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A New Detection System for Television and V.H.F. 

Radio Receivers 

K. G. BURLING, A.M.I.E.E., A.M.Brit.I.R.E., and J. C. FENNINGt 
U.D.C. 621.396.677: 621.397.62 

Following the introduction of alternative television programs and 
the rapid increase in the number of television receivers in use, it 
has become increasingly difficult to detect unlicensed receivers with 
the existing detector cars. A new system of detection has been 

developed that overcomes the present difficulties. 

INTRODUCTION 

T
HE introduction of television broadcasting by the 
Independent Television Authority (LT.A.), coupled 
with the rapid increase in the number of television 

receivers in the British Isles, has made the detection of 
unlicensed receivers by the existing television detectors 
increasingly difficult. The present system,1 which was 
evolved before the LT.A. came into being, relies on 
detecting magnetic radiation from the line-deflexion 
circuits of the television receiver at the second harmonic 
of the line time-base frequency. The line scan frequencies 
of the British Broadcasting Corporation (B.B.C.) and 
LT.A. transmissions are not accurately synchronized, 
although each is nominally locked to the 50 c/s mains 
supply, and the second harmonics of these frequencies 
may differ instantaneously by several cycles per second. 
Thus, if two television receivers, one tuned to the B.B.C. 
and the other to the LT.A., are close together, the signal 
received by the detector will be the combined signal from 
the two time-bases, and the signal-strength meter will 
follow the amplitude of the combined signal, i.e. it will 
respond to the beat frequency. This prevents accurate 
location of the receivers and is the fundamental obstacle 
to improvement of the existing system. 

Further difficulties associat_ed with detecting radiation 
from the time-base circuits are the low field-strengths 
encountered, due to improvements in television-receiver 
design, and the high level of electrical interference 
occurring at very low frequencies, much of which is 
generated by the eleetrical circuits of the detector car 
itself and cannot be adequately suppressed. 

To overcome the difficulties described above a new 
system of detection has been developed. 

tMr. Burling is in the Home Countie3 Region; at the time this 
article \Vas \vritten he \Vas in the Inland Radio Planning and 
Provision Branch, E.·in·C.'s Office. Mr. Penning is also in this 
Branch. 

A 

METHODS OF DETECTION 

The two most powerful sources of radiation from a 
modern television receiver are the line time-base circuits 
and the frequency-changing oscillator. Radiation from 
the line time-base can be detected owing to the 
existence of a low-frequency magnetic-induction field. 
The system in current use for detecting this radiation, 
although straightforward in design, has the drawbacks 
mentioned earlier. The frequency-changing oscillator 
supplies the energy for a radio-frequency electromagnetic 
wave that can be radiated from the receiver chassis, the 
aerial feeder and the aerial. 

Detection of radiation due to the frequency-changing 
oscillator is more complicated than the detection of 
radiation from the line time-base owing to the variety of 
frequencies at which radiation occurs, the poor frequency­
stability of the frequency-changing oscillator and the 
fact that several receivers in close proximity can radiate 
signals with very little frequency separation. Techniques 
have been developed that take account of these factors, 
however, and the new system is based on detecting 
radiation caused by the frequency-changing oscillator. 
All television and v.h.f. broadcast receivers now made 
commercially are superheterodynes and the new system 
is therefore fully effective. 

Frequency Range of Oscillator Radiations 
Television receivers of modern design have a nominal 

vision intermediate frequency (i.f.) of 34·65 Mc/s, but 
older sets still in service use frequencies around 13 ·5 and 
16 Mc/s. 

Nearly all the oscillators of receivers with an i.f. of 
13·5 Mc/s operate at a lower frequency than that of the 
signal being received, and nearly all the oscillators of 
receivers with a 16 Mc/s i.f. operate at a higher frequency 
than that of the signal being received. In modern 
receivers having the standard i.f. of 34·65 Mc/s the 
oscillator frequency is invariably higher than that of the 
signal. V.H.F. sound broadcast receivers employ a 
10·7 Mc/s i.f., and the oscillator frequency may be above 
or below that of the signal being received. At least two 
television channels may be received in a given area on 
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most receivers having either 16 or 34·65 Mc/s i.f.s, and 
in fringe areas a particular program may be received on 
two or more channels. Oscillator radiations from 
television and v.h.f. sound receivers therefore cover a 
wide frequency spectrum, the range being approximately 
29-240 Mc/s. 

Receivers tuned to the same signal and having the 
same nominal i.f. do not radiate at precisely the same 
frequency. The frequency difference between adjacent 
receivers may vary from a few kilocycles to several 
megacycles, depending on the tuning adjustment of the 
receiver. Owing to oscillator temperature-drift and 
manual operation of the receiver tuning, the frequency 
of radiation is not constant, and generally a slow drift 
can be observed. The electrical coupling between the 
oscillator and aerial circuits in a receiver is small, and 
oscillator radiation is mainly caused by chassis currents 
in the turret tuner and receiver, the short electrical paths 
favouring the radiation of harmonics of oscillators 
operating on the lower frequencies. By detecting these 
harmonics, the frequency coverage needed in a detection 
system may be reduced considerably. 

Field Strengths of Oscillator Radiations 
The signal that has to be detected is an unwanted 

radiation from the receiver, and the radio industry is 
being urged to reduce such radiation in order to minimize 
interference. The radiation limits specified by the 
British Standards Institution2 at a distance of 3 metres are 
equivalent to field strengths at a minimum practical detec­
tion distance (10 metres) of approximately 20f' V /m in the 
bands used for television and v.h.f. sound broadcasting 
and 50 f' V /m outside these bands. The figures specified 
by the British Standards Institution set a limit to the 
maximum field strength that may occur in any direction 
on an open test site. The radiation from a receiver that 
complies with these recommendations may be consider­
ably lower than this in some directions and be further 
attenuated by the screening effect of a building. 

Aerial Pe1forn1ance Requiren1ents 

As well as covering a wide frequency band, oscillator 
radiations are of random polarization. Most direction­
finding aerials respond only to signals polarized in a 
single plane. Two difficulties arise when an aerial that 
responds to polarization in a single plane is used to 
locate the sources of signals of random polarization; 

(a) Since the aerial tends to reject signals polarized at 
right angles to its plane of maximum response, its 
sensitivity is low to such signals. Experiments have shown 
that this reduction in sensitivity, which is very large in 
free space, may still be as great as 26-30 db when 
reflections are present. Under these conditions, secondary 
signal pick-up becomes important. Any metallic compo­
nents of the aerial structure having appreciable dimen­
sions in the plane of polarization of the direct or reflected 
signal may re-radiate to the aerial elements and cause 
bearing errors. 

(b) Signals usually suffer some rotation of the plane of 
polarization on reflection, and a linearly polarized aerial 
may be more sensitive to a wave that has been rotated 
in this way than to the direct radiation. Thus, the 
reflected signal may appear to be stronger than that 
which arrives by the direct path, and a bearing error may 
result. 

These difficulties may be avoided by the use of an 
aerial that responds to signals of random polarization. 
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The ideal aerial would be circularly polarized, but 
negligible errors result from the use of an elliptically 
polarized aerial with a small axial ratio. Many aerials of 
this type exist, but to be effective in the required applica­
tion the aerial must also have a wide frequency band, 
good directivity and gain, small size, and freedom from 
beam splitting and tilting (i.e. the electrical and mechani­
cal axes of the aerial must bear a constant relationship 
to each other when the frequency and plane of polariza­
tion are varied). Such a specification leaves a very 
limited choice in the type of aerial that can be used for 
the detection system being described. 

PRINCIPLE OF OPERATION OF NEW EQUIPMENT 

The new equipment consists of a steerable v.h.f. 
broadband, elliptically-polarized, direction-finding aerial 
mounted on the roof of an estate car and feeding a 
sensitive and highly-stable panoramic receiver. Location 
of unlicensed receivers is achieved by taking bearings 
from different positions. Thus the room in the house 
in which the receiver is operating may be determined 
readily. This differs basically from the existing system, 
which can normally give only one bearing because 
the loop aerials used are not steerable. This has not 
been a serious handicap owing to the low sensitivity 
of the system, but signals may often be detected at 
several hundred yards range with the new system and a 
steerable aerial is therefore essential. 

In order to make maximum use of the directional 
properties of the aerial, a combined periscope and optical 
projector are mounted on the roof of the car and 
mechanically coupled:to the rotating aerial. 

The new system operates over a frequency range of 
110-250 Mc/s. By detecting harmonics of radiations 
from receivers tuned to bands I and II and the funda­
mental radiations from receivers tuned to band III, 
receivers tuned to any of the v.h.f. channels used for 
television and f.m. sound broadcasting can be located. 

DESCRIPTION OF NEW EQUIPMENT 
Aerial 

A number of types of aerial were investigated using 
scale-model techniques at u.h.f. The aerial finally 
adopted consists of a tilted dipole in a corner reflector 
(Fig. 1). End screens have been fitted to the reflector to 
eliminate beam tilt resulting from the presence of the 
vehicle roof. An optimum angle of tilt for the dipole was 
determined that gave elliptical polarization over a 2-i:l 
frequency range without serious degradation of directivity 
and gain. A useful frequency range from 110 Mc/s to 
over 250 Mc/s has been achieved, the lower frequency 
limit being set by the maximum permissible dimensions 
of the aerial. The gain of the aerial varies with frequency 
and plane of polarization, but it is approximately equal 
to that of a resonant dipole. The half-power beam width 
varies between 45° and 60° over most of the frequency 
range, but it increases to 90° at the lower end. The ratio 
of amplitudes of the main response to all other responses 
(front-to-back ratio) is generally greater than 20 db, but 
it falls at lower frequencies when the plane of polarization 
of the signal lies within certain narrow angles. 

With a good signal, a bearing accuracy of about 5° 
may normally be achieved and, even when the signal-to­
noise ratio is poor, the mean of several bearings will 
usually give this order of accuracy. Thus, location is 
normally within about 3t ft laterally at a detection 
distance of 40 ft. 



FIG: I-DETECTOR CAR AN[) AERIAL 

The aerial is constructed of anodized aluminium-alloy 
tubing and expanded and flattened sheet, the gauge, 
mesh dimensions and type of alloy being chosen to give 
minimum weight and wind resistance and maximum 
screening efficiency. The screen and dipole arc supported 
by a tubular centre spine and transverse tubes of epoxy­
resinated woven fibre glass giving great strength and a 
degree of shock resilience and eliminating electrically­
conducting materials from within the screen. Any 
component of the aerial may be readily removed for 
replacement in the event of damage, a welded structure 
being avoided for this reason. 

The assembly is mounted on a 2 in. diameter anodized 
aluminium-alloy mast tube carrying at its upper end a 
shrunk-on stainless-steel journal running in a self­
aligning nylon sleeve. These materials may be run dry, 
although a grease-groove is provided. The bearing 
arrangement allows for flexing of the car body and 
vertical displacement of the roof. A nylon cam mounted 
on the stainless-steel journal displaces a roller cam­
follower as the aerial rotates, and the linear displacement 
of the follower is transmitted by a steel shaft sliding in lead­
po lytetrafluorethylene-loaded sintered-bronze sleeves. 
This shaft rotates the optical system in a periscope that 
acts as a sighting device. All the bearing surfaces arc 
designed to operate without lubrication or maintenance 
for a considerable period. A large-diameter shallow ring, 
integral with the housing of the self-aligning bearing, 
transfers the wind load on the aerial to the car roof and 
eliminates the risk of the thin-steel roof shearing at the 
bolt holes. 

Water sealing at the point where the mast tube 
penetrates the car roof is achieved with a labyrinth of 
interleaved sharp-edged rings, spaced to avoid capillary 
action. Any water which is blown in by wind pressure is 
trapped in a nylon gutter and discharged on to the car 
roof. Thus the friction and capillary action associated 
with a stuffed gland arc avoided and the movement of 
the self-aligning bearing is not restricted. 

The lower end of the mast tube is supported by a 

self-aligning ball journal that carries 
the static load of the aerial and is 
mounted on a platform welded on to 
the propeller-shaft tunnel of the car 
at the point where it joins the rear seat 
box. The load is therefore carried 
by the strongest part of the car floor. 
Integral with the lower bearing is a 
rotating coaxial joint carrying the 
aerial feeder to a socket on the bearing 
housing. This joint permits contin­
uous rotation of the mast, and 
consists of a doubly-tapered coaxial 
line with mercury-wetted contacts on 
the inner and outer conductors at the 
point of largest diameter; the assembly 
is shown in Fig. 2. This method of 
construction was chosen because 

(i) it avoids variations in coupling 
when the joint is rotated, such as 
occur with inductive coup1ings in this 
frequency band, 

(ii) the coupling loss is insignificant, 
being immeasurable with ordinary 
measu1ing equipment, and there is no 
variation with frequency such as occurs 
with a practical capacitive coupling, 

(iii) the joint is free from the contact noise inevitable 
with metal-to-metal contacts employed at very low 
signal levels, 

FIG. 2-LOWER AERIAL·MAST DEARING AND COAXIAL COUPLING 

(iv) no contact wear occurs, and 
(v) it docs not restrict the self-aligning action of the 

lower bearing. 
It is interesting to note that severe contamination of 

the mercury due to amalgamation or to oil films has no 
measurable effect on the coupling because the self­
capacitance of the very thin contaminating films is 
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sufficiently high to provide a low-impedance path at the 
frequencies employed. 

The upper half of the coupling, which is carried by the 
mast tube, has a balance-to-unbalam;e transformer 
attached to it, and a screened balanced-twin feeder 
connects the transformer to the dipole. The degree of 
balance is sufficient to reject signals induced in the section 
of feeder passing up the fibre-glass tube. A rubber piston­
ring round the upper half of the coupling prevents moisture 
that has condensed in the mast entering the coupling, 
and a drain hole is provided in the mast. Glass-loaded 
polytetrafluorethylene sliding joints are employed to 
retain the mercury in the coupling, this material being 
chosen because of its low friction, low rate of wear and 
its chemical inertness. 

A 1 2  in. diameter steering wheel is mounted on the 
mast tube at a convenient height for the operator to 
rotate the aerial with his right hand. When the car is in 
motion the aerial rotates initially to the position of least 
wind resistance. The wind pressure then causes progres­
sive stiffening of the upper mast bearing, so that at 
speeds in excess of 30 mile/h it needs some force to 
rotate the aerial. The vehicle is, therefore, stable at 
speed and no clamp is provided for the aerial. 

The size of the aerial has been restricted so that the 
overall height of the vehicle (9 ft 9 in.) is less than that of 
commercial vehicles normally using tree-lined residential 
streets. In plan, the aerial at all angles of rotation 
remains within the outline of the vehicle. 

Panoramic Receiver 

In order to resolve the radiated signals, which may have 
a small frequency separation, a narrow i.f. bandwidth is 
necessary. The frequency stability of such signals is 
poor, and to avoid laborious searching with a narrow­
band receiver, panoramic presentation is employed. The 
receiver is a triple superheterodyne employing i.f.s of 
35 Mc/s, 30 Mc/s and 450 kc/s and having an overall 
bandwidth of 7 kc/s. Fig. 3 is a block schematic diagram 
of the receiver. The input stage is a modified 14-position 

1.F. AMPL. ATIENUATOR 
450ke/s!3-Ske/s (F INE) 

� 

14 FILTERS 
ll0-250Mcls 

osc. 
29·55 Meis 

FREQUENCY 
CHANGER 

450kels: 30 Meis 

television turret-tuner employing a low-noise cascode 
amplifier, frequency-changer and stable oscillator. A 
high-pass filter is employed in the aerial circuit to prevent 
i.f. break-through. The tuner, which has continuous 
frequency coverage from 110 to 250 Mc/s, is followed by a 
broadband i.f. amplifier having a centre frequency of 
35 Mc/s and an overall bandwidth of 8 Mc/s. A buffer 
stage separates the 35 Mc/s amplifier from the sweep 
oscillator. 

The frequency sweep is achieved by varying the current 
in an inductor magnetically-coupled to the frequency­
determining inductor in the oscillator circuit. This varies 
the reluctance of the ferrite core and alters the value of 
the tuning inductance. By this means a constant­
percentage frequency sweep is obtained when the centre 
frequency is varied over a 10 Mc/s range. The amplifier 
that supplies the biasing current is coupled to the hori­
zontal time-base of the cathode-ray tube (c.r.t.). The 
drive may be varied so that the frequency sweep may be 
reduced from a maximum of 8 Mc/s to zero. This 
enables the operator to select one signal from a number 
on the screen and expand it as required, filling the screen 
if necessary. By reducing the sweep to zero the operator 
may listen to the signal on headphones. Since the overall 
bandwidth of the receiver is 7 kc/s and the highest input 
frequency is 250 Mc/s, an extremely low residual 
frequency-modulation is necessary when zero sweep is 
required, and the h.t. and heater supplies to the f.m. 
drive amplifier are derived from an extremely stable 
source. 

The succeeding stages in the receiver are conventional, 
but extensive filtering and screening have been employed 
throughout the receiver to ensure the complete absence 
of internally-generated spurious signals and spurious 
responses to external signals of the field strengths 
normally encountered, over the entire sound broadcast 
and v.h.f. range. 

The detected signals are displayed on a 5 in. c.r.t. 
employing 3 kV e.h.t. The minimum input signal 
visible above the receiver noise is about 10 db below 

14 FILTERS 
110-250 Meis 

81-S TABLE 
TRIGGER 

135-285 Meis 

II 

SWEEP OSCILLATOR 
60- 70 Meis 

FIG. 3-BLOCK SCHEMATIC DIAGRAM OF PANORAMIC RECEIVER 
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I µV, giving the detector system an overall sensitivity in 
the region of I 1• V /m. The intensity of the trace on the 
c.r.t. is dependent on the number of times the electron 
beam follows the same path on the screen, a single sweep 
of the time-base producing a very weak trace. Impulsive 
interference, being of random frequency and amplitude, 
does not produce trace-brightening by repetition. and 
continuous-wave signals of low amplitude can be easily 
seen in the presence of high-amplitude impulsive noise. 
Thus it is possible to operate the detector in the presence 
of ignition noise at least 20 db greater than the wanted 
signal. 

Illuminated dials are provided on the receiver controls, 
which are grouped for ease of operation in the dark, and 
a rubber mask shields the c.r.t. from bright daylight and 
protects the operator from possible injury in the event of 
an accident to the vehicle. The receiver is mounted so 
that it can pivot on horizontal shafts projecting through 
clearance holes in the case at the centre of gravity. 
It is normally held at the desired angle by clutches that 
can be released by rotating external handwheels on 
either side of the case, but residual friction due to spring­
loading prevents damage due to rapid movement, and 
the range is restricted to about 30°. The handwheels also 
serve to secure the receiver on a tubular-steel stand that 
is mounted on ball-bearing slides to give fore and aft 
movement of the receiver. The slides may be locked in 
any desired position by a ratchet mechanism operated by 
a push-button on the stand. Fig. 4 shows the receiver 
mounted on its stand. 

FIG. 4-PANORAM!C' RECEIVER MOUNTED ON ITS STAND 

Periscope and Optical Projector 

fn order to utilize fully the directional properties of 
the aerial a sighting device is necessary. A simple 
sight attached to the aerial mast inside the car would be 
unsatisfactory because of the low roof height, the 
obstructions caused by roof pillars and the occupants' 
heads and the fact that the sight would rotate with the 
aerial, requiring the operator to follow suit. Also, such 
a device would be ineffective in poorly-lit streets. This 

problem has been solved by mounting a rotating peri­
scope through the roof of the car and coupling it 
mechanically with the aerial mast. Scanning periscopes 
of the submarine type are well known, but these suffer 
from the disadvantage that the viewer must rotate with 
the periscope. This rotation may be avoided by inter­
posing a Dove prism in the optical path and contra­
rotating it at half the speed of the viewing head. If a 
useful angle of view and long optical path are required 
this leads to a complicated and expensive optical and 
mechanical system, and an alternative system has been 
devised. 

The scanning element of the periscope is a "Prismor"3 
consisting of two right-angled prisms with their 
hypoteneuses cemented and silvered at the interface. 
The prism is rotated about a vertical axis parallel to the 
interface at half the speed of the aerial mast. The 
angular position of the viewer's line of sight remains 
constant as the prism scans, and the view is transferred 
to the operator by two mirrors and four achromatic 
lenses, all the optical elements being anti-reflection 
coated. A masking drum with a viewing aperture is 
rotated round the prism at the same speed as the aerial 
mast, to exclude extraneous light. The operator views a 
25° arc of the external scene with a vertical line super­
imposed, indicating the direction of propagation of the 
signal received by the aerial. The magnification of the 
periscope is slightly greater than unity. 

When the ambient-light intensity is too low for 
effective viewing, a stage carrying a 48-watt projection 
lamp may be rotated into the optical path by means of 
an external knob, the eyepiece being simultaneously 
masked. By means of a switch biased to the off position, 
the operator may momentarily project a very narrow 
beam of light on to the house in which the detected 
receiver is operating. Internal masking prevents the 
light beam being projected on the offside of the car. The 
principle of the optical system is illustrated in Fig. 5. 

PATH Of EXTREME RAYS 

ROTATING MASK 

, _ _,_ __ SEMl·REflECTIHG 

MIRROR 

EYE 

FIG. 5-PRINCIPLE OF OPTlCAL SYSTEM 

A fully-geared mechanism coupling the aerial mast to 
the periscope would use large-diameter gears, owing to 
the large diameter of the mast. These would be bulky and 
it would be difficult to reduce backlash without intro­
ducing excessive friction. However, since it is not possible 
to mount the periscope coaxially with the aerial mast, 
there is a blind spot on the offside of the car (a direction 
not normally used for detection). The cam drive, already 
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described in the aerial section, has therefore been 
employed, the return stroke of the cam taking place at 
the blind spot. The cam-follower imparts linear motion 
to a sliding rod carrying a brass rack. The rack engages 
with a molybdenum-disulphide-loaded nylon pinion, the 
first in a train of alternate brass and loaded-nylon gears 
driving the masking drum. The drive to the prism is 
direct from the first pinion, and the train is loaded by a 
clock spring on the second pinion, which eliminates 
backlash and ensures continuous contact between the 
cam and follower. Miniature ball-journals and lead­
polytetraAuorethylene-loaded sintered-bronze bearings 
are used throughout, and no lubrication or maintenance, 
apart from occasional replacement of the lamp, are 
necessary. 

Effective water-sealing of the periscope, which is 
shown in Fig. 6, has been achieved by avoiding an 

FIG. 6-PERJSCOl'E 

exposed rotating head, the rotating mechanism being 
enclosed in a frxed glass dome projecting through the 
roof of the car. 

Power Unit 

The power supplies are derived from the vehicle battery, 
and wide variations in supply voltage can occur in service. 
In order to keep the receiver oscillator drift and residual 
frequency modulation within acceptable limits it is 
necessary for the receiver h.t. supplies and some of the 
heater supplies to be stabilized, a minimum stability of 
l part in I ,OOO being required. Also, the efficiency of the 
power unit must be high because of the limited capacity 
of the vehicle battery and generator. These considerations 
preclude the use of a rotary converter or carbon-pile 
regulator, and, similarly, neither an electronic-valve 
series stabilizer nor shunt regulator is suitable. 

ln the power unit described below (Fig. 7), the very low 
voltage-drop between emitter and collector of a transistor 
in the current-saturated condition has been exploited, 
resulting in a regulator and voltage converter of very high 
efficiency. The high-voltage power supplies are generated 
by a push-pull self-oscillating tram;istor inverter, 
operating at a frequency of 475 c/s and employing a 
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saturated low-hysteresis transformer. The square-wave 
output from the transformer secondary windings is 
rectified by bridge-connected, silicon-junction rectifiers, 
and filters reduce the output ripple to a few millivolts. A 
third secondary winding, insulated to withstand a 
potential of 3 kV from earth, provides an isolated and 
stabilized a.c. heater supply for the c.r.t., which operates 
with a negative e.h.t. supply connected to the cathode. 

Owing to the minimum achievable voltage-drop across 
the control element being large, it is usual to employ a 
series stabilizer in the high-voltage output of an inverter. 
This voltage-drop is much reduced when a transistor is 
used as the control element, but a protective circuit is 
necessary to prevent a destructive voltage appearing 
across the transistor in the event of a momentarily 
short-circuited load. Furthermore, a separate regulator 
is required for each output from the converter, and an 
unrectified output cannot be stabilized. These difficulties 
have been avoided by inserting the voltage-control 
element in the input circuit of the regulator (Fig. 7) and 
a low-output impedance has been achieved by deriving 
the error signal for the fe�dback amplifier from the 
300-volt output. Close control is exercised over those 
outputs that are not included in the feedback loop because 
of the very low transformer secondary resistance and 
leakage reactance and the low-resistance ripple filters. 
The regulated input to the inverter also provides a 
stable heater supply for the turret tuner and modulation 
amplifier in the receiver. 

Currents up to 10 amp may be handled by the series­
regulator transistor, with a minimum voltage drop of 
I ·2 volts, and a shunt resistor with a large cooling 
surface reduces the power dissipated in the transistor to 
a maximum of 15 watts, although the maximum dissi­
pation of the regulator may reach 60 watts when the 
battery voltage is high. The minimum power loss in the 
loaded regulator when the battery voltage is low is 10·5 
watts. 

The silicon-transistor differential amplifier {long­
tailed pair) ensures a low temperature-drift and reduces 
the load on the reference diode by a factor of 40. The 
overall current-gain of the regulator amplifier at low 
frequencies is about 4} million, and a secondary internal 
negative-feedback path maintains stability by reducing 
the gain as the frequency increases. Owing to the high 
transfer impedance of the inverter, which is included in 
the external feedback loop, the regulator does not 
entirely remove the ripple in the output and an additional 
ripple filter has been used. 

The power unit can operate with an input voltage 
range of 11·2-I6· 5 volts and an ambient-temperature 
range of 0°-45°C, with a short-term stability of a few 
millivolts. The total power consumption of the receiver 
and power unit is about 130 watts. 

DETECTION VElllCLE 

The detection equipment is mounted in a modified 
Series 5 Morris Oxford Traveller, the panoramic 
receiver and power unit being in the position normally 
occupied by the nearside front passenger seat. The 
operator sits in the nearside rear seat and a Postal and 
Telegraph Officer occupies the offside rear seat. A 

shielded map-reading light is fitted to the rear of the 
driver's seat for the use of the postal officer. The driver's 
view is unobstructed by the equipment ex<;ept for the 
central mast tube and the periscope, which are visible 
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2. Saturated low-hysteresis transformer. 

FIG. 7-C!RCUIT OF POWER UNIT 

in the internal mirror. Wing mirrors are provided, the 
nearside mirror being adjusted to show the clearance 
between the aerial and roadside trees when the car is 
tilted by a steep road camber. 

A 3-phase, self-excited a.c. shunt generator, belt-driven 
by the engine and operating at a maximum speed of 
l l,000 rev/min, supplies a maximum output of 800 watts. 

The current in the rotating field-winding of the generator 
is controlled by a transistor-amplified vibrator-type 
regulator, and the stator output is rectified by bridge­
connected silicon-junction diodes and used to charge the 
vehicle batteries. The two series-connected 6-volt 
batteries of l l 0 ampere-hours capacity are enclosed 
behind the rear seat in sealed cases vented on the underside 
of the car. The detection equipment is normally operated 
with the vehicle stationary and the engine idling. Under 
these conditions the output of the generator is sufficient 
to balance the electrical load. 

A fully-screened and suppressed ignition system is 
fitted to the vehicle, and radio-interference suppressors 
have been fitted to the windscreen wipers, petrol pump, 
heater booster and clock. 

The standard fresh-air, heating and ventilating unit of 
2·75 kW capacity utilizes waste engine heat. 

Book Review 

"Solutions of Problems in Electrical Measurements". A. C. 
Shotton, B.Sc., A.M.I.E.E., A.M.Brit.I.R.E. Sir Isaac 
Pitman & Sons, Ltd. ix + 141 pp. 94 ill. l 5s. 

This book has been written to assist students of elementary 
electrical measurements. It provides detailed solutions to 
selected problems from past papers of various examining 
authorities, including The Institution of Electrical Engineers 
and The City and Guilds of London Institute. The problems 
are classified under six chapter headings covering units and 

CONCLUSION 

The equipment was designed by the Post Office 
Engineering Department and to speed the replacement of 
the previous system, all the panoramic receivers were 
produced by the Department. To reduce lost time due to 
maintenance, the individual units of the equipment are 
designed to be removed with a minimum of dismantling 
and exchanged with spare units. 

It is expected that the new detection equipment will 
avoid the difficulties experienced with the existing system 
and provide more accurate location of receivers, 
particularly in densely-populated areas. The greater 
sensitivity of the new equipment should also be useful 
in sparsely-populated areas, where a close approach 
to a house may cause an unlicensed receiver to be switched 
off before it is located. 
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dimensions, circuit theorems, bridges and potentiometers, 
permanent-magnet calculations, instruments, and electronic 
measurements. Following the solutions given in each chapter 
there are graded exercises together with their numerical 
answers. 

The standard aimed at by the author is that of the second 
year of an electrical engineering degree course, with addi­
tional material included to meet the requirements of the 
Higher National Certificate syllabus for electrical measure­
ments. 
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A Line-Construction Vehicle 

W. C. WARD, B.Sc.(Eng.), M.l.E.E.j" 
U. D.C. 629. 114.7 : 621.315.177 

A new type or utility vehicle e11uipped with hydraulically-operated 
mechanical aids is de�cribed. These aids include a derrick that 
can be rotated through :l60°, a pole-hole borer anil a heavy-duty 

winch. 

INTRODUCTION 

T
HE linc-constructi

.

on vehicle is essentially a utility 
vehicle for use by a general-purpose external 
working party. lt is equipped with a versatile 

power-operated derrick and a heavy-duty winch; a 

FIG. I-THE NEW LINE-CONSTllUCTION VEHICLE 

pole-hole borer may be permanently a ttachcd to the 
derrick if required. Units of this type have been in use in 
America for a number of years, but until recently all 
had derricks, operated either from the front or the rear 
of the vehicle, that were incapable of rotation. While such 
units can operate efficiently where there is space to 
manoeuvre, they would be severely handicapped under 
the conditions usual in the British Isles, where tele­
communications external plant is almost invariably at 
the roadside, and a large vehicle positioned acn;iss the 
highway could not be tolerated in most situations where 
it would have to work. 

Recently, corner-mounted rotating derricks have been 
developed in America, and these enable the derrick and 
pole-hole borer to operate over a large area with the 
vehicle parked at the kerb-side, and there appears to be 
good scope for the operation of such equipment in this 
country. A small number of similarly-equipped vehicles 
is therefore being obtained for trial. Their use should 
remove much of the heavy lifting and digging from 
external work and should increase output. The fact 
that ample power is available for all operations and that 

t External Plant and Protection Branch, E.-in-C.'s Office. 
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all loading and unloading can be carried out mechanically 
should ma tcrially red ucc accident risks. 

THE NEW VEHICLE 

A general view of one of the new vehicles is shown in 
Fig. I. The chassis is a 5j7-ton British Motor Corpora­
tion diesel unit (i.e. a nominal 5-ton chassis with 7-ton 
2-spccd rear axle). The drive from the rear of the engine 
is fed to a split-shaft power takc-oIT that enables full 
engine power to be used, if required, to drive hydraulic 

pumps for operating the mechanical 
accessories. This full-power take-off 
is in effect a mechanical switch that 
connects the drive either to the back 
axle for propulsion or to the hydraulic 
pumps for operating the mechanical 
aids; it is controlled electrically from 
a switch in the cab. When the power 
take-off is coupled to the hydraulic 
pumps, a brake is applied to the shaft 
that drives the vehicle rear axle, to 
take the place of engine braking. 

The tandem hydraulic pumps cir­
culate oil at 2,000 lb/in" and 45 
and 14 ·4 gallons/minute, respectively. 
Alternatively, if facilities for operating 
a pole-hole borer are not needed, 
a single pump can be used and a 
light-duty power take-off, known as 
an S.A.E. (Society of Automobile 
Engineers) power take-off, is fitted to 
the side of the gearbox. 

The body is of plated-steel con­
struction and of the open-well type, 
with cupboards and lockers on the 
outside; the open well in the body 

facilitates loading and unloading. The derrick and 
winch between them can be used to load and unload 
all heavy stores and tools. The side cupboards and 
lockers store the lighter tools, stores and clothing; they 
give good access without the necessity for climbing in­
side the vehicle, although they have the disadvantage 
that some are necessarily on the side of the vehicle 
exposed to traffic. 

The vehicle is intended for operation by two men, and 
the bodywork is not designed for conveying additional 
staff. The vehicles will probably be used in conjunction 
with 110-volt generating sets and a range of clcctrically­
opcratcd tools, and these, together with the other 
mechanical aids, should go far towards mechanizing 
the work of external working parties. 

Derrick 

The boom of the derrick is 17 ft 2 in. long from its 
centre of rotation, but it has an extending section called 
a "stinger" that extends the length to 23 ft. The derrick 
reaches from 31 ft above the ground to a maximum height 
of 33 ft. It has a head sheave over which the winch-line 
passes and it can lift 2,000 lb at 23 ft radius. It can be 
rotated continuously in either direction. 



of the derrick or can be used for a direct 
pull. The winch-line runs under a false 
floor in the vehicle body, so that it is 
not obstructed by any tools and stores 
carried in the vehicle. 

The winch is driven by a hydraulic 
motor and has a maximum pull of 
15,000 lb. It has a shaft extension, 
accessible through an aperture in the 
side of the vehicle body, to which can 
be attached a wire-recovery reel or a 
capstan that can, for example, be used 
for pulling cable. 

Stabilizers 

FIG. 2-0ERRICK AND PERSONNEL BUCKEf IN OPERATION 

Hydraulically-operated stabilizers are 
provided at the rear end of the vehicle 
to give the necessary stability when the 
derrick is in use. These comprise an 
outrigger on the corner of the vehicle 
where the derrick is fitted and a simple 
hydraulic jack on the opposite corner. 
The stabilizers can be seen in use in 
Fig. 3. 

A fibre-glass boom-extension and personnel bucket can 
be fitted to the derrick for lifting men aloft, e.g. for 
tree cutting, aerial-cable maintenance or work on decayed 
poles. If a personnel bucket is fitted, the hydraulic 
controls may be extended to the bucket if required, and 
under these conditions a hydraulic power supply is 
available on the bucket for operating tools. The whole of 
the bucket system is insulated to guard against accidents 
due to contact with power wires. Fig. 2 shows the derrick 
operating with the personnel bucket in use. 

The derrick can be used for a variety of operations, 
including loading and unloading the vehicle itself, 
loading and unloading poles on and from pole stacks and 
stores-carrying vehicles, setting or recovering poles, 
supporting decayed poles, lifting personnel and steering 
the pole-hole borer. 

When not in use, the boom exten-
sion is retracted and the derrick stows 
diagonally across the vehicle body. 

Pole-Hole Borer 

The pole-hole borer is driven by a 
hydraulic motorof approximatcly 35 h.p. 
It is suspended at its upper encl from 
the derrick and is strapped back to the 
derrick when not in use. Downward 
thrust is applied by the derrick operat­
ing under hydraulic pressure, and by 
control of the derrick position the angle 
of boring can be determined, e.g. when 
setting stay anchorages. The pole-hole 
borer is shown in Fig. 3. 

IV inch 

Auxiliary Functions 

At the rear of the vehicle a hydraulic power take-off 
is provided for operating auxiliaries such as an earth­
punncr or a 25-ton pole-pulling jack. 

Control Panel 

A control panel is fitted at the rear of the vehicle so 
that the operator has a clear view of all the functions. 
Controls are provided for extending and retracting the 
stinger, lif'ting and lowering the boom, rotating the 
derrick, operating the borer, and controlling tho stabili­
zers. hydraulic power take-off and governed engine speed. 
The last may be varied according to the power require­
ments of the operation being performed and is increased 
or reduced in steps by flicking a switch up or down. 

The heavy-duty winch is mounted 
immediately behind the cab and is fitted 
with a wire-rope winch-line 300 ft long 
that can be passed over the head sheave FIG. 3-l'OLE-HOLE BORER ANO VEHICLE STABILIZERS 
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Monitoring Station for Mobile-Radio Services 

L. T. ARMAN and E. J. M. PECKt 
U.D.C. 629.114.7: 621.396.72: 621.396.931 

A mobile monitoring station has been provided for observing 
the operation of v.h.f. mobile-radio services and to obtain a 
kno1,ledge of conditions in the field. This information is 
needed by the Post Office for frequency planning, guarding 
against contravention of the terms of the licences, and also in 
connexion with the technical development of equipment. A 
description of the mobile monitoring station is given together 

with its obj�ctives and general method of operation. 

INTRODUCTION 

T
HE use of mobile-rad,io services in the United 
Kingdom is described in another article in this 
Journal.• The Post Office licenses such services, 

assigns frequencies and exercises control over the tech­
nical standards of performance of the equipment used ; 
it has, therefore, considerable responsibility in this 
matter and in order to carry it out must have knowledge 
of condit:ons in the field. V.H.F. mobile-radio services 
have a comparatively short range and, as it would be 
out of the question to set up a number of fixed monitor­
ing stations, a mobile station has been 
provided for field monitoring. The 
unit is equipped at the moment 
mainly to deal with services operating 
in the v.h.f. bands, but additional pro-
vision against the development of ser­
vices in the u.h.f. band has been 
foreseen. 

It will have considerable value as a 
deterrent against wrongful and irregu­
lar use of mobile-radio services and 
will provide valuable information for 
frequency planning and general de­
velopment. 

FUNCTIONS OF THE MONITORING 

STATION 

The main functions and objectives 
of the monitoring station are as fol­
lows: 

(a) Observation of Mobile-Radio 
Services. Call signs are allocated to 
each station by the Post Office and it 
is a condition of the licences that these 
are used so that transmissions can 
readily be identified. Good opera­
tional discipline whereby the messages 
are kept brief and confined to the 
business of the user is necessary for 
efficient use of the channels. On the technical side the 
licences also impose standards of accuracy in the use of 
the assigned carrier frequencies. These points can only 
be checked by radio monitoring. 

(b) Information 011 Channel Traffic Density. This is 
required generally for stal'istical purposes and also to 
resolve problems that may arise in specific frequency 
assignments. 

t Inland Radio Planning and Provision Branch, E.-in-C.'s 
Office. 

*ARMAN, L. T., and PECK, E. J. M. Narrower-Freouency­
Band Channels for V.H.F. Land Mobile-Radio Services. 
P.0.E.E.J .. Vol. 55, p. 192, Oct. 1962. 
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(c) Investigations of Interference Problems. As far 
as possible, with relatively limited specialized equip­
ment at their disposal, cases of interierence are dealt 
with by Post Office Regional or Area stalls. Beyond 
this point the monitoring unit is brought into use. 

(d) Tests of Systems. Tests are made by the Post 
Office on current and on new mobile-radio systems to 
obtain general technical information. A particular 
instance was tr-ials of a 25 kc/s channel system set up 
specifically for the purpose of testing the practicability 
of 25 kc/s band-width channels for mobile-radio sys­
tems. 

(e) Radio Surveys. These are for various services 
operated by the Post Office, such as public correspond­
ence servicest including v.h.f. maritime services. The 
Post Office does not make surveys for private services. 

THE MONITORING VE!IICLE 

A general view of the vehicle is shown in Fig. l ; it 

FIG. I-THE MOBILE MONITORING STATION VEHICLE 

compri£es a Reading 26-seater coach-type body, modi­
fied for the purpose, on a B.M.C. 3-ton chassis. It is 
fitted internally with benches, the arrangement of which 
can be appreciated from Fig. 2. A water-cooled 
petrol-engine generator-set is fitted within the frame­
work of the vehicle on the nearside just behind the cab, 
access to it being obtained externally. This provides 
230 volts a.c. for the equipment and fluorescent lighting. 
To minimize running noise in the coach, acousr;c insu­
lation is provided and the set is fixed to the body v.ia 

�Public correspondence service-a communication service 
available to any member of the public. 



FIG. 2-THE INSfDE OF THE MOBllJE MONITOR.ING STATION 
VElllOLE 

rubber mountings. Because of the need to reduce 
vibration and noise to the minimum, and because the 
vehicle would often be used in residential areas for long 
periods, petrol engines, rather than diesel, are used for 
the vehicle and the generator-set. 

ELECTRONIC EQUIPMENT 
Frequency-Measuring Set 

The rack-mounted frequency-measur·ing set (visible 
in f·ig. 2) provjded in the vehicle has an accuracy of 
± 2 parts in l 08; it has a basic frequency standard of 
100 kc/s and uses frequency synthesis. Any frequency 
from zero to 600 Mc/s can be obtained at the output. 
For frequency measurements the s;gnal to be measured 
is normall� compared with the output of the measuring 
set by the heterodyne method on an aural basis, but the 
two signals can be displayed on the oscilloscope pro­
vided for this purpose. The accuracy of the measuring 
set is checked quarterly to within ±I part in I 08 against 
the a npropriate frequency derived from a l 00 kc/ s Es­
sen-ring oscillator. A receiver is also provided in the 
vehicle whereby the MSF* transmissions from Rugby on 
2·5 Mc/s or 5 Mc/s can be received and be used as a 
ready che::k of the measuring set at any time should the 
occasion arise, e.g. in case of a d1ispute. Due to propaga­
tion conditions the accuracy that can be obtained may 
be limited to±2 parts in 10', but this would normally be 
adequate. 
Radio Transmitters 

A transm;tter unit which can be tuned to any fre­
quency :n 1he 80 Mc/s and 160 Mc/s bands is provided, 

*MSF-the call sign of the transmitterused forthe standard­
frcquency service. 

the radio-frequency power output being about 7 watts. 
It includes a common modulator unit, but the frequency­
multiplying, driv0ing and power-amplifier stages are 
separate for each of the two bands. Oscillator stages 
are not incorporated ; instead, either the output of the 
frequency-measuring set, or a signal generator, is con­
nected to the transmitter ait the appropriate frequency. 
Only amplitude modulation is catered for at the 
moment, but the provision of frequency-modulation 
transmitters ·is being considered. 

Monitoring Receivers 
Receivers of a typical communication type are pro­

vided, tunable over the 80Mc/s and 160Mc/s bands 
and suitable for amplitude-modl!llation and frequency­
modulation. However, the increasing use of 25 kc/s 
channel services necessitates a higher degree of select­
ivity and more precise adjustment than is generally 
available on normal communication receivers; accord­
ingly consideration is being given to the use of conven­
tional 25 kc/s receivers, as employed on mobile-radio 
services, together with the frequency-measuring set, or a 
signal generator, in a manner complementary to the 
radio transmitters described earlier. Another asset of 
this type of receiver is its greater sensitivity compared 
with those at present provided. A tape recorder is also 
available for connexion to the receivers as required. 

