath of P.V.C.

The range of cables extends from 1 pair to 100 pairs,

usually in 5 pair steps. Other sizes very much larger

than these can be manufactured at short notice to

order. These cabless are used for telecommunications,

telemetering and electronics applications. The

unarmoured cables are suitable for internal use and

the armoured range is for short runs of buried, cable,

for runs to be cleated to the outside of buildings or

for short spans of self-supporting cable.

■Ask for publication H/102

Standard 'Dekpfinne's and Cables Lim/ed
Registered Office: Connaught House, Aldwych, London W.C.2

RUBBER & PLASTIC CABLE DIVISION : CORPORATION ROAD - NEWPORT • MON.
6I/4H
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JOHANNESBURG

STC

WORLD WIDE
EXPERIENCE

#South Africa

ONE OF 18 COUNTRIES HAVING 
STC MICROWAVE SYSTEMS

STC have supplied and installed the first 600

circuit, 4000 Mc/s microwave telephone

system for the South African Post Office.

Duplicated radio’channels with automatic

baseband switching are provided over the

route between Johannesburg- and Klerks -

dorp, approximately 110 miles (177 km).

STC also supplied
Aerial equipment
Frequency division multiplex equipment
Transmission Test equipment
High quality music programme equipment
VHF radio links and yagi aerials
Remote Indication and supervisory equipment

BRITZKOP

TERMINAL REPEATER 
^"““"“^^OOOM/CS 2-WAY 600- TELEPHONE

CIRCUIT CAPACITY RADIO CHANNEL

POTCHEFSTROOM

DOORNKLOOF

KLERKSDORP

2-WAY STANDBY CHANNEL
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STC main-line microwave systems 

have been chosen for inclusion in 
the major communications networks 
of 18 countries, and systems with 

a capacity of nearly 5% million 

telephone circuit miles and nearly 

6000 television channel miles have 
already been supplied.

Britzkop Repeater Station

513 c

Standard Eleephones and Cables Limited
Registered Office: Connaught House, Aldwych, London, W.C 2

TRANSMISSION SYSTEMS DIVÏSION: NORTH WOOLWICH • LONDON • E.16
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TO HOUSE YOUR VALUABLE ELEBTROH/C EQUPMENT

INSTRUMENT RACKS • CABINETS • CASES
CONSOLES - PANELS - CHASSIS UNITSA member of

GR 0 UP DATUM METAL P3OO0078 LTD
DPI

COLNE WAY TRADING ESTATE - WATFORD-BY-PASS • WATFORD • HERTS
Telephgne: Watford 2235I Telegrams: Datum, Watford

MICROAMPERES

4-W4»-

EeeCtical Measuring Instruments

Ernest Turner Electrical Instruments Ltd
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND

Ideally matching contemporary panri design, 
the Ernest Turner Model 703, illustrated 
here, is enhanced by the flush-fitting surround. 
A high degree of accuracy is adequately sup­
ported by the easy-to-read scale and clean 
dial layout. Full details of the range of rect- 
angular electrical measuring instruments and 
flush mountings are contained in Leaflets 
85/G and 85/AF, available on request.
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FIRST 8 TUBE 
COAXIAL

CABLEIN 
SOUTH AFRICA

STC is manufacturing, to supply to the 

South African Post; Office, communication 

cables containing 4 and 8 coaxial tubes 

type 375 PDWI incorporating paper and 

polythene insulated control and 

supervisory circuits. The cables, to be 

installed on the Durban—Shepstone 

7 400 Mc/s microwave route, will provide 

entrance facilities at the terminal and 

repeater’ station sites.

STC are also supplying terminal 
and repeater equipment for the 7 400 Mc/s 
microwave system.