Aerials 
Facilities are provided for mounti.ng three aerials, one 

on a retractable telescopic mast, wh!ch provides a maxi­
mum aerial height of about 35 ft above ground, and the 
other two on the roof of the vehicle. Two aerials in 
the latter position are visible ·in Fig. I ; the telescopic 
mast is raised through the roof via the block-shaped 
mounting near the front of the vehicle. 

Test Set 
Equipment for testing the ma·in characteristics of 

mobile-radio sets and systems is provided. This com­
pr:ses a varic;ble-frequency generator and a test set. The 
range of the former incorporates the frequency ran�es 
used by mobile-radio services in the v.h.f. and u.h.f. 
bands; it can be used on amplitude-modulat0ion and 
frequency-modulation equipment and has facilities for 
modulating the carrier wave with an audio tone of 
I kc/s. The test set includes a dcvia:t-ion meter, an r.f. 
power meter, an audio power meter and also d.c. meters 
for current and voltage measurements. 

Field-Strength Measuring Set 

The field-strength measuring set is the Post Office 
Interference Measuring Set R 12 used for general radio­
interff'r".nce work. It covers the range approximately of 
30-200 Mc/s and is normally used in conjunction with 
a portal-le telescopic dipole aerial the lenpth of which 
can readily be adjusted according to the frequency at 
which measurements are to be made. 

Auxiliary Power Supply 
As stated earlier there is a 3·7 kW generator driven 

by a petrol engine to supply power, add,itional to that 
obtained from the vehicle and generator-set engines. A 
24-volt battery is necessary for the starter winding of the 
generator set, but only 12 volts is needed for the ignition 
system, which comprises the starter solenoid, the engine 
fuel pump and water temperature and oil pressure 
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alarms. The generator is set to supply 230 volts at 
50 c/s; there is a manual regulator to control this volt­
age, and if need be the frequency can be adjusted or set 
to another value, e.g. 60 c/s, on the machlne. A standard 
electric running-hour meter is connected to the 230-voH 
output to record the total number of hours run by the 
petrol generator. The 230-volt supply is taken via a 
change-over switch to a distribution fuse box and from 
there fed to the electronic equipment, fluorescent lighting 
and, exceptionally, a heater for the coach. The load is 
ma·intained at a prescribed figure by the connexion of 
artificial loads according to the actual load at the time. 

It should be noted that the potential output of 3·75 

Book Reviews 

"Miniature and Microminiature Electronics." G. W. A. 
Dummer, M.B.E., M.l.E.E., Sen.Mem.l.R.E., and 
V. W. Granville, B.Sc., Ph.D. Sir Isaac Pitman & 
Sons, Ltd. ix+ 310 pp. 218 ill. 45s. 

This book by Mr. Dummer and Dr. Granville, both of 
the Royal Radar Establishment, is the first to be written 
specifically on miniature constructions for electronic cir­
cuits. The last three chapters (out of eight) comprise an 
introduction to the better-known forms of microminiaturiz­
ation of circuits. 

Chapters 1 and 2 deal with the construction and proper­
ties of about 50 different kinds of transistors, diodes, 
thyristors, photo diodes, field-effect transistors, etc. Chapter 
3 describes types of individual miniature and subminiature 
components for use in transistor circuits, and includes 
tables of specific types and values with manufacturers' 
names. Chapter 4 covers printed wiring and potted circuit 
techniques. Chapter 5 discusses miniaturization of elec­
tronic equipment in a general way. Chapters 6, 7 and 8 
deal with microcircuits (2-dimensional techniques), micro­
modules made by stacking individual components each i n  
the form of a thin ceramic wafer (about 0.3 in2 and 0.01 
in. thick) and solid circuits (molecular electronics) respec­
tively. 

The book is well written and contains a surorisingly 
large amount of information packed into its 300 pages, 
considering the range of topics covered. It is an excellent 
introduction to miniaturization and microminiaturi7ation 
of electronic equipments. A.A.N. 

"Electronic Equipment Reliability." G. W. A. Dummer, 
M.B.E., M.l.E.E., Sen.Mem.l.R.E., and N. Griffin, 
A.M.Brit.I.R.E. Sir Isaac Pitman & Sons Ltd. xi + 
274 pp. 86 ill. 45s. 

The results of Mr. Dummer's energy and hard work in 
the components field are well known in the form of his 
numerous books and publications. Mr. Griffin, also of 
the Royal Radar Establishment, has now joined him in 
a book on the reliability of electronic equipment. 

To quote the authors, "In the military sphere of activity 
reliability of electronic equipment is fast becoming a major 
problem, and is meriting a high order of priority." Com­
puters and automation of flight control of aircraft are also 
referred to, but there is little reference to telecommunica­
tion equipment where very high reliability coupled with 
very long life is required under much milder conditions 
than that of military equipment, particularly with regard 
to mechanical shock and vibration. Apart from this limit­
ation the book contains a vast amount of valuable infor­
mation. Two chapters deal with failure rates and faults 
in equipments and components. The next two cover the 
effect of environmental conditions and constructional tech­
niques respectively on reliability. Circuit reliability and 
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kW from the generator set allows a considerable margin 
for any additional demand that might arise in the fu ure; 
a contributory factor to having the lar�e reserve power 
was that there was no model available between l ·5 kW 
and 3·75 kW. A public supply of 230 volts a.c. may be 
used in&tead of the generator. The 24-volt battery is 
also used to heat the crystal oven in the frequency­
measuring set and provision is made for refresher 
charging of this battery when a mains supply is used. 
The 12-volt battery for the vehicle itself is used to supply 
power when necessary for equipment, such as mobile­
radio sets, which may be brought into service for 
special tests. 

preferred circuits occupy a chapter. The remaining chapters 
deal with "Testing for Reliability," "Designing for Maxi­
mum Reliability," "Human Engineering," "Reliability 
Prediction and Calculation," and "Reliability in the Future." 
Much of the information on design and calculation is 
applicable to telecommunication circumstances. 

There are a few typographical errors, e.g. on page 226 in 
Table 10.3 the number 105 occurs twice where it should 
really be 10\ and in the table on page 256 the speed of 
operation of magnetic metal film should be 10·2 µs. 

A.A.N. 

"Progress in Semiconductors-6." General Editor A. F. 
Gibson, B.Sc., Ph.D. Heywood & Co., Ltd. x + 334 
pp. 162 ill. 65s. 

This is the sixth of an annual series devoted primarily to 
the physics of semiconductor materials. Part of the great 
activity in this field since the birth of the transistor has been 
stimulated by the interaction between the physicist, the 
chemist, the semiconductor-device designer and the device 
technologist, and occasional papers on the physics of 
specific devices have accordingly been included in the 
series. In the present volume the 50 -page paper (by 
Jonscher) covering the physics of six types of semiconductor 
switching devices will be of special interest to readers of this 
Journal. The paper on plastic deformation in semi­
conductors (by Pearson and Vogel) likewise deals with 
experimental phenomena that can be described in terms of 
a now quite detailed model and theory. 

"Tellurium" (by Blakemore, Long, Nomura and 
Nussbaum) is a comprehensive review of the structural, 
mechanical, optical and semiconducting properties of the 
element in the solid form, but it is evident that, though 
much progress is reported in the paper, several basic 
properties, such as the band structure and the recombination 
mechanisms, have yet to be adequately described. Adams 
and Keyes discuss theoretically the effects of very strong 
magnetic fields on the resistivity and Hall effect of solids, 
and review the available experimental evidence for semi­
conductors and metals in the light of the theory. Van 
Wieringen examines the details of the inform:i.tion obtain­
able about the electronic and atomic structures of semi­
conductors by means of nuclear magnetic resonance, 
electron paramagnetic resonance and electron, or hole­
cyclotron, resonance experiments. 

Nikitine's two papers review the theory and the experi­
mental data for excitons (discrete mobile states of electronic 
excitation) in semiconductors and ionic compounds, with 
particularly detailed commentaries on recent results 
obtained by various workers. 

The writing in all the papers is lucid and the diagrams 
and plates are pertinent and, in general, clear (though some 
of the latter are a little dated). Apart from the first two 
papers noted above, the volume will appeal mainly to 
specialists in the narrower fields. 

F.F.R. 



Equipment for the Measurement of Some Characteristics of the 
Noise in Telephony and Television Channels 

D. TURNER, B.Sc.(Eng.), A.M.I.E.E.t 
U.D.C. 621.317.7: 621.391.822 

Recommendations han been made by the C.C.I.T.T. and 
C.C.I.R. for the measurement of some characteristics of 

the noise in telephony and television channels routed onr 
s.b.f., ra dio-relay links. Since the purpose is to obtain infor­
mation on the effect of varying propagation conditions on the 
incidence of noise as defined, the measurements are required 
to cover all seasons of the year, and automatic recording is 
necessary. The ci:aracteristics to be measured and the portable 
equipment designed to make these measurements are briefly 

discussed. 

INTRODUCTION 

T
HE C.C.l.T.T.* and C.C.l.R.t have each invited 
administrations to carry out a program of measure­
ments on s.h.f. radio-relay links to determine the 

amount of noise power present in the transmission chan­
nels and its variation with time due to changes in the 
propagation path. From this information an estimate 
can be made of the impairment likely to be suffered by 
the various forms of transmission using the link, and 
this, in turn, leads to formulation of the design objectives 
for the transmission system. The forms of transmission 
here are, of course, telephone speech and signalling, tele­
graphy and television. To cover all seasonal variations 
of the propagation path the period of measurement 
should last in effect for one year. 

Characteristics of noise arising in a radio link may be 
expressed ·in a variety of ways, However, some para­
meter of the noise can usually be chosen that has parti­
cular significance -in relation to the form of transmission 
being considered. The C.C.l.T.T. and C.C.I.R. have 
ascordingly recommended the use of the three .integrat­
ing times, 1 minute, 1 second and 5 milliseconds, in the 
equipment to be used for noise measurements. The 
alternative approach of using a single integrating time 
from which statistics could be deduced in terms of these 
durations would involve making measurements at such 
freo11Pnt intervals that data analysis would become im­
practicable. 

For telephone speech the period of interest is the 
duration of a telephone call, and this is taken to be 
about 3 minutes. However, at the time, this was con­
sidered to be an inconveniently long period for measure­
rr.ent, and an integrating time of 1 minute for the equip­
ment was finally recommended. These measurements 
of noise power were to be carried out, unweighted, in a 
3·] kc/s band, and recorded minute by minute. 

For television transmission the recommended integrat­
ing time for measurement was 1 second, this being con­
sir erl"d to be a significant interval in relation to the 
visual perception of the effect of noise on a television 
picture. Here, it was required to determine the length 
of tinie for which each of two noise powers was ex­
ceeded. 

Finally, it was recommended that telephone signalling 
and telegraphy should be considered together, and 
measurements made of two critical values of noise 

tPost Office Research Station. 
*International Telegraph and Telephone Consultative Com­

mittee. 
tinternational Radio Consultative Committee. 

power us�ng an integraiting time of 5 milliseconds. The 
period, 5 milliseconds, was here regarded to be signifi­
cant in relation to a telegraph signal clement of 20 milli­
seconds duration and at the same time it would enable 
an assessment to be made of impairment to telephone 
signalling. In this instance a record was required of 
toth the number of times and the length of time for 
which each of two noise powers was exceeded hour by 
hour. It has proved convenient, however, for the reasons 
given in a later section, to record at the shorter interval 
of 10 minutes. 

The equipment to be described has been designed in 
accordance with these recommendations and provides 
facilities for recording: 

(a) on a telephone channel 
(i) the mean power of the noise during each suc­

cessive minute, 
(ii) the number of times, in each successive 

period of 10 minutes, that the noise power, measured 
with an integrating time of 5 milliseconds and referred 
to a point of zero relative level, exceeds l05pW and 
106pW, and 

(iii) the aggregate time during each period of 10 
minutes for which the above values of noise power are 
exceeded, 
or (b) on a 405 -line television channel 

(i) the number of times, in each successive period 
of I 0 minutes, that the r.m.s. amplitude of the noise 
within the range of JO kc/s-3 Mc/s rises above the 
values corresponding to signal-to-noise ratios, as defined 
by the C.M.T.T.,§ of 50db, the noise being measured 
with the appropriate band-defining filters and weighting 
network, and with a time-constant of 1 second, and 

(ii) the agJ!re1rnte time, during each period of 10 
minutes, for which the above amplitudes are exceeded. 

From information ava1ilable it appeared unlikely that 
noise surges of appreciable duration would occur (as 
measured with a meter having a time-constant of a few 
seconds) that rose to much more than 20 db above the 
non-fading level, but it was desirable for the equipment 
to have the greatest possible dynamic range. A range 
of about 30 db has -in fact been achieved. 

A data-printing-control unit feeding a telepl'inter or 
a tape reperforator has been provided to present the 
results. 

DESCRIPTION OF THE EQUIPMENT 

A block schematic diagram of the equipment is shown 
in Fig. 1. For brevity, the parts of the equipment con­
cerned with integrating times of 1 minute. I second and 
5 milliseconds are referred to as the I-minute, I-second 
and 5 -millisecond channels, respectively. 

One-Minute Channel 
The value of the noise power, varying with time, is 

averaged over successive periods of 1 minute by means 
of a square-law circuit and an integrating motor whose 

§Joint C.C.I.R./C.C.I.T.T. committee. 

231 



I - SECOND CHANNEL 

INPU T 
FROM 

TELEVISION 
CHANNEL 

' 
L--.1-----Q\ ' 

LEVEL \ 
DISCRIMINATORS \ \ 

I \ 

I ' 
I \ 

INPUT 
FROM 

TELE P HONY 
CHANNEL 

60dbAUDIO 0-60db 
AftPLIFIER ATTENUATOR I - MINUTE CHANNEL 

AMPLIFIER 
AHO 

RECTIFIER 

'----SPARE CHANNEL 

SOUARE­
LAW 

CIRCUIT 

IN TEGRATING 
MOTOR· DRIVE 

AHO 
TRANSDUCER 

CIRCUITS 

I-MINUTE 
MEAN POWER 
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shaft angular-displacement is recorded by a counter and 
printing-control unit. 

The square-law circuit is preceded by a 3-stage tran­
sistor amplifier with about 30 db emitter-emitter feed­
back and an output collector load consisting of a full­
wave rectifier circuit; this ensures an adequate unipolar 
vollage to drive the unbalanced square-law circuit. 
Provision is made for gain adjustment of the amplifier 
by the inclusion of a 600-ohm balanced attenuator in 
the amplifier input. 

The square-law circuit is required: 
(a) to produce an output voltage proportional to the 

square of the input noise voltage, 
(b) to have an input dynamic range of 30--40 db, 
(c) to produce a maximum output voltage of 30-40 

volts in 5,000 ohms, 
(d) to be physically unaffected by overloading, and 
(e) to be stable with temperature and power-supply 

variations. 
A circuit fulfilling these requirements has been developed 
using silicon-junction diodes and a single thermionic 
valve. 

The integrating motor is a permanent-magnet d.c. 
motor of low inertia, in which friction, iron losses and 
brush-contact voltage-drop are small, so that the shaft 
angular-velocity is proportional to the applied voltage. 
However, since the apparent resi5tance at the integrat­
ing-motor terminals varies with terminal voltage, a zero­
impedance driving source is required to realize a wide 
linear range. The high-voltage output of the square-law 
circuit made it practicable to use a thermionic-valve d.c. 
amplifier to drive the integrating motor without undue 
difficulty from zero drift. Moreover, it was found 
possible, by the introduction of a bias voltage at the 
input to the integrating motor, to compensate for the 
error arisfog at low inputs, both from the inertia of the 
motor (even with a zero.,jmpedance source) and from 
the low but finite impedance of the source. As shown 
in Fig. 2, the final arrangement comprises a differential 
d.c. amolifier with the integrating motor connected in 
the cathode circuit; this provides a ready means of 
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applying the bias voltage and reduces the effect of drift 
in the valves. 
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FIG. 2-INTEGRATING-MOTOR DRIVE CIRCUIT 

To reduce the loading of the motor shaft to a mini­
mum and thereby extend further the linear range, the 
mechanical register supplied with the motor was 
removed and an optical system sensing the shaft rotation 
was pro'w'ided. The shaft has been fitted with a cylinder 
having alternate quarters of its periphery black and 
white. The cylinder surface is illuminated by a 6-4-vo1t 
lamp and lens system. Reflected light illuminate> two 
photo-transistors in anti-phase, and these are followed 
by a bi-stable trigger circuit that gives a rectangular 
pulsed output whose amplitude is independent of the 
shaft angular-velocity. The balanced input makes the 
circuit substantially independent of changes in tempera­
ture, supply voltage and ambient l;ghting conditions. 

A curve showing the relationship between the input 
to the audio amplifier and the output from the shaft 
transducer circuit, in terms of shaft revolutions per 
minute, is shown in Fig. 3. 

To enable adjustments of the square-law circuit and 
motor bias to be made, a 1 kc/s test oscillator, with a 
fixed output of -45 dbm in 600 ohms, and a centre-zero 
ammeter have been incorporated. 

Five-Millisecond Channel 

The noise levels to be measured here, after integra­
tion, are 30--40 db higher than those existing for most 
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of the time on the I -minute channel. Less gain is there­
fore needed in this channel, and the amplifier is a tran­
sistor amplifier of two stages only, with about 30 db 
emitter-base feedback. The square-law circuit is identi­
cal to that described for the I -minute channel. A margin 
of 10 db has been fixed between a level at the .input to 
the channel corresponding to - 30 dbmO* and a point 
at which non-linearity becomes apparent on the curve 
relating the input to the 5-millisecond channel and the 
output from the square-law circuit. 

A network that produces an output voltage propor­
tional to the input voltage integrated over the preceding 
5 milliseconds is shown in Fig. 4 (a). The circuit may 
be real·ized in parallel or series form, but the latter, 
proving for this application easier to make and adjust, 
has been adopted. The response of the network to a 
rectangular pulse of 50 microseconds duration is given 
in Fig. 4 (b). 

The d.c. amp1ifier follows conventional practice. Two 
level-discriminators are driven from a common cathode­
coupled double-triode amplifier. Each discriminator 
consists of two pentodes connected as a Schmitt trigger. t 
The trigger circuits are adjusted so that one responds 
to an input signal equal to or exceeding a level corre­
sponding to -40 dbmO and the other responds similarly 
to - 30 dbmO. Two outputs are provided from each 
trigger. One, a rectangular pulse, opens a gate in the 
counter and printing-control unit to a 10 kc/s clock-

*db mO---decibels relative to !mW when measured at, or 
referred to, a point of zero relative level (usually the 2-wire 
point of t lie circuit). 

tSchmitt trigger-an asymmetrical bi-stable circuit that has a 
trigger action in one direction when the input exceeds a refer­
ence level and in the opoo�ite direction when the input level 
returns to the reference level. 
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pulse supply for the duration of the noise surge. The 
other, derived by differentiating the rectangular pulse, 
provides a pulse each time the input signal passes 
through the critical level. The circuit of the Dekatron 
counter to which this output is connected is arranged to 
respond only to those pulses corresponding to positive­
going passes of the in rut signal through the critical level. 

It has been necessary to consider the question of 
"backlash" in the discriminators, i.e. the difference be­
tween the levels at which these operate and reset. If 
there were zero backlash, noise fluctuating, however 
slightly, about the critical level would result in repeated 
operations each contributing to the count. This state of 
affairs, while in accordance with the letter of the 
C.C.I.T.T. recommendations, is assumed not to repre­
sent their intention, which is presumably to record the 
number of discrete noise surges. For this reason, it 
seems desirable to have backlash of a few decibels. 

Moreover, although the noise under observation will 
usually have the nature of white noise with a varying 
envelope, quasi-sinusoidal noise may sometimes be en­
countered. In this event, the output of the square-law 
circuit will comprise a d.c. component and a sinusoidal 
component, and at the critical level the latter will cause 
repeated operation of the discriminator. Fig 4 (c) shows 
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the loss/frequency characteristic of the integrating net­
work, which has minima at odd multiples of l OO c/s, 
decreasing with decrease of frequency. Bearing in mind 
that the channels on which the noise-measuring appara­
tus will be used will have a low-frequency cut-off, the 
effect under discussion is most likely to be evident with 
sinusoidal noise at 250 c/s, producing a sinusoidal com­
ponent at 500 c/ s at the output of the square-law circuit. 
It can be shown that at this frequency a backlash of 2 db 
is requiircd to prevent repeated operation on sfousoidal 
noise at the critical level. 

Having regard to both the above considerations, a 
backlash of 2 db has been adopted. 

A test oscillator associated with the 5-millisecond 
equipment provides an output at 1 kc/s, modulated at 
50 c/s, for connexion to the input of the 5-millisecond 
channel at either of two levels corresponding to 
- 40 dbmO or - 30 dbmO. 

After passing through the square-law and integrating 
circuits the appropriate unidirectional signal, varying in 
amplitude by a predetermined amount at 50 c/ s, is 
fed to either discriminator. With this variation in 
amplitude made just greater than the "backlash" of the 
discriminator, the discriminator operates at 50 c/ s, 
enabling the correct operation of the counter to be 
checked. 

One-Second Channel 

s:nce the counter and printing-control unit cannot be 
used simultaneously for measurements on both tele­
phony and television channels, only a single pair of 
level-discriminators would strictly be necessary. How­
ever, the equipment for the I-second channel was 
designed after the construction of the equipment des­
cribed in the earlier sections had been substantially com­
pleted. It was then convenient to make the I-second 
channel self-contained, and additional discriminators 
have therefore been provided. The opportunity was 
taken at the same time to develop discriminators using 
transistors. 

Designs for a low-pass filter and a weighting network 
suitable for measurements on a 405-line system have 
been recommended by the C.M.T.T. Filter and weighting 
networks to these designs are incorporated. In addition, 
the C.M.T. T. recommend a low-frequency cut-off at 
10 kc/s to suppress hum and microphonic noise, and a 
high-pass filter with a suitable performance has been 
included. 

FIG. 5--0NE-SECOND-CHANNEL AMPLIFIER 
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The amplifier circuit is shown in Fig. 5. The first 
section has two transistor stages with emitter-base loop 
feedback. The voltage gain of this seotion is reduced 
23 db by the loop feedback. The output section has a 
single transistor, base-fed from the high-impedance out­
put of the first section and with collector-base feedback 
reducing the voltage gafo by 20 db. The amplitude/ 
frequency response of the amplifier is sensibly flat from 
10 kc/s--4 Mc/s. Overload, defined as the point at which 
the gain has fallen 1 db, occurs with an input signal of 
-20 dbm. 

It was not found possible, over the bandwidth of this 
channel (10 kc/s-3 Mc/s), to obtain the square-law 
relationship required between the noise power and the 
vol<tage to be integrated using circuits based on the same 
principles as described for the I-minute and 5-millisecond 
channels. For this channel use has been made of the 
input-power/ output-voltage relationship of a thermo­
couple; at the same time, by a suitable choice of 
couple, the required time-constant of 1 second has 
been incorporated. Since the relatively low-voltage out­
put from a thermocouple restricts the amount of drift 
that can be tolerated in the following d.c. amplifier, the 
output voltage has been increased by using four thermo­
couples in the collector load of the amplifier output 
stage. Any advantage to be gained by increasing the 
number of thermocouples further was balanced against 
the need to maintain the gain/frequency response 
of the amplifier. To protect the thermocouples from 
accidental overload, their heaters are connected in series, 
while the overload point of the amplifier has been 
arranged to restrict the maximum output current into 
the heaters to the permitted 50 mA, r.m.s. 

The amount of drift that can be tolerated from the d.c. 
amplifier is dependent on the voltage output from the 
thermocouples corresponding to the lower of the two 
noise levels of interest, and the accuracy with which this 
noise level needs to be determined. The output voltages 
from the thermocouples corresponding to these noise 
levels are 2 mV and 12·6 mV, after allowing a margin 
between the overload point of the amplifier and the 
higher voltage. The amount of drift that can be tolerarted 
in the d.c. amplifier js therefore determined by the low­
level input of 2 m V and the accuracy required at the 
discriminating level. If this is fixed at 0·5 db, then the 
drift should not exceed 10 per cent, i.e. 200µ V. 

A diagram of the d.c. amplifier is given in Fig. 6. The 
amplifier consists of two long-tailed pairs in cascade. 
Common-mode drift is largely corrected by a loop-feed­
back connexion from the common-emitter resistor of 
the output pair to the base connexions of the input 
pair ; this however, leaves the differential drift un .. 
affected. Each transistor of the output pair has local 
feedback which, by reducing the difference between the 
base--emitter voltageJ collector-current characteristic of 
the pairs of transistors, contributes to a reduction in 
differential drift and, in addition, stabilizes the signal 
gaiin. However, it has proved necessary to introduce 
temperature control of the transistors in the d.c. ampli­
fier to bring the drift within the limits given. This has 
been done by enclosing the transistors of the d.c. ampli­
fier in an aluminium cylinder together with a tempera­
ture-sensing transistor that drives the control circuit. 

The control circuit consists of a transistor d.c. ampli­
fier, the collector load of the output stage of which il'I 
formed by a heating element surrounding the aluminium 
cylinder. The oven temperature .is controlled to about 
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50°C, and for changes from ambient temperatures up 
to 50°C the voltage drift referred to the input is not 
greater than 200 microvolts. The voltage gain of the 
d.c. amplifier in the signal path is 500 times from the 
input to the low-level open-circuited output. 

Two discriminators are provided and are adjusted to 
respond to two noise levels differing by 8 db. A diagram 
of the high-level discriminator is given in Fig. 7. The 
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FIG. 7--HJGH-LEVEL DISCRIMINATOR FOR !-SECOND CHANNEL 

first two stages of each discriminator form a bi-stable 
tr'gger circuit, and a pulse lasting for the duration of 
the surge of noise power in excess of the critical level 
api:ears at the collector of the second stage, giving an 
output to hold open the appropriate gate in the counter. 
Tre third stage, a pulse inverter, is coupled by a dmeren­
tiating circuit to an amplifying final stage giving an out­
put to th counter for the count of the number of 
occurrences cf noise above the critical level. The differ­
ence in operating levels for the two discriminators is such 
that in order to operate the transistors of each in their 
optimum condition the two inputs are fed with signal 
changes of opposite sense from the preceding d.c. ampli­
fier. As a result the high-level and low-level input stages 
have n-p-n and p-n-p transistors, respectively. 

Counter and Printing-Control Unit 
A block schematic d;agram illustratiing the functioning 

of the counter and printing-control unit is given in Fig. 
8. Since the basic circuits used, i.e. the circuits of gates, 

triggers, distributors and the like, are well known in 
electronic switching, no descriptions of these are given. 

I-MINUTE PULSE 

OEKATROH 
ARRAYS 

FIG. 8-BLOCK SCHEMATIC DIAGRAM OF COUNTER AND PRINTING· 
CONTROL UNIT 

The unit has the following functions: 
(a) It accepts a pulsed output from the shaft trans­

ducer circuit, counts the number of pulses occurring in 
e

_
ach minute and prints this number, which is propor­

t10nal to the 1-mmute mean value of the noise power 
minute intervals on a Teleprinter 7B. 

(b) Over successive periods of 10 minutes it accepts 
the output from a level-discriminator that ·is set up to 
operate when a noise level corresponding to one of two 
critical vah..:es is exceeded, and 

(i) counts the number of pulses correspondina to 
the numcer of times the set level is exceeded, 

"' 

(ii) measures the duration of each pulse, adds 
these durations, and 

(iii) records the answers from (i) and (ii) at 10-
minute intervals on a Teleprinter No. 7B. 

(c) As for (b), but for a noise level corresponding to 
the other critical value. 

The measurement of duration is converted to a count­
ing process by causing the operation of each discrimina­
tor to "gate" a 10 kc/s pulse train feeding a counter. 

The two channels provided for the purposes given in 
(b) and (c) above are identical and are referred to as 
Channel 1 and Channel 2. When used as part of the 
complete noise-measuring equipment Channel 1 and 
Channel 2 record information for the lower and higher 
levels, respectively. 

The counter and printing-control unit as normally in­
tended to carry out all of the functions enumerated in 
(a), (b) and (c). However, by operation of a switch, 
choice is given of (a) only, i.e. printiing at l-mim1te inter­
vals the numbers proportional to the 1-minnte mean 
noise power, or of (b) and (c), i.e. printing at JO-minute 
intervals the numbers relating to dmation and count. 
In this last instance the I-minute number is also printed, 
but this mav be disregarded. The unit thus requires 
five arrays of Del<-atrons to carrv out the recrnirecl count­
ing functions. The number of Dekatrons in each array 
is determined bv the expected maximum count. 

For the I-minute mean noise-power measurements, 
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the maximum recommended shalt speed for the inte­
grating motor is 4,000 rev/ min. and since the shaft trans­
ducer circuit produces two pulses per revolution, the 
maximum count should not exceed 8,000. However, it 
is of interest to examine the dynamic characteristic 
somewha·t beyond this figure and a 5-digit counter has 
been provided. 

It was remarked in the introduction that the C.C.I.T.T. 
has recommended that measurements with an integrating 
time of 5 milliseconds should be recorded at hourly 
intervals. With a timing frequency of 10 kc/s a maxi­
mum capacity of eight digits for ithe duration counter is 
indicated. This has been reduced to seven digits by 
arranging the printing to occur every I 0 minutes, with 
the added advantage that the distribution of noise is more 
finely determined. A reduction of the timed period to 
less than 10 minutes would make the printing time 
exceed one per cent of the timed period. 

The expected maximum count of events was deter­
mined by counting the pulsed output from the level 
discriminators with a commercial counter when a "white 
noise" generator was connected to the equipment input 
at differing input levels. The maximum count so deter­
mined showed that a 5-digit counter would be suitable 
for the I 0-m.inute counting period. 

Of the five counters it is required to read and print 
the number recorded on one counter at l-minute inter­
vals and the numbers on the other four counters at 
I 0-minute �ntervals. 

The sequence of events resulting in the printing of the 
numbers counted is initiated by a pulse at I-minute 
intervals from a contact operated by a synchronous 
motor, while the timing of all events within the equip­
ment is determined by a I kc/s multivibra<tor. 

Referring to Fig. 8, DI, D2 and 03 are distributors 
with the following functions. Distributor D2, stepped 
under the control of distributor DI, ofTers to the I kc/s 
source each Dekatron in the I-minute array in turn and 
causes the digit recorded to be transferred to the selector 
tube. Tlie selector tube then primes the diode matrix 
se that the digit is established in 5-unit-code form by 
t·he relative states of the code-transfer gates. Distributor 
DI, in its next cycle of operation and before the next 
step of D2, transfers the coded digit to the teleprinter 
for printing. At the end of the tenth minute, numbers 
relating to the noise powers measured in each minute of 
the preceding 10 minutes will have been printed. 

After the I-minute mean-power array has been 
restored to acquire more data, distributor 03 ofTers the 
remaining four arrays of digits in turn to distnibutors 
DI and 02 for coding and printing. The time taken for 
distributor 02 to complete one cycle of operation is 
1 ·92 seconds, during which time the measurement of 
the "I-minute" mean noise power is interrupted. The 
period of observation strictly speak;ing is therefore 
58·08 seconds. For a similar reason the "10-rninute" 
observation period is properly a period of 592·32 
seconds. 

FIELD EXPERIENCE 

The equipment described (Fig. 9) and an earlier ver­
sion have each been used for an extensive series of 
measurements on the Carlisle-Belfast and Thrumster­
Wideford Hill radio links, respectively. The results have 
been reported to the C.C.I.T.T. 

Where large amounts of data are required to be col­
lected for s�1bsequent statistical analysis, the possibility 
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of using a punched-tape form of record for subsequent 
programming and computer analysis has to be con­
sidered. The equipment designed can provide equally 
this form of record or a printed record, but so far the 
latter has been preferred for the following reasons. 

The value of punched-tape recording depends largely 
upon the relevance of the ingoing data to the experiment 
in hand. If, as already experienced, large amounts of 
data are inadmissible, havmg arisen from causes not 
under �nvestigation, there is the risk that results finally 
obtained are not so much wrong, which may be detected, 
but rllisleading. 

The object of the measurements, carried out so far, 
has been to record the efTect of fading on the naise 
measured in a channel, and it is essential that effects 
from other causes be excluded. Experience has em­
phasized the difficulty of obtaining long recordings free 
from such other disturbances. For instance, the sudden 
appearance of pulses at t-minute intervals on ·the nor­
mal telephony channel of one link has been noted at a 
level sufficient to record at the I o�pw level ·in the 5-
millisecond channel. These disturbances have persisted 
for some weeks. 

The 5-millisecond channel, having such a short inte­
grating time, is very susceptible to impulsive interference 
and particular care is necessary therefore in interpreting 
the results from this channel. 

Thus a ready means of visual inspection of the record 
which permits editing before processing seems essential 
for this application at present, and in addition has the 
merit that it permits the rapid calibration and adjust­
ment of the equipment. 



The Group Reference-Pilot Signal 

R. W. NAULLSt 
U.D.C. 621.317.341 :621.395.44 

The group reference-pilot signal is provided as an aid to 
maintaining 12-channel groups in the h.f. network. By its use, 
a uniformly high grade of service can be maintained without 
taking channels out of use for the purpose of applying test 

signals. 

INTRODUCTION 

L
INKS in the high-frequency carrier and coaxial net­
work used for trunk circuits are subject to small 
changes in transmission level due to a variety of 

causes. Level variations can be caused by changes of 
power-supply voltage or carrier-frequency level and by 
necessary adjustments made to the link by maintenance 
staff. The adjustments that particularly affect the link 
are those to amplifiers and to equalizers. It is usual, 
except on very short links, for the line equipment to be 
fitted with adjustable equalizers to compensate for 
changes in transmission loss caused by changes in cable 
temperature. Although on modern line systems this 
adjustment is done automatically and is continuously 
variable, the majority of the line systems in the Post 
Office high-frequency network have temperature equal­
izers that are adjusted as required. On these systems, 
since the equalization is altered in discrete steps, the 
level of received signal is likely to change suddenly by, 
say, 0·5 db each time the equalization is changed. Such 
changes are not serious taken alone, but for long-distance 
carrier groups, which may be routed over several line 
links in tandem, the cumulative effect of the small 
changes is to cause the transmission level to vary by 
several decibels without there being a fault condition 
present. 

The purpose of the group reference-pilot signal 
is twofold. Firstly, it provides a maintenance aid by 
means of which the transmission loss of a group may 
be kept within close limits. The pilot signal is applied 
to the 12-channel group at its formation, i.e. on 
the channel translating equipment, and is then treated 
as an integral part of the group until final demodulation 
into 12 audio-frequency channels. The pilot signal 
is thus peculiar to the 12-channel group and is inde­
pendent of the line systems over which the group may 
pass. Measurement of the level of the pilot signal 
on the group distribution frame at the receiving end of 
the group will enable the transmission loss at the pilot 
frequency to be readjusted manually to within o·s db of 
the original setting-up figure without the necessity of 
seeking co-operation from other repeater stations. 
Secondly, it provides a signal of known level for fault­
location purposes without requiring a channel to be taken 
out of service. This is particularly useful when locating 
intermittent faults by monitoring a signal over an ex­
tended period of time. 

GROUP REFERENCE-PILOT SIGNAL 

Pilot-Signal Frequency 
The ideal frequency for a group reference pilot is in 

the middle of the group frequency spectrum, i.e. 84 kc/s. 

tMain Lines Development and Maintenance Branch" 
E.-in-C.'s Office. 

This is the frequency used for setting up the group 
initially, and a frequency at this point is affected less 
than a frequency at either the upper or lower end of the 
frequency band by any change that may occur in the 
gain/frequency characteristic. This frequency, however, 
suffers from the disadvantage that it corresponds to the 
carrier frequency for channel 7 and would thus be sub­
ject to interference from carrier leak. For this reason, 
the frequency in general use is 84·080 kc/ s, the so-called 
"84 plus delta" frequency. The shift in frequency of 
80 c/s is sufficient to avoid carrier-leak interference 
without increasing unduly the interference from traffic 
on channel 6. It is worth noting that the French equi­
valent is 84· 140 kc/ s and a signal of this frequency is 
transmitted on all groups to the Continent that pass 
through or terminate in France. 

It is preferable to increase the frequency slightly from 
the ideal 84 kc/s, rather than decrease it, for two reasons. 
Firstly, the nearest traffic signal above 84 kc/s is 
600 c/s away, corresponding to 3,400 c/s in channel 
6, whereas the nearest traffic signal below M kc/s is 
only 300 c/s away, corresponding to 300 c/� in channel 
7. Secondly, the nearest traffic signals above 84 kc/s, 
because they represent a higher audio frequency, con­
tain less energy than those below 84 kc/s and give less 
interference to the pilot signal. The position of the 
pilot-signal frequency in relation to the adjacent channels 
is shown in Fig. 1. 

806 8H 84 84'6 87'7 88 

FREQUENCY kcls 

FIG. !-POSITION OF nm PILOT-SIGNAL FREQUENCY WITHIN THE 
GROUP SPECTRUM 

Frec1uency Stability 
As the pilot signal, situated between channels 6 

and 7, is likely to experience interference from speech 
and signalling on these channels, it is necessary for any 
pilot-measuring equipment to have a narrow band-pass 
filter at the input, which, used in conjunction with the 
channel-equipment filters, reduces the unwanted signals 
to negligible proportions. This in turn means that the 
pilot must be controlled within narrow limits of fre­
quency in order that it should not drift outside the pass 
band of the measuring-set filter. The pilot-signal 
generator has a long-term frequency accuracy of 1 c/s. 
To this must be added any frequency change caused by 
differences in frequency between carrier-generating 
equipments at the two terminal stations and at inter­
mediate translation points along the route. This 
additional frequency shift will not normally exceed 2 c/s 
for groups translated to the high-frequency end of the 
line spectrum, although it may momentarily exceed this 
figure if the carrier-generating equipment uses motor­
driven capacitors for frequency control. Thus the pilot 
signal is normally received at the far end of the group 
within 3 c/s of the nominal frequency. 
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Pilot-Signal Level 

In order that the addition of a pilot signal to every 
group shall not appreciably increase the loading of 
line amplifiers that handle a large number of groups, 
it is necessary for the pilot to be transmitted at a low 
level. The level used is - 20 dbmO, i.e. 20 db lower 
than the signal that would be produced by applying a 
I-milliwatt tone to the 2-wire point of one audio circuit 
connected to the channel translating equipment. 

Level Stability 

The level of the signal generated bY the pilot-generat­
ing equipment must be stable, otherwise the object of 
using the reference pilot for level monitoring will 
be defeated. The pilot generators used for this scheme 
have a stability better than o· 1 db for changes of 
either ambient temperature or power supplies. The 
total level variation from all causes including tempera­
ture and power supplies is less than ± 0·3 db in any 
period of 28 days. Each pilot-generating installation 
comprises a main and standby oscillator with automatic 
cf.iange-over facilities. 

INJECTION OF THE PILOT SIGNAL 

When deciding on the method of inje:ting the pilot 
signal into a group a number of considerations have 
to be taken into account. The injection network should 
allow the level of the pilot signal to be independent 
of the impedance of the transmission path, there should 
be no crosstalk introduced between groups via the 
pilot-signal distribution and the loss introduced into 
the transmission path should be small. The three com­
mon methods of injection are the high-resistance tee, 
the resistive skew hybrid and the coil hybrid. These 
three methods are shown schematically in Fig. 2. 

PILOT PILOT 

I 25db 
\ (HOTE 1) 

3db 

(NOTE 1) 

TO 
' "'-

FROM 
G.D.F. 

3Vi TO GROUP 

CHAHHEL AMPLIFIER 

FILTERS :- :- (HOTE 2) 
0 

_._ 

--�- ... --- � ----
O·ldb 0·5db 3db 

(a) (b) (c) 
(a) High-Resistance Tee (b) Rcsistlvc skew Hybrid 

(c) Coil Hybrid 

Notes: 

1. The transmission losses shown arc tYPical but can be altered. 

2. Impedance= 75 ohms. 
FIG. 2-METHODS OF INJECTING THE PILOT SIGNAL 

For this particular application the high-resistance tee 
is unsuitable. This is because the impedance of the 
transmission path at a frequency between two channels 
is likely to change greatly with a small change of pilot 
frequency. The channel-filter impedances will also 
change with time and temperature. Any change in trans­
mission-path impedance alters the ratio of the voltage 
appearing in the transmission path to the total applied 
voltage, and thus alters the level of the pilot. 

The resistive skew hybrid and the coil hybrid both 
work on the principle of the Wheatstone bridge and are 
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not affected by the impedance presented by the channel 
filters. The resistive hybrid has the advantages that it 
is cheaper than the coil hybrid and can also be made to 
introduce a lower loss in the main transmission path. Its 
disadvantage is that it introduces resistance into the 
earthed side of the unbalanced circuit, with a consequent 
risk of increased crosstalk. The resistive hybrid is pre­
ferred for use on channel-translating equipments that 
were in use before the introduction of the reference-pilot 
scheme and which have to be modified to provide pilot­
injection facilities, because these equipments have no 
amplification in the transmit direction and it is necessary 
to introduce the smallest possible loss in the transmission 
path. On the later designs of channel-translating equip­
ment, employing transistors, the loss introduced by the 
hybrid in the transmission path is not so important, 
because an amplifier is fitted to amplify the assembled 
group and ample gain is available. Also, the function 
of the coil hybrid can be combined with that of the 
amplifier input transformer, thus overcoming the objec­
tion of cost. For these reasons the resistive hybrid is 
used when it is necessary to modify existing equipment 
and the coil hybrid is used on new designs of equipment 
where a common group amplifier is employed in the 
transmit direction. 

MEASUREMENT OF THE PILOT SIGNAL 

The pilot signal is measured by a level-measuring 
panel mounted adjacent to the group distribution frame. 
The measuring panel has facilities for measuring through 
or terminated levels in the range - 3 db to - 65 db, 
relative to 1 milliwatt, by means of a decibelmeter fitted 
to the panel. It is also possible to monitor the pilot 
signal using an externally-fitted recording decibel­
meter. Because the pilot signal has to be measured 
in the presence of traffic signals, the input to the measur­
ing panel consists of a crystal band-pass filter. The 
filter has a pass band of ± 5 c/s about the 84·080 kc/s 
frequency, and a typical selectivity curve is shown in 
Fig. 3. The input filter is followed by a variable attenua­
tor, for the purpose of changing the range, and an 
amplifier and detector that provide the direct current to 
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the decibelmeter and recorder outlet. A block schematic 
diagram of the measuring panel is shown in Fig. 4. 

84· 075 kc/s 

THROUGH TERMINATED 

{75 

RECEIVE-
LEVEL AMPLIFIER 

CONTROL DETECTOR 

FIG. 4-SCHEMATIC DIAGRAM OF THE MEASURING SET 

In practice it was found preferable to filter the input 
to the measuring panel as the first stage, otherwise the 
comparatively high level of traffic signals present tended 
to cause overloading. This arrangement is usually satis­
factory, but interference is occasionally experienced 
from signalling transients in channel 7. This interference 
appears as the upper sideband of channel 7 which is 
insufficiently suppressed by the channel-equipment filters. 
When this occurs it is not possible to obtain a clean 
trace on the recording decibelmeter, although readings of 
the internal decibelmeter may still be made between 
bursts of interferc::nce. To meet this difficulty an audio­
frequency high-pass filter is fitted temporarily to the 
audio input of channel 7 when recording takes place on 
the group. The audio-frequency filter, which has a cut­
off frequency of 300 c Is, restricts the low-frequency 
high-energy transients of signalling that cause the inter­
ference. 

FUTURE DEVELOPMENTS 

The initial use of the group reference-pilot signal 
is to provide a reference by means of which the overall 
gain of the group may be adjusted manually. As 
a logical development of this, a number of other applica­
tions have been investigated. 

Group Reference-Pilot Automatic Routiners 

Routiners have been developed experimentally for 
periodically testing the levels of the reference-pilot 
signals at the receiving-end group distribution frame. 
Routiners are in use at London and Bristol that test the 
groups in turn and give an alarm if any group reference­
pilot signal differs from its correct level by more than 
3 db. The routiners test the grouns at approximately 2-

second intervals, so that, with a fully-equipped routiner 
catering for 30 groups, each group is tested at intervals of 

Book Review 

"Applied Chemistry for Engineers". R. M. E. Diamant, 
M.Sc., Dip.Chem.Eng., A.M.Inst.F. Sir Isaac Pitman 
& Sons, Ltd. viii + 300 pp. 117 ill. 30s. 

It would generally be regarded as unwise (if not criminally 
negligent) to allow deadly nightshade to flourish in planta­
tions of blackcurrent bushes. The similarity between the 
nutritious fruit and the poisonous berries would make the 
gathering of sustenance a continuing hazard for the unwary. 
It is a great pity, therefore, that a book of such laudable aims, 
written with sound concept, and containing much useful 
material should be contaminated with so many false or 
misleading statements. Space does not permit the full cata­
loguing of these confusions of thought on the part of the 

1 minute. The trial of these routiners has been success­
ful, but it is unlikely that the scheme will be extended 
because the cost of the routiner makes it an uneconomic 
proposition for small repeater stations. 

Automatic Gain Control 

Successful field trials have been carried out using 
amplifiers that have automatic gain control governed by 
the level of the group reference-pilot frequency. The 
amplifiers have a nominal zero gain, and for input varia­
tions of up to 4 db give an output varation of approxi­
mately one tenth of that of the input. Outside the range 
± 4 db the amplifier characteristic changes smoothly 
from the 10: l input-to-output ratio mentioned to a 
l : l ratio, i.e. the amplifier behaves as a normal ampli­
fier without automatic gain control. Arrangements can 
be made for the amplifier to give an alarm when the 
incoming pilot signal varies 6 db from the nominal 
level. If amplifiers are to be installed to regulate the 
group, the additional alarm circuit can be provided 
cheaply and, being applicable to both large and small 
repeater stations, replaces the automatic routiner men­
tioned above. 

Busying of Faulty Circuits 

Before the advent of subscriber trunk dialling, faulty 
circuits were often detected first by the traffic staff, who 
would then take the circuit out of service. With sub­
scriber trunk dialling this facility is lost and some means 
must be found to perform the function automatically; 
this can be done by means of the group reference-pilot 
signal. Basically the scheme is to apply the busy 
condition to the outgoing circuits affected when the in­
coming pilot frequency on the group departs from its 
nominal level by more than 6 db. To ensure that all 
affected circuits are taken out of service, particularly 
when only one direction of transmissipn has failed, 
arrangements are made to send a signal over the out­
going pilot frequency as soon as the incoming one fails, 
so that the busy condition is applied to circuits outiwing 
from either end. Panels for this purpose have been 
made in the laboratory and tried successfully in the field. 

CONCLUSION 

The group reference-pilot signal provides a valuable 
maintenance aid at a low cost per groun. The 
scheme can be put into operation with a minimum of 
alteration to existing equipment and is capable of other 
applications connected with the orovision of a uniformly 
high grade of service on the high-frequency network. 

author. One may quote however from page 13 (re-iterate.d on 
page 30) "If sodium chloride for example is dissolved in 
water, the insulation effect of the water serves to keep the 
positively charged sodium ions separate from the negatively 
charged ions". Plastics (page 118) are defined as "Organic 
materials of high molecular weight, which, when subjected 
to heat and pressure in the presence of a catalyst during 
manufacture form solid objects by polymerising the mono­
mers to polymers". Contrary to the statement on page 269, 
anti-oxidants are not added to lubricating oils to prevent 
oxidation of the metal bearing. 

In its present form the book cannot be recommended. 
Revised and edited by a panel of practising industrial chem­
ists it could well approach more closely to the claims made 
on the dust jacket. 

J.C.H. 
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Improvements in the Teleprinter No. 7 

C. E. EASTERLING, n.sc., A.M.I.E.E.i· 
U.D.C. 621.394.6: 621.394.324 

The Teleprinter No. 7, introduced 30 years ago, has undergone a 
continual process of improvement and modernization. The more 

important changes that have been made are briefly reviewed. 

T
HE Teleprinter No. 7 A was first introduced into 
Post Office service in 1932. As this machine was not 
suitable for working to some foreign teleprinters 

using 7-unit transmitters, it was superseded later in 1932 
by the Teleprinter No. 7Il. This machine is still the 
standard page-teleprinter provided by the Post Office for 
private renters, but during the period of 30 years .since its 
introduction many changes have been made to 11nprove 
its performance and to reduce the amount of maintenance 
required. Variants of this machine (Teleprinters No. 70 
and 7E) have been introduced for use on telex and other 
a utoma tically-switchec.I net works. 

Up to 1939 the most important change was the intro­
duction of the striker transmitter. This placed the trans­
mitting contacts under the control of an accurately-cut 
timing cam, and resulted in a considerable reduction in 
the distortion of the transmitted signals. 

During the war years effort was conc�ntratec.I . on 
production to meet the enormously expandmg reguire­
ments of the Services, and such changes as were mtro­
c.lucec.I were mainly to overcome difficulties c.lue to 
shortages of materials and labour. 

After the war a big program of detailed improve­
ments was started, so that the modern machine gives a 
much better performance than its early predecessors. At 
the same time appearance was not neglected, as it was 
appreciated that a teleprinter needs to blend with modern 
office furniture and equipment. 

The most important changes that have been made are 
described in the following paragraphs. 

Electromagnet 

The flux through the permanent magnet of the receiving 
electromagnet due to the signalling current in the coils !s 
in the same direction as the permanent Jlux. There 1s 
therefore a tendency for the permanent magnet to increase 
in strength, anc.1 this may reach a point where the electro­
magnet can no longer operate efficiently. On the old­
pattern electromagnet, with fixed permanent magnets 
(Fig. 1 (a)) the only way of reducing the flux was to 
remove the magnets and either subject them to hammering 
and similar forms of treatment or replace them by new 
magnets. 

With new magnetic materials becoming available, it 
was found possible to design a new permanent magnet 
that not only had more stable characteristics, but because 
of its smaller size could be mounted across the ends of 
the pole pieces. It is held in a frame that can be tilted by 
means of a screw to provide an adjustable air-gap 
between the magnet anc.1 the pole-pieces. (Fig. I (b)). 
The force on the armature can thus be adjusted to the 
optimum value. 

The armature stop-plate, which limits the movement 
of the armature and prevents it coming in contact with 

t Telegraph Branch, E.-in-C. 's Office. 
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FIG. 1-ELECTllOMAGNET ASSEMBLIES 

I 

I 
I 

• I 

�- - . .J 

the faces of the pole-pieces, has been removed from the 
main base of the teleprinter and fixed to the body of the 
electromagnet, thus making a more rigid anc.1 accurately­
positionec.1 assembly. 

Page-Printing Attachment 

On older machines the shock-absorber for the carriage­
return operation comprises a cylinder in the platen 
engaging with a piston at the end of the platen spindle 
(Fig. 2 (a)). A small hole is bored through the piston to 
allow the air to escape, and the aperture at the enc.I of the 
hole can be varied by means of an adjustable valve plate, 
so as to provide adequate shock-absorption without 
rebound. This mechanism suffers from two c.lisac.lvan­
tages. Wear on the platen bearings upsets the co�cent­
ricity of cylinder and piston, anc.1 paper can easily be 
caught between the cylinder anc.1 piston, causing them to 
jam. 



The arrangement just described has now been super­
seded by a separate enclosed air dash-pot situated below 
the platen and operated through a lever system (Fig. 
2 (b)). The valve which allows the air to escape from the 
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FIG. 2-CARRIAGE-RETURN SHOCK-ABSORBING ARRANGEMENTS 

dash-pot is automatically controlled during the operation 
of the dash-pot so as to provide the maximum cushioning 
effect without bounce. 

The new arrangement showed such a marked decrease 
in faults that a method has been devised for fitting the 
dash-pot to the older-pattern page-attachment, and 
several thousand machines are being modified. 

Typehead Clutch 

The typehead clutch now being fitted to Teleprinters 
No. 7 was described in an earlier article,1 and has con­
titrned to give a good performance. In addition to its 
reduced fault liability, this clutch has the advantage that 
owing to its faster operation it will function reliably 
when receiving 7-unit signals at maximum speed. 
Although it has been agreed internationally that the 
minimum character length should be 7·4 units, some 
continental administrations are still using 7 units, and if 
such signals are sent at maximum speed the old type of 
clutch occasionally fails to latch. 

Receive-Cam Unit 
The receive cam used on the older machines controls 

the selecting, translating and printing functions. Because 
of the heavy load imposed by the last two functions, a 
ratchet clutch was employed. This clutch has 60 teeth, 
and as the shaft rotates in 130 ms the pick-up time varies 
between 0 and 2·2 ms depending on the relative positions 
of the ratchet and pawls at the moment of release. This 
is equivalent to a loss of total margin of (2'2/20) 100= 11 %, 
or ±5·5 %. Also, because there is insufficient time to 
carry out all the functions during one revolution of the 
cam, selection and translation are carried out during one 
revolution, and printing during the next revolution (when 
the next character is being selected and translated). As 
a result the last character of a transmission is not printed 
unless it is followed by a non-printing combination, e.g. 
letter-shift. 

The new cam unit, known as the overlap cam unit, 
overcomes both these disadvantages by dividing thd 
functions between three different cams, each being 
released in turn at the appropriate stage in the revolution 
of the previous one. The load imposed by selection is 
small, and it has been possible to use a friction clutch for 
the selector cam, thus largely eliminating the variable 
pick-up time and producing a useful increase in margin,· 
The remaining two cams are driven through ratchet 
clutches, but for these functions accurate timing is not 
required. Although the selector cam still rotates in 130ms, 
the total time available for the rotation of the cams is 
about 250 ms, so that there is time for printing to take 
place before the last cam comes to rest, and the last 
character is not stored in the machine. When receiving 
at maximum speed however, printing will still be taking 
place while the next character is being selected. 

The new cam unit is also provided with an orientatton 
device that enables the early and late margins to be 
balanced, and provides an approximate means of 
measuring margin while the machine is in service. The 
operation of this mechanism has already been described.1 

At present the new cam unit is only being provided on 
machines for the telex service, where the increase in 
margin is particularly valuable on international calls 
involving a number of links in tandem. 

A. C. Motors 

For a long time it has been realized that there is an 
obvious advantage in providing a.c. motors at offices 
equipped with a.c. mains, thus doing away with the large 
rectifier required to provide a d.c. motor supply (a small 
rectifier to provide a d.c. signalling supply would still be 
required). Difficulty was, however, experienced in 
designing a governed a.c. commutator motor of satisfac­
tory performance, and synchronous motors were not 
favoured because of doubts of the mains frequency 
stability. 

The chief difficulties in designing a satisfactory a.c. 
commutator motor arise from the fiercer governing action, 
which puts a greater strain on the windings and bearings, 
and the rapid brush wear. However, by paying 
particular attention to these points, a motor has now 
been produced that gives an adequate service on relatively 
lightly-loaded circuits, and it is now in general use on 
machines on the telex network. 

The a.c. motor is more expensive than the d.c. motor, 
but is much cheaper than the combined cost of a d.c. 
motor and rectifier. 

Some investigations have recently been carried out into 
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the stability of the frequency of the a.c. mains. Tests 
over a period of 18 months showed that a frequency 
deviation of 0·75 per cent (equivalent to the speed error 
allowed by the C.C.l.T.T.)* occurred for less than 
0·008 per cent of the time. Some further consideration is 
therefore being given to the possibility of using syn­
chronous motors. 

Radio lnte1ference Suppression 

Over the 30 years during which the Teleprinter No. 7 

has been in use there has been an enormous increase in 
the use of radio equipment, and the range of operating 
frequencies has continued to increase. If teleprinters are 
installed adjacent to radio or television receivers, inter­
ference is caused both by the motor and the governor 
and by the transmitting contacts, and various suppressors 
in the form of combinations of capacitors and inductors 
have been added from time to time. This resulted in a 
somewhat untidy assembly, and a new main-base 
casting was introduced that provided space for the 
majority of the radio-interference suppression c0111-
ponents underneath the base. Satisfactory suppression 
both of mains-borne interference and radiated interfer­
ence is achieved. 

Hammer-Grey Finish 
Up to about 1946 the painted parts of the teleprinter 

and its sound-reducing cover were painted in a high­
gloss black enamel. This necessitated careful preparation 
of the parts to obtain a smooth surface on the metal. To 
avoid this careful preparation, and so reduce costs, a 
black crackle-finish was then introduced. With this 
finish, surface inequalities are largely concealed. 

Although the black crackle-finish looks quite attrac­
tive when new, it soon collects dust and is difficult to 
clean. It was also felt that the traditional black was not 
appropriate to modern office decor, so machines are now 
finished in a hammer-effect grey paint2• The use of this 
finish on the painted parts inside the machine has the 
additional advantage of improving visibility and thus 
assisting maintenance. A telex position finished in 
hammer grey is shown in Fig. 3. 

r--" ·":· 

FIG. 3-TELEX POSITION 

Keytops 

Another change introduced mainly for the sake of 
appearance is the use of plastic keytops to replace the 
older assembly of label, cover glass and securing ring. 

* C.C.l.T.T.-Jnternational Telegraph and Telephone Consul­
tative Committee. 
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The two types are shown in Fig. 4 and 5. The plastic tops 
have a slightly concave upper surface. 

(a) Glass Keytops (b) Plastic Kevtops 

FIG. 4-0LD-TYPE AND NEW-TYPE KEYTOPS 

0 
(a) (b) (cl 

(a) Glass Keytop 
(Ii) Plastic Keytop 

(c) Plastic Keytop fitted to Old-Pattern Kcybars 

FIG. 5-ATTACHMENT OF KEYTOPS TO KEYBARS 

The change to plastic keytops has also shown mainten­
ance economies. In the old arrangement the labels soon 
became discoloured due to dirt and oil penetrating 
below the cover glass, and the labour of changing these, 
which frequently results in broken glasses and securing 
rings, adds appreciably to maintenance and overhaul 
costs. Once plastic keytops are fitted they rarely need 
subsequent attention, and all machines will eventually be 
fitted with them. For this purpose a method has been 
evolved of fitting plastic keytops to the old pattern key­
bar by the use of an adhesive. 

The keytops are moulded in a green. plastic that 
blends well with the hammer-grey finish. In manufacture 
the individual characters, or pairs of characters, are first 
moulded in white plastic. These are then inserted in 
another die for the main body of the keytop to be moulded 
around them. The characters are thus inlaid, and their 
visibility is not affected by wear. 

Auxiliary Facilities 

Repe1forator Attachment. The use of automatic trans­
mission has been increasing rapidly in recent years, and 
this tendency has been accelerated by the introduction of 
proportional-time metering on telex, where there is a 
financial incentive to transmit at the highest-possible 
speed. 

The preparation of the paper tape on an off-line 
perforator has been a standard facility for many years, 
but as such a machine does not provide a printed copy 
during preparation an operator cannot readily check 
if the tape has been correctly prepared. 

The first development to overcome this problem was 
the provision of a perforating attachment for the Tele-



printer No. 7.3 A modification of this attachment has 
been introduced that operates from the receiving mech­
anism and can also be operated from the keyboard via 
the local-record circuit. Machines so fitted are proving 
very popular and about 20 per cent of telex subscribers 
use them. As telex is a relatively lightly-loaded service, 
the machine can be used for tape preparation when a 
call is not in progress, and the provision of a separate 
off-line machine is avoided. 

On-Speed Indication. On telex and other automatically 
switched networks, arrangements are made for the "who 
are you" signal to be sent automatically from the 
exchange to the called teleprinter, and it is therefore 
essential for the teleprinter to be running at its correct 
speed before the signal is sent. The sending of the "who 
are you" signal is therefore delayed until an indication is 
received from the teleprinter that it has reached governed 
speed. This indication is provided by a relay connected 
across, and short circuited by, the governor contacts. 
These contacts open when the machine reaches governed 
speed and the relay operates and locks to the mains 
supply. The relay thus remains operated until the mains 
supply to the motor is disconnected at the end of the call. 

Use Meter. It is generally accepted that the amount of 
maintenance a machine requires is directly related to the 
amount it is used. One of the difficulties in adjusting the 
frequency of maintenance visits in the past has been that 
of ascertaining how much the machine is used. A cyclo­
meter type of meter has now been introduced, operated 
from the ribbon-drive shaft and suitably geared so that it 
reads directly in hours of use. After two or three visits the 
maintenance staff can thus judge the amount of use being 

Book Review 

"Electrical Principles." Prof. H. Cotton, M.B.E., D.Sc., 
M.l.E.E. Cleaver-Hume Press, Ltd. xii + 423 pp. 
258 ill. 15s. 

This third edition of a book first published in 1956 
contains two new chapters dealing with series and branched 
circuits, power calculations and electrical resonance. The 
book is not designed to cover any specific examination 
syllabus but to serve as a basis for a variety of classes in 
technical colleges and grammar schools, and for the 
professional syllabuses of the Institutions of Electrical, 
Mechanical, Mining and Radio Engineers. 

After listing the symbols and abbreviations used, 
Chapter 1 commences with the question "What is Elec­
tricity" and then proceeds to an explanation of the 
structure of the atom and the motion of electrons. The 
general arrangement of the chapters is similar to that in 
most good-class works on electrical fundamentals, the 
early chapters dealing with magnetism, resistance, units, 
and calculations, including the use of Kirchhoff's laws, for 
simple circuits. These are followed by six chapters on the 
heating and magnetic effects of the electric current, work, 
power, the magnetization of iron and steel, and electro­
magnetic induction. Other chapters treat quite adequately 
the fundamentals of the d.c. generator and motor, cells and 
accumulators, the conduction of electricity through gases, 
static electricity and electrical measurements. The final 
chapters are on elementary a.c. theory and electrical 
resonance. 

The book is well written and printed, the diagrams 
particularly being very clear and well selected, which one 
has come to expect from an author with such a long experi­
ence of students' requirements. Of great value to students 
are the many worked-out examples and the additional 
exercises at the end of each chapter, the answers to the 
numerical exercises being given at the end of the book. 

made of the machine and the intervals between subsequent 
visits can be suitably adjusted. 

Conclusion 

Although the basic design of the Teleprinter No. 7 is 
30 years old, the developments that have taken place have 
kept it up-to-date and enabled it to meet modern require­
ments. Maintenance needs have not been overlooked 
during this period, and many detailed changes have been 
made with a view to reducing the frequency of mainten­
ance visits. As regards performance, i.e. transmitter 
distortion, receiving margin and speed stability, it would 
probably be difficult to make any appreciable improve­
ment without departing from purely mechanical prin­
ciples. Distortion and margin could possibly be slightly 
improved by the use of associated electronic apparatus, 
but whether the degree of improvement would justify the 
increased cost is questionable. 

The Teleprinter No. 7 has proved to be a versatile 
machine, and it has been found possible to adapt it for a 
variety of special purposes. One of the major adaptations 
has been the fitting of a perforating unit and removal of 
the page-printing attachment to provide a printing 
reperforator, i.e. a machine that provides a perforated 
tape with the corresponding message printed on the tape.3 
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This book is a worthy addition to existing students' works 
on elementary electricity. 

l.P.O.E.E. Librat'Y No. 2406 R. S. P. 

"The Basic Principles of Electronics and Telecommunica­
tions." M. D. Armitage, B.Sc., A.M.l.E.E., A.Jnst.P. 
Geo. G. Harrap & Co., Ltd. 374 pp. 241 ill. 22s. 6d. 

There is usually a time lag of several years between the 
introduction of new principles or techniques in industrial 
technology and the reflection of these in school curricula and 
public examinations. For example, semiconductor devices, 
particularly transistors, have become established in tele­
communications technology in an astonishingly short time­
they are already as important as thermionic valves-so that 
many teachers are having difficulty in keeping their lectures 
up to date in this respect. 

In adding yet another text book to those covering the 
elementary years of electrical engineering and the Tele­
communications Technicians Certificate, Mr. M. D. 
Armitage has set out to modernize the approach to the 
teaching syllabus of the City and Guilds examination in 
Telecommunications Principles "A". Using his experience 
as a lecturer at one of London's large technical colleges, he 
has avoided the tendency to compress subject matter because 
it is elementary. The descriptive style of writing, with a 
minimum of mathematics to interrupt the flow, holds the 
interest of the reader who proceeds at a comfortable, almost 
leisurely, pace well suited to the student who is not above 
average in his rate of progress. The diagrams are excellent 
and add much to the ease with which subject matter is 
presented. Exercises, with answers at the back of the book, 
are included at the end of each chapter. 

This work is suitable for those elementary students of 
telecommunications who find difficulty in reading the more 
academic type of text book. 

C. F. F. 
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New Cordless P.M.B.X. Switchboards-P.M.B.X.s 

No. 2/3A and 2/4A 

C. M. HALLIDAY, A.M.LE.E., and E. J. LIDBETTERt 
U.D.C. 621.395.23 

The new range or private manual branch exchange switchboards or 
the cordless type is completed by the introduction or two further 
switchboards with maximum capacities or three exchange lines and 
12 extensions and or four exchange lines and 18 extensions, 
respectively. These have lamp-signalling and are or compact 
design similar to, but providing more facilities than, the first 
switchboard or the series, which provides for only two exchange 

lines and six extensions. 

INTRODUCTION 

I
N an earlier article1 a new type of cordless private 
manual branch exchange (P.M.B.X. No. 2/2A) was 
described. This type of switchboard was the result of 

an entirely new approach to the problems of physical 
design and circuit arrangement; it has a capacity of two 
exchange lines and six extensions and was the first of a 
new series of cordless switchboards that has been 
planned to supersede the existing types. Two larger 
switchboards similar in general design to the P.M.B.X. 
No. 2/2A are now being introduced. The first (P.M.B.X. 
No. 2}3A) has a maximum capacity of three exchange 
lines and 12 extensions; the second (P.M.B.X. No. 2/4A) 
is equipped for four exchange lines and 18 extensions. 
These two switchboards complete the new range of 
cordless P. M.B.X.s. 

As a result of research into present-day requirements, 
the exchange-line-to-extension ratios of the new switch­
boards differ from those of the superseded models. The 
P.M.B.X. No. 2/2A, which is equipped for two exchange 
lines and six extensions (2+6), replaces the old 2+4 
type; the new P.M.B.X. No. 2/3A (3+ 12) will replace the 
old 3+9 type and the P.B.M.X. No. 2/4A (4+ 18) will 
cater for much of the demand which previously was met 
by the 5+20 floor-pattern cord type. The remaining 
demand for the 5+20 switchboard will in future be met 
by a new floor-pattern cord-type board. 

The introduction of the three new cordless P.M.B.X.s 
has, therefore, made it possible to provide a range of 
equipment in accordance with modern needs. 

FACILITIES PROVIDED 

The adoption of the 4-wire extension principle,2 which 
entails running an extra wire plus an earth to each 
extension telephone 
for supervisory pur­
poses, has enabled 
the requisite facili­
ties to be provided 
in the most econom­
ical manner. An 
auxiliary unit has 
been designed for 
use with external­
extension circuits 
that are routed in the public-exchange local-line network 
and so require conversion from 4-wire to 2-wire working. 
All the extension circuits on the S\\'.itchboards can be used 
as 4-wire extensions if desired. Alternatively, by simple 

tSubscribers' Apparatus and Miscellaneous Services Branch, 
E.-in-C.'s Office. 
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rearrangement of cords and straps within the switch­
boards and the connexion of the appropriate auxiliary 
unit, extension circuits 7-12 on the P.M.B.X. No. 2/3A 
and extension circuits 10-18 on the P.M.B.X. No. 2/4A 
can be used for 2-wire extensions, inter-switchboard 
extensions or private circuits. 

The power supply for these switchboards is derived 
from an external a.c. mains-driven power unit3 supplying 
SO volts d.c. and 25 c/s a.c. for ringing purposes. 

The main features of the two new cordless P.M.B.X. 
switchboards are as follows: 

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

extension circuits and of 935 ohms for exchange-to­
extension connexions when connected to an exchange 
equipped for 1,000-ohm lines. 

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

(d) ]ndividual clearing on extension-to-extension calls. 
(e) Automatic holding of exchange calls. 
(/)Follow-on-call trap on incoming exchange calls. 
(g) Connexion of private circuits and inter-switch-

board circuits without modification to the permanent 
wiring of the switchboard. 

(11) Connexion between cabling and the switchboard 
by a flexible cord and connector. 

(i) Arrangements for the provision of a headset in 
addition to the operator's handset telephone. 

(j) Space for the provision of subscriber-trunk­
dialling (S.T. D.) trip meters on the switchboard. 

The following additional facilities are provided only on 
the larger switchboard: 

(k) An "overcall" circuit to enable the operator to 
answer exchange and extension lines when all connecting 
links are engaged. 

(f) Lamp signals to indicate the next free connecting­
link circuit available. 

PHYSICAL DESIGN 

P.M.B.X.s No. 2/3A and 2/4A are similar in design 
and are shown in Fig. I and 2. The switchboards are 



FIG. 2-P.M.D.X. No. 2/4A 

supplied in two-tone grey with matching Telephones No. 
706 as the operating instruments. 

Both switchboards have a metal chassis and a plastic 
cover. The P.M.B.X. No. 2/3A is approximately 17 in. 
wide by 8 in. high by 13 in. deep and weighs 33 lb; the 
P.M.B.X. No. 2/4A is approximately 22 in. wide by 
9 in. high by 15 in. deep and weighs 56 lb. 

The thermoplastic French-grey covers are made by 
injection moulding using a co-polymer plastic material 
that is both economical and attractive in appearance. 
The leading edge of the cover fits under the front of the 
face panel, and adjustable plates on the side of the panel 
form dust seals. 

The face panel is finished in elephant-grey stoved 
p.v.c. (organosol) that provides a durable surface with a 
leather-grain appearance. The marking required on the 
face panel is applied by hot stamping into the layer of 
stoved p.v.c. and the characters are white. 

If it is desired to use a headset as the operator's 
instrument, the Telephone No. 706 is changed for a 
Telephone No. 710 and a headset jack is provided on the 
switchboard. The change-over from handset to headset 
is arranged by providing auxiliary spring-sets in the 
Telephone No. 710 so that when the handset is on the 
rest the receiver and transmitter of the headset are 
brought into circuit. When the handset is lifted the 
transmission path is automatically switched back to the 
handset. Under these conditions the normal gravity­
switch spring-sets are short-circuited and the connexion 
of the operator's telephone depends entirely on the 
operator's telephone key. 

The miniature l ,000-type key4 has been used instead 
of the standard lever key. The key handles 
are coloured light ivory for the exchange 
lines and operator's keys, and, alternately, 
light ivory with black inserts and French-grey 
with black inserts on the extension positions 
to assist in identifying the keys associated 
with a particular circuit. The ALARM ON/ 
NIGHT SERVICE key is light ivory with a red 
insert. 

The keys, lamp jacks and circuit-designation 
label-strips are mounted on the panel in such 
a manner that all screw heads are concealed. 
When the lamp cover-strip is removed 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 cover. 

Arrangements have been made for the provision of 
subscribers' private trip-meters. These are used on 
S.T.D. calls and are fitted, as required, in the key panel 
of the switchboard in line with the appropriate exchange­
line keys. For this reason the exchange-line connecting­
circuit keys are more widely spaced than the extension 
keys. The removal of the exchange-line designation strip 
uncovers a cut-out portion of the panel provided to 
accommodate the meters; if meters are provided a 
narrower type of designation strip is used. The meters can 
be provided on the basis of one meter per exchange line 
or one meter that can be switched to any of the exchange 
lines. 

When the cover of the switchboard is removed the 
metal chassis, consisting of three sections, is exposed. 
The front and rear panels and the base plate form a 
triangular section when the chassis is closed, as shown 
for the P.M.B.X. No. 2/3A in Fig. 3. By releasing the 
screws at the apex, the hinged panels can be opened 
outwards to permit inspection of the wiring and com­
ponents. The P.M.B.X. No. 2/4A is similar except that 
it contains more equipment. 

The front panel carries the keys and lamps, and the 
relays are mounted on the rear panel under a dust cover; 

FIG. 3-CHASSIS Of P.M.e.X. No. 2/3A 
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some static components are mounted on the base 
togother with the connexion blocks. One type of 
connexion block has soldered connexions that can be re­
arranged to provide, for example, barring of the con­
nexion of private circuits to exchange lines; the other 
type is equipped with screw terminals and is used for the 
connexion of the operator's telephone and the line­
circuits. Screw terminals are also provided to permit re­
arrangement of the straps and cords when 2-wire 
extensions, private circuits or inter-switchboard exten­
sions are required. 

The switchboard is supplied with a multi-way cord 
already connected, and with the free end terminated on 
small connectors that plug into a wall-mounting jack 
assembly cabled to the connexion box. The P.M.B.X. 
No. 2/3A is equipped with a 68-way cord and P.M.B.X. 
No. 2/4A with a 100-way cord. 
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No hand generator is fitted; the ringing supply i s  
derived from a frequency-dividing 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 enabled economies to be made in the 
design of the power units. Under full-load conditions 
the current consumption of the P.M.B.X. No. 2/3A is 
1 amp and that of the P.M.B.X. No. 2/4A is 2 amp. If 
auxiliary units are associated with the switchboard, the 
power consumption is increased and the power units are 
changed to 2-amp and 4-amp types, respectively. 
Arrangements have been made to ensure that exchange 
calls in progress are maintained if a mains failure occurs. 
For normal installations it is recognized and accepted 
that extension-to-extension and inter-switchboard calls 
will fail if the mains supply ceases, but at installations 
where such a break in service could not be tolerated the 
switchboard will be operated from a floated-battery 
system. 

CIRCUIT DIBCRIPTION 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. For 
external extensions connected via the local-line network 
it will generally be desirable and more economical to use 
a 4-wire/2-wire conversion unit. For extensions not 
requiring a conversion unit the exchange-to-extension 
transmission and signalling limit is 935 ohms in exchange 
areas equipped for l,000-ohm line working, 65 ohms 
being required for the supervisory relays. On external 
extensions for which conversion units are required this 
limit is reduced to 850 ohms, the difference being due to 
the resistance of the signalling relays in the conversion 
unit. 

Two additional facilities are provided by the circuit of 
the larger switchboard, the P.M.B.X. No. 2/4A. The first 
enables a free connecting link to be selected rapidly by 
means of a free-link signalling system. The second 
facility, known as overcall, enables the operator to 
answer a call when all seven connecting links are 
engaged. 

A simplified circuit diagram of the P.M. B.X. No. 2/3A 
is shown in Fig. 4. 

Extension-to-Ex tens ion Calls 

When a call is originated at an extension by lifting the 
telephone handset, earth via contact KX I, the telephone 
loop, contact KX2 and the calling lamp, operates the 
pilot relay, P, which is connected to -50 volts, and the 
extension calling lamp glows. Contact P2 connects the 
low-resistance coil of the P relay in parallel with the high­
resistance coil. This prevents the voltage drop across the 
pilot relay becoming excessive when a number of lamps 
are glowing simultaneously. Contact PI 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 C3. The call is answered by 
operating the OPERATOR'S TELEPHONE key, KO, associated 
with the chosen connecting circuit and the appropriate 
CONNECT EXTENSION key, KX, and by lifting the handset 
of the operator's telephone. The transmission-bridge 
relay, LA, feeds transmitter current to both telephones. 

If connexion to another extension is required, the 
operator checks that the extension is disengaged by 
observation of the keys, and calls the extension by the 
operation of the appropriate ringing key. When the called 
extension answers, the calling lamp glows and the KX 
key associated with the extension is operated to complete 
the connexion. The operator then restores key KO and 
replaces the handset. Either extension can recall the 
switchboard by depressing the recall button on the 
extension 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 recall 
button is pressed. When the call is completed and the 
extension handset is replaced, earth potential is extended 
via the auxiliary gravity-switch spring-set, SW A, to the 
C wire to give a clearing signal on the calling lamp via 
key contact KX3. 

Extension-to-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 
50-volt supply from the connecting circuit at contacts 
KE I and KE2 and extends the extension to the exchange­
line circuit. As relay CT is normally operated, earth via 
contacts CTI, KE! and KXI, the extension-telephone 
loop, contacts KX2 and KE2, relay SA and contact CT2 
operates relay SA to -50 volts. Contact SAl operates 
relay SB and contact SB! releases relay CT. Contacts 
CTI and CT2 extend the circuit through to the exchange 
line. Capacitor C2 is connected across relay SA to 
provide a low-impedance speech path. The exchange­
line connecting keys are arranged to prevent any 
exchange lines being connected together. 

Incoming Call on an Exchange Line 

Incoming ringing current on an exchange line will 
operate relay AC over one coil, via contact CT4 operated. 
Contact AC! lights the calling lamp and contact AC2 
completes a holding circuit for relay AC from an earth 
via contact CT3 (to provide a locked calling signal on the 
exchange line until the opera tor answers) 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. 
False operation of relay AC can, however, occur under 
certain conditions if the A and B wires of the exchange 
line are reversed. 

Specific safeguards have also been incorporated to 
a void the possibility of lost calls due to misoperation of 
the switchboard keys. A ca!ling signal is not extinguished 
(except when a headset is also provided) until the 
operator's handset has been lifted and both the KE and 
KO keys have been operated. When the call is answered 
by the operator, relay SA operates. Relay SA then 
operates relay SB, which releases relay CT. Contacts 
CT I and CT2 extend the operator's telephone loop to the 
exchange line to trip the ringing if the incoming call is 
from an automatic exchange. Contact CT3 disconnects 
the holding circuit for relay AC, and contact ACl 
extinguishes the calling lamp. The exchange call can 
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then be extended to an extension, as already described, 
or automatic holding conditions can be applied. 

Automatic Holding of Exchange-Line Calls 

When a call is answered, relay SB is operated by relay 
contact SAi ; - SO volts, via contacts SB2 and KE3 
operated, operates relay H to earth at contact K04. 
Relay H locks to earth via contacts H3 and KX 4 or to 
earth at the auxiliary gravity-switch, SW A, of the exten­
sion telephone if the extension key has been operated. 
Contact HI prepares the holding loop across the exchange 
line, the loop being completed by contact KO 1 when the 
operator restores the KO key to normal. Contact H2 
lights the CALL HELD lamp. This lamp remains as a 
visual reminder to the operator that supervision of the 
switchboard is still required. If the line has been 
switched to an extension the holding circuit is released 
when the extension answers the call by the auxiliary 
gravity-switch contacts, SW A, opening. When the holding 
circuit is removed the CALL HELD lamp is also extinguished. 
The CALL HELD lamp is common to all connecting 
circuits. 

If the operator wishes to release an exchange call 
without connecting it to an extension, the holding 
circuit to relay H is released at contact KE3 when the 
exchange key is restored. Although relay H is shown in 
Fig. 4 as a slow-to-operate relay, advantage is taken of 
its slow release, and in so doing further economy and 
space saving has been achieved by using 600-type relays 
instead of 3,000-type relays. The slow release of relay H 
is particularly important when the automatic holding 
circuit is used on circuits where line surges are prevalent. 

Call Trap 

When an exchange-extension call is completed the 
clearing signal is given on the extension calling lamp only 
when the extension telephone is replaced. Relay SA then 
releases and contact SA 1 releases relay SB. Contact SB I 
restoring to normal permits relay CT, the call-trap relay, 
to re-operate. Contact CT4 re-connects relay AC and 
capacitor C2 across the A and B wires of the exchange 
line, while contacts CTI and CT2 disconnect the 
exchange line from the connecting circuit. Thus a 
follow-on incoming call will be trapped on relay AC and 
will not ring the extension telephone bell if the call has 
not been cleared-down at the switchboard. 

Free-Link Signalling 

A free-link signalling system, similar to the well-known 
free-line signal (F.L.S.) used on manual switchboards in 
main exchanges, has been provided to increase the speed 
of answer. This is particularly important with the 
P.M.B.X. No. 2/4A as there are 88 circuit keys to scan 
before selecting a free connecting link. The free-link 
signals are given by small amber-coloured lamps situated 
down the left-hand side of the face panel. Two lamps are 
provided for each row of keys, one for the upward 
movement and one for the downward movement. The 
circuit arrangement is shown in Fig. S. Normally, all 
lamps are extinguished in the idle condition. As soon as 
an incoming call is received pilot relay P operates. 
Contact PI lights lamp LPA and the operator answers 
the call using the A connecting link. When the A 
connecting link is taken into use the relay contacts LAI 
and LA2 of the transmission-bridge relay operate and 
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step the free-link signal on to lamp LPB to indicate that 
the B connecting link should be used for the next call. 

The sequence is always the same, but if any link is taken 
into use out of turn the remaining lamps still glow in the 
same order, excluding the circuit taken out of sequence 
if it is still in use. When a circuit becomes disengaged the 
free-link lamp glows again if it is the first free link in the 
sequence. On exchange calls arrangements are made to 
operate the appropriate transmission-bridge relay al­
though it is not used to provide the transmission feed. 
When all seven connecting links are engaged the eighth 
lamp, the ovERCALL lamp (LPH), glows. This indicates 
that all connecting circuits are engaged. Should any 
exchange or extension call then be received at the 
switchboard it can be answered on the overflow or 
overcall circuit. 

Overcall 

As mentioned above, overcall enables the operator to 
answer a call when all seven connecting links are engaged. 
The circuit is shown in Fig. 6. To answer an extension 
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call under tnese conditions the SPEAK ON OVERCAIL key, 
KSO, is operated and relay OC feeds transmission 
current to the operator's telephone via contacts KHl and 
KS02, and contacts KSOI and KH2. Relay OC operates, 
and contacts OCI and OC2 changing over disconnect the 
ringing supply and extend the operator's telephone to 
the extension RING key, KR. The operator can now 
speak to the calling extension by holding operated the 
appropriate KR key. The KSO key must be restored 
before answering a normal call. 

An exchange call is answered by operating the KSO 
key and the appropriate EXCHANGE OVERCALL key, KH, 
which locks in the operated position. Contacts KHl 
and KH2 disconnect relay OC and connect the exchange 
line to the operator's circuit. The transmission feed for 
the operator's telephone is now supplied by the public 
exchange and contact KH3 connects bridging coil IL to 
provide a holding condition. This permits the operator 
to leave the circuit and offer the call to an engaged 
extension and then, if required, breakdown the connexion 
and extend the exchange call to the extension. When the 
call has been dealt with, keys KH and KSO are restored. 

Mains Failure 

As the switchboard has been designed to work from a 
mains-operated 50-volt d.c. power-supply unit, the 
circuits have been arranged so that the exchange-line 
s�rvice is maintained under mains-failure conditions. If 
a mains failure occurs, relay CT (Fig. 4) releases and 
contact CT4 connects the bell of the operator's telephone 
to the first exchange line so as to give an audible 
indication of an incoming call. The operator can 
answer the exchange call under mains-failure conditions 
by operation of the appropriate KE and KO connecting 
keys and by removing the handset from the operator's 
telephone. Outgoing exchange calls can also be 
originated by the operator in the normal manner. The 
operating instructions for these switchboards will advise 
the subscriber to connect the remaining exchange lines to 
selected extensions (as for night-service working) if a 
mains failure should occur, and the selected extensions 
will then have direct access to these exchange lines. 

Press-Button Recall 

Each extension telephone is provided with a press­
button key (a make contact in parallel with the auxiliary 
gravity-switch spring-set) for recall purposes. Operation 
of the button connects earth potential (on the fourth 
wire) to the C wire (the third wire). Recall is available 
on all extension and exchange calls. 

Night Service 

Night-service arrangements are provided by the 
NIGHT SERVICE key, KNS, and relief relays that dis­
connect the pilot relay and the extension calling-lamps. 

Key contact KNS3 releases relay CT, which disconnects 
the AC relay of each exchange line thus rendering the 
call-trap circuit ineffective. Selected extensions can be 

connected to the exchange lines by operating the 
appropriate KE and KX keys as required. 

Two-Wire Extensions, Inter-switchboard Extensions and 
Private Circuits 

Additional terminations have been provided on 
extensions 7-12 of the P.M.B.X. No. 2/3A and on 
extensions 10-18 of the P.M.B.X. No. 2/4A so that by 
suitable inter-connexions these extensions can be used 
for 2-wire extensions, inter-switchboard extensions or 
private circuits, without alteration to the permanent 
wiring of the switchboard. 

When any of these facilities are required the 
connexions are made so that the switchboard controls 
the switching relays in the various auxiliary apparatus 
units to provide for automatic hold on 2-wire extensions 
and inter-switchboard extensions, or prohibition of 
exchange-line connexion to private circuits. 

Provision is also made to control the relays in the 
4-wire/2-wire conversion unit in order to provide 
through-dialling facilities on exchange calls. Should the 
operator enter the circuit on this type of connexion, 
spring-set SWB on the operator's telephone short­
circuits resistor R on the control wire and operates a 
relay to provide transmission feed from the conversion 
unit to the extension. On extension-to-extension calls 
the divided transmission-feed arrangements are applied 
by earth from contact KE4 normal short-circuiting 
resistor R. 

CONCLUSION 

The P.M.B.X.s No. 2/3A and 2/4A incorporate new 
circuit design, provide better facilities, and should give 
greater reliability and ease of maintenance. These 
advantages, coupled with their improved appearance, 
should make them welcome substitutes for the switch­
boards they supersede. 
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A Concentrator for a Telegraph Tape-Relay Network 

L. A. MEREDITHt 
U.D.C. 621.394.65: 621.394.625.2 

A telegraph tape-relay concentrator has recently been installed at 
Lon<!o� Airport. This concentrator has enabled considerable 
savings in telegraph machines, floor space and operating costs to 
be achieved compared with the equipment required for the con-

ventional torn-tape relay system that it has replaced. 