G/IOB

Standard Ddep/mes and Cables Limited
Registered Office : Connaught House, Aldwych, London W.C.2

TELEPHONE CABLE DIVISION: NORTH WOOLWICH - LONDON E.I6
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For the largest 
capacity systems

consult

ystem for the GO’S

Great difficulty has been experienced by Administrations in planning nation-wide radio networksemploying 

one frequency band. By using broad-band radio equipment in two different frequency bands the problem 

of frequency allocation is greatly simplified. G.E.C. are now supplying two types of long haul radio system, 

one operating in the SHF frequency band and the other in the UHF frequency band, in addition to small 

capacity systems operating in the VHF frequency bands. The. complete range is given below:

System SPO. 5555 SPO. 5502 SPO. 5060 SPO. 5052 SPO. 5051

F requency 
bands

59256425 Mc/s 1700-2300 Me/s
132—156 Mc/s
156—184 Mc/s
235-200 Mc/s 44H-775 M/S

71.5-100 Mc/s 
133—156 Mc/s 
15(5-184 Mc/s 
2315—270 Me/s

- Capaéity

(a) 960 speech circuits arranged 
in 16 supergroups or'

(b) 900 speech circuits 
arranged in a naster-groups or

(c) monochrome or colour television 
(405, 525 or 625 line) or

(d) monochrome television 
plus sound channel

(a) '300 speech 
circuits or

(b) monochrome or 
colour tele- 
“¡5i°n <405. .
525 0r 525 line)

9 speech 
Cicuits

5 speech 
circuits

5 speech 
circuits

G.E.C. offers a complete service
from original survey to final commissioning

NG FOR TELECOMMUNICATIONS
For further information please write to:

THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
TELEPHONE WORKS - COVENTRY - ENGLAND 
Works at Coventry, Middlesbrough, London, Portsmouth Smme’s C‘£.C. 7
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TELEPHONE CABLE DEPARTMENT 
Associated Electrical Industries Ltd., 
Woolwich, London, S.E.18 Telephone: Woolwich 2020

In the communication cables field the newdrum 
symbolises the combined resources of Henley, 
Liverpool Cables and Siemens Ediswan.
For communication cables of all types— 
paper, plastic or textile insulatte— small 
switchboard whes, local distribution 
and trunk type cables or composite 
co-axial cat)les—including 
loading coil acccesoriee—A.E.I. 
leadership is unsurpassed.
YOU CAN RELY ON A.E.I.

A NEW SYMBOL 

FOR 
COMMUNICATION 
GABLES

Up 

W to'
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+ 3OV

OUTPUT

INPUT

5O5L

22 K

22 K

FOR HIGH PERFORMANCE 
COMPUTER CIRCUITS 
specifiy

fast recovery 
silicon junction 
low hole storage

diodes STAND No. 4-99
MAY 30—JUNE 2

‘ EHHIBITION
OLYMPIA

INPUT

INPUT

22 K
- «WW _' 'WHEW

Hughes HSHseries are alloyed junction siliconcomputerdiodes, 
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 meetthe 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,

INPUT
0 JI

Continuous Ratings 25"C Characteristics 25°C

Max. Max. Min. Forward Max. Reverse
Type No. Rated

P.I.V. (Volts)
Forward 
Current

Current 
at 1.5V

Current 
at P.I.V. ■ _ __ - , ■

-25m A

OUTPUT

+ 25m A

HS1101 150
HS1102 100

HS1103 50
HS1104 150
HS1105 100
XS110S 50

HS1107 150
HS11OS 100

HS1109 50
TEMPERATURE RANGE 45X

80 mA 30 mA
80 mA 30 mA
80 mA 33 mA
60 mA 15 mA
60 mA 15 mA
60 mA 15 mA
40 mA 5 mA
40 mA 5 mA
40 mA 5 mA

TO 150’C

1 pA
1 pA
1 pA
1 pA
1 pA
1 pA
1 pA
1 p A
1 pA

Typical Stored Charge Measurement, 700 pico-coulombs.
Typical recovery time: ,
03 psec measured In JAN256 circuit, (o 80K ohms when switched from h 5 mA to V, -35 volts 
1.0 psec measured in IBM "Y circuit to 400 K ohms when switched from [30 mA to V, -35 volts 
Special Diodes from this range are available, featuring higher conductivity or faster recovery.