INTRODUCTION 0 NE of the factors contributing to the safety of air 
travel is an international telegraph system linking 
the airports of the world. Air movements, weather 

information and air-traffic-control advices are the types of 
messages sent on this network. The Ministry of Aviation 
is responsible for the operation of the system in this 
country and provides at each airport a centre where 
messages to and from the airline companies are accepted 
and relayed to their destination. These centres are called 
telegraph relay centres (T.R.C.). 

At telegraph relay centres using the torn-tape relay 
method of operation every incoming message is converted 
by a printing reperforator into a length of punched-paper 
tape that also has the message printed on it. The operator 
reads the address from the message preamble and then 
inserts the tape into an automatic transmitter for onward 
transmission. 

A message may pass through one or more T.R.C.s 
before reaching its destination, and circuits linking one 
T.R.C. to another T.R.C. are designed to provide for 
duplex operation, i.e. to carry messages in both directions 
simultaneously. The circuits connecting an out-station to 
a T.R.C. are normally only required to transmit in one 
direction at a time and are therefore designed for simplex 
operation. However, if the volume of traffic to an out­
station is great enough to justify the cost of extra machines, 
facilities for duplex operation are provided. In the T.R.C. 
both types of circuits terminate on at least four machines: 
a printing reperforator, an automatic transmitter, a 
serial-numbering transmitter and a monitor teleprinter. 

At London Airport some of the circuits from the 
airline companies were not fully utilized and, to effect an 
economy in machines and floor space in the T.R.C., it was 
decided to provide equipment to concentrate 25 simplex 
circuits on six printing reperforators, six automatic 
transmitters and six monitor teleprinters. Each circuit 
retains its individual serial-numbering transmitter, but 
the othe�· three types of machine (printing reperforator, 
automatic transmitter and monitor teleprinter) are 
shared. To assist in tracing calls on the monitor tele­
printer the time of transmission is automatically inserted 
after the serial number before each message is transmitted. 
Opportunity was also taken to incorporate a routiner for 
automatically testing the lines and the distant machines 
every 20 minutes. 

When the equipment was brought into service 17 
circuits were connected to it, resulting in a saving of 14 
printing reperforators, 11 teleprinters and four triple­
headed automatic transmitters. The equipment and the 
operating procedure in the airline offices remained 
unchanged. 

t Tel�graph Branch, E.-in-C.'s Office. 
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DESCRIPTION OF CONCENTRATOR 

Incoming Concentrator Console 

Fig. I shows two console cabinets that together 
accommodate a maximum of six printing reperforators. 

FIG. 1-INCOM!Nl; CONCEN rN.ATOR CONSOLE 

It is in these consoles that incoming messages are received 
on perforated tape that is torn off by the operator and 
inserted in any automatic transmitter on the transmit 
position for onward re-transmission. Associated with 
each reperforator is a busying key and lamp to enable the 
machine to be taken out of service, a calling lamp, a 
SIMPLEX CLEAR push-button for the forcible release of 
circuits from the concentrator, and the usual tape-run-out 
push-button; OVERRIDE, TAPE EXHAUST and FUSE ALARM 

lamps are also provided. 
A panel of lamps, one for each circuit, is mounted on 

top of the consoles. A circuit lamp glows when an out­
station calls the T.R.C. and ft.ashes when a connexion to a 
printing reperforator has been made. 

Outgoing Push-Button Panel and Transmit Position 

The transmit position (Fig. 2) contains two triple­
headed automatic transmitters (A) providing six message­
heads, a push-button and lamp panel (B) and a 4-figure 
display device (C) for checking the time-injection unit. 
There is a push-button and lamp for each circuit and for 
each message transmitter. It is at these positions that the 
routing of the message being retransmitted is determined; 
as already described, the destination is read off the 
message preamble and, after the insertion of the tape in a 
free automatic transmitter, the appropriate button is 
pressed by the operator. 

S1i:itching Equipment 

The line terminating and switching equipment, consist­
ing mainly of Post Office standard 3,000-type relays and 



A-Automalic transmitters 
B-Push�button and lamp panel 
C-Four·fis:urc:: disPlay 

FIG. 2-0UTGOING PUSH-DUTTON PANEL AND TRANSMIT POSITION 

uniselectors, is mounted on four standard 19 in. wide 
racks in separate accommodation. A further six racks 
accommodate the electronic serial-numbering trans­
mitters.* 

OPERATION OF CONCENTRATOR 
Fig. 3 shows a block schematic diagram of the system, 

which functions basically as an incoming concentrator for 
* MARSH, H. An Electronic Telegraph Serial-Numbering 

Transmitter. P.O.E.E . .l., Vol. 55, p. 195, Oct. 1962. 

the receive channels of the simplex circuits (R wires) and 
a push-button torn-tape message switching system on the 
send channels (S wires). The operation of the system is 
described below by considering separately the passage of 
messages incoming to and outgoing from the T.R.C. 

!ncoming Message 
The operator at the out-station presses the CALL button, 

which causes the potential on the R wire to change from 
positive to negative. This change is detected in the line 
relay-set at the T.R.C., which indicates to the outgoing 
equipment that the circuit is engaged and causes uni­
selector LF to search for the calling line. The line is then 
switched through to the printing reperforator, and a 
negative potential is returned over the S wire to the out­
station to light a lamp indicating to the operator there 
that the connexion has been established and that the 
message should be sent. At the end of the message the 
out-station operator presses a push-button designated 
CLEAR, and the potential of the R wire is changed back to 
positive, causing the equipment in the T.R.C. to be 
released. A positive potential is then returned on the 
S wire to the out-station to extinguish the lamp and to 
stop the teleprinter motor. 

The function of the load distributor is to allocate in 
advance the printing reperforator that is to accept the 
next call, and it normally allocates the reperforators in a 
cyclic order. During periods of heavy traffic, however, 
this sequence can be altered and the first printing 
reperforator to become free is allocated. 

Outgoing Message 
When any one of the six transmitter heads on the 

transmit position is loaded with tape and the appropriate 
circuit push-button on the push-button panel is depressed, 
uniselector CM drives to the circuit outlet and connects a 
demand signal to the line relay-set of the required line. 
When the line is free uniselector PF, associated with the 
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line relay-set, switches to the calling transmitter-head 
relay-set. The line relay-set then changes the potential of 
the S wire from positive to negative to start the out­
station teleprinter motor. A negative potential is returned 
on the R wire to the line relay-set, so starting the serial­
numbering transmitter. The circuit code, serial number 
and time are transmitted to the out-station teleprinter and 
to the monitor teleprinter associated with the transmitter­
head. The serial-numbering transmitter is released and 
the transmitter-head started, transmitting the message to 
the out-station and to the monitor teleprinter. At the end 
of the message the "tape out" contacts on the transmitter 
open and release the equipment; the line potential reverts 
to positive. 

Other features of the design are: 
(a) The banks of uniselectors PF and CM are inter­

connected in such a way that it is impossible for two 
uniselectors to switch to the same outlet. 

(b) If more than one transmitter head is loaded for the 
same line, the heads transmit sequentially in the order 
one to six and not in the order of loading. 

(c) If the transmission of a message is delayed, an 
alarm is given after a predetermined time to draw 
attention to the transmitter head concerned. 

Routiner 

Every 20 minutes uniselector RM in the routiner 
commences a testing cycle. Engaged lines are stepped 
over, but the routiner stops on the free ones, tests for the 
correct line conditions and then causes the serial-number­
ing transmitter to transmit the circuit code, serial number, 
time, and the characters "figure shift" and D, which trip 
the answer-back unit of the teleprinter at the out-station. 
A check message is then received in the T.R.C. from the 
out-station, finishing with the characters "figure shift" 
and J. A monitor teleprinter associated with the routiner 
records the two messages, and on receipt of the characters 
"figure shift" and J causes the routiner to step on to the 
next free line. An alarm is given and the circuit indicated 
if the routiner fails to complete its testing cycle. 

CONCLUSION 

The equipment has been working at London Airport 
since July 1960. It has a capacity for 25 circuits, but the 
system can be readily adapted to meet requirements for 
larger centres. A substantial saving has been achieved in 
telegraph machines as well as in floor space in the 
operating room. 

The British Computer Society's Third Conference, Cardiff, 

September, 1962 
U.D.C. 061.3: 681.142 

N
OTHING startling or epoch-making arose at the 
British Computer Society's Third Conference, held 
at Cardiff during 4-7 September 1962. Rather 

it was a prosaic record of the application of eguipment 
currently available to a market steadily expanding from 
the traditional fields of mathematical computation and 
automatic data processing (a.d.p.) into the most import­
ant field of factory scheduling. 

J. D. W. Janes of H.M. Treasury reported that on 
Government a.d.p. projects capital expenditure of £1,650 
was incurred to replace one man or woman and that 
only 5 6 per cent of the total expenditure was spent on 
the computer equipment itself; an average return on 
capital of 10 per cent was sought, and achieved. Dr. A. 
Young revealed that computers in British universities 
were saturated with computation much more quickly 
than had been estimated, and this was due to one quarter 
of the work load arising from faculties not thought 
originally to have a demand. There was appreciation 
for his comment that the computing laboratory was the 
Piccadilly Circus of the university and the place where 
the faculties, rather to their surprise, found that they 
had similar problems. 

The business concerns pioneering commercial data 
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transmission were uniformly content with the perform­
ance achieved so far, the experience being that very fev.' 

snags occurred in operation and that undetected trans­
mission errors were small compared with others arising 
in the data-processing system taken as a whole. 

W. S. Elliott of Cambridge University had some inter­
esting observations on the implications of new compon­
ents for computer design. He estimated that the fault 
liability of integrated circuits using planar techniques 
would be 0·001 per cent per annum for the equivalent 
of 20 integrated components ; these circuits would soon 
be used on account of their reliability, and later their 
use would be extended when they became cheaper than 
conventional circuits. Tunnel diodes would form the 
basis of logic circuits ; stores of very large capacity 
would be of cryogenic type, and those of more modest 
capacity would use tunnel diodes. The operating speeds 
that he had in mind were 250 Mc/s for computing and 
50 Mc/s for storage. He forecast an increased use of 
large file stores without revealing what type they might 
be. A sobering thought was that an examination of the 
best method of utilizing redundancy to achieve very high 
reliability in a system might well be a 10-year job. 

R.K.H. 



Improvements in Automatic Error-Correction Equipment Used on 

H.F. Radio Telegraph Services 

A. C. CROISDALE, M.B.E .. B.Sc.IE1g.), A.M.I.E.E.t 

U.D.C. 621.l9 l.88.621.l94.J: 621.371 

Error-correction equipment invented by Dr. Van Duuren, of the 
Netherlands Post Office, has become very widely used because it 
makes possible a higher standard of performance for radio telegraph 
circuits. This article reviews developments that have been made to 
the system to provide automatic phasing of channels and sub­
channels, and, also, to improve the performance and reduce the 
attention required. These improved automatic error-correcting 
equipments can be used in con junction with improved frequency­
division equipment to give the larger numbers of circuits required 
between major cities due to the increasing demand for telex circuits. 

INTRODUCTION 

T
HE principles of automatic error-correction (ARQ) 
have been described in this Journal.1 Development 
of the equipment itself has been continuous since 

the original electromechanical equipment, manufactured 
in Holland, was put into service around 1953-4. Elec­
tronic equipment followed, first using hot valves and, 
later, cold-cathode valves. Now transistor and para­
metron* equipment has been widely introduced, and the 
saving in maintenance costs compared with those of 
older equipment has been very considerable. The use of 
electronic equipment2• 3 has encouraged further study to 
provide improved operating performance and additional 
refinements. It has been possible, largely within the 
original basic design produced by Dr. Van Duuren 
(which was adopted internationally by the C.C.I.T.T.j 
and by the C.C.I.R.§ as Recommendation No. 242') to 
provide virtually unattended operation while maintaining 
a low undetected-error rate under all conditions occurring 
on the radio path. 

Appendix 1 gives the definition of terms used in 
connection with ARQ operation. Appendix 2 indicates 
the conventions used to describe the polarity of the 
signal elements in the multiplex system. 

BASIC FEATURES OF THE VAN DUUREN SYSTEM 

The Van Duuren system employs several fundamental 
telegraph features that all contribute to a highly satis­
factory performance. These features are described 
briefly below. 

(a) Synchronous Operation With 2-Channel or 4-Channel 
Tilne Division. Time-division working implies that each 
channel of a number of telegraph channels is given, in 
rapid succession, exclusive use of a common transmission 
path. Synchronized transmitting and receiving dis�ri?u­
tors allocate each channel to the common transrmss1on 
path for a fixed period. Each character is composed of 
an exact number of signal elements, and the rate at which 
signals have to be transmitted over the radio link is the 
aggregate of the signalling rates of the channels. The 
use of the common transmission or aggregate signalling 

t Telegraph Branch, E.-in-C.'s Office, . 
* The parametron is a logic element, consisting of a coil, a 

capacitor and resistor, providing positive and negative phase 
positions relative to a high-frequency excitation source. 

t International Telegraph and Telephone Consultative Com­
mittee. 

§International Radio Consultative Committee, 

path by the channels of a time-division system may be 
on the basis of single elements of the first channel, A, 
alternating with single elements of the second channel, B 

(termed element interleaving), or single characters of 
channel A alternating with single characters of channel B 

(termed character interleaving). In the Van Duuren 
system, for 2-channel operation, the channels A and B 

are character interleaved, but for 4-channel operation the 
elements of the combined A and B channels are inter­
leaved with the elements of two other combined channels, 
C and D. 

Synchronous operation means that the timing of the 
whole system, e.g. the operation of the distributors 
referred to above, is controlled from a continuous 
source-usually a crystal-controlled oscillator. The use 
of synchronous working permits a higher efficiency in 
telegraph transmission, since the margin of the equip­
ment� is much higher than when start-stop operation is 
employed." It requires a method for checking 

. 
signal 

identity to relate the timing, or phase, of the receiver to 
that of the transmitter; the procedure to obtain this is 
termed phasing. 

It is common practice on synchronous systems to 
arrange to produce a balanced signal, i.e. equal numbers 
of X elements and Y elements, on the aggregate path by 
inverting the polarity of the second channel of a 2-channel 
system. 

(b) Polarity-Ratio Check. The system code has seven 
elements per character, and, out of these seven elements, 
three must be of one polarity (Z) and four of the opposite 
polarity (A). This allows all 7-element combinations not 
complying with the 3 : 4 ratio to be detected as erroneous. 

(c) Trans111ission Repetition. Errors detected as des­
cribed in (b) due to mutilations occurring on the radio 
path can be corrected by automatically repeating the 
transmission of the character until it is correctly received; 
this is the basic principle of the Van Duuren system. It 
has the great merit of increasing the effective redundancy 
when conditions are worst, since, with this system, a 
group of four characters (termed a 4-character repetition 
cycle) is repeated, and further ingenious checks may be 
made to ensure that the radio path has regained its 
reliability before printing is resumed. 

The mechanism of automatic repetition has been 
described in detail previously.1•7 

(d) Temporary Storage of Each Character. To allow 
for the repetition procedure described in ( c), it is necessary 
to arrange that characters are called individually for 
transmission by a pulse. Each character is then held 
temporarily in an electronic store while being transmitted 
and checked at the distant end so that, if necessary, it can 
be repeated again and again, thus safeguarding the 
traffic offered to the system fOr transmission. 

(e) Sub-Channel Operation. The synchronous method 
of operation facilitates not only the provision of 50-baud 
channels nominally carrying 400 characters per minute 
(termed the full-character rate) but also, by a device 
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known as a sub-divider the use of channels of quarter 
fractions of 400 characters per minute, i.e. 100 charac­
ters per minute, with complete privacy for each user. 
Circuits of this type are leased to firms who have a con­
siderable volume of telegraph traffic. 

Privacy is ensured by inverting the polarity of every 
fourth character on the full-character-rate channel, i.e. 
sub-channel No. I, and using this "marking" to locate 
the reference timing for the scrambling and unscrambling 
devices used to transmit the sub-channel signals over the 
main channel of the synchronous system. This inverted 
character is used to reset, semi-automatically, the device 
that identifies correctly the sub-channels at the receiving 
end. Of course, it is not essential that sub-division should 
be employed on any of the channels of an ARQ system. 

OPERATING EXPERIENCE OF C.C.I.R. RECOMMENDATION 

NO. 242 

Practical operating experience with ARQ equipment 
based on C.C.l.R. Recommendation No. 242, and 
incorporating the basic Van Duuren features described 
above, showed that phasing of the system was not 
always completely satisfactory since: 

(i) an accidental inversion of the polarity of the 
aggregate signal could result in incorrect routing of the 
traffic, 

(ii) loss or duplication of characters could occur 
during phasing, 

(iii) sub-channel operation could only be provided 
reliably on one channel of a system due to difficulties 
in re-phasing the sub-channels if more than one channel 
was sub-divided, and 

(iv) sub-channel phasing was required to be manually 
controlled. 

Phasing requires that the sequence of the signal 
elements comprising the received radio signal should 
be determined accurately by the receiver, to enable the 
channel information to be segregated correctly. The 
information in each channel is composed of seven 
elements per character, and this means that every element 
must be in its correct position within the character as 
determined by the receiver, which is driven continuously 
by an oscillator. 

For a 2-channel ARQ system operating with a 96-baud 
aggregate signal, each signal element is 1,000/96 c::: 10 ms 
in length. The scanning by the receiver is designed to 
examine each element at the exact midpoint (see Fig. I (a)) . 

SINGLE 
ELEMENT 
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AT RECEIVER 

(a) 

CHANGE OF 
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111 :--·1· 
I I 

SCANNING POINT 
AT RECEIVER 

WRONG ELEMENT 
DETECTED 

(b) 

(a) Correct Scanning of a Signal Element 

(b) Changed Position of Signal Element due to Change of Propagation Delay 

FIG. I-LOSS OF PHASE DUE TO CHANG E OF PROPAGATION DELAY 

If, therefore, a sudden alteration in the route propagation 
time occurs, e.g. due to the radio propagation time 
changing, this will cause the incoming elements to be 
moved in time relative to the receiver scanning, which is 
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driven at constant speed by an oscillator and can only 
follow slight variations of the incoming signal transitions. 
If the sudden change exceeds 50 per cent of the element 
time, then the scanning will be outside the element and 
will in fact be reading the polarity of an adjacent element 
(see Fig. I (b)). This is an out-of-phase condition. 

Each end of the circuit is driven from a separate 
oscillator. The small difference in speed that would 
otherwise exist between the distributors is corrected by 
making one oscillator the master and arranging that the 
slave end corrects its speed to exactly that of the master 
by using the signal transitions as a reference. 

A prolonged loss of signal can cause the receiver 
scanning to change its position gradually relative to the 
transmitted signal, since, when no signal transitions are 
available, the corrective action is necessarily inoperative. 
In normal service it is rare for loss of phase to occur 
more than once in 24 hours, since a basic oscillator-drive 
accuracy of 1 in 106 at each end, even with tolerances 
adverse, would still allow the terminals to hold within 
the correct phase limit and recommence passing traffic 
after a break in circuit of 15 minutes. Loss of phase 
usually occurs only as a result of either a prolonged loss 
of signal or a definite change of propagation delay on the 
loop provided by the radio links. 

There are now about 700 ARQ terminal equipments 
in operation all over the world, including about 70 in 
the United Kingdom radio-telegraph terminal at Electra 
House, London. The continuously changing nature of 
h.f. radio propagation means that, perhaps several times 
a day, changes of radio frequency or of route are 
necessary, and these involve possible changes in the 
propagation times. The decisions on such changes are 
made as required and not entirely to a timetable. This 
involves continuous supervision of the performance of 
the links, although proposals are being considered for 
anticipating the need for action so as to prepare for 
automatic wavelength changing. To re-phase these 
70 systems even once per day is a considerable task if 
carried out by hand; the electromechanical systems can 
each require up to 5 minutes to re-phase manually. It is 
therefore desirable to re-phase automatically while traffic 
is still being offered to the system, without (a) gaining or 
losing any characters, (b) printing any errors, and 
(c) unnecessary loss of usable circuit time. This re­
phasing should still be possible when using sub-divided 
channels. 

The only check for correct phase position required 
by Recommendation No. 242 is that a request for 
repetition (RQ) signal is received on each channel. It 
is not specified where, in the repetition cycle, the RQ 
signal should be, since this depends on which end of the 
system originates the request for repetition, and also on 
the propagation time of the radio circuit. Thus it is 
possible for a phase position to be assumed that does not 
overlap the original repetition cycle completely, causing 
loss or gain of characters at the other end of the circuit 
during re-phase.8 

Unless the repetition cycle has some clear and un­
ambiguous pattern, so that a complete check of the 
whole duration of the repetition cycle is made before 
phase is assumed, it will clearly be impossible to avoid 
errors. Recommendation No. 242 does not provide for 
such a pattern. 

Further thought will show that to avoid the additional 
possibility of crossed channels under the condition of an 
inadvertently inverted aggregate signal, it would be 



necessary to produce a distinct pattern on the aggregate 
of all the channels for the repetition-cycle duration. Such 
a system could, therefore, be called a marked-cycle 
system. 

AUTOMATIC RE-PHASING 

Methods of Detection of Out-oFPhase 

For the detection of out-of-phase, a device known as 
the 56 : 56 element count can be used. This is based on 
the fact that, during the period of the repetition cycle, 
a known total of X elements and a known total of Y 

elements must occur on the aggregate signal. For a 
4-channel (l 92-baud) ARQ system this would mean 56 
X elements and 56 Y elements. Hence, correct counts 
of X and Y elements indicate that the radio signal is 
good; on the other hand a mutilated radio signal will 
almost always give a different count. If the radio signal 
is good and if the receiver-phase position is correct, an 
RQ signal, AZZAZAA, must be received on each 
channel during every repetition cycle; if however, the 
RQ signal is not received on each channel then the 
system must be out-of-phase. 

As an alternative to the 56 : 56 count, the existence of 
continuous errors, i.e. continuous repetition, on all 
channels for an arbitrary period of either 10 seconds or 
5 minutes may be assumed to be due to loss of phase. 
In practice, since no loss of traffic occurs during re­
phasing, there is little disadvantage in phase-hunting if 
electronic equipment is used, since the re-phase delay 
and consequent loss of operating time is very short. The 
use of arbitrary time-constants of 10 seconds or 5 minutes 
is a matter for choice by the user. 

Procedure for Re-phasing 

Automatic re-phasing involves, first, detecting auto­
matically that the equipment is out-of-phase, and later, 
checking that the stepping of the receiver scanning 
relative to the received signal has resulted in the receiver 
scanning occurring in the correct position. Usually 
stepping takes place in one direction only. 

Detection of Correct Phase 

Detection of correct phase on the original electro­
mechanical equipments was achieved by checking only 
that an RQ signal (AZZAZAA) was received correctly 
on each channel. However, in addition, the presence of 
any non 3 : 4 ratio character then occurring during the 
repetition cycle on any channel can be assumed to be an 
out-of-phase condition and each method can be used to 
produce a step change of phase of one element. The 
combination of the two methods is known as the tested 
repetition cycle, and the sequence of the checking pro­
cedure is shown in the table. 

The use of the tested repetition cycle gives rapid 
phase stepping, which is important because with the 
marked-cycle method of automatic phasing, described in 
detail later, it may be necessary to step for the number of 
elements of the whole cycle less one element, i.e. for a 
2-channel system operating a 4-character repetition cycle 
it may have to step a maximum of (2 x 7 x 4 - 1) 
elements, i.e. 55 elements, but, on average, only 27 steps 
will be necessary and this may be achieved in about 
5 seconds. Twice this period will be required for a 
4-channel system, since the rate of stepping can only be 
decided on the A and B channels, because the C and D 
channels are element-interleaved and hence overlap the 
character periods of A and B channels. Other methods 
of phasing are, however, feasible. 

Reduction in Error Rate Due to Use of Tested Repetition 
Cycle 

The use of the tested repetition cycle reduces the error 
rate though it causes more repetition cycling to occur and 
thus slightly reduces the telegraph circuit efficiency.'' 
Whether such improvement in error rate is necessary 
must be decided by the user and may depend on the 
type of service being provided, e.g. public message, telex 
or leased circuit, and the nature of the radio link. 
Although essential for correct phase detection, the tested 
repetition cycle is optional during traffic, so a switch 

Timing Relationship for Correct Phase-2-Channel ARQ System Using Marked Cycle 

Sequence of Reception of Received Radio Aggregate Signal 

---- ----� 

Traffic Characters D c 0 A G T RQ RQ 

Incoming Signal Ele- YYXXXYY XYYXXYY XYYYXXY XXYYXYX XXYYYYX YXXXYXY XYYXYXX XYYXYXX 
ments 

J Receiver Checks 3 : 4 ratio 1 3 : 4 ratio I 3 : 4 ratio 3 : 4 ratio 3 : 4 ratio 3 : 4 ratio All elements All elements 

�---------RECEIVER 4-CHARACTER REPETITION CYCLE 
Progress of Detection 3 : 4 ra tio 
of Correct Phase check is 

satisfacto 
and p 
arity is er 

ry 

Decision by ARQ This eh 
Equipment acter 

ol-
ect 

ar-
is 

character 
of chann 
A 

2 
el 

Check I 

Notes: 

I 

3 : 4 ratio 3 : 4 ratio 
check is check is 
satisfactory satisfactory 
and po!- and po!-
arity is erect arity is erect 

This char- This char-
act er is act er is 
character I character 3 
of channel of channel 
B A 

Check 2 Check 3 

3: 4 ratio 3 ! 4 ratio 3 : 4 ratio 
check is check is check is 
satisfactory satisfactory satisfactory 
and po!- and po!- and po!-
arity is in- arity is erect arity is in-
verted verted 

This char- This char- This char-
act er is acter is acter is 
character 2 character 4 character 3 
of channel of channel of channel 
B A B 

Check 4 Check 5 Check 6 

The seven The seven 
RQ ele- RQ ele-
ments are ments are 
correct and correct and 
polarity is polarity is 
inverted inverted 

This char- This char-
act er is acter is 
character I character 4 
of channel of channel 
A B 

Check 7 Check 8 

I. Checks 1-8 together, i.e. the tested repetition cycle, show that the receiver is in phase with the incoming signal. 
2. The sequence shown is that occurring when errors are detected at the local end. 
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may be used to select whether or not the tested repetition 
cycle is required to be effective during repetition cycles 
for the correction of errors during the passage of traffic. 

Control of Sequence of Re-Phasing 

Since the detection of out-of-phase may be by means 
of different devices at the opposite ends of the circuits 
there is some merit in pre-arranging the sequence of 
re-phasing the slave and master ends. In practice the 
master transmitter decides the exact transmission speed 
for the whole ARQ system, since the slave receiver locks 
to the signal from the master transmitter and, having 
locked, then imposes this speed precisely for transmission 
between the slave transmitter and the master receiver. It 
can be arranged that, to prevent the master receiver from 
phasing until the slave has phased to the master trans­
mitter, the slave transmitter should send a detectable 
error instead of the RQ combination. This detectable 
error has been found to be easily identifiable for monitor­
ing purposes, where a 2-channel system is in use, if 
"AAAAAAA" is transmitted instead of the RQ signal 
when the slave is out of phase. 

By preventing the master receiver from phasing until 
the slave has phased, the danger of losing characters is 
reduced. On the other hand the marked cycle com­
pletely avoids loss of characters anyway. However, the 
cost of fitting the AAAAAAA transmitting device is very 
small, and transmission of AAAAAAA by new type 
equipment is advantageous when working to old equip­
ment not capable of operating the marked cycle. 

THE MARKED-CYCLE SYSTEM 

In 1958 Cable & Wireless, Ltd., introduced a systemrn of 
rapid phasing, when the equipment is carrying traffic, with 
a negligible probability of losing or gaining characters. 
This system provided a marked pattern of character 
polarity inversions for the aggregate signal and called for 
the use of the tested repetition cycle described earlier. 
This use of a marking pattern is termed the marked cycle 
because the marking pattern of the sub-divider, i.e. the 
inversion of the first of every four characters, is con­
veniently made the same duration as the repetition cycle 
(normally four characters), as shown in Fig. 2. It will be 
seen later that for certain purposes a longer repetition­
cycle duration is necessary and marking patterns for 
4-character and 8-character repetition cycles have been 
adopted, both of which are suitable for sub-dividing to 
±-character rate and t-character rate sub­
channels. The pattern for an 8-character repeti-
tion cycle is shown in Fig. 3. 

The use of such a marking pattern to permit CHANNELS 
error-free automatic phasing was proposed at A&B 

the Los Angeles meeting of the C.C.I.R. in 
1959 and, as Report No. 108,n was adopted 
unanimously. 

Advantages of tile Marked-Cycle Patt em of 
Report No. 108 of the C.C.l.R. 

The particular pattern proposed in Report No. 
I 08 has the following characteristics: CHANNELS 

C& D 

ter or 8-character repetition-cycle operation. 
(iii) It is comparatively simple to implement on 

existing equipment by the use of the sub-divider inversion 
characteristics and connexions to lock the phase of the 
various distributors. 

f'"���l.,!m•-'"lm•f 14Sgms� 
ARACTER I CHARACTER I CHARACTER CHARACTER CHARACTER CHARACTER 

Al A2 A3 A4 Al A2 tl ERECT I ERECT I ERECT b 
CHANNEL A l?,'1HVERTfD?i �HV��j�o;;r - - -

-
-

f.<---- SUB-DIVIDER CYCLE _--j 
A I i s  a character on sub-channel I. A2 is a character on sub-channe1 2, and so on. 

(a) Marking on Channel A by Inversion of Polarity of First Character of Sequence of 
Four Characters Al, A2, A3 and A4 Repeated. 

CHARACTER 

BI 
CHARACTER 

B2 
CHARACTER CHARACTER 

B3 B4 
CHARACTER CHARACTER 

BI B2 

BI i s  a character on sub-channel I, B2 is a character on sub-channel 2, and so on. 

(b) Marking on Channel B by Inversion of Polarity of Characters B2, BJ and B-t 
with Character BI Erect. 

HARKED CYCLE OF A & B CHANNELS 4X145t ins DURATION� 
CHARACTERS 

--
-
A2

---� 83 Ai-------s.i" 
CH�H&NiLS I � I I � I 
COMBINED ™'£ � 

(AB OIPLE X) 
(c} Combination of (a) and (b) to Form a 2·Channel Character·lnterleaved Aggregate 

Signal (Note that Character Al is followed by Character B4, and so on.) 

HARKED CYCLE OF C & 0 CHANNELS 
4 X 14Stms DURATIO N� 

CHARACTERS 
--------. 

C2 02 C3 03 C4 04 
CH/�iEls CJ cw=i r--
COHBINEO � � 

(co DIPLEx) 

(d) Combination of Characters C2. C3 and C4 Inverted on Channel C and Character 
DJ InYerted on Channel D to Form a 2·Channel Signal (Note that Character Cl 
is  followed by DI.) 

I 145 t m• 'I CHARACTER Al : CHARACTER B4 _<'._HA�A£T�R A2 
� Al/I Al/2 Al/l Al/4 Al/S Al/6 Al/7 84/I PA/2 84/l 84/4 84/5 84/6 84/7 �_!/� __ :_ 

Cl/I Cl/2 Cl/l Cl/4 Cl/5 Cl/6 Cl/7 01/I 01/2 01/l 01/4 01/S 01/6 01/7 CZ/I 

I 
CHARACTER Cl : CHARACTER DI : CHARACTER C2 

. 
1------ 4-CHARACTER MARKED CYCLE - 4X 145 tms -----

(i) It uses the same marking for the AB 
diplex (see Fig. 2 (c)), whether it is operating as 
a 2-channel system or whether it forms part of 
a 4-channel system (see Fig. 2 (e)). 

(e} Combination of Channels A, B. C and D to Form a 4·Channel Aggregate Signal. 

(ii) It is balanced, i.e. has equal numbers of 
X and Y elements, under all conditions of 2-
channel or 4-channel operation, and 4-charac-
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Channels A and B are Interleaved Element by Element with Channels C and D 
so that the First Element A l/I of Characters Al is followed by the First Element 
Cl /I of Character Cl. and so on. 

FIG. 2-FORMATION OF 2-CHANNEL AND 4-CHANNEL MARKED 
CYCLE OF FOUR CHARACTERS 



...,..,..,......�.+--"A�2�.._-A�l� _..._�A-4�_.._�A�S�_._�A�6�.._�A7'---_..._ � A-8��'-----, 
�--�l __ J 

,-- - -- -1 

l'::::::������fili������������������·--��-� 
r--T--, 

;,.,..,nV:'7T0>-:1--..0......L--'-�--in..,..,.,.t--'--'-+.,.,,.,,,.+---'-�..,.,.,f--'-'-'-b-TTn+-'-�"7'7,.,.....;.;..;_-i=�· �����J 

DIP LEX 

DlrLEX AB 
ELEHENTS 

t---��-----14Sims-�-�-----.-j 
�A�l/�IA-l/-ZrA -l/�l-Al/� 4rA�l/�l-A l/�6rA�l /�7-88�/lr8�8l�Z -88�/lT8 -8/�4�88�/5�8-8/�6�88�/7� A-Z�/1,-_J-::.�:--J�: 

4-CHANNEL 
AGGREGATE. 

ELEHENT-
INTERLEAVEO 

DIPLEX CD 
ELEMENTS 

Cl/I Cl/Z Cl/l Cl/4 Cl/5 Cl/6 Cl/7 DI/I 01/Z 01/l 01/4 01(5 01/6 01/7 CZ/I CZ/Z = J-::. -::.:-::. 
&-CHARACTER HARKING SEQUENCE ON 

,_ ___ 4-CHANNEL AGGREGATE (8 X 145i m1) --------� 

FIG. 3-MARKING PATTERN FOR 8-CHARACTER REPETITION CYCLE 

The difference in the phase relationship between the 
inverted characters in each diplex results in a unique 
pattern that prevents an in-phase condition being 
recognized when an inverted aggregate signal is received. 
The chance of false phase being obtained when the 
aggregate signal is inadvertently inverted somewhere 
along its transmission path, e.g. at a radio station, is thus 
overcome. 

Automatic Sub-Channel Phasing 

A further advantage of the marked cycle is that it  
provides for sub-division on any o r  all channels, which 
was virtually impracticable on more than one channel 
with the original ARQ system, since each sub-divider had 
to be phased individually after channel phase had been 
obtained. This was because, with sub-dividing, one 
character in four on the channel is inverted and the sub­
dividers had to be removed to obtain channel phase, then 
replaced to allow the sub-channels to be phased. 

When the marked cycle is used the pattern of repetitive 
inversions can be produced economically by a single 
device operated directly by the multiplexing of the ARQ 
system, i.e. one device that will automatically phase 
channels and sub-channels instead of independent sub­
dividing devices on each channel as were used with 
Recommendation No. 242. 

The use of this pattern generator on the main multi­
plexing equipment is facilitated if it can be part of the 
basic design, but existing ARQ equipments can be 
adapted to produce the marking shown in Fig. 2 by the 

use of existing type sub-dividers or the addition of a 
simple counting device simulating the sub-dividing. All 
new equipment will be compatible, by means of a switch, 
with old equipment, and, by suitable choice of master 
and slave terminals, will provide improvement due to the 
use of the tested repetition cycle even when the marked­
cycle system is not employed. 

Pe1formance of the Marked-Cycle System 

Tests and experience in service have proved that the 
use of the marking pattern proposed in Report No. 108 
is a complete answer to the automatic phasing of channels 
and sub-channels; the very rare possibility of an incorrect 
phase position being produced by a combination of 
particular characters on particular channel positions 
has not been noticed, possibly since only one cycle 
would ever be accepted before search would re-commence 
for correct phase. The probability of such an occurrence 
is many times less than the average error rate on a radio 
circuit. 

Equipments embodying the marked-cycle system have 
been in use experimentally for 4 years and in commercial 
production for 2 years.8•12• 13 Operating experience has 
shown (a) that the use of the marking-pattern generator 
has both simplified and reduced the cost of the equip­
ment necessary to provide sub-dividing, and (b) that 
automatic phasing of both channels and sub-channels 
occurs in traffic without the loss or gain of characters 
experienced with equipment designed solely to Recom­
mendation No. 242. 
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ADDITIONAL METHODS OF IMPROVING THE ERROR RATE 

Linking Channels 

It is possible to improve the undetected error rate on 
an ARQ system by linking the channe]sH so that an 
error on any channel causes a repetition cycle on all 
channels. A fade on the radio path will probably affect 
all channels, but there is a high probability that the first 
channel to be affected will detect the fade as an error. 
All the channels will then commence the tested repetition 
cycle that will ensure that the radio path has recovered 
before printing is resumed. Since this adds redundancy 
to the effective protection a small reduction in the ft.ow of 
traffic will result. 

Improved Design of Electronic Equipment 

It has been noted that the use of electronic equipment 
produces a lower error rate than electromechanical 
equipment because the margin of acceptable distortion• 
of the telegraph signal is appreciably higher for the 
electronic equipment. This is a basic improvement in 
detection efficiency and gives a directly improved per­
formance on radio circuits. Also, the transmitted 
distortion of the aggregate signals from an electronic 
equipment is much lower than that from an electro­
mechanical equipment, and this also produces a better 
telegraph transmission performance. 

Where the aggregate signals have to be carried over 
land-line sections16 using tandem d.c.-to-d.c. working, 
appreciable telegraph distortion is liable to occur and, 
in some circumstances (e.g. radio relays), the use of 
synchronous regenerators may be advantageous. How­
ever, it must be remembered that such devices, as well 
as the voice-frequency multi-channel equipments, add 
further propagation delay to the ARQ circuit. 

Circuit design now includes safeguards against the 
failure of any one component causing mis-routing of 
traffic between one customer and another, a condition 
that could occur on some older designs. 

EFFECTS OF LONG PROPAGATION DELAY 

If h.f. radio links only were employed, the maximum 
loop propagation delay between any two points on the 
earth would be less than 300 ms. Allowing for equipment 
timing delays, including a deliberate delay inserted (for 
equalizing reasons) between the ARQ receiver and the 
transmitter at the slave terminal and the use of the 
repetition-request character, RQ, a repetition cycle of 
four characters would suffice at all times. 

In practice this repetition cycle can be employed on 
most routes even where significant terminal equipment 
and land-line delay is also incurred, but there are the 
following special conditions that require a longer 
repetition cycle: 

(a) A radio circuit comprising two links relayed at an 
intermediate point, and for which the use of a regenera­
tive repeater is advantageous (adding delay). 

(b) A radio circuit connected to a submarine telephone 
cable circuit, it being advantageous for error-correction 
and telex-call-timing purposes to provide ARQ over the 
tandem circuit. The propagation velocity of the cable 
(about 100,000 miles/sec) is appreciably lower than that 
of radio (186,000 miles/sec.) and, furthermore, additional 
delay is inevitably introduced by the voice-frequency 
channelling equipments.1• 

(c) Possibly, if a satellite radio link forms part of a 
tandem link with h.f. radio. 
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To cater for these conditions a new channel storage 
unit is being developed that will provide for either 
RQ + 3 stored characters or RQ + 7 stored characters 
in the repetition cycle. Since only a limited number of 
circuits will require RQ + 7 characters the use of the 
new units will be optional. 

In setting up the circuit initially, it is desirable to 
assess the amount of propagation delay not taken up by 
the radio-circuit loop, and some ingenious devices have 
been developed by different manufacturers to indicate 
this delay. 

EXPLOITATION OF ARQ 

The original concept of ARQ was to improve the 
performance of existing radio telegraph circuits. How­
ever, the demand for more and more radio telegraph 
circuits has made it necessary to exploit frequency­
division equipment16 and other devices to give more 
circuits and then to apply ARQ to maintain a satisfactory 
performance. Whereas, prior to the use of ARQ, a 
radio link gave a fairly satisfactory performance, where 
a skilled operator was employed on, say, single-channel 
frequency-shift keying1 of the radio-frequency carrier, 
such a radio system would now probably be converted 
to independent-sideband operation (i.s.b.) and might 
carry telephone circuits as well as six or more 96-baud 
voice-frequency telegraph channels, each carrying a 
2-channel ARQ system. The reduction of transmitted 
radio-frequency power and bandwidth per telegraph 
circuit is considerable, and yet ARQ enables a satisfactory 
error-rate performance to be maintained. The operation 
of additional telegraph circuits over an existing radio link 
by frequency and time division can soon prove economic, 
but until the ARQ equipment reached a high standard of 
electronic design and automatic operation"·13 the cost of 
maintenance was appreciable. 

There is no doubt that modern designs show great 
savings in maintenance, the reduction in the number of 
relays being the main factor. 

CONCLUSIONS 

Using the marking pattern set out in C.C.l.R. Report 
No. 108 it is possible to design equipment, based on 
principles developed from C.C.I.R. Recommendation 
No. 242, that can phase automatically in traffic, without 
loss or duplication of characters and having the following 
operating characteristics: 

(a) Rephasing in traffic can be achieved in an average 
time of about 5 seconds, for a 2-channel system. 

(b) Fully automatic sub-channel phasing in traffic can 
be obtained, which greatly simplifies sub-channel 
operation. 

(c) The arrangement of channels is compatible with 
existing practice when using sub-divided channels. 

(d) By the use of the tested repetition cycle in traffic a 
useful reduction in undetected errors can be achieved. 

(e) The marking pattern for the A and B channels does 
not change with 2-channel or 4-channel operation. 

(f) The element count for out-of-phase detection 
always comprises an equal number of X and Y elements. 

It is, in nearly all instances, possible to introduce the 
marking pattern, proposed in Report No. 108, without 
difficulty on equipment conforming to Recommendation 
No. 242. Since the issue of Report No. 108 in 1959, 
many equipments incorporating these facilities have been 
manufactured and the system has been proved in service. 



Automatic phasing is due largely to the advent of 
electronic ARQ equipment that in itself has also made a 
great improvement in reliability and some improvement 
in performance of ARQ equipment on radio telegraph 
circuits. 

After 10 years of use on radio telegraph circuits all 
over the world the automatic error-correction system 
invented by Dr. Van Duuren, now improved to give 
virtually unattended operation, provides a standard of 
error-rate performance of radio telegraph channels 
approaching that of long cable circuits. 

ACKNOWLEDGEMENTS 

The author thanks colleagues in Cable & Wireless, 
Ltd., Standard Telephones & Cables, Ltd.,and Marconi's 
Wireless Telegraph Co., Ltd., for assistance in producing 
this article. 
References 

1 CROISDALE, A. C. Teleprinting over Long-Distance Radio 
Links. P.O.E.E.J., Vol. 51, pp. 88 and 219, July and Oct. 1958. 

2 An Electronic Error-Correcting Multiplex Telegraph System. 
P.0.E.E.J., Vol. 50, p. 44, Apr. 1957. 

3 KELLER, p. R., and WHEELER, L. K. Automatic Error 
Correction. Wireless World, Vol. 65, p. 28, Jan. 1959. 

� Recommendation No. 242, Green Book, Documents of the 
IX Plenary Assembly, Los Angeles (1959) Vol. I, p. 130, Inter­
national Radio Consultative Committee. 

5 WHEELE, D. W. E., and COLLIER, E. G. Telegraph Distortion 
on Physical (D.C.) Lines and Telegraph Machines. P.O.E.E.J., 
Vol. 52, p. 61, Apr. 1959. 

6 EVANS, H. E., and CROISDALE, A. c. Time-Division Multiplex 
Telegraphy on the Transatlantic Telephone Cable. P.O.E.E.J., 
Vol. 54, p. 113, July 1961. 

7 CROISDALE, A. C. Automatic Error-Correction for Long­
Distance Radio Telegraphy. Post Office Telecon11111111icatio11s 

Journal, Vol. 12, p. 78, Spring 1960. 
8 KELLER, P. R., and WHEELDON, A. J. Recent Improvements 

in Automatic Error-Correcting Systems for H.F. Telegraph 
Networks. Point to Point Telecon11111111icatio11s, Vol. 6, p. 38 
No. 2, Feb. 1962. 

9 CROJSDALE, A. c., and HARRISON, A. F. Testing Radio 
Telegraph Automatic Error-Correcting Equipment. P.O.E.E.J., 
Vol. 54, p. 245, Jan. 1962. 

10 COPPER, E. G. Some Operational Consideration Affecting 
the Use of Automatic Error-Correcting Equipment on H.F. 
Telegraph Networks. Point to Point Teleco1n1111111ications, Vol. 3, 
p. 21, No. 2, 1959. 

11 Report No. I 08, Green Book, Documents of the IX Plenary 
Assembly, International Radio Consultative Committee, Los 
Angeles (I 959), Vol. 3, p. 70. 

iz KELLER, P. R. Automatic Error-Correction on H.F. Tele­
graph Circuits. Point to Point Teleco111111u11icatio11s, Vol. 2, 
No. 2, 1958. 

13 Das Electronische TOR. Hasler Mitteil1111ge11, No. 2, 1960. 
u. VAN DuuREN, H. C. A. Error Probability and Transmission 

Speed on Circuits using Error Detection and Automatic Repeti­
tion of Signals. I.R.E. Tra11sactio11s 011 Co1111111111ications Systen1s, 
Vol. CS-9, p. 38, Mar. 1961. 

15HUNT, C. S. Frequency-Modulated Voice-Frequency Tele­
graph Systems for Radio Telegraph Services. P.O.E.E.J., Vol. 53, 
p. 21, Apr. 1960. 

16 LAW, H. B. The Detectability of Fading Radiotelegraph 
Signals in Noise. Proceedings J.E.E., Paper No. 2104R, Mar. 1957 
(Vol. I 04, Part B, p. 130). 

APPENDIX I 

Tertns Used in Relation to Multi-Channel AR Q Systen1s 
ARQ Syste1n: A system employing an error-detecting code and 

so arranged that a signal detected as being in error automatically 
initiates a request ror re-transmission of the signal so detected. 

Aggregate Signal: The synchronous signal produced by com­
bining the channels. For a 2-channel ARQ system this would 
comprise seven elements of channel A keyed erect followed by 
seven elements of channel B keyed inverted in polarity. 

Balanced Aggi·egate Signal: A signal containing equal numbers. 
of X and Y elements. 

Character Cycle: The sequence in which each channel has com­
pleted one character on the synchronous path. 

Repetition Cycle: The sequence of characters (normally four) 
required by the loop propagation time to provide automatic 
repetition of traffic. 

Marked Cycle: The sequence of characters after which the 
character marking pattern is repeated. The marked cycle is of 
the same duration as the repetition cycle. 

Marking Pa/fern: A pattern of inversions of particular characters. 
over a marked cycle. 

Tested Repetition Cycle: Check of all the elements of the RQ 
signals and a ratio check on all characters of a repetition cycle. 

RQ Signal or Signal I: The 7-unit combination AZZAZAA 
used to request a repetition. Also this signal is always transmitted 
before a character is re-transmitted. 

Tested RQ: Check of all the elements of the RQ signal and a 
ratio check on those characters that follow the RQ signal within 
a repetition cycle. 

Gated RQ: Check for the presence of an unmutilated RQ signal 
during a repetition cycle. 

Elen1ent Synchronisn1: Synchronism of elements exists when an 
element of the local timing completely coincides with an element 
of the received signal. 

Phasing: Situation in which a station is hunting for character 
or marked-cycle phase. This action is by step changes of one or 
more elements. 

Character-Cycle Phase: Correct phase of characters exists. 
when a character cycle of the local timing completely coincides 
with a character cycle of the received signal. 

Marked-Cycle Phase: Marked-cycle phase exists when the 
marked cycle of the local timing completely coincides with the 
marked cycle of the received signal. 

Manual Phasing: Phasing by manual action only. 
Se111i-auton1atic Phasing: Phasing completed automatically after 

initiation by push-button. 
Auton1atic Phasing: Phasing completed automatically, after 

automatic detection of "out-of-phase." 
M11tilatio11: A change or changes in the polarity of received 

signal elements, due to aberrations on the path. 
Transposition: A mutilation which causes no change in the 

total number of Z or A elements in a character of the received 
signal. 

Tin1e Delay per Route (or E11d·to-E11d Tin1e Delay): Sum of 
radio propagation and circuit time delays in one direction of a 
route. 

Total Loop Tin1e Delay: The sum of forward and backward 
delays of a route. 

Sub-Divided Cha1111el: A part-rate teleprinter channel that is 
allocated either ! or ! of the character rate of a normal channel. 

Synchronizing: The action of adjusting element-synchronism 
(by step changes of fractions of an element). 

APPENDIX 2 
Polarity Convention 

The terms "polarity Z" and "polarity A" are used with reference 
to the signal elements of 7-unit code combinations. Since, how­
ever, these polarities are subject to further inversions in the 
multiplex system, the following terms are used in this article: 

7-Unit Code Aggregate Signal 
Erect Where l11verted 

A Y X 
z x y 

In the United Kingdom, X is negative polarity and Y is positive. 
In a 7-unit character the four elements of the same polarity 

correspond to elements of A polarity of the basic code, while the 
three elements of the opposite polarity correspond to Z polarity. 

For radio-frequency-shift keying, the higher radio frequency 
corresponds to Y polarity and the lower radio frequency to the 
X polarity. For 4-frequency diplex operation, the relationship 
between the radio frequencies and the X and Y polarities is as 
follows: 

Radio Frequency 
Highest (f,) 
Second highest (fa) 
Second lowest (/2) 
Lowest (/1) 

Channel I 
y 
y 
x 
x 

Cha1111el 2 
y 
x 
y 
x 
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Pressurization of Telecommunication Cables 
Part I-Principles of Gas Pressurization 

J. R. WALTERS, J. F. KEEP and J. F. CRAGGSj· 
U.D.C. 621.ll 7.333.41 : 621.315.211.4 

This article, which will be published in four parts, describes the 
application of gas under pressure to telecommunication cables. 
Par� I discusses the principles of gas pressurization of cables. 
Parts 2-4 will describe the equipment used and the operation of 
gas-pressure systems. Fault-locating techniques will also be 

discussed. 

JNTRODUCTION 

T
HERE are two main reasons why the application of 
gas pressure to telecommunication cables in the 
United Kingdom has proceeded rather slowly. 

Firstly, the demand for service during and since the war 
has resulted in the employment of a large part of the 
available labour force on extensions to the main and 
local cable networks and on similar development work. 
The second reason is the success of present maintenance 
methods involving regular (or continuous) insulation­
resistance testing and highly developed techniques of 
insulation-fault location and repair well before service is 
aftected. A well-organized fault-repair service has been 
available at short notice and, because of the practice of 
placing cables in ducts and providing jointing points at 
short intervals, it has become normal practice, unless 
localized mechanical sheath damage has occurred, to 
replace faulty lengths of cable between jointing points 
without the need to spend time in locating sheath failures 
to within very close limits. 

However, the demands made on the cable network by 
subscriber trunk dialling, the increased traffic capacity of 
modern high-frequency cables and the importance of a 
high standard of continuity of service have now made it 
quite certain that the pressurization of main, junction and 
local cables is amply justified. It is well to remember that 
in spite of high standards of insulation resistance, at least 
one sheath fault is brought to light in every 3 miles of 
trunk and junction cables as they are pressurized, and 
substantially more sheath faults are found in the local 
cable network. 

First attempts to pressurize cables in this country1 at 
the beginning of the present century appeared to be 
aimed solely at desiccating paper-core cables with 
compressed air dried by means of calcium chloride, and 
air compressors together with desiccating cylinders were 
installed at a number of telephone exchanges for this 
purpose. At about the same time compressed gas was 
applied to trunk cables in Stockholm,' but the difficulty 
of tracing and plugging all the leakages found appears to 
have discouraged further experiments until the idea of 
pressurizing a cable and providing an electrical alarm 
system to indicate a decrease in pressure at any point 
along the length of cable was conceived in America about 
1926.' 

Until about 1956 static-pressure (or constant-pressure) 
systems using nitrogen or dry air at a uniform pressure 
throughout the length of a cable were used. Hence, the 
cable had to be completely sealed before the gas-pressure 
system was brought into regular service, but provision 

t External Plant and Protection Branch, E.-in-C.'s Office. 
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was usually made for periodically bringing the pressure 
back to its initial value to compensate for any slight loss 
of gas or air occurring after all traceable leaks had been 
found. 

A more recent development in North and South 
America, Australia and also in many European countries 
is the continuous-flow method using dry air usually 
provided by means of a compressor. Small leaks are 
left until they develop into more significant leaks; they 
can then be cleared in normal working time as part of a 
routine maintenance program. Suitable devices are 
provided to indicate the amount of air flowing into the 
cables (or to indicate an increase in air consumption) and 
to indicate the pressure at points along gas sections. 
Since leakages are permitted, there is a fall of pressure 
along sections of cable, and this will depend on the 
position and size of the leakages, but the minimum 
pressure at any point must still be sufficient to ensure that 
water does not enter the cable. 

In Great Britain the experimental pressurization of 
trunk and junction cables in 1930 and in 1950 has already 
been described . .i. The gas-pressure system on seven 
cables at Leatherhead telephone exchange has now been 
working satisfactory for more than 12 years, and in 
1953' it was decided that all new coaxial and balanced­
pair cables should be pressurized. In 1958 work was 
commenced on the pressurization of all main and 
junction cables in the Cambridge Telephone Area. 

A series of local-cable pressurization experiments was 
commenced in 1957 in seven telephone exchange areas. 
The object was to develop suitable equipment for a 
continuous-flow system and to assess the economic 
advantages of pressurization as applied to subscribers' 
cables. A total of 1 Ol miles of cable was pressurized and 
197 leaks were traced during the installation period. 
Fig. I shows the improvement due to pressurizing some of 
the cables in five of the exchange areas; in most of these 
areas pressure is applied only to cables between the ex­
change and cabinets. Complaints per underground circuit 
per annum are indicated for quarterly periods from 1956 

to 1962. All cable faults are shown, including conductor 
faults and faults in cabinets and pillars; pressurization 
can, of course, only lessen the incidence of faults caused 
by water penetrating the cable sheaths. The fault rate is 
shown for each of the exchanges for a period before and 
after pressurization was applied, and it would appear 
that a fault incidence of about 0.1 complaints per 
underground circuit per annum can be expected after 
the cables have been pressurized. The graphs also show 
that the random high fault rates due to periodic failures 
of large underground cables have been significantly 
reduced. 

COMPARISON BETWEEN STATIC-PRESSURE AND 

CONTINU Ol'S-FLOW SYSTEMS 

The static-pressure system can provide better insurance . 
against loss of service on long cables, but it entails 
greater expense both in tracing all leakages in the system 



1·58 0-78 

O· S 

0·4 

FAULTS PER 0·3 
UNDERGROUNO 

CIRCUIT PER 
ANNUM 0·2 

O·I 

0 

0·4 

FAULTS PER 0·3 
UNOERGROUNO 
CIRCUIT PER 

ANNUM 0·2 

0·1 

- -T 
f--

---1 -

--1- -

__ ,_ -

1956 1957 

I I I 
1-� -f-- __ ,_ 

1-f--f---

,_� ---
,_ --

--

1956 1957 

0·59 

0·5 t 1r 
-- --

- -
=tfRTFfFFI 11111 

- 111111111111111 -

-

I I 
1958 1959 1960 1961 

(a) 

T 
-f--

1958 1959 1960 1961 

(b) 

-- - -

-
-

1-1
-

1- -1-- -

-11 I 
I I I I u_ �- --- - _,_ -- -

n� 
I 

='� 
0·4 

FAULTS PER 0·3 
UNDERGROUNO 

CIRCUIT PER 
ANNUM 0·2 

0·1 

0 

I 
� -

--

I 
1956 1957 

- -

f 
I I 

I I I I I 

�fEfilUUT1�J 
1960 1961 1958 1959 

(cl 

(tl) 

":��t:J:��� : : 11 ! 111 l 1111111111 I l 111111 l 
1956 I 1957 I 1958 I 1959 I 1960 I 1961 I 

(a) Buxted Exchange Area 
(b) Shrewsbury Exchange Area 
(c) Whitley Bay Exchange Area 

(e) 

(d) ShiPfey Exchange Area 
(e) Chelmsford Exchange Area 
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IN FIVE EXCHANGE AREAS 

when pressure is first applied and in dealing promptly 
with all subsequent leaks. The additional expense is 
thought to be justified for main and junction cables, but 
certain limitations must be noted. 

In addition to the expense of maintaining a leak-proof 
system, the main disadvantage of the static-pressure 
system is that no external supply of air is automatically 
available to maintain pressure in a cable in the event of a 
leakage following major damage to the cable, e.g. its 
complete or partial severance, although a large reserve 
exists in the cable because of the high overall pressure. 
On receipt of an alarm, attention by maintenance staff 
is needed to re-establish the pressure by connecting an 
air supply. The location of the leak can then follow when 
convenient. 

The volume of air required for a static-pressure 
system is substantially less than for a continuous-flow 
system (except for the initial charging period), but, if air 
cylinders are used, reserves must be provided both to 
guard against delays in delivery and because of depen­
dence on a restricted source of supply. Provision must 
also be made for regularly handling and storing heavy 
cylinders, for tracing and returning empties, and for 
dealing with accounts. 

The main disadvantage of the continuous-flow system 
is the need for large uninterrupted supplies of dry air. 
This usually involves the permanent operation of 
electrically-driven compressors with associated desiccat­
ing equipment. Careful siting of pressure gauges is also 
required to ensure a minimum safe pressure at remote 
ends of gas sections. Because of the difficulty of supplying 
air to a leak through 4 or 5 miles of cable, the advantages 
of a continuous supply of air may be of limited value for 
trunk and junction cables. 

It is possible that the best of both systems might be 
achieved if all cables terminating at an exchange were 
first pressurized by a continuous-flow technique and 
then the leaks were traced as time and labour permit. 
The trunk and junction cables could thus be raised to the 
standard required for a static-pressure system. This 
procedure is only to be recommended, however, if it is 
expected that a long period will elapse before it will be 
possible to complete the fault-locating operation, because, 
in filling a cable from one end only, long delays occur 
between the clearance of one leak and the passage of 
sufficient air past that point to enable the next leak to be 
located. It is more practicable to combine filling with 
fault clearance and to fill the cable in steps of several 
loading-coil sections, clearing the major leaks before 
finally coupling all sections together. 

APPLICATION OF PRESSURIZATION TO LOCAL, 
JUNCTION AND TRUNK CABLES 

Local Cables 

The layout of local cables is usually complicated by 
many changes in cable size, and the pneumatic resistance 
(see Appendix) of such cables is high; at a distance from 
the exchange where the numbers of conductors in the 
cables are small the pneumatic resistances are particularly 
high. At such points access to the cables is usually rather 
difficult and, in many instances, the cables are linked 
together by tie cables. 

However, the primary networks between exchanges 
and cabinets utilize large-diameter cables that are easy 
to pressurize to good effect, since faults can thereby be 
avoided in cables containing large numbers of working 
circuits. More gas seals are required in the cables 
between cabinets and pillars and a higher standard of 
sealing is necessary in order to ensure a sufficient supply 
of air in the event of a large leak or a continuous supply 
of air to the smaller leaks. 
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The small distribution cables between pillars and 
distribution points (d.p.s) are often subjected to much 
mechanical disturbance, with consequent sheath failures, 
and they are also the most difficult and expensive to 
pressurize because, in many instances, the cumulative 
pneumatic resistance from the exchange is high. 
Fortunately, each sheath failure affects relatively few 
circuits. 

In such circumstances the advantages of pressuriza­
tion as applied to local cables can best be attained by 
concentrating on the cables between exchanges and 
cabinets and leaving the rest of the cable network, unless 
local conditions clearly show the desirability of pressuriz­
ing from an exchange to pillars or to selected d.p.s. It 
may be found expedient to pressurize such cables at a 
later stage. 

With the continuous-flow system applied to a local­
cable network, an average permanent air flow of up to 
about 0·2 ft3/hr at 9 lb/in2 into each cable is thought 
to be satisfactory. When the flow exceeds about 0·6 ft3/hr 
on any cable attempts are made to trace the major leaks. 
Increases in the rate of flow of air into a cable can indicate 
a general deterioration in the condition of the sheath or 
the occurrence of a large leak close to the exchange, but 
the condition of the cable is indicated more clearly by 
a fall in pressure at any point in the system. 

In the Post Office continuous-flow system a pressure 
of 9 lb/in 2 is maintained at the exchange, and a working 
pressure of 3 lb/in2 at remote cable ends is considered 
adequate. Alarm arrangements are made to indicate 
when the working pressure at cable ends falls to about 
2 lb/in2• Intermediate pressure gauges in the cable are 
set to operate at higher pressures, the settings being de­
pendent on the length of the gas section. In practice, the 
setting of pressure gauges is determined by reference to a 
suitable chart (Fig. 2). 
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FIG. 2-PRESSURE-GAUGE ADJUSTMENT CHART 

Most of the cables in the local-cable network between 
cabinets, pillars and d.p.s lie in dry or moist ducts or in 
not more than one or two inches of water. In such cir­
cumstances small leaks could be safeguarded with an 
internal pressure of less than l lb/in 2, and this protection 
is in practice occasionally extended beyond cabinets if 
the fault history is particularly bad. 

Trunk and Junction Cables 

The pneumatic resistance of trunk and junction cables 
is relatively low, and the terminations at the ends and on 
any branch cables are easily accessible in exchanges or 
repeater stations. Usually there are fairly long sections 
in which the cable size remains unchanged, and the cables 
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are more readily pressurized to a substantially leak-proof 
standard. An interim maintenance standard has been 
adopted for cables over 3! miles long: during a period of 
1 month the absolute pressure in the cable at any point 
at which a pressure gauge is provided should not fall by 
more than l lb/in2• In general, it has been possible to 
maintain cables to this standard with no great difficulty. 
but there are objections to specifying a permissible 
leakage by the rate of fall in pressure at a remote point, 
as a small fault near a gauge would cause the pressure 
indicated by the gauge to fall at a much quicker rate 
than would be caused by a leak at a distance from the 
gauge. It may eventually be necessary to relate the 
permissible rate of leakage to the position of the leak as 
determined by initial tests. 

The alternative of specifying a permissible flow of air 
into the cable is not attractive because of the possibility 
of long lengths of cable causing the flow to be reduced 
between a leak and any feeding point. 

Pressure-indicating devices are provided along the 
length of a pressurized cable. A pressure gauge with 
electrical contacts that can be set to operate at any 
required pressure is usually provided where the cable 
terminates or is accessible at an exchange or repeater 
station, and contactors (i.e. pressure-sensitive alarm 
relays that operate when the pressure falls to a predeter­
mined value) may be fitted in cable joints along the route 
if a suitable building for mounting a pressure gauge is not 
available. Generally these alarm devices are provided at 
distances of between 5 and 9 miles, depending on the 
pneumatic resistance of the cable. 

Air for filling and topping-up purposes is normally 
obtained from compressors at the larger repeater stations 
and exchanges at which the cable or its spurs terminate. 
Cylinders of compressed air are provided for emergency 
use at selected staffed buildings. 

Although there are advantages to be gained from 
coupling a number of cables together at their termina­
tions, this practice tends to make it difficult to readily 
identify a leaking cable from a group of several cables. 
It is also impossible to make any extensive use of routine 
gauge readings taken at regular intervals of time, 
because the effect of a large leak in one cable may be 
masked by the reservoir of air provided by the leak-free 
cables. It is the practice, therefore, to provide individual 
pressure gauges and to maintain each cable as a separate 
gas-pressure system. 

Carrier and coaxial cables are connected at intermediate 
repeater stations in such a manner that under normal 
operating conditions they are connected pneumatically 
from one section to the next. This practice facilitates 
fault locating and avoids a large number of end sections. 
Faults near ends of cables are difficult to locate; con­
necting through also ensures that a leak near an inter­
mediate station will be supplied with air from both 
directions. 

System Adopted 
The Post Office is now engaged in an extensive pro­

gram of pressurization of main, junction and subscribers' 
cables at all large telephone exchanges. In the system 
that has been adopted air compressors, desiccators and 
rack equipments are provided for all the cables terminat­
ing at these exchanges, and a particular feature of the 
system is that facilities for constant pressure are provided 
for main and junction cables and continuous flow is used 
for the local cables. 
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APPENDIX 
Tlze Flow of Gas i11 Cables 

Pneumatic Resistance 

The air space in conventional types of cable occupies between 
50 per cent and 70 per cent of the total volume of the core and, 
although the air paths through the core form a tenuous pattern, 
the aggregate resistance to the flow of air is sufficiently uniform 
to permit reasonably accurate estimates of the positions of leaks 
to be made. 

When comparing the rates of flow of compressed air through 
lengths of uniform cable of various types the following approxi­
mate relationship is used: 

F = P/R, 
where F = quantity of air discharged from the cable measured in 

ft3/hr at atmospheric pressure, 
P = total pressure-drop along the cable measured in 

lb/in', 
R = total resistance to flow of air measured in units of 

pneumatic resistance (u.p.r.). 
The relationship between fall of pressure and pneumatic 

resistance is assumed to be linear at all pressures likely to be 
applied to telecommunication cables, but the pressure distribu­
tion along a uniform cable freely discharging into the atmosphere 
is shown in curve A of Fig. 3 and is influenced by the lack of 
streamline conditions near the leak and by the change in friction 
experienced in the cable as the density of the air decreases as the 
pressure drops. 

The shape of the pressure curve is changed when cables of 
different pneumatic resistance per unit length are joined together 
and compressed air is passed through the cable. An example of 
the change in slope observed when cables of low pneumatic 
resistance are joined to cables with a higher pneumatic resistance 
is shown in curve B of Fig. 3. In the example shown continuous 
pressure is applied at one end of a cable with low unit pneumatic 
resistance and a leak is simulated at the far end. 

In general, uniform gradients are observed when pressure 
measurements are made on trunk and junction cables because 
there are long lengths of the same type and size of cable. More 
uneven gradients are usually measured in local-cable distribution 
networks, but allowance can be made for the effects of these 
variations in pneumatic resistance, and records of the pressures 
can be kept for each continuous-flow scheme to indicate such 
changes. 

Pressure Gradients Caused by Leakages 

The effect of a single leak on the pressure distribution curve 
along a uniform cable normally maintained at a static pressure 
of about 9 lb/in• is shown in Fig. 4. Because air flows to the point 
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of leakage from the supply stored in the cable on either side of 
the leak, two characteristic curves are produced. The point of 
intersection of these two curves indicates the pressure within the 
cable at the leakage and the slope of the curves steadily changes 
as the pressure falls, the rate depending on the size of the leak, 
the pneumatic resistance of the cable, the quantity of air remaining 
in the core and the position of the leak. Pressure curves are 
shown for 1 hour, 1 day and 4 days after a leak in the cable sheath 
has occurred. 

A small leak from a composite coaxial cable or similar cable 
with very low pneumatic resistance per unit length will produce 
shallow pressure gradients because the pressure throughout the 
cable can equalize reasonably quickly. A similar leak from a 
cable with a high pneumatic resistance per unit length will pro­
duce a much steeper gradient near the leak, and with such cables 
there is a danger when leaks occur that air stored in the sheath in 
the vicinity of the leak will be discharged at a greater rate than it 
can be replenished from remoter sections of ea ble. The pressure 
at the leak may then fall appreciably while it remains high at 
points 2 or 3 miles distant. 

When the pressure of the air inside the cable at the fault point 
falls to less than the pressure of the head of water outside the 
cable, water will penetrate the sheath perforation and cause 
damage to the core. With small perforations the pressure of the 
air at the hole is uniform and equal to the pressure at the cable 
core, but with holes larger than approximately f.r in. diameter 
(depending on the pressure in the core and the pneumatic resis­
tance of the cable) the pressure in the middle of the hole will be 
less than at the circumference and this will be partly due to the 
presence of the core wrappings. There is a similar variation of 
air pressure at longitudinal fissures or cracks. 

To ensure that water does not enter the cable, pressure gauges 
with alarm contacts or pressure-sensitive contactors are fitted to 
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the cable at intervals. These devices are set to operate at what is 
considered to be a minimum safe working pressure for the cable, 
an allowance being made for the pressure necessary at the middle 
of perforations. If possible, some allowance should also be made 
for cable sections where the pneumatic resistances are high and 
where air needed to stop the ingress of water is likely to be 
restricted. 

The distribution of pressure along a cable continuously supplied 
with compressed air at constant pressure from one end only and 
leaking at one point is shown in Fig. 5. In this instance a pressure 
gradient is maintained along the section to the leak whilst the 
pressure beyond the leak eventually falls to the pressure within 
the cable at the point of leakage, the curve then remains constant 
unless the size of the leak increases. This type of pressure gradient 
is produced when continuous-flow pressurization is applied to 
local cables, using pressure equipment installed at the exchange, 
and a similar gradient is obtained when a leak occurs near one 
end of a trunk or junction cable having a static-pressure system. 
The procedure when searching for leaks in these circumstances 
is to investigate abrupt changes in pressure gradient that cannot 
be accounted for by changes in pneumatic resistance of cable 
sections. 
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Voltage Incidence and Duration Counter 
U.D.C. 621.317.32:621.391.823 

AS a result of the introduction of 50 c/s a.c. electrified 
railway systems, a need arose for a method of 
recording the magnitude and duration of the 50 c/s 

and the psophometric interference voltages induced in 
Post Office circuits by such railway systems. These 
voltages are variable in magnitude and duration, since 
they depend on train position and load current. Attempts 
to use recording voltmeters showed that, unless a high 
paper-speed was used, duration could not readily be 
measured; high paper-speed is, however, inconvenient to 
use for prolonged periods and, at any paper-speed, 
analysis of the results is laborious. 

Measurements of both 50 c/s and psophometric 
induced voltages were required, and these voltages were 
first converted into d.c. voltages, the former by a simple 
filter-and-rectifier network and the latter by using a 
psophometer modified by the addition of a magnetic 
amplifier giving an output in the range 0-10 volts d.c. 
The method adopted to record the magnitude and 
duration of the interfering voltages was to count the 
number of occasions and the length of time that the 
derived d.c. voltages fell within preset limits. 

The counter used for the above purpose consists of a 
number of balanced d.c. amplifiers used as voltage­
detectors so that the duration and incidence of different 
levels of the interference voltages can be recorded 
separately; the prototype in use at present has four such 
amplifiers. The inputs of all detectors are joined together 
as shown in the figure, but there is an adjustable negative­
bias voltage applied individually to the input of each, 
detector, so that the net input to each detector is the 
algebraic sum of the input signal and the negative bias. 
Relay A, connected between the anodes of V2A and V2B, 
operates when the net input voltage is positive, the 
rectifier MRA preventing its operation when the voltage 
is negative. The adjustment of the bias is used to preset 
the voltage at which the relay will operate, the maximum 
value being 15 volts. Associated with each detector 
circuit are two counters (telephone-exchange type sub-
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scribers' meters); the operation of the anode relay 
operates the "occasions" meter once, but the other meter 
is stepped once per second until the anode relay releases. 
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The simple d.c. amplifiers used have proved to be 
stable and give a differential between operate and release 
input voltages of less than 0·2 volt; this differential is 
independent of the operate voltage-setting. Rectifier 
MRB and capacitor Cl are used to increase the operate 
time-lag so that inaccuracies due to short transients are 
reduced. 

A.G.P. 



The Highgate Wood Electronic Telephone Exchange 

S. W. BROADHURST. A.M.I.E.E.t 
u.o.c. 621.395.345:621.395.722 

Fifty years after the first Briti s h  Post Office experimental automatic 
exchange was installed at Epsom, the first exper imental all-electronic 
telephone exchange has been put into service at Highgate Wood. 
The exchange is the first of its type (t.d.m. switched highway) to be 

used for subscribers' traffic an ywhere in the world. 

INTRODUCTION 

H
IGHGATE Wood electronic telephone exchange, 
the first of its type (time-division multiplex 
switched-highway system) to be used for sub­

scribers' traffic anywhere in the world, was accepted by 
the Postmaster General, the Rt. Hon. Reginald Bevins, 
M.P., on 12 December 1962 from Sir Thomas Spencer, 
Chairman of Standard Telephones & Cables, Ltd., 
(Fig. I) on behalf of the five manufacturers who co­
operated with the Post Office in the development, 
manufacture, installation and commissioning of the 
exchange. 

1 n 1956 a Joint Electronic Research Committee 
(J.E. R.C.) consisting of the Post Office, Associated 
Electrical industries, Ltd. (then Siemens Edison Swan, 
Ltd.), Automatic Telephone & Electric Co., Ltd., 
Ericsson Telephones, Ltd., The General Electric Co., 
Ltd., and Standard Telephones & Cables, Ltd., was set 
up to undertake research leading to the development of 
an electroniL: telephone switching system. At that time 
each member organization of the new committee had 
already done much work on the problems of electronic 
switching and several lines of approach were available. 
It was decided to concentrate the joint effort initially on 
the production of a single experimental system. Of the 
three possible basic switching methods available-space, 
time, and frequency division, only the first two appeared 
to be practicable, and of these a time­
division multiplex (t.d .m.) system was 
chosen as being the most likely to 
exploit fully the potentialities of the 
new medium. 

The t.d.m. system chosen was the 
switched-highways system. For the 
purpose of the experiment it was 
decided that a complete exchange 
giving all standard facilities and capable 
of interworking with the existing net­
work should be built, and it was 
further stipulated that the exchange 
should be so designed that it would be 
demonstrably capable of extension to 
at least 20,000 lines. These decisions 
have profoundly influenced the "organ­
ization" of the system, particularly in 
the application of the common-con­
trol techniques used and the design 
of system security. 

The exchange was jointly designed 
by a team drawn from each of the 
organizations, but the development 
and manufacture of the system was 
shared between the manufacturers, 

each being free to use the techniques and components 
with which he was most familiar, or which he con­
sidered most suitable, so as to enable a comparative 
assessment to be made of different techniques, equipment 
practice and maintenance features. 

For these reasons the amount and diversity of the 
apparatus fitted at Highgate Wood are much greater 
than would have been the case if the equipment had been 
designed solely to serve the 600 lines and junctions now 
in use there. No restrictions were placed on the number 
of power supplies nor were anynew components developed 
specially for the experiment. 

The building of a prototype model was authorized to 
ensure satisfactory interworking between the various 
sections to be contributed by the different parties. This 
model was installed at the Post Office Research Station. 
Dallis Hill, and shown to the Press in November 1959. 
Highgate Wood exchange differs from the model in 
respect of its equipment practice and in some of its 
logical elements but the greatest change is in respect of 
the automatic routining and security features now 
integrated into the system; these the model did not 
possess. 

PRINCIPLE OF T.D.M. SWITCHING 

In time-division multiplex telephone exchanges the 
conversation paths or highways are time shared, i.e. each 
call is allotted a particular "time slot" or channel 
defined by a pulse train, and as each pulse in the train 
appears it is caused to sample the speech wave and is 
amplitude modulated by it so that a series of signals 
describing the speech wave is transmitted along the 
highway. ln the switched-highways system the channels 

t Post Office Research Station. 
FIG.I-THE POSTMASTER GENERAL ACCEPTING HIGHGATE WOOD 

EXCHANGE FROM SIR THOMAS SPENCER 
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are at l µs separation and sampling occurs at 100 µs 
intervals, giving a pulse repetition frequency of 10 kc/s 
and 100 channels in the multiplex. The principle is 
illustrated in Fig. 2. Speech from source A is sampled 
10,000 times a second by pulse train Pa at modulator 

�1 � � � � � HIGHWAY 

c I DIALLING I 

MODULATOR GATE 

FIG. 2-PRINCIPLE OF TIME-DIVISION MULTIPLEX 

gate MA, which is connected to the highway. Sources 
B and C are similarly sampled but by different pulse 
trains, Pb and Pc, the interleaved modulated pulses 
appearing on the common highway. The broken lines 
show the original waveforms that can be reconstructed 
from the modulated pulses at the receiving end of the 
system. 

An exchange consists of a number of such highways, 
each highway serving a group of lines, i.e. subscribers 
and junctions. Since each highway in a multi-group 
system can carry between 60 and 65 Erlangs of traffic the 
number of lines in a group is variable from about 200 to 
1,000; at Highgate Wood the maximum number is 800. 

800 P+50 

All the highways are fully interconnected by means of 
switching gates. Separate highways are used for inward 
and outward transmission so that each line requires a 
4-wire/2-wire terminating set. The inward highway of 
each group is connected to the outward highway of 
every other group as shown in Fig. 3 which illustrates 
the basic trunking, omitting the setting-up apparatus and 
the controls. 

A speech path from a subscriber in group I to a 
subscriber in group 2 using pulse channel P can be 
traced from modulator gate MA of the line A in group l, 
via the inter-highway gate G, to demodulator gate DB 
of the line B in group 2. A similar path for the speech 
in the reverse direction can be traced via the gates 
operated at pulse time P + 50 (P and P + 50 mean a pair 
of pulses half the multiplex cycle time apart, i.e. 50 
channel-pulse times apart; such pulses are said to be in 
antiphase). The reason for using a different pulse 
position for each direction of transmission is to avoid 
speech from either line being received by both and 
appearing as high-level sidetone in the speaker's instru­
ment. Any pair of pulse trains would have served for 
this purpose but it is convenient to maintain a fixed 
relationship between them. 

DESCRIPTION OF T.D.M. ELECTRONIC TELEPHONE EXCHANGE 

To set up a speaking path in a t.d.m. switched-highway 
system it is clear that control and setting-up apparatus is 
necessary 

(i) to detect when a new call is initiated, 
(ii) to receive instructions dialled by the caller, 
(iii) to select the required line terminal, 
(iv) to select a pulse channel which is free and avail­

able to both the calling and called line, and 
( v) to establish the required connexion and maintain 

it until release conditions are signalled. 

HIGHWAY SWITCHING GATES 

TO 
COMMOH-COHTROL 

EQUIPMENT 

FIG. 3-BASIC TRUNKING FOR T.D.M. SWITCHED-HIGHWAYS SYSTEM 
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Control of Connexions 
For an understanding of the system it is best to take 

the last of the above requirements first. Referring to 
Fig. 3, consider the path from subscriber A to 
subscriber B via the "in" highway of group I and the 
"out" highway of group 2, using channel time P. At any 
given time many other calls may be using the same high­
ways and, therefore, although gate MA of subscriber A 
and gate DB of subscriber B must open only at channel 
time P, the inter-highway gate, G, must open not only at 
time P but also at each of the channel times which may 
have been allotted to other calls between the two groups. 
Hence, each gate in the transmission path must be con­
trolled by a device which can store information relating 
to the pulse trains to be applied to the gate. It is advan­
tageous if such a device can also generate the pulse trains. 

At Highgate Wood these devices, which are known 
variously as memories or stores, take the form of 
magnetostriction delay lines, one of which is shown 
schematically in Fig. 4. A short pulse at the input to the 
write gate is amplified and applied to an input coil, W, 

CLOCK 

RECIRCULATION 
.��������J 

ERASE 

OUTPUT 
PULSE 
pt 50 

OUTPUT 
PULSE 

p 

FIG. 4-SCHEMATIC DIAGRAM OF CIRCULATING DELAY LINE 

at one end of a wire having magnetostrictive properties, 
producing a stress wave which travels down the wire and 
is detected 100 µs later at the output coil, R. An auxiliary 
coil R, is placed at the centre of the wire to detect the 
pulse 50 IJ-S after it has been written. The output from 
coil R is amplified, re-timed by a strobe pulse and caused 
(a) to provide an output to the appropriate gate and (b) to 
provide a feed-back input to the write gate. Thus, any 
pulse injected once in the write coil will continue to 
circulate indefinitely, providing an iterative output from 
coils R and R1• Up to 100 pulses can circulate in this 
way. To erase any one of the pulses, i.e. to release any 
connexion controlled by the delay line, the recirculation 
path is brnken at the erase gate for the duration of the 
appropriate pulse time. The remaining pulses will, 
however, continue to circulate. 

Detecting Calls and Setting-Up Connexions 
The incoming lines are continuously scanned to detect 

new calls. Scanning consists of applying a test pulse 

D 

to each of t he modulator gates in turn in order to det.ect 
the condition of the line. One of the channel pulse 
times is reserved for use as a test pulse. If, when the 
line is being scanned, a new call has started the test 
pulse is gated on to the highway. The detection of this 
condition in the common-control equipment causes the 
caller to be connected to a register. The scanning and 
call-detection process therefore involves control of the 
line gates and, hence, of the delay-line stores which 
control them. 

Since it is uneconomical to provide an individual delay 
line for every subscriber's line circuit, a system of coding 
is used. At Highgate Wood there are 800 lines in a group, 
which is divided into 8 sub-groups of 100 lines each, 
arranged in 10 rows of 10 columns. A line equipment 
position in any group can thercfllre be defined as a 
3-digit number, ZX Y, Z defining the sub-group. X the 
column and Y the row. Using live delay lines per digit and 
coding their outputs in two-out-of-live code a total of 
15 delay lines can be made to serve the line gates of the 
800 equipment positions. Fig. 5 illustrates the co-

FIG. S--CO-ORDINATE wm1NG USED FOii CONNEXION OF 
LINE EQULl'MEN rs 

ordinate-wiring method used for the connexion of line 
equipments within a IOO-line sub-group. and Fig. 6 
shows the transmission racks containing line units, 
highway apparatus and delay-line stores. 

The relationship between the subscribers' numbers 
and their exchange-equipment positions, given by the 
intermediate distribution frame cross connexions in 
existing exchanges, is. in this exchange, written into 
and stored on a magnetic drum. Each track of the drum 
is divided into JOO parts. one for each line in a sub-group. 
Four tracks are allocated for, each sub-group and each 
group of tracks is switched sequentially so that as the 
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FIG. &-TRANSMISSION EQUIPMENT RACKS 

drum rotates the information relating to each of the 
equipment numbers, e.g. directory number, class of 
service, type o f  line, etc., appears in a fixed sequence 
at the output of the drum reading heads. That is, the 
position of the drum at any instant defines the equip­
ment number ZX Y of a particular line. Since the drum 
takes 28 ms to complete a revolution the information 
for each line is a vai !able for 280 p.s every 8 x 28 ms, 
i.e. 224 ms. (This is the scanning time for subscriber's 
lines, junctions being scanned at every revolution of the 
drum). 

Fig. 7 shows the principles of line scanning and line 
selection for one of the groups. The delay lines are 
arranged in three groups of five delay lines each; of these, 
only one delay line in the Y set is shown, but the remain­
ing 14 are identical. Each set of delay lines is connected 
to two decoding matrices one of which is fed from the 
centre tap of the delay lines. The decoding m:Hrices 
convert the two-out-of-five combinations into the one­
out-of-ten signals necessary to define the line gates. 

As the drum revolves it generates waveforms corre­
sponding to the Z X Y code of the Ii ne it is scanning; these 
waveforms send signals on six out of 15 leads typified by 
lead A in the figure. Providing the line is not already 
engaged as the result of a previous scan a test-pulse 
generator supplies a test pulse P,. to gate 02. This 
pulse appears on the outputs of the G I gates of each of 

168 

the six marked delay lines. These out­
puts are decoded, and, in the case of 
the X and Z leads, combined to select 
(a) the line gate, LG, of the sub­
scriber's line circuit as defined by the 
sub-group Z and the column X, and 
(b) the gate YG appropriate to the row 
of 10 line equipments of which the 
scanned subscriber is one. Only if the 
subscriber's line, L, is looped is the test 
pulse permitted to be gated on to the 
in-highway, and, when the test pulse 
does so appear, the common-control 
equipment detects it and prepares to 
set up the call to a register. This 
process, which takes about 90 /tS, 
occurs du ring the first half of the 28014s 
available in the scanning period. 
During scanning, the test pulse is 
prevented from circulating in the delay 
line by a signal over wire B, which 
inhibits the circulating path at the test­
pulse time. As soon as a call has been 
detected a busy condition is written on 
the drum to prevent any set-up being 
attempted during subsequent scanning 
times. 

When a connexion is to be set up the 
calling line's Z X Y code from the drum 
is staticized* on six out of I 5 leads, 
typified by lead C in Fig. 7. A device 
known as the channel selector sends a 
suitable pulse over the common lead 
E. This pulse will circulate in the 
particular set of six of the I 5 delay 
I ines and, as a result, pulse signals will 
appear on the six connect-inward 
leads and on the corresponding six 
connect-outward leads appropriate to 
a particular Ii ne. These signals are 

combined in their respective decoders and are caused to 
operate the gates connecting the line to its highways. The 
selected pulse will continue to circulate in the delay line 
until the end of the call when it is erased by a pulse signal 
applied on lead B. As long as the pulse continues to ci rcu­
late, the line Lis connected to its in-highway at the selected 
pulse time, e.g. time pulse P, but because of the centre­
tap output from the delay line, line L is connected to 
the out-highway 50 µ.s out of plnse, i.e. at time pulse 
P +SO. 

The channel selector is simply a device which, on 
receiving a request to set up a connexion, selects the first 
free channel available in the group concerned. The 
group with which it has to deal is defined by the position 
of the drum, and the channels already in use in the group 
are signalled to the selector over the busy-channel lead 
(Fig. 7), to which is applied all the pulses circulating in 
the delay lines of the group concerned. 

The channel selector also controls the delay Ii nes 
controlling the setting of the inter-highway gates in the 
switching networks. 

Fig. 8 shows the magnetic drum and associated control 
equipment racks. 