0
5m/j SEC

DELAY LO-I p SEC

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

HUGHES INTERNATIONAL (U.K.) LTD
KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX ' HOUNSLOW 5222
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Photograph by courtesy Nf
H.3. Postmaster-General

DIAKON'

‘Diakon’ is the registered trade mark for the 

acrylic polymer manufactured by I.C.I.

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 

made by 1.0.1.

DK6

IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON - S.W.1



PROPAGAS
carries weight
in the
building industry

For full details of thiese and other 
products including Floodlighting 
and Space Heating Equipment, 

apply now to:

Shell-Mex and B.P. Gases Limited
(Regd users of trade marks)

Ceeii Ciambers 76-86 Strand London W02 Telephone: TEMple Bar 1234

Propane and Butane are now- 

available to industry from 
the great British refineries of 
the Shell and BP Groups.
They are petroleum gases 
delivered and stored as liquids 
undermoderate pressure.

Thiese versatile products assist 
the Building industry for 
temporary or permanent; space 
heating and floodlighting of 
buildings, the ideal mobile 
equipment for Builders, 

Plumbers and Decorators.
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more sensitive

Auxsiinlite

relay

APPLICATIONS

*

Current regulator control.

Voltage regulator control.

Monitoring duties.

Limiting duties.

Equipment, protection.

FEATURES
* High accuraay—to within ± 0.5%.
• High torque—hence positive contact pressure.
• Ease of adjustment with fine and coarse settings 

and self-locking adjustable contacts.
• Choice of either two or four adjustable contacts.
• Contemporary case design—projection or flush 

mounting,
• Dustproof and suitable for use in the tropics.
• Conforms to Post Office Specification P.T. 10255B.
• Suitable for current or voltage sensing on 

either D.C. or A.C.

ELECTRICAL EQUIPMENT 
(Custom-buiit by Stone-chance Ltd. 

Makers of Sumo Pumps and Stone-Chance Lighthouses)

AUSTINLITE LTD ' PICKERSLEIGH ROAD 

malvern • worms • phone : malvern am 
London Office: Schomberg House 
«2PallMall,SWl-Phone :TRA 1954
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TYPICAL TYPE CM TERMINAL RACKSIDB

A.TE.
TRANSMISSION EQUIPMENT
TYPE GM
FOR RADIO, LINE 
AND CABLE 
CARRIER SYSTEMS

9K Fully transistorised, mains or station battery 
operation

9% Optional inbuilt out-band 3825c/s signal­
ling, ring down or dialling

9%New racksides of high equipment capacity 
within conventional rack dimensions

9% Readily installed and extended with mini­
mum station cabbiing

9;0 Compact, reliable, versatile

Write for further information to:—

AUTOMATIC TELEPHONE 
& ELECTRIC CO. LTD.
Strowger House, Arundel Street, London, W.C.2; 
’Phone: Temple Bar 9262

A7 1961
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W<;

Wirewound

Stable settings

Space saving

Rapid delivery

Fine screwdriver adjustment

Fainton & Co. Ltd.
KINGSTHORPE NORTHAMPTONTel: 34251 (10 lines) ■ Grams : ‘Ceil Northampton’ Telex: 31576

The Painton 
FLATPOT 
SUBMINIATURE ADJUSTABLE 

POTENTIOMETER

PAINTON
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ERICSSON
AMPLIFIED TELEPHONE 

«Amwawm HANDSETS

FOR BETTER HEARING
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 
verrion — 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 G.B. systems the amplifier is 
powered by the telephone line current.