* Staticized-converted from a time sequence of states repre­
senting digits into corresponding space distribution of simult­
aneous states. 
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EQUIPMENT 

Common-Control Fquiµment 

The principles of the common­
control equipment used in the system 
are illustrated by the schematic dia­
gram of Fig. 9, which should be re­
ferred to in conjunction with Fig. 3. 

Although in practice the various 
sections of the common control are 
physically separate pieces of equip­
ment it is easier to follow the broad 
principles of the system if the common 
equipment be considered as being in 
two parts; (a) the control elements 
which control the setting up and clear­
ance of the calls, receive and send 
information to and from the lines, and 
monitor the lines during conversation, 
and (b) the central memory containing 
all the permanent and semi-permanent 
information relating to the lines and 
junctions, including the translations. 

When a subscriber, such as sub­
scriber C in group N (Fig. 3), origin­
ates a call, the test pulse PT is received 
in the control over the state-of-line 
lead (Fig. 9). The channel selector, 
with the knowledge that this is a new 
call, will select a pulse channel such as 
Pn that is  free both on the in-highway 

TO 
CONTAOL 

A 

TEST PULSE 
P1 

of group N and the common register highway RH 
(Fig. 9). The common-control equipment sends a 
pulse at time Pa to a gate, TG, which opens at the 
coincidence of this pulse time with that of a group 
pulse Gp�, which defines the number of the group. 
The pulse enters delay line TD, where it circulates 
giving an output to modulator gate DG at pulse 
time P11 + 50. These pulses are modulated by dial 
tone and transmitted via the out-highway to the 
calling subscriber. 

When the subscriber dials, his dial pulses inter­
rupt the pulse train P" on the in-highway at modu­
lator gate MC (Fig. 3). The dial breaks are counted 
and stored in the register, which, after sufficient 
digits have been received, refers to the central 
memory. If the call is for an outgoing junction a 
translation is received together with the designation 
of the equipment number of the outgoing circuit, 
i.e. its position on the drum. For a local call no 
translation is required. While the drum is scanning 
the required equipment number the setting-up 
apparatus can select the outgoing circuit and set the 
line gates to open at the pulse time of a channel 

FROM which the channel selectorfi nds is available on both 
CONTROL the calling and called lines' highways. For a 

locally-terminated call the final connexion is then 
set up, but for an outgoing-junction call, the high­
way switch is prevented from operating until the 
register ceases to send out. The final setting-up 
involves a change of pulse on the caller's highway 
so that three different channels may be used in 

FIG. 8-MAGNETJC DRUM AND ASSOCIATED EQUIPMENT RACKS 
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FIG. 9-SCHEMATIC DIAGRAM OF COMMON-CONTROL EQUIPMENT 

succession while a call is being set up: a pulse PT for 
detecting the call, a pulse PR to make the register con­
nexion, and a pulse P., to complete the conversation path. 
Of these pulses only pulse PT is fixed and not available 
for all types of connexion. 

Supervisory Equipment 

All operations in the exchange are dealt with on a 
one-call-at-a-time basis, a feature made possible by the 
speed of operation of electronic components. In the 
supervisory equipment, which controls the application of 
tones and signals to the highway channels and which 
detects the answer and release conditions, each multiplex 
channel in the exchange is scanned for I µs at 900 µs 
intervals. The equipment at Highgate Wood uses a 
number of 900 µs delay lines in a parallel arrangement. 
These act as stores for all the information relating to the 
highway channels, each channel being given a particular 
time position in the stores. The equipment is thus 
capable of looking after 9 x JOO channels, i.e. a 7,200-line 
exchange having 800 lines per group. At each channel 
position in the stores there is recorded a coded pattern 
indicating the state of a particular call. The pattern 
changes as the call progresses and logic-circuit elements 
deduce from these changes the action to be taken, e.g. to 
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start or stop ringing, to meter the call or to initiate 
release of the call. These actions are in turn dependent 
on the class of service of the lines concerned, and because 
of this the information relating to the lines, which is 
permanently stored on the drum, is temporarily trans­
ferred to the supervisory equipment, where it is held in 
store until the connexion needing the information is 
cleared. 

The equipment includes "persistence" timers, the 
equivalent of the well-known B-relay circuit. If a caller 
clears, his pulse train is removed from the highway 
although the gates in the connexion path continue to 
open at the channel time used by his call. When the 
supervisory equipment scans this channel it stores the 
"no-pulse" information and commences to "time out" 
the condition. If the clear persists long enough, the caU 
is released by signalling from the setting-up apparatus to 

FIG. II-SUPERVISORY EQUIPMENT ANO EXCHANGE-FAULT 
ANALYSER EQUIPMENT RACKS 

the inhibit gates in the circulating paths of the delay-line 
stores controlling the connexion. The organization of 
the supervisory equipment is illustrated in Fig. 10, the 
equipment being mounted on eight racks, two of which 
are shown at the left-hand side of Fig. 11. 

Register 

Like the supervisory equipment, the register (Fig. 12) 
also uses 900 p.s delay lines for storage purposes but in a 
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FIG. 12--0RGANIZATION OF REGISTER 

different manner. The stores, which are arranged in 
groups of four, are divided into nine sections of 100 bits 
to provide 9-digit storage for 100 registers, each digit 
comprising 4 bits. The input to the register is the single 
register highway (RH in Fig. 9) over which dial pulses 
for 100 channels are received. The dial pulses are 
counted and scanned using 100 µs delay lines before being 
stored serially at the channel-pulse time; an electronic 
digit distributor steers the dialled digits successively into 
sections 1, 2, 3, 4, etc., so that the wanted subscriber's 
number is stored in modified binary form at pulse 
times Pn, Pn + 100, PR + 200, etc. Associated logical 
circuits process the call in accordance with the class of 
service and the digits dialled. Fig. 13 shows the register 

FIG. 13-REGISTER RACKS 

racks, with a delay-line unit withdrawn near the bottom 
of one rack and associated equipment withdrawn higher 
up the racks to illustrate the sub-assembly construction 
of the equipment units. 
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MISCfLLANEOUS FACILITIES AND EQUIPMENT 

The exchange provides three-way connexions for 
trunk-offering and interception. Technically this means 
tha! an operator using one pulse-channel (P) and its 
ant1phase (P + 50) must be able to speak and listen to 
a pair of subscribers using a different pair of channel 
pulses. 

No test distributors are fitted, but the test clerk can 
dial through the exchange to select a line-isolating relay 
'.lppropriate to the line it is required to test. This relay 
1s n�cessary because no electronic switch gives the exact 
equivalent of the open-circuit condition demanded by 
the present method of line testing. 

Because of the low power-handling capacity of 
electronic equipment it is not possible to transmit 
hi�h-power ringi_ng curr.ent. thr.ough the exchange 
switches. Each lme term111at1on 1s therefore provided 
wit�1 a .relay o�erated from a transistor pulse-lengthener 
which m tu�·n 1s co�nected to a signalling highway. The 
s1gnall1ng highway 1s trunked with and controlled in the 
sa�le manne�· as th_e sreech highways previously des­
cnbed, and 1t carnes 'd.c." signals (coded trains of 
unmodulated pulses) to control the line terminations 
(see _Fig. 9). These signals, e.g. ringing and metering, 
are t11ne shared and their cadences are controlled by a 
waveform generator. 

All) �nctions are terminated in conversion equipments 
c.onta111111g the relays necessary to provide such signals as 
l111e reversal and the means to repeat the pulse trains 
generated electronically by the registers. 

The equipment provides "parking" facilities. When a 
line seizes the common equipment but the subscriber 
fails to dial, a timing-out circuit causes the calling signal 
to be taken off the highway and the magnetic drum 
records that this has been done. Lines indicated in this 
manner are interrogated at every scanning cycle to see if 

FIG. 14----TEST RACK AND READ-OUT PRINTER 
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the calling signal persists. The parking indication is 
removed from the drum when the call is cleared but 
number-unobtainable tone (N.U.T.) is transmitted t� the 
calle'. should _ l�e commence to dial before clearing the 
parkmg cond1t1on. Should the number of lines parked 
exceed a pre-set total an alarm is given. 

The. equipment also provides for timing a called­
subscr1b�'.-.held conditic;in and releasing the subscriber, 
and fac1ht1cs are provided for the subscribers' meter 
readings to be recorded on the drum, spare tracks being 
provided for this purpose . Fig. 14 shows part of the test 
rack and read-out printer for the meter records, etc. 

SYSTEM SECURITY 

Despite the experimental nature of this installation it 
has been designed to provide full service facilities and to 
carry public traffic under proper maintenance conditions. 
For this. reason the .security of the system, i.e. its ability 
to provide service 111 the presence of faults has been 
carefully studied. At the same time, becat:se little is 
�nown. of the operation <?f electronic telephone exchanges 
111 service, the opportu111ty has been taken of trying out 
several possible approaches to the problem of maintaining 
a contmuous service. 

Although most of the testing routiners can be manually 
c_ont;?lle� they normally operate continuously, "system 
time betng allocated for the testing cycles. Thus 
certain line positions in each of the sub-group tracks of 
the drum are allocated for test words, and while these 
words are being scanned no new call can be set up. The 
test words cause a particular sub-routine to be initiated 
and checked, each word covering a limited number of 
operations, e.g. the initial set-up of a connexion to a 
register. Such tests may involve every section of the 
exchange. Other test words are used by the drum 
equipment for local tests of its own logic circuits. 

The transmission highways are completely duplicated 
�nd ar� used alternately every 30 seconds. The path not 
111 use 1s checked by a routiner. lf a fault is detected the 
change-over is inhibited. 

Only one magnetic drum is provided but this has 
spare tracks whjch can be switched in as required. The 
groups of line-connecting stores use the principle of 
"l-in-11 sparing," i.e. each group is equipped with an 
additional spare delay line which can be switched in place 
of .any oft  he others in the group, the testing and switching 
betng under the control of a routiner. Otherwise the 
functional sections of the equipment are provided in 
duplicate: a working section, A, and a spare section, B. 
. For the register and the supervisory equipments, 
tnputs from the system to the A and B sections are 
commoned and both sections operate continuously in 
parallel. For the supervisory equipment the A and B 
outputs are also commoned, and corn para tors check that 
both sections are giving the same digital output, which 
at any instant should be either a I or an 0. If a dis­
crepancy is detected the section giving the I output is 
switched out of service and the equipment left in service 
is checked by the routiner. 

The routiner has two interlocked cycles, one to 
check the basic operation of the equipment every few 
seconds and the other to test facilities, such as time-out 
and metering, for which a much longer time cycle is 
necessary. 

The register routining arrangements are similar except 
that . the outputs from the A and B sections, although 
contmuously compared, are not both commoned to the 



outputs to the system. The routiner's test cycle enables 
it to test the functional operations of both equipments, 
e.g. the operation of the delay-line stores, while the 
registers are carrying live traffic. 

The control equipment for the drum is designed to 
cater for a three-group system but, since the exchange is 
opening with a single group, each of the group equipments 
of the drum is arranged to deal with one third of the 
subscribers' lines. In addition a fourth equipment is 
provided as a standby that can be switched in place of 
any of the others in the event of a fault. 

In the exchange as a whole, some routiners may be 
performing functional tests of the section of the equip­
ment they serve while others are testing the system during 
system time. With this routining method, and having 
regard to the complexity of the information-exchange 
paths interconnecting the various part·s of

. 
th� system, 

it is inevitable that a single fault may be indicated by 
more than one routiner. For this reason all indicated 
faults are referred to an exchange-fault analyser (right­
hand rack in Fig. 11 ), which analyses the information it 
receives and decides on the appropriate action to take. 
This may involve resetting certain of the routiners and 
the initiation of a series of tests in a preferred order, 
checking that the appropriate spare equipment has been 
switched in, and inaugurating a series of test calls. 
Catastrophic failures, if any occur, will result in the 
exchange being switched to the electromechanical 
standby. 

EQUIPMENT AND COMPONENTS 

The equipment is mounted on 10 ft 6 in. racks, each 
suite of racks being terminated by an end panel housing 
the power distribution for the suite. The tops of the 
racks are connected by hoses to the ventilation trunking, 
through which the hot air is exhausted by means of 
ventilation fans; this feature is necessary because of the 
large numbers of hot valves employed in the system, 
design having commenced in 1956 before sources of 
reliable transistors were available. 

Various types of equipment modules have been used. 
This is to some extent dependent on whether valve or 
transistor circuits have been used, but, in addition, the 
opportunity has been taken to try out different types of 
equipment practice. In some instances equipment units 
consist of similar circuit elements, e.g. toggles or gates, 
thesG being interconnected by cross wiring at the back of 
the racks to give the required circuit sequence. In other 
cases the equipment giving a complete facility is wired 
as a unit or made up from an assemblage of small unit 
cards. 

Since equipment practice can profoundly affect not 
only the factory production but also the ability to trace 
and clear faults when the equipment is in service it is 
obviously desirable that these various i deas should be 
subject to field trial. 

The table shows the approximate total numbers of 
the various electronic components used. 

Electronic Components Used at Highgate Wood 
Electronic Exchange 

Valves 
Transistors 
Diodes 
Resistors 
Capacitors 

Total Components 

3,000 
26.000 

150.000 
148.000 

50.000 

377,000 

These totals are, of course, far in excess of the actual 
requirements for Highgate Wood; this is due to the scope 
of the experiment specified when the development was 
first authorized. So far the failure rate of the components 
appears to be low and, although up to the present many 
of the failures can be attributed to "working-party 
faults," a fault rate of less than I per 2,000 components 
per annum is confidently expected. 

INSTALLATION 

Deliveries of the equipment commenced early in 1961, 
the last rack being received in August of that year. In 
the course of the design and manufacture it was decided 
that, since the operation of a multi-group system had 
been proved on the model at the Post Office Research 
Station, it would be sufficient initially to provide a 
single-group transmission system f'or Highgate Wood 
but, apart from this, most of' the co1nmon control would 
be capable of serving a very large exchange. 

The commissioning of the equipment was undertaken 
by a team which included representatives from each 
member organization of J.E.R.C. Due to the wide 
variety of techniques and equipment practice involved 
and the diversity of the common-control apparatus, the 
task of the team was many times more arduous than the 
normal commissioning of an established system. Never­
theless the work was accomplished in about the same 
time that it would have taken to install standard equip-
1nent, and the first effective call from a standard sub­
scribers' station was passed through the exchange on 
25 September 1962. 

CONCLUSION 

During the design and construction of this experimental 
equipment many lessons have been learned which will 
prove of great value in the design of future electronic 
systems. So far the component failure rate has been very 
low, and although fault tracing is not easy it is clear that 
substantial improvements in this respect will be possible 
in future designs. 

]n a developing art such as electronic switching, rapid 
developments of new techniques and components are to 
be expected and already much of the Highgate

. 
Wood 

equipment is obsolescent. Nevertheless the skill and 
knowledge now acquired by the telecommunications 
industry could not have been gained except from the 
experience of building and commissioning a working 
exchange. 
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'Radio for Examinations." H. I. F. Peel, M.Sc.Tech., 
A.M.I.E.E. Cleaver-Hume Press, Ltd. vii+ 364 pp. 
277 ill. 55s. 

This is a "cram" book. of the type favoured by university 
students desperately trying to revise an enormous syllabus 
in the short term before their final examinations. The more 
conscientious tutors will disparage it, because they will take 
the idealistic view that students should distil their own notes 
from a wide range of reading. Jn this book, however, the 
student's work has already been partly done-that is, if he 
is taking radio as a subject for a degree, or in City and 
Guilds of London Institute advanced telecommunications, 
or perhaps in an l.E.E. examination. A wide range of items 
is presented in the concise unambiguous form that would be 
expected by university examiners. The treatment is largely 
analytical, mathematics being freely used as is to be 
expected in a book for students of degree standard. The 
analyses are all of traditional type, however, and the author 
makes no claims to originality in this respect. 

Probably all the technical content of this book could be 
found in various places in text books or articles, but Mr. 
Peers readers will find that he has not only collected items 
from many diverse sources but has reduced th{m to the 
minimum number of words---0r algebraic steps-in a 
manner calculated to emphasize the important points. In 
particular, he deserves commendation for his free use of 
vector diagrams as illustrations to supplement algebraic 
analyses, and indeed for his general success in explaining 
fundamental principles quickly and clearly. A book of this 
nature must be based on considerable experience of lecturing 
in radio and also on examining advanced students; one can 
see that the phrase "derive an expression for . • .  " leapt very 
readily to the author's mind when he was writing the first 
half of "Radio for Examinations" for nearly every page of it 
suggests that it is an answer to an examination question. 

There is so wide a coverage in this book that a list of the 
contents reads like the syllabus of a complete radio course­
the properties of tuned and coupled circuits, valve amplifiers, 
oscillators, amplitude modulation, transmission lines, the 
propagation of radio waves, aerials and aerial arrays, 
direction finding and navigational aids, radio receivers, the 
cathode ray oscillograph, television and facsimile, v.h.f. 
techniques, microphones and loudspeakers, filters and 
attenuators, frequency modulation, radio-telephone systems, 
transistors. There are appendices on network theorems and 
various other useful mathematical items. 

The value of the book has been greatly increased by the 
inclusion of a large bibliography; since no subject is given 
more than outline treatment in the text, bibliographical 
references are made, in every chapter, to sources for further 
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reading. A large number of questions taken from appro­
priate examination papers are collected at the back of the 
book, grouped in subjects according to chapter numbers. 

The author has only been able to compress so much into 
one volume by eliminating a great deal of relevant descrip­
tive matter. There is no "padding" in this book. Students 
will thank him for this; and if they copy his presentation 
and style in their own examination answers they should be 
the more successful for having studied it carefully. The book 
is well produced, with excellent line diagrams and can be 
recommended to advanced students of telecommunications 
as likely to be of permanent value to them. 
l.P.O.E.E. Library No. 2675. C.F.F. 

"Introduction to Feedback Systems." Prof. L. Dale Harris. 
John Wiley and Sons. xi + 363 pp. 242 ill. 79s. 

There has been a tendency for feedback systems to be 
treated from two quite distinct standpoints: the design of 
amplifiers and the design of servomechanisms. The common 
root of both techniques is obvious and well appreciated but 
the extent to which both systems can be treated by the same 
methods of analysis and synthesis is perhaps not so well 
known. This book, from the outset, treats the two classes of 
problem as only different manifestations of the operation of 
a common set of principles. 

For the student electrical engineer who wishes to acquire 
an understanding which will enable him to tackle such feed· 
back systems as amplifiers, oscillators, or control systems 
with equal confidence, this is a book to be recommended. 
Equally, those steeped in any of the techniques might find 
the common approach used here enlightening and the 
modern methods of attack of value. 

For analysis and synthesis this book uses the pole-zero. 
root-locus approach giving the complete (not sinusoidal 
only) response of the feed-back system. A chapter is inclu­
ded, however, on sinusoidal analysis and the Nyquist 
Criterion. 

The book presents the subject matter in the form of a well­
integrated series of lectures with the object of enabling the 
reader to teach himself. The illusion of the lecture room is 
fostered by Professor Harris's easy and intimate style. There 
are no references and no bibliography and the mathematics 
essential for appreciation of the text is given in appendices. 

For readers outside the U .S.A. (and perhaps for some 
inside) the book would have been improved by a description 
of the "spirule." This device, which is a protractor-like aid 
to rapid calculation of points on the locus, is referred to a 
number of times and the steps in its use in particular cases, 
are described. This, however, is little help to the reader 
unfamiliar with the instrument. Otherwise the book is well 
suited to its purpose. 

D.T. 



Subscriber-Controlled Transfer Service 

C. D. VIGAR, A.M.I.E.E., and J. E. PIESINGt 
U.D.C. 621.395.348 

The circuit principles involved in providing subscriber-controlled 
transfer facilities are described. In addition to circuits enabling a 
subscriber to transfer his incoming calls to another subscriber 
connected to t�e sa!11e exchange, a scheme is available permitting 
any one subscriber rn a group of 10 to transfer his incoming calls 
to any other selected subscriber of the group, without the assistance 

of an operator. 

INTRODUCTION 

T
HE facility for a subscriber to be able to transfer his 
incoming calls from his usual telephone to another 
telephone some distance away is one that has been 

required ever since the telephone came into commercial 
use. The business subscriber who requires incoming 
calls to his business telephone to be received on his home 
telephone in non-business hours and the doctor who 
wishes to transfer incoming calls from patients to another 
doctor during his off-duty periods are typical examples 
of users of �his service. In the days of manual exchanges 
�uch a serv1.ce could easily be provided by inserting pegs 
m the multiple to show the number to which incoming 
calls should be transferred. When exchanges were 
conv�rted to automatic working, transfer facilities were 
provided by a system of relays remotely operated from 
the nearest manual board over the trunk-offering 
selectors, or over a control wire if the subscribers were 
connected to the exchange at which the manual board 
was located. 

With the adven� of subscriber trunk dialling, manual 
boards are becoming fewer; also, the cost of providing 
manu�l-boa�d �er_vices i� rising. Furthermore, the pace 
of business .Itf� }S increasing, and some subscribers prefer 
a transfer facility that can be brought into operation at 
the p�sh of a button to one which requires the co­
operat10n of an operator. The subscriber-controlled 
transfer service has been developed to meet this need. 
At present three systems are available: a single-transfer 
system that will transfer the incoming calls from one 
telephone to another, a cyclic-order system that will 
transfer the incoming calls from one telephone to the 
next i� a predetermined arrangement of telephones, and 
a 10-line . t�ansfer. system in which a subscriber may 
transfer his incommg calls to any one of up to nine other 
lines connected to the same transfer system. All these 
systems are capable only of transferring calls between 
telephones connected to the same exchange but methods 
of transferring calls to telephones connected to nearby 
exchanges are under development. 

An additional final-selector number, called a bypass 
number, may be permanently connected to any line that 
has its normal incoming calls transferred so that the 
transferring subscriber can receive incomi�g calls from 
callers who know the alternative number. For example 
a .do�tor �an re.ceive calls of a social nature even though 
his lme 1s switched and calls from his patients are 
transferred to another doctor. 

PRINCIPLE OF CIRCUIT 

The basic circuit for the operation of relay TF (the 
relay that diverts the incoming calls to the receiving line) 

tTelephone Exchange Systems Development Branch E -in-C 's 
Office. 

' · · 

is s�own _in Fig. I. The subscr�ber's line is modified by 
the msert1on of a resistor, R I, m the line circuit and by 
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FIG. I-BASIC CJRCtnT FOR OPERATION OF TRANSFER RELAY 

the prov�sion, at the subscriber's telephone, of a 33,009-
ohm r�s1stor that !s connected across the line by the 
operation of a lockmg key. The presence of this 33 000-
ohm resistor across the line causes relay TF to op�rate 
and incoming calls to be transferred. 

When the telephone handset is on its rest and the line 
condition is normal, point A (Fig. I) is at earth potential 
and both transistors are switched off. When the transfe; 
key is operated the 33,000-ohm resistor is connected 
across the line, causing the potential at point A to drop 
to -0·4 volts. This enables transistor VTI to conduct 
and relay TF to operate. When the handset is lifted 
point A drops to a potential of between 5 and 10 volts

' 

depending on the length of the line, both transistor� 
conduc�, a1�d transi�tor VT2 short-circuits the relay, 
preventing its operation even though transistor VTl is 
also conducting. By this means the operation of the 
transfer relay is prevented when the handset is lifted. 

SINGLE-LINE TRANSFER CIRCUIT 

A circuit, using the principle described above, to 
enable the calls normally received on one line to be 
transferred to another line on the same exchange is 
shown in Fig. 2. This circuit can be used at those 
exchanges where the busy condition on the subscriber's 
li!1e circuit is indicated by an earth on the P-wire (i.e. 
director and non-director exchanges and U.A.X. s No. 
14). The basic circuit is such that relay TF is held operated 
when the 33,000-ohm resistor is across the line, and con­
nects the transferring subscriber's final-selector multiple 
01.�tl�ts to the receivi�g li�e. If the transferring subscriber 
ongmates a call while his line is transferred, the opera­
tion of relay K will disconnect the base current from 
transistor VT.I and stop the current flow through the 
4,000-ohm cml of relay TF, which will be hf'lri over its 
own contact and the centre coil by the earth from the 
�-wire of�he lin.e circuit. Whenever relay K operates (for 
either an mcommg or an outgoing call) the basic transfer 
circuit is di

.
sco

_
nnected and the stat� of transfer obtaining 

at the begmnmg of the call contmues until the call is 
cleared down. 
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It is necessary to prevent restoration of the transferred 
line while an incoming call is being taken by the 
receiving subscriber over the transfer circuit. This is 
achieved by connecting a third coil of relay TF to the p. 
wire of the receiving subscriber's line via a TF contact. 
Although this also prevents the restoration of TF relay 
when any call is in progress on the receiving subscriber's 
line (whether through the transfer circuit or not) this is 
considered less of a drawback than allowing a call in 
progress to be diverted to the original line. 

Restoration of Line Limits 

The addition of the 330-ohm resistor, R l, in the 
subscriber's line circuit reduces the current through 
relay LR, so that there is a danger of its non-operation 
on lines approaching 1,000 ohms loop resistance. In 
order to restore the current flowing through relay LR to 
its original value, additional current from the -3-volt 
source is switched to the negative line via resistor R3 by 
transistor VT3 (Fig. 3). Because the emitter is connected 
to the -3-volt supply, the transistor will only be 
switched on when the current flow through resistor R l is 

FIG. 3-CIRCUIT FOR RESTORING CURRENT THROUGH RELAY LR 
TO ITS ORIGINAL VALUE 
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caused by a looped line; a transfer signal or the operation 
of relay K will cause the transistor to be switched off. as 
its base wi II then be connected to earth through resistor RI. 

Transfer Circuits for Use in U.A.X.s 

A feature of the majority of U.A.X.s is that the busy 
condition of the line circuit is given by a disconnexion of 
the P-wire instead of by the earth potential used in other 
types of exchange. A different circuit is therefore 
required to hold the TF relay operated for transfer 
circuits used at these exchanges; such a circuit is shown 
in Fig. 4. The operate coil is energized in the manner 
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FIG. 4-CIRCUIT USED AT U.A.X.s FOR HOLDING TRANSFER 
RELAY OPERATED 

already described, the relay then operates, and a TF 
contact completes the hold-coil circuit. When both the 
transferring and receiving lines are free, transistors VT 1 
and VT2 will be conducting and will short-circuit the 
hold coil, so that the relay will release if the transfer 
condition is removed. 

1 f the transferring subscriber makes an outgoing call, 
the operation of relay L in the line circuit removes the 
negative potential from the base of transistor VT l, which 
ceases to conduct. Relay TF is then held operated by 
current flowing in its hold coil during the call. 

1 f an incoming call is made to the receiving subscriber 
when TF relay is operated, the earth connected to the P­
wire by either final selector will short-circuit the negative 
potential applied via resistor Rl, and transistor VT2 will 
cease to conduct. Relay TF will then be held indepen­
dently of the release of the transfer key until the call has 
cleared. However. relay TF will still be held operated if 
the incoming call is from the receiving subscriber's own 
final-selector number, but this disadvantage cannot be 
avoided. 

The potential at point B is at about -5 volts when relay 
TF is operated and at about -6·5 volts when relay TF 
is short-circuited by the transistors. These potentials 
ensure that the earth potentials applied to the bases of 
transistors VT! and VT2 securely switch off these 
transistors. The current flowing in resistor RI is arranged 
to keep transistor VT2 conducting when the P-wires are 
disconnected. 

TEN-LINE GROUP-TRANSFER SCHEME 

The JO-line group-transfer scheme gives a fully 
flexible arrangement allowing any one subscriber in a 
group to transfer incoming calls to any other subscriber 



in the group who is not already transferred. Fig. 5 shows 
the principle of the scheme, which is suitable for 
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FIG. 5-PRINCIPLE OF IO·LINE TRANSFER SCHEME 

preselecting the destination of incoming calls only. Full 
outgoing service is maintained during transfer. Alter­
natively, transfer may be made to manual-board circuits 
or to subscribers who themselves are not provided with 
transfer facilities. 

The switching equipment is seized in the manner 
described for the single-line circuit, except that a high­
speed relay (Fig. 6) is used in the collector circuit of the 

-OH -3V 

� 

�·· 

�i+ 
FIG. 6-PULSlNG AND TESTING CIRCUIT ELEMENT 

detector transistor. The transfer is effected by the 
subscriber operating the transfer key and dialling, with 
the handset on its rest, any digit from 1 to 0. The 
negative potentials developed across the 330-ohm 
resistor in Fig. 7 control the collector current in the 
transistor element (Fig. 6) and, therefore, the high-speed 
relay XA. Relays XB and XC control the pulsing of the 
FD uniselector magnet and, consequently, the movement 
of the wipers around the uniselector bank. Switching is 

only permitted if the rece1vmg circuit is not already 
transferred, and therefore, at the end of the selecting-digit 
pulse-train, the TF relay (Fig. 6) is operated by the 
potential normally present on the app(opriate contact of 
the XC uniselector arc (Fig. 6). If the line is already 
transferred, or if the position on the uniselector bank is 
spare, this potential is not present. Other coils of relay 
TF (Fig. 7) provide holding facilities during outgoing 
calls and for incoming calls to the receiving line. 
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FIG. 7-TEN-LINE SWITCHING CIRCUIT ELEMENT 

In view of the fact that transfer is prevented if the 
subscriber who is to receive the calls is already transferred 
or if a spare line has been dialled, an audible signal is 
given to the transferring subscriber when a successful 
transfer has been made. It is arranged, by means of 
timed relay RR (Fig. 7), that continuous ringing is 
applied to the transferring subscriber's line for approxi­
mately two seconds. 

Full jumpering flexibility is given by relay LO (Fig. 7), 
which switches the transistor elements in and out of 
circuit. This method avoids a permanent interconnexion 
between the transfer switching equipment and a 
particular subscriber's line circuit. 

DISTANT-EXCHANGE TRANSFER 

The main problem associated with extending a call to 
another exchange is one of a possible degrading of the 
transmission standard. It is therefore proposed that the 
distant-exchange-transfer scheme should be limited in 
two ways: 

(i) the two exchanges concerned must have direct 
junctions between them, and 

(ii) the transferring subscriber's incoming traffic must 
be predominantly of local origin. 

These two limitations are normally acceptable to 
members of the medical profession, who are the 
principal users of the transfer service. 

The principle of a proposed scheme is shown in Fig. 8. 
A normal late-choice traffic junction is used, if free, for 
extending the call, a busy signal being given to a calling 
subscriber if the junction or the receiving subscriber is 
engaged. 
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TRANSFER SCHEME 

The schematic diagram, Fig. 9, shows the signalling, 
junction-switching and receiving-subscriber's ringing 
elements. Relays BG and LS are normally operated over 
the junction in series with the SEE and I relays at the B 
end. Relay BG controls the busy conditions on the 
incoming P-wire under both receiving-subscriber­
engaged and junction-engaged conditions. Relay LG, 
operating to earth on the receiving subscriber's P-wire, 
releases relay BG, which also releases when the junction­
switching relays operate. Initial junction switching is 
carried out on seizure of the junction by the operation of 

relay LO. Battery and earth potentials from relays I and 
SEE are therefore disconnected, and relays BG and LS 
at the outgoing end release. Relay LS operates relay 
TFR for a timed period. The junction is extended 
through to the selector, and earth on the selector P-wire 
holds relay TFR and, therefore, maintains the junction 
switched through. 

The SE relay, under normal conditions, in conjunction 
with the -50-volt potential connected to the TF relay 
hold coil in the basic transfer circuit, provides a free con­
dition on the final-selector-multiple P-wire. When a call 
is to be transferred relay SE is operated by the switching 
relay in the final selector. At the A end, current is fed to 
the positive wire of the junction via a low resistance 
instead of a high resistance so that relay SEE at the B end 
is operated. This relay connects ringing current to the 
receiving subscriber's line and earths the P-wire in the 
final-selector multiple. Ringing tone is meanwhile 
returned from the final selector to the calling subscriber. 
The character of the ringing at the B end can be altered 
to give the receiving subscriber an audible indication that 
the particular call is one that has been transferred. The 
ringing is tripped in the standard manner and -50 volts 
and earth are connected to the receiving subscriber's line 
via relay D. Relay D changes the resistance connected via 
the I relay to the negative wire of the junction from a high 
to a low value, causing relay R W to operate. This relay 
loops the negative and positive wires from the transfer 
relay-set and trips the ringing current in the final selector. 
A transmission path is established and relay D therefore 
controls relay RW for any further supervisory signals. 

When two subscribers have mutual transfer facilities at 
the same exchange, a signal is arranged to be transmitted 
between the transfer circuits in order to prevent one 
transfer circuit from functioning when calls to the other 
subscriber are already bemg transferred. This aspect of 
the transfer circuit is described more fully later. 
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If two subscribers connected to adjacent exchanges 
have mutual transfer facilities, then it is also necessary 
that transfer of one circuit should be prevented when the 
other is transferred. Figure 10 shows a possible method 
of achieving this using the junction signals that are 
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FIG. rn-DISTANT-EXCHANGE MUTUAL TRANSFER INHIBIT 
CIRCUIT ELEMENT 

available. Tt is arranged that a signal is transmitted back 
to the transfer switching circuit over the junction not 
bein.g used, to inhibit the other subscriber's transfer 
circuit. If the subscriber on exchange A transfers, then 
the IT relay is operated by the TF relay. Relay IT 
operates relay R Win the exchange 8 relay-set by altering 
the value of the resistance connecting -50 volts to the 
negative wire. Relay R W in turn operates relay TG, 
which shunts the exchange 8 subscriber's transfer 
circuit. Likewise, the subscriber on exchange 8 can 
control the transfer circuit at exchange A. Guard 
conditions are maintained if the junctions subsequently 
become engaged. 

OTHER APPLICATIONS OF TRANSFER CffiCUIT 

/nterconnexion of Two or More Subscribers 
lt is inherent in the single-line transfer circuits that two 

subscribers can have mutual transfer facilities and that 
three or more subscribers can be formed into a transfer 
ring. The transfer ring may be used if the business of the 
subscribers concerned allows this more rigid type of 
transfer. Assuming that three subscribers, A, 8 and C, 
are connected together in cyclic order, then subscriber A 
can transfer to 8 and 8 can transfer to C. If 8 is 
transferred to C and then A transfers, it would mean that 
A is transferring to C. C can transfer to A and if 8 
transfers then calls to C will go to A. It is desirable that 
transfer should be prevented when one of a pair of 
subscribers is already transferred or, in the transfer ring 
system, when one of the main subscribers is transferred. 

The transfer relay, when operated, extends earth 
potential as an inhibit signal that can be cross-connected 
to another transfer circuit. This earth is used to shunt 
the transistor switching potential on the positive wire of 
the subscriber's line, thereby preventing the other 
transfer relay from operating. 

The subscriber who is receiving calls can, if desired, 
preset his transfer circuit to cause calls to be transferred 
back to the other subscriber, and transfer will auto­
matically take place when this subscriber restores his 
transfer switch. The removal of the inhibit signal allows 
the high-resistance loop to become effective. 

Night Busying and Night Interception 
Two night-service facilities used by private branch 

exchange (P.8.X.) subscribers can be improved by the 
use of the basic transfer circuit. The night busying 
facility provides a means of busying all of a P. B.X. group 
of lines except the first (or perhaps the first two). The 
lines that are not busied are connected through the 
switchboard to the night-service extensions. A similar 
service is provided in which some lines are transferred to 
the public-exchange manual board and the remainder of 
the P.8.X. group is busied. The present method of 
operating the busying relays is by remote control from 
the manual board in the same manner as for operator­
controlled subscriber's transfer. 

By the use of the transfer circuit connected to one line 
of the P.8.X. group these services can be brought into 
use under direct control of the subscriber. The basic 
transistor circuit and TF relay are connected to a late­
choice line of the P.B.X. group and the contacts of the 
TF relay are arranged to operate the transfer and busying 
relays. 

CONCLUSION 

The development of the subscriber-controlled transfer 
equipment (and of the subscriber-controlled night-service 
equipment) was made possible by the use of transistors. 
The development is an example of the advantages that 
can be obtained by the use of semiconductor devices in 
conjunction with orthodox switching circuits. 
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Notes and Comments 
Board of Editors 

Mr. E. Davis has resigned from the post of Managing 
Editor of the Journal and the Cound of the Institution 
has appointed Mr. A. G. Leighton, formerly Deputy 
Managing Editor, to take his place. Mr. J. Martin, 
formerly an Assistant Editor, has been appointed Deputy 
Managing Editor, and the new Ass:stant Editor is Mr. J. 
Povey. The Board of Editors takes this opportunity to 
record its appreciation of the services rendered to the 
Journal by Mrs. Davis during his ten-year association 
with the Board. first as a Council nominee. then as 
Assistant Editor and later as Managing Editor. 

Journal Binding 
This issue completes Vol. 55 and readers wishing to 

have the volume bound should refer to page 291 for 
details. 

Supplement and Model Answers Books 

Students studying for City and Guilds of London 
Institute examinations in telecommun:cations are 
reminded that the Supplement to the Journal includes 
model answers to examinations set in all the subjec1s of 
the Telecommunication Technicians' Course. Back 
numbers of the Journal are available in limited quantities 
only and students are urged to place a regular order 
for the Journal to ensure that they keep informed of 
current developments in telecommunications and receive 
all copies of the Supplement. 

Books of model answers are available for some tele­
communication subjects and details of these are given 
at the end of each supplement. These books include a 
new edition of the model answer book for Elementary 
Telecommunication Practice. 

Institution of Post Office Electrical Engineers 
Annual A \Vanis for Associate Section Papers-Session 1961-62 

The Judging Committee having adjudicated on the 
papers submitted by the Local Centre Committees, prizes 
and Institution Certificates have been awarded to the fol­
lowing in respect of the papers named: 
First Prize of £7 ?s. 

J. McCall, Technical Officer, Aberdeen Centre-"The 
Television Network Switching Centre." 

Prizes of £4 4s. each 
C. H. Collins and H. R. Merry, Technical Officers. 

Reading Centre-"External Planning Group." 
K. W. Guy, Technical Officer, Stoke-on-Trent Centre­

"Interference Investigations." 
J. W. Rowson, Technician I, Colchester Centre-"700 

Type Installations." 
J. Davidson, Technical Officer, Aberdeen Centre-"An 

Introduction to the Slide Rule." 
In addition, the following papers which were considered 

worthy of submission to the Judging Committee for the 
main awards, have been awarded a prize of one guinea 
each: 

L. S. Hurst. Technical Officer, Tunbridge Wells Centre­
"Older than the Hills." 

J. W. Mitchell, Technician TIA, Tunbridge Wells Centre 
-"Introduction to the !\1ark that rvlan has Left." 

The Council of the Institution is indebted to Messrs. 
R. J. Hines, R. McWhirter and W. E. Adams for kindly 
undertaking the adjudication of the papers submitted for 
consideration, and to Mr. R. J. Hines, Chairman of the 
Judging Committee, for the following report: 

Awards in any competition involving original work are 
inevitably dependent upon the element of luck. The Judging 
Committee are well aware that another body might have 
decided differently, for much will depend upon the relative 
values attached to the readability. relevance, originality, 
lucidity and so on. Mr. Rowson's paper on 700-type instal­
lations certainly won commendation for the fact that it 
should have stimulated a lively discussion and prompted 
thought about what is involved in familiarizing staff with 
new types of apparatus. This paper also possessed the 
inherent advantage that its sub.iect was one about which 
everybody has need to know something. Similarly, Messrs. 
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Collins and Merry in describing the work of an external­
planning group have a subject that is of common concern 
to a large percentage of their potential audience. 

The value of a paper to those attending its presentation 
is considerably enhanced by well-prepared illustrations and 
demonstrations. In this respect too the paper on the 700-
type telephone scores as well as Mr. Davidson's paper on 
the slide-rule. The latter paper particularly impressed the 
Judging Committee with the professional competence of 
the written format. 

Although the typescript of a paper gives little indication 
of the author's capacity to engage the interest of his 
audience, the Committee gathered the impression that Mr. 
Guy must have given an entertaining account of the radio­
interference investigator's job and they admired the lucidity 
of his simple explanations of basic technical facts. 

Mr. McCall's paper on the television network was really 
two papers in one in that it covered the whole conception 
of the switching network as well as describing what is invol­
ved in monitoring the quality of the transmitted pictures. 
This could make somewhat heavy going in one evening hut 
was probably more fully packed than any other paper with 
useful information not readily available elsewhere. 

Two other papers by Messrs. Hurst and Mitchell of 
Tunbridge Wells under the general title of "The Earth and 
Its Secrets" broke new ground and must have contributed 
to a widening of the interest of their hearers. 

Allocation of awards between such a diversity of papers 
was no easy task, but accepting as their criterion the perma­
nent value to the audience of the information conveyed. 
the Committee recommend as stated. 

S. WELCH, 
CJeneral Secretary. 

A new edition of the Library Catalogue will be available 
shortly. Members should make application to their Hono­
rary Local Secretaries if they req11ire a personal copy, and 
Associate Section members may obtain copies at a nominal 
price of 6d. from their Association Section Honorary Local 
Secretaries. 

W. D. FLORENCE, 
Librarian. 



Regional Notes 

Northern Ireland 

MEDICAL COLOUR-TELEVISION OUTSIDE 
BROADCAST 

In connexion with the JJOth Annual British Medical 
Association meeting, a request was received for the pro­
vision of a vision circuit between the Royal Victoria hos­
pital, Belfast, and the Methodist College, Belfast. These two 
sites are approximately I mile apart and the circuit was 
required to enable such subjects as respiratory disability 
to be presented, with the aid of the facilities available at 
the local hospital, to members of the British Medical Asso­
ciation who were at the Methodist College. 

Consideration was given to providing the circuits by 
means of either a cable circuit with the appropriate video 
repeaters or a microwave link. After the relative merits 
had been considered. the faci lily was provided using a port­
able television microwave link. The link provided for the 
simultaneous transmission of frequen\:y-modulated teJe,i­
sion and high-quality audio signals in the 6,003-7,000 Mc/s 
band. The transmitter power output was I watt and the 
manufacturer claimed a range of up to 50 miles under 
normal conditions. The equipment had a r.f. head associa­
ted with the zinc-coated Abre glass parabolic aerial. which 
was mounted on a tripod Atted with a "pan and tilt .. head. 
It is important with microwave links for most of the Arst 
Fresnel zone to be clear of all obstruction. The selection 
of suitable sites in this instance was ditncult. particularly 
around the Methodist College, and the problem was Anally 
resolved by the provision of additional strengthening on 
an existing ffat roof. 

The link was continuously in use each day for a week 
and proved to be consistently stable and fault-free. 

The co-operation and assistance of the Engineering 
Department and the Television Outside-Broadcast Group 
of the North Western Region was invaluable. The results 
suggest that grnater use can be made of this type of equip­
ment for the provision of temporary television circuits. 