PRINTED CIRCUIT, SINGLE-TRANSISTOR 
AMPLIFIER BLACK

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

LACQUER RED

CONCORD BLUE

ADJUSTABLE GAIN, CONTROLLED BY SUBSCRIBER ELEPHANT GREY

OVERLOAD CHARACTERISTICS OF AMPLIFIER 
SAFEGUARDS THE SUBSCRIBERS HEARING

MAXIMUM GAIN IN EXCESS OF 20 DECIBELS

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.:. TEL. HOL. 6936.

WORKS:- BEESTON. NOTTINGHAM AND SUNDERLAND.

G
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SILVER STAR
square • section

CAPACITORS
for transistorised circuits

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

m 
¡0

Dessgned specially for transistor circuitry, thiese mini - 
aturesquare - section capacitors are particularly useful 
when the component; density is high.

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

Two sizes (A75E and A25E) together cover the capacitance 
range from 33 to 20,000 fljje. For values above 6,000ppF the 
capacitance tolerance can be as close as ±7 per cent.

UI 
in 
fl 
<

• Square section 

0 Miniature size
0 Ideal for printed circuitry 

0 50 volt rating

• Fired construction for maximum 
long-term stability

• Synthetic resin encapsulated
• Ideal for “‘high 9"' applications
0 Silver Star®quality

Ji

Capacitance Range 
33 to 6.000 pp} 

0 

Minimum 
Tolerance 

(above loopp F) 
427.

(below 100 pp F 
±ppF

Tinned 
Phosphor Bronze 
22 SW.G.

Full technical
Information available 

on request.

One of the specialised products of

Johnson Matthey
JOHNSON, MATTHEY 8 CO., LIMITED 
73-83 HATTON GARDEN, LONDON, E.C.I 
Telephone: Holborn 6989
Vittorio Street. Birmingham, I. Telephone : Centro/ 8004
75-79 Eyre Street. Sheffield, I Telephone: 292/2

r
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“ Twitterton /
Is this really

P O R MIC K ?”

Yes, this is an interesting example of the use of Formica industrial laminates. Here we have 
a uniselector (one of possibby thousands used in an automatic telephone exchange) made by 
The General Electric Company Limited. Paper-base laminates were provided for the uniselector 
by Formica Limited - they possess very high di-electric strength (that is, they are excdlent 
insulators) and conform to the exulting specifications laid down by the G.P.O.
This is just one more of the many unexpected uses of Formica products. Out of the kitchen 
and into the wide world of telecommunications . . . what will Formica Limited be doing next ?

WE I A DECORATIVE LAMINATES

make
EXTRUDED LAMINATES

INDUSTRIAL LAMINATES

CHAIR SETS

For full information on any FORMICA product please write to :
Formica Limited, De La Rue House, 84-86 Regent Street, London, W.1.
*formtca is a registered trade mark

Tel : REGent 8020
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Group translating rack 
mounting 20 groups 

(less covers).

Channel rack mounting 
6 groups without signalling 
or 4 groups with in-buiit 
out-of-band signalling.

Rural Carrier Equipment
Voice Frequency Telegraph
Equipment

3-Circuit open wire line
Equipment

Channel Equipment
Group Translating 

Equipment
Super Group Translating 

Equipment

Transistorised Transmission Equipment 
includes
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SISTOR
Mul

• ent

Since me inproducfion of their transistorised voice frequency 
telegraph equipment in 1954. the S.EiCK has supplied high-grade 

transmission equipment incorporating more than 250,000 (ransistors.

fo' lurmn- rn/nrmallon on me 
tramiito’tinrd channel and 
iranlalina equipment o&Mf mdr 
for mtinUnrrf spectfltmlrnn SPO ’371

Compielely iransistonsed channel. group 
and supergroup equipments are in lull production at 

me Tolephona Works o! The General Electric Company Le.

SEDFULLY

Orders have been feceiwd Irom me British |
Post Office for over 500 groups (6000 circuit ends) I

o1 channel equipment as wall as a substantial ,
quantity 01 group translating equipment. 

The first of mesa equipments is already in service, 
In addition equipments have also been 

ordered by several Overseas Adniinlstrations.

The development 01 these new equipments In the result 
ol six years experience in the demon and operation 

of transistorised transmission equipments.

Everything for Telecommunications

THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND

TELEPHONE works . covfmv • ENGLAND

WORKS AT COVENTRY - MIDDLESBROUGH . LONDON - PORTSMOUTH

Smee’s C£C 61
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CORDLESS
SW

ITC
H

B
O

A
R

D
Hevv' 5TylE

Attractive appearance is an essential consideration 
when designing subscribers’ apparatus, but important, 
too, is small size. Both these objectives have been 
achieved in this lamp signalling switchboard, designed 
in conjunction with the B.P.O. to supersede! the 
existing indicator signalling 2 + 4 switchboard housed 
in a bulky, outmoded wooden cabinet.
Although totsiderably smaller than its predecessor, it 
provides two more extensions and has a total capacity 
for two exchange lines and six extensions.
Much of the reduction in size has been obtained by the 
adoption of a new 4-wim principle for local extensson 
lines. This has enabled certain additional facilities to 
be provided with fewer components, as for example, 
operator re-caH and secretarial ‘hold’.
A grey plastic drop-on cover, with a simple release 
action, provides easy access to all components con­
veniently arranged on a 3-section, hinged chassis of 
drawn steel. The key and lamp panel is tastefully 
finished in a durable coating of grey P.V.C. and the 
ivory coloured key handles am shaped and marked to 
facilitate operation.
Power for transmission and signaHing is normally 
derived from a mains driven unit.

ERICSSON TELEPHONES LTD 
ETELCO LTD

Head Office :-22 Lincoln’’ Inn Fields, London. W.G.2. Tel. HOLtan 6938
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Glazed Vitrified Cloy Conduits

<•

serve .. .
the West End well

Nine- and six-way 
conduuts being laid 
at the junction 
of Oxford Street. 
andPortman Street, 
London W.1.

Only glazed vitrified clay conduits can 
guarantee the degree ofprotection demanded 
by the authorities for the permanent 
security of our tele-communications.
The importance of using glazed vitrified clay 
conduits is widely accepted to-day, 
especially in our cities where the flow of 
traffic must, be disturbed to the minimum 
and where the heavy cost; of re-excavation 
must be avoided.
Experience has proved that there is no adequate 
subssttute for glazed vitrified clay conduits.

For information write to The Secretary

NATIONAL SALT' GLAZED PIPE MANUFACTURERS’ ASSOCIATION

Hanover Court, Hanover Square, LONDON, W.1.
Telephone MAY fair 0364.
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brigghon

CHICHHETER

A complete 600 channel 
[our lube repealer
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The latest'type’of small core coaciiU system is now being installed to 
provide a new 35-mile telecommunication link between Brighton and 
Chichester. It will provide the G.P.O. with an economic, high 

quality system for circuits between the two towns.
The buried type transistorised repeater- is of a completely new design 
developed by A.T.E. It is power-fed along the cable and contained in 
a hermetically sealed, pressurised nickel iron box, suitable for 

installation in footway boxes or underground chambers. For full 

details write for publication T.E.B 3202.

• Fully transistorised sy.stem of proved reliability
• Meets latest C.C.LT.T. recommendations
• Up to 300 channels per pair of tubes
• Compact power-fed repeaters
• In-built supervisory and maintenancefaciliies

A.T.E. Coaxial system type C3OOA
for use on small core coaxial cables

automatic telephone
8 ELECTRIC CO. LTD.,

Strowger House, Arundel Street, London, W.C.2 

Tale: TEMp/e Bar 9262.

AT 891 ”
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TUNGSTONE BATTERIES

are playing their part in the latest 
development in the Telephone System of this 
country, viz :-

TRUNK DIALLING SYSTEM

Tungstone Products Ltd. are privileged to have installed 
their Batteries in the majority of “Satellite” Exchanges in the 
first area selected by H.M. Possmaaser General for this 
great step forward in the history of the Telephone Service.