H.G. and W.O. 

Norllt Weslcrn Region 

AL TRlNCHAM AUTOMATIC TELEPHONE 
EXCHANGE 

Several new features are incorporated in the equipmenl 
provided at Altrincham exchange in the Manchester direc­
tor area, which was opened on 3 October 1962. 

This is the Arst new director exchange in the Region 
where the unit principle of equipment layout is employed. 

This enables better use to be made of the available space, 
and facilitates subsequent repl:lcement of the equipment in 
the same accommodation at the end of its useful life. The 
initial accommodation provides for a 6.900-line suhscrihers' 
m1rltiple in two units: the Arst is a complete unit with a 
4.000-line multiple and the second is an incomplete unit 
with a 2.900-line multiple. 

The new designs of main and intermediate distribution 
frames. which provide additiona I circuit capacity and take 
up less floor-space. are employed. 

Extensive use is made of the new cable clips developed 
by the contractors (Ericsson Telephones Ltd.) and eco­
nomies in cabling costs have thereby been achieved. 

An all-cream decor has been provided. Frames. overhead 
ironwork. plastic cable. switch covers are a II finished in a 

cream colour, which helps to create a clean appearance 
and should facilitate the maintenance of the equipment. 

A maintenance control has been provided in a separate 
enclosure and the suite of test desks are in the new light­
oak finish. To reduce the noise level in the test rooms, 
the 011tgoing-iunction rotttiner has been nrovided in the 
main annaratus room with a duplicate display panel in the 
test room. 

Two new trunking features have been incorporated in the 
design: 

(i) Level JOO directors have been provided for additional 
service codes; and 

(ii) alternative l st and 2nd choice outlets for S.T.D. and 
emergency calls have been provided, to minimize the effect 
of faults in periods of light traffic. 

The telephone-exchange building at Altrincham was one 
of the first projects of the Joint Post Office and Ministry of 
Public Buildings and Works, Research and Development 
Group and the original estimated cost of £48.000 for a 
conventional design was reduced to an actual cost of 
£23.0CO. An external view of the exchange building is 
shown in the photograph. 

THE TELEPHONE-EXCHANGE BUILDING AT Al.TRJNCHAM 

The design of the equipment made it possible to use a 
smaller building than had been thought necessary and 
unusual features of the design of the building made further 
substantial savings. Elimination of the basement cable 
chamber saved the expensive excavation work and asso­
ciated waterproofing problems. The external cables enter 
just above ground level and are carried on bearers on the 
wall of the apparatus room where they are enclosed by 
removable panels. 

The needs of heating and ventilating are combined in 
an oil-fired system, which circulates either warmed or un­
heated. filtered air through surface ducts. 

Floor areas required for future extension of the M .D.F., 
equipment, and maintenance control are enclosed with light 
removable partitions and provide the Assistant Engineer's 
office, normal stock and workroom. construction and con­
tractor's rooms. These will be moved when a building 
extension becomes necessary. 

The final result of careful planning gives 98.8 per cent 
of the total area as working space and only 1.2 per cent 
circulation space. 

There are a number of interesting features in the struc­
tural design. The apparatus room has a light steel frame of 
uncased stanchions at 12 ft 8 in. centres along the side walls 
and 25 ft 4 in. down the centre. These support a �ystem of 
rolled-steel joints carrying both the roof. of timher ioists 
and woodwool slabs, and the ceiling of rlasterboard backed 
with aluminium foil. A glass-fibre mat is draned over the 
joists and the external bituminous roofing felt has a finish 
of white spar chippings. 

The flush ceiling slopes upwards from the centre line of 
the building to the walls which have continuous high-level 
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windows on all sides, ensuring the best natural lighting con­
ditions between the racks. A number of windows at the 
usual height prevent any "shut in" effect. 

Although the majority of the external walls are of cavity 
brickwork, the end wall of the apparatus room has an 
asbestos sandwich cladding which allows a future extension 
to be made without incurring the ri�k of dust, from 
demolition, affecting the working equirment. 

R.V.A. and G.J.S. 

North Eastern Re�ion 
INTRODUCTION OF S.T.D. IN LEEDS 

Subscriber trunk dialling (S.T.D.) facilities were intro­
duced simultaneously at the following exchanges in the 
Leeds area at 12.45 p.m. on 5 October 1962. The opening 
ceremony was performed by Miss Mervyn Pike. M .P .. Assis­
tant Postmaster General. who made the inaugural call to 
Sir Keith Joseph, Member of Parliament for Leeds N.E., 
and Minister of Housing, Local Government and Welsh 
Affairs, in his Whitehall office. 

Equipped \\1orking 
Exchange Multiple Type of Exchange 

Connexions Stations 

Leeds linked-
numbering scheme: 

Central . .  . .  17,600 13.443 34,952 2,000-type 
Arm Icy . . 4,000 2.897 4.346 } Group-selector 
Chapel town . . 6,600 3.664 5.496 

satellite 2,000-type 
Moortown . . 7,600 6,144 8,601 
Adel . . 5,700 4.447 6,226 } Group-selector 
Crossgates . . 5,900 4,165 5.415 

satellite 2 000-type 
Headingley . . 8,600 6,714 8,728 

and pre-2 000-type 
Oakwood . . 4,500 3.319 4,315 
Roundhay . . 4,500 3,445 4.479 Discriminator satetlite 

2.000-type and pre· 
2.000-type 

Pudsey . . . .  6,500 4,823 6,752 Discriminator remote 
non-direcrnr 2.000·lYPC 
and pre-2 000-type 

Horsforth .. . .  3,100 2,249 3,149 Remote non-director 
2 000-type and pre· 
2 000-type 

Rawdon . . . .  2,200 1,598 

I 
2,237 Remo re non-director 

4 OOJ-type 

Totals . .  . . 76,800 56,908 I 94,696 

This operation was another landmark in the progress of 
automatic telephony in Leeds, where the first automatic 
exchange with Keith line switches saw service from 1918-
46. Indeed, of the twelve exchanges given S.T.D., all 
except Rawdon formed, with Hunslet, the old Leeds multi­
office area. Jn the past few years they have been conver­
ted from early-type Strowger equipment to 2.000-type, 
though some early equipment remains. Unfortunately 
Hunslet, a discriminating satellite repeater pre-2.000-type 
satellite exchange could not be given S.T.D. at present due 
to accommodation difliculties but the omission will be made 
good in l 8 months time. 

The code "O" was replaced by "I 00'' in October 196 l 
as a first stage in the introduction of S.T.D. though sub­
scribers connected to Central exchange continued to use 
level 94 for trunk tralllc. The second stage. in March 
1962, was concerned with the segregation of home and 
adjacent charging-group exchanges on to levels 8 and 9, 
respectively, but this segregation could not be made ahsolute 
due to the need for economy in equirment required for this 
extensive rearrangement. Three major routes, to Bradford, 
Harrogate, and Wakefield, remained on level 8 but these 
were cleared and level 94 was closed at the opening of 
S.T.D. 

To handle the increasing trunk tralllc, there has been a 
large increase in outlets from the trunk selectors involving 
a considerable amount of regrading work. On 5 October 
auto-manual routes were con,erted to a11to-a11to working, 
and certain exchanges were reparented-hardly a straight­
forward operation since there are three auto-manual 
switchhoards serving the exchanges concerned. 

Whilst the opening of an automatic exchange is a raro­
chial affair whose success or failure derends on lncal effort, 
the ramifications of S.T.D. are nation-wide. The Leeds 
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Telephone Area staff acknowledge that the undoubted suc­
cess of the operation rests on the fine work done by 
colleagues in other Areas, as well as their own contribution. 

E.H. 

PTTCH-FTBRE DUCT AT SHEFFIELD 
The construction of the underground plant required to 

link the new telephone exchange at Sheffield Central to the 
existing network has been completed recently by contract. 
This involved the construction of five non-standard man­
holes and the laying of I 33 yd of GO-way pitch-fibre ducts. 
In addition two 60-way and one 36-way lead-ins were pro­
vided into the new cable chamber. 

Due to the design of the new exchange the cable chamber 
was constructed entirely below ground level on a site falling 
roughly from north to south and it was anticipated that this 
would present problems during excavation work as the 
finished noor level was below the known water level. 
During the excavation for the foundation work of the 
north-south wing of the exchange building. a coal seam 
and an old mine working in which there wa� a fair flow of 
water was exposed. Pumping by the building contractor 
had no apparent effect on the level of this water and so 
a caisson was constructed around this wing. This solved 
the problem for the builder, but as the proposed new duct 
line was outside the steel piling there was the possibility 
that the duct contractor would encounter the same prob­
lems once he excavated below the water level. The problem, 
however. did not arise during the exca,·ation of the new 
duct line as the coal seam was exposed unworked, and 
below this the ground was stable, comprising mainly clay 
and soft virgin rock . 

Due to the fall of the site from north to south. manhole 
A shown on the sketch, was the lowest point on the new 
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PLAN OF THE DUCT-WAYS, MANHOLES, ANO EXCHANGE LEAD-IN 
AT SHEFFIELD Cl:NTRAL 

duct line, with its floor approximately 8 ft below the known 
water level and also below the nearest main sewer. A 4 in. 
earthenware drain was laid. therefore, heneath the new 60-
way duct line. draining manhole C to manhole 8, manhole 
B to manhole Al , manhole Al to manhole A, and the exist­
ing manhole E hack to manhole A. Arrangements were 
made to empty manhole A by means of an automatic pump, 
which is f'1t1ed in the cable chamber and is operated by the 
water level in the float chamber in manhole A, the water 
being pumped into the main sewer. 

The new duct wnrk is isolated from the existing network 
by duct seals fitted at manholes D and E on the 60-way duct 



NEST OF PITCH-FIBRE oucrs llEFORE PLACING THE CONCRETE 

and on a 9-way multiple duct which leads into manhole B. 
The pitch-fibre ducts were assembled to form a nest using 

prefabricated concrete spacers held rigidly together by 
vertical tie bars which were secured by clamping plates with 
spire nuts at the top as shown in the photograph. The 
60-way nest formation was 10 ducts high and 6 ducts wide. 

The pipe nests were laid on a 6 in. ready-mixed quality 
"F" concrete base built up in sections approximately 5 ft 
long. When several of these 5 ft sections had been com­
pleted, concreting was commenced. This again was done 
in units of 5 ft Jong, the nest being supported by the con­
crete spacers and pieces of timber placed at each side 
between the nest and the trench side. 

Ready-mixed concrete, quality "F", was used throughout 
the work, this being poured down either side of the nest 
and vibrated inwards using a 2 in. poker. Simultaneously, 
tamping was carried out between each vertical bank of 
pipes, to ensure adequate consolidation of the concrete. It 
was found that the 60-way duct nest, which measured 5 ft 
by 3 ft, took approximately 1 yd 3 of concrete per yard run. 

The exchange lead-ins were lead into "windows" incor­
porating p.v.c. water barriers left in the walls of the new 
building after consultation with the Ministry of Public 
Building and Works. During the construction of these it 
was necessary to have holes cut through the caisson to 
accommodate the duct nest. Prefabricated angle-iron 
frames, which held the duct-seal bolts, were cast in the 
windows by the building contractor for the exchange Jead­
ins, and by the duct contractor for the manholes where 
duct seals were to be fitted. These proyided a first-class 
fixture for temporarily securing the wooden templates used 
to seal the ends of the 60-way and 30-way duct nests during 
construction. 

The non-standard manholes are designed to cater for 
future cabling operations, giving what should be a very 
good layout. The manholes are of considerable size having 
a cubic content of 3,090 fr' and a floor area of approxi­
mately 210 ft2. 

F.N. 

Associate Section Notes 

Bletchley Centre 

In July a small party visited Messrs. Waterlow & Son at 
Dunstable. Many interesting products of the printing trade 
were seen. Members were astounded to see Christmas 
cards and 1963 calendars, and even holiday brochures 
for next spring, in full production in the middle of the 
summer season. The party were then shown one of the latest 
printing machines which printed on both sides of the paper, 
dried the paper in a naked flame, refrigerated it, cut the 
paper, stapled the page and packed the product ready for 
distribution straight off the machine. This machine, de­
signed by a German engineer, was built in America and 
shipped across to this country where it took three weeks to 
assemble ready for the production line. The high-class 
reproduction of pictures was also viewed with interest. 

A midweek visit was paid to the meteorological office at 
Bracknell in August. The tour commenced in the tele­
printer room, where meteorological data is sent to and 
received from centres all over the world for 24 hours a 
day throughout the year. Members were mystified by the 
form of the data until it was explained that the figures 
were an international language for instrument and optical 
observations of the weather. The forecasting room was 
inspected and charts which were to be used for the B.B.C. 
forecast were seen in course of preparation before being 

H 

transmitted to the B.B.C. in London. The Post Office equip­
ment and the computer were also seen before the end of a 
very enjoyable visit. 

Our winter program started in September with a talk on 
"Fire Prevention in Industry", by Station Officer E. Wright 
of the Buckinghamshire fire service. He illustrated his 
talk with an American film on fire prevention and also dis­
played many large photographs of fire-damaged buildings. 
He explained the problems that the Factories Acts gave not 
only to the architect but to the fire-prevention officer of the 
local fire service. Other items such as automatic fire alarms, 
providing means of escape from buildings, the storage and 
treatment of inflammable materials and the problems of fire 
prevention with these materials were also covered with great 
interest. 

A conference of Associate-Section Centres in the Home 
Counties Region was held to discuss methods of improving 
the activities of the Centres, after which a social evening 
was attended by the delegates. Opportunity was also taken 
to present Mr. A. H. C. Knox with an illuminated scroll on 
behalf of the Associate Section membership in appreciation 
of his activities during his office as President of the Asso­
ciate Section. The presentation was followed by the showing 
of 8 mm cine film taken by members on a visit to Holland 
early this year. 
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We now have a membership of 98, and would like to see 
this increased to 100. The committee hopes that by the time 
of the next report our target will have been reached. 

A.J.H. 
Reading Centre 

The Reading Centre opened its 1962-63 session with a 
paper on "The Work of The Thames Conservancy", by 
Mr. Alan Compton, the administration officer of the con­
servancy. Mr. Compton illustrated his talk with over 90 
coloured slides and we recommend this subect to other 
centres in the Thames water catchment area. 

Our Chairman, Mr. D. P. Ridge, left the Area during 
September for an appointment in East Africa. We were 
sorry to see such a keen member go, but we wish him suc­
cess in his new station. His departure meant a rearrange­
ment of the committee and with the new arrangement Mr. 
D. Gascoine has become Chairman and Mr. P. Curwen the 
Vice-Chairman. 

The secretary and the treasurer attended the recent 
conference at Bletchley Park. This event we found to be a 
valuable function in many ways, not the least in that it 
enabled an exchange of ideas with other Centres. Thank 
you too, Bletchley Centre, for your excellent hospitality. 

H.R.M. 
Salisbury Centre 

Since the end of April, when the annual general meeting 
was held, the Centre has been hard at work trying to in­
crease membership. At the close of the last session we had 
12 members all of whom were serving as officers or 
on the committee. In the few short months since April we 
have increased to 53 and at the time of writing we are still 
accepting new members. 

At the end of July we were invited to Central Telephone 
Exchange at Southampton by Mr. Vernon and Mr. 
Compton where the new S.T.D. equipment was demon­
strated. Thirty members travelled by road to Southampton 
and had a highly instructive evening. The Salisbury Centre 
are hoping that in the near future our colleagues in the 
Southampton Area will be reforming their own Associate 
Section Centre to add strength to the South West Regional 
representation. 

A month later the Centre members joined Senior 
Section members and the Salisbury operating staff on a visit 
to Bournemouth Airport (Hurn), a municipal airport at 
Christchurch, Hampshire. We were able to see ferry air­
craft loading cars and freight, the fire section, the flying 
control and, as dusk fell, the airport landing-lighting 
system. 

In mid-September Mr. C. W. Read, Assistant Engineer 
at Regional Headquarters, Bristol, gave his prize-winning 
paper "Transistors" to an audience of 40 members. Our 
Senior Section colleagues once again joined over 70 per cent 
of the Centre membership to hear a most interesting lecture. 

Looking towards the new year we hope to have a visit 
from a senior member of the Engineering Departmenfs 
space communications team and it has been arranged that 
in February 1963 the Centre will visit Southampton to see 
H.M.T.S. Monarch loading cable. 

We would like to wish Mr. J. G. Garland, the Centre 
secretary good luck in his new career in outside industry 
and thank him for his loyal work over the past years help­
ing to reform the Salisbury Centre. 

R.H. 
Bristol Centre 

The Bristol Centre which opened in April of this year 
has progressed to a membership of 131. We feel that al­
though this seems to be good progress in a few months, 
many of those hundreds who are employed in the Area are 
still unaware of our existence or of the aims and objects of 
an Associate Section Centre. Please ask your supervising 
officer about the Centre-the Committee and members will 
do the rest and make you welcome at our meetings, visits 
and social events. 
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On 26 July a very interesting trip was made to the 
St. Hillary transmitter of LT.A. and was followed by a well 
conducted tour of the T.W.W. studios in Cardiff. After sit­
ting under the lights in the announcer's chair in front of 
the camera, we do not think that any of our members will 
reach fame as television stars! 

On 12 October we had the pleasure of being shown 
round Hinkley Point atomic power station. The station is 
not yet completed but we were very interested by this 
great peaceful use of atomic energy. 

A fihn show planned for 31 October included in the 
program the only amateur film of the Goonhilly space­
communications satellite ground station. 

During the rest of this session we hope to have a paper by 
a representative of Mullard, Ltd. a "quiz" with a nearby 
Centre, a couple of evening visits and some other entertain­
ing papers. 

H.F.N.P. 
Boumen1outh Centre 

The Centre's congratulations go to Mr. P. M. Keefe on 
his promotion to Assistant Engineer. Mr. Keefe has been 
our very popular and able secretary since November 1952, 
and thanks to his efforts the work of the incoming secre­
tary, Mr. A. E. A. Barwell, has been made easier. 

This quarter's program included the following items: 
25 July: A visit to Vickers-Armstrongs Airworks, 

Hurn. 
22 August: A visit to Poole Gas works. 
26 September: A well-received lecture on "Space 

Travel," by Mr. T. A. P. Colledge, member of the 
Inter-Planetary Society. 

A.E.A.B. 
Middlesbrough Centre 

The 1962 annual general meeting was held on 3 Apnl 
and the following officers were elected: Chainnan: Mr. 
D. A. Pratt; Secretary: Mr. N. Williams; Treasurer: Mr. 
K. Ashworth; Co111111ittee: Messrs. M. A. Landers, B. 
Clare, and E. E. Sparkes. 

The program for the 1962-63 session was then compiled 
as follows: 

16 October: "A Guide to Television Repairs," by Mr. 
D. A. Pratt. 

6 November: "The Anglo-Swedish Submarine Cable 
System," by Mr. N. Williams. 
December: Visit to I.CJ. Billingham. 
January: Film Show. 

5 February: ''Earth's Natural Satellite," by Mr. C. Cox. 
March: Visit-details later. 

9 April: Annual general meeting. 
N.W. 

Aberdeen Centre 
The 1962-63 session opened with a film show of several 

technical subjects. The "Query Corner" at which members' 
technical questions were answered was also instituted. 
Other meetings held were as follows: "Motor Cycles. 
Through the Years," by Mr. A. Davidson, Regional Head­
quarters; "The Saturable Reactor Leading to The Magnetic 
Amplifier," by Mr. James Davidson; "Developments in 
Subscribers' Apparatus," by Mr. W. A. Saint. Further 
meetings this session will include "An Introduction to 
Computer Programming," by Mr. G. D. Adams, and 
"T.R.S. Developments," by Mr. A. M. Duff. 

We hope to have a trip to the Forth road bridge in 
March and a 30th Anniversary dinner in April. 

D.W. 
Dundee Centre 

On 3 April the annual general meeting was held and the 
Committee for the 1962-63 session was elected as follows: 
Chainnan: Mr. R. L. Topping; Vice-Chainnan: Mr. D. L. 
Miller; Secretary: Mr. R. T. Lumsden; Treasurer: Mr. 
R. B. Duncan; Co1111nittee: Messrs. R. J. Hendry, G. 
Deuchars, R. C. Smith, D. Cook, B. D. Mackie and J. 
Glendinning. 

(Continued on page 291} 



Staff Changes 

Name Reg ion, etc. 

Senior Executive Engineer to Assistant Staff Engineer 
Bray, P. R. E.-in-C.O. . . . . 

Hall , A. W. N.W. Reg. to E.-in-C.0 . . .  

Area E11gineer lo Regional Engineer 
Surman, W. L. M id. Reg. 

Power Engineer lo Regional Engineer 
Moxon, T. Scot. to H.C. Reg. 

Area Engineer lo Telephone Manager 
Neate , A. D. . . H.C. Reg. . . 

Area Engineer to Deputy Telephone Jl1anager 
Bain, A. E. . . L.T. Reg. 

Execll/ive Engineer lo Area Engineer 
Berresford , B. H. M id. Reg. 

Herbert , L. J. . . L.T. Reg. 
Marsh , S. T. . . Scot. 

Executive Engineer to Senior Executive Engineer 

Colyer , J. 0. . . L.�. Reg. to E.-in-C.O. 
Latimer , E. D. E.-m-C.O. 
Thomson, D. . . E.-in-C.O. 

Lee , F. J. E.-in-C.O. . . 
Jeynes, E .  E.-in-C.O. . . 

Dadswell, J. E. Scot. 
Holmes, D. N.E. Reg. to M id. Reg. 
L ill i e ,  S. H.C. Reg. to E.-in-C.O. 
Hogg , T. E. E.-in-C.O. . . 
Harbord , C. W.B.C. to Scot. 

Executive Engineer (Ope11 Co111petitio11) 
Hogg , D. M. E.-in-C.O. 
Moore , I. G. E.-in-C.O. 
Rogers, J. D. E.-in-C.O. 
Sm ith , L. J. H.C. Reg. 
W i lson, A. E.-in-C.O. 

N inni m , N. J. H. E.-in-C.O. 
F incham , P. C. E.-in-C.O. 
Knight , A. V. . . E.-in-C.O. 
Bennett , L. A. M. E.-in-C.O. 

Assistant Engineer to Executive Engineer 
Sawyers, L. F. 
Yeates, H. W .. . 

Cook , D. T . .  . 
Gawley, W. J .. . 
W illoughby, S. J. 

Lawless, E. R. 
Hether ington, T. 
Randall , J. J . .. 
Flack , M. 
Veale , L. 
Mc Cann, D. P. 
McFarlane ,  H. A. 
S enev iratne ,  C. L. 
Broomfield , C. T. 
Telfer , J. R. 
Bradley, D. 

H igson, R. P . .. 
Edmondson, J. S. 

H.C. Reg. 
M id. Reg . .  . 
H.C. Reg . .  . 
N.I. . .  

E.-in-C.O. to Factor ies 
Department 

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

Scot. 
Scot. 
N.E. Reg. 
E.-in-C.O. 
E.-in-C.O. 

N.E. Reg. 
N.W. Reg. to S.W. Reg . .. 
N.E. Reg . .. 

Assistant Engineer (Limited Competition) 

Streete , M. A. .. H.C. Reg. to E.-in-C.O. 
McK inney, W. J. M... N.I . . .  
Orbell , A. G. . . H.C. Reg. to E.-in-C.O. 

Dr iver , J. B. . . E.-in-C.O . . . 

Ball , J. R. M id. Reg. to E.-in-C.O. 
Hampson, M.E. H.C. Reg. to E.-in-C.0. 

Promotions 

Date 

1.1.62 

I. 1.62 

1.1.62 

1.8.62 

8.7.62 

3.9.62 

2.7.62 

27.8.62 

27.8.62 

4.7.62 

9.7.62 
9.7.62 

9.7.62 
20.7.62 

23.7.62 
30.7.62 
10.9.62 
10.9.62 

24.9.62 

16.5.62 

19.6.62 
13.8.62 
10.9.62 

10.9.62 

13.9.62 
15.9.62 
19.9.62 

24.9.62 

9.7.62 

9.7.62 
23.7.62 

9.7.62 

20.8.62 

10.8.62 
10.8.62 

10.8.62 
10.8.62 

10.8.62 
13.8.62 

9.8.62 
31.8.62 
31.8.62 

3.9.62 
3.9.62 

10.9.62 

12.9.62 

18.6.62 
14.5.62 
14.5.62 

14.5.62 
14.5.62 

14.5.62 

Name Reg ion, etc. 

Assistant Engineer (Limited Competitio11)-co11tin11ed 
W ing ,  R. T. E. 

Jackson, E. 
Moore , R. F. . .  

M ill ington, D. 
Sm ith , T. M . .. 
Gold ing ,  E. C. 
Pearson, L. H. 
Osborne , J. D. W. 

Adams, J. 
Booth , J. 

D ickson, J. M. 
Swa in, R. S . .. 
H ibbard , V. L. J. 
Gold ing ,  J. E. 
Lund , A. E. 
Plant , K. T. 
Lambert , R. S. 
Gr imsdale, A. W. 
Dav ies, A. J. . . 
Re id , J. 
Spanton, J. C. 
W igg ins, J. F. 

Keech , D. E . .. 
Doughty, J. E. 
Harr ison, W. . . 
Ba ird , G. B. .. 

Southall , R. A. 
Tyers, P. J. 

Lloyd ,  W. J . .. 
Crossley, M. D. 

P ickford , H. D. 
Petr ie , M. G . .. 
Cadman, J. L. 

Fletcher , J. H. 
Hall , G. C. 
Day, J. C. 
Gr ipton, E. W. 
Fa irbrother , A. T. 
Cow ie , W. J . .. 

Peacock , R. D. 
La ishley, F. 0. 
Weller , J. A. H. 

Moss, P. R. 
Ba iley, G. R . .. 
Teesdale , R. J. 

H.C. Reg. to E.-in-C.0. 
N.W. Reg . .. 
S.W. Reg. to E.-in-C.O. 
M id. Reg. to E.-in-C.O. 
N.E. Reg . .. 
L.T. Reg. to E.-in-C.O. 
W.B.C. to E.-in-C.O. 

S.W. Reg. to E.-in-C.O. 
E.T.E. to E.-in-C.O. 

N.E. Reg. to E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O . .. 

L.T. Reg. . . 

E.-in-C.O . . . 
H.C. Reg. to E.-in-C.O. 
M id. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
H.C. Reg. to E.-in-C.O. 
W.B.C. 

N.E. Reg . .. 
M id. Reg. to E.-in-C.O. 
E.T.E. to E.-in-C.O. 

H.C. Reg . .  . 

E.-in-C.O . .  . 
N.W. Reg. in E.-in-C.O. 
Scot. 
N.W. Reg. to E.-in-C.O . .. 
M id. Reg . .. 
N.W. Reg. to E.-in-C.O . .. 
E.-in-C.0 . . .  

N.W. Reg. to E.-in-C.O . .. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 
E.-in-C.O. 

H.C. Reg. 
E.-in-C.O. 

N.W. Reg. to E.-in-C.O . .. 
Scot. 
H.C. Reg. to E.-in-C.O. 
S.W. Reg . .. 
L.T. Reg. to E.-in-C.O. 
E.-in-C.O. . . . . 

N.W. Reg. to E.-in-C.O . .. 
W.B.C. to E.-in-C.O. 

Inspector to Assistant Engineer 

Davey, F. N. . . S.W. Reg. 
Hall , A. N.W. Reg . .  . 

Borrows, S. D. N.W. Reg . .  . 
Sm ith , W. H. F. E.T.E. 
Hall , S. J. W.B.C. 
Hart , R. E. S. W. Reg. 
Lukeman, S. R. S.W. Reg. 
M ilk ins, A. E. L.T. Reg. 

Technical Officer lo Assista11/ Engineer 
Culshaw , H. . . N.W. Reg . .. 
Wilfen, D. C. . . H.C. Reg. 
Taylor , J. N.E. Reg. 

Preston, W. R. S.W. Reg. 
Keefe, P. M. . . S.W. Reg. 
Tovey, N. C. . . S.W. Reg. 

Appleton, R. C. S.W. Reg. 
W ilde , F. J. N.W. Reg . .  . 
Blackburn, E. N.W. Reg . .  . 
Pudney, N. A. H.C. Reg. . . 

Sm ith , D. W. . . N.W. Reg . .  . 

Kaye ,  R. N.E. Reg . .  . 

Oark; N. D. . . N.W. ·Reg . .  . 

Swarbr ick , R. G. N.W. Reg . .  . 

Peebles, P. J. . . Scot. 
Baker , F. C. G. Scot. 

Date 

14.5.62 
14.5.62 

14.5.62 
14.5.62 

14.5.62 
14.5.62 

14.5.62 
14.5.62 
14.5.62 

14.5.62 
14.5.62 

14.5.62 
28.5.62 

14.5.62 
28.5.62 

28.5.62 
28.5.62 
28.5.62 

28.5.62 
28.5.62 

14.5.62 
28.5.62 
28.5.62 

28.5.62 
18.6.62 

28.5.62 
28.5.62 

28.5.62 
18.6.62 
18.6.62 
18.6.62 
18.6.62 

18.6.62 
14.5.62 
18.6.62 

18.6.62 
18.6.62 

18.6.62 
18.6.62 

18.6.62 
18.6.62 

18.6.62 
18.6.62 
18.6.62 

28.5.62 

2.7.62 

30.7.62 
30.7.62 

2.7.62 

15.8.62 
10.8.62 

27.8.62 
18.9.62 

2.7.62 

20.7.62 
11.7.62 

6.7.62 

6.7.62 
6.7.62 

13.7.62 
30.7.62 
30.7.62 

3.8.62 

21.8.62 
7.8.62 

17.8.62 

13.8.62 
24.7.62 

27.8.62 
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Name Reg ion, etc. 

Technical Officer to Assistant E11gi11eer-co11ti11ued 

Cart y, E. 
B urbid ge, A. E. 
Gardener, W. 0. 
Davis, A. F . .. 
S light , E. H. . . 
Turner, N. E . .. 
Hall, S. F. 
Cald well, A. M. 
Page, E. A .  W. 
McDougall, A. 
Boultwood , H. C. 
Forrester, E. .. 
Warr, R. G . .. 
Warren, H. W. 
Keyte, A. R . .. 
P hillip s, G. H. 
Palmer, E. 
Goodfellow , J. H. 
W hite, C. A .  C. 
C lasper, J. D ... 
G raves, D. 0. 
S mall, R. V. 
Bot t rill, R. 
G ibbs, B. 
S ully, G. 
Morris, L. K. R. 
Walden, W. 
Page, J. P. 
G rubb, F. G . .. 
Bunn, T. A. F. 

Dunham , F. 
S pencer, J. S . .  . 
S nell, G. W . .  . 
C halkley, E. E. 
S mart , R. H . .. 
W hit ney, D. J. 
R ylance, T. E. 
Bellenger, J. S. 
Toose, M. C. 
Eade, D. J. 
Hast ings, P. 
K ing , G. N. 
G illiver, R. F ... 
W hitehorn, E. S. 
Taylor, D. G. 
MacDonald , G. A. 
E verit t ,  G. N .. . 
O ld ham , J. F .. . 
B row n, A. 
Burn, C. B. 
S teen, D. R. . . 
Bell, R. 

Scot. 
S.W. Reg. 
S.W. Reg. 
M id. Reg. 
W.B.C. 

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

Draughtsman to Assistant Engineer 

Ralfe, C. A. L.T. Reg. 

Technical Officer to Inspector 
R itc hie, H. F. G. Scot. 
T rim m ,  W. J. . . M id. Reg. 
Parker, S. J. . . H.C. Reg. 
P yat t ,  J. H. . . M id. Reg. 
Billings, S. T. . . Mid. Reg. 

Name 

Area Engineer 

C hap man, B. E. J. 
Johnson, E. W. 
Young , J. E . .. 

Reg ion, etc. 

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

Senior Executive Engineer 

D ye, F. W. G. E.-in-C.O. 
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Promotions-coi Iii 1111ed 

Date 

24.7.62 
24.8.62 
16.8.62 
27.8.62 
15.8.62 

28.12.61 
12.9.62 
13.9.62 
17.9.62 
13.9.62 

3.9.62 
3.9.62 

18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
24.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
18.9.62 
24.9.62 
18.9.62 
28.9.62 
28.9.62 
11.9.62 
11.9.62 
28.9.62 

24.9.62 

2.7.62 
31.7.62 

2.8.62 
31.7.62 
31.7.62 

Name Reg ion, etc. 

Technical Officer to l11spector-co11ti11ued 
F rancis, R. J. . . L.T. Reg. 
S moker, B. W. L.T. Reg. 
Moyce, W. l . . L.T. Reg. 

Technician I to Inspector 
Bain, R. P. B. .. 
Parsons, J. H. 
Forte, A. 
Boyle, J. 
Dew sbury, D. T. W ... 
Perry, J. F. 
Johnson, L. W. 
Gent , G. T. 
Hend y, R. W ... 
Keers, T. 

Scot. 
S.W.Reg. 
N.E. Reg. 
S.W. Reg. 
M id. Reg. 
M id. Reg. 
N.W. Reg. 
N.W. Reg . .  . 
N.E. Reg . .  . 
N.I . .. 

Senior Sciellfific Officer to Principal Scientific Officer 
Law son, R. W. E.-in-C.O. 
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ASSOCIATE SECTION NOTES (Continued from p. 284) 

The Chairman, in making his report, wished it recorded 
that the Centre was indebted to Mr. J. S. R. Lawson for the 
very good work put in during his term of office as treasurer 
and wished him every success on his promotion to Assis­
tant Engineer at Goonhilly Downs Radio Station. 

Grateful thanks were also expressed to Mr. J. S. Brown 
for the excellent work rendered during his term of office as 
secretary. Best wishes were extended for his new venture 
into the Regional Drawing Office, Edinburgh. 

The winter session opened on 15 September with a visit 
to Hughes International, Glenrothes, where the intricacies 
of germanium-diode manufacture were expertly explained. 
This was followed by a visit to Kincardine Generating 
Station. 

Other items in the Centre's program have been: 

9 October: "P.O. Standard P.A.B.X. No. 4," by Mr. 
D. L. Miller. 

24 October: Visit to No. 28 R.0.C., Craigiebarns, 
Dundee. 

6 November: "Perth New Telephone Exchange," by 
Mr. L. E. Pinner. 

13 November: Visit to Caledonian Tooth Co., Ltd., 
Industrial Estate, Dundee. 

12 December: "Small-Diameter Coaxial Cable," by Mr. 
A. F. G. Allan, Main Lines Development and Main­
tenance Branch, Engineering Department. 

The future program is as follows: 
15 January: Film Show. 
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Designed, developed and manu­
factured by the leading British 
Telecommunications Manufacturers 
and handed over to the British 
Post Office for Public Service. 

Associated Electrical 
Industries Limited 

Automatic Telephone and 
Electric Company Limited 

Ericsson Telephones Limited 

The General Electric 
Company Limited 

Standard Telephones and 
Cables Limited 

THE PRODUCT OF BRITISH JOINT ELECTRONIC RESEARCH 
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IDBI 1 ·-- ... -

DUAL ·CA YTEL' CONSTANT 

VOLTAGE FLOAT CHARGERS 

FOR THE NORTH OF SCOTLAND 

HYDRO-ELECTRIC BOARD 

Comultonis: 

Rcgd. Trade Mark KENNEDY & DONKIN 

For Plugging, Sealing or Caulking ... 

• "'1 Cable Duct Sealing with 
Denso Mastic (Plast). 
Photograph by courtesy 

<:. of South Western E/ec­
• tricity Board. 

DENSO MASTICS offer a safe, 

sure and economical system of 

protection against penetration 

by gas, water and air. Completely 

cold ap pi ied, there is a range of 

DENSO Mastics and sealing 

compounds, developed to cover 

a wide range of applications. 

WINN AND COALES LTD., 
Denso House, Chapel Road, London, S.E.27 

Tel: GIPsy Hill 7511 

Also al Manchester, Belfast and Dublin. 

Agents throughout the Commonwealth 

3 
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Typical constant voltage float charger type 
P0.91B incorporating the TRINISTAT circuit. 
Output 15 amperes at 27 volts smoothed to 
lmV weighted to 800 cycles when operating 
with a battery. 

a 1'!ll�;11�Cfl:c111�1=1 a 

0 0 • 

• 
• 

TRINISTAT 
CONSTANT VOLTAGE 

RECTIFIER SETS 
Salient features of the new Westinghouse 

TRINIST AT silicon controlled rectifier 

regulated circuit are:-

• CLOSE LIMITS of voltage regulation irre-

spective of wide input VOLTAGE and 

FREQUENCY changes. 

• Regulation achieved over ENTIRE LOAD 

11.
' 

RANGE withoutuse ofheavybleed resistances. 1 . • 

• LOW WEIGHT and REDUCED DIMENSIONS. I . "' l 
"'-------------------mm:i·' ' ·Iv-__ 
\ TRINISTAT constant voltage equipment type 
\ 6113 designed to achieve a similar technical 

\\ performance to the P0.91 range of sets but 
having a greater output. Contained within the 

\\ 
lower half of the cubicle only are two inde­
pendent circuits each having an output of 

\ 75 amperes at 50 volts, smoothed to 2mV 

\ weighted to 800 eye es when operating with 

1. \ a battery. .!��11111 ____ .. ! ' 
�

----
----

--
-- Li 

For further information please 1vrite to Dept. 

PO EEJ 1 /63 Rectifier Division, (Equipments). 

WESTINGHOUSE BRAKE ANO SIGNAL CO. LTD· 82 YORK WAY· KING'S CROSS· LONDON N1 
Tel: TERminus 6432 

I 
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Post Office approved, this STC telephone earpiece gives listening facilities 
for a second person on the new British Post Office 706 type telephone. 

• Conversations can be recorded by stenographer. 
• Great time saver and aide memoire for the busy executive. 
• Earpiece disconnected when hung-up. 
• No 'click' audible when earpiece is brought into use. 
• Listener can use extra earpiece when reception is weak or in noisy surroundings. 
• Exceptionally light and compact. 
• Now available in black, grey and ivory. Subsequently in green, red, yellow and blue. 

Write or 'phone for leaflet D/110 

Standard Telephones and Cahles Li111iNd 
TELEPHONE SWITCHING DIVISION, 

OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, �l.11. rnTERPRISE 1234 

62/3D 
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BY APPOINTMENT TO 

H.R.H. THE DUKE OF EDINBURGH 

SUPPLIERS OF MOBILE 

RADIO TELEPHONE EQUIPMENT 

introduce the brilliant new 'CAMBRIDGE' 

Transistor 

'Mobile Radiotelephone 

r 

I 

The oveiwhelming advantages of the fully transistorised receiver have now been 

made available in this remarkable new mobile radiotelephone, at no additional cost 

and without sacrifice of the stringent performance requirements hitherto met only 

by valve receivers. This outstanding Pye pr oduct sets a new high standard in 

mobile radiotelephone design which cannot be surpassed. 

e Fully transistorised receiver 

e Printed circuit sub-assemblies 

e Sealed l.F. block filters 

e 100 Milliamps receiver drain 

• A.M. or F.M. versions 

e 25 Kc/s or 50 Kc/s channelling 

e Dustproof and splashproof e Single or six channel 

e GPO approved and meeting American and European specifications 

l ����� 

L 

PYE TELECOMMUNICATIONS LIMITED 

.-' 

CAMBRIDGE ENGL A N·o 
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a neuv VF 

telegraph 
syste111 

for long distance 

or difficult 

h .f. radio circuits 

TAS eouipment installed in 
retopraph Oflico. 
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TAS eouioment i11stdfled aJ 
Radio Recei�er Site. 
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T AS eouipment installed al 
Radio Sta11011s. 
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Uses a special system of 
frequency-shift reception in 
which two tones per channel 
are keyed so that one is 
t r a ns m i t t e d  d u r i n g  t h e  
"mark" and the other during 
the "space" period. Either 
tone will reproduce the trans­
mitted signal, thus reducing 
the effects of the selective 
fading and interference met 
in radio telegraph communi­
cation. This system will 
provide six 100-baud chan­
nels having independent 
send and receive apparatus. 
The system is also designed 
to use dual space diversity 
reception. 

� Write, 'phone or Telex for publication C/205J 

� Sta11d{'/Jd 'li!t.'P/1011<'5 {'/Jfd C"hl�s li111itc>d 
TRANSMISSION SYSTEMS GROUP 
NORTH WOOLWICH · LONOON, E.16 
Telephone: ALBert Dock 140t · Teleir 2f64S 

62!9C 
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For POTTING 

The Epoxy Resins, 

used by Whiteley 

Electrical Radio, provide 

mechanical and climatic 

protection, combined 

with excellent electrical 

insulation, for equipment 

used in extremes 

of temperature and 

humidity. 

' 
or PLOTTING 

The Radio Sonde 
enables weather forecasts 
for the upper atmosphere 

to be taken with great 
accuracy. 

MODEL ANSWER BOOKS 
CITY AND GUILDS OF LONDON INSTITUTE 
TELECOMMUNICATION TECHNICIANS' COURSE 

TELECOMMUNICATION 

PRINCIPLES A 

TELECOMMUNICATION 

PRINCIPLES B 

ELEMENTARY 

TELECOMMUNICATION 

PRACTICE 

Price 7s. 6d. each. Post Paid 8s. 

The following model answer book, although published 
for the old Telecommunications Engineering Course, is 
still useful and is offered at a considerably reduced price. 

TELEPHONE EXCHANGE SYSTEMS I 

(Telephony and Telegraphy A. Telephony B) 

Price ls. each. Post Paid ls. 6d. 

Orders to 

The Post Office Electrical Engineers' Journal 
G.P.O., 2-12 Gresham Street, London, E.C.2 

The Radio Sonde 

Ground Equipment 

enables information 

from the Radio Sonde BARB PLUGS AND SOCKETS 
to be converted into 

data on the pressure, 

temperature and 

humidity in the upper 

atmosphere. 

GET IN TOUCH WITH 

WHITELEY 
WHITELEY ELECTRICAL RADIO CO LTD 

The Oxley plugs and sockets are rapidly assembled 
connectors of outstanding electrical and mechanical 
characteristics, the design of the bush making 
maximum use of the elastic and insulating properties 
of polytetrafluoroethylene. 
The socket tube Is a one.piece component heavily 
silver plated (with an optional gold fiash) slit longi­
tudinally to exploit the elasiic properties of the 
insulating bush so providing the necessary reten­
tion of the plug under the most arduous conditions. 
To fit 0·155 in. dia. chassis hole. 
Both plugs and sockets supplied coloured: Black, 
Brown, Red, Orange, Yellow. Green, Blue, Violet, 
Grey, and White. Packed In sealed packets of 100. 
Further details supplied on request. 