—J

TUNGSTONE BATTERIES
TUNGSTONE PRODUCTS LIMITED, IO SALISBURY SQUARE, LONDON, E.C.A

Works: MARKET HARBOROUGH, LEICS,
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IN REPEATERED SUBMARINE 
TELEPHONE CABLE SYSTEMS

Assembby of a supervisory unit for a Submerged Repeeaer

Submarine Cables Ltd., speccalise in complete submarine telephone cable systems—cable, submerged repeaters, 
cable laying and terminal equipment.
Submarine Cables Ltd. developed the new unarmoured (lightweight:) cable designed by the British Poss. Office 
and the Company’s factory at Greenwich is producing this type of cable for the first Commonwealth link 
(called CANTAT) between Scotland and Canada, to the order of the Canadian Overseas Telecommunication 
Corporation and Cable and Wireless Ltd. Their Repeater Division at Erith, Kent, is making the submerged 
repeaters for the cantat extension from Newfoundland up the St. Lawrence Riverr to the order of the Canadian 
Overseas Telecommunication Corporation.
Submarine Cables Ltd., backed by over a hundred years of experience, are in a position to give expert technical 
advice on any submarine-cable telecommunications problem.

SUBMARINE CABLES LIMITED
Ownedjointly by Associated Electrical Industries Ltd. and British Insulated Callender’s Cables Ltd.

HEAD office: Mercury House, Theobald’s Road, LondonWCi - Telephone: HOLbom 8711 • Telegrams: Telsiem, London 
works: Tricon Works, Greenwich: Ocean Works, Erith, Kent
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GENERAL

This map indicates 
the positions of TMC 
installations.

*

*

TECHNICAL
Channel spacings of 120, 170 or 240 c/s.

Speeds of 50-66 to 10(0-120 bauds.
24.18 or 12channels on one self-contained 
rackside.
Bothway and unidirectional versions.
Local loops for polar or neutral full and 
half duplex.
Compact. plug-n sub-units, units and 
panels give maximum flexibility.

Fully transistorized.

suitable bat -

# Plug-in units and panels make trans - 
port, installation and maintenance 
easxerv

# Great care has been taken to simplify 
the problem of installation. Racksides 

, may be mounted side-by-side back-to- 
I back or back to a wall, Cable entries
I are arranged for both overhead and 
' fioor-duct distribution.

4$ Can be energlzed from 
teries or a.c, mains.
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TMC

telegraph

equipment

TMC transistorized frequency modulated V.F. 
Telegraph Equipment; is an acknowledged 
contribution to the recent; advances made by 
the electronics industry in the field of 
telecommunications. In comparison with 
earlier designs, it effects considerable economies 
by using less space, reducing the power 
consumed and being simple to install as well as 
easy to maintain.
In Canada, and elsewhere, TMC V.F. Telegraph 
Equipment is widely used.You’ll find its general 
and technical features worthy of your attention.

TMC

SELLING AGENTS

Further informationfrom:

Telephone Manufacturing Company Limited
Transmission Division:
Cray Works, Sevenoaks Way, Orpington. Kent
Telephone: Orpington 26611

Australia and New Zealand :
Telephone Manufacturing Co. (A'sla) Pty. Ltd.. Sydney, New South Wales

Canada and U.S.A. :
Telephone Manufacturing Co. Ltd.. Toronto, Ontario



38

NEW VINKOR SERIES

A new series of Vinkor adjustable pot 
cores has been developed by Mullard for 
use in the frequency range 1OO kc/s to 
2Mc/s.Thisseriesisinadditiontothehighly 
successfui group already widely used for 
frequencies between 1 kc/s and 200 kc/s.

Mullard

The world’s most efficient pot core as - 
sembly, the Mullard Vinkor gives a choice 
of 8 permeabilities and has exceptionally 
high performance and stability. Write today 
for full details of the wide range of Vinkors 
now available.

ADJUSTABLE POT CORE ASSEMBLIES

MULLARD LTD,” COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.1.
MCI
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WESTINGHOUSE

FOR

ANG

GOTEBORG

MIDDLESBROUGH

To meet the requirements of d.c. power supplies 
for submerged repeaters Westinghouse have 
developed a range of equipments which employ a 
transductor regulator, controlled by means of a 
magnetic discriminator.
The complete equipment illustrated above, which was 
supplied for the Anglo-Swedish cable system, 
consists of a suite of six cubicles comprising three 
constant current; units, two control cubicles, power 
separation filter and cable terminating cubicle.
Completeindication, alarm,interlock and testfacilities 
are built into the equipment.
Other equipments are at present in the course of being 
supplied for the Transatlantic Cable System, 
H.M.T.S. Monarch, and the Bermuda Manahawkin 
Link.

For full details of Westinghouse rectifiers for telecommunications please write to Dept. P.O. 4/61, Recifier Division (Special Products)
WESTINGHOUSE BRAKE AND SIGNAL CO. LTD LONDON, N1.82 YORK WAY, KING’S CROSS

Terminus 6432
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SUBSCRIBER TRUNK DIALLING

METERS
Adopted for the new / 
scheme for the United , 
Kingdom and com - ;
mencing at BRISTOL., 
these counters are part 
of a British-made range 
available for telephone 
and other systems. The 
designs are based on exten- 
sive Continental experience.

THE STONEBRIDGE ELECTRICAL CO. LTD.
6 QUEEN ANNE'S GATE • LONDON S.W.1 Telephone : TRAfalgar 1444

CONTROLS H INSTRUMENTS

H^TONEBRlDGEW

Agents and Licensees in U.K. for 'SODECO' Geneva

?ublshed by The Poss office Electrical Engineers’ Journal. G.P.O.. 2-12 Gresham Street. London. E.C.2.
and prinned in Great Britain at The Baynard Press by Sanders Phillips and Co.. Lui.. Cbryssell Road, London, S.W.9



MARCONI 
microwave 
communication 
systems

World leaders in all travelling wave tube microwave systems

PLANNEDSURVEYED

HIGH PERFORMANCE Marconi microwave systems, with capacities 
from 60 to 960 channels and capable of carrying high quality tele­
vision, are designed to meet exacting international standards of 
performance with margins in hand.
EXTREME SIMPLICITY Travelling wave tube techniques ensure 
extremely simple circuitry and make full use of high gain and great 
band width available. A unidirectional repeater consists of only three 
traveling wave tube amplifiers and one frequency change osccllator 
with their power supplies.
GREAT RELIABILITY The use of travelling wave tubes in the 
repeaters has allowed considerable reduction in the number of valves 
and components used. Thus the likelihood of unexpected failure has 
been considerably reduced.
EASY MAINTENANCE The design of the units ensures easy access 
to all parts of the equipment and the extensive use of printed circuitry 
allows speedy and accurate replacement of precision circuits by 
technician staff, without realignment of the equipment.
EXTREME SAFETY A11 high voltages are fully interlocked.

The Post and Telegraph Authorities in more than 80 countries rely on

MARCONI
COMMUNICATIONS SYSTEMS

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED • CHELMSFORD ESSEX • ENGLAND
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STC
coaxial
cable for

STD
by Standard Telephones & Cables Limited for

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.

A 6-tube, type 375 Coaxial Cable incorporating- 

32 pairs 20 lb/mile conductors has been manufac­

tured and installed'between Bristol and Oxford

the British Post; Office. The cable, necessitated

by the introduction of the Subscriber Trunk

The new STC Telephone Cable Catalogue 

B/102 describes these and other cables and 
is available from:

ulia

Standard E’//phones and Cables L/m/red
Registered Office: Connaught House, Aldwych, London W.C.2

TELEPHONE CABLE DIVISION: NORTH WOOLWICH - LONDON E.I6
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