MA N SF I El D · N 0 TT S Tel: Mansfield 1762/5 OXLEY DEVELOPMENTS CO. LTD., ULVERSTON, l.ANCS. 

W6166 



W5/1G and P.P.M. mount 495-LVA-1058 
with a/I-mechanical focus adjustment. 

9 

PROGRESS IN 

MICROWAVE 
COMMUNICATIONS 

Advances in components design have brought far­

reaching changes in circuit techniques employed in micro­

wave link repeaters but, for broadband response, the travel­

ling wave tube amplifier maintains its position supreme. 

This does not imply complacency on the part of the tube 

manufacturer. On the contrary, continuous efforts are made 
to produce tubes of better and better performance -

improved gain, lower noise factor, higher synchronous 

saturated output level and reduced phase modulation dis­
tortion. During the last decade, STC have maintained a 

leading position in this field. 

The travelling wave tube cannot be considered in isola­

tion. Its correct performance is very much dependent upon 
its mount which contains a magnetic focusing arrangement 

(including devices for trimming the focus of individual 

tubes) as well as arrangements for coupling the input and 

output signal to and from the tube helix together with the 

requisite matching contrivance. 
Whilst the mode of operation of the travelling wave 

tube does not permit much change in the overall length of 

the mount, economy has been achieved by replacing power 
consuming solenoids by periodically reversed permanent 

magnets; forced air systems by convector coolers, and focus­

trim denector coils by mechanical fine adjusting screws. 

STC designs are based on a vast experience of manu­
facturing components for microwave equipment in use in 

major communication systems installed in 19 countries ot 
the world. 

abridged data 

F 

STC 
TRAVELLING 

WAVE 
TUBES 

Announcing another NEW Type 

Write for brochure MS/113 "STC Microwave Tubes" 

Tube 
Type 

W5/1G { 
W5/2G 
W7/3G 

W7/4G 

Mount Type 

495-LVA· 1058 
495·LVA-105C 
495-LVA-1050 
495-LVA-1078 
495-LVA-104 

495-LVA-101A 

Standard 7i?/ephottes and Cah/C!s limiled 
VALVE DIVISION · BRIXHAM ROAD · PAIGNTON · DEVON· 

RF 
Connexion 

(W.G. Flange) 

UG344/U 
CMR137 
UG344/U 
UG344/U 
12A* 

12A* 

Frequency Sync. Sal. 
Gain Noise 

Range Output (dB) Factor 
(Gc/s) (W) (dB) 

5·05 to 7-2 B lo 11 35 to 39 26 

5·0 to 6·6 16 37 to 41 27 
3•6 to 4·2 B to 10 20 27 

3•6 to 4·2 10 42 27 

*Transition Pieces to WR229 avellable 
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OPEN WIR 
G.E.C. (Telecommunications) Ltd has 

received further orders from the New 

Zealand Post Office for a range of carrier 

telephone equipment for use on open-wire 

) �U;l'"ill!#(i!;@#I 

LINE EQUIPMENT 
OR NEW ZEALAND 

• .. · - �'If . -

lines. The main items lo be supplied are: 

The order includes two types of 12-circuit 12-CIRCUIT CARRIER TELEPHONE EQUIPMENT 

carrier telephone equipment, rural carrier 

telephone equipment and a wide range of 

auxiliary equipment for all systems. 

12 systems operating with line frequencies 36 kc/s-143 kc/s 
12 systems operating with line frequencies 160kc/s-300 kc/s 

RURAL CARRIER TELEPHONE EQUIPMENT 
90 exchange terminal racks each with a capacity of 10 circuits 
24 subscriber terminal units 

Everything for Telecommunications 

Transmission Division 

G.E.C. (TELECOMMUNICATIONS) LTD 

Telephone Works • Coventry • England 
Works al Coventry and Middlesbrough Sm�c's 125 
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STC SUBMARINE CABLE 

CHOSEN FOR UNDERWATER 

COMMUNICATION SYSTEMS 

ALL OVER THE WORLD 

63/2T 

Submarine telephone cable on order or already 

manufactured at the STC Southampton factory: 

Commonwealth Pacific C able 
USA-Bermuda 
Scotia nd-Fae roes-Iceland 
Puerto Rico-Florida 
UK-Sweden 
UK-Denmark 
UK-Germany No 2 

UK-Germany No 1 

Bournemouth-Channel Islands 
UK-Holland 
Wales-Isle of Man 
UK-Belgium 

2 800 

820 

750 

715 

536 

315 

253 

250 

140 

115 

66 

61 

nautical miles 

STC ENGINEER AND MANUFACTURE All TYPES OF 

SUBMARINE TELEPHONE AND TELEGRAPH CABLE. 

Standard Telephones a11d Cables Li111iNd 
SUBMARINE CABLE DIVISION: NEW DOCKS · SOUTHAMPTON · HANTS 
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A range of fully transistored frequency 

generating equipment is now available for 

systems up to 960 channel capacity. S11pergro11p harmonic 
freq11ency generating rack 

Various degrees of duplication of the 

active elements are offered to cater for the 

needs of both minor and major stations. 

The speed of changeover from working to 

spare equipment has been increased to avoid 

mutilation of high-speed data transmission. 

Transmission Division 

G.E.C. (Telecommunications) Limited 
TELEPHONE WORKS · COVENTRY · ENGLAND 

Works al Coventry and Middlesbrough 

Master oscillators and 
channel freq11ency 

generating rack 

Gro11p harmonic 
frequency generating rack 

EVERYTHING 

FOR 

TELECOMMUNICATIONS 

Smcc's- L:'.6 



Today's aircraft landing aids-and the 

radar systems which are their eyes-have 

their nerve systems printed in copper. 

Indeed through out the whole field ot 

electronics today printed circuits are 

providing, in a planar form, the wiring 

and the chassis, neatly, compactly and 

economically. Printed circuits demon­

strate the outstanding electrical con­

ductivity of copper in the way connecting 

rtbbons of minute p hysical dimension 

can be used to carry considerable cur­

rents without heat problems. 

CQPPER 

The electrolytically deposited copper foil is bonded lo the 
chosen laminate and is usually of one of the following sizes: 

Wt. per sq. ft. 
1 oz 
2 oz 
3 oz 

Thickness (approx) 
.0015in 
.003 in 
.0045 in 

13 

As the accompanying graph shows the connecting 

line need be only of the order of -fo" to t" wide. For 

instance, conductors of -1/ width in aone-ounce copper­

clad laminate will carry up to 7 amperes with only a 

few degrees rise in temperature. 

It is typical of copper that it should be so closely 

associated with this up-to-the-minute technique, as it 

is with so many new developments. These will 

certainly open wider fields for printed circuits, both in 

producing complete electronic units in micro-modular 

form, and in heavier current applications, such �s 

auto mobile wiring . 
C\JRRENT 

CARRYING 

CAPACIH 

OF COPPER 

FOIL ETCHED 

CON)UCTORS 

I 
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Minimum space .... 

Minimum power consumption. • • • 

Minimum maintenance .... 

Transistorised FMVFT 

TYPE CT 24A . 
.r 

. FOR THE PROVISION OF TELEPRINTER OR DATA TRANSMISSION CIRCUITS 

POWER 
SUPPLIES 

GROUP BLOCK 

PILOT PANEL 

SPARE 

TEST EQUIPT. 

JACK & RELA 'i PANEL 
CHANNELS 1·6 

JACK & RELA'i PANEL 
CHANNELS 7-12 

JACK & RELA'i PANEL 
CHANNELS 13-18 

JACK & RELAY PANEL 
C HANNELS 19-24 

SEND/RECEIVE UNITS 
CHANNELS 1-6 

SEND/RECEIVE UNITS 
CHANNELS 7-12 

SEND/RECEIVE UNITS 
CHANNELS I 3-18 

SEND/RECEIVE UNITS 
CHANNELS 19-24 

* CCITT standards of performance 
* 24 channels per rackside 
* 50 baud nominal, with operation up to 80 bauds 
* Plug-in units 
* Optional in-built test equipment comprising:-

a) Telegraph test set 
b) Level measuring set 
c) Frequency check unit 

* Completely self contained with all power supplies 
* Pilot facility 300 c/s or 3300 c/s 

24 frequency modulated channels are provided in the nominal frequency band 
420-31BO c/s with 120 c/s separation between adjacent channels. These are 
built up from 4 sub-groups of 6 channels each in the frequency band 1140-1740c/s. 
Compactly assembled plug-in units use printed circuit wiring boards with 
small encapsulated filter and transformer units. Equipment is protected by 
bay covers, but test equipment and jackfields are directly accessible at centre 
of rack. 

Bearer Band 300-3400 c/s 
Deviation ± 30 c/s from mid frequency 

Send level range -15 to -35 dBm 
Receive level range -15 to -35 dBm 

DC lines Send 20mA double current. 
Receive up to 100 mA. 
Balanced loop and neutral loop conditions on 
request. 

Temperature compensated + 5°C to + 55'C 
Power supplies 100-120v or 200·240v AC 

(Battery operation through an inverter as optional 
extra). 

Details of the latest AEt Carrier Telephone and Telegrap/1 Equipment supplied on request 

Receive Unit 
and Send Unit 

Associated Electrical Industries Ltd 

Telecommunicalions Division. Transmission Department 

Woolwicli, London S.E.18, England Cables: Sieswan London 



Dots and dashes ... too slow. They're going o-u-t. FORMICA* industrial 
laminates play an important part in today's fast talking telecom­

munications, telephone exchanges and communications satellites. 
Formica Limited make over 50 industrial laminate grades for industry, 
including specialised grades famous for their electrical properties for 

printed circuitry, selector bank insulation and terminal strips. With 
FORMICA industrial laminates goes a complete Technical Service 
which includes consultation, investigation, advice. Just write or ring. 

--

__, 

� 
fFORMICA 
=.. 

o;�CO 

.=.... 

Industrial laminates 

•FORMICA is a registered trade mark 
Formica Lttl., De La Rue Hou.e, 84-86 Regent Street, London, W.l REGent 8020 

15 
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G.�.e. 

SHF 6000 Mc/s 
BROADBAND RADIO 
EQUIPMENT 
Selected by the 

GENERAL POST OFFICE 
for -

THE NEW LONDON-BIRMINGHAM 
-MANCHESTER RADIO LINK 

each RF channel having a capacity of 

T1�nsmission Division 

SPEECH CIRCUITS 
or equivalent 

G.E.C. (TELECOMMUNICATIONS) LTD 
TELEPHONE WORKS· COVENTRY • ENGLAND 
Worhs at Coventry & Middlesbrough 

.Smut 119 



KEY 

£.C. 6000 Mc/• Raaio L1nks (W'ilh 
-

lO SpHch Circuits) 

Al IN 

I NVERN� 
ABERDEEN 

DUNDEE 

EC '1000 Mc/s RADIO LINKS coROER BATTIERY 
• ,ievis1on 01 T ctephony) 

THER RADIO llNKS � 

OH 

-
-

6000 Mc/s RADIO LINKS 

'-BERDEEN INVERNESS 

3 Chan cls one d re on 

DUNDEE LEEDS 

l C 'annels each d1rec u1 

LEEDS L!IC!s•rn 

2 Channels Nit d1rechen 

lflCES tER PETERBOROUGH 

2 Channels each dire" ion 

LEICESTER HIGH WYC:OMBf 
2 Channels each d1rec ioo 

LEICESTER SHREWS8URY 

2 Cha nnels e:Jcf1 direclio n 

CARLISLE KIRK o· SHOTTS 

3 Channeb one d rcc11on 

2 Ch.Mnels rtversc hrec·1of1 

LANCASTER LEEDS 

2 Cf,annels eiotch duec11011 

CAPDIFF BLAEN PLWY 

CAROIFF FOEL ORYCH 

2 Channels 011e d ec ion 

f!ac.h ro\.lle 

HIGH WYCOl>IBE BRISTOi. 
2 Ci anneh t-ach d rechoro 

SOUTHAMPTON 

CHILLlllTON 

6000 Mc/s RADIO LINKS 
with 1800 Speech Circuits 

LONDON-BIRMINGHAM-

• Channels each directton 

BIRMINGHAM MANCHESTER 

.t Ch.::nncls each dire-c1io1 

2000 Mc/s RADIO LINKS 

BIRMINGHAM - LICHFIELD 

?' Cha1HlCls one direction 

1 Channel reverse direc11on 

LONDON - BIRMINGHAM 

3 Chal\ncls each direc1io1l 

\VICKHAMOROOK -MANNINGTREE 
2 Channels one d1rcclion 

JERSEY - ALDERNEY 

J Channels onc dircclion, 
\'tilh n1usic chtrnncl 

SOUTHAMPTON - CHllltRTON 

3 Cha1Hlcls each di1cctio11 

MYNEOD PENCARREG-8LAEN PL'NY 

2 Channels one direction 

ARNCLIFH WOOD - DARLING TON 

2 Channels each direction 

GOONHILLY-fOROER BATTERY 

1 Channel each direction 

HIGH WYCOMBE-MAIDSTONE 
2 Chllnucls in each di1ec11on 

EVERYTHING FOR TELECOMMUNICATION: 
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Modern styling in light 
grey with black 
engraving. 

Constructed to 
withstand adverse 
climatic conditiom 

Ever re:ady 
case, including 
leads, pr-ods 
and clips. 

Improved 
internal 
;usemblies 

New standard o( accuracy, 
using an individually 
calibrated scale plate: 
d.c. ranges 1.15% o( f.s.d. 
a.c. ranges 1.75% of (.s.d. 

P.O. PANEL PRESSURE INDICATING No. 2. 

HAVE THE EQUIPMENT FOR 
LINE PRESSURISATION 

Drallim products range from simple tube couplings to complex flow 
control equipment. 
Engineers with new ideas applied to new materials combine i n  
Drallim products many unique features. For example: Captive seals 
in the union nuts to ensure leak free joints from high vacuum to 
100/300 p.s.i. and Acrylic blocks for bodies of Drallim flow me ters. 
Draltim Industries supply the most up-to-date equipment to the 
G.P.O. and other Post Offices. 

DRALLIM INDUSTRIES LIMITED 
BOURNE WORKS, STATION APPROACH, WHVTHEAFE, BVWOOO 2321 

A VO are proud to present an 
entirely new version of the now 
famous MULTIMINOR, styled on 
modern lines, with new high 
standards of accuracy, improved 
internal assemblies, and incorporat­
ing panclimatic properties. 

The new Mark 4 MULTIMINOR, which 
supersedes <lll previous models, i$ suppJ;ed 
in an attractive black carrying case, which 
also houses a pair of leads wilh in1erchangc­
nble prods and clips. The whole is pnckcd 
in a Slrikingly handsome "Asrrnlux" 
carton. Two kinds of real leather cases are 
also available if required. 

Re-styled s<ale 
plate for easy, 
rapid reading. 

MULTIM]NOR)A4 
Write for' full details of 
this g,.eot new pocket�si�e 

instrument 

D.C. CURRENT: 100µA f.s.d. - 1A f.s.d. in 5 ranges. 
A.C. VOLTAGE: 1 OV f.s.d. - 1,000V f.s.d. in S ranges. 
D.C. VOLTAGE: 2.SV f.s.d. - 1,000V f.s.d. in 6 ranges. 
D.C. MILLIVOLT range: 0 - 100mV. f.s.d . 

RESISTANCE: 0·2MO in 2 ranges, using 1.5 I cell. 

SENSITIVITY: 10,0000/V on d.c. Voltage ranges. 
1,000fJ/V on a.c. Volt3ge ranges. 

.&\y@LTD AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, S.W.I. Telephone: VKroria 3404 (12 fines) 

MM 1 4 
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PURSUIT OF PERFECTION 
Type CM is a desig·n based on the tran­

sistor and modern components. Of these 

the transformer is one of the most 

important and it is here that particular 

improvements have recently been made 

in size, performance, mounting· arrang·e­

ments and materials. Nylon spools 

improve winding· areas by as much as 

TYPE 

CARRIER 

thirty per cent and enable a core as 

small as 3/16" x 3/16" to be used. 'rhe 

complete transformer is clipped direct to 

the printed circuit boarcl. The illustra­

tion shows the custom built test position 

on which all characteristics are visually 

displayed on a comparator basis thus 

providing· a check of g-reat accuracy. 

AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED 
'\. ,, 

Strowger House, Arundel Street, London. W.C.2. Telephone: Temple Bar 9262. Strowger Works, Liverp9sio41 
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T.0.R. fully transistorised automatic error detection and 

correction equipment by Mullard ·Equipment Limited 

1 now in full production 
I 

The Mullard Equipment Limited T.O.R. is a 
completely new, fully transistorised system 

, for the detection and correction of errors 
due to propagC1tion problems o r  oth er 
interference in Telegraph signals passed 
over radio circuits. The first 

transistorised equipment of this type to 

be in full-scale production in this country , 

the SL65 offers low power consumption 
and also a considerable saving in 
space and maintenance costs. 

o High speed automatic rephasing 
D Marl1ed character cycle 
o 45·45, 50 and 56·88 baud operat ion 

o Aggregate signals in and out 
transmitted as either d.c. or tone 

b Error indication without repetition 

i for one way circuits 
6 Choice of two or four channels 

� Optional 8 character repetition cycle 
p Only two types of trigger circuit used 
o Front access rack conforming to 
t C.C.l.T. recommendation 
p Sealed moisture-resistant conclave boxes 
o Meets the general requirements of the / 1· , G.P.O. and B rit ish Services 

Forfull operational details on the T.O.R. 
write for publication No. 9876 
quoting reference A69611 

MULLARD EQUIPMENT LIMITED 
Manor Royal, Crawley, Sussex 
Telephone: Crawley 23787 

MULLARD EQUIPMENT LIMITED 

L 

. i 
I 

ME 696 
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Portable and Fixed Station Equipment for 

MICROWAVE TELEVISION LINKS 

Pye microwave equipments are available in both portable and fixed 

versions for the transmission of television programmes, including sound, 

over long distances. With one watt transmitter power, excellent 

performance can be maintained over single links of up to 50 miles or 

more. Operating frequencies can be anywhere in the band 5925-7750 Mc/s, 

with excellent frequency stability. In portable form, complete link 

comprises four luggage type cases plus aerials and tripods, and is easily 

assembled on site. Fixed type equipment is mounted in six foot enclosed 

cabinets, all components being accessible from the front of the cabinet. 

PYE TELECOMMUNICATIONS LTD · CAMBRIDGE· ENGLAND 
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FOR 1800 SPEECH CIRCUITS 

LANGUAGE YOU SPEAK- G.G.e EQUIPMENT 

WILL TRANSMIT IT/ 
Transmission Division 

G.E.C. (TELECOMMUNICATIONS) LTD 
Telephone Works· Coventry· England 

Works al Coventry and Middlesbrough 

EVERYTHING FOR TELECOMMUNICATIONS 

23 
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BALANCED CAB E 

MULTIPLEX 

Fully transistorised underground repeaters are used 

for the first time in Canada on a 120 channel multiplex 

carrier cable scheme in Northern Ontario. Northern 

Telephone Limited has ploughed 

in the cable between Sault Ste. 

Marie and Hearst (about 350 

miles) in the ballast along the 

right-of-way of the Algoma 

Central & Hudson Bay Railway. 

Two parallel 60 channel systems, 

in the band 12-252 kc/s, give 120 

telephone circuits on two buried 

single quad 40 lb. polythene 

cables. 

The line and multiplex equip­

ment is supplied by Etelco 

Canada Limited. Similar equip-

ment, designed and built by Ericsson Telephones Ltd. 

is in operation in other parts of the world. 

If your communications problem is one of choice 

between open-wire, radio or cable, a word with our 

engineers will cost you nothing and may well prove 

extremely beneficial. 

TABOR 

J MONTREAL 
� FALLS 

- ERICSSON TELEPHONES LIMITED 

m ETELCO LIMITED Head Office: 
22 Lincoln's Inn Fields, London. W.C.2. Tel: HOL 6936 
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Extensible Line Connector 
The TMC Extensible Line Connector provides complete telephone servic.e to ten sub­
scribers using only one exchange line, and is extensible to accommqdate twenty-two 
subscribers using four lines. Thus four pairs out of a cable free the remaining pairs 
either for new subscribers or for connection to other TMC Extensible Line Connectors, 
permitting further groups of ten to twenty-two subscribers to be given service. 

The equipment is designed around three types of jack-in relay set so that very simple 
stage-by-stage extension may be made from 10 subscribers working over only one pair 
to 22 subscribers working over four pairs. It consists of two units-very simple to 
install and maintain. The compact Subscriber Unit is supplied as a fully wired frame­
work for wall or rack mounting and a weatherproof case, suitable for wall or pole' mount­
ing, is available as an optional extra. No battery or power is required at the Subscriber 
Unit, and no control pairs are needed. The Exchange Unit is also a small framework 
fully wired. 

Tell us of your immediate requirements and your plans for future development, and we 
will submit quotations and recommendations. 

TELEP H 0 NE M AN U FACT U RING C 0 M PAN Y LIM I T'E D 
Telephone Equipment Division, Equipment Section 

Martell Road · West Dulwich · London S.E.21 · Telephone: Gipsy Kill 2211 
A MEMBER OF THE fr@ GROUP OF COMPANIES 

BSdTE 
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FLUSH MOUNTING RESETTABLE 

METERS 
This 3 figure meter as 
adopted for s ubscriber 
trunk diall ing is an 
example from a com-
p I e t e  range of 
electro - mechanical 
counters. Manual and 
electrical reset types 
for Indication, pre-deter-
mi ned co unting, printing 
and readout are available. 

TH.E STONE B RIDGE ELECTRICAL CO. LTD. 

6 QUEEN ANNE'S GATE • LONDON, S. W. 1 Telephone : TRAf�lgor 14 4 4 

Agents ond licensees in U.K. for 'SODECO' Geneva 

Electrical 

Ideally matching contemporary panel 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. 

( 



HOW TO PASS YOUR 

CITY AND GUILDS 

TELECOMMUNICATIONS 

EXAMS- BY POST 
The new Bennett College Telecommunications Courses 

were prepared under the supervision of one of the 
country's top telecommunications men, W. S. Procter, 
O.B.E., M.l.E.E., F.R.S.E., Formerly Chief Regional 
Engineer, London Telecommunications Region. 

The first and second year subjects are: 
FIRST YEAR 1. Practical Mathematics . 2. Engineering Science. 3. Engi­
neering Drawing. 4. Elementary Telecommunications Practice. 

SECOND YEAR 1. Mathematics for the Telecommunications A. 2. Tele­
communications Principles A. 3. R adio and Line Transmission A. 
4. Telephony and Telegraphy A. 5. Line Plant Practice A. 
Other subjects will be i111rod11ced later. 

The certificates awarded by the City and Guilds Institute are of 
special value to employees of the Post Office Telecommunications 
Dranches, and the Radio and Telecommunications industry, whether 
engaged in the manufacture or the maintenance and operation of 
Telecommunications apparatus. 

1--- Post tliisco11po11 off at once for more i11formatio11 -- -, 
I To: TllE BENNETT COLLEGE (DEPT. 24WSP) Sheffield I 

l Please send me details of the 11e1vTelecommunica tions Courses l 
I NAME-.......... - ......... ·-····-··---··-··-··-·- .... ·---··--·-.. ·--·--· .. --.. -·--·--·-·----. .  -

I 
I AOOl\fSS ... ........... ................. ------·-·-·-........ ----·--·-·--.... --.--................................................ I 
I ......... ,,_ ........................................................... -............ _ ................... _ ....... AOE ......... _,,_, .. ,_................ I 
L-----------------------� 
Pet'l'Oflal pol·ta/ tuition through the famous Bennett College ! 

------ - ----------

I 

I 

I 

I 

I 

I 

I 

I 

TRANSFORMERS 
Their Principles and Design for Light Electrical Engineers 
by F. C. Connelly, Ph.D., A.M.1.E.E., A.R.C.S., D.l.C. 

La boratory workers, designers, and users of transformers in 
the light electrical industries will find this a most valuable 
book. I Jere, gathered into one volume for the first time, is 
information about the different types of transformers 
required in line and radio communication, radio-frequency 
heating, electronics, portable machine tools, electro-medical 
equipment, illumination and measuring apparatus. 35/- net. 

INFORMATION THEORY 
AND ITS ENGINEERING 
APPLICATIONS 
by D. A. Bell, M.A., Ph.D., M.1.E.E. 

Third Edition 

Minor alterations have been made to the existing text and 
two important new sections added. The interest in digital 
data transmission has made a chapter on error-detecting and 
error-correcting digital codes necessary, and since informa­
tion theory is now applied to the manipulation of information 
by electronic computers, a chapter on E lectronic Computers 
and Data Processing has been added. 25/- net. 

EXPERIMENTAL E LECTRICAL 
ENGINEERING 
by E.T. A. Rapson, M.Sc. (Eng.), A.C.G.I.. D.l.C., M.l.E.E. 

Fourth Edition 

A book covering the experimental work necessary for 
students taking the Ordinary and l 1 igherN ational Certificates 
in E lectrical F.ngineering, and also the B.Sc., and f.E.E., 
examinations. 12/- net. 

PITMAN 
PARKER STREET. KINGSWAY, 

LONDON, W.C.2 

27 
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Double pole change-over switch 
with quick-make quick-break action 

High arc erosion resistance materials 
ensure long operational life 

Silver plated contacts for low contact 
resistance 

Rating: 3 amps, 250 volts, DC or AC r.m.s. 
Average internal resistance 0.005 ohms 

PAINTON 

RELIABILITY 

in this NEW compact 

3 amp. Toggle Switch 

Built to the inflexibly high PA I N T 0 N standards 
Send for leaflet T.S.5 and sample 

Painton & Co. Limited 
KINGSTHORPE, NORTHAMPTON. Tel: 34251 (10 lines). Grams: 'Ceil' Northampton. T elex31576 
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MAKE RADIO LINKS 

Murphy Radio Link Systems are in use on 
large and small scale projects the world over. 
l' p to 48 channel capacity VHF & UHF equipments 
are available for use with any carrier equipment. 
If radio link systems are of interest to you, our 
systems planning department will send you full 
technical information. 

KEEP IN TOUCH WITH MURPHY 

Write to: Mr. J. G. Ball, 

Mwphy Radio Limited, Electronics Division, 

Welwyn Garden City, Hertfordshire, England 

Telephone WELWYN GARDEN 23434 

MC II.I.I 
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Transistorised 12-Circuit 

Carrier. Telephone System 

for 2-wi_re cable working 

C12H 

Equipped on one 9 ft. rackside - ready for immediate 

delivery the TMC's type C12H is self-contained with 

'E and M' signalling, and its own power supply panels, 

for en ergisation from battery or a.c. mains. 

A terminal may be sub-equipped initially and later extended as 

required. It embodies transistor circuits giving low power con­

sumption, and is suitable for use in tropical climates. The equip­

ment is grouped in functional units, and mechanical design allows 

maximum accessibility with minimum disruption of working circuits. 

Engineers will recognise in the performance specification of this 

equipment the high standards which characterise TMC products. 

Can you benefit by the immediate availability of this economical high quality unit, or do your 

projects and problems involve other types of modern terminal equipment for multi-channel 

working? Write to us giving an outline of your immediate or long-term plans for telephone 

services. Experienced transmission engineers of TMC's Advisory Service will study your 

problems and give detailed recommendations without delay. 

TELEPHONE MANUFACTURING COMPANY LIMITED 

Transmission Division 

Sevenoaks Way · St. Mary Cray Orpington · Kent • Telephone: Orpington 27020 

A MEMBER OF THE (r@ GROUP OF COMPANIES 
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INSTRUMENTS 

• Complete range of Wheatstone equipment 
G.N.T. Tape Reader Model 22 

• Complete range of special Morse training 

equipment 

• G.N.T. 5-unit Transmitters with one or two 

sensing heads 

a G.N.T. Converters for Morse or Cable Code to 

5-Unit or 5-Unit to Morse or Cable Code 

G.N.T. Undulator Model 311 
a G.N.T. Tape Readers for 5, 6, 7 or 8 Unit Tape 

GREAT NORTHERN TELEGRAPH WORKS 
4 SYDHAVN PLADS 

COPENHAGEN DENMARK 

LONDON OFFICE: 

5 ST HELENS PLACE ECJ 

M.10314 

l .  
:;.r, 

5 mm 

M.10232/1 

·1ao· 
4·6 mm 

I •  
" 

6·4 mm 

·171" 
4·3 mm 

�4•· R. approx 
0·4 mm R. approx. 

SOMETHING NEW for MANUFACTURERS! 

BONDED FEROBA, a permanent magnet material compnsmg barium ferrite in a base of 
P .V.C. or rubber and having the properties of those materials. Extruded into 
strip. Callendered into sheet. Semi-flexible. Machinable. High electrical 
resistance. 

Magnetic characteristics appropriate to very short 
magnetic lengths and very great cross sectional 
areas. Not liable to magnetic damage by car.eless 
handling. Can be magnetised many ways. High 
flux densities achievable by concentration in soft 
pole pieces. 

ECLIPSE MAGNETIC PLASTIC STRIP. 
Several standard sizes are illustrated. M.10314 was 
developed for television corrector magnets. M.10232/l, 
M.10595 and M.10596 are suitable for repulsion and 
attraction duties, including doGr closures. Grip vastly 
superior when incorporated in magnetic ''sandwiches''. 
Supplied in strip or in form of finished magnets, in both 
cases magnetised. Ask for Eclipse Bulletin M.29. 

ECLIPSE PLASTIC SHEET MAGNETS. 
Two standard thicknesses, ·032" (l/32'') = 0·8mm. and 
·065" (1/16") = l ·6 mms. Typical uses are picture shift 
magnets in television, rotors in electric clocks, arc blow­
outs, and oil filters. Supplied in form of finished magnets, 
magnetised ready for use. Ask for Eclipse Bulletin M.30. 

BONOEO FEROBA 

Alcom�)( Ill 
(The generally 
2cccptcd �t�ndard 
Qf rcfercf\ce for 
211 magne:.�). 

8 "m 
{GauH) 

1400 

11.100 

BH H 
inax 8< 

(MGO) (Oerned1) 

0·4 1110 

5·1 610 

Picture.Shirt 
Magnet 

Available to manufacturers in bulk. from· James Neill & Co. (Sheffield) Ltd. Napier Street. Sheffield JI 

M.16 
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Telephones made from 'Diakon' retain their 
' 

attractive appearance through years of use 

I. Telephones designed and manufactured by · 

Ericsson Telephones Ltd., Beeston, Nottingham, , l with cases, handsets and transparent dials made , " fr:1 ':>iakon' I.C.I. acrylic polymer. j 

'Diakon' acrylic polymer was chosen for these modern telephones because 

mouldings made from 'Diakon' polymer have so many advantages:-

• no change in surface finish or mechanical properties with age 

• good heat stability and high heat distortion temperature 

• low water absorption 

• resistance to staining by nicotine, lipstick and polishes 

• lightness in weight 

• wide range of colours which will not fade 

Find out more about 'Diakon' polymer, and its many uses in the tele­

communications, electric and electronics fields, from your local I.CJ. 

Sales Office. 

'DIAKON' POLYMER 'Diako11' is the registered trade 
mark for the acrylic/o/y111er 
111a1111facwred by J.C . .  

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

"fij I 



MARCO ... 'S()JJP STArE' 

TDPLEX 
The most advanced error correcting 
telegraph equipment in existence 

ERROR PROOF HF TRAFFIC 
40% less capital cost per channel 
75% reduction in size 
75% reduction in weight 
90% reduction in power consumption 

ptl/-£. Considerable s�vings in manpower, 
_.a spares and maintenance 

* One cabinet houses equipment for * Average rephasing time in traffic 

two 2-channel circuits which may be 4 seconds 

operated as one 4-channel circuit * Mis-routing of sub-channels is im-

* Modular construction means greater possible even with sub-division on 

reliability and greatly simplified all channels 

maintenance * Error rate improvement factor of 

* Built-in character storage for 4 or 8 100-10,000 

character repetition cycle 

* Fully automatic phasing incllKling 

rephasing in traffic with no loss or 

duplication of characters 

* 
-------

FERRITRANSlSTORlZEO code conver�ers
_ 

and 

. d . ns by s1gntf1cant 
fully transistorized esig 

stores surpass . 

reduction in power and saving in space. 

MARCONI SOLID STATE AUTOPLEX 
accurate ERROR CORRECTION MULTIPLEX TELEGRAPH SYSTEMS 

MARCONl'S WIRELESS TELEGRAPH COMPANY LIMITED · CHELMSFORD · ESSEX · ENGLAND 

33 

H7A 



34 

Cable, 
network design, 
and installation 

throughout! 



SOLDERING INSTRUMENTS 

and EQUIPMENT 

Illustrated 

l64 ,\" DETACHABLE 

BIT MODEL IN 
PROTECTIVE 

SHIELD l700 
FITTED WITH 

ACCESSORIES FOR 

BIT CLEANING, ETC. 

All VOLT RANGES 

6/7 to 230/250 VOLTS 

British and Foreign 

Patents and Registered 

designs 

for further information and full illustrated catalogue apply head office 

ADCOLA PRODUCTS LIMITED 

ADCOLA HOUSE, GAUDEN ROAD, 

LONDON, S.W.4 

Telephones: Telegrams: 
MACoulay 3101 and 4272 SOLJOINT. LONDON, S. W.4 
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SALFORD ELECTRICAL INSTRUMENTS LIMITED 
PEEL WORKS. SILK STREET, SALFORD 3, LANCS. Tel. Blackfriars 6638 (B llnea) 

London Sales Office: BROOK GREEN. HAMMERSMITH, W.6. Tel. Riverside 5246 

A Subsidiary of THE GENERAL ELECTRIC COMPANY LIMITE'.> OF ENGLANO 
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IF YOU LOOK INTO VINKORS 

YOU'LL FIND ... 
• Precise Inductance without core grinding 
• Easy assembly and setting accuracy of 0.02% 
• Adjustment of ± 7% 

• Eight sizes from 14 mm. to 45 mm. 
• Long term stability of 0.1 % 
• Single hole or printed circuit mounting 
• A frequency coverage up to 2 Mc/s 

• A temperature coefficient compatible to polystyrene capacitors 

VINKOR ADJUSTABLE POT 

Mullard CORE ASSEMBLIES 
Write lo Mu/lard House for full lechnica/ details of the wide range of Vinkor assemblies 

Please quote reference Z/2'2/1 

MULLARD LIMITED, COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, LONDON, W.C.I. 

MC222 



for infor111ation write to the Engineer: 

NATIONAL SALT GLAZED PIPE MANUFACTURERS' ASSOCIATION 
Hanover Court, Hanover Square, London W.1. Phone: MA Yfair 0364 

"'"" """"" !. 
\ 
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special features 

Self contained, portable and robust. 

Reliable and efficient with negligible 
maintenance. 

Minimum current drain and battery 

charging over junctions. 

Physical or Carrier junctions to 

parent exchange. 

Equipped with two Rural Carrier 
channelling units. 

Coin�box discrimination. 

Variable metering arrangements 

available. 

Forced release and lock-out under 
P,G. and C.S.H. conditions, 

Alarm test circuit to check condi· 
tion of exchange from the parent 
exchange. 

Alarm extension. 

Transistor Ring ing and T o n e  
generator, 

for further lnlormall�n please write to: 

HEAD OFFICE: 22, LINCOLN'S INN FIELDS, LONDON, IV.C.2 TEL.: HOL. 6936 

MINIRAX 
Maintenance difficulties, the lack of a suitable power source, 

and prohibitive costs have often restricted the introduction 

of automatic telephone equipment into rural areas. 

Minirax, designed to overcome such difliculties, is a small 

20 line exchange housed in a single unit and is complete in 

every detail. It is simple and quick to install because it does 

not require either special site accommodation or local 

mains supply. 

Power is derived from a 24 volt battery which can be charged 

over one or more physical junction lines from the higher 

voltage supply of the parent exchange. If necessary, Minirax 

can be connected into a telephone network over one 

physical junction pair only; additional junction circuits being 

obtained by the use of transistor rural carrier equipment. 

The attractively finished pressed steel cabinet is specially 

designed to exclude dust and is divided into two distinct 

compartments, the upper one containing line terminators 

and alarm test panel equipment, allowing changes to lines 

etc. to be carried out without exposing the switching 

equipment located in the lower compartment. 

The switching equipment, which consists of well proven 

relays and uni selectors, operates on step-by-step principles, 

thereby avoiding the use of common equipment. This, 

together with the above features, ensures a reliable and 

efficient service without complicated maintenance problems. 

- ERICSSON TELEPHONES LTD 

m ETELCO LTD 
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IN REPEATERED SUBMARINE 

TELEPHONE CABLE SYSTEMS 

--·' � � .,: 
Wiring a11d assembly of 1111its for Submerged Repeater 

Submarine Cables Ltd., specialise 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 Post Office 
and the Company's factory at Greenwich has supplied 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, has made the submerged repeaters for 
the CANTAT extension from Newfoundland up the St. Lawrence River, 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 
Owned joi11tly by Associated Electrical Industries Ltd. and British Insulated Callender's Cables Ltd. 

HEAD OFFICE: Mercury House, Theobald's Road, London WCr · Telepho11e: HOLborn 8711 · Telegrams:Telsiem, London, 
Westcent. · Cablegrams: Talsiem London WCr WORKS: Tekon Works, Greenwich: Ocean Works, Erith, Kent. 
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RADIO 

COMMUNICATION 

By J. H. Reyner, B.Sc., A.C.G.J., 0.1.C., M .I .E.E. 

and 

P. J. Reyner, M.A.(Cantab.) 

This is an entirely reset new issue in a single volume 
of J. H. Reyner's original standard work Modern 
Radio. Communication. For this new book, J. H. 
Reyne,: has been joined by his son and together they 
have produced an up-to-date •vork which cov.�rs the 
syllabus of the City and Guilds ·; :leco1':lm1.nirations 
Technicians' courses and t'i· ''lrr'· 1din� !'� rts of 
the Institution examinatism1>. 1 ..ies a thorough 
groundwork in the theory of radio communication, 
starting from an assumed elementary knowledge of 
electrical phenomena. No advanced mathematics is 
necessary. Subjects covered include short-wave 
radio, cathode-ray tube developments, transistors, 
picture transmission and television, etc. M.K.S. 
units are used throughout. 

Price 55 /- net 

PIT�IAN 
PARKER ST., KJNGSWAY 

LONDON, W.C.2 
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3 Winn & Coales, Ltd. 

Tells You How to Pass Your C. & G. 
Examination at First Attempt l 

All Post Office personnel who are anxious to 
obtain early promotion should at once send for a 
copy of our handbook "ENGINEERING OPPOR­
TUN1TIES11 which, among other intensely inter­
esting wattcr, describes our uniq11e wcthods of 

�A�IO"�k0lo:0fu�1Tel��=:i��c�n=: Certif\cate and for individual subjects-Mathe­
matics, Engineering Sciwce, Engineerlng Drawing, 
Elementary Telecommunicnlion Pr&elice, Tele­
communication Principles, Radio aod Line Traos­
miss!oo, Telegraphy and Telephony, Line Plant 
Practice. It also contains details of our courses 
covering the G.C.E. subjects required for promotion 
to i\ssistant Engineer, Telccowwunication Traffic 

;;�r3:;�1��
d

��!m�:��ti�1��c[n �f�t:icai'E1n;��ee�i�� 
Practice, the Grad.Bril.l.R.E. and A.M.S.E. Examinations, in addition to a wide range of 
non-examination courses in all branches of 
cn�inccling-Radio and Electronics, Electrical, 
M&chaoical, etc. 

We also provide tuition for the Radio 
Amateurs' Examination and the P.M.G. 
Certiflcates for Radio Operators, wHh 

.- or without Morse training. Details arc ,, given in the handbook. 

We definitely guarantee 
"NO PASS-NO FEE" 

'O U intend to wake the most of today's oppor­
t11mt1Ps, you cannot aflord to miss reading 0ENGOiEER­

ING OPPORTUNJTIES." It tells you everything you want 
to know to secure advancewent, and describes wany oppor­

tunities you way now be wissing through lack of information. 
Send for your copy today-FREE and without obligation. 

BRITISH INSTITUTE 
OF ENGINEERING TECHNOLOGY 

369 COLLEGE HOUSE, 
29-31 WRIGHT'S LANE, LONDON, W.8 BIET 

Publishl'd by Tiu Pos1 Offic� £l�c11fcal En1tntt1S' Journal. G.P.O .• 2-tl Gre\bam Succt. London. E.C.2, 
and Printed In Great Britain at Tbc Baynard Pr= by Sandcu PhilliP> and Co., Ltd., Chrysscll Road, London. S.W.9 



generates everywhere 

ILLUSTRATED ABOVE 
A 600 ll'a/t-direct-curre111 
ge11erati11g set, ll'itli co111pou11d­
wou11d geuerator, desigued to a 
Britis/i Geueral Post Office 
Specificatiou to pro1•ide a supply 
for /ig/itiug aud battery cl iargiug. 

ILLUSTRATED RIGHT 
A 15 kilo 1•olt-a111pfu!!y-au/0111alic 
s/audby ge11 erali11g set as supplied 
to 1l1e Syriau Post Office. 

Write now for a copy of a 
catalogue showing the 
complete Swan range of 
petrol or diesel engined 
generating sets. 

SWAN 

SWAN 
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Swan Generating sets are designed 

for service throughout the world 

to provide an electricity supply for 

domestic lighting and for industrial 

applications particularly where 

close frequency and voltage regu­

lation requirements arc essential. 

The Swan range includes for sets 

up lo 50 kw as standard and up to 

150 kw against specific enquiries 

lo customers individual require­

ments. These include remote con­

trol units, portable units, including 

road towing trailers, and mains 

failure standby units. All single 

and three phase voltages are sland­

anl in addition to special dual 

voltage machines, D.C. output 

machines and sets designed for 

marine use. 

generates everywhere 

., 
i 

. I 
ENGINE APPLICATIONS LIMITED 
Swan Close Road, Banbury, Oxon. Tel. Banbury 3134/5 

Export Off,ce, Martin House. 84·86 Grays Inn Road, London, W.C.1 



primary cells 

� MERCURY-ZINC ALKALINE SYSTEM 

CHEMISTRY 
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Mallory, pioneers of the mercury cell system, specialise in providing power for elec­

tronic applications. Mercury batteries-some as small as an aspirin-have unique high 

capacity and constant voltage discharge characteristics, can lie idle for years and 

still give full power, will withstand extremes of pressure, temperature, mechanical 

shock. 

Wherever they are used, Mallory batteries give a longer fade-free life. They satisfy 

the exacting power demands of portable transistorised equipment, help the drive to 

miniaturisation in all flelds of battery powered design. 

MALLORY BATTERIES LIMITED CRAWLEY SUSSEX Crawley 26041 

MALLORY for new ideas in batteries 
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